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Abstract

Background : ACTH-independent macronodular adrenal hyperplasia (AIMAH) is a rare cause of
Cushing's syndrome (CS), which is characterized by massive bilateral nodular enlargement of adrenal
glands and hypercortisolism in the presence of suppressed ACTH levels. Case : A 53 year-old wo-
man with a 5-year history of hypertension was referred to our hospital for further evaluation of bilateral
adrenal tumors with macronodules, which were detected by computed tomography. She presented with
a weight gain of 3 kg over the previous 6 months and pitting edema. Endocrinological data of the pa-
tient showed ACTH- independent hypercortisolemia. CS due to AIMAH was suspected. She under-
went simultaneous bilateral laparoscopic adrenalectomy. The histopathological analysis confirmed the
diagnosis. She was on cortisone acetate (37.5mg per day) replacement therapy postoperatively. No
hyperpigmentation was present and she was being well. Her weight declined gradually and her blood
pressure was controlled better with less doses of antihypertensive agents during follow-up.
Conclusion : AIMAH is an unusual type of Cushing's syndrome. Bilateral adrenalectomy with subse-
quent steroid replacement is the treatment of choice in patients with AIMAH and CS. (J Intern Med
Taiwan 2006; 17: 291-297 )
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Text

ACTH-independent macronodular adrenal hy-
perplasia (AIMAH) isan unusual cause of Cushing's
syndrome (CS), which is characterized by massive
bilateral nodular enlargement of adrenal glands and
hypercortisolism in the presence of suppressed
ACTH levels™. The diagnosis is usually based on
clinical manifestations, and bilateral adrenal nodular
enlargement on imaging studies following the
demonstration of hypersecretion of cortisol and sup-
pressed plasma ACTH level. The final diagnosisis
established by pathologic examination®. Bilateral
adrenalectomy with subsequent steroid replacement
is considered to be a standard therapy for AIMAH.
Here we present a case of AIMAH in a 53 year-old
woman who underwent bilateral laparoscopic
adrenalectomy.

Case report

A 53 year-old Taiwanese woman had been di-
agnosed with hypertension at the age of 48 and treat-
ed with calcium channel blockers and /4 -adrenergic
antagonist since then. Although she took antihyper-
tensive agents regularly, her blood pressure was not
controlled well. She was a housewife, had a past his-
tory of bilateral nephrolithiasis and neither smoking
nor alcohol consumption. Her mother had hyperten-
sion also. She presented with muscle weakness, pal-
pitations, pitting edema of the legs and weight gain
of 3 kg over the previous 6 months. Bilateral adrenal
macronodular masses were detected by renal sonog-
raphy and subsequent computed tomography (CT)
scan, measuring 6 cminmaximal diameter intheright
adrenal gland and 3.5 cm in maximal diameter inthe
left (Figure 1A and 1B). She was referred to our hos-
pital for further evaluation.

At admission, her height was 165 cm and she
weighted 70 kg, with body mass index (BMI) 25.7
kg/m®. Her pulse rate was 60 beats per minute and
blood pressure was 147/94 mmHg. Physical exami-

nations revealed a typical cushingoid appearance:
moon face, plethora, buffalo hump, central obesity
and pretibial edema. There were no hyperpigmenta-
tion, violaceous striae, ecchymosis or skin thinning.
The thyroid gland was non-pal pable.

Routine laboratory examinations showed hy-
pokalemia (K": 3.1 mmol/L, with reference range
3.5 ~ 5.3 mmol/L) and hyeprcholesterolemia (total
cholesterol: 226 mg/dL, with reference range less
than 220 mg/dL). The fasting plasma glucose level
was 78 mg/dL and the serum triglyceride level was
129 mg/dL.

The results of the endocrinological examina-
tionsweresummarizedin Table1. Thecircadian vari-
ation of serum cortisol production was absent and the
basal level of ACTH was suppressed. There was no

Fig.1.Computed tomography with contrast media of the
adrenal gland showed nodular enlargement of
right (A) and left (B) adrenal glands (arrows).
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suppression of serum cortisol with an overnight dex-
amethasone suppression test. Magnetic resonance
imaging (MRI) of sellaturcicareveaed no pituitary
tumor. After investigation, laparoscopic removal of
bilateral adrenal tumors was performed. The patho-
logical examination showed that both adrenals were
diffusely enlarged with multinodules; the right
adrenal gland was 9.5 x 7.5 x 3.3 cm in size and
weighted 110 g (Figure 2A) and the left adrenal
gland was 7.6 x 7.0 x 2.8 cm in Size and weighted 48 g,
with multiple golden yellow nodules measuring 2.5
cm in diameter. Microscopically, these nodules were
composed predominantly of hyperplastic clear cells,
accompanied by internodular hyperplasia. (Figure

P R AT S
Fig.2.Grossly, multiple yellowish nodules were present
in the resected right adrenal gland, which was 9.5
X 7.5 x 3.3 cm in size (A). Microscopically, the
adrenal tissue was composed predominantly of
clear cells, demonstrating adrenocortical hyper-
plasia (B) (Hematoxylin-eosin staining, original
magnification x 40).

2B). Thefinal clinical and pathological diagnosiswas
Cushing's syndrome secondary to AIMAH.

We followed this case for 7 months. Cortisone
acetate 37.5 mg was given daily for replacement pos-
toperatively. She lost weight gradually. Her blood
pressure was controlled better with less doses of an-
tihypertensive agents. Besides, she was being well
subjectively without hyperpigmentation.

Discussion

In the adult population, primary adrena hyper-
secretion accounts for approximately 15-20% of all
endogenous Cushing's syndrome*. Unilateral
adrenocortical adenomasand rarely, carcinomas, rep-
resent themajority of adrenal pathologiescausing CS.
Compared with the previous literatures, however, an
obviously higher percentage of adrenal causes of CS
has been reported in Taiwan“.

Bilateral adrenal pathology developing excess
cortisol secretion represents approximately 10-15%
of all adrenal causesof CSand includes: primary pig-
mented nodular adrenocortical disease (PPNAD),
which is usually associated with Carney's complex;
AIMAH, and bilateral adrenal adenomas or carcino-
mas’. AIMAH isthus avery unusual cause of CS of
endogenous etiology.

AIMAH wasfirst described by Kirshner et a in
1964°. A greater number of cases have been report-
ed in the literatures since then. Although the clinical
presentation of AIMAH is usualy hypercortisolism
with CS, concurrent secretion of glucocorticoid and
mineralcorticoid, or glucocorticoid and sex steroid
(estrone) has been reported. Occasionally, predomi-
nant enlargement of the unilateral adrenal gland is
foundin caseswith AIMAH. Subclinical CShasbeen
described to occur in patientswith AIMAH in recent
years’.

The presentation of AIMAH has abimodal dis-
tribution. Some may develop in the first year of life
with McCune-Albright syndrome’, whereas most pa-
tients present in the 5th decade of life. Unlikethe pre-
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dominant femal edistributionin most endogenousCS,
the female: male ratio is almost 1:1 in cases with
AIMAH®. Male predominance has been reported in
some series.

In the majority of cases, AIMAH presents as a
sporadic disorder. Family AIMAH hasrarely beenre-
ported, because familial screening islacking in most
cases and some subclinical form might have not been
identified. The presentation of familial AIMAH sug-
gests autosomal -dominant transmission and implies
some mutation involving steroidogenesis in the af -
fected adrenal nodules®. The definite genetic back-
ground is not understood currently. A few cases of
AIMAH have been reported in the literatures to be
associated with McCune-Albright syndrome (gain-
of-function mutation of GNASL gene), familial ade-
nomatous polyposis (mutation of APC gene) and
multiple endocrine neoplasia syndrome type 1 (mu-
tation of MENIN gene) °. Further gene microarray
analysis of sporadic cases and the familial clustering
may help us to clarify the pathogenesis of AIMAH
on the molecular pathway.

The diagnosis of AIMAH is usually based on
clinical manifestations of CS, and bilateral adrenal
nodular enlargement on imaging studies following
the demonstration of hypercortisolism and unde-

Table 1.Endocrinological data

tectable plasma ACTH level. The final diagnosisis
established by histopathologic examination of the
adrenal tissue. Pathologically, the weight of bilateral
adrenals in AIMAH is usually greater than 60 g, in
comparison with that in patients with ACTH-depen-
dent Cushing's disease. Histologically, AIMAH is
composed of two cell types, those with a clear cyto-
plasm (lipid-rich) that form cordon nest-like struc-
turesand thosewith acompact cytoplasm (lipid-poor)
that form nestsor island-likestructures®. Internodul ar
atrophy or hyperplasia has been described. Despite
greater adrenal enlargement, laboratory examination
may reveal only mild elevation of cortisol level, sug-
gesting ineffective cortisol production by individual
adrenal cellsand greater cell numbers required to de-
velop cortisol excess and clinical manifestations ™.
Some deficiency in enzymes responsible for
steroidogenesisin the adrenal cortex had been docu-
mented®.

The pathogenesisof AIMAH remainsunknown.
ACTH had been thought to be a stimulatory factor to
promote adrenal nodular growth and steroidogenesis,
in which the resultant adrenal autonomy eventually
suppressed ACTH production ™. Nelson's syn-
drome, however, devel oped rarely following bilater-
a adrenalectomy in these patients, arguing against

Patient's value Reference range

Plasma ACTH ( pg/mL ) 8AM <5.00 10~ 65
4PM <5.00 10~ 65
Serum cortisol ( #g/dL ) 8AM 25.8 5~25
4PM 18.7 25~125
8AM, after dexamethasone 1mg at 11PM 19.0
DHEA-S ( xmol/L) <0.8 46~154
VMA (mg/24h) 24h-urine 3.7 1~7
Dopamine ( 1 g/24h) 24h-urine 141.6 50 ~ 450
Epinephrine ( 1« g/24h) 24h-urine <42 <224
Norepinephrine ( 12 g/24h) 24h-urine 19.6 12.1~855
iPTH (pg/mL) 74.1 12~72
HbA1c (%) 5.7 38~6.0

VMA: vanillylmandelic acid, DHEA-S: dehydroepiandrosterone sulfate, iPTH: intact parathyroid hormone,

HbA1c: hemoglobin Alc



Adrenocorticotropin-Independnt Bilateral Adrenal Macronodular Hyperplasia (AIMAH) : A Case Report 295

this hypothesis. Measurement of basal and posta-
drenalectomy plasma ACTH may be helpful to elu-
cidate whether ACTH plays a causal role. On the
other hand, theinterpretation of postoperative ACTH
value may be complicated by suppression of hy-
pothalamus-pituitary axis by prolonged hypercorti-
solism and subsequent steroid replacement.
Furthermore, since the measurement of plasma
ACTH or serum cortisol levels seems impractical to
determine the optimal dose of steroid replacement,
we did not obtain the postoperative ACTH value in
this case. We propose that a long-standing stimula-
tion other than ACTH through some receptor or some
ateration in the post-receptor downstream signaling
pathway in the adrenal gland may be implicated in
the pathogenesis of nodular adrenocortical hyperpla-
sia and cortisol hypersecretion. Recently, a novel
pathogenetic mechanism of AIMAH has been men-
tioned. Several groups have demonstrated that in vi-
vo the hypersecretion of cortisol ismediated by some
hormones other than ACTH. To date, ectopic or aber-
rant adrenal expression of various membrane hor-
mone and/or cytokine receptors coupled to G-protein
to promote steroidogenesis, such as catecholamines,
vasopressin, gastric inhibitory polypeptide (GIP), an-
giotensin, serotonin, luteinizing hormone/human
chorionic gonadotropin (LH/hCG), leptin and
prostaglandin E1, have been identified, and corticos-
terone production is responsive to these ligands/ago-
2 By blocking the aberrant receptors
and suppressing the endogenous ligands, it provides
us some novel pharmacological therapiesto treat se-
lected patients with AIMAH and CS. In this case we
described, however, no investigative test to charac-
terize these aberrant receptors was performed.

nists in vitro

Bilateral adrenalectomy with steroid replace-
ment isthe treatment of choice. Although the adrenal
massin AIMAH isusualy larger than other types of
adrenal tumors, with skilled and experienced sur-
geons, laparoscopic surgery is aso feasible in those
patients™. Unilateral adrenalectomy has been advo-

cated and it may be suitable in patients with pre-
dominantly enlarged unilateral adrenal gland, thus
avoiding lifetime steroid replacement. Close follow-
up of the residual gland and monitoring of metabol-
ic syndrome are necessary. Medical treatment with
mitotane, metyrapone and ketoconazole has been re-
ported in selective subjects with AIMAH and CS.
Inconclusion, AIMAH isavery rare etiol ogy of
Cushing's syndrome we have encountered. The defi-
nite pathogenic mechanism is not understood well.
Adrenalectomy with steroid replacement is the cur-
rent mainstay treatment, whereas some novel medi-
cal therapies through antagonizing the ectopic or
aberrant receptors of the adrenal cortex to inhibit
steroidogenesis may have arole in the future.

References

1.Nieman LK. Cushing'ssyndrome. In: De Groot L J, Jameson JL,
Burger HG, et a. eds. Endocrinology. 4th ed. Philadelphia: W.
B. Saunders Co; 2000; 1691-720.

2.Stratakis CA, Kirschner LS. Clinical and genetic analysisof pri-
mary bilateral adrenal diseases (micro- and macronodular di-
sease) leading to Cushing's syndrome. Horm Metab Res 1998;
30: 456-63.

3.Lieberman SA, Eccleshall TR, Feldman D. ACTH-independent
massive bilateral adrena disease (AIMBAD). A subtype of
Cushing's syndrome with major diagnostic and therapeutic im-
plications. Eur J Endocrinol 1994; 131: 67-73.

4.SuDH, Chang YC, Chang TC, Chang CC, Tsai KS, Huang TS.
Characteristics of Cushing's syndrome in Taiwanese. J Formos
Med Assoc 2003; 102: 292-8.

5.Kirschner MA, Powell RD Jr, Lipsett MB. Cushing's syndrome:
Nodular cortical hyperplasiaof adrenal glandswith clinical and
pathological features suggesting adrenocortical tumor. J Clin
Endocrinol Metab 1964; 24: 947-55.

6.Christopoulos S, Bourdeau |, Lacroix A. Clinical and subclini-
cal ACTH-independent macronodular adrenal hyperplasia and
aberrant hormone receptors. Horm Res 2005; 64: 119-31.

7.Kirk IM, Brain CE, Carson DJ, Hyde JC, Grant DB. Cushing's
syndrome caused by nodular adrenal hyperplasia in children
with McCune-Albright syndrome. J Pediatr 1999; 134: 789-92.

8.Bourdeau |. Clinical and molecular genetic studies of bilateral
adrenal hyperplasia. Endocr Res 2004; 30: 575-83.

9.Aiba M, Hirayama A, Iri H, Ito Y, Fujimoto Y, Mabuchi G, et
a. Adrenocorticotropic hormone-independent bilateral adreno-
cortical macronodular hyperplasia as a distinct subtype of
Cushing's syndrome. Enzyme histochemical and ultrastructural
study of four cases with areview of the literature. Am J Clin



296 M. H. Hsieh, C. C. Chang, M. C. Lin, and T. C. Chang

Pathol 1991; 96: 334-40.

10.Sasano H, Suzuki T, Nagura H. ACTH-independent macro-
nodular adrenocortical hyperplasia: Immunohistochemcial and
in situ hybridization studies of steroidogenic enzymes. Mod
Pathol 1994; 7: 215-9.

11.Sturrock ND, Morgan L, Jeffcoate WJ. Autonomousnodular hy-
perplasia of adrenal cortex: Tertiary hypercortisolism? Clin
Endocrinol (Oxf) 1995; 43: 753-8.

12. Hocher B, Bahr V, Dorfmuller S, Oelkers W. Hypercortisolism

with non-pigmented micronodular adrenal hyperplasia:
Transition from pituitary-dependent to adrenal -dependent
Cushing'ssyndrome. ActaEndocrinol (Copenh) 1993; 128: 120-
5.

13.Lacroix A, Baldacchino V, Bourdeau |, Hamet P, Tremblay J.
Cushing's syndrome variants secondary to aberrant hormonere-
ceptors. Trends Endocrinol Metab 2004; 15: 375-82.

14.Suzuki K, Kageyama S, Ueda D. L aparoscopic adrenal ectomy:
Clinical experience with 12 cases. J Urol 1999; 36: 40-7.



Adrenocorticotropin-Independnt Bilateral Adrenal Macronodular Hyperplasia (AIMAH) : A Case Report 297

JEIRE bR RUH S E R REHHE LR H
BEA R RE

HER REL HWAX KXY

Bz &BAkBEEEITBILAFEHA G AP 2F
G Ak B IR B IR B T
Yo ] B2k B BT Py R A 5 b A

T

FEALE LA K A RO AR A MR R UK 8 3 R RS R AR KR AR A — R AR
FRAGRE - B & B REARRKERFGERR i%ﬁﬂﬁﬁﬁ%ﬁg@mﬁ%
MARE PRk H stk B RS EFETARNT LREHGHER - THHREZ LR FRE
MERARE o RAVE LML —1E BA S0 653 RL M AL S ET A IR LRk B Rk
BAXEHWHH LR EE BN A - B2 8AERAE LA ik Fedd B& M 206 B -
FABBEERRRYE > @ Bk e BEFREAGEE BELEH TR - B aTdiRs r

’jgf FIBHE G 7’?‘“”



