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CASE REPORT

A case of severe hypertension caused by
ACTH-independent macronodular adrenal hyperplasia
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ABSTRACT. This report describes a rare case of
ACTH-independent macronodular adrenal hyper-
plasia (AIMAH) arisen with symptomatic severe
hypertension and hypokaliemia. A 55-year-old
man was admitted to hospital with a clinical pic-
ture characterized by several episodes of transient
ischemic attacks (TIA) and right hemiplegia, relat-
ed to severe arterial hypertension. Laboratory
tests showed urinary levels of catecholamines,
metanephrines and vanillylmandelic acid (VMA) in
normal range; high urinary free cortisol excretion,
elevated serum cortisol with loss of the circadian
rhythm and low ACTH plasma levels. ACTH failed
to respond to CRH administration. Serum cortisol
levels were not modified after high doses of dexa-
methasone. MRI showed bilateral macronodular
hyperplasia of adrenal glands, whereas pituitary-

INTRODUCTION

Cushing’s syndrome is traditionally classified in
ACTH-dependent and ACTH-independent disor-
ders. In the first case, the bilateral adrenal hyper-
plasia and hyperfunction are related to the ACTH
stimulation, whereas the ACTH-independent syn-
drome, in the majority of patients, is caused by uni-
lateral adrenocortical neoplasm (adrenal adenoma
or carcinoma) (1).

Only less than 10% of the cases of ACTH-indepen-
dent Cushing’s syndrome are secondary to bilater-
al adrenal hyperplasia, and their pathophysiologies
are different. Primary pigmented nodular adreno-
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MRI did not show tumoral lesions. Therefore,
ACTH-independent macronodular hyperplasia was
suspected. Though obese, the patient had no typ-
ical Cushing habit, and symptomatic hypertension
with hypokaliemia was the only clinical evidence
for this rare kind of Cushing'’s syndrome. After ob-
taining a satisfactory control of blood pressure,
the patient was successfully submitted to laparo-
scopic bilateral adrenalectomy and underwent
complete clinical remission. The histology showed
adrenal macronodular hyperplasia. During the
twenty-four month follow-up, the patient had no
further transient ischemic attacks or need of glu-
cocorticoid replacement therapy and withdrew
the antihypertensive drugs.
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cortical disease (PPNAD) or micronodular adrenal
dysplasia can be familial, associated with other tu-
mors (myxomas, schwannomas, pigmented cuta-
neous lesions, and peripheral endocrine tumors)
and linked to unknown genes or to mutations (2-4).
ACTH-independent macronodular adrenal hyper-
plasia (AIMAH) is a rare case of Cushing’s syndrome
(CS) and the incidence is estimated to represent
about 1% of CS: it is characterized by cortisol hy-
persecretion, due to multiple bilateral adrenocor-
tical macronodules of benign hyperplasia; both
adrenal glands are enlarged in size, without pitu-
itary neoplasms or other tumoral lesions (1, 5-8).
Today AIMAH is recognized as a distinct subtype
of Cushing’s syndrome because of the unique clin-
ical, endocrinological, histological and immunohis-
tochemical features, but the pathogenesis of this
disease is still unclear. Here, we report a rare case
of AIMAH, presented clinically through obesity, ar-
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terial hypertension and TIA, and successfully treat-
ed with surgical therapy (9-12).

CASE REPORT

A 55 year-old man, obese and heavy smoker, was ad-
mitted to the internal medicine department because
of several episodes of transient ischemic attacks (TIA),
characterized by hypertensive peaks and transient
right hemiplegia. For the last two years he had been
affected by arterial hypertension, treated successful-
ly with Nicardipine (20 mg/day). There was no family
history of CS or other endocrine diseases. On physi-
cal examination, he was 171 cm tall and weighed 89.5
kg (BMI=31.4 kg/m?). He did not show rounded face,
striae or ecchymosis and skin pigmentation was nor-
mal. In the month previous to hospitalization, blood
pressure increased (mean value: 180/120 mmHg;
pulse rate 74/min) and required a progressively
strong treatment based on enalapril, clonidine and
labetalol during hospitalization. Blood tests reported
hypokaliemia (potassium=2.3 mEg/l; n.r.=3.6-5
mEg/l) and cholesterol was elevated (271 mg/dl;
n.r.=130-200 mg/dl). Fasting glucose was 125 mg/dl
and OGTT showed intolerance to carbohydrates.
Both ECG and echocardiography showed severe
hypertrophy of the left ventricle, while myocardial
contractility was conserved (ejection rate=60%).
Cranial CT documented the presence of previous
multiple lacunar infarcts.

During hypertensive episodes urinary levels of cate-
cholamines, metanephrines and vanillylmandelic acid
(VMA) were in the normal range. Both plasma aldos-
terone (26 pg/ml) and renin (3.3 pg/ml) were in the
low range (n.r. plasma aldosterone=20-125; n.r. plas-
ma renin=1.5-20) and basal deoxycorticosterone
(DOC) was 23 ng/dl (n.r.=3.5-11.5 ng/dl). Urinary free
cortisol was 218 pg/24h (n.r.=20-90), and the circa-
dian cortisol profile, evaluated by four samples was al-
terated: 08:00 h:219; 12:00 h:228; 18:00 h:227; 00:00
h:218 (n.r.=80-220 ng/ml). Serum cortisol was not
suppressed both by low-dose (1 mg) and high-dose
(8 mg) overnight dexamethasone administration and
ACTH was low (mean value 6.5 pg/ml; n.r.=10-55
pg/ml). ACTH failed to respond to CRH administra-
tion. Endocrinological assays included the measure-
ment of the following steroids: DHEA-S was 140
ng/ml (n.r.=1000-3500), A4 0.41 ng/ml (n.r.=0.30-
2.60 ng/ml), T 3.99 ng/ml (n.r.=3.5-10 ng/ml), 17-OH
progesterone 0.90 ng/ml (n.r.=0.30-2.5 ng/ml).
Cranial and hypothalamus-hypophysis magnetic res-
onance imaging (MRI) reported absence of pituitary
tumoral lesions and confirmed the evidence of lacu-
nar infarcts. Both abdominal CT and MRI scans re-
vealed bilateral enlargement of the adrenal glands

with huge multiple nodules (Fig. 1). '31l-6B-iodo-
methylnorcholesterol scintigraphy showed a remark-
able bilateral uptake by the adrenal glands. In addi-
tion to the antihypertensive treatment started in the
hospital (clonidine 900 mg/day, labetalol 600 mg/dai-
ly, enalapril 40 mg/day), ketoconazole therapy at the
dose of 400 mg/day obtained a sufficient control of
blood pressure; one month later, the patient was sub-
mitted to bilateral laparoscopic adrenalectomy. The
post-operative course was uneventful and hydrocor-
tisone replacement was required at progressively low-
er dosage during the follow-up; carbohydrate meta-
bolism, blood pressure and serum potassium nor-
malized. Thus, TIA did not occur again and now, 24
months after adrenalectomy, the patient is only treat-
ed with hydrocortisone replacement therapy (20
mg/day), without antihypertensive drugs.

Histopathological examination
and assay methods

The removed adrenal glands were enlarged, macro-
nodular and weighted 80 and 95 g respectively, con-
taining yellow nodules of various sizes. The tissues
were fixed in buffered formalin embedded in paraffin.
Sections were stained with Hematoxylin-eosin. The
histological examination revealed a monotonous pro-
liferation of large clear cells with small and uniform
nuclei and an unvacuolated cytoplasm, arranged in
cords or nets. Occasionally, small compact cells were
mixed with the major proliferation of clear cells. Small
remnants of normal cortical and medullary adrenal
tissue were occasionally found (Fig. 2).

Fig.1 - MRI reporting bilateral enlargement of the adrenal
glands with irregular nodular aspect.



Fig. 2 - Adrenal histology showing hyperplasia and multiple
nodules composed of large clear cells and small compact cells.

Plasma ACTH and renin were measured by IRMA as-
say using commercial kits (Nichols Institute Dia-
gnostics, San Juan Capistrano, CA, U.S.A). Cate-
cholamines, VMA and metanephrines were mea-
sured after HPLC (Bio Rad, Hercules, CA, U.S.A)).
Plasma DOC was measured using RIA after extrac-
tion and chromatography (Nichols Institute Diagno-
stics, San Juan Capistrano, CA, U.S.A.). Aldosterone,
17-OH progesterone and A4 by RIA (Diagnostic
Systems Laboratories Inc., Webster, TX, U.S.A.).
Serum and urinary cortisol, DHEA-S and T were mea-
sured by commercial RIA. Intra and inter-assay vari-
ations were below 10% for every sample.

DISCUSSION

ACTH-independent bilateral AIMAH is an infrequent
case of CS and the incidence is estimated to repre-
sent about 1% of CS. In literature, AIMAH has been
described with various terms, including massive
macronodular adrenocortical disease (MMAD), auto-
nomous macronodular adrenal hyperplasia (AMAH),
ACTH-independent massive bilateral adrenal disease
(AIMBAD), “giant” or "huge” macronodular adrenal
disease. Only one case has been reported in an in-
fant (13), but in several other cases and series of pa-
tients the clinical syndrome becomes evident during
the 5%-6t decade and is characterized by similar gen-
der distribution when compared with Cushing’s dis-
ease or unilateral adrenal neoplasms, which are more
prevalent in women (2-4, 14).

In our patient, the clinical and pathological findings
are mostly consistent with the typical features of
AIMAH as described previously; the persistent low
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ACTH levels, unresponsive to CRH administration;
the mild elevation of serum cortisol without hormon-
al diurnal rhythm and insuppressible by high-dose
dexamethasone administration; the reduced DHEA-
S levels demonstrated that cortisol hypersecretion
was ACTH-independent. Histopathological exami-
nation confirmed the features described in literature
(3, 5, 7): unlike the pigmentated nodules of PPNAD
and the ACTH-dependent hyperplasia (15), both
glands are composed of yellow nodules, similar to
normal adrenal tissue, with a high combined adrenal
gland weight (175 g), although in a large series of pa-
tients the difficulty of setting a cut-off (below which
AIMAH could be safety excluded) has been observed
(4, 14). The microscopic analysis of the glands showed
a large heterogeneity in AIMAH; nevertheless, as de-
scribed in our case, two predominant cell types are
present: large and small cells, both with clear cyto-
plasm. Immunohistochemical analysis and in situ
hybridization studies demonstrated that the steroido-
genic enzymes P450scc, P450c21 and P450c11 were
present in both cellular types, whereas P450c17 and
3BHSD were localized in the small and large cells re-
spectively (5). Morioka et al. (16) evaluated the activ-
ities of the cytochrome P450c21, P450c17 and
P450c11 and demonstrated that all of them were re-
duced, especially P450c17. These last data suggest
that in AIMAH cortisol production could be inefficient
and Cushing’s syndrome may be related to the
marked increase in the number of cells or bulk of
adrenal hyperplasia. However, the peculiarity of our
case was hypertension and severe vascular disease
in a patients with AIMAH, without a typical cushin-
goid phenotype. Glucocorticoid excess is associated
with hypertension in at least 70-75% of patients with
CS, independently of the subtype (pituitary or adre-
nal) and the duration, and cardiovascular damage is
quite frequent in hypertensive subjects, but is some-
times also present in normotensive subjects. The mor-
tality of patients with CS, usually caused by cardio-
vascular disease, is 4 times that of the general popu-
lation when matched for age and sex (17, 18). In hu-
mans, the hypertensive effects reproduced by iv or
oral cortisol, or studied in CS demonstrated that: oral
cortisol increases blood pressure in a dose-depen-
dent fashion; the circadian blood pressure variations
are absent or reversed; cortisol-induced hypertension
is accompanied by significant sodium retention and
volume expansion; administration of the type | min-
eralocorticoid receptor antagonist spironolactone
does not prevent the onset of cortisol-induced hy-
pertension. Thus, sodium retention is not the prima-
ry mechanism of cortisol-induced hypertension; di-
rect and indirect measures of sympathetic activity are
unchanged or suppressed during cortisol adminis-
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tration or CS, suggesting that cortisol-induced hy-
pertension is not mediated by increased sympathet-
ic tone. Although these potential mechanisms of cor-
tisol action may be relevant in a number of clinical
contexts (including CS, apparent mineralocorticoid
excess, hypertension, liquorice abuse, chronic renal
failure) and many actions on brain, heart and blood
vessels, kidney, and body fluid compartments have
been described, precisely how cortisol elevates blood
pressure is still unclear. Candidate mechanisms cur-
rently examined include inhibition of the vasodilator
nitric oxide system and increases in vasoconstrictor
erythropoietin concentration (19, 20). To our knowl-
edge, the AIMAH cases described previously in the
literature do not report such severe hypertension with
hypokaliemia. However, a rare case of AIMAH asso-
ciated with hypertension, excessive secretion of min-
eralocorticoids and hypokaliemia was reported by
Hayashi et al. (21). Another patient with bilateral
adrenal incidentalomas was studied by Yamada et al.
(22) and was diagnosed as pre-clinical CS due to
AIMAH confirmed histologically: despite the unde-
tectable renin activity, serum mineralocorticoids lev-
els were not suppressed and it was suggested that
hyperplastic adrenal glands could produce both glu-
co- and mineralocorticoids concomitantly. Finally, the
absence of classic Cushing’s signs and symptoms of
our patient is rare in AIMAH, but has been described
before and in a few cases the onset of disease was
characterized only by clinic history of hypertension or
adrenal enlargement found incidentally by ultrasound
or CT (4, 23-26).

Hypertension and hypokaliemia, but without in-
crease in plasma aldosterone concentrations are al-
so features of the glucocorticoid-resistance (GR). In
fact, in these patients the most common charac-
teristic is hypercortisolism without clinical picture
of glucocorticoid excess. Nevertheless, since the
original description of Vingerhoeds et al. (27), about
30 patients, later on identified, showed a typical
syndrome characterized by decreased sensitivity to
cortisol with secondary activation of the hypotha-
lamo-pituitary-adrenal axis which resulted in: in-
creased ACTH and cortisol secretion, normal circa-
dian rhythm at elevated levels, relative resistance
of adrenal cortisol to dexamethasone, no signs or
symptoms of CS and, in most cases, ACTH-depen-
dent overproduction of adrenal androgens and
mineralocorticoids (28, 29).

In conclusion, despite the pathogenesis of this rare
disorder remains unclear, AIMAH must be considered
a separate, unique and legitimate subtype of primary
adrenocortical CS with distinct histopathological and
immunohistochemical features. Although laboratory
analysis and endocrinological findings are often typi-
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cal of CS, the clinical picture of AIMAH could be poor
and hypertension or adrenal incidentalomas are the
onset signs or symptoms of this disorder. The wide
spectrum of clinical picture of AIMAH as well as the
marked delay in establishing the diagnosis in some
patients may be attributable to their impaired and vari-
able steroidogenic pathway. Moreover, recent studies
have indicated that abnormal or ectopic expression
and function of adrenal receptors for various hor-
mones may regulate cortisol production in ACTH-in-
dependent hypercortisolism. The bilateral adreno-
cortical hyperplasia may be secondary to an increased
responsiveness to gastric inhibitory polypeptide (GIP),
to vasopressin, to beta-adrenergic, to hCG/LH, or
serotonin 5-HT-4 receptor agonists (4, 30-33).
Therefore, our case showed that in the presence of a
severe hypertension with hypokaliemia and absence
of, or doubtful, CS signs and symptoms, patients
should undergo screening for AIMAH by adrenal CT
or MRI findings (34) and repeated ACTH plasma lev-
els. According to the literature (35-37) our study also
confirms that ketoconazole may be useful as adjuvant
therapy for the palliative control of hypertension in
CS. However, further cases of AIMAH should be care-
fully investigated to elucidate the physiopathologic
mechanism of this disorder.
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