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Context: Primary pigmented nodular adrenocortical disease (PPNAD) is a rare cause of ACTH-
independent Cushing’s syndrome that may occur in an isolated form or as part of Carney complex.
The diagnosis of this disease can be difficult preoperatively because computed tomography (CT)
scan can be normal or suggest unilateral adrenal lesion, which can impede the correct diagnosis of
bilateral adrenal disease.

Objective: The aim of our study was to describe the results of preoperative imaging (adrenal
[6�-131I]iodomethyl-19-norcholesterol] [NP-59] scintigraphy and standard adrenal CT scan) and
their correlations with clinical, pathological, and genetics investigations in patients with PPNAD.

Patients and Methods: Seventeen patients with ACTH-independent syndrome due to PPNAD were
investigated with a standard adrenal CT scan and NP-59 scintigraphy. Hormonal, pathological, and
genetics data were analyzed.

Results: Four males and 13 females (median age, 27 y) were included. PPNAD was isolated in 11
patients (with PRKAR1A mutation, n � 7; and without PRKAR1A mutation, n � 4) and was asso-
ciated with extra-adrenal manifestations of Carney complex in six patients (with PRKAR1A muta-
tion, n � 4; and without PRKAR1A mutation, n � 2). Standard adrenal CT scan revealed micronod-
ules in 11 patients, macronodules in three patients, and was normal in three patients. All patients
demonstrated bilateral adrenal radiocholesterol uptake. Adrenal uptake was asymmetrical in 10
of 17 patients (59%). Asymmetrical uptake correlated with the presence of macronodules at path-
ological analysis (P � .03).

Conclusion: Standard adrenal CT scan most often reveals micronodules but there is no specific CT
imaging. NP-59 scintigraphy always shows a bilateral adrenal uptake confirming the bilateral
nature of the disease, but asymmetrical scintigraphic uptake can be observed in patients with
macronodules. (J Clin Endocrinol Metab 100: 4332–4338, 2015)

Adrenal Cushing’s syndrome is the cause of approxi-
mately one quarter of endogenous hypercortiso-

lism. This syndrome is most often due to unilateral adre-
nocortical tumors, either benign or malignant. More
rarely, adrenal Cushing’s syndrome is caused by bilateral
adrenocortical tumor or micronodular adrenal hyperpla-
sia (MiAH). The most frequent form of MiAH is primary

pigmented nodular adrenocortical disease (PPNAD).
PPNAD may occur in an isolated form or associated with
multiple neoplasias as part of the Carney complex (CNC)
(1–3). Curative treatment of adrenal Cushing’s due to
MiAH is in most cases bilateral adrenalectomy (4). Accu-
rate causal diagnosis and preoperative imaging is impor-
tant to decide this surgical strategy. In case of macronodu-
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lar adrenal hyperplasia, the macronodules are clearly
visible on standard adrenal CT scan or magnetic reso-
nance imaging (5). In contrast, in case of MiAH the nod-
ules are small and not always visible or specific. This can
be a source of pitfall for PPNAD diagnosis in patients with
adrenal Cushing’s. Standard adrenal CT scan or magnetic
resonance imaging can be also be misleading in PPNAD by
underestimating the bilateral nature of the disease because
it may reveal only or mostly a unilateral macronodule (6).
Adrenocortical scintigraphy with [6�-131I]iodomethyl-
19-norcholesterol] (NP-59) has been used since the early
1970s in daily clinical practice to investigate adrenocor-
tical tumors and ACTH-independent Cushing’s syndrome
(7, 8). Given that the availability of high-resolution CT
scan and others scintigraphic radiopharmaceuticals [18-
FDG or metomidate for example (9, 10)], NP-59 scintig-
raphy is performed less routinely. However, it remains the
only functional imaging method to investigate ACTH-in-
dependant Cushing’s syndrome that cannot be ade-
quately characterized by CT scan (11, 12). It is partic-
ularly potent in patients with ACTH-independent
Cushing’s syndrome who present with bilateral tumors
because it can identify whether adrenal activity is uni-
lateral or bilateral and which is (or are) the hyperfunc-
tioning gland(s) (13).

The results of NP-59 scintigraphy in patients with PP-
NAD have never been reported. The aim of our study was
to describe the results of preoperative imaging investiga-
tion by CT scans and adrenal NP-59 scintigraphy in pa-
tients with PPNAD and to analyze their correlation with
clinical, hormonal, pathological, and genetics findings.

Patients and Methods

Patients
Patients with a pathologically confirmed diagnosis of PPNAD

who underwent CT scans and NP-59 scintigraphy evaluation
between 1991 and 2010 were included in this retrospective
study. The diagnosis of PPNAD was made on the basis of his-
tological observations after adrenalectomy and the presence of
ACTH-independent Cushing’s syndrome. Clinical investiga-
tions were done as previously recommended to screen for the

main CNC manifestations and the diagnosis of CNC was made
according to standard criteria (two main manifestations or one
main manifestation associated with a familial history or a
PRKAR1A mutation) (14).

Clinical information were collected including age at diagno-
sis, sex, clinical data related to PPNAD (Cushing’s syndrome),
and data related to manifestations of CNC (cardiac and cuta-
neous myxomas, breast myxomatosis, lentiginosis and other pig-
mented lesions, acromegaly, testicular and ovarian tumors, be-
nign and malignant psammomatous melanotic schwannomas,
benign thyroid disease, thyroid cancer, and other cancers).

The study was approved by the Ethic committee of Cochin
hospital and the patients gave informed consent.

Materials and Methods

All patients underwent standard adrenal CT scan of adrenal
glands and adrenocortical scintigraphy with NP-59 before
surgery.

Adrenal scintigraphy was performed using iv injection of 37
MBq of NP-59 (IBA Molecular). Static images with anterior and
posterior incidences were acquired on days 3 to 5 (early images)
and 7 (delayed images) post injection. All scintigraphy images
were analyzed by a single nuclear medicine physician (F.T.) who
was blinded to the biochemical and CT scans results. The inten-
sity of tracer uptake was quantified in contrast with the intensity of
uptake of the liver: 1) intensity less than that in the liver, 2) intensity
equal to that in the liver, and 3) intensity more than that in the liver.
Scintigraphy findings were assigned to one of the following uptake
patterns: 1) prevalent uptake by one of the adrenal with visualiza-
tion of the contralateral gland (asymmetrical uptake), and 2) bilat-
eral symmetrical uptake (symmetrical uptake).

Thyroid iodine uptake has been blocked by administering
excess stable iodine before injection of NP-59. Laxatives were
administered as needed to clear bowel activity and to reduce the
radiation exposure to the abdomen.

The CT scan examinations were conducted before and after
injection of a contrast medium with overlapping 3-mm thick
sections. All CT scans were analyzed by one single reader (M.B.).
Results were classified as follows: macronodule if the maximal
diameter of the nodule measured 10 mm or more, micronodule
if maximal diameter of the nodule measured less than10 mm.

Hormonal investigations included basal 24-hour urinary free
cortisol and 24-hour urinary free cortisol after 2 mg dexameth-
asone suppression test (CORTCT2 competition RIA kits, CIS
Bio International), midnight serum cortisol (Immulite 2000 Cor-
tisol; Diagnostics Products Corporation), and plasma ACTH at
0800 hours (ELSA-ACTH, Cisbio International).
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The PRKAR1A gene was sequenced and large deletion were
search by multiplex ligation-dependent probe amplification on
leukocyte DNA as previously described (15, 16).

Adrenals pathological results included size and weight of ad-
renals after fat removal and presence of micronodules less than
10 mm or macronodules greater than or equal to 10 mm are
reported.

Statistical analysis
All quantitative results were expressed as median and inter-

quartile range (IQR). The groups were compared using the �2 or
the Fisher’s exact test for qualitative data and the Mann-Whitney
U test for quantitative data. A value of P � .05 was considered
statistically significant.

Results

Patients

Clinical characteristics
Clinical characteristics are detailed in Table 1. Seven-

teen patients (four males and 13 females; median age, 27 y;
IQR, 23–34 y) with a pathologically confirmed diagnosis
of PPNAD were included. All patients showed clinical fea-
tures typical of Cushing’s syndrome.

PPNAD was isolated without main extra-adrenal CNC
manifestations in 11 patients (65%) and was associated
with other manifestation of CNC in six patients (35%).
Extra-adrenal CNC manifestations included lentiginosis
or blue nevi (n � 4), large-cell calcifying Sertoli cell tumors
(n � 3), ovarian cyst (n � 1), acromegaly (n � 2), cardiac

myxoma (n � 3), and cutaneous myxoma (n � 1). Each
patient had one to five manifestations of CNC.

Hormonal investigations
Results of hormonal investigations at the time of adre-

nalectomy are detailed in Table 2. All patients showed
hormonal results typical of an ACTH-independent Cush-
ing’s syndrome. The median basal free urinary cortisol
was 789 (IQR, 577–1166) nmol/day, the median midnight
plasma cortisol was 532 (IQR, 482–627) nmol/L, and the
median plasma ACTH at 0800h was 1.1 (IQR, 0.67–1.04)
pmol/L.

Genetic analysis
Genetic analyses of the patients are detailed in Table 1.

Eleven of the 17 patients with PPNAD (64.7%) had a
detectable PRKAR1A mutation or deletion. Seven of these
11 patients (63.6%) carried the c.709(-8-3)delATTTTT
deletion.

PRKAR1A mutation/deletion was reported in four of
six patients with extra-adrenal main CNC manifestations
(66.7%) and in seven of 11 patients with isolated PPNAD
(63.6%). The c.709(-8-3)delATTTTT deletion was re-
ported in one of six patients with extra-adrenal main CNC
manifestations (16.7%) and in six of 11 patients with iso-
lated PPNAD (54.5%).

CT scan findings
Table 3 summarizes the main adrenal CT scan findings.

Standard adrenal CT scan showed bilateral macronodules

Table 1. Clinical Characteristics at the Time of Adrenalectomy and PRKAR1A Genetic Analysis in 17 Patients With
PPNAD

Patient Sex Age, y Extra-adrenal Manifestations PRKAR1A Status

1 F 25 None WT
2 F 55 Nonea WT
3 F 24 Blue naevi and ovarian cyst c.709 (-8-3)delATTTTT
4 F 27 None c.709 (-8-3)delATTTTT
5 M 23 Acromegaly, LCSSCT, lentiginosis, and

cardiac myxoma
del184-237

6 M 16 None c.709 (-8-3)delATTTTT
7 M 26 Acromegaly, LCSSCT, lentiginosis, skin

myxomas, and cardiac myxoma
c.502 � 1G�A

8 M 28 LCSSCT WT
9 F 30 Nonea WT

10 F 29 Cardiac myxoma WT
11 F 11 None 933 ins A
12 F 30 None c.709 (-8-3)delATTTTT
13 F 24 None c.709 (-8-3)delATTTTT
14 F 48 None c.709 (-8-3)del ATTTTT
15 F 29 Lentiginosisa c.63_64CG�GA
16 F 26 None WT
17 F 33 Noneb c.709 (-8-3)delATTTTT

Abbreviations: LCSSCT, large-cell calcifying Sertoli cell tumors; WT, wild type.
a Patients 2, 9, and 15 had multinodular goiter.
b Patient 17 had breast cancer.
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in one patient (5.9%), unilateral micronodule with con-
trolateral macronodule in two patients (11.8%), bilateral
micronodules in six patients (35.3%), unilateral mi-
cronodules in five patients (29.4%), and adrenals were
considered to be normal in three patients (17.6%). Me-
dian diameter of the micronodules was 7 (IQR, 6–7) mm.
Median diameter of the macronodules was 25 (IQR, 13–
35) mm.

Adrenocortical scintigraphy with NP-59
Table 3 summarizes the adrenocortical scintigraphy re-

sults. The adrenocortical scintigraphy showed bilateral
radiocholesterol uptake in all patients despite suppressed
plasma ACTH levels. On early imaging, maximal adrenal
uptake was quantified equal to the liver in five patients and
more than the liver in 12 patients. The results on delayed
imaging were similar to the results observed in early
imaging.

NP-59 scintigraphy demonstrated asymmetrical tracer
uptake prevalent in one of the adrenal in 10 patients
(58.8%) (in the left adrenal in six patients and in the right
adrenal in four patients) whereas symmetrical tracer up-
take was seen in the other seven patients.

Adrenal pathological findings
Table 3 summarizes the main results of adrenal pa-

thology. Adrenal pathological analysis revealed ma-
cronodules in four patients (23.5%) and exclusively mi-
cronodules in 13 patients (76.5%). Median diameter of

the macronodules was 20 (IQR, 12–23) mm. Median
diameter of the micronodules was 5 (IQR, 4 – 6) mm.
The median weight of the adrenals was 5.5 (IQR: 4.8 –
8.7) g.

Relationships of the scintigraphic pattern to
endocrine, morphological, pathological, and
genetics results

In the group of seven patients with symmetrical tracer
uptake, two patients were male, median age was 28 (IQR,
19–31) years, extra-adrenal main CNC manifestations
were recorded in two patients and PRKAR1A mutation/
deletion was found in five patients. Conversely, in the
group of 10 patients with asymmetrical tracer uptake, two
patients were male, median age was 26.5 (IQR, 24–38)
years, extra-adrenal main CNC manifestations were re-
corded in four patients, and PRKAR1A mutation/deletion
was found in six patients. These clinical and genetics pa-
rameters were not statistically different between the two
groups.

Of note, even if the c.709(-8-3)delATTTTT deletion
was not significantly related with symmetrical or asym-
metrical tracer uptake, this deletion tend to be more fre-
quent in patients with micronodules at pathology (P �

.056).
In the group with symmetrical tracer uptake (n � 7),

median basal free urinary cortisol levels (n � 7) was 819
(IQR, 517–896) nmol/d, median midnight plasma cortisol

Table 2. Hormonal Investigations at the Time of Adrenalectomy in 17 Patients With PPNAD

Patient
24-h Free Urinary Cortisol,
nmol/da

Plasma Cortisol
at 24 h, nmol/Lb

24 h Free Urinary
Cortisol After 2 mg
Dexamethasone, nmol/da

Plasma ACTH at
0800 h, pmol/Lc

1 472 477 359 0.44
2 309 536 486 1.54
3 499 706 441 0.44
4 789 NA 508 0.66
5 2069 NA 850 1.1
6 954 NA NA 1.32
7 2577 NA 9949 0.44
8 822 441 1426 2.2
9 1153 662 NA 0.44

10 339 626 361 0.44
11 326 NA NA 1.1
12 819 290 1048 1.1
13 1010 194 NA 0.44
14 657 NA 1065 0.44
15 875 530 NA 1.1
16 530 662 372 1.1
17 618 386 NA 1.1

Abbreviation: NA, not available.
a To convert to �g/d, divide by 2.759. Normal range for urinary cortisol �248 nmol/d, normal range for 24-h urinary cortisol during the 2 mg
dexamethasone suppression test �28 nmol/d.
b To convert to �g/dL, divide by 27.59. Normal range of midnight cortisol �207 nmol/L.
c To convert to pg/mL, divide by 0.2202. Normal range, 1.0–10.7 pmol/L.

doi: 10.1210/jc.2015-2174 press.endocrine.org/journal/jcem 4335

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/100/11/4332/2830239 by guest on 19 M
ay 2023



levels (n � 5) was 530 (IQR, 470–715) nmol/L, and me-
dian ACTH levels at 0800 hours (n � 7) were 1.10 (IQR,
1.07–1.20) pmol/L. In the group with asymmetrical tracer
uptake (n � 10), median basal free urinary cortisol levels
(n � 10) was 723 (IQR, 507–1468) nmol/day, median
midnight plasma cortisol (n � 6) was 535 (IQR, 461–641)
nmol/L, and median ACTH levels at 0800 hours (n � 10)
was 0.44 (IQR, 0.42–0.96) pmol/L. These biological pa-
rameters were not statistically different between the two
groups with symmetrical and asymmetrical tracer uptake.

The presence of macronodules on adrenal CT scan was
found in 0/7 patients with symmetrical uptake vs 3/10
patients with asymmetrical uptake. The presence of ma-
cronodules on pathological findings was found in 0/7 pa-
tients with symmetrical uptake vs 4/10 patients with asym-
metrical uptake.

Asymmetrical adrenal uptake tended to be related to
the presence of macronodules on adrenal CT scan (P �

.08) and were statistically related to the presence of ma-
cronodules at pathological analysis (P � .03).

Prevalent uptake was concordant with the side of the
macronodule on pathological findings in 2/4 patients with
unilateral macronodules and was concordant with the side
of the larger macronodule in the patient with bilateral
macronodules.

Three of the four patients with macronodules at pa-
thology had no detectable PRKAR1A mutation. The

c.709(-8-3)delATTTTT deletion was not involved in the
fourth patient.

All the patients with macronodules on adrenal CT scan
(n � 3) and all the patients with macronodules on path-
ological analysis (n � 4) presented with maximal adrenal
uptake more than the liver.

Discussion

Our study demonstrates that in all PPNAD patients, NP-59
scintigraphy shows bilateral adrenal uptake despite variable
findings in adrenal CT scan with normal size, micro, or ma-
cronodules in adrenal glands. Asymmetrical adrenal uptake
was related to the presence of macronodules at pathological
analysis,andnocorrelationwasfoundbetweenscintigraphic
patterns with endocrine or genetic results.

PPNAD is a rare cause of ACTH-independent Cushing’s
syndrome. PPNAD can be isolated or can be part of a wider
clinical spectrum, the CNC (1, 16, 17). PPNAD is the most
common endocrine tumor associated with CNC, occurring
in 60% of the patients with CNC. PPNAD is often the man-
ifestation leading to the diagnosis of CNC (16). Moreover,
we show in our study that in the 13 patients with CNC,
PPNAD is the only manifestation in seven patients (53.8%)
which is higher than previously reported (12%) (3). Conse-
quently, PPNAD, as previously reported, can be isolated at

Table 3. CT Scan, Noriodocholesterol Scintigraphy, and Pathology Findings in 17 Patients With PPNAD

Patient CT Scan
Noriodocholesterol Findings
Symetrical/Asymmetrical Uptake

Histopathology Findings

Micronodules/Macronodules

Adrenal
Weight, g

R L

1 Bilateral micronodules Asymmetrical (L � R) Bilateral micronodules
L � macronodule

NA

2 L, micronodules R, macronodules Asymmetrical (L � R) L � micronodules
R � macronodule

7.8 6.8

3 L, micronodules Asymmetrical (R � L) Bilateral micronodules 5.2 6.0
4 Normal adrenals Asymmetrical (L � R) Bilateral micronodules 3.8 3.7
5 L, micronodules Asymmetrical (L � R) Bilateral micronodules 1.7 2.4
6 L, micronodules Symmetrical Bilateral micronodules 5.1 6.4
7 L and R, micronodules L, macronodule Asymmetrical (L� R) Bilateral micronodules

L � macronodule
NA

8 L, micronodules Symmetrical Bilateral micronodules 7.2 10.8
9 Bilateral macronodules Asymmetrical (L � R) Bilateral micro and macronodules 16.8 24.3

10 Bilateral micronodules Asymmetrical (R � L) Bilateral micronodules 4.5 5.7
11 Normal adrenals Symmetrical Bilateral micronodules 7.0 9.0
12 L, micronodules Symmetrical Bilateral micronodules 5.0 4.0
13 Normal adrenals Asymmetrical (R � L) Bilateral micronodules 3.0 4.0
14 Bilateral micronodules Asymmetrical (R � L) Bilateral micronodules 4.0 8.0
15 Bilateral micronodules Symmetrical Bilateral micronodules NA
16 Bilateral micronodules Symmetrical Bilateral micronodules NA
17 Bilateral micronodules Symmetrical Bilateral micronodules NA

Abbreviations: L, left; NA, not available; R, right.

The table describes the results of adrenal CT scan, noriodochoelesterol scintigraphy, and adrenal pathology for the 17 patients.

The intensity of noriodocholesterol uptake was above the liver for patients 1, 2, 3, 4, 5, 7, 9, 10, 11, 12, 13, and 14; and was equal to the liver for
patients 6, 8, 15, 16, and 17.
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initial diagnosis (18). This is especially the case in patients
with the PRKAR1A c.709(-8-3)delATTTTT deletion asso-
ciated mostly with PPNAD (19). This PRKAR1A deletion is
observed in seven patients of this series. They all present with
micronodules and only one of them had an extra-adrenal
main manifestation of CNC.

In these isolated PPNAD, if macronodules are found on
adrenal CT scan, diagnosis of PPNAD may be mistaken
for more common forms of adrenal Cushing’s (ie, adrenal
adenoma or macronodular adrenal hyperplasia). As pre-
viously suggested in smaller series reporting two and eight
patients (20, 21), we show that adrenal CT scan results
may be variable from one subject to another: in the present
series, adrenal glands have been described as normal in
three patients, whereas in eleven patients, micronodules or
even, in three patients, macronodules were observed. It
should be noted that micronodules on CT scan in PPNAD
can be difficult to see and diagnose. The specificity of these
micronodules is hard to ascertain, especially in a non-
highly specialized center. It was shown that large nodules
in PPNAD can harbor a somatic CTNNB1 (�-catenin)
somatic mutations (22, 23). These CTNNB1 mutations
seem to be secondary genetic events participating in the
macronodular development of PPNAD. In the present se-
ries macronodules are observed in the older patients (age
26–55 y). It is likely that the growth rate is slow explaining
this link with age. In such patients, when CT scan exam-
ination reveals a unilateral dominant nodule, the diagno-
sis of PPNAD may be confused with an autonomous ad-
renal adenoma resulting in inappropriate unilateral
adrenalectomy and persistent Cushing’s syndrome. Even
if unilateral adrenalectomy has been rarely performed
(24), bilateral adrenalectomy is the recommended and cu-
rative treatment in most patients with PPNAD (4). In these
situations, we show that NP-59 scintigraphy may be use-
ful. Indeed, all patients with PPNAD have bilateral adre-
nal uptake. This bilateral adrenal uptake is due to an ab-
normal autonomous adrenal overactivity because ACTH
is low. As a consequence, in PPNAD, NP-59 scintigraphy
is able to confirm the bilateral nature of the disease, im-
portant to discuss the bilateral adrenalectomy even if ad-
renal CT scan shows an apparently unilateral tumor.
NP-59 scintigraphy could also be useful in the rare cases
of cortisol-producing ectopic adrenocortical neoplasms
with Cushing’s syndrome (25, 26). In this situation, the
lack of unilateral tumor might lead to preoperative diag-
nosis of isolated PPNAD in a patient with ACTH-inde-
pendent Cushing’s syndrome (27). The last differential
diagnosis that could benefit from NP-59 scintigraphy is
exogenous Cushing’s. In this situation, NP-59 scintigra-
phy shows no adrenal uptake due to the suppression of
ACTH levels (F Tenenbaum, personal data).

Adrenal uptake was asymmetrical in 59% of the pa-
tients. There is a significant relation between asymmetrical
uptake on NP-59 scintigraphy and the presence of a ma-
cronodule at pathological analysis. It should be noted that
considering the current lack of automatic quantitative
method to determine NP-59 uptake, an experienced nu-
clear physician must do a semiquantitative assessment
with reference to an organ such as the liver used in the
present study. It was first suggested that planar scintigra-
phy has a limited spatial resolution of approximately 2 cm,
such that lesions below 1–2 cm in diameter might be too
small to be accurately characterized. However, in a review
of small adrenal masses, it was demonstrated that adrenal
scintigraphy can be used to evaluate also masses less than
2 cm diameter without a loss of specificity (28). In our
study, NP-59 scintigraphy seems to be as sensitive as CT
scan to predict adrenal macronodules at pathological
analysis even in masses less than 2 cm in diameter.

Conclusion

In PPNAD patients, adrenal CT scan findings can be vari-
able and can show normal adrenal, micro, or macronod-
ules. NP-59 scintigraphy may be particularly useful in
identifying the bilateral nature of the disease and thus sug-
gesting the need for bilateral adrenalectomy in patients
with PPNAD. More than half of the patients with PPNAD
present an asymmetrical adrenal uptake related to ma-
cronodules at histological analysis. Additional studies are
needed to further define if new imaging techniques as sin-
gle-photon emission computed tomography/CT imaging
with NP-59 could be useful for PPNAD diagnosis and
management and to determine whether a limited subset of
patients, probably with moderate cortisol excess, despite
the bilateral nature of the disease might be selected for
unilateral adrenalectomy.
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