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This paper reports the cases of two Thai children diagnosed with primary pigmented nodular adreno-
cortical disease (PPNAD). The first was a thirteen and a half year old male who presented with Cushing
syndrome for three years and severe osteoporosis. He had hypercortisolemia, a non-suppressible dexametha-
sone suppression test, and low serum ACTH. A CT scan showed slight enlargement of both adrenal glands. A
bilateral adrenalectomy was performed. The second case was a thirteen-year old female who presented with
mild Cushing syndrome for one year with paradoxical response to high-dose dexamethasone suppression test.
An MRI revealed suspected microadenoma of the left adrenal gland. Blood sampling showed a higher cortisol
level from the left adrenal vein than from the right. A left adrenalectomy was performed, followed by a right
adrenalectomy four months later. The pathologies were compatible with PPNAD.

Immunostaining for synaptophysin was done in both patients. The cells in the adrenocortical
micronodules of both cases were stained intensely with antiserum for synaptophysin, whereas the surrounding
adrenal cortex did not.
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Primary pigmented nodular adrenocortical
disease, or PPNAD, is a rare form of Cushing syndrome
in children. It occurs sporadically or as a component of
Carney complex, an autosomal dominant neoplasia
syndrome. PPNAD is characterized by lipofuscin-con-
taining, autonomously functioning, cortisol-producing
nodules in the adrenal cortex of the bilateral adrenal
glands. The pathogenesis of PPNAD is not well estab-
lished. The genetic aspect of the disease and the sub-
sequent cellular functions are currently under investi-
gation. As PPNAD is an exceedingly rare disease, there
have only been scattered reports of individual cases or
small series of patients from various countries over

the last 50 years(1-12). Through the present study the
authors are adding to the record two cases of children
with PPNAD from Thailand along with their clinical
characteristics, pathological and microscopic findings,
and immunostaining for synaptophysin.

Case Report
Case one

A thirteen and a half year old male, who had
been growing increasingly obese for three years and
had abdominal red striae for one year. He presented
with epigastric and back pain for five  months prior
to admission. There was no family history of Carney
complex. He was 121 cm tall and 36 kg in weight. He had
a cushingoid appearance, moon face, truncal obesity, a
prominent buffalo hump and supraclavicular fat pads.
His blood pressure was 170/140 mmHg. His eye grounds

J Med Assoc Thai 2007; 90 (6): 1208-13
Full text. e-Journal: http://www.medassocthai.org/journal

Case Report



J Med Assoc Thai Vol. 90 No. 6  2007 1209

were normal. The thyroid gland was not enlarged.
Abdominal examination showed a fatty abdomen with
multiple reddish striae. He had  pubic hair stage 3,
genital development stage 1 and testicular volume of
3 mL. His skin was normal without spotty pigmentation
or skin myxoma. There were no other signs of Carney
complex.

The laboratory investigations were Hb 15.1
g/dL, Hct 45%, WBC 13,600 cells/mm3, PMN 71%,
lymphocytes 16%, monocytes 13%, platelets 370,000
cells/mm3, serum potassium level 2.5 mmol/L, and
random blood sugar level 5.2 mmol/L (94 mg/dL).

A Roentgenography of the thoracic vertebrae
showed severe osteoporosis and collapse of vertebrae.
The bone age was 11 years.

Endocrine testing showed serum cortisol level
of 33.9 mg/dL( normal 5-25), serum testosterone 1.08
ng/mL (normal 3.6-9.9), and serum ACTH 9.6 pg/mL
(normal 6-56.7). A dexamethasone suppression test was
performed with dexamethasone 20 μg/kg/day for two
days followed by 80 μg/kg/day for two days. A twenty-
four hour urine level of 17 OHCS, 17 KGS, and 17 KS at
the baseline, and following low and high doses dexame-
thasone was measured, and showed no suppression.

Computed tomographic scanning of the ad-
renal glands without contrast enhancement revealed
slight enlargement of both the adrenal glands without
focal mass. The enhanced thin slice CT scanning at the
adrenal region performed one month later showed a
focal nodular enlargement of the anterior limb of both
adrenal glands, with the left gland larger than the right.
The left adrenal nodule was 0.8 x 2.4 x 2.4 cm in size, and
the right adrenal nodule 0.5 x 1.2 x 1.2 cm. The enhanced
adrenal nodule showed an internal low density; higher
in density than water and less than the surrounding
adrenal tissue.

The results of the investigation, with the lack
of dexamethasone suppression and low serum ACTH,
led to a diagnosis of autonomous bilateral adrenal ad-
enomas or bilateral adrenal hyperplasia, with PPNAD
as one possible etiology. A bilateral adrenalectomy was
performed. On macroscopic examination, the left adre-
nal gland’s lean weight was 7gm and the right adrenal
gland’s lean weight was 5 gm. Both showed a dark red
color with a fine nodular surface but no definite gross
nodules were detected. Microscopic examination re-
vealed multiple small unencapsulated nodules within
the cortex surrounded by mostly atrophic adrenocor-
tical tissue (Fig. 1). The cells within the nodules were
uniform with mild nuclear pleomorphism and abundant
eosinophilic cytoplasm with focally dark brown pig-

ment (Fig. 2). There was a moderate amount of lympho-
cytic infiltration. After surgery, the patient improved,
with amelioration of the clinical symptoms of Cushing
syndrome. He was placed on prednisolone for gluco-
corticoid replacement therapy.

Case two
A 13 year-old female, who presented with

rapid weight gain and no height increase for one year.
There was no history of Carney complex in the family.
She was 140 cm tall and weighed 40 kg. She had a very
mild cushingoid appearance, round face, small buffalo
hump, and mild red striae at the left buttock. Her blood
pressure was normal. Pubertally, she was breast stage
3 and pubic hair stage 3. She had no signs of Carney
complex.

The laboratory investigations were Hb 14.8
gm/dL, Hct 45%, WBC 7,800 cells/mm3, PMN 55%, band

Fig. 1 Micronodules (arrow) are present at the adrenal
cortex

Fig. 2 The nodules contain cells with compact, eosinophilic
cytoplasm with focally dark brown pigment (arrow)
Focal lymphocytic infiltration can also be identified
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2%, lymphocytes 34%, monocytes 8%, atypical lym-
phocyte 1%, platelets 346,000 cells/mm3, normal serum
electrolytes, and normal fasting blood glucose.

Endocrine testing showed serum cortisol
levels of 19.34 mg/dL and 14.70 mg/dL for the eight a.m.
and eight p.m. samples respectively (normal for eight
a.m. 5-25), 24-hour urine 17 OHCS was 22.60 mg/day
(normal 3-10), 24 hour urine 17-KS was 7.7 mg/day
(normal for age 13-16 year = 5-12). A dexamethasone
suppression test was performed with dexamethasone
1.5 mg/day for two days followed by 4.5 mg/day for
two days. The morning and midnight serum cortisol
at baseline, and following 1.5 mg/day and 4.5 mg/day
dexamethasone were determined. The morning serum
cortisol levels at days one, four and six were 13.9, 21.38,
22.27 mg/dL respectively and the midnight serum cor-
tisol levels were 12.18, 9.74, 17.57 mg/dL respectively.
The results of the tests showed no suppression, and
revealed paradoxical stimulation of cortisol secretion
60.22% over the morning baseline values.

 An MRI study of the adrenal glands revealed
relative focal enlargement of the medial limb of the left
adrenal gland compared to the lateral limb and the right
adrenal gland; the medial limb of the left adrenal gland
was about 5 x 8 x 12 mm. Microadenoma of the left
adrenal gland was considered. A venous blood sample
of the adrenal vein via the right femoral vein using a
simple angiographic technique was taken. The left ad-
renal venous blood cortisol was 119.3 mg/dL, and the
right adrenal venous blood cortisol was 24.7 mg/dL,
confirming the diagnosis of microadenoma of the left
adrenal gland. A left adrenalectomy was performed.

 Macroscopic examination revealed a dark
brown triangular shaped adrenal gland with a lean
weight of 5 gm. The cut surfaces were dark red and
dark brown. No grossly definite nodule was identified.
Microscopic examination revealed multiple small round
unencapsulated nodules, composed of uniform cells
with abundant eosinophilic cytoplasm and dark brown
intracytoplasmic pigment within the cortex. Atrophic
change of the perinodular adrenocortical tissue was
noted. The adrenal medulla was normal.

As the diagnosis was PPNAD and the follow-
up serum cortisol (62.11 mg/dL) was still abnormally high,
a right adrenalectomy was performed four months later.
The lean weight of the right adrenal gland was 5 gm.
The cut surfaces showed multiple dark brown micro-
nodules, varying from 0.1-0.3 cm in diameter. The micro-
scopic findings were similar to the left adrenal gland.

A study of the neuroendocrine properties was
performed in both cases, using immunostaining for

synaptophysin and chromogranin. The results showed
that the cells in the micronodules of both adrenal glands
had immunoreactivity for synaptophysin (Fig. 3) but
not with chromogranin whereas the extranodular cells
were not stained with either synaptophysin or chromo-
granin.

Discussion
PPNAD is an exceedingly rare ACTH-inde-

pendent adrenal cause of Cushing syndrome. It was
first reported more than fifty years ago by Chute AL et
al in 1949. Since then there have been reports of cases
that have occurred in America(1-6), Europe(7-10) and
Asia(11,12). The two patients reported here are the first
two cases with PPNAD reported from Thailand.

The patients described in this report were
sporadic cases of PPNAD, as there was no family
history or other clinical manifestations of Carney
complex. The onset was in early adolescence, and both
had the general clinical characteristics of Cushing
syndrome. The first case had a history of progressive
disease for three years with hypertension and osteo-
porosis. Osteoporosis is a common manifestation
resulting from prolongation of hypercortisolism. Of
thirty cases reviewed by Larsen JL et al(6), osteoporo-
sis was present in 16 of the 18 cases in which the con-
dition was commented on. Ruder HJ et al(1) reported on
two patients with micronodular adrenal disease pre-
senting with osteopenia with minimal signs of Cushing
syndrome.

Concerning endocrinologic testing, the pre-
sented patients showed the same results as previous
reviews(1,2,6). The first case had low serum ACTH and
both the patients had non-suppressible high dose
dexamethasone suppression test. All the previously

Fig. 3 Immunostaining for synaptophysin shows positi-
vity in the cells in micronodules
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reported cases with PPNAD showed non-suppressible
response to high dose dexamethasone suppression
test. The dexamethasone suppression test of the
second patient showed a paradoxical response with a
60.22% elevated cortisol level at the end of the test.
This paradoxical increase in cortisol excretion during
the high-dose dexamethasone suppression test was
previously noted and commented on by Stratakis CA
et al(13), in their retrospective study of 21 patients with
PPNAD and 25 with other primary adrenal disorders,
wherein they found that most PPNAD patients had
urinary 17- hydroxycorticosteroid or urinary free cor-
tisol in the sixth day rising more than 50% from the
baseline. This feature occurred as statistically signifi-
cant in most PPNAD patients when compared to other
primary adrenal diseases. The molecular cause of the
dexamethasone-related increase of glucocorticoid
levels in PPNAD is unknown, but the substantial dif-
ferences of cellular functions in the diseased adrenal
cortex from a normal adrenal cortex may be respon-
sible. Stratakis concluded that this feature was a useful
marker to distinguish PPNAD patients from those who
have Cushing syndrome caused by other primary ad-
renal disorders.

The pathology of the adrenal glands in
PPNAD is highly characterized, and the adrenal glands
of both presented patients were typical of PPNAD.
Both adrenal glands were involved and were slightly
enlarged with each gland weighing from five to seven
grams, slightly heavier than normal adrenal gland. The
upper limit of the normal surgically resected adrenal
gland is four grams with an SD of 0.80 grams(14). The
average weights of eight PPNAD adrenal glands as
reported by Travis WD et al(15) were 5.6 grams for the
left gland and 3.8 grams for the right gland. The color
of the glands of the presented patients was also unique,
with a dark red color in the first patient and dark red
and dark brown coloring in the second. The histologi-
cal findings revealed multiple small unencapsulated
nodules within the cortex surrounded by mostly atro-
phic adrenocortical tissue and normal adrenomedulla
tissue. The cells in the nodules were uniform with mild
nuclear pleomorphism and abundant eosinophilic cy-
toplasm with focally dark brown pigment. Moderate
lymphocytic infiltration was also noted. These features
were similar to most cases reported by Larsen JL et al(6)

and Travis WD et al(15).
Sasano-H et al(11) had studied eight cases of

PPNAD adrenals by examining the immunohistoche-
mistry of all steroidogenic enzymes involved in cortisol
biosynthesis and also by performing in situ hybridi-

zation of P-45017 alpha in severe cases. Their study
indicated that almost all of the cells in the nodules had
abundant enzymatic activities and had a high ability to
produce cortisol, which can explain the presence of
hypercortisolism despite normal or slightly enlarged
adrenal gland size. They found that the small cluster of
cortical cells with abundant eosinophilic cytoplasm
located at the zona reticularis may support the abnor-
mal development of the zona reticularis and be a possi-
ble pathogenesis of this disorder.

Immunostaining for synaptophysin in both
Thai patients led to a very interesting finding. The syn-
aptophysin selectively stained the cells in the micro-
nodules but not the extranodular cortex and clearly
distinguished the PPNAD nodules from the surround-
ing adrenocortical tissue. Synaptophysin, a membrane
glycoprotein of presynaptic vesicles, is a specific and
sensitive marker for neurons and neuroendocrine
tissues and tumors(16). The adrenal cortex is not con-
sidered part of the diffuse neuroendocrine system and
thus the presence of neuroendocrine markers was un-
expected. Stratakis CA et al(17) demonstrated an immuno-
reactivity to synaptophysin in eight PPNAD Carney
complex specimens. In his study, PPNAD cells and
myxomatous cell were intensely stained with antisera
for synaptophysin. This study, as well as the EM study
showed that vesicular mitochondria and smooth endo-
plasmic reticulum were prominent in the PPNAD cells,
with liposomes, lysosomes, and filopodia present. Some
dense core vesicle-like structures could be detected
along the cell membranes, and a rough endoplasmic
reticulum was prominent. These findings suggested
that PPNAD cells had neuroendocrine properties. The
demonstration of synaptophysin immuno-reactivity in
the PPNAD nodules of both presented patients, was
evidence that the sporadic PPNAD tissue of the pre-
sented patients also demonstrated similar neuroendo-
crine properties to the reports by Stratakis CA et al(17).
The interesting question is, “how did the PPNAD tissue
gain these properties?” Stratakis CA et al(17) postu-
lated in 1999 that the adrenocortical PPNAD and myxo-
matous cells in his study, which were of mesodermal
origin, must have assumed some neuroendocrine
properties because of altered genetic regulation. Later
on Groussin L et al(18,19) sequenced the PRKAR1A gene
(a gene coding for the type 1a regulatory subunit of
protein kinase A) from patients with sporadic PPNAD
and from the kin of the patients with PPNAD or
Carney complex and demonstrated an alteration of
the PRKAR1A function leading to tumorigenesis in
tissues affected by Carney complex. Further molecular
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studies may lead to a better understanding of the mo-
lecular mechanism involved in the pathogenesis of
PPNAD and its modification of the cellular functions.

Summary: The authors have presented the
clinical manifestations, pathological findings, micro-
scopic findings, and immunostaining for synaptophy-
sin in two Thai children with PPNAD.
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รายงานผู้ป่วยเด็กไทย 2 รายท่ีป่วยด้วยโรค primary pigmented nodular adrenocortical disease
และมีผลบวกต่อการตรวจด้วย synaptophysin

นฤมล  ภัทรกิจวานิช, คณิตา  กายะสุต, วิญญู  มิตรานันท์, ศักดา  ภัทรภิญโญกุล, สุรศักด์ิ  สังขทัต ณ อยุธยา

Primary pigmented nodular adrenocortical disease หรือ PPNAD เป็นสาเหตุท่ีพบน้อยมากท่ีก่อให้เกิด
Cushing syndrome ผู้ศึกษาได้รายงานผู้ป่วยเด็กไทยสองรายท่ีป่วยด้วยโรค PPNAD ผู้ป่วยท้ังสองมีอาการ Cushing
syndrome ผลเลือดมีภาวะ hypercortisolemia การทดสอบด้วย high dose dexamethasone suppression test
ให้ผล nonsuppressible ในผู้ป่วยรายแรกและให้ผล paradoxical response ในผู้ป่วยรายที่สอง ผู้ป่วยทั้งสอง
ได้รับการผ่าตัด ตัดต่อมหมวกไตออกทั้งสองข้าง ผลการตรวจทางพยาธิวิทยาพบว่าต่อมหมวกไตมีสีแดงคล้ำ
และมีลักษณะทางจุลกายวิภาคที่เข้าได้กับโรค PPNAD ผู้ป่วยทั้งสองมีเนื้อเยื่อต่อมหมวกไตบริเวณที่มีพยาธิสภาพ
ให้ผลบวกต่อการตรวจด้วย synaptophysin

pigmented nodular adrenocortical disease (PPNAD)
reveals novel mutations and clues for pathophy-
siology: augmented PKA signaling is associated
with adrenal tumorigenesis in PPNAD. Am J Hum
Genet 2002; 71: 1433-42.


