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Abstract

Background ACTH-independent macronodular adrenal

hyperplasia (AIMAH) is a rare cause of Cushing’s syn-

drome. Bilateral adrenalectomy is considered the treatment

of choice, with subsequent lifetime steroid replacement,

but unilateral adrenalectomy has been recently proposed to

reduce the secreting tissue. This prospective study was

designed to evaluate the long-term results of unilateral

adrenalectomy in AIMAH concerning the main laboratory

and clinical abnormalities and the patient’s quality of life.

Methods Seven consecutive patients with confirmed AI-

MAH underwent unilateral adrenalectomy of the largest

gland. ACTH and cortisol levels, arterial blood pressure

(BP), glycometabolic parameters, and patient’s subjective

perception of health-related quality of life (by the SF-36

questionnaire) were measured preoperatively and

postoperatively.

Results No surgery-related morbidity occurred. One

patient with a large contralateral adrenal enlargement

required a completion adrenalectomy after 7 months

because of persistent hypercortisolism. At a median follow-

up of 53 (range, 27–68) months, the remaining six patients

were cured, because serum and urinary free cortisol levels

significantly decreased and ACTH increased, thus regain-

ing the normal range. Both systolic and diastolic BP levels

significantly reduced: 50% of patients definitively became

normotensive, and the remaining patients reduced the need

for antihypertensive treatment; 40% of patients suffering

from preoperative diabetes were cured, whereas 40%

reduced the need for hypoglycemizing drug. SF-36 evalu-

ation of the health-related quality of life confirmed a

significant amelioration.

Conclusions Unilateral adrenalectomy of the largest

gland can be an effective and safe treatment for AIMAH in

case of asymmetric involvement. It may achieve long-term

remission of Cushing’s syndrome and improve BP values,

glycemic control, and patient’s quality of life.

Introduction

Endogenous hypercortisolism is usually caused by pituitary

ACTH-secreting tumors; in approximately 15–20% of

cases it can be caused by primary adrenal hypersecretion,

most often unilateral adrenocortical adenomas or carcino-

mas. Primitive bilateral adrenal pathology causing

Cushing’s syndrome (CS) is rare [1], and bilateral ACTH-

independent macronodular adrenal hyperplasia (AIMAH)

accounts for \1% of CS.

AIMAH is characterized by benign, hyperplastic,

macronodular, and bilateral involvement of adrenal glands,

which are massively enlarged. Its etiology is unknown,

although recent studies have demonstrated the expression

of ectopic and illicit membrane receptors in the adrenal

cortex. The stimulation of these receptors is a possible

mechanism of cell proliferation and hypersecretion [1, 2].
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Bilateral adrenalectomy is the treatment of choice [3–5],

although patients are obliged to receive lifetime steroid

replacement after the procedure and, subsequently, are

susceptible to adrenal insufficiency crisis. For these rea-

sons, partial adrenalectomies have been recently proposed

to achieve a reduction of the secreting tissue [1, 2], but only

limited and sporadic reports have been published [2, 6–13].

This prospective study was designed to evaluate the long-

term results of unilateral adrenalectomy in AIMAH con-

cerning the main laboratory and clinical abnormalities and

the patient’s health-related quality of life.

Patients and methods

Since 2001, 7 consecutive patients with AIMAH and

clinically evident CS (2 men and 5 women; median age, 55

(range, 36–71) years) underwent unilateral adrenalectomy

at the Department of Endocrine Surgery, Padua University

Hospital, Italy. The diagnosis was confirmed according to

the presence of typical CS clinical features (central obesity,

striae, hypertension, etc.), laboratory findings, imaging

techniques, and histopathological features [8, 14]. The

bilateral and multinodular adrenal involvement was con-

firmed by computed tomography (CT) (Fig. 1) or magnetic

resonance imaging (MRI) and by adrenal scintigraphy

(Fig. 2) to discharge the likelihood of multiple adrenal

adenomas with contralateral nonsecreting incidentalomas.

The adrenal size was evaluated as the largest measurable

diameter of the gland at CT or MRI. Adrenal scintigraphy

was performed by Iodine 131-norcholesterol administra-

tion; imaging was performed 3–7 days after injections, and

the side and degree of the uptake was recorded. All patients

gave their informed consent and underwent unilateral

adrenalectomy of the largest gland, according to preoper-

ative imaging techniques.

Serum cortisol circadian rhythm (morning and evening

normal values, 198–695 and 55–351 nmol/L, respec-

tively), morning ACTH levels (normal values, 10–50

ng/L), 24-hour urinary free cortisol levels (UFC; normal

values, 28–214 nmol/day), responsiveness to overnight

low-dose dexamethasone suppression test (i.e., morning

serum cortisol levels, \50 nmol/L after late evening 1 mg

dexamethasone administration), arterial blood pressure

(BP), fasting glycemia and glycemia after 75 g of oral

glucose administration, HbA1c levels, body mass index

(BMI), clinical signs and symptoms of CS, patient’s

subjective perception of health-related quality of life, and

adrenal size by CT or MRI were scheduled and recorded

immediately before surgery and after the adrenalectomy,

at the time of the last available follow-up visit.

Cure of CS was defined by normalized postoperative

daily UFC and clinical remission in absence of relapse.

Patients were considered normotensive when a systolic

BP \ 140 and diastolic BP \ 90 mmHg were observed

without antihypertensive drugs [15]. Diabetes or impaired

glucose tolerance was diagnosed when fasting glycemia

exceeded 6.1 mmol/L or the glucose response at 120 min

after the 75 g of oral glucose tolerance test (OGTT) was

[7.8 mmol/L. The BMI was calculated as body weight

(kg)/height (m2) (normal values, 20–24.9).

Patient’s subjective perception of health-related quality

of life was scored by the mean of the SF-36 Health Survey.

SF-36 is a written, self-administered and validated ques-

tionnaire [16], consisting of 36 questions evaluating 8

discrete dimensions, which may be aggregated into two

summary measures: the Physical Component Summary

measure (PCS), and the Mental Component Summary
Fig. 1 Abdominal CT scan. Bilateral multinodular adrenal enlarge-

ment in AIMAH (arrows)

Fig. 2 Adrenal Iodine 131-norcholesterol scintigraphy. Bilateral

uptake. Renal limits have been highlighted
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measure (MCS). PCS and MCS correlate with the patient’s

physical and mental subjective perception of quality of life,

respectively. Scores may range from 0 (poorest health

status) to 100 (best health status).

Statistical evaluation included Fisher’s exact test, Stu-

dent’s paired t test, the Wilcoxon matched-paired test, and

the nonparametric Spearman correlation test, as appropri-

ate. P \ 0.05 was considered statistically significant.

Results

All patients fulfilled the diagnostic criteria of AIMAH,

according to the finding of low serum ACTH levels, ele-

vation of daily UFC levels, loss of normal circadian

variation of serum cortisol, unresponsiveness to overnight

low-dose dexamethasone administration, and bilateral

(although asymmetric in most cases) adrenal involvement

at imaging studies (Tables 1 and 2). Pathology confirmed

the multinodular hyperplastic adrenal enlargement; the

adrenal cortex was thickened with nodules of variable

dimensions from 100 microns to macroscopically evident

nodules, circumscribed by thin connective bands. Both

large, pale, and vacuolated ‘‘lipid-rich’’ cells and compact

small cells with eosinophilic cytoplasm were present

(Figs. 3 and 4).

The mean weight of adrenal glands was 48 (range, 20–

95) g. The overall adrenal volume (extrapolated according

to the size of both glands) and preoperative daily UFC were

significantly correlated (r = 0.82; p = 0.03).

Surgery was performed by laparoscopic transperitoneal

lateral approach in four cases and laparotomic approach in

three. No surgery-related morbidity occurred. Transient

adrenal insufficiency requiring steroid replacement therapy

during 24 and 7 months was observed in two patients who

had a relatively small-sized contralateral gland (patients 1

and 6).

Cure of CS was obtained in six of seven patients. One

case (patient 7) with massive bilateral adrenal involvement

underwent completion contralateral adrenalectomy

7 months after unilateral surgery because of persistent

severe hypercortisolism (elevated daily UFC, absence of

serum cortisol circadian rhythm, undetectable ACTH,

unresponsiveness to overnight 1 mg dexamethasone

administration, persistence of hypertension, diabetes, and

other clinical signs and symptoms of CS). In this patient, a

symmetric uptake was evident at preoperative adrenal

scintigraphy; the size of the gland excised at the time of the

first operation was only slightly larger than contralateral

(90 vs. 80 mm); final pathology revealed a similar weight

of adrenals (95 vs. 86 g).

In the remaining six patients, at a median follow-up of 53

(range, 27–68) months, unilateral adrenalectomy resulted in

cure of CS: a significant decrease of daily UFC

(1206 ± 1038 vs. 59 ± 16 nmol/day; p = 0.04) and even-

ing serum cortisol levels (373 ± 209 vs. 91 ± 25 nmol/L;

p = 0.02) was found; ACTH significantly increased (7 ± 2

vs. 28 ± 11 ng/L; p = 0.006). Subsequently UFC, serum

cortisol, and ACTH levels regained the normal range; the

circadian serum cortisol rhythm normalized and a normal

responsiveness to overnight low-dose dexamethasone

administration became evident. An evident amelioration of

symptoms and signs of CS also was observed in all cases.

Before surgery, all patients were hypertensive; after the

successful unilateral adrenalectomy, both systolic

(152 ± 15 vs. 130 ± 8 mmHg; p = 0.006) and diastolic

BP levels (92 ± 5 vs. 79 ± 4 mmHg; p = 0.001) were

significantly reduced; three of six patients regained normal

BP levels and subsequently discontinued antihypertensive

medical treatment, and in three patients a reduction of need

for antihypertensive drugs was achieved. Before surgery,

five patients had diabetes or glucose intolerance; postop-

eratively, two patients regained a normal glycometabolic

control and two others had a reduced need for

Table 1 Demographics of patients with AIMAH

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7a

Female Male Male Female Female Female Female

Age (yr) 55 60 71 55 48 36 56

Adrenal size according to

preoperative imaging

(mm)

Left: 45 Right: 95 Left: 55 Left: 40 Left: 45 Right: 75 Left: 90

Right: 20 Left: 30 Right: 30 Right: 25 Right: 20 Left: 20 Right: 80

Adrenal scintigraphy

uptake

Bilateral (left

side

prevalent)

Bilateral (right

side

prevalent)

Bilateral (left

side

prevalent)

Bilateral (left

side

prevalent)

Bilateral (left

side

prevalent)

Bilateral (right

side

prevalent)

Bilateral and

symmetric

Side and weight of

excised gland (g)

Left: 20 Right: 85 Left: 21 Left: 35 Left: 30 Right: 49 Left: 95

Right: 86

Follow-up after

adrenalectomy (mo)

42 30 66 68 64 27 7

a Right completion contralateral adrenalectomy performed because of persistent hypercortisolism
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hypoglycemizing drugs. A significant amelioration was

observed concerning serum glucose levels after OGTT

(8.6 ± 2 vs. 6.7 ± 1 mmol/L; p = 0.005) and HbA1c

levels (7.4 ± 1% vs. 5.8 ± 1%; p = 0.002). The BMI

significantly reduced (28.7 ± 5 vs. 25.8 ± 3 kg/m2;

p = 0.03). SF-36 evaluation of health-related quality of

life revealed a postoperative significant amelioration

regarding both MCS (28.9 ± 8 vs. 43.4 ± 4; p \ 0.01)

and PCS (41.5 ± 5 vs. 54.1 ± 7; p \ 0.01).

In patients with successful unilateral adrenalectomy, the

adrenal involvement was markedly asymmetric; the mean

size of the largest excised adrenal was 59 mm, whereas the

remaining gland was always \30 (mean, 24) mm

(p = 0.03). The Iodine 131-norcholesterol uptake at scin-

tigraphy was always bilateral but predominant in the

largest gland. To date, the residual adrenal glands have not

shown any significant enlargement after unilateral

adrenalectomy.

Discussion

AIMAH (first described in 1964 by Kirshner [17]) is a rare

cause of ACTH-independent hypercortisolism. It is equally

distributed between genders, with a peak at the fifth and

sixth decades (median age, 55 years in our experience),

with a typically multinodular and bilateral adrenal

enlargement, although often asymmetric [1, 12].

Its etiology is unknown; several studies have recently

demonstrated that cortisol secretion in AIMAH may be

regulated by hormones other than ACTH via the illicit

expression of membrane-bound receptors in the adrenal

cortex, which may be responsible for the adrenal over-

growth and subsequent cortisol hypersecretion [1, 2]. The

stimulation of receptors for gastric inhibitory polypeptide,

catecholamines, luteinizing hormone, vasopressin, and

serotonin has been suggested as a possible mechanism of

cell growth and proliferation in AIMAH [1, 2, 6, 7].

Bilateral adrenalectomy remains the treatment of choice

for AIMAH [1, 4]. Recently, new therapeutic alternatives

to surgery specifically directed toward ectopic aberrant

receptors (octreotide, propanolol, long-acting GnRH ago-

nist) have been proposed, although the effectiveness of

these treatments needs further investigations [1, 2, 6].

Furthermore, bilateral adrenalectomy necessitates perma-

nent corticosteroid therapy, with subsequent complete

dependence on lifelong substitution, implications on social

and personal quality of life, and the risk of life-threatening

Addisonian crisis in case of occasional inadequate substi-

tution [18, 19].

Despite the bilateral massive adrenal enlargement, the

degree of hypercortisolism can be mild, because steroid

hormone synthesis is an inefficient process in AIMAH, as a

result of altered steroidogenic enzymatic pathways [20].

This inefficient steroidogenesis also would suggest that a

significant but incomplete removal of adrenal tissue may be

enough to reduce cortisol secretion to the normal range.

For these reasons, unilateral adrenalectomy of the largest

gland has been recently proposed as a possible therapeutic

alternative for patients with AIMAH [1, 2].

To date, 11 cases of unilateral adrenalectomy for AI-

MAH have been reported [2, 6–13] and the present series

represents the largest experience of successful unilateral

surgery for AIMAH (Table 3).

Fig. 3 Macroscopic view of a resected adrenal with AIMAH

Fig. 4 Histological view of a resected adrenal with AIMAH.

Micromacronodular involvement circumscribed by thin connective

bands with large vacuolated and small compact cells is evident

(hematoxylin and eosin staining; original magnification, x4)
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The results of our study confirm that, in case of asym-

metric enlargement, the excision of the largest and

scintigraphic predominant adrenal gland may be an effec-

tive treatment of hypercortisolism in AIMAH. In fact, at a

median follow-up of 4.5 years, we have found a significant

improvement concerning the clinical, laboratory, and

metabolic abnormalities in the majority of cases. In fact,

unilateral adrenalectomy resulted in clinical and laboratory

recovery of CS in 86% of patients, because both serum

ACTH and cortisol levels and daily UFC levels regained

normal ranges. Furthermore, a normalization of cortisol

circadian rhythm and normal suppressibility after dexa-

methasone administration was achieved.

We also confirmed significant amelioration of the car-

diovascular risk factors and metabolic complications of CS,

which are the major cause of morbidity and mortality in

Table 3 Literature review: unilateral adrenalectomy for AIMAH

Study No.

of

cases

Follow-up

(mo)

Postoperative adrenal

insufficiency (length)

Outcome

Lacroix et al. [2,

6]

1 36 1 case (15 mo) Cure of CS

• Normalization of UFC, serum cortisol

• Subnormal ACTH

• Abnormal circadian cortisol rhythm

• No enlargement of the remaining gland

N’Diaye et al. [7] 1 12 1 cases (12 mo) Cure of CS

• Subnormal, serum cortisol, ACTH, and UFC

• Mild enlargement (3 mm) of the remaining gland

Doppmann et al.

[8]

1 64 – Cure of CS

Lamas et al. [9] 4 74 (range, 30–

137)

2 cases (60 and 14

mo)

Cure of CS (4 cases)

• Normalization of serum cortisol, UFC, and ACTH

• Abnormal circadian cortisol rhythm

• Abnormal responsiveness to dexamethasone suppression test

• No enlargement of the remaining gland

Imohl et al. [10] 1 27 1 case (6 mo) Cure of CS

• Normalization of serum cortisol and circadian cortisol rhythm

• Abnormal responsiveness to dexamethasone suppression test

• No enlargement of the remaining gland

Ogura et al. [11] 1 24 – Cure of CS

• Normalization of ACTH, serum cortisol, and circadian cortisol rhythm

• Subnormal UFC

• Unchanged BMI and BP

• Improvement of glycemic control

• No enlargement of the remaining gland

Sato et al. [12] 1 8 1 case (8 mo) Cure of CS

• Subnormal serum cortisol, ACTH, and UFC

Vezzosi [13] 1 7 1 case (6 mo) Cure of CS

• Normalization of UFC, serum cortisol

• Normal responsiveness to dexamethasone suppression test

Present series 7 53 (range, 7–68) 2 cases (7 and 24 mo) Persistent CS (1 patient)

Cure of CS (6 patients)

• Normalization of ACTH, serum cortisol, circadian cortisol rhythm, and

UFC

• Normal responsiveness to dexamethasone suppression test

• Improvement of BP, glycemic control, and BMI

• No enlargement of the remaining gland

CS Cushing’s syndrome, UFC urinary free cortisol, BMI body mass index, BP blood pressure

World J Surg (2008) 32:882–889 887
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hypercortisolism [14]. Both systolic and diastolic blood

pressure significantly decreased; hypertension was cured in

50% of patients, and in the remaining cases a better control

with lower dose of antihypertensive drugs was obtained.

Consistently with previous reports [11], unilateral adre-

nalectomy ameliorated the glycemic control; in 40% of

cases the abnormalities of glucose metabolism were com-

pletely resolved and partially recovered in another 40%,

after a reduction of need for hypoglycemizing drugs. Also

the BMI significantly decreased.

Unilateral surgery achieved a significant amelioration of

patient’s subjective perception of the health-related quality

of life, according to SF-36 survey; this result was evident

both for the physical and mental component, as previously

demonstrated after adrenalectomy for unilateral cortisol-

secreting adenomas [21].

The only failure after unilateral adrenalectomy occurred

in one patient who needed completion contralateral surgery

because of persistent severe hypercortisolism, possibly the

result of inadequate case selection. In fact, in this patient,

the asymmetric adrenal involvement was only slightly

evident, because scintigraphy revealed no difference in

uptake between both glands; size and weight of adrenals

were similar. Furthermore, the remaining gland was very

large (80 mm) compared with the cases successfully trea-

ted by unilateral adrenalectomy (between 20 and 30 cm). A

possible explication is that a markedly enlarged remaining

adrenal might cause persistent excess of cortisol secretion

and subsequent clinically evident CS, because hypercorti-

solism in AIMAH may be caused by the increase of the

mass of cortical cells rather than the overactivity of indi-

vidual cells [8, 20]. In fact cortisol secretion in AIMAH is

positively correlated with the volume, as previously

reported [13] and further confirmed in our study.

To the contrary, a small-sized contralateral gland may

even be unable to maintain normal cortisol levels after

unilateral adrenalectomy, despite macronodular hyperpla-

sia. Postsurgical secondary adrenal insufficiency requiring

steroid replacement may occur in some patients, as repor-

ted in 64% of cases in literature and evident in two patients

of our series with a relatively small-sized remaining adre-

nal (Table 3).

Finally, we may argue that unilateral adrenalectomy of

the largest gland may be an effective treatment in AIMAH

when an asymmetric involvement is evident and the

remaining contralateral gland is not markedly enlarged. If

there is no significant difference in size and uptake of

bilaterally enlarged glands, a subtotal or total adrenalec-

tomy may be more appropriate [11].

The main limit of unilateral surgery is the possibility

of progressive growth of the remaining gland with a

parallel increase in cortisol secretion. Ohashi et al. [22]

reported, in one patient with AIMAH without any

surgical procedure, a significant increase of volume,

cortisol hypersecretion, and overt CS development, at 7-

year follow-up.

Our experience does not support this concern, because

morphological studies did not show any enlargement after

successful unilateral adrenalectomy during a mean follow-

up of more than 4 years; also laboratory cortisol data

remained within the normal range. Furthermore, the review

of the literature confirms these findings: persistent normal

or subnormal urinary and serum cortisol levels were

observed in most cases at a follow-up of 44.8 (range, 7–137)

months (Table 3), with a mild enlargement (3 mm) only

one patient [7]. In any case, AIMAH seems to progress

slowly [1, 2, 22], and prolonged follow-up is needed; a

second operation to remove the contralateral adrenal could

be undertaken in case of CS recurrence.

Persistent abnormalities in the cortisol circadian rhythm

or in dexamethasone suppression test (often reported in

literature [2, 6, 9, 10] but not confirmed in our experience)

may be another matter of concern, because these abnor-

malities have been related to increased risk of

cardiovascular morbidity during long-term follow-up [9,

23, 24]. These findings confirm the autonomous function of

the nonresected gland in AIMAH, which may be caused by

an excess of residual hypersecreting adrenal tissue, further

confirming the necessity of accurate selection of patients

for unilateral adrenalectomy.

We conclude that unilateral adrenalectomy of the largest

gland can be an effective and safe treatment for selected

patients with AIMAH, because it may result in long-term

remission of CS, improve BP values, glycemic control, and

patient’s quality of life.
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