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Abstract

Incidentally discovered adrenal masses, or adrenal incidentalomas,
have become a common clinical problem owing to wide application of
radiologic imaging techniques. This definition encompasses a hetero-
geneous spectrum of pathologic entities, including primary adreno-
cortical and medullary tumors, benign or malignant lesions, hormon-
ally active or inactive lesions, metastases, and infections. Once an
adrenal mass is detected, the clinician needs to address two crucial
questions: is the mass malignant, and is it hormonally active? This
article provides an overview of the diagnostic clinical approach and
management of the adrenal incidentaloma. Mass size is the most
reliable variable to distinguish benign and malignant adrenal masses.
Adrenalectomy should be recommended for masses greater than 4.0
cm because of the increased risk of malignancy. Adrenal scintigraphy
has proved useful in discriminating between benign and malignant
lesions. Finally, fine-needle aspiration biopsy is an important tool in
the evaluation of oncological patients and it may be useful in establish-
ing the presence of metastatic disease. The majority of adrenal
incidentalomas are non-hypersecretory cortical adenomas but an en-
docrine evaluation can lead to the identification of a significant
number of cases with subclinical Cushing�s syndrome (5-15%), pheo-
chromocytoma (1.5-13%) and aldosteronoma (0-7%). The first step of
hormonal screening should include an overnight low dose dexameth-
asone suppression test, the measure of urinary catecholamines or
metanephrines, serum potassium and, in hypertensive patients, up-
right plasma aldosterone/plasma renin activity ratio. Dehydroepi-
androsterone sulfate measurement may show evidence of adrenal
androgen excess.
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Introduction

The term adrenal incidentaloma (AI) is a
comprehensive definition for any adrenal
mass discovered by noninvasive abdominal
imaging techniques performed for reasons
other than suspected adrenal disease; how-
ever, retrospectively, patients were often
found to have had symptoms or signs related

to an adrenal tumor.
In 1974 Lewinsky and colleagues described

as a �very rare� condition the presence of
clinically silent adrenocortical tumors in 178
patients. During the last 15-20 years, the wide-
spread application of noninvasive imaging tech-
niques has led to an increased detection of
these incidental adrenal masses.

Current prevalence of unsuspected adre-
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nal masses varies in different series from 1 to
5% of patients imaged by CT (1-3). The wide
range reflects the inclusion in some series of
patients evaluated for staging or follow-up
of extra-adrenal malignancy.

In any case, this rate is likely to be under-
estimated and it is probable that the preva-
lence of this �disease of modern technology�
will continue to increase as a result of imag-
ing advances (1). In fact, the incidence of
adrenal nodules at autopsy has been reported
in up to 32% of patients without pre mortem
suspicion of adrenal disease (3-5).

The frequency of AI gradually increases
with age: it is uncommon under 30 years and
increases in middle and old age, peaking
between the fifth and seventh decade. This
finding could represent a compensatory
growth in response to the local ischemic
damage of arteriosclerotic disease or could
merely reflect the higher number of diagnos-
tic procedures performed on aged patients.
Moreover, an increased frequency in pa-
tients with diabetes mellitus, hypertension
and obesity has been described.

During the last few years, we had the
opportunity to coordinate a very large multi-
centric study organized by the AI Study
Group of the Italian Society of Endocrinol-
ogy (AI-SIE) (6). The study included more
than 1000 cases with a median age of 58
years and a significant prevalence of female
patients (58%). This figure confirms the re-

sults of some large radiological series but
could also be explained in part by a referral
bias since in autopsy series no sex differ-
ences were found. Bilateral incidentalomas
were discovered in 10% of cases according
to literature data (3,4).

Differential diagnosis

The differential diagnosis of this clinical
problem includes Cushing�s syndrome, pheo-
chromocytoma, primary aldosteronism, pri-
mary and metastatic malignancy, myelo-
lipoma, and non-hypersecretory cortical ad-
enoma. In some cases, the incidental adrenal
masses are infiltrative disease, fungal and
tuberculosis infection, hemorrhage and le-
sions that masquerade as adrenal but arise
from adjacent organs (e.g., kidney, pancreas,
gallbladder, spleen, lymph nodes). The clas-
sification and the prevalence of different
pathological conditions are shown in Tables
1 and 2 and Figure 1.

The optimal diagnostic and therapeutic
approach to AI is still controversial. In any
case, three important questions should be
addressed: first of all, is there any chance for
the mass to be malignant? Then, could it be
hormonally active, even in the absence of a
classical clinical picture? And important as
well, is an extensive diagnostic work-up jus-
tified, in view of the discomfort and cost, in
that particular patient?

Table 1 - Adrenal incidentaloma: classification.

Adrenal cortex
Adenoma, nodular hyperplasia, oncocytoma, carcinoma

Adrenal medulla
Pheochromocytoma, ganglioneuroma, ganglioneuroblastoma

Metastases to the adrenal or primary lymphoma

Other masses
Lipoma, myelolipoma, neurofibroma, fibroma, schwannoma, hemangioma, leiomyoma, leiomyosarcoma,
angiosarcoma, teratoma, cysts, echinococcosis, cryptococcosis, amyloidosis, hematoma, fungal and
tuberculous granuloma

Pseudoadrenal masses
May be located in the kidney, pancreas, spleen, stomach, liver, lymph nodes, blood vessels
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Evaluation of malignancy

Adrenocortical carcinoma is an uncom-
mon neoplasm with an estimated annual in-
cidence of 0.5-2 cases per million popula-
tion (3,7). Most published series find a pre-
dominance of female patients (in some se-
ries up to 90%). The prevalence of their
functional status varies according to the se-
ries and the extension of the investigations
performed, but in most cases they are non-
hypersecretory masses. The clinical picture
of carcinomas may be vague and nonspe-
cific; these patients can in fact present with
very mild signs of cortisol or androgen ex-
cess and/or nonspecific and slight abdomi-
nal and lumbar pain, or even be asymptomat-
ic (8). For these reasons, adrenal carcinomas
are usually diagnosed late in the course of
the disease. Although the prognosis for lo-
calized disease is relatively good, with a 5-
year survival rate of 70%, the rate plummets
to 5.3% in the presence of metastases. Un-
fortunately, there are no clear circulating
markers of malignancy, either in terms of
classical tumor markers or endocrine param-

Figure 1 - Histological diagnosis of 376 adrenal incidentalomas. *From the results of the Study Group of the Italian
Society of Endocrinology on Adrenal Incidentaloma (6).

eters, although in carcinomas an increase of
17-OHP (tumor dedifferentiation) or dehy-
droepiandrosterone sulfate (DHEAS) may
elicit some concern (see below).

Presently, a significant number of pri-
mary adrenal carcinomas are detected inci-
dentally and this finding may modify their

Table 2 - Prevalence of adrenal incidentaloma (AI).

Data are from the Study Group of the Italian Soci-
ety of Endocrinology on Adrenal Incidentaloma
(6).

AI (%)

Non-hypersecretory adrenal adenomas 74.0

Hypersecretory tumors
Cortisol-secreting adenomas 9.2
Aldosteronomas 1.4
Pheochromocytomas 4.2

Primary adrenal carcinomas 4.0

Other adrenal masses
Myelolipomas 3.0
Cysts 1.9
Ganglioneuromas 1.5

Metastases
Unselected patients 0.7
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epidemiology. It is possible that the poor
prognosis characteristic for this carcinoma
may change into a better one with earlier
detectability. The relative frequency of adre-
nal cancer varies considerably among AI
series, ranging from 0 to 35% (3,7-9). In the
largest series in the literature, comprising
more than 1000 AI, 47 patients had a clini-
cally silent primary adrenal carcinoma (4.6%)
(6). Abdominal pain was the most common
reason leading to the discovery of carcino-
mas as a likely consequence of local infiltra-
tion, intratumoral hemorrhage or necrosis.
Only 5 of these patients were producing a
slight amount of steroids (cortisol and an-
drogens); in 4 cases distant metastases were
found at the time of the discovery of adrenal
enlargement.

In the differential diagnosis, the lesion
size is an important parameter of malig-
nancy: the risk increases with increasing
lesion diameter even though malignant tu-
mors as small as 2.5 cm in diameter have
occasionally been described.

The cut-off size for suspicion of malig-
nancy is between 3 and 6 cm. Based on the
ROC curve for the diameter as calculated
from data of the AI-SIE study (6), we con-
sider 4 cm a reasonable cut-off value. A-
mong the 47 cases of adrenal carcinoma
found at surgery within the 387 patients of
the AI-ISE study who underwent adrenalec-
tomy, only 2 had a diameter lower than 4 cm;
the mean diameter was 7.5 cm and the range
2.6-25 cm.

Although tumor size is highly predictive
of malignancy, many types of adrenal le-
sions present as large masses, and in these
cases additional information comes from
other radiological features. The presence of
a fatty adrenal mass is virtually diagnostic of
myelolipoma, a usually non-functioning be-
nign tumor composed of fat and normal bone
marrow elements in varying proportions.
However, atypical radiological features may
occur in the presence of a high bone marrow/
fat ratio, hemorrhage or calcification in the

tumor (10,11).
Unfortunately, benign and malignant

masses cannot be reliably discriminated on
the basis of radiological features alone
(10,11). On CT scans, adrenocortical ad-
enomas usually appear as small, homoge-
neous round masses with smooth margins,
with relatively low density and without en-
hancement after intravenous contrast. The
typical attenuation value ranges from -10 to
30 Hounsfield units (HU). By contrast, ma-
lignancies exhibit irregular margins and non-
homogeneous density with marked enhance-
ment after intravenous contrast. At magnetic
resonance imaging (MRI), malignancies usu-
ally show low signal intensity on T1-weighted
images and high signal intensity on T2-
weighted images while most benign tumors
have isointense or low signal intensity on
both T1- and T2-weighted images. How-
ever, almost 30% of the masses cannot reli-
ably be distinguished on T2-weighted im-
ages and again there is overlap between be-
nign and malignant tumor appearance. Fi-
nally, after gadolinium administration ad-
enomas show rapid contrast enhancement
and rapid washout, whereas malignant le-
sions exhibit strong enhancement and slow
washout.

The presence of necrosis, hemorrhage
and calcifications is suspicious of malig-
nancy, even though these aspects can also
occur in large benign tumors. Both CT and
MRI are accurate in assessing the spread of
the tumor into tissues such as liver, lymph
nodes, and lung. Moreover, the multiplanar
capability of MRI is useful in demonstrating
the invasion of the carcinoma, particularly
into the inferior vena cava.

Other than in myelolipoma, in some pa-
thologies such as pheochromocytoma, simple
cyst, and adrenal hemorrhage, CT and MRI
provide accurate tissue characterization. For
instance, pheochromocytoma typically is
isointense to liver on T1-weighted and hy-
perintense on T2-weighted images (10,11).
Whilst typical, these appearances on T2-
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weighted images are not specific. Indeed,
both adrenal carcinoma and metastatic nod-
ules may present with similar T2-weighted
hyperintensity.

One recent, potentially promising tech-
nique is chemical-shift MRI, but its ultimate
value in distinguishing benign from malig-
nant masses has recently been shown to be
disappointing (10,11).

Metastases are a common cause of inci-
dental adrenal masses, especially in onco-
logical patients where the prevalence ranges
from 32 to 73%. Obviously, in these pa-
tients, distinguishing between metastases and
other causes of adrenal enlargement may be
critical in the management of primary can-
cer. Although the majority of metastases to
the adrenal occur in the presence of metasta-
ses situated elsewhere, they may be the only
site of tumoral spread. The adrenal glands
are highly vascular organs and therefore com-
mon sites of metastases from extra-adrenal
neoplasms, more frequently of the lung,
breast, colon, kidney, or from melanoma or
lymphoma. Adrenal metastases have been
documented at autopsy in up to 38% of
patients with cancer (3,5).

However, when series of AI coming from
Endocrine Divisions are evaluated, a much
lower prevalence (less than 2%) of adrenal
metastasis is usually found in patients with-
out a known extra-adrenal malignancy (6).

Adrenal metastases vary considerably in
diameter. They tend to be smaller than pri-
mary adrenal cancer lesions and larger than
adenomas.

For these reasons, size alone is a poor
discriminator between adenomas and non-
adenomas. The density of a mass as deter-
mined by measurement of the attenuation
value on CT is a useful parameter for differ-
entiating benign from malignant masses
(10,11). An adrenal adenoma contains lip-
ids, whereas metastatic lesions do not, re-
flecting the histology of the primary neo-
plasm. A threshold of 10 HU (18 HU in some
centers) and a threshold of 24 HU with a 14-

min delay on a contrast-enhanced CT scan,
are used as the cut-off to distinguish between
adenomas and metastases. Usually, meta-
static lesions, often bilateral, have irregular
margins, are not very homogeneous and show
a thick, irregular enhancing rim after con-
trast.

If metastases are suspected, the ultra-
sound- or CT-guided fine-needle aspiration
(FNA) biopsy is a useful diagnostic tool in
the evaluation of adrenal lesions (sensitivity
80-95%, specificity 99%, accuracy 75-85%)
(12,13). In our experience, the ultrasound-
guided FNA not only has the advantage of
being fast and done in real-time, without
radiation exposure, but it also rarely misses
its target.

FNA biopsy should be reserved for pa-
tients in whom the presence of adrenal me-
tastasis may alter the therapy or prognosis,
whereas FNA biopsy really has no proved
efficacy in patients with AI and no history of
malignancy. Unfortunately, FNA biopsy is
seldom successful in distinguishing cortical
adenoma from carcinoma. The potential hor-
monal activity of an AI must always be
ascertained before performing an adrenal
biopsy since this procedure could precipitate
a potentially lethal hypertensive crisis in
patients with pheochromocytoma.

Adrenal scintigraphy has proved useful
in discriminating between benign and malig-
nant lesions. Adrenal cortical scintigraphy
using a radiocholesterol such as 131I-6ß-
iodomethyl-19-norcholesterol (NP-59) or
75Se-selenomethylnorcholesterol, provides
not only the anatomical localization of the
adrenal glands, but also their in vivo func-
tional characterization (3,14).

A �discordant� scintigraphic pattern, i.e.,
demonstrating decreased or absent radio-
cholesterol uptake by the affected adrenal
gland, is compatible with malignancy (pri-
mary and secondary) and other non-func-
tioning space-occupying or destructive adre-
nal lesions. Conversely, unilateral adrenal
visualization with virtual absence of the con-
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tralateral gland constitutes a �concordant�
pattern almost typical of cortical benign ad-
enoma. Nonetheless, well-differentiated car-
cinomas with radiotracer uptake have some-
times been described. �Concordant� uptake
usually means that the adenoma accumu-
lates the tracer (even though it does not pro-
cess cholesterol to the final secretory prod-
ucts). The prevalence of this pattern in non-
hypersecretory adenoma and in subclinical
Cushing�s syndrome (SCS) appears similar.
Adrenal masses less than 2 cm in diameter
yield an increased rate of non-lateralizing
scans (i.e., a normal scan pattern demon-
strating bilaterally symmetrical uptake) in
patients with both malignant and benign le-
sions and represent the resolution limit of
this technique (15,16). Finally, a �discor-
dant� scan can also point to a silent pheo-
chromocytoma; in case of suspicion, scinti-
graphy with 131 or 123 I-m-iodobenzylguan-
idine (131I- or 123I-MIBG) should be per-
formed.

A recent and more promising technique
is the positron emission tomography (PET)
with 18F-fluorodeoxyglucose (FDG). Indeed,
FDG-PET scanning correctly differentiated
adenomas from adrenal metastases in 27
patients with bronchogenic carcinoma (17).
However, this noninvasive technique showed
a non-optimal specificity for malignancy.

Evaluation of functional status

Although in general the majority (67-
94%) of AI are non-hypersecretory ad-
enomas, a hormonal screening evaluation
can reveal a significant number of cases of
clinically unsuspected hormone-secreting
adrenal tumors (2,4,6,18).

Glucocorticoid secretion and SCS. The
most common incidental secreting mass ap-
pears to be the cortisol-secreting tumor (5-
15%). Indeed, a good proportion of patients
with AI (50%) may have isolated or multiple
slight abnormalities of the hypothalamo-pi-
tuitary-adrenal (HPA) axis such as high-bor-

derline urinary free cortisol (UFC) excre-
tion, impaired cortisol rhythm, only partial
cortisol suppression with dexamethasone,
low plasma ACTH, or unresponsiveness to
CRH (6). Adrenal insufficiency following
surgical removal of �silent� adrenal ad-
enomas was also described in 18-20% of
cases and a partial suppression of the HPA
axis can persist for several months after
adrenalectomy.

These data suggest that subtle hypercor-
tisolism may be a common finding in pa-
tients with incidental adrenal adenomas and
this condition needs to be recognized in
order to detect the possible appearance of an
overt Cushing�s syndrome. As the natural
history of this condition is unclear, we agree
with several authors who suggest that a bet-
ter term for it is subclinical Cushing�s syn-
drome rather than pre-Cushing (19).

However, the demonstration of this au-
tonomous cortisol secretion is still a matter
for debate (20). The uncertainty arises from
the definition of incidentaloma which makes
any definition of SCS based only on endo-
crine data somewhat arbitrary (21). The
prevalence of SCS (9.2% in the largest clini-
cal study) varies greatly depending on the
diagnostic criteria and the screening meth-
ods used (3-5,18,20). Even though some
authors suggest as an additional criterion the
presence of a �concordant� uptake pattern
on radiocholesterol scintiscan, this param-
eter is not universally accepted as it is found
also in patients with an apparently normal
HPA axis. Also in our experience the preva-
lence of �concordant� uptake is similar in
both non-hypersecretory adenomas and in
patients with SCS. To reduce the risk of a
false-positive test and in the absence of a
true gold standard test, we base our defini-
tion of SCS on at least two abnormal tests of
HPA function in patients with AI and, by
definition, without overt clinical stigmata of
hypercortisolism.

In our personal series of 208 AI, 29 pa-
tients meet this stringent criterion with a
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14% prevalence of SCS. The spectrum of
cortisol excess in these patients may be wide:
most have UFC of different degree; half may
show an incomplete cortisol suppression (>5
µg/dl) after 1 mg of dexamethasone over-
night. The other hormonal abnormalities
observed in these patients are loss of the
normal diurnal rhythm of cortisol (~80%),
low ACTH levels (50%), and impaired ACTH
response to the CRH test (~60%). The most
frequent combinations encountered were
unpaired cortisol suppressibility after over-
night dexamethasone and above normal UFC
excretion. Furthermore, isolated abnormal
tests of the HPA axis are present in almost
half of patients with incidentally discovered
cortical adenoma (6,20).

A long-term follow-up of patients with
AI should be performed in order to evaluate
the real significance of the mild endocrine
alterations observed. The natural history of
patients with AI is presently still unclear
since the follow-up studies are limited to a
small number of patients and to a short pe-
riod of clinical evaluation. The majority of
patients seem to maintain unchanged mass
size and hormonal status throughout a short
follow-up. The risk of malignant transfor-
mation seems to be very low also in the
presence of a slight increase of mass size.
Although patients previously classified as
SCS have occasionally been found to have a
normal endocrine function at 12 months fol-
low-up, in a recent study, where 75 AI were
followed for at least 2 years after diagnosis,
the percentage of cases who developed hy-
percortisolism and had an enlargement of
the mass was higher than that reported previ-
ously (22). The presence of isolated endo-
crine abnormalities at diagnosis had predic-
tive value for tumor increase, and a mass size
of 3 cm or more and unilateral radiocholes-
terol uptake by the tumor had a relevance for
the subsequent development of hypercorti-
solism (22).

Although patients with Cushing�s syn-
drome have clearly established complica-

tions, the morbidity of patients with sub-
clinical disease is less clear and controversy
exists about the risk of progression from
subclinical to overt hypercortisolism. How-
ever, recent evidence suggests that SCS or
even apparently non-hypersecretory adenoma
might also be associated with increased risk
for hypertension, insulin resistance state,
change in glucose and lipid metabolism, obe-
sity or osteoporosis, in spite of the fact that a
clear correlation between hypertension and
endocrine abnormalities has not been found
(18,20,22-24). In the AI-SIE study, the preva-
lence of hypertension (41%) and diabetes
(10%) is similar to that reported in the non-
hypersecretory adenomas included in the
study. On the contrary, there is a slightly
significant association between SCS and
obesity (38%) (6).

Nevertheless, weight loss, improvement
of hypertension or of glycemic control and
modifications of some markers of collagen
and bone turnover, similar to those observed
in Cushing�s syndrome after successful
therapy, are frequent findings following uni-
lateral adrenalectomy in AI either with SCS
or non-hypersecretory adenomas.

Subtle disturbances of steroid secretion
are thus probably present in subjects with AI
in spite of our inability to detect them. There-
fore, our challenge is to find a clear marker
of endocrine activity in order to identify
adrenal masses with autonomous hypercor-
tisolism. A reduction of osteocalcin (BGP),
a marker of osteoblastic activity, in patients
with AI could be an early marker of subtle
hypercortisolism (18,24).

For all of these reasons, we believe that
all patients with AI should be screened with
an overnight dexamethasone suppression test.
Several authors have suggested that a dose
higher than the routinely used 1 mg (e.g., 3
mg) is indicated to reduce the number of
false-positive results. In addition, we believe
that cortisol unsuppressibility would be bet-
ter evaluated by lowering the cut-off to 3 µg/
dl rather than the classic 5 µg/dl.
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Enhanced 17-OHP response and con-
genital adrenal hyperplasia. An exagger-
ated 17-OHP response (>5 ng/ml) to the
ACTH test was probably the most common
endocrine alteration observed in patients with
AI. The significance of this finding present
in 17 to 71% of cases in different series is
still unclear (5,6). In the AI-SIE study, an
enhanced 17-OHP response was found in
about half of the patients with cortical tumor
with no significant difference between uni-
lateral and bilateral or benign and malignant
lesions. An enhanced 17-OHP response was
also observed in the majority of patients with
SCS (68%). Finally, in our experience, a
normalization of this endocrine alteration
was observed in the majority of patients who
underwent unilateral adrenalectomy.

Although adrenal enlargement associated
with an unrecognized congenital adrenal
hyperplasia has been well described in ho-
mozygous and heterozygous untreated pa-
tients, the interpretation of the ACTH test is
sometimes controversial (4,25). In fact, an
exaggerated 17-OHP response is not specif-
ic for 21-OHD and could be merely a sign of
disturbed intratumoral steroidogenesis. A re-
cent screening for CYP21 mutations in leu-
cocyte DNA from patients with sporadic
adrenocortical tumors failed to detect any
mutations (26,27). Furthermore, in a molec-
ular screening for germline 21-OHD per-
formed in about 30 patients with AI and
enhanced 17-OHP response to ACTH, we
confirmed that 21-OHD is not a major pre-
disposing factor for adrenal tumor develop-
ment (Mantero F, unpublished data).

Androgen secretion and sex hormone-
producing tumors. Sex hormone-secreting
tumors are rare as incidentalomas. Most an-
drogen-secreting neoplasms are adrenocor-
tical carcinomas rather than benign ad-
enomas.

There is controversy over the value of
measuring DHEAS (2,4,5,23,28). Because
serum DHEAS levels are frequently elevated
in patients with clinically manifest adreno-

cortical cancer, DHEAS determination could
contribute to the differential diagnosis of
malignant masses. However, this parameter
has low sensitivity with a sub-optimal posi-
tive predictive value (PPV). On the other
hand, low basal plasma DHEAS levels were
frequently observed in patients with SCS
and cortical adenomas (24), but the sensitiv-
ity and specificity of this parameter were
poor (51 and 65%, respectively, with PPV
10%), thus limiting its clinical utility (6).
Actually, low DHEAS levels were not clearly
associated with the secretory pattern of the
masses; the physiological fall of DHEAS
with age also has to be kept in mind (21).

Aldosterone-producing adenoma. Pri-
mary aldosteronism is an important cause of
secondary hypertension and may be signifi-
cantly more frequent than previously reported
(up to 5-15% of the hypertensive popula-
tion) and may become the most common
form of curable hypertension (29).

The hallmark of primary aldosteronism
is hypertension with hypokalemia, sup-
pressed plasma renin activity (PRA) and
elevated plasma aldosterone. The absence of
hypertension makes aldosteronism an un-
likely possibility, although �normotensive
primary aldosteronism� has been reported.
On the other hand, normokalemia does not
exclude aldosteronism since a significant
number (7 to 38%) of patients with aldoster-
onism are in fact normokalemic (sodium
restriction leads to potassium retention, mini-
mizing hypokalemia) (30). Moreover, �nor-
mal� aldosterone levels do not exclude the
presence of primary aldosteronism, and there-
fore the combination of an inappropriate
aldosterone level and a low PRA is diagnos-
tic both in the presence and in the absence of
hypokalemia.

For these reasons, the prevalence of aldo-
sterone-producing adenomas in patients with
AI is probably higher than that evaluated
from clinical findings, ranging, according to
the literature, from 0 to 7%. Moreover, the
prevalence of hypertension in patients with
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AI is higher than in the general population
(41 vs 20%) (6). In the AI-SIE study, aldoste-
rone-producing adenomas were present in
only 1.6% of more than 1000 AI. The low
prevalence in this study was probably due to
the exclusion of cases with severe hyperten-
sion and hypokalemia. All patients with
aldosteronomas had moderate hypertension
and suppressed PRA levels. An apparently
normal plasma aldosterone level was found
in 30% of cases. The aldosteronism was
normokalemic in 40% of cases while potas-
sium levels were between 3.5-3.8 mEq/l in
the remaining ones.

One of the major problems in evaluating
the renin-angiotensin-aldosterone system is
that patients must meet extremely strict cri-
teria in terms of diet (sodium intake), pos-
ture, previous and current pharmacological
treatment (diuretics, antihypertensive drugs),
time of sampling, and evidence of stressful
conditions. However, the preferred screen-
ing test for primary aldosteronism is the ratio
between plasma levels of aldosterone and
PRA (31). This ratio is only minimally al-
tered by dietary sodium intake or by most of
the concurrent antihypertensive drugs. We
advocate measuring serum potassium levels
in association with the aldosterone/PRA ra-
tio measured in the upright position (at least
2 h after the supine position) in all hyperten-
sive patients with an adrenal mass.

An abnormal upright plasma aldosterone
(ng/dl)/PRA (ng ml-1 h-1) ratio (in our institu-
tion >40) is highly indicative of primary
aldosteronism. We believe that a reference
aldosterone/PRA ratio should be validated
in each center and that the minimal value of
PRA included in the ratio should never be
lower than the detection limits of the assay.
An acute saline suppression test (2 liters of
0.9% NaCl solution infused intravenously
over a period of 4 h) should be performed to
confirm the diagnosis. Normally, plasma al-
dosterone levels decrease to less than 6 ng/
dl, whereas subjects with primary aldoster-
onism fail to show this suppression (30). The

fluorohydrocortisone suppression test can
be used as an alternative. In the above tests a
concomitant value of cortisol should be ob-
tained to distinguish between aldosterone
changes due to the test itself from changes
due to the circadian rhythm or stress. How-
ever, if doubts persist after these tests, bilat-
eral adrenal venous sampling should be per-
formed with evaluation of aldosterone and
cortisol levels, especially in cases of bilat-
eral adrenal nodules.

Pheochromocytoma. Although pheochro-
mocytoma is rare (0.01-0.1% of hyperten-
sive patients), we strongly recommend that a
hormonal screening evaluation be done in
all patients to exclude the presence of this
potentially lethal condition.

The clinical manifestations of pheochro-
mocytoma are varied in type and severity
(32,33). Many patients are totally asympto-
matic while some have intermittent symp-
toms (headache, hypertensive crisis, sweat-
ing, cardiac arrhythmias). Hypertension, the
hallmark clinical finding, is constant in only
about half of the patients, paroxysmal in
about one third and absent in approximately
one fifth. Some patients do not have hyper-
tensive symptoms and may even be hypoten-
sive, especially in the cases of predominant
epinephrine secretion. Several series have
reported that up to 76% of pheochromocyto-
mas are not diagnosed until after death. In
the Mayo Clinic experience, the tumor was
not suspected in 75% of 54 autopsied pa-
tients with pheochromocytoma, and contrib-
uted to death in 55% of these patients (33).

Clinically silent pheochromocytomas
therefore are not rare and their prevalence in
patients with AI ranges from 1.5 to 13% (3-
5). In the AI-SIE study, incidental pheochro-
mocytomas were the second most prevalent
form of hyperfunctioning tumors occurring
in 4.2% of all masses. About half of those
patients were normotensive, the others had
mild to moderate hypertension and none had
paroxysmal symptoms of adrenergic dis-
charge (6). Therefore, we strongly recom-
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mend that a hormonal evaluation be done in
all patients with AI even if normotensive to
exclude the presence of a pheochromocy-
toma. Measurement of 24-h urinary cate-
cholamine or metanephrine excretion has
the highest sensitivity in the diagnosis of
pheochromocytoma. Urinary vanillylman-
delic acid measurements have a lower sensi-
tivity. Plasma metanephrines may also rep-
resent an accurate test for the diagnosis of
pheochromocytoma (34). Dynamic tests (glu-
cagon to induce secretion and clonidine as a
suppressant) should be reserved for equivo-
cal cases only.

As previously discussed, 131I or 123I-MIBG
scintigraphy and MRI are the imaging tech-
niques of choice in the suspicion of pheo-
chromocytoma (32). Adrenal scintigraphy
with MIBG permits noninvasive, safe, sensi-
tive (sometimes false-negative) and specific
(very rare false-positive) localization of pheo-
chromocytoma. At MRI, these tumors usu-
ally tend to have bright signal intensity with
T2-weighted images. However, we wish to
remind the reader that these appearances
were not specific: adrenal carcinoma and
metastases may present similar hyperintensity
on T2-weighted images (10,11).

Management

Although by definition an incidentaloma
is a clinically �silent� mass, a careful inves-
tigation including family history and physi-
cal examination must be performed. Retro-
spectively, patients were often found to have
had symptoms or signs related to an adrenal
tumor. In particular, central obesity, hyper-
tension, diabetes, hirsutism and other symp-
toms and signs of adrenal hyperfunction
should always be considered. Similarly, the
presence of extra-adrenal malignancy or as-
sociated illnesses such as tuberculosis or
familial syndromes should always be con-
sidered. In fact, infections occurring in the
adrenal gland include fungal and granulo-
matous infections such as tuberculosis, his-

toplasmosis and Pneumocystis carinii pneu-
monia and usually occurs in immunocom-
promised patients. We wish to remind the
reader that pheochromocytomas can be as-
sociated with medullary thyroid carcinoma
and hyperparathyroidism (MEN2), von
Recklinghausen�s disease and the von Hippel-
Lindau syndrome (hemangioblastoma of the
central nervous system, retinal angioma, re-
nal cysts and carcinoma) (32).

The optimal diagnostic procedure for AI
is still controversial and the clinician is called
upon to devise a cost-effective approach
taking into account the extensive endocrine
work-up and radiological investigations that
may be necessary (1). In some patients, more-
over, the diagnostic process will create con-
siderable anxiety, generate expense, and, if
invasive, cause pain and discomfort.

We suggest that a screening evaluation
be performed to exclude a functioning adre-
nal tumor in all patients with AI (Figure 2).
The first step should include an overnight
low dose dexamethasone suppression test,
the measurement of 24-h urinary catechol-
amines or metanephrines, serum potassium
and, in hypertensive patients, upright plasma
aldosterone/PRA ratio. DHEAS measure-
ments may show evidence of adrenal andro-
gen excess. Positive results should be fol-
lowed by specific hormonal evaluations for
a definitive diagnosis.

Once a hormone hypersecretion is identi-
fied, surgery is indicated. Laparoscopic
adrenalectomy has become the method of
choice in most centers (35). Although the
natural history of SCS and its morbidity are
unclear, we advocate adrenalectomy for pa-
tients with this condition, especially in the
presence of clinical problems (hypertension,
obesity, diabetes or osteoporosis) potentially
aggravated by glucocorticoid excess. Since
the HPA axis and the contralateral adrenal
gland may be suppressed by prolonged corti-
sol secretion, these patients require gluco-
corticoid therapy both during and following
surgery as performed in overt Cushing�s syn-
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drome. Moreover, we also advocate pre-
operative medical treatment with an alpha-1
adrenergic antagonist (e.g., prazosin, dox-
azosin) in patients with incidental pheochro-
mocytoma, even if normotensive. Such treat-
ment will allow expansion of the vascular
bed and plasma volume and will reduce the
amount of liquids required for maintenance
of blood pressure when the tumor is re-
moved.

The size of the AI is a useful parameter to
distinguish benign from malignant lesions.
Features suggestive of malignancy are large
size, irregular margins, non-homogeneous
density and an attenuation value >20 HU on
noncontrast-enhanced CT. According to our
own experience (see above) a mass larger
than 4 cm should be surgically removed.

In the other lesions, a radiological fol-
low-up (CT/MRI scan and, in unequivocal
cases, ultrasound scan) is usually recom-
mended after 6 months. Surgery is indicated
for lesions that grow significantly in diam-
eter in the course of follow-up. However,
laparoscopy now allows to extend the surgi-
cal indication to the removal of relatively

small lesions when even a minimal doubt
exists about their nature.

In patients with extra-adrenal malignancy,
in particular of the lung, the AI (especially if
bilateral) may be a metastasis. In this case,
an FNA biopsy should be performed.

Finally, adrenal radiocholesterol scintig-
raphy is a useful imaging test to distinguish
benign (�concordant�) from malignant (�dis-
cordant�) masses.

All non-hypersecretory AI smaller than 4
cm in diameter should be followed up clini-
cally and by serial radiological scanning at
regular intervals.

Since malignant masses tend to grow
fast, we advocate performing a CT/MRI scan
at 3- to 6-month intervals in the first year
after the detection of the AI. For the absence
of radiation compared to CT, a protocol with
MRI and, in unequivocal cases, with ultra-
sound scan, could be preferable. A clinical
(hormonal and radiological) evaluation
should be performed after 1 year, then every
1-2 years for a period which awaits to be
defined by oncoming data from long-term
follow-up of large series.

Case history, physical examination, routine biochemistry and hormones

CT/MRI

· Aldosterone/PRA ratio
· Cortisol after 1-3 mg dexamethasone
· Urinary catecholamines/metanephrines

Positive

Diameter >4 cm
or

irregular margins and density
irregular shape

CytologyRadiocholesterol scan

No uptake

Adrenalectomy

Diameter <4 cm Extensive endocrine tests
for Conn, Cushing’s,
pheochromocytoma

Positive

· CT after 3-6 months and
then every year (for 3 years)

· Endocrine reevaluation every year

Increase in tumor size Positive hormonal data

Adrenalectomy

Figure 2 - Management of adre-
nal incidentaloma. PRA, Plasma
renin activity.
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