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Abstract

BACKGROUND

Adrenocorticotropic hormone (ACTH)-independent Cushing’s syndrome (CS) is
mostly due to unilateral tumors, with bilateral tumors rarely reported. Its
common causes include primary pigmented nodular adrenocortical disease,
ACTH-independent macronodular adrenal hyperplasia, and bilateral
adrenocortical adenomas (BAAs) or carcinomas. BAAs causing ACTH-
independent CS are rare; up to now, fewer than 40 BAA cases have been
reported. The accurate diagnosis and evaluation of BAAs are critical for
determining optimal treatment options. Adrenal vein sampling (AVS) is a good
way to diagnose ACTH-independent CS.

CASE SUMMARY

A 31-year-old woman had a typical appearance of CS. The oral glucose tolerance
test showed impaired glucose tolerance and obviously increased insulin and C-
peptide levels. Her baseline serum cortisol and urine free cortisol were elevated
and did not show either a circadian rhythm or suppression with dexamethasone
administration. The peripheral 1-deamino-8-D-arginine-vasopressin (DDVAP)
stimulation test showed a delay of the peak level, which was 1.05 times as high as
the baseline level. Bilateral AVS results suggested the possibility of BAAs.
Abdominal computed tomography showed bilateral adrenal adenomas with
atrophic adrenal glands (right: 3.1 cm % 2.0 cm % 1.9 cm; left: 2.2 cm x 1.9 cm x 2.1
cm). Magnetic resonance imaging of the pituitary gland demonstrated normal
findings. A left adenomectomy by retroperitoneoscopy was performed first,
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followed by resection of the right-side adrenal mass 3 mo later. Biopsy results of
both adenomas showed cortical tumors. Evaluations of ACTH and cortisol
showed a significant decrease after left adenomectomy but could still not be
suppressed, and the circadian rhythm was absent. Following bilateral
adenomectomy, this patient has been administered with prednisone until now,
all of her symptoms were alleviated, and she had normal blood pressure without
edema in either of her lower extremities.

CONCLUSION
BAAs causing ACTH-independent CS are rare. AVS is of great significance for
obtaining information on the functional state of BAAs before surgery.

Key words: Bilateral adrenocortical adenomas; Adrenocorticotropic hormone-independent
Cushing’s syndrome; Adrenal venous sampling; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Bilateral adrenocortical adenomas (BAAs) causing adrenocorticotropic
hormone (ACTH)-independent Cushing syndrome (CS) are rare; up to now, fewer than
40 BAA cases have been reported. The accurate diagnosis and evaluation of BAAs are
critical for determining optimal treatment options. We report a rare case of BAAs
causing ACTH-independent CS, which was diagnosed by adrenal vein sampling (AVS)
and computed tomography before surgery. The patient underwent a bilateral
retroperitoneoscopy adenomectomy and glucocorticoid replacement therapy. Our case
indicates that AVS is of great significance for obtaining information on the functional
state of BAAs before surgery.
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INTRODUCTION

Inappropriate exposure to excessive concentrations of free glucocorticoids results in
Cushing’s syndrome (CS)!", with the clinical features of centripetal obesity, moon face,
hirsutism, plethora, and striae, among others. The excess of glucocorticoid comes
from endogenous or exogenous sources”. Endogenous causes of CS are rare. The
incidence rates of CS are estimated to be 2 to 3 cases per million people per year in
Europe and 10-15 cases per million people per year in Americal’. Some studies have
revealed that subclinical hypercortisolism is significantly more possible in patients
with bilateral incidentalomas!’l. Endogenous CS can be divided into adre-
nocorticotropic hormone (ACTH)-independent and -dependent forms. ACTH-
independent CS is mostly due to unilateral tumors, with bilateral tumors rarely
reported. Its main causes include ACTH-independent macronodular adrenal
hyperplasia (AIMAH), primary pigmented nodular adrenocortical disease (PPNAD),
and bilateral adrenocortical adenomas (BAAs) or carcinomas™l. BAAs causing
ACTH-independent CS are rare; up to now, fewer than 40 BAA cases have been
reported. The accurate diagnosis and evaluation of BAAs are critical for determining
optimal treatment options. Herein, we report a Chinese patient with BAAs, who was
diagnosed with ACTH-independent CS by adrenal vein sampling (AVS) and
computed tomography (CT).

CASE PRESENTATION

Chief complaints
A 31-year-old woman, who complained of gaining body weight, red face, moon face,
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bruising, and menstrual irregularity for two years, presented to our outpatient
department.

History of present illness
The patient’s symptoms started two years ago with weight gain, red face, moon face,
bruising, and menstrual irregularity.

History of past illness

She was diagnosed with hypertension a month ago and was medicated with
nifedipine delayed-release tablets (II) 40 mg twice a day. Her family history was
negative.

Physical examination

Physical examination revealed centripetal obesity, moon face, buffalo hump, thin skin,
hirsutism, acne, striae on her abdomen, arms, and legs, and edema of both lower
extremities. The height of this patient was 159 cm, and her body weight was 73.5 kg.
Her blood pressure was 130/100 mmHg, with a pulse of 84 beats per minute.

Laboratory examinations

Her blood counts were within the normal limits, and she had no serum electrolytes
disorders. The biochemical data showed dyslipidemia. The oral glucose tolerance test
showed impaired glucose tolerance (IGT) and obviously increased insulin and C-
peptide levels. The endocrinological data showed elevated cortisol (761.0 nmol/L)
and 24-h urine free cortisol (UFC) (1650.7 nmol/L) and the absence of a circadian
rhythm and a non-suppression response to dexamethasone (dexamethasone 0.5 mg
every 6 h for 2 d and 2 mg every 6 h for 2 d) administration (Table 1).

Imaging examinations

Abdominal CT showed bilateral adrenal adenomas with atrophic adrenal glands
(right: 3.1 cm x 2.0 cm x 1.9 cm; left: 2.2 cm % 1.9 cm % 2.1 cm), which were enhanced
homogeneously with contrast material (Figure 1). A magnetic resonance imaging
(MRI) scan of the pituitary gland demonstrated normal findings.

Further diagnostic work-up

The patient was further evaluated with 1-deamino-8-D-arginine-vasopressin
(DDVAP). The peripheral DDVAP stimulation test showed a baseline ACTH level of
6.9 pmol/L, and ACTH reached a peak level (7.26 pmol/L) at 90 min after
stimulation, which was 1.05 times as high as the baseline level (Table 2). Then, we
performed bilateral AVS to examine if the two adenomas were cortisol-secreting.
Bilateral AVS results were as follows: the left-side adrenal vein (LAV)-to-peripheral
vein (PV) cortisol gradient was 16.00; the right-side AV (RAV)-to-PV gradient was
8.29; and the ratio of the LAV cortisol-to-left side aldosterone (ALD) gradient to the
RAV cortisol-to-right side ALD gradient was 1.23 (Table 3).

MULTIDISCIPLINARY EXPERT CONSULTATION

Jing-Tao Dou, MD, PhD, Professor and Chief, Department of Endocrinology,
Chinese PLA General Hospital

It is important to know which side is functioning, which is hard to determine by
imaging. We can do bilateral AVS to examine if the two adenomas are cortisol-
secreting.

Ju-Ming Lu, MD, PhD, Professor and Chief, Department of Endocrinology, Chinese
PLA General Hospital

BAAs often: (A) occur in mid-aged females; (B) have varying clinical symptoms; (C)
are a kind of ACTH-independent CS, with hypercortisolism, absence of serum cortisol
diurnal rhythm, and elevated UFC, though ACTH is in the normal range; (D) are 2.0-
3.5 cm in diameter on CT; and (F) have normal finding in MRI of the pituitary. We
should determine the source of ACTH, and testing the rhythm of ACTH-F is
important.

Yong Song, MD, PhD, Assistant Professor, Department of Urology, Chinese PLA

General Hospital
The patient should undergo surgical treatment twice separately after obtaining the
result of bilateral AVS.
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Table 1 Endocrinological study at different periods of bilateral adrenocortical adenomas

Baseline
Low-dose dexam test High-dose dexam test
00:00h  08:00h  16:00 h
Before the operation ACTH (pmol/L) 4.26 413 3.62 3.51 41
F (nmol/L) 606.42 761 618.08 579.34 689.18
UFC (nmol/L) 1650.7 - - 3073.5 2122.6
After unilateral operation ACTH (pmol/L) 7.84 7.86 7.7 9.28 -
F (nmol/L) 391.78 440.08 455.65 414.36 -
UFC (nmol/L) 1024.9 - - 1117 -
After bilateral operations ACTH (pmol/L) 4.66 4.86 3.66 4.93 -
F (nmol/L) <257 <257 <257 <257 -

UFC (nmol/L) . <257 . . .

Reference range: ACTH at 8 AM, <10.12 pmol/L; F at 8 AM, 198.7-797.5 nmol/L; 4 PM: 85.3-459.6 nmol/L; 0 AM: 0-165.7 nmol/L; UFC: 98.0-500.1 nmol/24
h; dexam: Dexamethasone; ACTH: Adrenocorticotropic hormone; F: Cortical; UFC: Urine free cortisol.

FINAL DIAGNOSIS
The final diagnosis was ACTH-independent CS and BAAs.

TREATMENT

A left adenomectomy by retroperitoneoscopy was performed on June 21, 2016.
Irregular gray yellow tissue that measured 3.5 cm % 2.5 cm x 1 cm was observed on
the left side. The cut surface was solid and golden yellow in color. Histologically, a
single well-encapsulated adrenocortical tumor was observed in the adrenal gland. The
Weiss score was 1. The immunohistochemistry results revealed MelanA(+), CgA(-),
Syn(+), Ki-67(+2%), Inhibin-a(+), CK(-), and S-100(spotty+) (Figure 2A, 2B and Figure
3). Resection of the right-side adrenal mass was performed 3 mo later. The biopsy
revealed nodular tissue on the right side measuring 2 cm x 1.8 cm x 1.5 cm. The cut
surface was golden yellow in color. The Weiss score was 1. The immuno-
histochemistry results revealed MelanA(+), CgA(-), Syn(+), Ki-67(+2%), Inhibin-a(+),
CK(-), S-100(spotty +) (Figure 2C, 2D and Figure 4).

OUTCOME AND FOLLOW-UP

Evaluations of ACTH and cortisol showed a significant decrease after the surgery. All
of her symptoms were alleviated, and she had normal blood pressure and no edema
in either of her lower extremities. She was administered with prednisone 20 mg once a
day for half a month, which was then tapered to 15 mg once a day for a month and 5
mg twice a day, and finally 2.5 mg twice a day. The last follow-up was on June 5,
2017, at which point all of her symptoms and signs have been alleviated (Figure 5).

DISCUSSION

Our case was confirmed as ACTH independency based on: (1) Very low plasma
ACTH with increased serum cortisol level; (2) Unresponsiveness to a high-dose
dexamethasone suppression test; (3) Unresponsiveness to a DDVAP stimulation test;
and (4) MRI scan of the pituitary gland demonstrated normal findings; however, CT
showed bilateral adrenal adenomas with atrophic adrenal glands. According to the
tests above, ACTH-independent CS was diagnosed. Cases of ACTH-independent CS
associated with adrenocortical adenoma are secondary to unilateral adrenocortical
adenomas in approximately 90% of casesl’”l. In contrast, bilateral cortisol-secreting
tumors are a rare cause of CSF.

As we know, the possibilities of bilateral adrenal space-occupying lesion are
mainly: (1) BAAs; (2) Carcinomas; (3) PPNAD; and (4) AIMAH. Markedly enlarged
bilateral hyperplastic adrenal glands with multiple macronodules up to 5 cm in
diameter are a characteristic histopathological feature of AIMAH!. This disorder may
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Figure 1 Abdominal computed tomography images. Abdominal computed tomography images show bilateral
adrenal adenomas with atrophic adrenal glands. Arrows indicate tumors with a low density (right, 3.1 cm x 2.0 cm x
1.9 cm; left, 2.2 cm x 1.9 cm x 2.1 cm). Tumors are homogeneously enhanced in the presence of contrast material.

be associated with other receptors besides ACTH, which are expressed in the adrenal
cortex ectopically, such as gastric inhibitory polypeptide, luteinizing hormone/
human chorionic gonadotropin and others”'’l. PPNAD is another bilateral adrenal
hyperplastic disease; CT scan shows bilateral small discrete nodules between 2 and 5
mm in size without overall enlargement of the glands. The possible mechanism may
be a novel mutation in the type la regulatory subunit of the protein kinase A
(PRKAR1A) gene: p.E17X (c.49G>T), which confirms that the diagnosis of PPNAD
could be one component of Carney complex!'. While carcinoma seems much more
aggressive, with a heavier and larger mass, it is always complicated with severe
hypertension, masculinization, hypokalemia, or alkalosis. On CT scan, the tumor is
generally bigger than 5 cm in diameter, with heterogeneous enhancement with
contrast agent!'”. BAAs were first reported by CHAPELL in 1963[""]. To the best of our
knowledge, fewer than 40 BAAs cases have been reported. BAAs are the most
significant feature of this case.

The mechanism of BAAs is unclear. Some studies have revealed that steroidogenic
enzymes, such as P450scc, 33-HSD, P450c21, P450c17, and P450c11, are intensely
expressed in the compact cells of the adenoma, while their expression profiles are
negative in the adjacent non-neoplastic cortex. At the same time, the histological
features may differ between two adenomas!*". It is difficult to distinguish between
functioning or nonfunctioning adrenal cortical masses by the imaging characteristics
on CT scanning!". AVS is a helpful method to distinguish between these conditions.
The compound 6 beta-(1311)-iodomethyl-19-norcholesterol (NP-59) is another possible
means for evaluating the function of an adenoma; however, NP-59 scintigraphy is
never a common imaging modality in China. AVS provides important information
concerning the laterality of excessive ALD, but it also has advantages compared with
adrenal scintigraphy and CT in the diagnosis of CS and BAAs!"*"l. However, only a
few cases have been reported with the use of AVS in the diagnosis of BAAs before
surgery. According to the Mayo Clinic"®l, AV-to-PV cortisol gradient greater than 6.5
is more likely to be a cortisol-secreting adenoma. In our case, the gradient of LAV-to-
PV cortisol was 16, and the RAV-to-PV cortisol gradient was 8.2. The “ALD-
corrected” high-side to low-side AV cortisol gradient was 2.3 or greater, which is
consistent with autonomous cortisol secretion from predominantly one adrenal gland;
a gradient of 2.0 or less indicates bilateral cortisol hypersecretion. The ratio of L/R of
our patient was 1.23, less than 2.0. All of these pieces of evidence indicated that the
hypersecretion of cortisol might originate from both adrenal glands. The first case of
BAAs in China was reported in the medical literature by our team!*. However, the
AVS technique was not available at that time; therefore, we could not determine
which side was functioning before the surgery.

Extirpation of the functioning adenoma is the optimal choice for bilateral CS
adenomas!’l. AVS is a useful accessory examination before surgery to design a
surgical plan that makes much more sense. Some authors believe that if AVS is
unavailable, the larger of the two adenomas should be removed first, and then further
management should be determined according to the postoperative hormone tests.
However, at least 5 years of follow-up examinations is required, because the con-
tralateral adrenal adenoma might have clinically significant endocrine function
later!”l. Bilateral adenomas generally appear at the same time, but there has been a
report of an adenoma appearing 9 years after the contralateral surgery®. In our case,
the bilateral adenomas were both functioning; we resected the left one first because of
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Table 2 The results of peripheral 1-deamino-8-D-arginine-vasopressin stimulation test

Time ACTH (pmol/L) F (nmoliL)
-15 min 6.88 640.24
0 min 6.97 624.03
15 min 6.7 637.87
30 min 6.59 590.82
45 min 6.59 625.47
60 min 7.19 598.56
90 min 7.26 524.71
120 min 6.68 577.39

Normally, adrenocorticotropic hormone (ACTH) peaks between 15 min and 30 min after the infusion of
DDAVP, while this patient had delayed peaking. Cushing disease is suspected if the peak level of ACTH is
over 1.5 times much more than the baseline level. We can definitely diagnose it as Cushing disease if it is over
3 times. This patient’s ratio was 1.05, therefore it is not Cushing diseasel*’l. ACTH: Adrenocorticotropic
hormone; F: Cortisol.

its thriving function on AVS. Three months later, we removed the right adenoma.
When bilateral adrenal tumors are considered, a unilateral or bilateral adenoma
resection is a better choice if functional adrenal tissue can be preserved to avoid acute
adrenal insufficiency or lifelong steroid replacement. However, how much residual
adrenal tissue is required for adequate adrenal function has not been much known!".
Brauckhoff estimated that preservation of approximately one-third of the entire
adrenal gland could provide sufficient function’. Several authors have advocated
preserving the adrenal vein, because adequate venous preservation may be important
for maintaining the functionality of the remnant tissuel’’*?.. But, in most cases,
impaired adrenocortical function is likely caused by atrophy of the normal adrenal
tissue. Few studies have demonstrated the feasibility of a partial adenomectomy for
BAAs. Glucocorticoid therapy has to be employed to maintain the balance of water
and electrolyte metabolism after surgery. Some studies have reported that long-term
inadequate corticosteroid replacement therapy might provoke pituitary ACTH-
producing hyperplasia adenomal*-**l. Therefore, proper use of corticosteroids is
significantly important. It has been suggested that corticosteroid replacement therapy
can be divided into several doses (for example, it can be divided equally into three
doses a day, taken at 9:00, 14:00, and 20:00 or 2/3 of a total dose in the morning and
1/3 in the early afternoon)®’l.

Based on the reported cases, the clinical characteristics of BAAs could be
summarized as: (1) Mainly occurring in mid-aged females; (2) Varying clinical
symptoms, though most patients visit hospital because of typical symptoms; (3) Being
a kind of ACTH-independent CS, with hypercortisolism, absence of serum cortisol
diurnal rhythm, elevated UFC, and no suppression of serum cortisol after low-dose or
high-dose dexamethasone suppression testing, while ACTH cannot be tested or is in
the normal range, resulting in no reaction to the ACTH stimulation test; (4) Probably
different pathological features and functioning state; (5) Bilateral well-encapsulated
adenomas of 2.0 cm - 3.5 cm in diameter on the CT scan, with the presence of single or
numerous nodules!”*; and (6) Normal findings of the MRI of the pituitary!”. It has
been reported that except for glucocorticoids, BAAs could also secrete mi-
neralocorticoids and androgen!™!. In our patients, the plasma renin activity, the ALD
concentration, the ALD-to-renin ratio, and the urine epinephrine and dopamine levels
were in the normal range, while norepinephrine was only elevated slightly.

CONCLUSION

When patients present with bilateral adrenal lesions, it is crucial to make a definitive
diagnosis before operation since various treatments are prescribed for different
causes. Few cases of BAAs diagnosed using AVS have been reported. Our case
indicates that AVS might be useful for obtaining differential diagnoses in such cases.
Once considering BAAs, it is not recommended that bilateral adenomas be removed
simultaneously. Hormone replacement therapy may be needed for fear of adrenal
insufficiency, and the tapered discontinuation of the replacement therapy is
necessarily slow.
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Table 3 The results of bilateral adrenal vein sampling

LAV RAV LR PV
ACTH (pmol/L) 850 873 / 9.10
F (nmol/L) 11093.75 5746.61 14.86 693.38
ALD (ng/dL) 13.95 8.90 / 5.0
F/ALD 795 645 123 /

An AV-to-PV cortisol gradient greater than 6.5 is consistent with a cortisol-secreting adenoma. In our case, the LAV-to-PV cortisol gradient was 16, and the
RAV-to-PV cortisol gradient was 8.2. The “aldosterone-corrected” high-side to low-side AV cortisol gradient was 2.3 or greater, consistent with
autonomous cortisol secretion predominantly from one adrenal gland; a gradient of 2.0 or less indicates bilateral cortisol hypersecretion. The ratio of L/R
of our patient was 1.23, less than 2.0. All of these pieces of evidence indicated that the hypersecretion of cortisol might originate from both adrenal
glandsm], ACTH: Adrenocorticotropic hormone; F: Cortisol; LAV: Left side adrenal vein; RAV: Right side adrenal vein; L/R: (left side adrenal vein
cortisol/ left side aldosterone): (right side adrenal vein cortisol/right side aldosterone); PV: Peripheral vein; ALD: Aldosterone; F/ALD:
Cortisol/aldosterone.
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Figure 2 Histological characteristics of the adenomas (Hematoxylin-eosin staining). A-D: The left (A: x40, B: x100) and right (C: x40, D: x100) adenomas
comprised both clear cells and compact cells.
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Figure 3 Immunohistochemical staining of the left adrenal adenoma (x100). A and B: Areas negative for chromogranin A (CgA) (A) and cytokeratin (CK) (B); C-
E: Tumor cells exhibiting strong staining for inhibin (C), synaptophysin (Syn) (D), and MelanA (E); F and G: Most parts of the tumor showed a proliferation index < 2%

(F) and spotty positivity for S100 (G).
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Figure 4 Immunohistochemical staining of the right adrenal adenoma (x100). Areas negative for chromogranin A (CgA) (A) and cytokeratin (CK) (B), where
some tumor cells exhibited positive staining for inhibin (C), synaptophysin (Syn) (D), and MelanA (E). Most parts of the tumor show a proliferation index < 2% (F) and
spotty positivity for S100 (G).
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Main complain: Gaining body weight, red face, moon face, bruising, and menstrual
irregularity for two years.

Physical examination: Centripetal obesity, moon face, buffalo hump, thin skin,
hirsutism, acne, striae on abdomen, arms and legs, edema of both lower extremities

Lab examination: Dyslipidemia, IGT, absence of circadian rhythm of ACTH, F and
24-hour UFC and non-suppression response to dexamethasone

Abdominal CT: Bilateral adrenal adenomas
DDVAP stimulation test: ACTH-independent Cushing’s syndrome

Bilateral AVS: The hypersecretion of cortisol might originate from both adrenal
glands.

Diagnoses: BAAs causing ACTH-independent Cushing's syndrome

2016.4 Diagnosis
ACTH and F
decreasd, but 2016.6 Left adrenalectomy
could still not be
suppressed

2016.8 Red face, moon face and striae have alleviated

Adrenal insufficiency f
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Figure 5 The timeline of this case report.
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