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AbSTrAcT

clinically inapparent adrenal masses which are incidentally detected have become a common 
problem in everyday practice. Approximately 5-20% of adrenal incidentalomas present subclini-
cal cortisol hypersecretion which is characterized by subtle alterations of the hypothalamic-
pituitary-adrenal axis due to adrenal autonomy. This disorder has been described as subclinical 
cushing’s syndrome, since there is no typical clinical phenotype. The diagnosis of subclinical 
cushing’s syndrome is based on biochemical evaluation; however, there is still no consensus 
for the biochemical diagnostic criteria. An abnormal 1mg dexamethasone suppression test 
(DST) as initial screening test in combination with at least one other abnormal test of the 
hypothalamic-pituitary-adrenal axis has been advocated by most experts for the diagnosis of 
subclinical cushing’s syndrome. DST is the main method of establishing the diagnosis, while 
there is inhomogeneity of the information that other tests provide. Arterial hypertension, 
diabetes mellitus type 2 or impaired glucose tolerance, central obesity, osteoporosis/vertebral 
fractures and dyslipidemia are considered as detrimental effects of chronic subtle cortisol 
excess, although there is no proven causal relationship between subclinical cortisol hyperse-
cretion and these morbidities. Therapeutic strategies include careful observation along with 
medical treatment of morbidities potentially related to subtle cortisol hypersecretion versus 
laparoscopic adrenalectomy. The optimal management of patients with subclinical cushing’s 
syndrome is not yet defined. The conservative approach is appropriate for the majority of 
these patients; however, the duration of follow-up and the frequency of periodical evaluation 
still remain open issues. Surgical resection may be beneficial for patients with hypertension, 
diabetes mellitus type 2 or abnormal glucose tolerance and obesity.
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IntroductIon

Masses of the adrenal glands are one of the most 

common tumors in humans, as described in autopsy 
studies.1,2 The first report of adrenal masses revealed 
by computed tomography in patients with unsuspected 
adrenal disease was published by Korobkin et al. in 
1979.3 Since then, progress in imaging modalities 
and ever more widespread use of imaging studies 
have led to increasing detection of these lesions in a 
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clinical setting due to imaging evaluation performed 
for reasons unrelated to adrenal disease. Therefore, 
clinically inapparent adrenal masses, called adrenal 
incidentalomas, have become a common problem in 
everyday practice.4 It must be mentioned that adrenal 
masses discovered during staging procedure in patients 
with malignancy are not considered as incidentally 
detected. Thus, the definition of adrenal incidentaloma 
excludes patients with overt adrenal hyperfunction 
and patients undergoing imaging evaluation as part 
of staging procedure for malignancy.4, 5

Initial diagnostic evaluation of a patient with an ad-
renal incidentaloma aims to determine the functional 
status of the mass and the possibility of malignant 
disease. The vast majority of these lesions are benign 
nonhypersecreting cortical neoplasms. However, a 
significant percentage of cases present subclinical 
hormonal activity, mainly concerning glucocorticoid 
secretion.4-6 Subtle cortisol hypersecretion by adrenal 
incidentalomas is characterized by alterations of the 
hypothalamic-pituitary-adrenal (HPA) axis due to 
adrenal autonomy in the absence of the typical clini-
cal phenotype of hypercortisolism, a disorder that 
has been defined as subclinical Cushing’s syndrome 
(SCS).5 Therefore, the diagnosis of this disorder is 
entirely dependent on laboratory evaluation. Because 
the optimal diagnostic approach is still debated, 
the prevalence of SCS has not been established.4-6 
Moreover, the variation of biochemical diagnostic 
criteria applied in relevant studies has resulted in 
limitations concerning the assessment of the clinical 
significance of subtle cortisol hypersecretion. Thus, 
the optimal management of patients with adrenal 
adenomas and SCS is not yet defined.4-6 Choices 
are either close follow-up combined with medical 
treatment of potentially associated morbidities with 
subtle cortisol hypersecretion or surgical treatment. 
In this review we will focus on the diagnostic criteria 
and clinical implications of SCS as well as surgical 
treatment of these patients.

overvIeW

Subclinical cortisol hypersecretion by adrenal 
incidentalomas was first described by Beierwaltes et 
al. in 1974. They reported two patients with unilateral 
adrenal uptake of 131I-19-iodocholesterol (NP-59) 

indicating the presence of a hyperfunctioning adrenal 
adenoma, without clinical or biochemical evidence of 
Cushing’s syndrome. These findings were considered 
similar to thyroid hot nodules revealed by thyroid scan 
in the absence of thyrotoxicosis.7 Further in vivo8-10 
and in vitro studies11,12 documented the presence of 
subclinical cortisol hypersecretion in patients with 
adrenal incidentalomas, and the terms “pre-Cushing’s 
syndrome”13 and “preclinical” Cushing’s syndrome 
were introduced for its description.10,14 However, 
because “preclinical” Cushing’s syndrome implies 
possible progression to overt Cushing’s syndrome, 
which was shown to happen rarely,15-17 the terms SCS 
and subclinical autonomous cortisol hypersecretion18 
have been proposed in order to define this hormonal 
abnormality more adequately, with the former be-
ing widely used in the literature. Since 1990, a large 
number of studies have shown that subclinical cortisol 
hypersecretion results in various abnormalities of the 
HPA axis, revealed by detailed hormonal evaluation, 
at an average range of 5-25% of patients with adrenal 
incidentalomas.4-6,14,19 This wide range of prevalence 
of SCS is mostly due to the use of different diagnostic 
criteria in relevant studies, in addition to different 
investigational protocols and series’ size as well as 
referral bias. Therefore, SCS is a common disorder 
given that the prevalence of adrenal incidentalomas 
in the general population is estimated at between 
1.4-8.7%, based on autopsy studies. SCS prevalence 
increases with age, with a peak in the eighth decade 
of life.20 Subclinical cortisol hypersecretion may be 
intermittent in some patients, as shown in follow-up 
studies,17,21-23 and seems to be related to mass size.17 
Moreover, follow-up studies15,24,25 have shown that 
larger adrenal incidentalomas (mass size >2.4 cm 
according to the most recent study26) have a higher 
risk of developing SCS. The possibility of an increased 
frequency of SCS in patients with bilateral adrenal 
incidentalomas has been examined; however, existing 
data are controversial.23,26-28

dIagnosIs of subclInIcal cushIng’s 
syndroMe

The diagnosis of SCS is based on biochemical 
evaluation.29 Several tests assessing the hypothalamic-
pituitary-adrenal axis, such as the dexamethasone 
suppression test (DST), 24-hour urinary free corti-
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sol (UFC), morning plasma ACTH levels, cortisol 
rhythm, midnight serum cortisol levels and ACTH 
and cortisol response to CRH stimulation, used to 
test overt Cushing’s syndrome,30 have been widely 
employed in the evaluation of cortisol secretion in 
patients with adrenal incidentalomas.14-17,19,21-23,26,28,31-37 
However, there is great concern as to whether the 
sensitivity of these tests is sufficient to reveal subtle 
cortisol hypersecretion.4,5,38,39 Moreover, due to lack 
of clinical symptoms/signs of hypercortisolism by 
definition, distinguishing between subclinical cortisol 
hypersecretion and false positive test results is an 
unresolved issue.4,5,38,39 

The dexamethasone suppression test, assessing 
the feedback integrity of the HPA axis, is considered 
as the most reliable test for the diagnosis of SCS.4,5,38 
Several versions of DST, that relate to the dose of 
dexamethasone and duration of administration as 
well as several cut-off levels for adequate cortisol sup-
pression, have been used for the detection of subtle 
cortisol hypersecretion in patients with adrenal inci-
dentalomas. When using this test, any conditions and 
medications influencing dexamethasone metabolism 
should be excluded. Urinary free cortisol, considered 
an integrated measure of cortisol production, is a test 
with reduced sensitivity for the detection of slight 
increases in 24-hour cortisol production4,5,38 and there 
might be difficulties in obtaining an adequate urine 
collection. Morning plasma ACTH levels, indicative of 
an adrenal cause of increased cortisol secretion when 
values are in the low level range, is a test influenced 
by the episodical pattern of ACTH secretion and 
by the reduced reliability of commercially available 
ACTH assays in the lowest part of the assay curve.4,5,38 
Midnight serum cortisol measurement, assessing 
the diurnal cortisol rhythm, is considered a reliable 
test;5 however, its main limitation is the requirement 
of hospitalization. An alternative method assessing 
diurnal cortisol rhythm is late-night salivary cortisol, 
performed in an outpatient setting. Existing data 
support a limited utility of this test to detect subtle 
cortisol hypersecretion due to low sensitivity.4,5,29,38,40 
A very recent study showed a 31.3% sensitivity of sali-
vary cortisol for diagnosing SCS, measured by liquid 
chromatography/tandem mass spectrometry (LC–MS/
MS), which is the most state-of-the-art laboratory 
method for measuring steroids.41 Dehydroepiandros-

terone sulfate (DHEAS) levels, indicative of ACTH 
suppression, when values are in the low level range, 
is a test with reduced reliability given that DHEA-S 
secretion decreases with age.

Due to the aforementioned limitations of any 
single test, the combination of at least two abnormal 
tests of the HPA axis has been advocated by most 
experts for the diagnosis of SCS. Nevertheless, there 
is still a debate regarding the optimal combination 
protocol.4,5,38 DST has been used in the vast major-
ity of studies, in various combinations with other te
sts.14-17,19,21-23,26,28,31-37 Of all versions of DST, the most 
frequently used is the overnight 1 mg DST (1 mg 
DST). This test, considered the most reliable and 
reproducible diagnostic method, as well as being easy 
to perform, was recommended as the initial screen-
ing test by the National Institutes of Health (NIH) 
State-of-Science Conference panel in 200218 and by 
other panels of experts in the following years.30,40,42 
The 2-days 2mg DST or low-dose dexamethasone 
suppression test (LDDST) has also been shown to 
be a sensitive index for subtle glucocorticoid excess 
in patients with adrenal incidentalomas,17,33,34,36,37 
although less patient-friendly. It can be used as a 
confirmatory test of autonomous cortisol secretion.38

The threshold value for adequate cortisol suppres-
sion after dexamethasone administration is still de-
bated, ranging from 1.8-5 μg/dl. A post-dexamethasone 
cortisol level lower than 1.8 μg/dl virtually excludes 
autonomous cortisol secretion: the sensitivity of 
the test is high (>95%) at the expense of a lower 
specificity (70-80%).4,30,39,40,43 When the cut-off level 
of cortisol is raised to 5 μg/dl, as recommended by 
the NIH State-of-Science Conference panel18 and 
the American Association of Clinical Endocrinolo-
gists / American Association of Endocrine Surgeons 
Medical Guidelines (AACE/AAES),40 autonomous 
cortisol secretion is highly probable: the specificity 
of the test is increased to more than 95%; however, 
sensitivity is reduced.30,39,43 Cortisol levels between 1.8 
and 5 μg/dl have been characterized as indeterminate.43 
It should be noted that there are data showing that 
normal subjects have post-dexamethasone suppression 
test cortisol levels lower than 1 μg/dl;36,37 however, 
levels greater than 1.8 μg/dl are still compatible with 
normality.29,39 It has also been shown that abnormal 
post-dexamethasone cortisol levels with 1 mg DST23 
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or LDDST26,36 are positively related to the mass size.

radIologIcal assessMent of adrenal 
IncIdentaloMas

Unenhanced computed tomography scan should 
be the initial imaging procedure for morphological 
assessment of adrenal incidentalomas.43 Most adre-
nocortical adenomas contain abundant intracellular 
fat, in contrast to malignant lesions.18,20,44 Given that 
there is an inverse linear relationship between fat 
concentration and attenuation on unenhanced CT 
images, CT densitometry is capable of discriminat-
ing adenomas from nonadenomatous lesions. CT 
attenuation value is expressed in Hounsfield units 
(HU). A density of <10 HU of the mass on unen-
hanced CT may diagnose a benign adrenal lesion 
with a sensitivity of 96-100% and a specificity of 
50-100%.45-50 Diagnostic difficulties are encountered 
in lipid-poor adenomas, which present attenuation 
values >10 HU and are estimated as constituting up 
to 30% of all adenomas.45-48 It is of note that most 
adrenal incidentalomas are discovered by CT scans 
performed with the use of intravenous contrast me-
dium, a technique classified as suboptimal. In effect, 
an unenhanced CT scan should be obtained in such 
cases. Delayed contrast-enhanced CT scan should 
be considered for tumors with baseline attenuation 
value >10 HU.46-52 Intravenous contrast medium tends 
to “wash out” much faster from cortical adenomas 
than from nonadenomatous lesions on a 15-minute 
post-contrast administration scan. 

The size and appearance of an adrenal mass on 
CT are two other parameters that may help to char-
acterize the mass as malignant or not. Larger lesions 
are much more likely to be malignant. Heterogeneity, 
irregular margins and calcifications are indicators of 
malignancy.46 

Magnetic resonance imaging (MRI) is as effec-
tive as CT in distinguishing benign from malignant 
adrenal tumors.52 However, CT is more commonly 
performed in everyday practice and MRI should be 
used in selected cases. Similarly, adrenal scintigraphy 
and positron emission tomography (PET) scan should 
be used in cases with diagnostic difficulties.52-54 The 
combined use of PET/CT scan is more accurate and 
more advantageous over PET alone as it offers ad-

ditional information about the morphology of the 
lesion. This technique should be considered when CT 
densitometry and washout analysis are inconclusive 
or suspicious for malignancy.43,53

clInIcal IMplIcatIons of subclInIcal 
cushIng’s syndroMe

Although by definition patients with adrenal in-
cidentalomas and SCS lack the typical stigmata of 
cortisol hypersecretion (i.e. moon face, truncal obesity, 
thin extremities, proximal myopathy, easy bruising, 
cutaneous purple striae), chronic exposure to slight 
cortisol excess may have clinical implications associ-
ated with a state of insulin resistance and a negative 
effect on bone metabolism. Arterial hypertension 
(AH), diabetes mellitus (DM) type 2 or impaired 
glucose tolerance (IGT), central obesity, osteoporosis 
/ vertebral fractures (VF) and dyslipidemia may be 
considered as detrimental effects of chronic subtle 
cortisol excess.

Table 1 summarizes the incidence reported in the 
literature of these morbidities in SCS patients with 
adrenal incidentalomas. It has also been suggested 
that subclinical hypercortisolism may be per se an 
independent risk factor for coronary heart disease,54 
as atherosclerotic plaques are more frequent in these 
patients than in healthy controls.34 These parameters 
constitute an increased cardiovascular risk profile in 
SCS patients. Yet, data from observational population 
studies showing increased cardiovascular events are 
lacking. Most of the existing data are derived from 
retrospective, cross-sectional, case-control studies, 
thus carrying the risk of referral bias and being insuf-
ficient to establish causality. Finally, most published 
series are not large and with a limited duration of 
follow-up. Available data suggest that cardiovascular 
events are the most frequent cause of death in SCS 
patients, but it remains unknown whether the mor-
tality rate is higher among these patients than the 
general population.43 

It must be noted that an increased prevalence of 
obesity, hypertension, DM type 2, dyslipidemia and 
osteoporosis has been found in patients with adrenal 
incidentalomas irrespectively of adrenal function, be-
ing possibly higher in patients with SCS.14,17,19,33-35,55-61 
In addition, an improvement in arterial hypertension, 
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Table 1. Reported incidence rates of metabolic complications in patients with subclinical Cushing’s syndrome

Author AH DM or IGT Obesity Dyslipidemia Osteoporosis/VF

Reincke et al14 88% 25%* 50% NR NR

Morioka et al123 83% 33%* 67% NR NR

Rossi et al33 91.6% 41.6% 50% 50% NR

Tauchmanova et al34 60.7% 64.3% 32.1% 71.4% NR

Emral et al95 100% 50% 75% NR NR

Terzolo et al71 70.2% 42.5% NR NR NR

Mitchell et al68 89% 33%* NR NR NR

Tsuiki et al67 45% 65% 25% 65% NR

Toniato et al62 73% 31%* 27% 33% 24%

Vassilatou et al17 75% 20%* NR NR NR

Chiodini et al56 NR NR NR NR 70.6%**

Alesina et al107 79.4% 15.9%* 38% NR NR

Morelli et al69 61.5% 24.7% NR NR 35.1%

Miyazato et al115 60% 30.9%* NR 9.1% 0%

Morelli et al89 NR NR NR NR 55.6%**

Akaza et al73 56% 25% 19% 50% NR

Iacobone et al72 77.5% 45% 77.5% 48.4% 28.4%***

Oki et al70 81.5% 48.1% NR NR NR

Palmieri et al41 68.8% 68.8% NR NR 87.5% / 68.8%

Morelli et al28 NR NR NR NR 50.9%**

Zografos et al63 58.6% 41.4% 48.3% NR NR

NR: not reported; AH: Arterial Hypertension; DM: Diabetes Mellitus; IGT: impaired glucose tolerance; VF: Vertebral Fractures.
*only DM, not IGT patients, **only vertebral fractures, ***only osteoporosis/osteopenia.

DM type 2 and insulin sensitivity after adrenalectomy 
has been reported in adrenal incidentaloma patients 
with14,33,62-65 and without subclinical Cushing’s syn-
drome.33,57,64,65 Lastly, transient adrenal insufficiency 
post-adrenalectomy, considered as an indirect proof 
of cortisol hypersecretion, has also been described 
in patients with and without SCS.33,65,66 These data 
demonstrate the difficulty in assessing a cause and 
effect relationship between subclinical cortisol hy-
persecretion and potentially related morbidities. A 
contributing factor to this difficulty is the fact that 
clinical manifestations of cortisol hypersecretion 
are variable, depending on the degree and duration 
of cortisol hypersecretion. In addition, there is an 
interindividual sensitivity to the cortisol excess.30 
Moreover, intermittent subclinical cortisol hyper-
secretion has been observed in some patients with 
adrenal incidentalomas in follow-up studies.17,21,22 

These patients may also present adverse effects of 

subtle cortisol hypersecretion, but because they can 
present normal adrenal function at a single evaluation 
they may be considered as patients harbouring non-
functioning adrenal incidentalomas. It is noteworthy 
that obesity, hypertension, DM type 2, dyslipidemia 
and osteoporosis are not morbidities specific to cor-
tisol excess and are highly prevalent in the general 
population, especially beyond the sixth decade of life 
when adrenal incidentalomas are more frequently 
detected; hence, they cannot be fully attributed to 
hypercortisolism.

The association of SCS due to an adrenal in-
cidentaloma and hypertension has been shown in 
several studies.33,34,41,54,62,67-73 Nitric oxide deficiency 
and reduced levels of plasma reactive nitrogen in-
termediate,74 renal sodium retention,75 potentiation 
of vasoconstrictor sensitivity to catecholamines and 
upregulation of vascular endothelin-176,77 are mecha-
nisms which may play an important role in the onset 
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or progression of cortisol-induced hypertension. 
Subclinical hypercortisolism appears to have a higher 
prevalence in patients with resistant hypertension 
compared to the general hypertensive population.78 

Cortisol excess has been shown to inhibit insulin 
secretion, glucose uptake and glycogen synthesis, to 
worsen insulin sensitivity and to increase gluconeo-
genesis.79-83 These mechanisms explain the association 
between SCS of adrenal origin and DM type 2, which 
has been found in several studies.33,34,41,54,62, 67-69,71-73,84,85 
The incidence of SCS among patients with DM type 
2 ranges from 0 to 9.4%.83,84 Given this variability, 
no agreement exists whether screening for SCS is 
justified in DM type 2 patients. 

Hypercortisolism is characterized by a redistribu-
tion of adipose tissue from peripheral to central sites 
of the body, mainly in the truncal region and visceral 
depots.86 In effect, SCS is associated with increased 
body mass index (BMI) and visceral obesity, which 
is a major cardiovascular risk factor.33,34,62,67,68,72,73 The 
prevalence of SCS is considerably higher in obese pa-
tients with DM type 2 than in the general population.87

Furthermore, an increased incidence of hyper-
cholesterolemia, lower HDL cholesterol levels and 
hypertriglyceridemia in SCS patients with adrenal 
incidentalomas has been reported in several stud-
ies,33,34,62,67,73,88 as well as low bone mineral density, high 
fracture prevalence and reduced bone quality as meas-
ured by spinal deformity index.28,41,54,56,62,69,72,89,90 Most of 
these studies are cross-sectional, thus demonstrating 
only associations and not causality. In a longitudinal 
study, subclinical cortisol hypersecretion was associ-
ated with increased lumbar trabecular bone loss rate.90 
In another study by the same authors, the deleteri-
ous effect of cortisol on bone tissue was reported to 
overcome the protective effect of premenopausal 
hormonal status.56 It has to be emphasized that data 
regarding osteoporosis and fractures in SCS patients 
with adrenal incidentalomas are not homogeneous. 
Some studies do not report the incidence of vertebral 
fractures, while other studies have shown that vertebral 
fractures may occur more often in SCS patients, even 
in the absence of osteopenia, compared to patients 
without SCS, as well as healthy controls.56,89-91 There 
are also data suggesting that SCS patients do not 
have an increased risk of osteoporosis.60

Recent research has suggested that SCS patients 
appear to be at greater risk for vascular complications 
due to higher homocysteine and alpha-1 antitrypsin 
concentration in comparison to healthy individu-
als. Both factors intensify the coagulation process, 
thus representing unquestionable risk factors for 
venous and arterial thrombosis.92 SCS also causes 
abnormalities in hemostatic parameters leading to 
hypercoagulability.34

It has also been hypothesized that cortisol ex-
cess exerts deleterious effects on the structure and 
function of central nervous system, especially the 
hippocampus.93 Guldiken et al suggested that SCS is 
responsible for cognitive functions impairment and 
that patients with rapidly deteriorating dementia or 
metabolic dementia should be evaluated for SCS.94

Since there is no proven causal relationship be-
tween subclinical cortisol hypersecretion and insulin 
resistance and metabolic syndrome in SCS patients 
with adrenal incidentalomas,34,35,64 a hypothesis that 
nodular adrenals or adrenal incidentalomas may rep-
resent a consequence rather than the cause of insulin 
resistance has been proposed.26,59,83 This hypothesis is 
based on in vitro data showing a stimulating effect of 
insulin on adrenal cells, thus implicating insulin as a 
pathophysiological mediator in the development of 
adrenal tumors.59

ManageMent of subclInIcal  
cushIng’s syndroMe

The detection of a clinically inapparent cortisol-
secreting adrenal adenoma poses the therapeutic 
dilemma of careful observation along with medical 
treatment of morbidities potentially related to subtle 
cortisol hypersecretion versus surgical treatment, since 
the benefits of surgery for this condition remain to 
be clarified. Decision regarding surgery should take 
into account mass size, imaging phenotype, patient’s 
age and health status.

Surgical management

Several studies have demonstrated an improve-
ment in considered metabolic complications of subtle 
cortisol hypersecretion after adrenalectomy. The 
effect of adrenalectomy on blood pressure seems 
fairly consistent, while conflicting results have been 
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reported regarding diabetes, obesity and osteoporosis.

Adrenalectomy has been proven superior to medi-
cal treatment in SCS patients with hypertension and/
or hyperglycemia in a number of underpowered 
studies.34,57,68,95,96 Erbil et al. found that adrenalectomy 
is more beneficial in terms of hypertension among 
SCS patients than those with overt CS.97 Tsuiki et al. 
reported an improvement in hypertension and hyper-
glycemia in most surgically treated SCS patients; by 
contrast, associated conditions in the non-operated 
patients treated medically remained unchanged or 
even worsened.67 Toniato et al. conducted the only 
existing so far prospective randomized study compar-
ing laparoscopic adrenalectomy (LA) to conservative 
treatment in SCS patients. The authors concluded 
that LA appears to be more beneficial in improv-
ing hypertension and diabetes control.62 In a recent 
retrospective controlled study by Chiodini et al, 
adrenalectomy improved blood pressure and glucose 
levels not only in SCS patients but in patients with 
non-functioning adrenal incidentalomas as well, thus 
raising questions in terms of a potential cause and 
effect relationship between subtle cortisol hyperse-
cretion and hypertension and disorder of glucose 
metabolism.65

Unfortunately, these studies suffer to a certain 

degree from several methodological limitations (ret-
rospective and uncontrolled design, small number 
of patients, variable duration of follow-up, different 
biochemical criteria for the diagnosis of SCS, inad-
equate definitions of end-points and outcomes of 
surgical treatment and lack of comparison with the 
evidence-based medical treatments).5,43 Furthermore, 
even if adrenalectomy was confirmed as being superior 
to conservative treatment in correcting biochemical 
abnormalities, its impact on long-term outcome and 
quality of life would still remain a challenge. Table 
2 summarizes the results of adrenalectomy in SCS 
patients that have been reported in the literature. 
A significant number of patients with SCS have an 
improvement in arterial hypertension, DM type 2, 
impaired glucose tolerance and obesity following 
surgical management. Improvement rate in hyperten-
sion ranges from 50% to 100%. Improvement rate in 
glucose tolerance ranges between 22.2% and 100%. 
The wide range (0-100%) in obesity improvement rate 
reflects the variety of clinical criteria for obesity in 
small series. There are few data concerning the effect 
of surgery on dyslipidemia, since several authors have 
not recorded alterations after adrenalectomy. Tsuiki 
et al found an improvement in 66.7% of patients, 
whereas Akaza et al. reported improvement only in 
12.5%.67,73 Scarce data exist concerning the effect of 

Table 2. Reported results of adrenalectomy in SCS patients regarding clinical conditions (arterial hypertension, diabetes mellitus / impaired 
glucose tolerance, obesity, dyslipidemia, osteoporosis)

Author

Improvement

AH (%) DM/IGT (%) Obesity (%) Dyslipidemia (%) Osteoporosis (%)

Rossi et al33 100 100 100 NR NR

Emral et al95 66.7 50 100 NR NR

Erbil et al97 70 33 NR NR NR

Mitchell et al68 50 66.7 87.5 NR NR

Tsuiki et al67 83.3 22.2 0 66.7 NR

Toniato et al62 66.7 62.5 50 37.5 0

Alesina et al107 58.1 40 29.2 NR NR

Chiodini et al65 56 48 32 36 NR

Akaza et al73 62.5 50 50 12.5 NR

Miyazato et al115 66.7 47.1 NR 20 NR

Iacobone et al72 53 50 40 20 0

Bernini et al64 80 50 0 NR NR

Zografos et al63 70.6 41.7 42.9 NR NR

NR: not reported; AH: Arterial Hypertension; DM: diabetes mellitus; IGT: impaired glucose tolerance.
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surgery on osteoporosis, since most authors have not 
included osteoporosis in the postoperative follow-up 
of patients. Two studies showed no improvement in 
osteoporosis following surgical treatment.62,72

Until data from high-quality prospective rand-
omized trials elucidate the optimal management 
of SCS, clinicians should consider the treatment 
strategy recommended by three different panels of 
experts: the NIH State-of-Science and Consensus 
Statement,18 the guidelines of AACE / AAES40 and 
the most recent Position Statement of AME.43 All 
three panels stress the fact that their suggestions 
are based more on pragmatism than solid evidence. 
The NIH state-of-the-science statement suggested 
that either adrenalectomy or careful observation is 
a treatment option for SCS patients.18 The AACE / 
AAES Medical Guidelines for the management of 
adrenal incidentalomas recommended that surgery 
should be reserved for SCS patients with worsening 
hypertension, abnormal glucose tolerance, dyslipi-
demia or osteoporosis (recommendation with low 
level of evidence).40 The AME position statement on 
adrenal incidentaloma suggested that surgery should 
be elected for younger SCS patients presenting dis-
eases potentially attributable to cortisol hypersecretion 
with a recent onset, or a rapid worsening.43 

In our clinical practice, elderly SCS patients with 
tumors with benign imaging characteristics are man-
aged conservatively. This also applies for patients with 
cardiovascular, respiratory and neurologic morbidities, 
independently of age. Younger patients are evaluated 
for morbidities potentially related to subtle cortisol 
hypersecretion and surgery may be recommended 
if these are poorly controlled with medical therapy.

Post-adrenalectomy adrenal insufficiency in pa-
tients with cortisol secreting adenomas is potentially 
fatal if not treated. Therefore, patients who undergo 
adrenalectomy for SCS require postoperative glu-
cocorticoid replacement treatment.18,40,43 The total 
duration of steroid therapy varies among reported 
series. The recovery of the HPA axis should be evalu-
ated every 3-6 months and dosage should be tapered 
accordingly. In a few patients the duration of steroid 
coverage may exceed six months.63 Patients with uni-
lateral tumors and normal adrenal function preop-
eratively do not require routine post-adrenalectomy 

steroid replacement.98 However, it has been shown 
that some of these patients may present post-surgical 
hypocortisolism.67 Thus, post-surgical hypocorti-
solism cannot be predicted by preoperative adrenal 
function tests in patients with adrenal adenomas. A 
precautionary steroid treatment has been proposed 
for all adrenal incidentaloma patients who undergo 
unilateral adrenalectomy, regardless preoperative 
adrenal function evaluation.

To date, LA has been the gold standard for the 
management of SCS, since it is a safe, effective and less 
expensive procedure than open adrenalectomy.99-104 
Compared to the traditional open resection, LA is 
associated with less postoperative morbidity, shorter 
hospital stay and recovery time and better patient 
satisfaction rates. These clear advantages of LA did 
not encourage any prospective randomized controlled 
trials comparing the new technique with the classi-
cal ‘open’, either transabdominal or retroperitoneal 
technique.104 Recent data from the American College 
of Surgeons, National Surgical Quality Improvement 
Program, further demonstrated the superiority of the 
laparoscopic approach. In the largest to date compara-
tive study with 3,100 patients assessing laparoscopic 
versus open adrenalectomy, laparoscopic surgery was 
associated with reductions in postoperative morbid-
ity and hospitalization.105 Concomitant conditions 
as morbid obesity, bleeding disorders or previous 
abdominal procedures are considered as relative 
contraindications, depending on the laparoscopic 
experience of the surgeon.

The transperitoneal laparoscopic peritoneal ap-
proach offers better exposure of regional anatomy 
and safer access to vessels and viscera. Concomitant 
surgical diseases can be treated in the same operation. 
The retroperitoneal approach, on the other hand, 
has been advocated in patients with small adrenal 
tumors or previous abdominal operations who may 
have adhesions, rendering difficult the transabdominal 
approach.106-108 Potential visceral injury is avoided but 
limited working space and fewer anatomic landmarks 
may prolong the learning curve. In our opinion, the 
transperitoneal resection of adrenal tumors is the 
preferred method of minimally invasive surgery for 
the majority of patients. However, the retroperitoneal 
approach is a useful alternative in patients with small 
tumors or previous abdominal surgery.
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Adrenal-sparing surgery is selectively performed 
to preserve endogenous steroid production and avoid 
long-term oral steroid replacement therapy.107,109-111 
This benefit has to be balanced with the risk of tu-
mor recurrence, given that reoperation is associated 
with increased morbidity. Hereditary pheochromo-
cytomas in von Hippel-Lindau (VHL) and multiple 
neoplasia type-2 (MEN-2) syndromes have been 
the standard diseases suitable for adrenal-sparing 
surgery.112 Nevertheless, extension of indications in 
adrenal adenomas and Cushing’s syndrome has been 
advocated by some experts, however, with limited 
international approval.113,114

Although laparoscopic adrenal-sparing surgery is 
feasible and safe with the use of the harmonic scalpel, 
the lack of prospective large series evaluating this tech-
nique and the risk for postoperative recurrent disease 
are the limitations of the technique.113 In our opinion, 
subtotal adrenalectomy must be considered in patients 
who undergo either simultaneous or metachronous 
bilateral adrenal surgery for benign disease. 

Follow-up along with medical treatment  
of associated conditions 

Patients with adrenal incidentalomas and SCS who 
are not treated surgically need careful observation 
for the detection of any changes in hormonal activity 
and mass size with time, in addition to monitoring 

morbidities potentially related to subtle cortisol excess. 
However, the frequency of biochemical and imaging 
evaluation and the duration of follow-up in these 
patients is still a matter of debate4,5,18,38,40,43,115 due to 
lack of a clear definition of SCS and solid evidence 
concerning its natural history.

Existing data have shown that evolution to overt 
Cushing’s syndrome occurs rarely (Table 3), while the 
risk of malignant transformation is very rare.15-17,116 
Moreover, the majority of adrenal masses with 
benign imaging characteristics remain stable over 
time.15-17,25,116-118 Based on existing data and a pragmatist 
approach, panels of experts have proposed protocols 
of follow-up. According to the NIH state-of-science 
statement, hormonal screening with an overnight 1mg 
DST should be performed annually for four years, as 
the risk of hyperfunction seems to plateau after that 
period. CT scan should be repeated 6-12 months after 
the initial imaging study and for lesions that do not 
increase in size, radiological assessment should be 
discontinued.18 The AACE / AAES Medical Guide-
lines for the management of adrenal incidentalomas 
recommend hormonal evaluation annually for five 
years and imaging reevaluation 3-6 months after initial 
detection of an adrenal mass and then annually for 1-2 
years.40 At variance, the AME position statement on 
adrenal incidentaloma recommends against a routine 
follow-up of all adrenal incidentalomas with repeated 

Table 3. Reported number of patients with adrenal incidentalomas progressing to overt Cushing’s syndrome (from studies with >50 patients 
and duration of follow-up ≥24 months)

Author / Year Number of patients Median duration of follow-up Overt syndrome (patients)

Grossrubatscher E 200124 53 24 0

Libe R 2002124 64 25.5 0

Barzon L 2002125 130 56 4

Emral R 200395 60 24 0

Bernini G 2005126 115 48 0

Bulow B 200616 229 24 2

Tsvetov G 2007117 88 24 0

Vassilatou E 200917 77 60 2

Fagour C 200922 51 52 ± 19 (mean) 3

Giordano R 2010127 118 36 0

Yener S 2010116 143 24 0

Anagnostis P 2010118 60 37 ± 5 (mean) 0

Morelli V 201425 206 72 0
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hormonal and imaging evaluation due to limited and 
incomplete evidence. Hormonal screening with a 1mg 
DST should be repeated after decision on an indi-
vidualized basis (i.e. development of clinical signs of 
hypercortisolism, worsening of metabolic status and/or 
cardiovascular risk profile). A second CT scan should 
be performed 3-6 months after diagnosis. In the case 
of small tumors (<2 cm) that do not increase in size, 
further imaging is not needed. In the case of larger 
tumors, repeated imaging evaluation should be judged 
on an individual basis, taking into consideration the 
characteristics of the mass, patient’s age and history 
and results of hormonal evaluation.43 In addition, it 
is emphasized that SCS patients should be followed 
up clinically to detect, treat and control morbidities 
potentially related to subtle cortisol hypersecretion.43 
A review by Young recommended imaging evalua-
tion at 6, 12 and 24 months, although earlier or less 
frequent evaluation can be proposed depending 
on how suspicious the mass is at diagnosis. Annual 
hormonal evaluation for at least four years was also 
recommended. However, the author recognized that 
the yield and cost-effectiveness of repeated evalua-
tion at these intervals are uncertain.119 A committee 
of expert radiologists advocated against any follow-
up of adrenal masses for which a benign diagnosis 
has been made as well as for those remaining stable 
in size for over one year.120 A recent review recom-
mended against routine follow-up of all adrenal 
incidentalomas, based on data from the literature 
showing that such tumors rarely undergo malignant 
transformation; the development of hypersecretion 
is not a major concern, follow-up with hormonal and 
imaging evaluation results in significant costs and, 
finally, frequent CT scan carries the risk of cancer 
from radiation exposure.121 Another recent review 
proposed a follow-up protocol of annual hormonal 
screening for five years and annual CT scan for the 
first 2-3 years. In the case of lesions with a mass size 
2-4 cm that remain stable, further imaging should take 
place at 2-3 year intervals.122 In addition, monitoring 
of morbidities potentially related to subtle cortisol 
hypersecretion and evaluation of medical treatment 
adequacy is also recommended. 

Taking into account the aforementioned data, 
our opinion is that surveillance of SCS patients with 
adrenal incidentalomas concerning hormonal activity 

of the mass and putative mass enlargement should be 
guided by clinical parameters (both at diagnosis and 
overtime) and by mass size and imaging characteristics, 
respectively. Initial clinical evaluation (age, presence 
of potentially related morbidities and assessment of 
cardiovascular risk factors) and clinical follow-up every 
6-12 months (monitoring response to treatment of 
existing related morbidities and detecting development 
of new potentially related morbidities and/or clinical 
signs of hypercortisolism) should guide the frequency 
and the duration of periodic hormonal evaluation. In 
the case of SCS patients with stable clinical parameters 
over time, hormonal evaluation should be repeated 
only if mass enlargement is detected. Periodic imaging 
evaluation requires a second CT scan 3-6 months after 
initial diagnosis and then a short follow-up time of 
two years with annual CT, for small masses (<2 cm) 
with imaging characteristics indicative of benignity 
(CT attenuation values of 10 Hounsfield Units or less, 
homogeneous, well defined margins), which remain 
morphologically stable. Prolonged imaging follow-up 
is needed for small masses (<2 cm) with suspicious 
imaging characteristics and/or mass enlargement 
during follow-up, as well as for larger masses, which 
may be finally managed surgically. 

conclusIons

Approximately 5-20% of adrenal incidentalomas 
present subclinical cortisol hypersecretion, character-
ized by subtle alterations of the HPA axis due to adre-
nal autonomy, a disorder that has also been described 
as SCS, since there is no typical clinical phenotype. 
The diagnosis of SCS is based on biochemical evalu-
ation. An abnormal 1mg DST as initial screening test 
in combination with at least one other abnormal test 
of the HPA axis has been advocated by most experts 
for the diagnosis of SCS. Suggested cut-off levels of 
serum cortisol are either 1.8μg/dl or 5μg/dl, with levels 
lower than 1.8 μg/dl excluding autonomous cortisol 
secretion and levels higher than 5μg/dl indicating 
subclinical hypercortisolism. Although these patients 
lack many of the usual stigmata of overt Cushing’s 
syndrome, they may have diabetes mellitus, hyperten-
sion, dyslipidemia, osteoporosis and obesity, disorders 
potentially attributable to autonomous glucocorticoid 
secretion. The optimal management of patients with 
adrenal incidentalomas and SCS is not yet defined. 
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Choices are either follow-up combined with medi-
cal treatment of potentially associated morbidities 
or laparoscopic adrenalectomy. The conservative 
approach is appropriate for the majority of these 
patients; however, the duration of follow-up and 
the frequency of periodical evaluation still remain 
open issues. Surgical resection may benefit patients 
with hypertension, abnormal glucose tolerance and 
obesity, without significant comorbidities.
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