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Abbreviations:
AACE	 =	 American	 Association	 of	 Clinical	
Endocrinologists;	 AAES	 =	American	Association	 of	
Endocrine	 Surgeons;	 ACC	 =	 adrenocortical	 carci-
noma;	ACE	=	angiotensin-converting	enzyme;	ACTH	
=	 adrenocorticotropic	 hormone;	 APA	 =	 aldosterone-
producing	 adenoma;	 ARBs	 =	 angiotensin	 II	 recep-
tor	blockers;	ARR	=	aldosterone-to-renin	ratio;	AVS	
=	 adrenal	 venous	 sampling;	 BEL	 =	 “best	 evidence”	
rating	level;	CT	=	computed	tomographic;	EL	=	evi-
dence	 level; FDG = fludeoxyglucose; FNA = fine-
needle	aspiration;	HPA	=	hypothalamic-pituitary-adre-
nal;	HU = Hounsfield units; IHA	=	bilateral	idiopathic	
hyperaldosteronism;	MRI	=	magnetic	resonance	imag-
ing;	PAC	=	plasma	aldosterone	concentration;	PAH	=	
primary	adrenal	hyperplasia;	PET	=	positron	emission	
tomography;	PRA	=	plasma	 renin	activity;	R	=	 rec-
ommendation;	SCS	=	subclinical	Cushing	syndrome;	
UFC	=	urine	free	cortisol

1. INTRODUCTION

	 The	incidence	of	adrenal	incidentaloma,	a	term	coined	
in	reference	to	the	phenomenon	of	detecting	an	otherwise	
unsuspected	adrenal	mass	on	radiologic	imaging,	has	been	
increasing	and	now	approaches	the	8.7%	incidence	reported	
in	autopsy	series (1 [evidence	 level	or	EL 3], 2 [EL 3]).	
The definition of incidentaloma excludes patients undergo-
ing	imaging	procedures	as	part	of	staging	and	work-up	for	
cancer.	Not	only	are	more	 incidentalomas	being	detected	
by	 imaging	 but	 they	 are	 increasingly	 more	 likely	 to	 be	
functional	 because	 of	 the	 more	 common	 evaluations	 for	
subclinical	 syndromes	 (3 [EL 2]).	 During	 the	 evaluation	
of	an	adrenal	mass,	3	questions	need	to	be	addressed:	(1)	
Is	 the	 tumor	 hormonally	 active?	 (2)	 Does	 it	 have	 radio-
logic	characteristics	suggestive	of	a	malignant	lesion?	and	
(3)	 Does	 the	 patient	 have	 a	 history	 of	 a	 previous	 malig-
nant	 lesion?	The	patient	should	be	 tested	for	evidence	of	
hypercortisolism,	aldosteronism	(if	hypertensive),	and	the	
presence	of	a	pheochromocytoma.	A	summary	of	 the	 lit-
erature revealed that approximately 80% of patients with 
incidentalomas	 had	 a	 nonfunctioning	 adenoma,	 5%	 had	
subclinical	Cushing	syndrome	(SCS),	5%	had	a	pheochro-
mocytoma,	1%	had	an	aldosteronoma,	<5%	had	an	adre-
nocortical	 carcinoma	 (ACC),	 and	 2.5%	 had	 a	 metastatic	
lesion;	 the	 remaining	 incidentalomas	were	ganglioneuro-
mas,	myelolipomas,	or	benign	cysts	(4 [EL 4], 5 [EL 4]).
	 Before	 consideration	 of	 surgical	 resection,	 a	 high	
degree	of	certainty	of	the	diagnosis	is	critical	and	can	be	
achieved	 with	 a	 combination	 of	 biochemical	 and	 radio-
graphic	 studies.	 Patients	 who	 present	 with	 an	 adrenal	
incidentaloma	should	be	referred	to	an	endocrinologist	or	
endocrine	 surgeon	 for	 assessment.	 Pheochromocytomas	

necessitate	careful	preoperative	preparation	to	avoid	intra-
operative	 and	 postoperative	 morbidity	 and	 mortality.	 In	
patients	 with	 primary	 aldosteronism,	 a	 thorough	 evalua-
tion	should	be	performed	to	ensure	that	they	do	not	have	
adrenocortical	 hyperplasia	 and	 a	 nonfunctioning	 adrenal	
adenoma.	Patients	with	adrenal	Cushing	syndrome	develop	
adrenal insufficiency after resection and will require steroid 
coverage	and	careful	withdrawal.	Whether	those	with	SCS	
require	surgical	treatment	is	controversial.	Those	patients	
with	ACC	 require	preoperative	planning	 in	 collaboration	
with	 an	 endocrinologist	 or	 oncologist	 because	 the	 effec-
tiveness	 of	 the	 initial	 resection	 can	 be	 a	 major	 predictor	
of survival. Finally, nonfunctioning adrenal tumors ≥4 cm 
(Fig.	1)	should	be	considered	for	surgical	resection.	In	con-
trast,	small	myelolipomas,	benign	cysts,	or	nonfunctioning	
adenomas	 can	 be	 diagnosed	 with	 considerable	 certainty	
and	 usually	 do	 not	 necessitate	 surgical	 resection	 unless	
symptomatic.	 Depending	 on	 the	 clinical	 circumstances,	
resection	may	be	indicated.
	 The	only	previously	published	clinical	practice	guide-
lines	on	the	management	of	patients	with	adrenal	inciden-
talomas	 originated	 from	 a	 National	 Institutes	 of	 Health	
consensus conference and was published in 2002 (6 [EL 
4]).	 This	 current	 set	 of	 clinical	 practice	 guidelines	 sum-
marizes	 the	 relevant	 literature	as	 it	pertains	 to	 the	differ-
ential	diagnosis,	laboratory	and	radiologic	evaluation,	and	
clinical	management	and	includes	recommendations	(each	
labeled	“R”	in	the	subsequent	section)	based	on	the	“best	
evidence”	rating	level	(BEL)	of	the	published	sources.

2. ExECUTIVE SUMMARy OF 
RECOMMENDATIONS

•	 R1.	 Patients	 with	 an	 adrenal	 incidentaloma	 should	
undergo	evaluation	clinically,	biochemically,	and	radio-
graphically	for	signs	and	symptoms	of	hypercortisolism,	
aldosteronism	(if	hypertensive),	the	presence	of	a	pheo-
chromocytoma,	or	a	malignant	tumor	(Grade C; BEL 
3).

•	 R2.	Patients	with	adrenal	incidentalomas	who	do	not	ful-
fill the criteria for surgical resection need to have radio-
graphic	reevaluation	at	3	to	6	months	and	then	annually	
for	1	to	2	years.	For	all	adrenal	tumors,	hormonal	evalu-
ation	should	be	performed	at	the	time	of	diagnosis	and	
then	annually	for	5	years	(Grade C; BEL 3).

•	 R3.	 All	 patients	 found	 to	 have	 an	 incidental	 adrenal	
mass should be screened for cortisol excess. Although 
the	best	strategy	for	patients	with	incidentalomas	has	not	
been	established,	the	simplest	screening	test	for	autono-
mous	cortisol	secretion	from	an	incidentaloma	is	a	1-mg	
overnight dexamethasone suppression test. If clinical 
suspicion	is	high,	such	as	in	patients	with	hypertension,	
obesity,	diabetes	mellitus,	or	osteoporosis,	3	tests	(sali-
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vary cortisol, dexamethasone suppression, and urine free 
cortisol	[UFC])	can	be	used	(Grade C; BEL 3).

•	 R4.	After	 adrenalectomy	 for	 a	 cortisol-producing	 ade-
noma, patients should be treated with exogenous gluco-
corticoids	until	the	hypothalamic-pituitary-adrenal	(HPA)	
axis has recovered. This process may take 6 to 18 months 
after	unilateral	adrenalectomy	(Grade C; BEL 3).

•	 R5.	A	diagnosis	of	SCS	is	made	if	the	serum	cortisol	level	
is more than 5.0 mg/dL after a 1-mg dexamethasone sup-
pression	test,	in	a	patient	with	an	adrenal	adenoma	and	
absence	of	typical	physical	stigmas	of	hypercortisolism.	
A	 low	or	 suppressed	 level	of	 adrenocorticotropic	hor-
mone	(ACTH)	or	a	low	dehydroepiandrosterone	sulfate	
concentration	 supports	 the	 diagnosis	 (Grade D; BEL 
4). A second abnormal test result of HPA axis function, 
such as a 2-day low-dose dexamethasone suppression 
test,	may	also	be	needed	 to	 establish	 the	diagnosis	of	
SCS (Grade B; BEL 2).

•	 R6.	In	patients	with	SCS,	until	further	evidence	is	avail-
able regarding the long-term benefits of adrenalectomy, 
surgical	 resection	 should	 be	 reserved	 for	 those	 with	

worsening	of	hypertension,	abnormal	glucose	tolerance,	
dyslipidemia,	or	osteoporosis	(Grade D; BEL 4).

•	 R7.	 Perioperative	 glucocorticoid	 therapy	 and	 postop-
erative assessment of HPA axis recovery are indicated 
in	patients	with	SCS	(Grade C; BEL 3).

•	 R8.	 Patients	 thought	 to	 have	 a	 pheochromocytoma	
should	 undergo	 measurement	 of	 plasma	 fractionated	
metanephrines and normetanephrines or 24-hour total 
urinary	metanephrines	and	fractionated	catecholamines	
(or	both	plasma	and	urine	studies)	(Grade A; BEL 1).

•	 R9.	About	one-quarter	of	patients	with	a	pheochromo-
cytoma	will	have	associated	familial	syndromes	caused	
by	mutations	in	the	RET	gene	(multiple	endocrine	neo-
plasia	type	2),	VHL	gene	(von	Hippel-Lindau	disease),	
or	 succinate	 dehydrogenase	 genes;	 genetic	 study	 and	
counseling	 should	be	performed,	especially	 for	young	
patients or patients with an extra-adrenal pheochromo-
cytoma	(Grade C; BEL 3).

•	 R10.	 Surgical	 resection	 should	 be	 performed	 for	 all	
pheochromocytomas	(Grade C; BEL 3).

Fig. 1.	Algorithm	for	the	evaluation	and	management	of	an	adrenal	incidentaloma.	*	=	
Reimage	in	3	to	6	months	and	annually	for	1	to	2	years;	repeat	functional	studies	annu-
ally	for	5	years.	If	mass	grows	more	than	1	cm	or	becomes	hormonally	active,	 then	
adrenalectomy	is	recommended.	CT	=	computed	tomographic;	HU = Hounsfield units; 
PAC	=	plasma	aldosterone	concentration; PRA	=	plasma	renin	activity.
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•	 R11.	 In	 all	 patients	 with	 a	 pheochromocytoma,	 an	α-
adrenergic	blocking	agent	should	be	administered	pre-
operatively,	in	an	effort	to	prevent	intraoperative	hemo-
dynamic	instability	(Grade C; BEL 3).

•	 R12.	 In	 patients	 who	 have	 undergone	 resection	 of	 a	
pheochromocytoma,	 long-term	 follow-up	 is	 necessary	
because 10% to 15% may have recurrence (Grade B; 
BEL 2).

•	 R13.	Screening	for	aldosteronism	should	be	performed	
in	patients	with	an	aldosterone-to-renin	ratio	(ARR)	of	
>20 (Grade C; BEL 3).

•	 R14. Primary aldosteronism is confirmed in the setting 
of	 an	 adrenal	 incidentaloma	by	demonstrating	 lack	of	
aldosterone suppression (24-hour urine study) with salt 
loading	(Grade C; BEL 3).

•	 R15.	Subtype	evaluation	should	be	achieved	with	high-
resolution	 computed	 tomographic	 (CT)	 scanning	 in	
all	patients	and	adrenal	venous	sampling	(AVS)	in	the	
majority of patients older than 40 years (Grade C; BEL 
3).

•	 R16.	In	patients	with	primary	aldosteronism	and	a	uni-
lateral source of aldosterone excess, laparoscopic total 
adrenalectomy	 is	 the	 treatment	 of	 choice	 because	 it	
yields excellent outcomes with low associated morbid-
ity	relative	to	open	approaches	(Grade C; BEL 3).

•	 R17.	Patients	with	bilateral	idiopathic	hyperaldosteron-
ism	 (IHA)	or	 those	not	 amenable	or	 agreeable	 to	 sur-
gical	 intervention	 should	 be	 managed	 with	 selective	
and	 nonselective	 mineralocorticoid	 receptor	 blockers	
(Grade A; BEL 1).

•	 R18.	Any	 adrenal	 mass	 with	 concerning	 radiographic	
characteristics and most lesions ≥4 cm should be 
resected	 because	 of	 increased	 risk	 of	 adrenal	 cancer	
(Grade C; BEL 3).

•	 R19.	 The	 presence	 of	 pheochromocytoma	 should	 be	
ruled	out	biochemically	before	an	attempted	 resection	
of	any	adrenal	mass	(Grade C; BEL 3).

•	 R20.	All	patients	suspected	of	having	an	ACC	should	
undergo	biochemical	evaluation	to	identify	any	poten-
tial hormone excess that serves as a tumor marker and to 
determine	whether	the	patient	requires	steroid	replace-
ment	 perioperatively	 in	 cases	 of	 hypercortisolism	
(Grade D; BEL 4).

•	 R21.	Open	adrenalectomy	should	be	performed	if	ACC	
is	suspected	(Grade C; BEL 3).

•	 R22.	A	metastatic	lesion	should	be	suspected	in	a	patient	
with	a	history	of	cancer	and	an	adrenal	mass	that	does	
not fulfill the criteria for an incidentaloma (Grade C; 
BEL 3).

•	 R23. In very rare instances, pathologic confirmation 
with	CT-guided	needle	biopsy	may	be	required	for	stag-
ing	 and	 planning	 of	 oncologic	 treatments	 (Grade D; 
BEL 4).

•	 R24.	 The	 presence	 of	 pheochromocytoma	 should	 be	
ruled	out	with	biochemical	testing	before	performance	
of	a	biopsy	(Grade C; BEL 3).

•	 R25.	 Patients	with	bilateral	 adrenal	metastatic	 lesions	
should undergo evaluation for adrenal insufficiency 
(Grade D; BEL 4).

•	 R26.	 Adrenal	 metastasectomy	 is	 rarely	 indicated	 but	
should	be	considered	in	the	case	of	an	isolated	adrenal	
metastatic	lesion	(Grade C; BEL 3).

3.	METHODS FOR DEVELOPMENT OF THE 
AMERICAN ASSOCIATION OF CLINICAL 
ENDOCRINOLOGISTS AND AMERICAN 
ASSOCIATION OF ENDOCRINE SURGEONS 
MEDICAL GUIDELINES FOR THE 
MANAGEMENT OF ADRENAL 
INCIDENTALOMAS

 In 2004, the American Association of Clinical 
Endocrinologists	 (AACE)	 Protocol	 for	 Standardized	
Production	of	Clinical	Practice	Guidelines	was	published	
in	 Endocrine Practice	 (7 [EL 4]).	 Those	 recommenda-
tions	were	used	for	the	preparation	of	this	document.	The	
American	Association	of	Endocrine	Surgeons	(AAES)	and	
AACE cochairpersons and primary writers are experts 
in	 the	clinical	management	of	adrenal	diseases.	After	 the	
completion of the first draft created by the primary writers, 
the	chairpersons	reviewed	the	technical	assignment	of	evi-
dence levels (inserted in the reference list and in the text) 
and recommendation grades (in the Executive Summary). 
The	 document	 was	 subsequently	 reviewed	 by	 the	AAES	
and AACE publication and executive committees and then 
finally completed by the chairpersons.

4. ADRENAL INCIDENTALOMA

4.1. History and Physical Examination
	 Patients	 who	 have	 an	 adrenal	 incidentaloma	 identi-
fied on CT or magnetic resonance imaging (MRI) need to 
undergo	a	thorough	clinical	evaluation.	The	history	should	
be aimed at excluding a functional tumor. For patients with 
hypercortisolism	 or	 Cushing	 syndrome,	 the	 investigation	
should	 include	 inquiries	 about	 substantial	 weight	 gain	



�  AACE/AAES Adrenal Incidentaloma guidelines, Endocr Pract. 2009;15(Suppl 1)

or	 development	 of	 centripetal	 obesity,	 easy	 bruisability,	
severe hypertension, diabetes, virilization, proximal mus-
cle	weakness,	or	fatigue.	For	patients	with	pheochromocy-
toma,	inquiries	should	address	the	development	of	sudden	
or severe headaches, weight loss, anxiety attacks, sweat-
ing,	cardiac	arrhythmias,	or	palpitations.	For	patients	with	
aldosteronism,	the	clinician	should	ask	about	the	presence	
of hypertension, fluid retention, or a history of hypokale-
mia.	The	clinician	should	inquire	about	a	history	of	cancer,	
recent	weight	loss,	and	a	smoking	history	because	an	adre-
nal mass may be a metastatic lesion. Physical examination 
should	 include	 measurement	 of	 the	 patient’s	 blood	 pres-
sure	and	pulse	as	well	as	assessment	for	evidence	of	central	
obesity,	ecchymoses,	striae,	muscle	wasting,	hirsutism,	or	
other	signs	of	virilization.	A	review	of	photographs	taken	
over	several	years,	such	as	those	on	a	driver’s	license,	may	
make	changes	in	appearance	obvious.

4.2. Biochemical Evaluation
	 The	 detection	 of	 an	 adrenal	 lesion	 should	 prompt	
biochemical	 evaluation	 unless	 it	 is	 an	 obvious	 myeloli-
poma.	Adrenal	 myelolipomas	 are	 of	 low	 CT	 attenuation	
and	also	contain	fat	(-10 to -20 Hounsfield units [HU]); 
therefore,	the	diagnosis	is	generally	clear	(8 [EL 2]).	Any	
hormonally	hyperfunctioning	adenoma	needs	to	be	surgi-
cally	resected.	Patients	are	screened	for	SCS	with	a	1-mg	
overnight dexamethasone suppression test. A diagnosis of 
SCS is suspected if the serum cortisol level exceeds 5.0 
mg/dL after a 1-mg dexamethasone suppression test. A low 
or	suppressed	level	of	ACTH	or	a	low	dehydroepiandros-
terone	sulfate	concentration	further	supports	the	diagnosis.	
A second abnormal test result of HPA axis function, such 
as a 2-day low-dose dexamethasone suppression test, may 
be	 needed	 to	 establish	 the	 diagnosis	 of	 SCS (9 [EL 2]).	
Patients	 with	 hypertension	 who	 have	 a	 ratio	 of	 plasma	
aldosterone	concentration	(PAC)	(ng/dL)	 to	plasma	renin	
activity (PRA) (ng/mL per hour) of >20 while not taking 
spironolactone	 and	 mineralocorticoid	 receptor	 blockers	
should	undergo	further	assessment	for	the	presence	of	pri-
mary	aldosteronism	(4 [EL 4], 10 [EL 4]).	Finally,	elevated	
plasma	free	metanephrine	and	normetanephrine	levels	and	
24-hour total urinary metanephrines and fractionated cat-
echolamines	suggest	the	presence	of	a	pheochromocytoma	
(11 [EL 4], 12 [EL 3]).	In	general,	testing	the	patient	for	
the production of excess sex hormones is not indicated 
unless	the	patient	has	obvious	clinical	stigmas.

4.3. Radiologic Imaging
	 The	primary	goal	of	imaging	is	to	distinguish	among	
adrenal	adenoma,	adrenal	carcinoma,	pheochromocytoma,	
and	 metastatic	 lesions.	 It	 is	 important	 to	 emphasize	 that	
imaging	 cannot	 reliably	 distinguish	 between	 functioning	
and	 nonfunctioning	 adrenal	 adenomas.	 The	 diagnosis	 of	
an	adenoma	relies	on	the	presence	of	intracellular	lipid	in	
the adrenal lesion, which can be identified by density mea-

surement	on	noncontrast	CT	or	in-phase	and	out-of-phase	
MRI. Alternatively, an adenoma can be identified by mea-
suring	contrast-washout	kinetics	on	CT.	Lesions	that	have	
an attenuation value below 10 HU on noncontrast CT scan 
are	adenomas	(8 [EL 2], 13 [EL 3], 14 [EL 3]).	Adenomas	
constitute about 70% of adrenal masses seen in the clinical 
setting.
	 The	differential	diagnosis	can	be	further	delineated	by	
CT	scans	done	immediately	after	intravenous	administra-
tion of a contrast agent and then again after a 10- to 15-min-
ute	delay.	Benign	adrenal	lesions	will	commonly	enhance	
up to 80 to 90 HU and wash out more than 50% on the 
delayed	scan,	whereas	 lesions	such	as	metastatic	 tumors,	
carcinomas,	 or	 pheochromocytomas	 will	 not	 (8 [EL 2]).	
Pheochromocytomas	 usually	 show	 enhancement	 to	 more	
than 100 HU, diagnostically separating them from adeno-
mas.	On	noncontrast	CT,	some	benign	adrenal	lesions	do	
not have attenuation values of less than 10 HU and may 
have values of 20 to 40 HU. This result is found in lipid-
poor adenomas. In these cases, a washout of >50% will 
often	allow	the	diagnosis	of	an	adenoma	to	be	made.	This	
observation, however, needs to be confirmed with larger 
studies.

4.4. Follow-up of Patients With a Nonfunctioning 
Adrenal Incidentaloma
 Patients with adrenal incidentalomas smaller than 4 
cm	and	radiologic	characteristics	consistent	with	a	benign	
adenoma	need	to	have	radiographic	reevaluation	at	3	to	6	
months	and	 then	annually	 for	1	 to	2	years	 (6 [EL 4], 15 
[EL 3], 16 [EL 3]).	Hormonal	evaluation	should	be	per-
formed	at	the	time	of	diagnosis	and	then	annually	for	up	to	
5	years	(3 [EL 2]).	The	risk	of	the	mass	enlarging	during	1,	
2, and 5 years is 6%, 14%, and 29%, respectively, and the 
risk	of	the	mass	becoming	hormonally	active	during	those	
time periods is 17%, 29%, and 47%, respectively (3 [EL 
2]).	The	most	common	hormonally	active	lesion	in	patients	
with	previously	 inactive	adenomas	 is	SCS.	The	 rate	of	a	
benign	adenoma	or	hyperplasia	developing	into	an	ACC	is	
not well known, but such a change seems to be extremely 
rare	 (15 [EL 3], 17 [EL 2], 18-20 [EL 3]).	 Should	 the	
tumor	grow	more	than	1	cm	or	become	hormonally	active	
during follow-up, surgical excision should be considered. 
Currently,	it	is	unclear	what	the	recommendations	should	
be	after	5	years	of	follow-up	for	a	stable,	nonfunctioning	
adrenal	mass.

5. CORTISOL-PRODUCING ADRENAL ADENOMA

5.1. Overview
	 Adrenocortical	adenoma	can	cause	both	overt	Cushing	
syndrome	 and	 SCS.	 Those	 patients	 with	 an	 incidental	
radiographic finding of the adrenal lesion are more likely 
than	others	to	have	SCS.	With	better	understanding	of	SCS	
and	more	frequent	testing	for	it	(4 [EL 4], 21-23 [EL 4]),	
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this disease entity is being identified more frequently. Of 
the	hormonally	active	incidentalomas,	this	diagnosis	con-
stitutes the most common form—5.3% of more than 2,000 
cases	reported	in	the	world	literature	(4 [EL 4]).	Overt	clin-
ical	signs	and	symptoms	of	Cushing	disease	are	not	always	
present;	thus,	biochemical	testing	is	necessary	to	secure	the	
diagnosis.	Overt	 adrenal	Cushing	 syndrome	 is	 character-
ized	by	all	the	typical	stigmas	of	hypercortisolism.

5.2. History and Physical Examination
	 Particular	 attention	 should	 be	 directed	 at	 eliciting	 a	
history	of	 fatigue,	depression,	 sleep	disturbances,	weight	
gain,	menstrual	irregularities,	hypertension,	glucose	intol-
erance,	easy	bruising,	or	fracture	with	minimal	trauma.	On	
physical examination, the physician should measure the 
patient’s	blood	pressure	and	pulse	and	look	for	central	obe-
sity,	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.	Changes	on	photographs	taken	over	
several	years	(such	as	 those	on	driver’s	 licenses)	may	be	
of	 particular	 help.	All	 these	 signs	 and	 symptoms	 should	
raise the level of suspicion for Cushing syndrome. Many 
patients	with	mild	Cushing	syndrome,	however,	will	have	
only	a	few	of	these	signs	and	symptoms	present,	and	many	
patients without Cushing syndrome may also exhibit one 
or more of these findings. Therefore, Cushing syndrome 
cannot	be	diagnosed	on	purely	clinical	grounds,	and	a	care-
ful	biochemical	evaluation	is	necessary.

5.3. Biochemical Evaluation for Adrenal Cushing 
Syndrome
	 Biochemical	evaluation	for	adrenal	Cushing	syndrome	
is a 2-step process that first includes screening with 1 or 2 
screening	 tests.	 If	 the	 screening	 test	 results	 are	 positive,	
confirmatory tests are then performed. Testing is based on 
demonstrating	3	pathophysiologic	derangements	typical	of	
Cushing	 syndrome:	 (1)	 loss	 of	 a	 normal	 diurnal	 pattern,	
with	 abnormally	 high	 late-night	 cortisol	 secretion	 (late-
night	salivary	cortisol	 test);	 (2)	 failure	 to	discontinue	 the	
production	of	cortisol,	despite	the	absence	of	ACTH	stimu-
lation (dexamethasone suppression test); and (3) excess 
production of cortisol (24-hour UFC test).

5.4. Screening Tests

5.4.1. Late-Night Salivary Cortisol
	 The	late-night	salivary	cortisol	test	is	the	most	recent	
assay	to	be	used	for	screening	for	Cushing	syndrome	and	
is	now	available	 through	most	 laboratories.	Patients	with	
a	regular	sleep	pattern	can	collect	a	specimen	of	saliva	at	
bedtime	at	home	and	then	bring	or	mail	the	samples	to	the	
laboratory	for	testing.	Several	investigators	have	shown	that	
elevated	nighttime	cortisol	levels	appear	to	be	the	earliest	
and	most	sensitive	markers	for	Cushing	syndrome	(24 [EL 

4], 25 [EL 4]), with sensitivity and specificity approaching 
90% to 95% (26 [EL 3]).

5.4.2. Overnight 1-mg Dexamethasone Suppression Test
 The overnight 1-mg dexamethasone suppression test is 
performed by administration of 1 mg of dexamethasone at 
11	pm	and	determination	of	a	fasting	plasma	cortisol	level	
between	8	am and 9 am	the	following	day.	Suppression	of	
the	plasma	cortisol	level	to	<1.8	mg/dL	has	the	best	nega-
tive	predictive	value	for	Cushing	syndrome	(5 [EL 4]).	A	
positive	 test	 result	 should	be	 followed	by	further	 testing,	
including 24-hour UFC, midnight salivary cortisol, or a 2-
day low-dose dexamethasone suppression test.

5.4.3. 24-Hour UFC
	 Because	 UFC	 levels	 are	 not	 affected	 by	 factors	 that	
influence corticosteroid-binding globulin, UFC is a better 
reflection of cortisol levels than plasma cortisol levels and 
is an integrated measure of excess production of cortisol. 
An	elevated	UFC	level	warrants	further	investigation,	and	
a UFC that is more than 4 times the normal value is con-
sidered	diagnostic	of	Cushing	syndrome	(27 [EL 4]).	Up	
to	3-fold	elevation	of	UFC	can	be	associated	with	pseudo-
Cushing syndrome attributable to chronic anxiety, depres-
sion,	 alcoholism,	 or	 obesity	 or	 can	 accompany	 use	 of	
certain	medications	(24 [EL 4], 28 [EL 3]).	Thus,	further	
confirmatory testing is needed in such a case.
 No currently available screening test has a 100% 
sensitivity	and	thus,	when	used	alone,	cannot	completely	
exclude the presence of hypercortisolism. Because these 
tests	 target	different	aspects	or	pathophysiologic	 features	
of	 Cushing	 syndrome,	 they	 are	 complementary	 in	 the	
screening	 process.	Although	 the	 best	 diagnostic	 strategy	
for	patients	with	incidentalomas	has	not	been	established,	
the	simplest	screening	test	for	autonomous	cortisol	secre-
tion from an incidentaloma is a 1-mg overnight dexameth-
asone	suppression	test.	If	clinical	suspicion	is	high,	such	as	
in	patients	with	hypertension,	obesity,	diabetes	mellitus,	or	
osteoporosis, all 3 tests (salivary cortisol, dexamethasone 
suppression,	and	UFC)	can	be	used.
 A low or suppressed ACTH level would confirm an 
adrenal	 origin	 of	 Cushing	 syndrome.	The	 lack	of	ACTH	
response	during	the	corticotropin-releasing	hormone	stim-
ulation	test	may	be	used	in	those	patients	with	borderline	
ACTH	levels	to	distinguish	ACTH-dependent	from	ACTH-
independent	Cushing	syndrome	(29 [EL 4]).

5.5. Perioperative Management
	 In	patients	with	elevated	cortisol	levels,	care	should	be	
exercised during the preoperative period to ensure that dia-
betes	and	hypertension,	if	present,	are	treated	adequately.	
Because	 these	 patients	 are	 at	 increased	 relative	 risk	 for	
thromboembolic	complications,	measures	must	be	imple-
mented	to	prevent	these	complications	during	the	periop-
erative	 period.	 In	 the	 unusual	 patient	 with	 long-standing	
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and	 very	 high	 levels	 of	 cortisol,	 the	 presence	 of	 severe	
immunosuppression	must	be	considered,	and	prophylactic	
perioperative	antibiotics	should	be	used.	Peptic	ulcer	pro-
phylaxis should also be provided.
	 Patients	with	Cushing	syndrome	also	have	a	suppressed	
HPA axis. Excess cortisol secretion from an adrenocorti-
cal	 adenoma	 suppresses	 the	 production	 of	ACTH	 by	 the	
pituitary.	This	situation	leads	to	atrophy	of	the	contralateral	
adrenal	gland	that	is	devoid	of	the	trophic	effects	of	ACTH.	
Once	 a	 cortisol-producing	 adenoma	 has	 been	 removed,	
physicians	 must	 administer	 glucocorticoid	 replacement	
because	the	remaining	adrenal	gland	is	suppressed	(30 [EL 
3]).	 High	 stress	 doses	 can	 usually	 be	 weaned	 to	 mainte-
nance doses of hydrocortisone of approximately 12 to 15 
mg/m2	(31 [EL 4]).	After	an	adrenal	surgical	procedure	for	
Cushing	syndrome,	physicians	should	be	prepared	to	treat	
patients with exogenous glucocorticoids until the HPA axis 
has	recovered.	The	amount	of	time	for	recovery	varies	from	
6	 to	18	months	after	a	unilateral	adrenalectomy.	Doherty	
et	al	(32 [EL 2])	reported	a	median	time	of	15	months	to	
recover	 a	 normal	 response	 to	 the	ACTH	 stimulation	 test	
and 19 months (range, 12 to 24) to allow discontinuation 
of	hydrocortisone.	During	preoperative	 informed	consent	
discussions,	all	patients	should	also	be	cautioned	about	the	
importance	of	long-term	corticosteroid	replacement.

6. SUBCLINICAL CUSHING SyNDROME

6.1. Overview
 More than 5% of patients with adrenal incidentalo-
mas	may	have	SCS	(4 [EL 4]). This poorly defined entity 
may	be	unique	to	patients	with	adrenal	incidentalomas.	It	
is	characterized	by	subtle	autonomous	production	of	corti-
sol	by	an	adrenal	tumor,	which	is	usually	associated	with	
suppressed	 production	 of	 cortisol	 from	 the	 contralateral	
gland	but	no	overt	clinical	features	of	Cushing	syndrome	
such as atypical fat redistribution, skin fragility, or proxi-
mal	 muscle	 weakness.	 Ultimately,	 the	 best	 proof	 for	 the	
presence	 of	 this	 disorder	 is	 the	 development	 of	 adrenal	
insufficiency postoperatively. It has been postulated that 
long-term exposure to subtle cortisol excess may lead to 
the	 metabolic	 derangements	 seen	 in	 patients	 with	 overt	
Cushing syndrome. Many, although not all, studies found 
higher	prevalences	of	hypertension,	obesity,	insulin	resis-
tance,	dyslipidemia,	and	osteoporosis	in	patients	with	SCS	
(33-36 [EL 3]).	 Nevertheless,	 no	 conclusive	 evidence	
exists for a causal relationship between subtle autonomous 
production	of	 cortisol	 and	 such	metabolic	derangements.	
In	 fact,	 Reincke	 (37 [EL 4]) theorized	 that	 adrenal	 nod-
ules	might	represent	a	manifestation	of	the	metabolic	syn-
drome and develop because of a trophic effect of excess 
insulin	on	 the	adrenal	glands.	Little	 information	 is	avail-
able	about	the	natural	history	of	this	condition.	It	has	been	
shown	that	progression	to	overt	Cushing	syndrome	is	a	rare	
event	within	1	to	7	years	of	follow-up	(3 [EL 2], 17 [EL 

2]).	Otherwise,	long-term	morbidity	and	mortality	data	are	
lacking.	Similarly,	there	are	no	long-term	outcome	data	for	
patients	who	were	treated	medically	with	risk	factor	modi-
fication alone versus those who underwent surgical resec-
tion	of	adrenal	adenomas.

6.2. Diagnosis
	 The	diagnosis	of	SCS	is	made	biochemically;	however,	
the	variability	among	diagnostic	criteria	used	 in	 research	
studies is significant. The 1-mg dexamethasone suppres-
sion	test	is	more	sensitive	than	UFC	in	diagnosing	this	con-
dition	(29 [EL 4]). An abnormal result of the dexametha-
sone	suppression	test	was	the	most	common	biochemical	
abnormality	seen	in	patients	undergoing	follow-up	by	the	
Study	Group	on	Adrenal	Tumors	of	the	Italian	Society	of	
Endocrinology	(9 [EL 2])	and	others	who	have	studied	the	
condition. Consequently, the dexamethasone suppression 
test	 is	 the	most	 frequently	used	 initial	screening	 test,	but	
the	 appropriate	 cutoff	 cortisol	 level	 is	 debated.	A	 cutoff	
point	of	5	mg/dL was associated with a specificity of 100% 
and	a	sensitivity	of	58%	in	1	study,	whereas	a	lower	cutoff	
point	of	about	1.8	mg/dL had a 75% to 100% sensitivity and 
a 72% to 82% specificity (38 [EL 3], 39 [EL 3]).	Hence,	
we	 recommend	use	of	 the	higher	cutoff	point	 (5	mg/dL),	
which has a higher specificity. In addition, because yearly 
biochemical	 reevaluation	 is	 recommended	 for	 5	 years	 in	
patients	 with	 nonfunctioning	 lesions,	 those	 patients	 with	
false-negative	results	on	the	initial	evaluation	may	be	iden-
tified at later reassessment. A low or suppressed level of 
ACTH	or	 low	dehydroepiandrosterone	sulfate	concentra-
tion	 supports	 the	 diagnosis	 of	 SCS.	 Some	 investigators	
have required a second abnormal test result of HPA axis 
function, such as a 2-day low-dose dexamethasone sup-
pression	 test,	 to	 establish	 the	 diagnosis	 of	 SCS (9 [EL 
2]). A consultation with an endocrinologist experienced in 
interpreting tests of the HPA axis should be sought (29 [EL 
4]).

6.3. Management
	 At	this	time,	no	long-term	prospective	data	are	avail-
able	for	guidance	in	the	choice	between	medical	and	sur-
gical	 therapy	 for	 these	patients.	Although	several	 studies	
report	improvement	in	individual	cardiovascular	risk	fac-
tors,	particularly	hypertension,	after	adrenalectomy,	most	
metabolic	 derangements	 persist.	 Young	 (40 [EL 4])	 has	
proposed	a	commonsense	strategy	 to	operate	on	younger	
patients (<40 years old) with a recent onset or worsening 
of	diabetes,	hypertension,	or	osteoporosis.	In	older	patients	
with	 worsening	 of	 clinical	 comorbidities,	 clinical	 judg-
ment	should	be	used	about	referral	for	surgical	treatment.	
In	 all	 patients	 undergoing	 a	 surgical	 procedure	 for	 SCS,	
corticosteroid	 replacement	should	be	 initiated	on	postop-
erative	day	1	after	a	blood	sample	has	been	obtained	for	
determination	of	a	morning	serum	cortisol	value,	and	they	
should be followed until HPA axis functionality is restored, 
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as	outlined	in	the	section	on	Cushing	syndrome	(see	sec-
tion	5.5)	(41 [EL 3]).	There	is	no	need	for	glucocorticoid	
replacement	intraoperatively	in	patients	with	Cushing	syn-
drome	(42 [EL 4], 43 [EL 2]).

7. PHEOCHROMOCyTOMA

7.1. Overview
	 The	presence	of	a	pheochromocytoma	should	be	sus-
pected	 in	 patients	 with	 severe	 hypertension,	 tachycardia,	
palpitations, cardiac arrhythmias, anxiety attacks, weight 
loss,	or	sweating.	About	15%	of	patients	with	a	pheochro-
mocytoma,	however,	have	no	history	of	hypertension.	The	
management	of	patients	with	a	pheochromocytoma	begins	
with	 a	 biochemical	 diagnosis.	 Traditionally,	 biochemi-
cal evidence of the disease has been confirmed with 24-
hour	 fractionated	 catecholamines,	 vanillylmandelic	 acid,	
and total urinary metanephrines. More recently, because 
of	a	high	sensitivity	 rate,	plasma	free	metanephrines	and	
normetanephrines	 have	 been	 measured.	 Although	 the	
urinary	 measurements	 have	 a	 higher	 false-negative	 rate,	
the	plasma	levels	are	associated	with	a	higher	false-posi-
tive	 rate.	 Use	 of	 tricyclic	 antidepressants,	 decongestants,	
amphetamines, reserpine, and phenoxybenzamine should 
be	discontinued	to	eliminate	the	likelihood	of	a	false-posi-
tive	result.	Review	of	the	literature	reveals	no	level	of	evi-
dence	 stronger	 than	 level	 2	 to	 support	 recommendations	
for	 the	management	of	 patients	with	pheochromocytoma	
(44 [EL 4]).

7.2. History and Physical Examination
	 The	 history	 should	 be	 focused	 on	 elicitation	 of	 the	
presence	of	 severe	hypertension,	headaches,	weight	 loss,	
anxiety attacks, sweating, cardiac arrhythmias, or palpita-
tions	as	well	as	a	family	history	of	syndromes	that	include	
pheochromocytomas,	such	as	von	Hippel-Lindau	disease,	
multiple	 endocrine	neoplasia	 type	2,	 familial	paragangli-
oma syndrome, or neurofibromatosis syndromes. Physical 
examination should include measurement of the patient’s 
blood pressure and pulse, cardiac examination for conges-
tive heart failure, and evaluation for excessive sweating, 
anxiety, and weight loss.

7.3. Biochemical Evaluation
 Most pheochromocytomas secrete the catecholamines 
norepinephrine	or	epinephrine	and,	more	rarely,	dopamine	
(45 [EL 4]).	Traditionally,	testing	for	pheochromocytoma	
has included a 24-hour urine collection for catecholamines 
and total or fractionated metanephrines. A 24-hour urine 
total metanephrine level above 1,800 mg	in	the	appropriate	
clinical	setting	is	almost	always	diagnostic	for	a	pheochro-
mocytoma, and a plasma metanephrine level exceeding 3 
to 4 times normal is highly diagnostic for a pheochromo-
cytoma. Reported sensitivities range from 77% to 97%, 
with specificities from 69% to 98%. Although no single 

perfect	 test	 is	 available,	 the	measurement	of	plasma	 free	
metanephrines	and	normetanephrines	has	the	highest	sen-
sitivity (97% to 100%) and specificity (85% to 89%) and 
appears	to	be	the	best	initial	test	for	screening	patients	for	
pheochromocytoma	(11 [EL 4], 12 [EL 3]).

7.4. Genetic Testing
	 In	 light	 of	 the	 association	 between	 certain	 familial	
syndromes	 and	 the	 development	 of	 pheochromocytoma,	
patients	 diagnosed	 with	 pheochromocytomas	 at	 a	 young	
age or with multifocal or extra-adrenal disease should be 
screened	 with	 genetic	 testing	 for	 a	 RET	 mutation,	 muta-
tions	in	the	VHL	gene,	and	subunits	of	the	succinate	dehy-
drogenase	genes	(46 [EL 4], 47 [EL 2], 48 [EL 2]).

7.5. Radiologic Imaging
	 The	sensitivity	of	CT	scanning	with	use	of	a	contrast	
agent	 for	 the	 diagnosis	 of	 pheochromocytoma	 is	 85%	 to	
95%, with a specificity of 70% to 100%; the sensitivity of 
MRI exceeds 95%, with a specificity of 100% (49 [EL 3], 
50 [EL 3], 51 [EL 4]). Either may be used as the definitive 
imaging	study,	depending	on	availability,	cost,	and	patient	
preference. High signal intensity on T2-weighted MRI is 
highly	characteristic	for	pheochromocytoma	(52 [EL 4]).

7.6. Malignant Lesion
 The diagnosis of a malignant tumor is difficult to 
establish	because	there	are	no	reliable	radiographic	or	his-
tologic	criteria	to	distinguish	benign	from	malignant	pheo-
chromocytomas. Malignant pheochromocytoma can be 
diagnosed if there is extracapsular invasion of the tumor 
into	adjacent	structures	or	 if	metastatic	disease	develops.	
Pheochromocytomas	 in	 children,	 in	men,	 and	 in	 patients	
with	familial	syndromes	are	less	likely	to	be	malignant	(53 
[EL 4]). Exceptions would be patients with a family his-
tory	of	malignant	pheochromocytoma	or	with	the	succinate	
dehydrogenase	B	mutation	(54 [EL 3]).

7.7. Preoperative Medical Management
	 Preparation	for	surgical	treatment	includes	α-adrener-
gic	blockade	 for	1	 to	3	weeks	preoperatively	 in	order	 to	
avoid	 profoundly	 unstable	 intraoperative	 blood	 pressure.	
The most commonly used agent is phenoxybenzamine, 
which	is	a	long-acting	α-adrenergic	antagonist.	Therapy	is	
started at a dosage of 10 mg twice daily, and the dosage 
is titrated upward to as much as 300 to 400 mg daily in 
divided	doses	until	the	patient	becomes	normotensive,	the	
hypertension	is	well	controlled,	or	intolerable	side	effects	
develop	 (orthostatic	hypotension,	 tachycardia,	 nasal	 con-
gestion,	 nausea,	 or	 abdominal	 pain)	 (53 [EL 4], 55 [EL 
4]).	Other	α-adrenergic blocking agents such as doxazo-
sin	 may	 be	 used	 for	 preoperative	 preparation	 of	 patients	
with	pheochromocytoma	 (55 [EL 4]).	Alpha-methyltyro-
sine (metyrosine), which inhibits tyrosine hydroxylase, 
the	 rate-limiting	 enzyme	 in	 catecholamine	 synthesis,	 has	
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also been used in combination with phenoxybenzamine 
in	 the	 preoperative	 preparation	 of	 patients	 with	 pheo-
chromocytoma.	 Small,	 nonrandomized	 studies	 have	 sug-
gested	that	those	patients	who	receive	this	combination	of	
drugs experience less hemodynamic instability intraop-
eratively in comparison with those given phenoxybenza-
mine	alone,	but	this	result	has	not	been	validated	in	larger	
trials	(56 [EL 3], 57 [EL 3]).	In	addition	to	α-adrenergic	
blockade,	patients	are	sometimes	prepared	preoperatively	
with	β-adrenergic	 blockade.	 Indications	 for	β-adrenergic	
blockade,	 which	 should	 be	 given	 only	 after	 adequate	α-
adrenergic blockade, include persistent tachycardia, extra-
systoles,	or	arrhythmias.	Propranolol	is	the	most	common	
agent used and is administered in dosages of 10 to 40 mg 
every	6	to	8	hours	(53 [EL 4]).	Calcium	channel	blockers	
have	also	been	used	preoperatively	and	intraoperatively	for	
blood	 pressure	 control.	Another	 important	 component	 of	
the	preoperative	preparation	of	these	patients	is	encourag-
ing liberal fluid and salt intake, inasmuch as the vasocon-
stricted	state	that	accompanies	pheochromocytomas	causes	
intravascular	volume	depletion.

7.8. Intraoperative Management of 
Pheochromocytoma
	 Close	intraoperative	monitoring	of	patients	with	pheo-
chromocytoma	 is	 imperative,	 and	 anesthetic	 drugs	 that	
precipitate	catecholamine	secretion	should	be	avoided.	An	
arterial	line	is	used	to	monitor	blood	pressure	continuously,	
and	a	central	venous	line	is	used	to	monitor	the	intravascu-
lar	volume	status.	Occasionally,	a	pulmonary	arterial	line	
may be necessary in patients with clinically significant car-
diac	disease.	Inhaled	anesthetics	that	have	the	least	cardiac	
depressant	 effects	 are	 generally	 preferred.	 Hypertension	
can	 be	 controlled	 with	 nitroprusside,	 nicardipine,	 nitro-
glycerin,	or	phentolamine.	Tachyarrhythmia	is	treated	with	
a	β-adrenergic	 blocking	 agent	 (esmolol),	 and	 ventricular	
arrhythmia	 is	 treated	with	 lidocaine.	Once	 the	pheochro-
mocytoma	has	been	removed,	the	patient	may	have	severe	
hypotension	that	necessitates	use	of	large	volumes	of	intra-
venously administered fluid and α-adrenergic	 agonists.	
Because	of	 the	considerable	 intraoperative	hemodynamic	
changes	 that	 can	occur,	 it	 is	 important	 that	 an	anesthesi-
ologist experienced in the management of pheochromocy-
tomas	 be	 available.	 During	 the	 immediate	 postoperative	
period,	patients	should	be	monitored	for	hypotension	and	
hypoglycemia.

7.9. Postoperative Management and Follow-up
	 The	postoperative	management	of	patients	with	pheo-
chromocytoma	will	depend	on	whether	the	tumor	is	benign	
or	malignant	as	well	as	whether	the	tumor	has	been	com-
pletely	 resected	 or	 just	 debulked.	 Because	 there	 are	 no	
definitive diagnostic criteria for malignant pheochromocy-
toma,	patients	with	an	apparently	benign	pheochromocy-

toma	 who	 have	 undergone	 a	 complete	 surgical	 resection	
should	have	at	least	annual	follow-up	postoperatively.	One	
large study found that, in 29 of 176 patients (16%) with an 
apparently	benign	tumor,	recurrent	disease	developed	dur-
ing	long-term	follow-up	with	biochemical	testing	(58 [EL 
3]).	Patients	in	whom	the	tumor	was	incompletely	resected,	
or	those	whose	primary	tumor	was	resected	but	who	have	
known	metastatic	disease,	should	continue	their	α-adrener-
gic	blockade	therapy	postoperatively	for	symptom	control.	
Antihypertensive	agents	should	be	withheld	after	resection	
of	 localized	 benign-appearing	 pheochromocytomas	 and	
used	only	if	the	patient	appears	to	have	underlying	essen-
tial	hypertension.	If	long-term	treatment	with	a	β-adrener-
gic	blocking	agent	has	been	used,	it	should	not	be	stopped	
abruptly,	 especially	 in	older	 patients	with	 ischemic	heart	
disease.

8. ALDOSTERONOMA

8.1. Overview
	 One	percent	of	adrenal	incidentalomas	are	associated	
with	 autonomous	production	of	 aldosterone	 (59 [EL 3]).	
Drug	resistance	and	refractory	hypertension	(need	for	>3	
antihypertensive	agents)	are	common	hallmarks	of	primary	
aldosteronism	attributable	to	an	aldosteronoma,	along	with	
spontaneous	hypokalemia	(serum	potassium	<3.5	mEq/L)	
or	 severe	 (<3	 mEq/L)	 diuretic-induced	 hypokalemia.	 Of	
note,	most	patients	with	primary	aldosteronism	do	not	have	
hypokalemia	(60 [EL 3]). Muscle cramping and weakness, 
headaches,	 intermittent	 or	 periodic	 paralysis,	 polydipsia,	
polyuria,	and	nocturia	are	less	common	symptoms	and	are	
generally	 attributable	 to	 the	 degree	 of	 hypokalemia	 (61 
[EL 3], 62 [EL 3]).
	 In	addition	to	an	aldosteronoma,	other	important	rare	
causes	of	primary	aldosteronism	in	the	setting	of	an	adre-
nal	 incidentaloma	 include	 primary	 (unilateral)	 adrenal	
hyperplasia	and	pure	aldosterone-secreting	ACC	(63 [EL 
3], 64 [EL 3], 65 [EL 4]).	Primary	unilateral	adrenal	hyper-
plasia	is	an	important	entity	because	its	proper	recognition	
and	surgical	treatment	can	lead	to	cure	of	or	considerable	
improvement	 in	 hypertension.	 These	 variations	 demon-
strate	 a	 continuum	between	adrenal	 adenoma	and	hyper-
plasia,	 emphasizing	 the	 importance	 of	 AVS	 for	 subtype	
evaluation	(66-68 [EL 3]).

8.2. Pathology
	 Adenomas	are	usually	solitary	but,	on	rare	occasions,	
may be bilateral. They are usually less than 2.0 cm in diam-
eter, with a mean diameter ranging from 1.5 to 2.0 cm (69 
[EL 4]).	Typically,	primary	unilateral	adrenal	hyperplasia	
is	characterized	by	micronodular	or	macronodular	hyper-
plasia	 and	may	confound	 the	diagnosis	 in	older	patients,	
inasmuch	as	nonfunctioning	cortical	incidentalomas	occur	
with increasing frequency in patients older than 40 years.
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8.3. Diagnosis and Screening
	 Determining	the	ratio	of	PAC	(ng/dL)	to	PRA	(ng/mL	
per	 hour)	 has	 become	 the	 accepted	 screening	 modality	
for	primary	aldosteronism	(65 [EL 4], 70-73 [EL 2], 74-
76 [EL 4]).	The	addition	of	elevated	PAC	to	a	high	ARR	
has increased its specificity as a screening test for primary 
aldosteronism	(4 [EL 4], 10 [EL 4]).	One	study	found	that	
an ARR of more than 30 in conjunction with a PAC value 
greater than 20 ng/dL had a sensitivity and specificity of 
90% and 91%, respectively (73 [EL 2]).	 Investigators	 at	
the Mayo Clinic (4 [EL 4], 10 [EL 4], 77 [EL 2])	 found	
that an ARR greater than 20 in association with a PAC of 
more	than	15	ng/dL	was	highly	sensitive	(Fig.	2);	however,	
others	 have	 reported	 lower	 aldosterone	 levels	 in	 patients	
with	primary	aldosteronism	(78 [EL 4], 79 [EL 2], 80 [EL 
2]).	Ratios	can	be	laboratory	dependent.	Before	screening,	
it	is	necessary	to	withhold	spironolactone	and	eplerenone	
(mineralocorticoid receptor blockers) for 4 to 6 weeks. 
Diuretics	often	lead	to	hypokalemia,	and	inhibition	of	the	
renin-angiotensin	system	is	seen	with	angiotensin-convert-
ing	enzyme	 (ACE)	 inhibitors	and	angiotensin	 II	 receptor	
blockers	(ARBs).	A	low	PRA	in	the	setting	of	an	ARB	or	
ACE	inhibitor	should	alert	one	to	the	possibility	of	autono-
mous aldosterone excess. Thiazide diuretics, calcium chan-
nel	blockers	(dihydropyridines),	ACE	inhibitors,	and	ARBs	

can	actually	improve	the	diagnostic	discriminatory	power	
of	the	ARR;	in	contrast,	β-adrenergic	blocking	agents	and	
clonidine	suppress	PRA	and	thus	may	cause	false-positive	
results.	The	ARR	is	most	sensitive	when	blood	samples	are	
collected	 in	 the	morning,	 after	patients	have	been	out	of	
bed	for	at	least	2	hours	and	have	been	seated	for	5	to	15	
minutes.

8.3.1. Confirmation of Primary Aldosteronism
	 The	 presence	 of	 primary	 aldosteronism	 can	 be	 con-
firmed by demonstrating lack of suppression of aldosterone 
levels	after	salt	loading.	This	can	be	done	in	1	of	the	fol-
lowing	ways:	(1) patients are instructed to add 1 flat tea-
spoon	of	salt	to	their	daily	food	intake	and	to	consume	salty	
foods (for example, potato chips, pretzels, and pickles) for 
72	hours	or	(2)	performance	of	the	saline	suppression	test:	
isotonic saline is infused at a rate of 300 to 500 mL/h for 4 
hours (caution should be exercised in patients with severe 
hypertension,	 those	 receiving	 multiple	 antihypertensive	
medications,	 or	 those	 with	 heart	 failure).	A	 PAC	 is	 then	
determined	 in	 the	 seated	 patient;	 a	 nonsuppressed	 PAC	
exceeding 10 ng/dL is confirmatory of primary aldoste-
ronism (81 [EL 3]). During the third day, a 24-hour urine 
collection	is	performed	for	aldosterone,	sodium,	and	creati-
nine	measurement	(the	latter	2	to	verify	adequate	salt	load-

Fig. 2.	Algorithm	showing	use	of	plasma	renin	activity	(PRA)	and	plasma	aldo-
sterone	concentration	(PAC)	and	their	ratio	(PAC/PRA)	for	diagnosing	aldosteron-
ism in patients with resistant hypertension, hypokalemia, or both. Modified with 
permission	from	Young	et	al	(77 [EL 2]).
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ing [>200 mEq of sodium per 24 hours] and an adequate 
[true 24-hour] urine collection). In some medical centers, 
the	potassium	supplement	is	withheld	at	the	beginning	of	
the	salt-loading	test.	The	measurement	of	potassium	in	the	
urine	 during	 salt	 loading	 further	 supports	 the	 diagnosis	
by demonstrating inappropriate potassium excretion: >30 
mmol/d. Failure to suppress 24-hour urinary aldosterone 
levels	to	less	than	12	mg is confirmatory of primary aldo-
steronism	(10 [EL 4], 65 [EL 4], 71 [EL 2], 72 [EL 2], 75 
[EL 4], 76 [EL 4]).

8.3.2. Aldosterone-Producing Adenoma Versus Idiopathic 
Hyperplasia
	 The	 distinction	 between	 aldosterone-producing	 ade-
noma	(APA)	and	primary	adrenal	hyperplasia	(PAH)	is	crit-
ical in evaluating a patient with confirmed primary aldoste-
ronism	and	an	adrenal	tumor.	These	2	entities	account	for	
more than 95% of all cases of primary aldosteronism (one-
third	APA	and	two-thirds	PAH).	The	distinction	is	critical	
because	APA	is	often	successfully	managed	surgically	with	
unilateral	 adrenalectomy	 (82 [EL 2])	 (Fig.	 3),	 whereas	
PAH	 is	 best	 managed	 medically	 with	 mineralocorticoid	
receptor	antagonists.	This	distinction,	however,	is	clouded	
by	a	physiologic	and	pathologic	continuum	 that	 includes	

solitary	unilateral	APAs,	bilateral	or	double	APAs,	primary	
unilateral	 hyperplasia,	 bilateral	 micronodular	 or	 mac-
ronodular	hyperplasia,	and	PAH	in	conjunction	with	one	or	
more	nonfunctioning	adrenal	 incidentalomas	 (65 [EL 4], 
71 [EL 2], 72 [EL 2], 75 [EL 4], 76 [EL 4]).	Patients	with	
APA	are	often	younger,	have	more	severe	hypertension	and	
hypokalemia,	 and	 demonstrate	 higher	 PAC	 and	 urinary	
aldosterone	 levels	 (65 [EL 4], 71 [EL 2], 72 [EL 2], 75 
[EL 4], 76 [EL 4]).	Patients	with	APA	often	respond	better	
to	spironolactone	than	do	those	with	PAH.	Unfortunately,	
none of these observations is specific enough for subtype 
evaluation.

8.4. Imaging and Localization
	 The	 ability	 to	 lateralize	 the	 source	 of	 aldosterone	
excess considerably facilitates the selection of patients 
for	surgical	treatment	who	have	the	greatest	likelihood	for	
cure.	Although	enhanced	CT	imaging	reduces	the	number	
of	false-negative	studies,	it	clearly	increases	the	number	of	
studies	with	false-positive	results	that	could	lead	to	either	
inappropriate	withholding	of	surgical	intervention	or	surgi-
cal	 removal	of	 the	wrong	gland.	This	challenge	becomes	
more	 important	 with	 advancing	 age	 as	 the	 incidence	 of	
adrenal	 incidentalomas	 increases.	 A	 young	 patient	 (less	

Fig. 3. Algorithm for confirmation of primary aldosteronism. APA	=	aldoste-
rone-producing	adenoma;	AVS	=	adrenal	venous	sampling;	CT	=	computed	
tomographic;	PAH = primary adrenal hyperplasia. Modified with permission 
from	Young	(82 [EL 2]).
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than 40 years) with primary aldosteronism who has an 
adrenal	adenoma	larger	than	1	cm	(uniform,	hypodense,	no	
enhancement	with	an	intravenously	administered	contrast	
agent)	and	a	morphologically	normal	contralateral	adrenal	
gland	needs	no	further	imaging	or	evaluation	and	should	be	
referred	for	operative	intervention.	Older	patients,	patients	
with	bilateral	morphologically	abnormal	glands,	or	 those	
with	a	unilateral	microadenoma	(or	microadenomas)	need	
to	be	considered	for	bilateral	AVS	to	distinguish	APA	from	
PAH	 and	 referred	 to	 a	 medical	 center	 familiar	 with	 this	
procedure. Patients too infirm for surgical management, 
those with a limited life expectancy, and those comfortable 
with	medical	 therapy	utilizing	mineralocorticoid	receptor	
blockers	need	no	further	evaluation	(65 [EL 4], 71 [EL 2], 
72 [EL 2], 75 [EL 4], 76 [EL 4]).	Patients	should	discon-
tinue	the	use	of	spironolactone	for	6	weeks	and	eplerenone	
for 4 weeks before AVS.
	 The	 success	 of	AVS	 is	 very	 much	 dependent	 on	 the	
operator’s experience; thus, AVS should be relegated to 
medical	centers	with	a	busy	interventional	radiologist	ded-
icated	to	this	particular	procedure	(66-68 [EL 3], 83 [EL 
2]).	Cannulation	of	 the	small	 right	adrenal	vein	can	be	a	
formidable task. On the basis of a review of 47 reports, the 
success rate for cannulation of the right adrenal vein in 384 
patients was 74% (69 [EL 4]). In more than 200 patients 
with primary aldosteronism treated (during 1990 to 2003) 
at	a	major	referral	center,	 the	success	of	bilateral	adrenal	
venous	 catheterization,	 as	 demonstrated	 by	 high	 adrenal	
vein	cortisol-to-systemic	cortisol	levels	(under	continuous	
cosyntropin infusion), was approximately 95% (83 [EL 
2]).	Associated	morbidity,	including	minor	bleeding,	hema-
toma, dissection, and adrenal infarction, is exceedingly 
rare.	Cortrosyn	stimulation	also	augments	the	aldosterone/
cortisol	 ratio	 in	 patients	 with	 APA.	 Aldosterone/cortisol	
ratios	are	used	to	account	for	the	dilutional	effect	on	the	left	
side due to mixing of blood from the inferior phrenic vein. 
Corrected	 aldosterone/cortisol	 ratios	 (aldosterone/cortisol	
ratio	of	one	side	to	aldosterone/cortisol	ratio	of	 the	other	
side) of greater than 4 to 1 are indicative of a unilateral 
source of aldosterone excess, likely to be responsive to uni-
lateral	adrenalectomy.	Some	medical	centers	perform	AVS	
in	 all	 patients	 who	 have	 the	 diagnosis	 of	 primary	 aldo-
steronism,	 whereas	 others	 advocate	 its	 selective	 use	 (for	
example, AVS likely not needed in patients younger than 
age 40 years with a solitary adenoma on CT scan) (83 [EL 
2], 84 [EL 3]).	If	AVS	had	not	been	used	and	CT	alone	was	
used to determine laterality in a cohort of 203 patients, 42 
patients or 21% would have been inappropriately excluded 
as	candidates	for	adrenalectomy	and	25%	might	have	had	
an	 unnecessary	 or	 inappropriate	 adrenalectomy	 (83 [EL 
2], 85 [EL 4], 86 [EL 3].	Thus,	selective	AVS	should	be	
considered	as	an	essential	step	in	distinguishing	APA	and	
primary	unilateral	hyperplasia	from	PAH	in	the	majority	of	
the	patients	(68 [EL 3], 84 [EL 3]).

8.5. Definitive Therapy
 Definitive therapy is essential for patients with pri-
mary aldosteronism. Excess plasma aldosterone levels are 
deleterious,	even	when	hypertension	and	hypokalemia	are	
adequately	controlled.	If	left	untreated	or	unblocked,	aldo-
sterone excess can lead to myocardial fibrosis, left ventricu-
lar	hypertrophy,	increased	mortality	from	congestive	heart	
failure,	more	ischemic	events,	and	increased	vascular	and	
clotting	abnormalities	(87-89 [EL 1], 90-95 [EL 2], 96-99 
[EL 3]).	Patients	who	are	too	old	or	too	ill,	those	with	IHA,	
and	those	refusing	surgical	intervention	should	be	treated	
with	spironolactone	(along	with	other	classes	of	antihyper-
tensive	agents	as	needed)	or	with	eplerenone	(65 [EL 4], 
71 [EL 2], 72 [EL 2], 75 [EL 4], 76 [EL 4]).	Eplerenone	
is	a	recently	added,	corticosteroid-based	competitive	min-
eralocorticoid	receptor	antagonist.	Unlike	spironolactone,	
it	has	little	androgen	receptor	antagonist	activity	that	often	
leads	 to	untoward	side	effects	 in	men	(gynecomastia	and	
impotence)	and	menstrual	irregularities	in	women	(71 [EL 
2], 100 [EL 3], 101 [EL 3], 102 [EL 2], 103 [EL 1], 104 
[EL 1]).
	 In	patients	with	unequivocal	evidence	of	a	unilateral	
source of aldosterone excess and primary aldosteronism, 
unilateral	 laparoscopic	adrenalectomy	 is	 the	 treatment	of	
choice.	The	laparoscopic	approach	is	well	suited	to	patients	
with	primary	aldosteronism	because	the	tumors	are	usually	
small	and	benign	(105-108 [EL 3], 109 [EL 4], 110 [EL 4]).	
Although cortex-sparing or partial adrenalectomy has been 
performed	 successfully	 in	 selected	 cases,	 this	 should	 be	
undertaken	with	caution	in	patients	with	a	unilateral	source	
of aldosterone excess. Pathologic specimens often demon-
strate	additional	nodules	in	the	same	gland	of	patients	with	
a	 dominant	 nodule.	 Theoretically,	 the	 dominant	 nodule	
may	 be	 nonfunctioning;	 leaving	 the	 other	 nodules	 intact	
could	result	in	a	surgical	failure.	Little	long-term	morbidity	
has	been	noted	in	patients	undergoing	a	complete	unilateral	
adrenalectomy	for	primary	aldosteronism.
	 Physiologic	 outcomes	 are	 identical	 whether	 laparo-
scopic	or	open	adrenalectomy	is	performed	(111 [EL 3]).	
Patients with a unilateral source of aldosterone excess, as 
determined by AVS, can expect a 100% cure of hypoka-
lemia. More than 90% of patients will show substantial 
improvement	in	hypertension,	as	evidenced	by	a	decrease	
in	 the	 number	 of	 and	 dosing	 of	 antihypertensive	 medi-
cations. Approximately 30% to 60% of patients will be 
able	to	discontinue	all	medications;	most	often,	 these	are	
younger	patients	with	a	shorter	clinical	course	(65 [EL 4], 
71 [EL 2], 72 [EL 2], 75 [EL 4], 76 [EL 4]).	Long	delays	
in	diagnosis	can	result	in	secondary	renal	changes,	eventu-
ating	in	sustained	but	improved	hypertension.	In	addition,	
women	seem	to	fare	better	than	men,	and	a	positive	family	
history	of	hypertension	seems	to	be	a	negative	predictor	for	
long-term	control	of	hypertension	(111 [EL 3]). An excel-
lent	response	to	spironolactone	is	often	predictive	of	a	suc-
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cessful	result	from	adrenalectomy	(67 [EL 3], 112-114 [EL 
3]).
	 Laparoscopic	adrenalectomy	has	advantages	over	open	
posterior	 and	 anterior	 adrenalectomy,	 including	 shorter	
operative	time,	briefer	recovery	period,	less	postoperative	
pain,	 less	 blood	 loss,	 and	 diminished	 overall	 long-term	
morbidity	(T12	nerve	injury,	hernias)	(106 [EL 3], 108 [EL 
3], 115-117 [EL 3]).	If	 laparoscopic	transperitoneal	adre-
nalectomy cannot be accomplished because of an exten-
sive	prior	upper	abdominal	surgical	procedure,	a	posterior	
endoscopic	or	open	approach	can	be	used	(118 [EL 3]),	the	
former being preferable when expertise with this technique 
is	 available.	 Large	 aldosterone-secreting	 tumors	 (>6	 cm)	
with noncontrast CT attenuation values >10 HU should be 
suspected	of	being	ACCs	and	should	be	managed	accord-
ingly	with	an	open	surgical	approach.

8.6. Preparation for Surgical Procedure and 
Postoperative Care
	 In	preparation	for	surgical	treatment,	most	patients	are	
given	a	mineralocorticoid	receptor	antagonist,	along	with	
other	necessary	antihypertensive	and	cardiac	medications.	
Potassium	stores	are	repleted	cautiously	in	patients	receiv-
ing	mineralocorticoid	receptor	antagonists.	Postoperatively,	
potassium	chloride	replacement	is	continued	until	normoka-
lemia can be maintained. Mineralocorticoid receptor antag-
onists	are	stopped,	and	antihypertensive	agents	are	withheld	
unless	blood	pressure	remains	elevated.	Antihypertensive	
medications	are	added	back	or	weaned	in	accordance	with	
blood	pressure	measurements.	Normotension	without	use	
of	any	medications	may	take	weeks	to	months	to	achieve	
or	may	not	be	possible	(65 [EL 4], 71 [EL 2], 72 [EL 2], 
75 [EL 4], 76 [EL 4]).	During	the	perioperative	period,	β-
adrenergic	blocking	agents	should	not	be	abruptly	discon-
tinued,	and	they	may	necessitate	continued	use	in	patients	
receiving	long-term	therapy	for	ischemic	heart	disease.

9. ADRENOCORTICAL CARCINOMA

9.1. Overview
	 Patients	with	ACC,	a	rare	malignant	lesion,	have	a	poor	
prognosis.	Two	determinants	of	long-term	survival	are	the	
tumor	 stage	 at	 presentation	 and	 curative	 resection	 by	 an	
experienced surgeon (119 [EL 3]).	The	goal	of	an	adrenal	
incidentaloma	screening	protocol	is	to	identify	all	patients	
with	ACC	(4 [EL 4], 6 [EL 4], 40 [EL 4]).	Nevertheless,	
definitive preoperative diagnosis of ACC is impossible by 
means	of	biochemical	or	cytologic	testing.	Because	the	risk	
of	ACC	is	determined	by	the	radiographic	phenotype	of	a	
lesion,	the	strategy	is	to	operate	on	all	patients	considered	
at	risk	on	the	basis	of	the	radiographic	appearance	of	the	
incidentaloma.	In	a	pooled	analysis	from	26	international	
studies,	ACC	constituted	<5%	of	all	adrenal	incidentalomas 
(120 [EL 3]).	Clearly,	however,	ACC	prevalence	depends	
on the size of the tumor, accounting for 2% of lesions ≤4 

cm, 6% of lesions from 4.1 to 6 cm, and 25% of lesions 
larger	than	6	cm	(6 [EL 4]).
	 Two-thirds	of	 all	ACCs	 are	hormonally	 active	 (121-
123 [EL 3])	and	tend	to	manifest	with	hypercortisolism	and	
virilization	 (and,	 rarely,	aldosteronism	and	 feminization).	
In	general,	however,	the	ACCs	manifesting	as	radiographic	
incidentalomas	are	clinically	nonfunctioning	tumors.
 An incidentaloma with >10 HU attenuation on non-
contrast	CT	is	concerning	for	an	ACC,	most	of	which	have	
an attenuation >30 HU (14 [EL 3]).	The	differential	diag-
nosis	 essentially	 includes	 pheochromocytoma,	 metastatic	
lesion,	 lipid-poor	 adenoma,	 or	ACC.	 Biochemical	 evalu-
ation will exclude a pheochromocytoma and may provide 
clues	to	the	presence	of	a	hormonally	active	ACC,	although	
these	lesions	are	typically	obvious	clinically.	The	distinc-
tion	between	a	metastatic	 lesion	and	a	primary	ACC	can	
be difficult, although radiographic features can occasion-
ally be of help in distinguishing between the 2. Most com-
monly,	metastatic	disease	manifests	in	patients	with	a	prior	
history	 of	 a	 malignant	 tumor	 during	 evaluation	 (often	 in	
consultation	 with	 a	 patient’s	 oncologist)	 for	 a	 recurrent	
primary	 lesion	 or	 evidence	 of	 other	 metastatic	 disease.	
Judicious	use	of	a	biopsy	may	be	helpful	after	the	diagno-
sis of a pheochromocytoma has been excluded; however, 
a CT-guided fine-needle aspiration (FNA) may not distin-
guish	ACC	from	a	benign	adenoma.	If	metastatic	disease	
is	 unlikely,	 an	open	 adrenalectomy	 for	 a	 suspected	ACC	
should	be	performed	(124 [EL 3]).

9.2. Clinical Evaluation
	 A	 paucity	 of	 clinical	 symptoms	 is	 frequently	 a	 fea-
ture	of	a	hormonally	 inactive,	albeit	 large,	ACC	inciden-
tally	 found	 radiographically.	 Some	 causes	 of	 ACC	 may	
manifest with flank pain, vague abdominal discomfort, and 
occasionally	fever	due	to	hemorrhage	within	the	tumor.	In	
contrast,	hormonally	active	lesions	manifest	with	dramatic	
and	 rapidly	 progressive	 symptoms	 of	 hypercortisolism,	
virilization,	 or,	 less	 frequently,	 feminization	 or	 aldoste-
ronism.	 Typically,	 these	 lesions	 are	 suspected	 clinically.	
The	 initial	 manifestations	 of	 hormonally	 inactive	 tumors	
may	be	abdominal	pressure	or	fullness	attributable	to	mass	
compression	of	adjacent	structures.

9.3. Biochemical Evaluation
	 Detailed	 hormonal	 evaluation	 is	 critical	 before	 sur-
gical	 resection	 in	a	patient	 suspected	of	having	an	ACC.	
Even	in	patients	without	clinical	stigmas,	high	circulating	
levels	 of	 steroid	 precursors	 may	 be	 found.	 Patients	 with	
cortisol-producing	ACC	are	at	risk	of	postoperative	adrenal	
insufficiency attributable to suppression of the HPA axis 
and	will	require	postoperative	corticosteroid	replacement.	
Moreover, any hormonal markers identified before resec-
tion	will	serve	as	tumor	markers	during	postoperative	sur-
veillance.	Patients	need	to	undergo	biochemical	evaluation	
for	Cushing	syndrome	and	aldosteronism	(if	hypertensive),	
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as we already described. Clinicians can test for sex steroids 
and	steroid	precursors,	including	androstenedione,	testos-
terone,	dehydroepiandrosterone	sulfate,	and	17β-estradiol	
(in	postmenopausal	women	and	men	only)	(119 [EL 3]).
9.4. Radiographic Evaluation
	 The	size	of	the	lesion	can	be	a	major	predictor	of	an	
ACC in an incidentaloma with >10 HU attenuation on non-
contrast CT. Multiple studies have addressed this relation-
ship	(125 [EL 3]).	In	a	recent	study	of	81	patients,	accord-
ing	to	a	receiver	operating	characteristic	curve	analysis,	the	
cutoff	value	of	tumor	size	to	distinguish	between	a	malig-
nant tumor and a benign lesion was 4.75 cm, with a sen-
sitivity of 90% and a specificity of 58% (16 [EL 3]).	The	
National	Italian	Study	Group	on	Adrenal	Tumors	(125 [EL 
3]) determined that the cutoff of 4 cm was associated with 
a 93% sensitivity and a specificity of 24%. In addition to 
HU,	other	features	that	cause	concern	for	a	malignant	lesion	
include	irregular	shape	and	an	inhomogeneous	pattern	of	
enhancement	due	to	central	areas	of	necrosis.	Invasion	into	
surrounding	 tissues,	 especially	 the	 inferior	 vena	 cava,	 or	
thrombosis	makes	the	presence	of	ACC	highly	likely.	For	
intraoperative	planning,	a	magnetic	resonance	angiogram	
may	be	useful.

9.5. Operative Management
 Open adrenalectomy by an experienced surgeon 
is	 the	 procedure	 of	 choice.	 Patients	 with	 ACC	 should	
undergo	 en	 bloc	 resection	 of	 the	 involved	 adrenal	 gland	
and	surrounding	tissues	(kidney,	liver,	inferior	vena	cava).	
Lymphadenectomy	 is	 required	 as	 well.	 Leaving	 the	 cap-
sule	intact	during	resection	reduces	the	possibility	of	local	
recurrence	(119 [EL 3]).
	 Several	 published	 reports	 of	 laparoscopic	 adrenalec-
tomies	have	included	ACC;	most	were	smaller	lesions	that	
were	unrecognized	as	ACC	preoperatively.	Increased	risk	
of	 early	 local	 recurrence,	 peritoneal	 dissemination,	 and	
port	 entry	 site	 seeding	 has	 been	 observed	 (126-129 [EL 
3]).	On	the	basis	of	this	evidence,	it	is	prudent	to	convert	to	
open	resection	if	ACC	is	suspected	intraoperatively.
	 Adjuvant	mitotane	treatment	may	be	considered	post-
operatively	 in	 selected	 patients	 who	 have	 undergone	 a	
complete	resection	of	their	ACC	and	have	poor	prognostic	
features	(130 [EL 4]).

10. METASTATIC DISEASE

10.1. Overview
 Metastatic disease to the adrenal glands is rarely 
found	 in	patients	without	 any	history	of	 a	known	malig-
nant	 lesion.	Two	pooled	analyses	of	 international	 studies	
reported	a	2.1%	to	2.5%	prevalence	of	metastatic	lesions	
among	 incidentalomas	 (4 [EL 4], 120 [EL 3]).	 Even	 in	
patients	 who	 are	 undergoing	 assessment	 for	 a	 suspected	
malignant	 tumor,	 an	 adrenal	 metastatic	 lesion	 is	 rarely	

found at diagnosis. In a series of 1,639 patients suspected of 
having	an	occult	malignant	lesion,	an	adrenal	mass	was	the	
initial	manifestation	in	only	5.8%	of	cases	(131 [EL 3]).
	 Lung,	breast,	stomach,	and	kidney	cancers	and	mela-
nomas	 and	 lymphomas	 most	 commonly	 metastasize	 to	
the	adrenal	glands	(132 [EL 2]).	The	majority	of	adrenal	
lesions	 found	 in	 a	 patient	 with	 a	 history	 of	 any	 of	 these	
malignant	conditions	will	prove	to	be	a	metastatic	growth.	
Pheochromocytomas	 should	be	 ruled	out	with	biochemi-
cal	testing	in	each	patient	(133 [EL 3]).	Another	cause	of	
adrenal	lesions	is	ACC;	other	primary	adrenal	tumors	are	
less	frequent	in	this	group.	In	the	series	reported	by	Lenert	
et	al	(133 [EL 3]), only 3 patients (4%) had an ACC.
	 The	process	of	distinction	between	a	metastatic	lesion	
and	a	primary	adrenal	tumor	is	aided	by	the	knowledge	of	
a past cancer type in a specific patient. Targeted evalua-
tion	for	locoregional	recurrence	and	other	metastatic	sites	
should	be	planned	 in	 consultation	with	 an	oncologist.	 In	
addition to cancer-specific tests, this investigation typically 
includes	contrast-enhanced	CT	of	the	chest,	abdomen,	and	
pelvis. Fludeoxyglucose (FDG)-positron emission tomog-
raphy	(PET)/CT	is	frequently	being	used	in	restaging	pro-
tocols	for	FDG-avid	malignant	tumors	and	can	be	helpful	
in documenting other extra-adrenal metastatic lesions. If a 
definitive diagnosis is needed for oncologic treatment plan-
ning,	 CT-guided	 FNA	 can	 be	 performed—but	 only	 after	
the diagnosis of pheochromocytoma has been excluded.

10.2. Clinical Evaluation
	 The	history	should	focus	on	eliciting	a	personal	history	
of prior malignant lesions, weight loss, unexplained fevers, 
adherence	to	an	age-appropriate	cancer	screening	program,	
family	history	of	malignant	conditions,	and	smoking	his-
tory. Physical examination may reveal lymphadenopathy 
or	may	suggest	the	presence	of	a	lung	mass,	breast	mass,	
or	 skin	 lesion	 suspicious	 for	 melanoma	 as	 well	 as	 other	
cancer-specific findings.

10.3. Radiographic Evaluation
	 Documentation	of	radiologic	criteria	for	an	adenoma	
can exclude the presence of a malignant tumor. Metastatic 
lesions	are	heterogeneous	with	 irregular	margins	and	are	
bilateral in 10% to 15% of cases (131 [EL 3], 132 [EL 2], 
134 [EL 3]).	The	size	of	a	metastatic	lesion	varies	widely	
from 0.8 to 20 cm (131 [EL 3], 132 [EL 2], 135 [EL 3]).	
Other	metastatic	disease	or	lymphadenopathy	is	present	in	
up	 to	one-third	of	cases	 (133 [EL 3]).	The	 role	of	FDG-
PET	in	metastatic	disease	is	in	evolution.	It	does	not	distin-
guish	between	an	adrenal	metastatic	growth	and	an	ACC,	
both	of	which	are	FDG-avid	lesions.	It	does,	however,	have	
a role in detecting extra-adrenal metastatic disease both in 
patients	with	ACC	and	in	those	with	a	history	of	an	FDG-
avid malignant tumor (for example, lung or breast cancer) 
(135 [EL 3]).
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10.4. Further Preoperative Evaluation
	 All	patients	with	bilateral	adrenal	involvement	should	
undergo evaluation for adrenal insufficiency (4 [EL 4], 132 
[EL 2]).	 Patents	 suspected	 of	 having	 a	 metastatic	 lesion	
from	a	previously	 treated	 cancer	 should	undergo	 evalua-
tion,	with	the	assistance	of	an	oncologist,	with	tumor-spe-
cific markers and global imaging (contrast-enhanced CT of 
the chest, abdomen, and pelvis, site-specific MRI or FDG-
PET/CT	[or	both],	and	bone	scanning)	to	search	for	other	
sites	of	metastatic	involvement.
	 If	metastatic	disease	is	likely	and	ACC	is	unlikely	on	
the basis of biochemical, clinical, and radiographic find-
ings, FNA biopsy can be used to confirm the diagnosis 
of	 metastatic	 disease.	 This	 technique	 allows	 distinction	
between	adrenal	and	nonadrenal	tissue	(metastatic	growth,	
infection).	The	risks	of	FNA	are	well	described	and	include	
adrenal	hematoma	or	abscess,	abdominal	pain,	hematuria,	
pancreatitis, pneumothorax, and tumor recurrence in the 
biopsy	track	(40 EL 4]).	The	patient	should	undergo	bio-
chemical	evaluation	for	pheochromocytoma	before	biopsy,	
in	light	of	the	risk	of	fatal	hypertensive	crisis	during	FNA	
(136 [EL 3], 137 [EL 3]).	Cross-sectional	imaging	2	weeks	
before	the	planned	surgical	procedure	should	be	done	for	
suspected	metastatic	lesions,	inasmuch	as	these	can	grow	
rapidly.	 If	 there	 are	 signs	 of	 locoregional	 invasion	 or	
development	of	disease	at	other	sites,	surgical	intervention	
should	be	canceled.

10.5. Operative Management
	 Resection	of	an	adrenal	metastatic	lesion	can	be	per-
formed	for	symptomatic	palliation.	Surgical	resection	can	
improve	 disease-free	 survival	 in	 a	 very	 select	 group	 of	
patients with good control of their extra-adrenal disease 
and	a	good	performance	status	(132 [EL 2], 133 [EL 3]).	
Unfortunately,	 most	 patients	 with	 adrenal	 metastatic	 dis-
ease	have	a	poor	overall	prognosis,	with	a	mean	duration	
of	survival	of	3	months	(132 [EL 2]).
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