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INTRODUCTION
Adrenal incidentalomas are adrenal masses greater 
than 1 cm in size that are detected on cross-sectional 
imaging performed for an unrelated indication.1 these 
lesions are common, estimated to be present in 4% of 
patients on imaging series, and up to 10% of the elderly 
population.2,3 most of these lesions are benign non-
functioning adrenocortical adenomas, with a minority 
being hormonally active or malignant. 

the evaluation and management of adrenal inciden-
talomas is a multidisciplinary process, relying on the 
expertise of family physicians, urologists, endocrinolo-
gists, and radiologists. In 2011, the Canadian Urological 
Association (CUA) released a guideline on the manage-
ment of the incidentally discovered adrenal mass.4 since 
then, there have been several clinical practice guidelines 
published by various endocrine, radiological, and surgi-
cal societies.5-8 A review by maas et al compared these 
guidelines and found many points of discrepancy and 
controversy.9 Furthermore, in a letter to the editor from 

April 2021, mcInnes et al suggested an important revi-
sion to the current CUA guideline.10 

the purpose of this guideline is to provide an 
updated approach to the diagnosis, management, and 
followup of adrenal incidentalomas, with a special focus 
on the areas of discrepancy/controversy existing among 
the published guidelines from other associations. 

METHODS
this guideline was developed by a working group com-
prised of urologists, endocrinologists, and radiologists 
across Canada. the working group met virtually on mul-
tiple occasions to discuss the priorities for the guideline 
and to review the manuscript and recommendations. 
the recommendations and the evidence used to inform 
each recommendation were reviewed and agreed upon 
by the working group. When required, consensus was 
reached by discussion among group members. the tar-
get audience of this guideline is healthcare providers 
who manage patients with adrenal incidentalomas (e.g., 
family physicians, endocrinologists, internists, urologists, 
endocrine surgeons, etc.), as well as patients with adre-
nal incidentalomas. 

the grading of recommendations Assessment, 
development and evaluation (grAde) framework 
was used as a methodological basis for this guideline. 
our evidence synthesis was completed using Pubmed, 
medline, and Cochrane library databases. 

the first step was defining clinical questions. A list of 
12 clinical questions were compiled and are displayed 
in table 1. next, a systematic literature search was 
conducted to address each question. For questions 
where there was a recent high-quality guideline analy-
sis and recommendation, focus was given towards any 
subsequent peer-reviewed publications and adapting 
the recommendation to a Canadian context. special 
attention was paid to areas of controversy/discrepancy 
between the currently published guidelines.5-8 For each 
recommendation, the strength of recommendation was 
reported as weak or strong, and the quality of evidence 
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was evaluated as low, moderate, or high. A summary of 
all recommendations is displayed in table 2.

DEFINITION OF ADRENAL 
INCIDENTALOMA
An adrenal incidentaloma is an adrenal mass detected 
on cross-sectional imaging performed for an unrelat-
ed indication. the imaging test could not have been 
ordered to evaluate symptoms of adrenal hormone 
excess or a suspected adrenal mass. Adrenal masses 
identified on imaging studies performed for tumor stag-
ing in patients with a known cancer are also not con-
sidered adrenal incidentalomas. generally, these masses 
are found during the workup of signs/symptoms not felt 
to be related to the adrenal glands, such as abdominal 
or back pain. Adrenal incidentalomas must also be equal 
to or greater than 1 cm in size.1

WORKUP OF AN INCIDENTALLY 
DETECTED ADRENAL MASS
the differential diagnosis for an adrenal incidentaloma is 
broad. these masses can be broken down into three cat-
egories: benign non-functioning, benign hyperfunctioning, 
and malignant lesions. A full breakdown of potential eti-
ologies of adrenal masses and their estimated prevalence 
is presented in table 3.1-4 the most common lesion is a 
benign non-functioning adrenal adenoma. these are esti-
mated to make up 75% of adrenal incidentalomas. other 
potential benign adrenal masses include myelolipomas, 
cysts, lymphangiomas, and ganglioneuromas.

Hyperfunctioning adrenal lesions include cortisol-
secreting adenomas (5.3% of all adrenal incidentalomas), 
aldosterone-secreting adenomas (1%), or catechol-
amine-secreting pheochromocytomas (5.1%).5 Finally, 
adrenal incidentalomas could represent malignant 
lesions, such as adrenocortical carcinoma (ACC) (4.7%) 
or metastases (2.5%).5 A systematic review found that 
approximately 20% of all adrenal incidentalomas were 
potential surgical lesions.3,6 

History and physical examination
When an adrenal incidentaloma is detected, a care-
ful evaluation must be carried out to evaluate for any 
clinical signs or symptoms of a hyperfunctioning lesion 
or underlying malignancy. the general approach to the 
clinical history and physical exam for the patient with 
an incidentally detected adrenal mass is displayed in 
table 4.

█  RECOMMENDATION 1 
Workup for an adrenal incidentaloma should include 
a focused history and physical examination aimed at 
identifying signs/symptoms of adrenal hormone excess, 
adrenal malignancy, and/or extra-adrenal malignancy 
(Clinical principle).

█  RECOMMENDATION 2
There should be a low threshold for a multidisci-
plinary review by endocrinologists, surgeons, and 
radiologists when the imaging is not consistent with 
a benign lesion, there is evidence of hormone hyper-
secretion, the tumor has grown significantly during 
followup imaging, or adrenal surgery is being consid-
ered (Clinical principle).

Radiological evaluation
An algorithm for the use of imaging tests in the work-
up of adrenal incidentalomas is presented in Figure 1. 
Computed tomography (Ct) and magnetic resonance 
imaging (mrI) are the primary imaging modalities per-
formed to evaluate adrenal incidentalomas.

the first step in characterization of an adrenal mass 
is to determine if it is benign or malignant. the most val-
idated initial imaging test to characterize adrenal masses 
is non-contrast Ct. A mass that is homogeneous, well-
circumscribed, and measures <10 Hounsfield Units 
(HU) in attenuation can be confidently diagnosed as 
benign, overwhelmingly representing lipid-rich adre-
nal cortical adenomas. In a retrospective review of  
216 patients who underwent adrenalectomy, 143/143 
(100%) patients who had benign features on Ct had 
benign final pathology.11 similarly, in another retrospec-

Table 1. Clinical questions regarding the workup, 
management, and surveillance of adrenal 
incidentalomas addressed in the guideline
1.	 What	is	the	definition	of	an	adrenal	incidentaloma?
2.	 What	is	the	differential	diagnosis	for	an	adrenal	incidentaloma	(malignant,	

benign,	and	functioning)?
3.	 What	are	key	questions	to	ask	on	history	and	pertinent	physical	

examination	findings	when	evaluating	a	patient	with	an	adrenal	
incidentaloma?

4.	 What	are	the	best	first-line	and	second-line	imaging	tests	to	characterize	the	
incidentally	discovered	adrenal	mass?

5.	 Which	patients	with	adrenal	incidentalomas	require	screening	for	
hypersecretion	of	cortisol,	aldosterone,	catecholamines,	and	androgens?	
What	are	the	best	screening	tests	for	each?

6.	 Is	there	a	role	for	biopsy	of	an	adrenal	incidentaloma?
7.	 What	are	the	indications	for	surgery	for	an	incidentally	detected	adrenal	

mass?
8.	 Should	patients	with	subclinical	Cushing’s	be	offered	adrenalectomy?
9.	 Is	there	a	specific	size/growth	rate	threshold	that	can	be	used	for	offering	

treatment	for	a	non-functioning	mass	with	benign	characteristics?
10.	 What	is	the	best	surgical	approach	for	localized	adrenocorticotropic	

carcinomas?
11.	 What	constitutes	appropriate	followup	for	a	patient	not	undergoing	surgery	

or	postoperatively?	
12.	 Are	there	any	special	considerations?
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Table 2. Summary of recommendations

Recommendation Strength	of	
recommendation

Quality	of	
evidence

1 Workup for an adrenal incidentaloma should include a focused history and physical examination aimed at 
identifying signs/symptoms of adrenal hormone excess, adrenal malignancy, and/or extra-adrenal malignancy.

Clinical principle

2 There should be a low threshold for a multidisciplinary review by endocrinologists, surgeons, and radiologists 
when the imaging is not consistent with a benign lesion, there is evidence of hormone hypersecretion, the 
tumor has grown significantly during followup imaging, or adrenal surgery is being considered.

Clinical principle

3  Patients found to have an indeterminate incidental adrenal mass should undergo a non-contrast CT as first-line 
imaging to distinguish benign lesions from those that require further radiological investigation.

Strong Moderate

4 Patients who continue to have an indeterminate adrenal mass on non-contrast CT should undergo second-line 
imaging with either washout CT or chemical-shift MRI.

Weak Moderate

5 Adrenal mass biopsy should not be performed routinely for the workup of an adrenal incidentaloma. Strong Moderate

6.1 All patients with adrenal incidentalomas should be screened for autonomous cortisol secretion. Weak Moderate

6.2 1 mg dexamethasone suppression testing is the preferred screening test for identifying autonomous cortisol 
secretion when clinically appropriate.

Strong Moderate

7.1 Patients with adrenal incidentalomas and hypertension and/or hypokalemia should be screened for primary 
aldosteronism with an aldosterone-to-renin ratio.

Strong Moderate

7.2 Adrenal vein sampling is recommended prior to offering adrenalectomy in patients with primary aldosteronism. Strong Moderate

8.1 We suggest against screening for pheochromocytoma in patients who have unequivocal adrenocortical 
adenomas confirmed on unenhanced CT (<10 HU) and no signs or symptoms of adrenergic excess.

Weak Low

8.2 Patients with adrenal incidentalomas that display ≥10 HU on non-contrast CT or who have signs/symptoms 
of catecholamine excess should be screened for pheochromocytoma with plasma or 24-hour urinary 
metanephrines.

Strong Moderate

9 In cases of suspected adrenocortical carcinoma and/or when clinical signs of virilization are present, serum 
testing of excess androgen testing should be performed.

Clinical principle

10.1 Patients with unilateral cortisol-secreting adrenal masses and clinically apparent Cushing's syndrome should 
undergo unilateral adrenalectomy of the affected adrenal gland. Minimally invasive surgery should be 
performed when feasible for these procedures.

Clinical principle

10.2 Younger patients with mild autonomous cortisol secretion who have progressive metabolic comorbidities 
attributable to cortisol excess can be considered for adrenalectomy after shared decision-making. Patients not 
managed surgically should undergo annual clinical screening for new or worsening associated comorbidities.

Weak Low

11 Adrenalectomy should be performed for patients with unilateral aldosterone-secreting adrenal masses and 
pheochromocytomas. Minimally invasive surgery should be performed when feasible for these procedures.

Clinical principle

12.1 Minimally invasive adrenalectomy can be offered to patients with suspected adrenocortical carcinomas that can 
be safely resected without rupturing the tumor capsule.

Weak Low

12.2 Open adrenalectomy should be considered for patients with larger adrenocortical carcinomas or those 
presenting with locally advanced tumors, lymph node metastases, or tumor thrombus in the renal vein/inferior 
vena cava.

Strong Low

13 Patients with benign non-functioning adenomas <4 cm, myelolipomas, and other small masses containing 
macroscopic fat detected on the initial workup for an adrenal incidentaloma do not require further followup 
imaging or functional testing.

Strong Moderate

14.1 Patients with non-functioning adrenal lesions that are radiologically benign (<10 HU) but >4 cm should 
undergo repeat imaging in 6–12 months

Weak Low

14.2 Adrenalectomy should be considered for patients with adrenal incidentalomas growing >5 mm/year after 
repeating a functional workup.

Weak Low

14.3 No further imaging followup or functional testing is required for patients with adrenal lesions that grow <3 
mm/year on followup imaging.

Weak Low

15 Shared decision-making between patients and their clinicians should be used for the management of 
indeterminate non-functioning adrenal lesions. Management options include repeat imaging in 3–6 months vs. 
surgical resection.

Clinical principle

CT: computed tomography. 
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tive review of 2219 adrenal incidentalomas that were 
either surgically removed or monitored for at least a 
year, the risk of finding an ACC was 0% if the HU 
were <10 on initial imaging (0.5% when HU=10–20 
and 6.3% when HU >20).12 

In masses that show large areas of macroscopic fat 
(isoattenuating to retroperitoneal fat and measuring 
<-10 to -15 HU) a diagnosis of benign myelolipoma can 
be made.13 masses with small amounts of macroscopic 
fat have historically represented a diagnostic dilemma, 
since macroscopic fat has been found in adrenal corti-
cal carcinoma.14,15 more recent data indicate that many 
adrenal masses with small amounts of macroscopic fat 
can be benign adrenal cortical adenomas with myelo-
lipomatous degeneration.16 these can be diagnosed 
confidently when serial imaging shows a typical adrenal 
adenoma that later develops areas of macroscopic fat 
with or without calcification.16 thus, the presence of 
small amounts of macroscopic fat in larger, heteroge-
neous masses should not be considered a diagnostically 
benign feature. 

At a threshold of <10 HU, the sensitivity and speci-
ficity of non-contrast Ct for benign adenomas is 71% 
and 98%, respectively.17 dinnes et al tested this thresh-
old in a systematic review with meta-analysis and found 
that lesions on non-contrast Ct with HU <10 were 
only identified in those with benign disease.14 It should 
be noted that approximately 30% of benign adenomas 
have an attenuation value of >10 HU and are consid-
ered lipid-poor, overlapping in density with malignant 
lesions and pheochromocytomas. thus, adrenal masses 
with HU >10 are considered indeterminate.17-19

█  RECOMMENDATION 3
Patients found to have an incidental adrenal mass 
should undergo a non-contrast CT as first-line imag-
ing to distinguish benign lesions from those that 
require further radiological investigation (Strong rec-
ommendation, moderate-quality evidence).

masses that do not fit the radiological criteria for 
lipid-rich adenoma or myelolipoma outlined above can 
be further evaluated with either a contrast-enhanced 
washout Ct or chemical-shift mrI.

Adrenal washout Ct (contrast-enhanced) has been 
considered the mainstay for indeterminate adrenal mass 
evaluation for many years. Adrenal adenomas charac-
teristically take up contrast rapidly and have a rapid 
loss of contrast or “washout.” Conversely, malignant 
lesions typically display a slower washout of contrast. 
these parameters are exploited in contrast-enhanced 
washout Cts, which quantify the amount of “washout” 
by measuring lesion attenuation at specific time points 

during the Ct: before injection of contrast medium 
(HU.pre), at 70 seconds following injection of con-
trast medium (HU.peak), and then at 15 minutes after 
contrast injection (HU.15min). From this, the absolute 
(=100×[HU.peak− HU.15 min]/ [HU.peak−HU.pre]) 
and relative (=100×[HU.peak−HU.15min]/HU.peak) 

Table 3. Differential diagnosis of adrenal 
incidentalomas and estimated prevalence
Type Range	(%)

Benign	non-functional  

Non-functioning	adenoma 71–84

Ganglioneuroma 0–8

Myelolipoma 7–15

Cysts 4–22

Benign	functioning  

Cortisol	secreting	adenoma 1–30

Aldosterone	secreting	adenoma 2–7

Pheochromocytoma	 1.5–14

Malignant  

Adrenocortical	carcinoma 1.2–12

Metastases 0–21

Pheochromocytoma 1.5–14

Data from references 1-4. 

Table 4. Elements of a focused history and physical examination are tailored 
towards detecting possible etiologies for an adrenal incidentaloma
Condition History Physical	exam

Hyper-
cortisolism	
(Cushing’s	
syndrome)

Weight gain, central obesity, easy bruising, 
severe hypertension, diabetes, proximal 
muscle weakness, fatigue, depression, sleep 
disturbances, menstrual irregularities and 
virilization (in females), or fragility fractures

Hypertension, central obesity, 
supraclavicular fat accumulation, a 
dorsocervical fat pad, facial plethora, 
thinned skin, purple and wide (>1 cm) 
striae, acne, ecchymoses, hirsutism, and 
proximal muscle weakness or wasting

Aldosteronism Hypertension, hypokalemia, muscle cramp-
ing and weakness, headaches, intermittent 
or periodic paralysis

Hypertension, fluid retention

Pheochromo-
cytoma

Headaches, anxiety attacks, sweating, palpi-
tations, or family history of von Hippel-Lin-
dau disease, multiple endocrine neoplasia 
type 2, familial paraganglioma syndrome, or 
neurofibromatosis type 1

Severe hypertension, tachycardia, 
arrhythmias, congestive heart failure, 
excessive sweating, anxiety, and pallor

Adreno-
cortical	
carcinoma

Flank pain, vague abdominal discomfort, 
hypercortisolism, virilization, feminization or 
aldosteronism 

Weight loss, hirsutism, gynecomastia, 
signs of hypercortisolism

Metastasis Personal and family history of malignant 
lesions, weight loss, unexplained fevers, lack 
of adherence to an age-appropriate cancer 
screening program, and smoking history

Lymphadenopathy, lung mass, breast 
mass, renal mass or skin lesion suspi-
cious for melanoma, as well as other 
cancer-specific findings
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contrast enhancement washout can be calculated. A 
relative washout >40% and an absolute washout >60% 
support the diagnosis of a benign mass.19-23

recently, contrast-enhanced washout Ct has come 
under scrutiny due to newer data evaluating its test 
properties.21-23 limitations of the adrenal washout Ct 
test relate to both false-positive and false-negative rates. 
It is now widely known that roughly 1/3 of pheochro-
mocytomas may washout in the characteristic range 
of an adenoma.24,25 Although pheochromocytomas 
are usually heterogeneous and show higher Ct peak 
attenuation compared to adenoma, there is significant 

overlap between groups, preventing a confident imag-
ing diagnosis.26 on the contrary, approximately 1/3 of 
adrenal adenomas do not washout in the adenoma 
range.27 moreover, malignant masses can also washout 
in the adenoma range, which can result in adrenal corti-
cal carcinoma or hypervascular metastases being mis-
taken for an adenoma on a Ct washout.24,28 Clinicians 
who use washout Cts for characterization of inde-
terminate adrenal masses should be aware of these 
above-stated limitations. 

A second option for imaging an adrenal mass that 
is indeterminate on a non-contrast Ct scan is chemi-
cal-shift mrI. Chemical-shift mrI exploits the different 
frequency of protons in water and fat and is used to 
detect microscopic fat.29 Chemical-shift mrI is highly 
sensitive for microscopic fat and can detect microscopic 
fat in adrenal adenomas that measure >10 HU on a 
non-contrast Ct and would otherwise be considered 
lipid-poor.30 Chemical-shift mrI is most useful for adre-
nal masses that measure 10–30 HU on a non-contrast 
Ct.30 When microscopic fat is identified as a homoge-
neous signal intensity drop on chemical-shift mrI, these 
features are diagnostic of lipid-rich adrenal adenoma. 
Heterogeneous signal intensity drop is a more contro-
versial imaging finding since minute amounts of micro-
scopic fat have been identified in pheochromocytoma, 
adrenal cortical carcinoma, and some fat-containing 
metastases.29 

A recent systematic review and meta-analysis assess-
ing the test properties of washout Ct scans vs. chemi-

Indeterminate adrenal incidentaloma

Non-contrast CT if not already completed

Clear adrenocortical adenoma with <10 HU
Yes No

Hypercortisolism screen (all)
Hyperaldosteronism screen (if HTN or hypoK)

Benign non-functional 
lesion

<4 cm >4 cm

No radiographic or 
hormonal followup

Repeat CT in 
6–12 months

Benign functional lesion 
or pheochromocytoma

See Figure 2

Chemical-shift MRI or contrast-enhanced washout CT
+

Hypercortisolism screen (all)
Pheochromocytoma screen (all)
Hyperaldosteronism screen (if HTN or hypoK)
Androgen screen (if virilization or suspected ACC)

Suspected ACC

Adrenalectomy + 
lymphadenectomy, open 
favored when increased 
risk of tumor rupture

Suspected metastasis

Consider biopsy and 
PET/CT

Equivocal non- 
functional lesion

Repeat imaging in 3–6 
months vs. adrenalectomy

Figure 1. Algorithm for the workup of an adrenal incidentaloma. ACC: adrenocortical carcinoma; CT: computed tomography; HTN: hypertension; hypoK: hypokalemia; MRI: magnetic 
resonance imaging; PET: positron emission tomography.

Functional lesion

Hypercortisolism Hyperaldosteronism Pheochromocytoma

ACTH-independent

Cushing’s syndrome and select 
patients with mild autonomous 

cortisol secretion

Lateralization confirmed 
with adrenal vein sampling

Adrenalectomy, MIS where feasible

Figure 2. Management of a functional adrenal lesion. ACTH: adrenocorticotropic hormone MIS: minimally invasive surgery.
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cal-shift mrI at evaluating indeterminate adrenal lesions 
was unable to determine superiority of one second-line 
imaging modality over another. this was largely due to 
the low number and poor quality of eligible studies.5 
evidence for both washout Ct and mrI are weak and 
there are no head-to-head comparisons for use as a 
second-line imaging test. the primary advantages of mrI 
compared to washout Ct are the absence of radiation 
exposure and the lack of iodinated contrast media, mak-
ing mrI appealing in both young patients (less than 40 
years of age), pregnant patients, and those with renal 
insufficiency. Cost and access, however, are important 
limitations of mrI in Canada at the present time. 

█  RECOMMENDATION 4
Patients who have an indeterminate adrenal mass on 
non-contrast CT should undergo second-line imaging 
with either washout CT or chemical-shift MRI (Weak 
recommendation, moderate-quality evidence).

Role of biopsy
Adrenal mass biopsy is rarely indicated in the workup of 
an incidental adrenal lesion. biopsy may be considered 
when the diagnosis of metastatic disease from an extra-
adrenal malignancy would be of value. While biopsy can 
differentiate metastasis from lipid-poor adenomas and 
pheochromocytomas, it cannot differentiate an adeno-
ma from an ACC. A 2016 systematic review found that 
adrenal mass biopsy was associated with a low risk of 
complication (2.5%) and good diagnostic performance 

(sensitivity of 87%, specificity 100%).5 biopsy of sus-
pected ACC should not be routinely performed due 
to potential risk of tumor seeding the needle tract.31 
Prior to biopsy, it is crucial to ensure that a pheochro-
mocytoma has been excluded.

█  RECOMMENDATION 5
Adrenal mass biopsy should not be performed rou-
tinely for the workup of an adrenal incidentaloma 
(Strong recommendation, moderate-quality evidence).

Laboratory evaluation
Adrenal lesions can be hormonally active and secrete 
cortisol, aldosterone, catecholamines, sex hormones, or 
steroid precursors. the optimal tests for each of these 
and their interpretation is outlined in table 5.

the most widely accepted screening test to identify 
cortisol excess is the 1 milligram (mg) overnight dexa-
methasone suppression test, although there have been 
no head-to-head comparisons between alternative tests 
to assess their diagnostic performance. For the 1 mg 
overnight dexamethasone suppression test, the patient 
is given a prescription for 1 mg of dexamethasone 
to be taken at 11 pm, and the serum cortisol level is 
measured the following morning at 8 am. even though 
cortisol secretion by adrenal adenomas is likely a con-
tinuous rather than categorical variable, it is clinically 
useful to have thresholds. there is evidence to support 
using a result of ≤50 nmol/l (≤1.8 μg/dl) as sufficient to 
exclude autonomous cortisol excess (sensitivity >95%). 

Table 5. Functional workup for adrenal incidentalomas

Hormone	excess Population Tests Interpretation Ancillary	testing

Cortisol All AIs 1 mg dexamethasone sup-
pression test: 1 mg taken 
at 11 pm, serum cortisol 
measured at 8 am 

– ≤50 nmol/L excludes cortisol 
hypersecretion

– 51–138 nmol/L possible 
autonomous cortisol secretion

– >138 nmol/L evidence of cortisol 
hypersecretion

– ACTH-independency should be 
confirmed in all patients considering 
intervention by measuring plasma 
ACTH

– 24-hr urinary-free cortisol, midnight 
salivary cortisol

– DHEAS

Aldosterone Hypertension/
Hypokalemia

Aldosterone-to-renin ratio 20 ng/dL per ng/mL/hr has excellent 
sensitivity and specificity (>90%) 
for confirming hyperaldosteronism 
(labs may have their own calibrated 
reference cutoffs)

Adrenal vein sampling for lateraliza-
tion, saline suppression, and salt-
loading with 24-hr urine aldosterone 
measurement

Catecholamines HU ≥10 or HU not 
available

– Plasma-free metanephrines
– 24-hour urinary fraction-

ated metanephrines

>2X upper limit of normal N/A

Androgens Suspected ACC or 
virilization

DHEAS, testosterone Higher levels suggest greater burden 
of disease

17β-estradiol, 17-OH progesterone, 
androstenedione, 17-OH preg-
nenolone, 11-deoxycortico sterone, 
progesterone, and estradiol

ACC: adrenocortical carcinoma; ACTH: adrenocorticotropic hormone; AI: adrenal incidentaloma; DHEAS: dehydroepiandrosterone sulfate; N/A: not 
applicable.
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similarly, cortisol levels >138 nmol/l (>5.0 μg/dl) are 
in keeping with autonomous cortisol secretions and 
levels between 51 and 138 nmol/l (1.9–5.0 μg/dl) can 
be considered equivocal.32-34 

there are a few important factors to consider when 
interpreting the results of a 1 mg overnight dexametha-
sone suppression test. First, it is important to note that 
dexamethasone is metabolized through the CyP3A4 
enzyme, and its levels can, therefore, be increased or 
decreased by several interacting medications. second, 
estrogens increase cortisol-binding globulin, resulting in 
a 50% false-positive rate on the 1 mg dexamethasone 
suppression test in women taking oral contraceptives. 
third, patients with critical illness, depression, or shift 
workers may have a blunted circadian rhythm of cor-
tisol secretion. In these instances, an alternative bio-
chemical test, such as a 24-hour urinary-free cortisol 
or midnight salivary cortisol, may be considered (table 
5). If hypercortisolism is confirmed on the 1 mg dexa-
methasone suppression test, referral to endocrinology 
for additional biochemical tests is warranted. this gen-
erally includes confirmatory testing and confirmation 
of adrenocorticotropic hormone (ACtH)-independent 
cortisol secretion. 

the panel supports screening for cortisol excess in 
all patients with adrenal incidentalomas given that imag-
ing remains imperfect, with many lipid-poor adenomas 
overlapping with malignant adrenal masses and pheo-
chromocytomas as discussed above, as well as there 
likely being a subset of patients with autonomous cor-
tisol secretion but no overt Cushing’s syndrome who 
could benefit from surgical resection (discussed below). 

█  RECOMMENDATION 6.1
All patients with adrenal incidentalomas should be 
screened for autonomous cortisol secretion (Weak 
recommendation, moderate-quality evidence).

█  RECOMMENDATION 6.2
1 mg dexamethasone suppression testing is the pre-
ferred screening test for identifying autonomous 
cortisol secretion when clinically appropriate (Strong 
recommendation, moderate-quality evidence).

For patients with hypertension and/or hypokalemia 
in whom hyperaldosteronism is suspected, the pre-
ferred initial test is the aldosterone/renin ratio (Arr).35 
this test is best done in the morning once the patient 
has been out of bed for two hours and has been 
seated for 5–15 minutes. Ideally, patients should be 
potassium-replete and mineralocorticoid receptor (mr) 
antagonists should be withdrawn for at least four weeks 
before Arr testing. stopping angiotensin-converting 

enzyme inhibitors (ACeI) and angiotensin II receptor 
blockers (Arb) prior to this testing is not required, as 
the effect on the Arr is minimal and can be interpreted 
in light of these confounding factors.35,36 

β-adrenergic blockers and central agonists, however, 
can lead to false-positive results by increasing plasma 
aldosterone and decreasing renin levels. Ideally, these 
medications would be halted at least two weeks prior 
to testing. In most cases, verapamil, hydralazine, prazo-
sin, and doxazosin generally do not have a significant 
effect on Arr and can be continued or substituted for 
interfering medications.37 

An Arr >20 ng/dl per ng/ml/hr has excellent sen-
sitivity and specificity (>90%) for the diagnosis of hyper-
aldosteronism.35-38 In addition, suppressed renin levels 
(i.e., <0.6 ng/ml/hr) are a strong independent predic-
tor of the autonomous aldosterone secretion seen in 
cases of hyperaldosteronism.39 saline suppression and 
salt-loading with 24-hour urine aldosterone measure-
ment are confirmatory tests that can be considered. A 
comprehensive review of the diagnosis and manage-
ment of hyperaldosteronism is outside the scope of 
this guideline, and we direct readers to clinical practice 
guidelines and excellent expert reviews on this topic.40,41

Furthermore, for most patients, it is paramount to 
confirm lateralization of aldosterone hypersecretion to 
the side of the adrenal lesion with adrenal vein sampling 
(AVs). In a systematic review comprised of 950 patients 
treated between 1977 and 2009, the authors found 
that a Ct/mrI lesion was discordant with AVs results in 
40% of patients. relying only on Ct/mrI results would 
have led to inappropriate adrenalectomy in 15% of 
patients (where AVs showed a bilateral problem, bet-
ter treated with medical therapy), inappropriate exclu-
sion from adrenalectomy in 19% of patients (where 
AVs showed unilateral secretion), and wrong-sided 
adrenalectomy in 4% of patients (where AVs showed 
aldosterone hypersecretion on the contralateral side 
of the adrenal mass).42,43 the concordance between 
imaging and AVs appears better in younger patients 
(age less than 40), but omission of this test in this age 
group remains controversial.44

█  RECOMMENDATION 7.1
Patients with adrenal incidentalomas and hypertension 
and/or hypokalemia should be screened for primary 
aldosteronism with an ARR (Strong recommendation, 
moderate-quality evidence).

█  RECOMMENDATION 7.2
Adrenal vein sampling is recommended prior to offer-
ing adrenalectomy in patients with primary aldosteron-
ism (Strong recommendation, moderate-quality evidence).
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screening for pheochromocytoma is primarily done 
by measuring plasma-free metanephrines or 24-hour 
urinary fractionated metanephrines, depending on cen-
ter-specific testing availability. Plasma normetanephrine 
levels >2.2 nmol/l or metanephrine levels >1.2 nmol/l 
are highly specific for cathecholamine hypersecretion.45 
A 24-hour urinary metanephrine level two times great-
er than the upper limit of normal is similarly highly 
sensitive and specific.46 

traditionally, it has been recommended that all 
patients with adrenal incidentalomas be tested for 
pheochromocytomas. recent evidence from obser-
vational studies suggests that biochemical testing for 
pheochromocytoma is unnecessary in adrenal inci-
dentalomas with unenhanced attenuation of <10 HU 
(adrenal adenomas).47-49 In the largest of these trials, 
99.5% (374/376) of patients with pheochromocytomas 
had unenhanced attenuation of >10 HU upon retro-
spective review. the remaining two patients’ masses 
were exactly 10 HU, with none displaying <10 HU. 

Considering this emerging evidence, and the fact 
that biochemical testing for pheochromocytoma can 
be cumbersome, time-consuming, and frequently falsely 
positive, the panel felt it could be omitted in cases 
when unenhanced Ct is clearly in keeping with an 
adrenocortical adenoma (HU <10). 

█  RECOMMENDATION 8.1
Screening for pheochromocytoma can be omitted in 
patients who have unequivocal adrenocortical adeno-
mas confirmed on unenhanced CT (HU <10) and 
no signs or symptoms of adrenergic excess (Weak 
recommendation, low-quality evidence).

█  RECOMMENDATION 8.2
Patients with adrenal incidentalomas that display ≥10 
HU on non-contrast CT or who have signs/symp-
toms of catecholamine excess should be screened 
for pheochromocytoma with plasma or 24-hour uri-
nary metanephrines (Strong recommendation, moderate-
quality evidence).

Adrenocortical carcinoma is responsible for more 
than half of androgen hypersecretion, which can be 
confirmed by testing serum levels of dehydroepiandros-
terone (dHeA-s), testosterone, 17b-estradiol, 17-oH 
progesterone, androstenedione, 17-oH pregnenolone, 
11-deoxycorticosterone, progesterone, and estradiol.50

█  RECOMMENDATION 9
In cases of suspected ACC and/or when clinical signs 
of virilization are present, serum testing for excess 
androgen should be performed (Clinical principle).

MANAGEMENT OF ADRENAL 
INCIDENTALOMAS

Cortisol-secreting adrenal lesions
It is well-accepted that patients with unilateral cortisol-
secreting adrenal lesions and clinical signs/symptoms of 
Cushing’s syndrome should undergo surgical resection 
of the hypersecreting adrenal gland;5,51 however, the 
optimal management of patients with cortisol-secreting 
adrenal lesions without symptoms of Cushing’s syn-
drome is less clear. these patients, historically referred 
to as having subclinical Cushing’s syndrome, are now 
labelled to have mild autonomous cortisol secretion 
(mACs). A recent systematic review, comprised of 
generally low-quality observational studies, showed 
an association between failed cortisol suppression on 
1 mg dexamethasone suppression testing and type 2 
diabetes, hypertension, cardiovascular events, vertebral 
fractures, and mortality.5 Importantly, it also revealed 
that across three cohort studies with median followups 
ranging from 3–7.5 years, no patients with failed corti-
cal suppression progressed to develop overt Cushing’s 
syndrome. based on this, the panel felt that subclinical 
Cushing’s should be regarded as having a low risk of 
progression to overt Cushing’s but can still contribute 
to medical comorbidity. 

to understand the impact of surgery compared to 
conservative management in patients with mACs, a 
systematic review consisting of one randomized control 
trial (rCt) and three observational studies was con-
ducted.5 despite the rCt, the quality of the evidence 
was downgraded to low-quality given problems with 
confounding, bias, imprecision, and indirectness. none 
of the studies included in the meta-analysis looked at the 
impact of surgery on vertebral fractures, cardiovascular 
events, or mortality. the review showed that without 
surgery, no patients improved with respect to diabetes, 
hypertension, or dyslipidemia. With surgery, however, 
improvements were seen in the rates of diabetes and 
the severity of hypertension and dyslipidemia.5 based 
on this data, the panel felt that adrenalectomy could 
be an option for select patients with mACs, particularly 
those who are young or have progressive metabolic 
comorbidities attributable to cortisol excess.
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█  RECOMMENDATION 10.1
Patients with unilateral cortisol-secreting adrenal 
masses and clinically apparent Cushing’s syndrome 
should undergo unilateral adrenalectomy of the affect-
ed adrenal gland. Minimally invasive surgery (MIS) 
should be performed when feasible (Clinical principle).

█  RECOMMENDATION 10.2
Younger patients with mild autonomous cortisol 
secretion who have progressive metabolic comor-
bidities attributable to cortisol excess can be consid-
ered for adrenalectomy after shared decision-making. 
Patients not managed surgically should undergo annu-
al clinical screening for new or worsening associated 
comorbidities (Weak recommendation, low-quality evi-
dence).

Aldosterone-secreting adenomas and 
pheochromocytomas
It is also well-accepted that patients with confirmed 
pheochromocytomas or unilateral aldosterone-produc-
ing adrenal adenomas should undergo surgical resec-
tion.34,52 the perioperative considerations for removal 
of a functional adrenal lesion are beyond the scope 
of this guideline. specific followup recommendations 
for pheochromocytomas can be found in a recently 
published CUA best practice report.53 Following resec-
tion of aldosterone-secreting adenomas, postoperative 
imaging is not necessary and postoperative hormonal 
workup is only required in the short-term to confirm 
resolution of hyperfunction. lack of biochemical cure 
should raise concern for bilateral disease, recurrence 
of aldosterone-secreting carcinoma (rare), or removal 
of the non-hypersecreting adrenal gland if surgery was 
not guided by AVs. 

█  RECOMMENDATION 11
Adrenalectomy should be performed for patients with 
unilateral aldosterone-secreting adrenal masses and 
pheochromocytomas. MIS should be performed when 
feasible (Clinical principle).

Adrenocortical carcinomas
In patients with suspected ACC, resection is recom-
mended.54 A systematic review of the literature looked 
at the impact of laparoscopic vs. open approach for 
such cases.5 this systematic review included observa-
tional studies of very low quality and had important 
differences in prognostic factors, such as tumor size and 
stage. Authors did not detect any difference in com-
pleteness of resection, recurrence-free status, and over-
all survival between laparoscopic and open approaches 
to adrenalectomy. none of the included studies mea-

sured patients’ postoperative pain scores or patient 
satisfaction, which tend to be improved with laparo-
scopic vs. open adrenalectomy. there did appear to be 
increased major postoperative complications with open 
rather than laparoscopic procedures.5 other studies 
have found minimally invasive adrenalectomy for ACC 
to be associated with higher rates of peritoneal dis-
semination.55,56 the european society of endocrinology 
set a cutoff of 6 cm for opting for open rather than 
laparoscopic adrenalectomy, but this was not based on 
high-quality evidence from clinical studies.5 similarly, a 
multidisciplinary expert panel from the University of 
southern California strongly recommended an open 
approach when treating masses >5 cm.9

based on the above, the panel did not feel it could 
confidently provide a size cutoff at which point it 
becomes unsafe to perform minimally invasive adre-
nalectomy for suspected ACC. It acknowledges that 
mIs adrenalectomy likely has benefits with decreased 
morbidity and improved recovery, provided resection 
can be done without rupture of the tumor capsule, 
which represents a major risk factor for recurrence. 

the role of lymphadenectomy is not clearly estab-
lished. the national Comprehensive Cancer network 
guidelines recommend concurrent lymphadenectomy 
when performing an adrenalectomy.57 In a retrospec-
tive review of 386 patients with stage I–III ACC who 
underwent a lymphadenectomy, the authors found that 
median survival was incrementally worse for patients 
with more positive nodes, and that lymphadenecto-
my may be associated with improved survival in cn1 
patients. If feasible, performing a lymphadenectomy at 
the time of ACC resection should be considered, as it 
can at least provide important prognostic information.58 

lastly, adrenalectomy can be considered in select 
cases of metastatic ACC when complete resection of 
the primary tumor and all metastases is feasible at the 
time of primary diagnosis.54 management of metastatic 
ACC is beyond the scope of this guideline. 

█  RECOMMENDATION 12.1
Minimally invasive adrenalectomy can be offered 
to patients with suspected ACC that can be safely 
resected without rupturing the tumor capsule (Weak 
recommendation, low-quality evidence).

█  RECOMMENDATION 12.2
Open adrenalectomy should be considered for 
patients with larger ACC or those presenting with 
locally advanced tumors, lymph node metastases, or 
tumor thrombus in the renal vein/inferior vena cava 
(Strong recommendation, low-quality evidence).
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Benign non-functioning lesions
Previous recommendations from the CUA suggested 
repeating imaging at 12 months from diagnosis for 
benign non-functioning adrenal lesions and repeating 
a hormonal workup annually for four years.4 

In over 2300 patients who had initial characteristic 
radiological features of an adenoma, no patients were 
found to develop an adrenal malignancy.1,59 similarly, in 
a study of 973 consecutive patients with an incidental 
adrenal mass and no history of cancer, no malignant 
lesions were identified.2 the sole case of malignancy 
identified in an adrenal lesion, which was referenced 
in the previous CUA guideline, occurred in a patient 
with known renal cell carcinoma, and hence the adrenal 
lesion was not truly an adrenal incidentaloma. In light 
of the demonstrated safety, as well as the burden of 
the number of followup imaging tests that would be 
required given the high prevalence of adrenal inciden-
talomas and the potential cost to the healthcare sys-
tem, surveillance imaging is no longer recommended 
for patients with a characteristic adrenal adenoma (<10 
HU on non-contrast Ct).

A patient’s risk of developing clinically relevant hor-
monal excess when the initial workup is in keeping 
with a non-functioning lesion is also low. A systematic 
review of over 2000 patients examining the natural 
history of apparently benign non-functioning adre-
nal incidentalomas found that the risk of developing 
clinically apparent Cushing’s, an aldosterone-producing 
adenoma, or a pheochromocytoma were 0.3%, 0–2%, 
and 0–2%, respectively.1,5,6, based on these numbers, 
over 95% of patients will be screened annually unnec-
essarily. Although a hormonal workup is non-invasive 
and has minimal procedural risks, the tests do come 
with a risk of false-positive results, which could lead 
to further unnecessary testing, intervention, and harm. 
Furthermore, there is no evidence that hormonal test-
ing is superior to routine clinical assessment to identify 
clinically significant hormone excess. 

Cawood et al calculated a baseline hormonal work-
up for an adrenal incidentaloma to cost $120 Usd in 
2018.59 extrapolating this to the large number of incident 
cases detected per year would represent a significant 
cost burden, especially in a publicly funded healthcare 
system such as Canada’s. Performing an annual target-
ed history and physical in these patients, and reserving 
repeat hormonal testing for those suspected to have 
developed clinically significant hormone excess is likely to 
be an efficacious strategy that will decrease the chances 
of false-positive results and will be cost-effective. For 
these reasons, repeat hormonal workups are also no 
longer recommended unless there are new clinical signs 
and/or symptoms of hormonal excess. 

█  RECOMMENDATION 13
Patients with benign non-functioning adenomas <4 
cm, myelolipomas, and other small masses containing 
macroscopic fat detected on the initial workup for an 
adrenal incidentaloma do not require further followup 
imaging or functional testing (Strong recommendation, 
moderate-quality evidence).

An exception to this rule has traditionally been 
patients with incidentalomas >4 cm. these patients 
would undergo resection out of concerns for possible 
malignancy, even if the imaging had characteristically 
benign features. this was based on retrospective studies 
showing that most surgically resected pheochromocy-
tomas and ACCs were >4 cm at time of diagnosis.60,61 
there is very little data on followup of benign-appearing, 
large adrenal incidentalomas to guide these decisions. 
Azoury et al, however, do report that regardless of size, 
when an adrenal mass is interpreted as benign on Ct, 
there is 100% concordance with benign final pathology.11

Corwin et al studied the growth rate of small-
er adrenal masses. In their retrospective review, 
they compared the growth rate of adrenal adeno-
mas (105) vs. malignant adrenal nodules (26).62 the 
mean nodule size at baseline was 18.4 mm (range  
9–38 mm) for the adenoma group and 29.8 mm (range  
0–117 mm) for the malignant group. their results 
showed that approximately one-third of radiologically 
proven adrenal adenomas grew, all at a rate <3 mm/
year. All malignant adrenal nodules grew, and all at a rate 
>5 mm/year. A growth rate of 3 mm/year distinguished 
adenomas from malignant nodules with a sensitivity of 
100% (95% confidence interval [CI] 86.8–100%) and a 
specificity of 100% (95% CI 96.6–100%).62

the european endocrine society recommends using 
the reCIst 1.1 criteria of an increase >20% with an abso-
lute increase of at least 5 mm in diameter to define signifi-
cant growth.63 It is important to note that the reCIst 1.1 
criteria have not been formally validated in adrenal tumors. 

Ultimately, in the setting of a benign-appearing adrenal 
mass >4 cm, the panel felt that followup imaging after 
6–12 months can be considered. lack of growth of a 
mass over this period makes a malignancy highly unlikely. 
Conversely, significant growth of a lesion can be a clue to 
underlying malignancy and prompt the need for surgical 
excision. For lesions that grow less than this threshold, 
re-imaging in 6–12 months can be considered. 

█  RECOMMENDATION 14.1
Patients with non-functioning adrenal lesions that 
are radiologically benign (<10 HU) but >4 cm should 
undergo repeat imaging in 6–12 months (Weak recom-
mendation, low-quality evidence).
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█  RECOMMENDATION 14.2
Adrenalectomy should be considered for patients 
with adrenal incidentalomas growing >5 mm/year 
after repeating a functional workup (Weak recom-
mendation, low-quality evidence). 

█  RECOMMENDATION 14.3
No further imaging followup or functional testing is 
required for patients with adrenal lesions that grow 
<3 mm/year on followup imaging (Weak recommenda-
tion, low-quality evidence).

Indeterminate non-functioning lesions
despite first- and second-line imaging, some adrenal 
incidentalomas may still remain indeterminate. there 
is no data to guide the best treatment approach in this 
clinical scenario.

█  RECOMMENDATION 15
Shared decision-making between patients and their 
clinicians should be used for the management of 
indeterminate non-functioning adrenal lesions. 
Management options include repeat imaging in 3–6 
months vs. surgical resection (Clinical principle).

SPECIAL POPULATIONS

Bilateral adrenal incidentalomas
In the setting of bilateral adrenal incidentalomas, each 
lesion should be separately characterized in the same 
fashion as a unilateral adrenal incidentaloma, and the 
same indications for surgery/followup should be fol-
lowed. Additional considerations include measuring 
serum 17-hydroxyprogesterone to exclude congenital 
adrenal hyperplasia, and assessing for adrenal insuffi-
ciency in suspected cases of bilateral infiltrative disease, 
metastases, or hemorrhage.5,64,65 given that bilateral 
adrenalectomy is associated with higher morbidity than 
a unilateral adrenalectomy (such as dependence on 
lifelong adrenal replacement therapy and risk of adrenal 
crisis), consideration should be given to adrenal-sparing 
surgery when appropriate.

Young/pregnant/elderly patients
the prevalence of adrenal incidentalomas increases with 
age. Adrenal incidentalomas are felt to be rare in child-
hood and adolescence, have a prevalence of approxi-
mately 4% in adults, and 10% in individuals over 70 years 
of age.66-68 Although there is no strong data to support 
it, it is generally believed that adrenal lesions in young 
adults, children, and pregnant patients are more likely 
to be malignant and, therefore, an evaluation should 

be expedited. In these individuals, radiation safety is an 
important consideration and low-dose Ct, or chemical-
shift mrI may be preferred first-line imaging tests. 

A small incidentaloma in the elderly patient is less like-
ly to be malignant and, therefore, when there is no clear 
sign or suspicion of malignancy, the planned workup and 
management should be adjusted based on the perfor-
mance status of the individual and potential clinical gains.

History of extra-adrenal malignancy
Available evidence suggests that in patients with a his-
tory of an extra-adrenal malignancy, only 7% of adre-
nal metastases have <10 HU on Ct. lesions >10 HU, 
however, are malignant in 70% of patients with a history 
of extra-adrenal malignancy.5 When characterization of 
these lesions will alter clinical management, adrenal biop-
sy and flourine-18 fluorodeoxyglucose positron emission 
tomography (18F-Fdg-Pet) can be useful adjuncts.69,70

18F-Fdg-Pet is a nuclear medicine imaging test 
conducted after the intravenous injection of 18F-Fdg. 
Uptake of 18F-Fdg occurs in cells with increased energy 
requirements, such as malignant tumors. these studies 
are often combined with Ct for better anatomic over-
lay and are most useful in oncology patients who have 
a large, enlarging, or indeterminate adrenal mass where 
exclusion of metastasis is warranted.70-73 Although ade-
nomas generally do not exhibit significant Fdg uptake 
on Pet imaging, exceptions exist. Accordingly, increased 
standardized uptake values (sUVs) of an adrenal lesion 
with otherwise benign imaging characteristics must be 
interpreted in the context of each clinical scenario.74,75

surgery or other local therapies can be considered 
for metastasis to the adrenal gland on a case-by-case 
basis where potential oncological benefit exists, as 
determined by a multidisciplinary team. 

Partial adrenalectomy
Patients with hereditary syndromes are at increased 
likelihood of disease in the contralateral gland. similarly, 
pheochromocytomas and aldosterone-producing ade-
nomas can also have bilateral involvement. It is also esti-
mated that approximately 1% of the population have 
adrenal gland function affected by various pathological 
processes, such as infectious or infiltrative processes. 
In all these patients, there may be an emerging role 
for partial adrenalectomy to avoid the need for lifelong 
adrenal replacement therapy. 76 

FUTURE DIRECTIONS 
our current workup of incidental adrenal lesions 
has sensitivity and specificity limitations in determin-
ing whether an incidental adrenal lesion is benign or 
malignant. As a result, some patients receive unnec-
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essary adrenalectomy, some patients’ care is delayed, 
and some are subjected to unnecessary followup 
investigations with associated ionizing radiation. to 
address this, recent research efforts have focused on 
the development of urine steroid metabolomics to 
better risk-stratify patients. studies have shown that 
ACC have a distinct pattern of urinary corticoste-
roid excretion, characterized by an excess of precur-
sor steroid metabolites. Using a combination of mass 
spectrometry-based urinary steroid metabolite profiling 
and machine learning-based data analysis, urine steroid 
metabolomic testing can quantify this. 

In a 2020, prospective, multicenter study (eUrIne-
ACt), urine steroid metabolomics were used in con-
junction with tumor diameter and imaging character-
istics to characterize adrenal incidentalomas, and this 
“triple test” strategy had a sensitivity of 82.7% and spec-
ificity of 95.7%.77 Interestingly, in this study, the authors 
also showed that using a cutoff of 20 HU instead of 10 
HU increased the specificity of unenhanced Ct scans 
in detecting malignant lesion to 80% from 64%, while 
sensitivity remained similar. these results are certainly 
promising and require further validation. Hopefully, 
these non-invasive tests are able to help further risk-
stratify patients in the future, allowing for prompt man-
agement of patients with ACC, and avoiding the need 
for unnecessary followup testing and associated harms 
in those with benign lesions. 

CONCLUSIONS
Incidental adrenal masses are common, and most of 
these lesions are benign. nonetheless, identification 
and timely management of functional and malignant 
lesions is crucial. this guideline provides a contempo-
rary approach to the appropriate clinical, radiographical, 
and endocrine assessments required for the evalua-
tion, management, and followup of patients with such 
lesions. 

ComPetIng Interests: the authors and reviewers do not report any 
competing personal or financial interests related to this work.
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