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1. Abstract
Incidentally detected adrenal lesions when radiographic evalua-
tion is done for other reasons are considered as adrenal inciden-
talomas and the size criteria is more than 1cm. The evaluation and 
treatment of adrenal incidentalomas are based on the available 
retrospective evidences as there is lack of prospective random-
ized trials. Conservative treatment with follow up imaging can be 
offered to elderly patients with adrenal incidentaloma but young 
patients needs a careful and prompt attention. We have reviewed 
the literature of adrenal incidentaloma and tried to concise it in 
brief. The prevalence of adrenal incidentaloma is higher in elderly, 
obese, diabetic, and hypertensive patients. Bilateral adrenal mass-
es had been detected in 10-15 % cases. In bilateral masses, there is 
possibility of one mass will be a non-functional cortical adenoma 
and the other will be a hormone secreting mass. Functional status 
of the adrenal lesion alters the treatment plan. Hence, biochemical 
evaluation is the essential step after radiographic study. Laparo-
scopic adrenalectomy has similar oncological outcomes as com-
pared to open approach in expert hands.

2. Background
Adrenal incidentalomas are the adrenal lesions with size more 
than 1cm in diameter and which may be discovered incidentally 
when Computed Tomography (CT) scans or Magnetic Resonance 
Imaging (MRI) is done for other reasons [1]. Majority of adrenal 
lesions are asymptomatic, however they are picked up due to ad-
vances in radiographic imagings such as Computed Tomography 
(CT) and Magnetic Resonance Imaging (MRI). The prevalence of 

adrenal incidentaloma is higher in elderly patients (10%), obese, 
diabetic, and hypertensive patients [2]. The prevalence of adrenal 
incidentaloma is reported around 0.4 % in studies where abdom-
inal CT scans were performed and in other series it is reported as 
4.4% where high resolution scanners were used [3, 4]. Bilateral 
adrenal masses had been detected in 10-15 % cases, reported by 
two large studies [5, 6]. In bilateral masses, there is possibility 
of one mass will be a non-functional cortical adenoma and the 
other will be a hormone secreting mass [6]. Different conditions 
where these bilateral adrenal lesions can be seen are congenital 
adrenal hyperplasia, Bilateral Macronodular Adrenal Hyperplasia 
(BMAH), cortical adenomas, lymphoma, corticotropin (ACTH)- 
dependent Cushing's syndrome, pheochromocytoma, primary al-
dosteronism, amyloidosis, infiltrative diseases of the adrenal gland 
and metastatic disease. Whenever an adrenal lesion is detected, the 
next question is to rule out its specific characteristics like whether 
it is malignant or benign and functional or non-functional cortical 
adenoma [7].

3. Incidentaloma Work Up 
Radiographic imaging is the cornerstone in evaluating the nature 
of adrenal masses. The specific characteristic of adrenal lesions 
on radiographic imaging helps in determining whether its benign 
or malignant lesion. The size of the lesion on imaging decides its 
nature and helps in planning the treatment [8]. The frequency of 
primary adrenal carcinoma in patients with adrenal incidentaloma 
is approximately 2 – 5 % and non-adrenal metastases to the adre-
nal gland accounts about 0.7 - 2.5 % [9].
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3.1. Size

The size of the adrenal lesion is an important factor as the max-
imum diameter of the lesion is predictive of malignancy. The 
smaller the size of the adrenocortical carcionoma, the better the 
overall prognosis. It had been postulated by a retrospective series 
of 62 patients where five-year survival was higher in patients with 
smaller tumors [10]. The National Italian Study Group reported a 
4cm cutoff for the size [11]. However, the size criteria should not 
be the only parameter which decides the treatment plan. One of the 
largest retrospective series of 4085 patients with adrenal tumors 
had shown that leson with size > 4cm was associated with oth-
er entities like adrenocortical adenoma, pheochromocytoma and 
other benign tumors [12]. Multivariate analysis of the study was 
found to be statistically significant predictors of malignancy with 
variables like larger tumor size, male sex, older age at diagnosis, 
higher unenhanced Computed Tomography (CT) attenuation and 
non-incidental mode of discovery.

3.2. Radiographic Evaluation

Computed Tomography (CT) is the recommended primary adrenal 
imaging procedure in most cases. The intracytoplasmic fat in ade-
nomas results in low attenuation on unenhanced CT and non-ade-
nomas have higher attenuation in unenhanced CT. A retrospective 

series of 151 patients with adrenal masses who underwent both a 
noncontrast CT scan and adrenalectomy had interpreted that a ho-
mogeneous adrenal mass with a smooth border and an attenuation 
value <10 HU on unenhanced CT is very likely to be a benign ad-
enoma [13]. In another retrospective cohort of 353 patients where 
adrenal lesions were evaluated with CT, concluded that adrenal 
lesions with unenhanced CT attenuation >10 HU were diagnosed 
with malignancy with a sensitivity of 100 % and specificity of 33 
% [14]. On delayed contrast-enhanced CT, adenomas show rap-
id contrast medium washout, whereas non-adenomas have de-
layed contrast material washout [13]. In case of adenoma, after 
ten minutes of contrast administration, there will be an absolute 
contrast medium washout of more than 50 %. The role of Mag-
netic Resonance Imaging (MRI) comes in follow-up imaging to 
avoid the radiation exposure of repeated CT imaging. On gado-
linium Diethylene Triamine Pentaacetic Acid (DTPA)-enhanced 
MRI, adenomas demonstrate mild enhancement and a rapid wash-
out of contrast, while malignant lesions show rapid and marked 
enhancement and a slower washout pattern. MR with Chemical 
Shift Imaging (CSI) accurately distinguishes adrenal adenomas 
from nonadenomas and it is based on their elevated amounts of 
intracytoplasmic fat [15] (Table 1).

Table 1: Radiographic features of different adrenal lesions are as follows.

Benign Adenomas [ 16 ]

Round and homogeneous density with smooth contour
Diameter < 4 cm  
Unilateral location
Low unenhanced CT attenuation values (≤10 HU) 
Chemical shift evidence of lipid on MRI
Rapid contrast medium washout (10 minutes after administration of contrast, an absolute contrast 
medium washout of more than 50 % )

Adrenocortical Carcinoma [ 
17,18 ]

Irregular shape
Diameter usually >4 cm
Unilateral location
High unenhanced CT attenuation values (>20 HU)
Inhomogeneous density ( central areas of low attenuation due to tumor necrosis )
Inhomogeneous enhancement on CT with intravenous contrast
Delay in contrast medium washout (10 minutes after administration of contrast, an absolute 
contrast medium washout of less than 50 % )
High standardized uptake value (SUV) on FDG-PET-CT study
Evidence of local invasion or metastases

Pheochromocytoma [ 19 ]

Variable size and may be bilateral
Increased attenuation on unenhanced CT (>20 HU)
Delay in contrast medium washout (10 minutes after administration of contrast, an absolute 
contrast medium washout of less than 50 percent)
High signal intensity on T2-weighted MRI

Adrenal Metastasis [ 20,21 ]

Irregular shape and inhomogeneous nature
May be bilateral
High unenhanced CT attenuation values (>20 HU)
Delay in contrast medium washout (10 minutes after administration of contrast, an absolute 
contrast medium washout of less than 50 % )
Enhancement with intravenous contrast on CT
Elevated SUV on FDG-PET scan

3.3. Tissue Diagnosis

Image guided Fine Needle Aspiration Biospy (FNAB) is a safe 
procedure with lower rates of complications (around 2.8%). The 
complications include adrenal and liver hematoma, pneumotho-

rax, pancreatitis, abdominal pain, hematuria, adrenal abscess for-
mation, and tumor recurrence along the needle track [22]. Cytol-
ogy cannot distinguish a benign adrenal lesion from the adreno-
cortical carcinoma. It can distinguish between an adrenal tumor 
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and a metastatic tumor [23]. Pheochromocytoma should always 
be ruled out with biochemical testing before FNAB as there are 
chances of haemorrhage and hypertensive crisis with FNAB [24]. 
Adrenal lesion biopsy is not indicated if the patient has widespread 
metastatic disease and it is not useful in the routine evaluation of 
incidentalomas [25, 26].

3.4. Functional Status

Functional adrenal tumors are hyperfuctioning adrenal lesions and 
there are three conditions where adrenal hyperfunctioning should 
be considered in patients with an adrenal incidentaloma.

1.	 Pheochromocytoma

2.	 Primary aldosteronism

3.	 Subclinical cushing's syndrome

Most of the times, pheochromocytomas are diagnosed in presym-
tomatic stage due to widespread use of computed imaging and 
rest are diagnosed after evaluation of pheochromocytoma-relat-
ed symptoms [27]. If the unenhanced CT attenuation is ≥10 HU, 
pheochromocytoma should be evaluated with biochemical testing 
(but not if it is <10 HU). Small pheochromocytomas (<1.5 cm) 
may have normal biochemical testing and it has to achieve a criti-
cal size to become biochemically detectable. Surgical resection is 
the choice of treatment for functioning or non-functioning pheo-
chromocytomas. 

Primary aldosteronism should be considered if the patient is hy-
pertensive or has hypokalemia. All patients with hypertension and 
an adrenal incidentaloma should be evaluated by measurements of 
plasma aldosterone concentration and plasma renin activity. Nor-
motensive patients with spontaneous hypokalemia should also be 
considered for testing for primary aldosteronism.

Subclinical cushing’s syndrome is a cortisol secretion without 
clinical manifestations of Cushing's syndrome and its detection is 
more common with adrenal incidentaloma. In case of unilateral ad-
renal adenoma or bilateral macronodular adrenal hyperplasia, ab-
errant hormone receptors control the cortisol secretion [28]. These 
patients do not have typical clinical features of overt cushing’s 
syndrome, however, they may present with osteoporosis, athero-
sclerosis, dyslipidemia, hypertension, diabetes mellitus and weight 
gain [29-31]. It is diagnosed with 1 mg overnight Dexamethasone 
Suppression Test (DST) [32]. Baseline serum Dehydroepiandros-
terone Sulfate (DHEAS) level should be estimated before DST. A 
low DHEAS represents chronic suppression of ACTH secretion. 
A Clinically significant glucocorticoid secretory autonomy is di-
agnosed and confirmed by a post-overnight 8 mg DST with 8 AM 
serum cortisol concentration >1.8 mcg/dL (>50 nmol/L). Some 
centers are using a higher dose of dexamethasone (3 mg instead 
of the standard 1 mg) to reduce false-positive results [33]. If the 
patient is diagnosed as a pheochromocytoma clinically or on the 
basis of radiographic evaluation, DST should not be performed as 
there are chances of catecholaminergic crisis. When there is sce-

nario of bilateral adrenal masses which are consistent with solitary 
bilateral adenomas on cross-sectional computed imaging, consid-
eration should be given to adrenal venous sampling [34].

4. Management 
Management of Unilateral Adrenal Lesions:

4.1. Pheochromocytoma 

Patients who are diagnosed as pheochromocytoma clinically, bio-
chemically or on the basis of radiographic evaluation should be of-
fered surgical excision of the lesion (Adrenalectomy) as untreated 
case may lead to significant cardiovascular complications.

4.2. Adrenocortical Carcinoma

Patients with documented evidence of adrenocortical carcinoma 
or any lesion suspicious for carcinoma should be offered surgical 
excision of the lesion (Adrenalectomy) as their disease may prog-
ress rapidly .

4.3. Aldosteronoma

To avoid and cure aldosterone excess, surgery is the treatment of 
choice. 

4.5. Subclinical Cushing’s Syndrome 

It is still unclear that which patients with subclinical cushing’s syn-
drome should undergo surgery as there is lack of prospective ran-
domized trials. Younger patients with autonomous glucocorticoid 
secretion with well-documented glucocorticoid secretory autono-
my should be considered for adrenalectomy and if adrenalectomy 
is planned, perioperative glucocorticoid coverage should be ad-
ministered as there is a risk of adrenal insufficiency, hemodynamic 
crisis, and death. Post adrenalectomy in patients with subclinical 
cushing’s syndrome, there may be improvement in certain condi-
tions like improvement in hypertension, glycemic control, weight 
loss and normalization of markers of bone turnover [35].

4.6. Suspicious Adrenal Lesion

Adrenal lesion with suspicious picture on imaging or size >4cm in 
diameter should be offered surgery as substantial fraction will be 
adrenocortical carcinomas. The decision should be taken depend-
ing on the clinical scenario, patient’s age and functional status of 
the tumor. Wait and watch policy with follow up imaging may be 
offered to elderly patients however, young adults with suspicious 
lesion needs prompt attention.

4.7. Adrenal Myelolipoma 

Large amounts of macroscopic fat in an adrenal lesion is diagnos-
tic of a myelolipoma on computed imaging.

 It is a benign tumor composed of mature fat with interspersed 
hematopoietic elements which resembles bone marrow. These are 
indolent tumors and may grow over time, hence observation with 
follow up imaging is an option without surgical excision. How-
ever, if size > 6cm in diameter or mass-effect symptoms, surgical 
excision should be considered [36].
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5. Management of Bilateral Adrenal Lesions
The decision of surgical excision in the scenario of bilateral adrenal 
lesions depends upon the degree of cortisol secretory autonomy. 
Hence, patients with Bilateral Macronodular Adrenal Hyperplasia 
(BMAH) and clinical Cushing's syndrome usually are best offered 
with bilateral adrenalectomy, whereas patients with BMAH and 
subclinical Cushing's syndrome can be addressed with removal of 
the larger adrenal gland.

6. Conclusion
Benign adrenal lesions can be differentiated with the help of CT 
and MRI while malignant and metastatic lesions can be identified 
by 18FDG-PET/CT. Excess of cortisol, metanephrine and aldoste-
rone secretion indicates hyperfunctional state of the adrenal gland. 
Suspicious adrenal lesions on radiological imaging, persistently 
enlarging adrenal lesions which are kept on close follow up and 
adrenal tumors with overt clinical syndromes, should be addressed 
with surgical resection.

       References

1.	 Young WF Jr. Clinical practice. The incidentally discovered adrenal 
mass. N Engl J Med. 2007; 356: 601.

2.	 Terzolo M, Stigliano A, Chiodini I, Loli P, Furlani L, Arnaldi G, et 
al. AME position statement on adrenal incidentaloma. Eur J Endo-
crinol. 2011; 164: 851.

3.	 Herrera MF, Grant CS, van Heerden JA, Sheedy PF, Ilstrup DM. 
Incidentally discovered adrenal tumors: an institutional perspective. 
Surgery. 1991; 110: 1014.

4.	 Bovio S, Cataldi A, Reimondo G, Sperone P, Novello S, Berruti A, 
et al. Prevalence of adrenal incidentaloma in a contemporary com-
puterized tomography series. J Endocrinol Invest. 2006; 29: 298.

5.	 Angeli A, Osella G, Alì A, Terzolo M. Adrenal incidentaloma: an 
overview of clinical and epidemiological data from the National 
Italian Study Group. Horm Res. 1997; 47: 279.

6.	 Barzon L, Scaroni C, Sonino N, Fallo F, Gregianin M, Macrì C, et al. 
Incidentally discovered adrenal tumors: endocrine and scintigraphic 
correlates. J Clin Endocrinol Metab. 1998; 83: 55.

7.	 Grumbach MM, Biller BM, Braunstein GD, Campbell KK, Carney 
JA, Godley PA, et al. Management of the clinically inapparent adre-
nal mass (“incidentaloma”). Ann Intern Med. 2003; 138: 424.

8.	 Nieman LK. Approach to the patient with an adrenal incidentaloma. 
J Clin Endocrinol Metab. 2010; 95: 4106-13.

9.	 Cawood TJ, Hunt PJ, O’Shea D, Cole D, Soule S. Recommended 
evaluation of adrenal incidentalomas is costly, has high false-posi-
tive rates and confers a risk of fatal cancer that is similar to the risk 
of the adrenal lesion becoming malignant; time for a rethink? Eur J 
Endocrinol. 2009; 161: 513-27.

10.	 Henley DJ, van Heerden JA, Grant CS, Carney JA, Carpenter PC. 
Adrenal cortical carcinoma--a continuing challenge. Surgery. 1983; 
94: 926-31. 

11.	 Mantero F, Terzolo M, Arnaldi G, Osella G, Masini AM, Alì A, et al. 
A survey on adrenal incidentaloma in Italy. Study Group on Adrenal 
Tumors of the Italian Society of Endocrinology. J Clin Endocrinol 
Metab. 2000; 85: 637-44.

12.	 Iñiguez-Ariza NM, Kohlenberg JD, Delivanis DA, Hartman RP, 
Dean DS, Thomas MA, et al. Clinical, Biochemical, and Radio-
logical Characteristics of a Single-Center Retrospective Cohort of 
705 Large Adrenal Tumors. Mayo Clin Proc Innov Qual Outcomes. 
2018; 2: 30-9.

13.	 Hamrahian AH, Ioachimescu AG, Remer EM, Motta-Ramirez G, 
Bogabathina H, Levin HS, et al. Clinical utility of noncontrast com-
puted tomography attenuation value (hounsfield units) to differen-
tiate adrenal adenomas/hyperplasias from nonadenomas: Cleveland 
Clinic experience. J Clin Endocrinol Metab. 2005; 90: 871-7.

14.	 Delivanis DA, Bancos I, Atwell TD, Schmit GD, Eiken PW, Natt N, 
et al. Diagnostic performance of unenhanced computed tomography 
and 18 F-fluorodeoxyglucose positron emission tomography in inde-
terminate adrenal tumours. Clin Endocrinol (Oxf). 2018; 88: 30-6.

15.	 Platzek I, Sieron D, Plodeck V, Borkowetz A, Laniado M, Hoffmann 
RT. Chemical shift imaging for evaluation of adrenal masses: a sys-
tematic review and meta-analysis. Eur Radiol. 2019; 29: 806-17.

16.	 Dunnick NR, Korobkin M, Francis I. Adrenal radiology: distinguish-
ing benign from malignant adrenal masses. AJR Am J Roentgenol. 
1996; 167: 861-7. 

17.	 Leboulleux S, Dromain C, Bonniaud G, Aupérin A, Caillou B, Lum-
broso J, et al. Diagnostic and prognostic value of 18-fluorodeoxyglu-
cose positron emission tomography in adrenocortical carcinoma: a 
prospective comparison with computed tomography. J Clin Endocri-
nol Metab. 2006; 91: 920-5.

18.	 Mackie GC, Shulkin BL, Ribeiro RC, Worden FP, Gauger PG, Mody 
RJ, et al. Use of [18F]fluorodeoxyglucose positron emission tomog-
raphy in evaluating locally recurrent and metastatic adrenocortical 
carcinoma. J Clin Endocrinol Metab. 2006; 91: 2665-71.

19.	 Canu L, Van Hemert JAW, Kerstens MN, Hartman RP, Khanna A, 
Kraljevic I, et al. CT Characteristics of Pheochromocytoma: Rele-
vance for the Evaluation of Adrenal Incidentaloma. J Clin Endocri-
nol Metab. 2019; 104: 312-8. 

20.	 Dhamija E, Panda A, Das CJ, Gupta AK. Adrenal imaging (Part 2): 
Medullary and secondary adrenal lesions, Indian Journal of Endocri-
nology and Metabolism. 2015; 19(1): 16-24.

21.	 Cingam SR, Kumar SR. Mukkamalla; Harsha Karanchi ; Adrenal 
Metastasis , NCBI Bookshelf. A service of the National Library of 
Medicine, National Institutes of Health.

22.	 Arellano RS, Harisinghani MG, Gervais DA, Hahn PF, Mueller PR. 
Image-guided percutaneous biopsy of the adrenal gland: review of 
indications, technique, and complications. Curr Probl Diagn Radiol. 
2003; 32: 3-10.

23.	 Mazzaglia PJ, Monchik JM. Limited value of adrenal biopsy in the 
evaluation of adrenal neoplasm: a decade of experience. Arch Surg. 
2009; 144: 465-70. 

24.	 Vanderveen KA, Thompson SM, Callstrom MR, Young Jr WF, Grant 

https://pubmed.ncbi.nlm.nih.gov/17287480/
https://pubmed.ncbi.nlm.nih.gov/17287480/
https://pubmed.ncbi.nlm.nih.gov/21471169/
https://pubmed.ncbi.nlm.nih.gov/21471169/
https://pubmed.ncbi.nlm.nih.gov/21471169/
https://pubmed.ncbi.nlm.nih.gov/1745970/
https://pubmed.ncbi.nlm.nih.gov/1745970/
https://pubmed.ncbi.nlm.nih.gov/1745970/
https://pubmed.ncbi.nlm.nih.gov/16699294/
https://pubmed.ncbi.nlm.nih.gov/16699294/
https://pubmed.ncbi.nlm.nih.gov/16699294/
https://pubmed.ncbi.nlm.nih.gov/9167965/
https://pubmed.ncbi.nlm.nih.gov/9167965/
https://pubmed.ncbi.nlm.nih.gov/9167965/
https://pubmed.ncbi.nlm.nih.gov/9435416/
https://pubmed.ncbi.nlm.nih.gov/9435416/
https://pubmed.ncbi.nlm.nih.gov/9435416/
https://pubmed.ncbi.nlm.nih.gov/12614096/
https://pubmed.ncbi.nlm.nih.gov/12614096/
https://pubmed.ncbi.nlm.nih.gov/12614096/
https://pubmed.ncbi.nlm.nih.gov/20823463/
https://pubmed.ncbi.nlm.nih.gov/20823463/
https://pubmed.ncbi.nlm.nih.gov/19439510/
https://pubmed.ncbi.nlm.nih.gov/19439510/
https://pubmed.ncbi.nlm.nih.gov/19439510/
https://pubmed.ncbi.nlm.nih.gov/19439510/
https://pubmed.ncbi.nlm.nih.gov/19439510/
https://pubmed.ncbi.nlm.nih.gov/6648806/
https://pubmed.ncbi.nlm.nih.gov/6648806/
https://pubmed.ncbi.nlm.nih.gov/6648806/
https://pubmed.ncbi.nlm.nih.gov/10690869/
https://pubmed.ncbi.nlm.nih.gov/10690869/
https://pubmed.ncbi.nlm.nih.gov/10690869/
https://pubmed.ncbi.nlm.nih.gov/10690869/
https://pubmed.ncbi.nlm.nih.gov/30225430/
https://pubmed.ncbi.nlm.nih.gov/30225430/
https://pubmed.ncbi.nlm.nih.gov/30225430/
https://pubmed.ncbi.nlm.nih.gov/30225430/
https://pubmed.ncbi.nlm.nih.gov/30225430/
https://pubmed.ncbi.nlm.nih.gov/15572420/
https://pubmed.ncbi.nlm.nih.gov/15572420/
https://pubmed.ncbi.nlm.nih.gov/15572420/
https://pubmed.ncbi.nlm.nih.gov/15572420/
https://pubmed.ncbi.nlm.nih.gov/15572420/
https://pubmed.ncbi.nlm.nih.gov/28815667/
https://pubmed.ncbi.nlm.nih.gov/28815667/
https://pubmed.ncbi.nlm.nih.gov/28815667/
https://pubmed.ncbi.nlm.nih.gov/28815667/
https://pubmed.ncbi.nlm.nih.gov/30014203/
https://pubmed.ncbi.nlm.nih.gov/30014203/
https://pubmed.ncbi.nlm.nih.gov/30014203/
https://pubmed.ncbi.nlm.nih.gov/8819372/
https://pubmed.ncbi.nlm.nih.gov/8819372/
https://pubmed.ncbi.nlm.nih.gov/8819372/
https://pubmed.ncbi.nlm.nih.gov/16368753/
https://pubmed.ncbi.nlm.nih.gov/16368753/
https://pubmed.ncbi.nlm.nih.gov/16368753/
https://pubmed.ncbi.nlm.nih.gov/16368753/
https://pubmed.ncbi.nlm.nih.gov/16368753/
https://pubmed.ncbi.nlm.nih.gov/16621901/
https://pubmed.ncbi.nlm.nih.gov/16621901/
https://pubmed.ncbi.nlm.nih.gov/16621901/
https://pubmed.ncbi.nlm.nih.gov/16621901/
https://pubmed.ncbi.nlm.nih.gov/30383267/
https://pubmed.ncbi.nlm.nih.gov/30383267/
https://pubmed.ncbi.nlm.nih.gov/30383267/
https://pubmed.ncbi.nlm.nih.gov/30383267/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4287762/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4287762/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4287762/
https://pubmed.ncbi.nlm.nih.gov/12574782/
https://pubmed.ncbi.nlm.nih.gov/12574782/
https://pubmed.ncbi.nlm.nih.gov/12574782/
https://pubmed.ncbi.nlm.nih.gov/12574782/
https://pubmed.ncbi.nlm.nih.gov/19451490/
https://pubmed.ncbi.nlm.nih.gov/19451490/
https://pubmed.ncbi.nlm.nih.gov/19451490/
https://pubmed.ncbi.nlm.nih.gov/19958944/


CS, Farley DR, et al. Biopsy of pheochromocytomas and paragangli-
omas: potential for disaster. Surgery. 2009; 146: 1158-66.

25.	 Cook DM, Loriaux DL. The incidental adrenal mass. Am J Med. 
1996; 101: 88-94.

26.	 Jhala NC, Jhala D, Eloubeidi MA, Chhieng DC, Crowe DR, Rob-
erson J, et al. Endoscopic ultrasound-guided fine-needle aspiration 
biopsy of the adrenal glands: analysis of 24 patients. Cancer. 2004; 
102: 308-14.

27.	 Gruber LM, Hartman RP, Thompson GB, McKenzie TJ, Lyden ML, 
Dy BM, et al. Pheochromocytoma Characteristics and Behavior Dif-
fer Depending on Method of Discovery. J Clin Endocrinol Metab. 
2019; 104: 1386-93.

28.	 Hsiao HP, Kirschner LS, Bourdeau I, Keil MF, Boikos SA, Verma 
S, et al. Clinical and genetic heterogeneity, overlap with other tu-
mor syndromes, and atypical glucocorticoid hormone secretion in 
adrenocorticotropin-independent macronodular adrenal hyperplasia 
compared with other adrenocortical tumors. J Clin Endocrinol Me-
tab. 2009; 94: 2930-7.

29.	 Chiodini I, Morelli V, Masserini B, Salcuni AS, Eller-Vainicher C, 
Viti R, et al. Bone mineral density, prevalence of vertebralfractures, 
and bone quality in patients with adrenal incidentalomas with and 
without subclinical hypercortisolism: an Italian multicenter study. J 
Clin Endocrinol Metab. 2009; 94: 3207-14.

30.	 Sereg M, Szappanos A, Toke J, Karlinger K, Feldman K, Kaszper 
E, et al. Atherosclerotic risk factors and complications in patients 
with non-functioning adrenal adenomas treated with or without ad-
renalectomy: a long-term follow-up study. Eur J endocrinol. 2009; 
160: 647-55.

31.	 Morelli V, Reimondo G, Giordano R, Casa SC, Policola C, Palmieri 
S, et al. Long-term follow-up in adrenal incidentalomas: an Italian 
multicenter study. J Clin Endocrinol Metab. 2014; 99: 827-34.

32.	 Fassnacht M, Arlt W, Bancos I, Dralle H, Newell-Price J, Sahdev A, 
et al. Management of adrenal incidentalomas: European Society of 
Endocrinology Clinical Practice Guideline in collaboration with the 
European Network for the Study of Adrenal Tumors. Eur J Endocri-
nol. 2016; 175: G1-34.

33.	 Reincke M. Subclinical Cushing’s syndrome. Endocrinol Metab 
Clin North Am. 2000; 29: 43-56.

34.	 Ueland GÅ, Methlie P, Jøssang DE, Sagen JV, Viste K, Thordarson 
HB, et al. Adrenal Venous Sampling for Assessment of Autonomous 
Cortisol Secretion. J Clin Endocrinol Metab. 2018; 103: 4553-60.

35.	 Toniato A, Merante-Boschin I, Opocher G, Pelizzo MR, Schiavi F, 
Ballotta E. Surgical versus conservative management for subclinical 
Cushing syndrome in adrenal incidentalomas: a prospective random-
ized study. Ann Surg. 2009; 249: 388-91.

36.	 Craig WD, Fanburg-Smith JC, Henry LR, Guerrero R, Barton JH. 
Fat-containing lesions of the retroperitoneum: radiologic-pathologic 
correlation. Radiographics. 2009; 29: 261.

clinicsofoncology.com                                                                                                                                                                                                                               5

Volume 4 Issue 5 -2021                                                                                                                                                                                                                                        Review Article

https://pubmed.ncbi.nlm.nih.gov/19958944/
https://pubmed.ncbi.nlm.nih.gov/19958944/
https://pubmed.ncbi.nlm.nih.gov/8686720/
https://pubmed.ncbi.nlm.nih.gov/8686720/
https://pubmed.ncbi.nlm.nih.gov/15376200/
https://pubmed.ncbi.nlm.nih.gov/15376200/
https://pubmed.ncbi.nlm.nih.gov/15376200/
https://pubmed.ncbi.nlm.nih.gov/15376200/
https://pubmed.ncbi.nlm.nih.gov/30462226/
https://pubmed.ncbi.nlm.nih.gov/30462226/
https://pubmed.ncbi.nlm.nih.gov/30462226/
https://pubmed.ncbi.nlm.nih.gov/30462226/
https://pubmed.ncbi.nlm.nih.gov/19509103/
https://pubmed.ncbi.nlm.nih.gov/19509103/
https://pubmed.ncbi.nlm.nih.gov/19509103/
https://pubmed.ncbi.nlm.nih.gov/19509103/
https://pubmed.ncbi.nlm.nih.gov/19509103/
https://pubmed.ncbi.nlm.nih.gov/19509103/
https://pubmed.ncbi.nlm.nih.gov/19549741/
https://pubmed.ncbi.nlm.nih.gov/19549741/
https://pubmed.ncbi.nlm.nih.gov/19549741/
https://pubmed.ncbi.nlm.nih.gov/19549741/
https://pubmed.ncbi.nlm.nih.gov/19549741/
https://pubmed.ncbi.nlm.nih.gov/19174533/
https://pubmed.ncbi.nlm.nih.gov/19174533/
https://pubmed.ncbi.nlm.nih.gov/19174533/
https://pubmed.ncbi.nlm.nih.gov/19174533/
https://pubmed.ncbi.nlm.nih.gov/19174533/
https://pubmed.ncbi.nlm.nih.gov/24423350/
https://pubmed.ncbi.nlm.nih.gov/24423350/
https://pubmed.ncbi.nlm.nih.gov/24423350/
https://pubmed.ncbi.nlm.nih.gov/27390021/
https://pubmed.ncbi.nlm.nih.gov/27390021/
https://pubmed.ncbi.nlm.nih.gov/27390021/
https://pubmed.ncbi.nlm.nih.gov/27390021/
https://pubmed.ncbi.nlm.nih.gov/27390021/
https://pubmed.ncbi.nlm.nih.gov/10732263/
https://pubmed.ncbi.nlm.nih.gov/10732263/
https://pubmed.ncbi.nlm.nih.gov/30137397/
https://pubmed.ncbi.nlm.nih.gov/30137397/
https://pubmed.ncbi.nlm.nih.gov/30137397/
https://pubmed.ncbi.nlm.nih.gov/19247023/
https://pubmed.ncbi.nlm.nih.gov/19247023/
https://pubmed.ncbi.nlm.nih.gov/19247023/
https://pubmed.ncbi.nlm.nih.gov/19247023/
https://pubs.rsna.org/doi/full/10.1148/rg.291085203
https://pubs.rsna.org/doi/full/10.1148/rg.291085203
https://pubs.rsna.org/doi/full/10.1148/rg.291085203

	_GoBack

