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Abstract
The ACR Incidental Findings Committee presents recommendations for managing adrenal masses that are incidentally detected on CT or
MRI. These recommendations represent an update to the adrenal component of the JACR 2010 white paper on managing incidental ﬁndings in
the adrenal glands, kidneys, liver, and pancreas. The Adrenal Subcommittee, constituted by abdominal radiologists and an endocrine surgeon,
developed this algorithm. The algorithm draws from published evidence coupled with expert subspecialist opinion and was ﬁnalized by a
process of iterative consensus. Algorithm branches categorize incidental adrenal masses on the basis of patient characteristics and imaging
features. For each speciﬁed combination, the algorithm concludes with characterization of benignity or indolence (sufﬁcient to discontinue
follow-up) and/or a subsequent management recommendation. The algorithm addresses many, but not all, possible pathologies and clinical
scenarios. Our goal is to improve the quality of patient care by providing guidance on how to manage incidentally detected adrenal masses.
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OVERVIEW OF THE ACR INCIDENTAL
FINDINGS PROJECT
The core objectives of the ACR Incidental Findings Project
are to (1) develop consensus on patient characteristics and
imaging features that are required to characterize an incidental ﬁnding, (2) provide guidance to manage such
ﬁndings in ways that balance the risks and beneﬁts to patients, (3) recommend reporting terms that reﬂect the level
of conﬁdence regarding a ﬁnding, and (4) focus future
research by proposing a generalizable management
framework across practice settings. The ACR Incidental
Findings Committee (IFC) generated its ﬁrst white paper

THE CONSENSUS PROCESS: THE INCIDENTAL
ADRENAL MASS ALGORITHM
The current article represents the ﬁrst revision of the IFC’s
recommendations for incidental adrenal masses. The
process of developing this algorithm included naming
an Adrenal Subcommittee chair, who appointed four
additional expert abdominal radiologists and an endocrine
surgeon to the subcommittee. The subcommittee
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in 2010, addressing four algorithms for managing incidental pancreatic, adrenal, kidney, and liver ﬁndings [1].
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developed and gained consensus on a preliminary version
of the algorithm, using published evidence as their primary
source. Where evidence was not available, they invoked the
collective expertise of their team. The preliminary algorithm underwent review by additional members within the
IFC, including the Body Commission chair, the IFC chair,
and the additional IFC subcommittee chairs. The revised
algorithm and corresponding white paper draft were submitted to additional ACR stakeholders to gain input and
feedback. Consensus was obtained iteratively after successive reviews and revisions. After completion of this process,
the algorithm and white paper were ﬁnalized. The IFC’s
consensus processes meet policy standards of the ACR.
However, they do not meet any speciﬁc, formal national
standards. This algorithm and set of recommendations
does not represent the policy of the ACR Practice Guidelines or the ACR Appropriateness Criteria. Our consensus
may be termed “guidance” and “recommendations” rather
than “guidelines,” which has a more formal deﬁnition [1].

ELEMENTS OF THE FLOWCHARTS: COLOR
CODING
Within the ﬂowchart (Fig. 1), yellow boxes indicate using
or acquiring clinical data (eg, mass features, size, or interval
stability), green boxes describe recommendations for
action (eg, follow-up imaging, biopsy, or consideration of
resection), and red boxes indicate that workup or follow-up
may be terminated (eg, if the mass is benign or indolent).
To minimize complexity, each algorithm addresses most,
but not all, imaging appearances and clinical scenarios.
Radiologists should feel comfortable deviating from the
algorithm in circumstances that are not represented in the
algorithm, on the basis of the speciﬁc imaging appearance
and patient characteristics.
SALIENT CHANGES FROM THE 2010
ALGORITHM
Salient changes from the 2010 algorithm [1] are as
follows:
n
n

n

n

n

updated references to support recommendations;
suggesting further evaluation of adrenal masses that are
>2 and <4 cm in the absence of a prior cancer because
malignancy is more likely in larger masses;
updated information about the role of PET/CT and
biopsy in oncology patients;
updated information about dual-energy CT to
characterize adrenal lesions;
suggesting reduced–radiation dose adrenal CT
protocol as the optimal test for further characterizing
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an adrenal mass because it evaluates both density and
washout characteristics in a single examination; and
recommending consideration of biochemical evaluation
for incidental adrenal masses, recognizing that there is
not substantial literature to support this practice.

NATURE AND SCOPE OF THE PROBLEM
Incidental adrenal masses are common, estimated to
occur in approximately 3% to 7% of adults [2-6]. The
most frequent type is a benign, nonhyperfunctioning
adenoma [7]. It has been shown that the overwhelming
majority of adrenal masses in patients with no known
malignancy are benign [8]. Given the high prevalence
of benign adrenal masses in the general population,
even an incidental adrenal mass in an oncology patient
is most likely benign [9,10]. However, the adrenal
gland is also a common site for metastases and,
much less commonly, primary adrenal tumors,
including pheochromocytomas, aldosteronomas, and
adrenal cortical carcinomas.
The principal challenge of managing incidental
adrenal masses is to correctly identify the rare unexpected
malignant lesion or hyperfunctioning adenoma, while
sparing the vast majority of patients—who have benign,
clinically insigniﬁcant disease—unnecessary clinical
workup and follow-up examinations. When we do not
make every attempt to distinguish clinically signiﬁcant
from insigniﬁcant disease, we are at risk for overdiagnosis,
a circumstance that arises when a disease is detected that
will never affect patients over the course of their lifetimes
[11]. Physicians’ desire for diagnostic certainty and
discomfort with diagnostic uncertainty has led to
increased ordering of tests, which contributes to
overdiagnosis [12]. Overdiagnosis places patients at risk
for anxiety and unnecessary harms from diagnostic
procedures and treatment; moreover, the costs incurred
can be substantial. In the setting of benign incidental
ﬁndings, the concept of nonreporting has been
introduced but remains controversial [13]. Because of
the high prevalence of benign incidental adrenal masses,
we strongly encourage radiologists to consider risks for
overdiagnosis when managing affected patients.
Because incidental adrenal masses are so common,
there is substantial variability in radiologist reporting and
recommendations concerning their management [14].
Endocrinologists and endocrine surgeons have each
published their own guidelines on following incidental
adrenal ﬁndings [2,4,15,16], but the recommendations
from these reports have been variable and critiqued
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Fig 1. Algorithm for evaluation of an incidentally detected adrenal mass. (1) Consider biochemical assays to determine functional
status and exclude pheochromocytoma before biopsy/resection. (2) “No enhancement” applies if an examination without and
with intravenous contrast is available. (3) “Isolated” deﬁned as no other metastatic disease identiﬁed. (4) May consider chemicalshift MRI (CS-MR). APW ¼ absolute percentage washout; Caþþ ¼ calciﬁcation; F/U ¼ follow-up; HU ¼ Hounsﬁeld units; Hx ¼
history; NCCT ¼ CT without intravenous contrast; RPW ¼ relative percentage washout; þ ¼ positive.

as ineffective by some endocrinologists [17]. Here, we
present an algorithm and recommendations to
differentiate a benign “leave-alone” adrenal mass (eg,
nonhyperfunctioning mass, myelolipoma, hemorrhage,
cyst) from one that warrants treatment (eg, metastasis,
adrenal cortical carcinoma, hyperfunctioning adrenal
tumor) (Fig. 1).
1040

REPORTING CONSIDERATIONS
The following features are important to report to optimize recommendations for managing incidental adrenal
masses:
n

Diagnostic imaging features: macroscopic fat, low CT
density (10 Hounsﬁeld units [HU]), MR signal drop
Journal of the American College of Radiology
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between in-phase and opposed-phase imaging, and
hemorrhage.
Size of lesion: larger lesions are generally more
suspicious.
Change in size of lesion over time: growing lesions are
more suspicious.
Whether the patient has a history of cancer is important to know when optimizing the management of
incidental adrenal masses. Although the vast majority
of adrenal masses are benign, metastasis is more likely
in patients with known malignancies.
Correlation with clinical signs or symptoms (hypertension, Cushing’s features) that may suggest a
biochemically active neoplasm.

INCLUSION AND EXCLUSION CRITERIA FOR
USE OF THE ALGORITHM
Our algorithm consists of a single ﬂowchart with associated
recommendations (Fig. 1). The algorithm should be
applied to patients who are adults (18 years of age),
asymptomatic, and referred to imaging for a reason that is
unrelated to potential adrenal pathology. This algorithm
can be applied to patients with bilateral adrenal masses,
with each lesion assessed separately. Although the
algorithm reﬂects the most commonly encountered
imaging scenarios, there are exceptions that depend on
the individual patient’s presentation, history, and clinical
context. For example, further evaluation of an incidental
adrenal mass would be unlikely to alter management if
there are multiple metastatic lesions elsewhere.
IMPLICATIONS OF IMAGING AND CLINICAL
FEATURES
Five Common Principles of the Algorithm
1. In general, an incidental adrenal mass that is <1 cm in
the short axis need not be pursued. We provide such
guidance to address circumstances in which radiologists identify subcentimeter “nodularity” or adrenal
“thickening” and are uncertain whether such ﬁndings
should qualify as adrenal masses.
2. Incidental masses are primarily categorized by the
presence of diagnostic imaging features (described in
the “Reporting Considerations” section), adrenal mass
size, growth (the determination of which requires the
availability of prior imaging), and cancer history.
3. To determine whether an adrenal mass that is 1
to <4 cm and >10 HU qualiﬁes as a benign adenoma,
a dedicated adrenal CT protocol is the imaging
examination of choice because it permits such
Journal of the American College of Radiology
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characterization using both density measurement and
contrast washout.
4. Radiologists should refer to available prior imaging
examinations whenever possible to determine the
stability of an adrenal mass. Even if not of the same
examination type, prior imaging studies that include
the adrenal glands—such as chest CT, PET/CT,
abdominal ultrasound, or lumbar spine MRI—can be
helpful.
5. Clinical context is a crucial factor for adrenal mass
management. Workup of an incidental adrenal mass in
a patient unable to receive treatment, or who has
serious comorbidities and limited life expectancy, may
be unnecessary.

OVERVIEW OF THE ALGORITHM
Masses With Diagnostic Benign Imaging
Features
If an adrenal mass has diagnostic features of a benign
mass such as a myelolipoma (presence of macroscopic
fat), cyst, or hemorrhage (masses without enhancement,
deﬁned as change in pre- and postcontrast imaging of
<10 HU), no additional workup or follow-up imaging is
needed. Similarly, a benign calciﬁed mass, such as an old
hematoma or a calciﬁcation from prior granulomatous
infection, also needs no further imaging. If the mass has a
density of 10 HU on unenhanced CT or signal loss
compared with the spleen between in- and opposed-phase
images of a chemical-shift MRI (CS-MRI) examination,
these features are almost always diagnostic of a lipid-rich
adenoma, regardless of size [10,18-23]. Again, in such
circumstances, no further imaging is needed.
Masses Without Diagnostic Features (1 to <4 cm)
If there are no diagnostic benign imaging features but the
adrenal mass has been stable for 1 year or longer, it is very
likely benign, requiring no additional imaging [24].
Conversely, a new or enlarging mass raises suspicion for
malignancy. In patients with cancer history and
enlarging adrenal masses, consider PET/CT or biopsy
to exclude metastatic disease. Patients with no cancer
history and enlarging indeterminate adrenal masses
should undergo biochemical evaluation and, depending
on the rate of growth, surgical resection (without
biopsy) to treat possible adrenal cortical carcinoma.
Both benign and malignant adrenal masses may enlarge
over time, and there is not a known growth-rate
threshold to differentiate benign from malignant
adrenal masses [25].
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If the patient has no history of cancer, even if there
are no diagnostic benign imaging features or prior examinations to assess stability, the mass is still almost
certainly benign [26]. However, one could consider a
follow-up adrenal CT protocol (described later) in 12
months for lesions 1 to 2 cm in size to document stability. For those likely benign larger lesions measuring >2
but <4 cm, a dedicated adrenal CT protocol may be
obtained at the time of identiﬁcation to conﬁrm benignity [27-29]. In the less common scenario in which a
speciﬁc benign diagnosis cannot be made using a
dedicated adrenal CT protocol, 6- to 12-month followup CT to document stability or resection may be
considered, depending on the clinical context.
If the patient has a history of cancer without known
metastatic disease and the adrenal mass has no benign
diagnostic benign imaging features or prior examinations
to document stability, a dedicated adrenal CT protocol is
recommended (without and with intravenous contrast)
because benign and malignant lesions usually cannot be
differentiated using contrast-enhanced CT alone [30]. If
the adrenal mass demonstrates central necrosis, the
likelihood that the lesion is metastatic increases, and
adrenal biopsy or PET/CT may be considered [30,31].
PET/CT in this circumstance is to both characterize
the adrenal mass (metastases tend to be more 18Fﬂuorodeoxyglucose avid than adenomas) and detect
occult extra-adrenal metastases [30].

Masses Without Diagnostic Features (4 cm)
For an isolated adrenal mass that is 4 cm in size, if there
are no benign diagnostic features or history of cancer,
surgical resection (without biopsy) is recommended to
treat possible primary adrenal cortical carcinoma.
OVERVIEW OF DIAGNOSTIC STRATEGIES IN
THE ALGORITHM
Adrenal CT Protocol
A dedicated adrenal CT protocol permits characterizing
benign adrenal adenomas using two different techniques:
density measurement and contrast washout. The recommended collimation for an adrenal CT is 3 mm, with
reconstructions in the axial and coronal planes. An adrenal
protocol CT consists of an unenhanced CT acquisition
through the upper abdomen, which is reviewed in real
time by the covering radiologist. If there are not benign
diagnostic imaging features (macroscopic fat, adrenal
density 10 HU), dynamic contrast-enhanced CT (60-90
seconds after the administration of intravenous contrast
1042

by power injector) and a 15-min delayed acquisition are
performed [32]. The unenhanced CT scan measures native
adrenal density (and hence intracellular lipid content). If
contrast is required, adrenal washout is calculated as
described later. Unenhanced CT should use a reduceddose technique, including tube-current modulation with
limited z-axis coverage of the adrenal glands (rather than
of the entire abdomen), resulting in limited radiation
exposure [33,34]. We suggest using 120 kVp technique
(without tube-voltage modulation) because this has been
used most frequently to estimate tissue density, and the use
of a different tube voltage can alter the measured density.
The speciﬁc CT technique should be tailored to each
CT device, taking care to ensure adequate spatial resolution for accurate measurement of both adrenal size and
density. We are not aware of dedicated literature that
speciﬁcally addresses adrenal mass density on reduced-dose
CT; however, a 10-HU threshold has been used to
diagnose an adenoma on CT colonography [35,36].
Adenomas typically enhance rapidly with the use of
iodinated contrast material or gadolinium chelates and
also display rapid washout [28]. Although metastases
generally enhance rapidly, their washout is more
prolonged. Using CT, absolute percentage washout
values are calculated using the formula (enhanced HU 
15-min delayed HU)/(enhanced HU  unenhanced
HU)  100%. A value of 60% or greater is diagnostic of
an adenoma. Relative percent washout is used when an
unenhanced CT value is not available, and the enhanced
values are compared with 15-min delayed scans. Relative
percentage washout is calculated using the formula
(enhanced HU  15-min delayed HU)/enhanced
HU  100%; a value of 40% or greater is diagnostic for an
adenoma [27-29]. Adrenal washout CT was used
successfully to distinguish adenomas from nonadenomas
in 160 of 166 adrenal masses with 98% sensitivity and
92% speciﬁcity [27].
If an adrenal mass does not demonstrate enhancement
(<10-HU change between unenhanced and enhanced
scan), the mass represents a cyst or hemorrhage, and no
follow-up examination is needed. We are unaware of
literature addressing speciﬁc adrenal HU values to
determine if an adrenal mass enhances; however, such
data are available for renal mass characterization. In renal
masses, density differences <10 HU before and after
contrast administration have been deﬁned as deﬁnitive for
nonenhancement [37,38]. We have applied this <10HU criterion to ascertain nonenhancement in adrenal
masses. Conversely, when an adrenal mass shows avid
enhancement (>110-120 HU), a pheochromocytoma
Journal of the American College of Radiology
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should be considered, and biochemical evaluation with
serum catecholamines is recommended [39].

CS-MRI
CS-MRI remains an important tool for diagnosing an adenoma, especially in patients with allergies to iodinated
contrast. Although there are some data to suggest that
CS-MRI may be slightly more sensitive for the detection of
intracellular lipid than unenhanced CT, high-density adenomas (>20-30 HU on unenhanced CT) may remain
indeterminate on CS-MRI, and adrenal CT with washout
has been shown to outperform CS-MRI [20,40-43].
Therefore, adrenal CT using a dedicated adrenal CT
protocol remains the primary tool in the workup of an
adrenal mass, carrying the beneﬁt of a “one-stop
examination” that uses both density and washout to
characterize an adenoma. When choosing between
adrenal CT and CS-MRI, there are also practical considerations, such as availability, patient convenience
for a single examination, and cost, which usually favor
CT. If reduced-radiation dose CT techniques are used
to characterize a known adrenal mass (as described
previously), the radiation to the patient is likely not
signiﬁcant.
There has been concern for payment denial by insurers requiring that a speciﬁc protocol be followed in
advance of the CT examination. Speciﬁcally, if preauthorization is obtained for a CT protocol without and
with intravenous contrast, but only unenhanced CT is
performed, insurers could deny payment. Local workﬂows should be developed in a way that addresses this
potential barrier, if it is present.
Dual-Energy CT
Dual-energy CT is used at many centers and can provide
material-speciﬁc information about the unique CT
attenuation properties of different materials at different
energies [44]. The virtual unenhanced density of an
adrenal mass, obtained from contrast-enhanced dual-energy CT, has been shown to approximate its true unenhanced density and can be used to diagnose an adenoma,
potentially reducing the need for additional studies [4548]. The virtual unenhanced density can be higher than
true unenhanced density; therefore, a 10-HU threshold
may be used to diagnose an adenoma on dual-energy CT.
However, manufacturers differ in the methods used to
acquire dual-energy images and data. We recommend
that users refer to speciﬁc up-to-date research about their
equipment and protocols.
Journal of the American College of Radiology
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PET/CT
Recent advances in imaging characterization with CT,
MRI, and particularly PET/CT have decreased the need
for image-guided percutaneous biopsies to characterize
adrenal masses [49,50]. In oncology patients, an
enlarging adrenal mass, an indeterminate adrenal mass
on adrenal CT, and an adrenal mass 4 cm should
proceed with PET/CT or biopsy because the presumed
diagnosis is metastatic disease.
Adrenal Mass Biopsy
The role of adrenal mass biopsy is reserved predominantly
to conﬁrm a suspected adrenal metastasis; this procedure
has been shown to be safe with a low morbidity [51]. If
there are signs or symptoms of pheochromocytoma,
plasma-fractionated metanephrine and normetanephrine
levels should be obtained before the biopsy [52].
Endocrine Evaluation
Imaging examinations are useful to separate benign from
malignant masses but do not address the functional status
of an incidental adrenal mass. Imaging can characterize
adrenal adenomas with high accuracy but cannot be
used to distinguish hyperfunctioning from nonhyperfunctioning masses [53]. The incidence of
subclinical adrenal hyperfunction in the incidentally
discovered adrenal mass is not known but has been
reported to vary from 5% to 9% [15]. In addition,
although pheochromocytomas are rare, one recent study
demonstrated that 70% (40 of 57) of surgically proven
pheochromocytomas were detected incidentally [54].
Endocrine workup of an incidental adrenal mass is
somewhat controversial. Controversies include (1)
whether biochemical evaluation should be performed in
all patients with incidentally discovered adrenal masses;
(2) what biochemical assays to perform; and (3) if initial
assays are normal, whether and how often to repeat them.
Detailed review of endocrine evaluation is beyond the
scope of this article, but on the basis of clinical recommendations from our endocrine and surgical colleagues,
we now advise consideration of routine biochemical
evaluation for most incidentally discovered adrenal masses
(Fig. 1). Our prior recommendation was to recommend
biochemical testing if the patient was hypertensive or
had clinical signs or symptoms of adrenal
hyperfunction. However, several published guidelines
recommend excluding an occult, asymptomatic
hyperfunctioning mass for all incidental adrenal masses
[2,4,6,15,16]. Current guidelines from the American
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Association of Clinical Endocrinologists and the
American Association of Endocrine Surgeons
recommend an initial biochemical evaluation of all
adrenal incidentalomas to exclude pheochromocytoma,
subclinical Cushing’s syndrome, and hyperaldosteronism.
One approach used by endocrinologists and endocrine surgeons is to obtain a dexamethasone suppression
test and plasma metanephrines in all patients with incidentally discovered adrenal masses. If the plasma metanephrines are equivocal, 24-hour urine collection can be
performed for metanephrines. If the patient is found to
be hypertensive, serum renin and aldosterone levels may
be performed to exclude an aldosteronoma. If the original
biochemical evaluation is normal, the recommendations
for subsequent follow-up are variable but in general
suggest imaging and biochemical follow-up more
frequently than in our algorithm. Over time, some
benign adenomas may develop cortisol hypersecretion
and cause subclinical Cushing’s syndrome [15,16]. There
remains controversy concerning current endocrinology
guidelines, with some endocrinologists noting that their
society’s recommendations are too costly, with a high
false-positive rate [17].

-

-

A standardized approach to managing incidental
adrenal masses is desirable to reduce practice
variation, decrease costs, and alleviate unnecessary
patient and physician anxiety.
This update by the Adrenal Subcommittee of
the ACR IFC systematically describes incidental adrenal ﬁndings and provides speciﬁc
guidance about reporting and management
recommendations.
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TAKE-HOME POINTS
-

Incidental adrenal masses are being discovered more
frequently because of increased utilization and
improved spatial resolution of CT and MR.
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