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This executive summary describes 26 clinically relevant and evidence-based recommendations de-
veloped to assist surgeons with perioperative adrenal care.

Key Points

Question

What are the evidence-based data to re�lect best-practice decisions for adrenal surgery?

Findings

Speci�ic recommendations are available for decision-making regarding diagnostic, perioperative,
and multidisciplinary follow-up of adrenal surgical disease.

Meaning

Important developments and advances have better informed adrenal surgery decision-making.

Abstract

Importance

https://www.ncbi.nlm.nih.gov/pmc/about/copyright/


Adrenalectomy is the de�initive treatment for multiple adrenal abnormalities. Advances in technol-
ogy and genomics and an improved understanding of adrenal pathophysiology have altered oper-
ative techniques and indications.

Objective

To develop evidence-based recommendations to enhance the appropriate, safe, and effective ap-
proaches to adrenalectomy.

Evidence Review

A multidisciplinary panel identi�ied and investigated 7 categories of relevant clinical concern to
practicing surgeons. Questions were structured in the framework Population,
Intervention/Exposure, Comparison, and Outcome, and a guided review of medical literature from
PubMed and/or Embase from 1980 to 2021 was performed. Recommendations were developed
using Grading of Recommendations, Assessment, Development and Evaluation methodology and
were discussed until consensus, and patient advocacy representation was included.

Findings

Patients with an adrenal incidentaloma 1 cm or larger should undergo biochemical testing and
further imaging characterization. Adrenal protocol computed tomography (CT) should be used to
stratify malignancy risk and concern for pheochromocytoma. Routine scheduled follow-up of a
nonfunctional adrenal nodule with benign imaging characteristics and unenhanced CT with
Houns�ield units less than 10 is not suggested. When unilateral disease is present, laparoscopic
adrenalectomy is recommended for patients with primary aldosteronism or autonomous cortisol
secretion. Patients with clinical and radiographic �indings consistent with adrenocortical carci-
noma should be treated at high-volume multidisciplinary centers to optimize outcomes, including,
when possible, a complete R0 resection without tumor disruption, which may require en bloc radi-
cal resection. Selective or nonselective α blockade can be used to safely prepare patients for surgi-
cal resection of paraganglioma/pheochromocytoma. Empirical perioperative glucocorticoid re-
placement therapy is indicated for patients with overt Cushing syndrome, but for patients with
mild autonomous cortisol secretion, postoperative day 1 morning cortisol or cosyntropin stimula-
tion testing can be used to determine the need for glucocorticoid replacement therapy. When pa-
tient and tumor variables are appropriate, we recommend minimally invasive adrenalectomy over
open adrenalectomy because of improved perioperative morbidity. Minimally invasive adrenalec-
tomy can be achieved either via a retroperitoneal or transperitoneal approach depending on sur-
geon expertise, as well as tumor and patient characteristics.

Conclusions and Relevance

Twenty-six clinically relevant and evidence-based recommendations are provided to assist sur-
geons with perioperative adrenal care.



Introduction

Adrenalectomy is the de�initive treatment for multiple adrenal abnormalities. To optimize clinical
best practices for the integration of current technology and care advances related to adrenalec-
tomy, a multidisciplinary expert group was convened by the American Association of Endocrine
Surgeons with the aim of creating guidelines to address perioperative adrenal care. In a struc-
tured process, 7 clinically relevant topics were framed with subsequent questions considering
technique, outcome, undesirable consequences, cost, and safety. Contemporary literature review
was used to provide evidence-based recommendations. This guideline may be of use to not only
surgeons but endocrinologists, oncologists, radiologists, radiation oncologists, internists, and
pathologists and may also be of use to patients with adrenal tumors.

Methods

An expert group of surgeons, endocrinologists, oncologists, pathologists, radiologists, and
National Adrenal Diseases Foundation patient advocates composed 7 writing subcommittees.
Questions were structured using the framework Population, Intervention/Exposure, Comparison,
and Outcome (Box) and discussed and edited by the group. Relevant literature written in English
was extracted from PubMed and/or Embase with publication dates from 1980 to 2021. Detailed
review of the literature, assessment of study quality, and recommendation construction used the
methodology Grading of Recommendations, Assessment, Development, and Evaluation.

Box.

Topics and Questions in the Population, Intervention/Exposure, Comparison, and Outcome

(PICO) Framework

1. Incidentalomas, myelolipomas, and cysts

1. In patients with an adrenal incidentaloma, does adrenal protocol computed
tomography improve diagnostic accuracy for malignancy or pheochromocytoma
compared with other imaging modalities?

2. In patients with an adrenal incidentaloma, should clinical and imaging characteristics
in�luence the hormonal workup?

3. In patients with an adrenal incidentaloma, what clinical and imaging characteristics
increase the risk that malignancy is present?

4. In patients with a nonfunctional adrenal incidentaloma, what are the outcomes
during surveillance?

5. Does resection of a myelolipoma or an adrenal cyst improve quality of life compared
with observation alone?

2. Primary aldosteronism



1. In patients with primary aldosteronism (PA), does adrenalectomy compared with
mineralocorticoid antagonist therapy alone improve related comorbidities and
mortality?

2. In patients with PA and cross-sectional imaging consistent with a unilateral
adenoma, does preoperative adrenal venous sampling increase the likelihood of a
clinical or biochemical cure?

3. In patients with PA due to unilateral disease, does laparoscopic adrenalectomy
improve health-related quality of life and/or reduce health care–related costs
compared with medical management?

3. Hypercortisolism

1. Do patients with mild autonomous cortisol secretion (MACS) who undergo
laparoscopic adrenalectomy compared with conservative medical management have
improvement in cardiometabolic comorbidities without major surgical (30-day)
adverse events?

2. Do patients with Cushing syndrome and bilateral macronodular hyperplasia who
undergo unilateral laparoscopic adrenalectomy achieve biochemical remission of
hypercortisolism when compared with patients treated with bilateral
adrenalectomy?

3. In patients with adrenocorticotropic hormone–dependent hypercortisolism, does
bilateral laparoscopic adrenalectomy improve disease-free survival or mortality
compared with pharmacologic management?

4. Is the incidence of postoperative adrenal insuf�iciency after unilateral adrenalectomy
different between patients with overt Cushing syndrome vs those with MACS?

4. Adrenocortical carcinoma

1. In patients with adrenocortical carcinoma (ACC), does treatment at a high-volume
multidisciplinary center improve survival outcomes?

2. In patients with ACC without evidence of distant metastatic disease at diagnosis,
does operative technique affect survival?

3. In patients with ACC and systemic disease at diagnosis, does resection of the
primary tumor improve survival?

4. In patients with advanced ACC, what is the role of neoadjuvant therapy followed by
resection vs surgery with or without adjuvant therapy?

5. Metastasis to the adrenal gland

1. In patients with an adrenal mass, does history of an extra-adrenal malignancy
in�luence the hormonal evaluation?

2. In a patient with a history of an extra-adrenal malignancy and an adrenal mass,
when is image-guided needle biopsy recommended?

3. In patients with an adrenal metastasis, does resection improve survival compared
with systemic therapy alone?

6. Pheochromocytoma and paraganglioma



1. In patients with pheochromocytoma and paraganglioma, how does selective α
blockade affect perioperative hemodynamic stability when compared with
nonselective blockade with phenoxybenzamine?

2. In patients with genetic mutations driving long-term development of bilateral
pheochromocytomas, what is the impact of cortical-sparing adrenalectomy
compared with bilateral total adrenalectomy on steroid dependence and disease
recurrence?

3. In patients with metastatic pheochromocytoma and paraganglioma, does surgical
resection of primary disease improve survival compared with nonsurgical
treatment?

7. Technical aspects

1. In patients undergoing adrenalectomy, what is the bene�it of minimally invasive
surgery compared with open surgery on perioperative outcomes?

2. In patients who are appropriate candidates for minimally invasive adrenalectomy,
does a retroperitoneal compared with a transperitoneal approach change
perioperative outcomes?

3. For surgeons performing adrenal surgery, does surgeon volume in�luence morbidity
and mortality?

4. In patients with adrenal tumors, what is the ef�icacy of radiofrequency ablation and
stereotactic radiation compared with adrenalectomy?

Details of evidence assessment are in the Supplement. Brie�ly, certainty of evidence was assessed
as high, moderate, low, or very low.  For therapy, evidence from randomized clinical trials was
classi�ied initially as high certainty and observational studies as low. For prognosis, evidence from
observational studies was eligible as high certainty. In addition to certainty of evidence, recom-
mendations were constructed considering resource utilization, practical approaches to the con-
temporary adrenal management dilemmas, a parsimonious approach to investigation, and mea-
sures to reduce morbidity or mortality. Recommendations were discussed and modi�ied through
group consensus and evaluated by a methodological expert (M.A.H.). Three chairs (N.D.P., Q.Y.D.,
L.Y.) collaboratively oversaw the process and led the writing. Con�licts of interest were disclosed,
and there was no industry funding.

Adherence to the guidelines is not mandatory. The guidelines do not apply to children, and they
may require adaptation in practice settings with barriers to implementation. The guidelines do not
constitute a legal standard of care. The process of creating the guidelines was based on current
evidence at the time of writing, so they do not represent the only approach to the management of
adrenal conditions and are not meant to replace individual physician judgment.
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Summary of Recommendations

Statements and a summary supporting the recommendations are in the eAppendix in the
Supplement. Additional details in the Supplement include future directions for research opportu-
nities and technical pearls.

1. Incidentalomas, Myelolipomas, and Cysts

Adrenal lesions are common incidental �indings identi�ied on imaging studies not performed for
suspected adrenal disease.  A size cutoff of 1 cm or larger has typically been used to recommend
further diagnostic evaluation in the absence of concerning clinical features.  More than 75% of
adrenal incidentalomas are benign adenomas and are nonfunctional; however, evaluation for hor-
mone excess and potential malignancy are of critical importance, as these typically require surgi-
cal excision (eTable 1 in the Supplement).

Adrenal adenomas often contain high lipid content, which can be detected by both computed to-
mography (CT) and magnetic resonance imaging (MRI). Tumor density of less than 10 Houns�ield
units (HU) on noncontrast CT represents a lipid-rich adenoma.  An adrenal protocol CT refers to
unenhanced images followed by administration of intravenous contrast and repeated imaging at
60 to 75 seconds (venous phase) at 15 minutes (delayed phase). Benign adenomas typically ex-
hibit rapid contrast washout, de�ined as an absolute percentage washout greater than 60% or rel-
ative percentage washout greater than 40% at 15 minutes’ delay.

Recommendation	1.1. We suggest that washout characteristics on an adrenal protocol CT be
used to stratify the risk of malignancy for adrenal nodules when noncontrast HU are greater than
10 and other clinical risk factors for malignancy are not present. Adrenal protocol CT does not im-
prove diagnostic accuracy for nodules with noncontrast HU less than 10 nor does it improve eval-
uation for pheochromocytoma (eFigure in the Supplement). (Weak recommendation, low-quality
evidence.)

Hyperaldosteronism and hypercortisolism are reported in 1% to 4% and 5% to 12% of patients
with adrenal incidentalomas, respectively.  However, approximately 30% to 35% of patients
may have mild autonomous cortisol secretion (MACS), which has been increasingly recognized as
an important cardiovascular risk factor in patients with adrenal incidentalomas.  The prevalence
of pheochromocytoma has been widely reported as being 0.8% to 8% of all adrenal tumors.

The prevalence of adrenocortical carcinoma (ACC) in incidentally discovered adrenal nodules is
less than 0.5% for nodules smaller than 4 cm, 5% for nodules from 4 to 6 cm, and up to 35% for
nodules larger than 6 cm at presentation.  Metastatic disease to the adrenal gland can be
identi�ied in 1% to 3% in patients without a history of malignancy and up to 8% in patients with a
history of extra-adrenal malignancy.  Other features in addition to size should be considered when
assessing risk of either a primary or secondary malignancy in an adrenal incidentaloma (eTable 2
in the Supplement).
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Recommendation	1.2. We recommend that all patients with an adrenal incidentaloma 1 cm or
larger undergo biochemical testing for autonomous cortisol secretion. Patients with hypertension
or hypokalemia also require biochemical evaluation for primary aldosteronism. Patients with
adrenal imaging �indings that have noncontrast CT with HU greater than 10 should undergo evalu-
ation for pheochromocytoma. (Strong recommendation, low-quality evidence.)

Recommendation	1.3. We recommend that a primary adrenal malignancy be considered in pa-
tients with an adrenal incidentaloma larger 4 cm and/or HU greater than 20 on noncontrast CT
and in any patient younger than 18 years. We recommend that patients with a history of extra-
adrenal malignancy be recognized to be at increased risk for adrenal metastases. (Strong recom-
mendation, low-quality evidence.)

Most nonfunctional adrenal nodules with benign imaging characteristics remain stable in size
while up to 10% of adrenal incidentalomas will grow 1 cm or more over 2 to 5 years of
surveillance.  Surgical resection may be considered for nodules that are larger than 2 cm at
initial presentation and grow more than 1 cm by 12 months, while smaller nodules or those with
less growth may undergo repeated short-interval imaging at 6 to 12 months. However, there are
insuf�icient data to recommend speci�ic criteria for nodule growth during surveillance that should
prompt adrenalectomy.

Recommendation	1.4. We do not recommend routine scheduled follow-up of a nonfunctional
adrenal nodule (size <4 cm) with benign imaging characteristics and noncontrast HU less than 10
because the risk of developing malignancy is very low. Nodules from 1 to 4 cm with indeterminate
imaging characteristics (such as noncontrast CT with HU >10) have a slightly increased risk of ma-
lignancy and should undergo at least 1 repeated image at 6 to 12 months to con�irm stability.
Autonomous cortisol secretion is the most common hormonal excess to develop during surveil-
lance and thus may be reevaluated at a 2- to 5-year interval. (Strong recommendation, low-quality
evidence.)

Adrenal myelolipomas and cysts have characteristic imaging features.  Resection may be consid-
ered for indeterminate imaging, symptomatic tumors due to mass effect, substantive growth on
surveillance, or those that have hemorrhaged.

Recommendation	1.5. We do not suggest resecting a myelolipoma or adrenal cyst with pathog-
nomonic imaging features to improve the patient’s quality of life unless there are symptoms of
mass effect. (Weak recommendation, low-quality evidence.)

2. Primary Aldosteronism

Primary aldosteronism (PA) has been reported in 3% to 10% of hypertensive patients.  Once PA
is diagnosed, mineralocorticoid antagonists can be used to effectively manage PA-related hyper-
tension and hypokalemia. Primary aldosteronism may be caused by an aldosterone-secreting ade-
noma, unilateral adrenal hyperplasia, or bilateral adrenal hyperplasia, and adrenal venous sam-
pling (AVS) may be necessary for lateralization (eTable 3 in the Supplement). After adrenalectomy,
the majority of patients with PA have either complete or partial clinical success, with less than
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20% requiring the same or higher doses of medication postoperatively. Studies to date have as-
sessed cost and quality-of-life outcomes after adrenalectomy via laparoscopy, and whether similar
conclusions can be made using other minimally invasive surgical approaches is not yet known.

Recommendation	2.1. We recommend that patients undergo laparoscopic adrenalectomy for
unilateral PA because they are more likely to use fewer medications with lower de�ined daily
doses to achieve normalization of blood pressure and potassium levels and have lower risks of
new-onset atrial �ibrillation, chronic kidney disease, stroke, and all-cause mortality. (Strong recom-
mendation, low-quality evidence.)

Recommendation	2.2. We suggest that in patients 35 years and younger with cross-sectional
imaging demonstrating a unilateral adenoma and a normal contralateral gland, AVS may be de-
ferred because adrenalectomy directed by CT imaging alone has a cure rate similar to adrenalec-
tomy guided by AVS. However, AVS should still be considered for all patients older than 35 years.
(Weak recommendation, low-quality evidence.)

Recommendation	2.3. We recommend laparoscopic adrenalectomy for primary aldosteronism
due to unilateral disease because it improves quality of life and reduces health care–related costs.
(Strong recommendation, low-quality evidence.)

3. Hypercortisolism

Previously known as subclinical Cushing syndrome (CS), MACS has been reported in 0.2% to 2%
of the general adult population and in 5% to 30% of patients with an adrenal incidentaloma
(eTable 3 in the Supplement).  Although patients with MACS may lack the classical stigmata of hy-
percortisolism, they have a high prevalence of associated comorbidities such as obesity, arterial
hypertension, type 2 diabetes, vertebral fractures, and cardiovascular morbidity and mortality.

Recommendation	3.1. We recommend that patients with MACS secondary to a unilateral ade-
noma undergo laparoscopic adrenalectomy because of anticipated signi�icant improvements in
cardiometabolic comorbidities. (Strong recommendation, moderate-quality evidence.)

Bilateral adrenocorticotropic hormone (ACTH)–independent CS can be due to either macronodu-
lar or micronodular adrenal hyperplasia.  There has been growing interest in whether unilat-
eral adrenalectomy of the larger gland may produce biochemical normalization of hypercorti-
solism in select patients. While surgical morbidity and mortality are minimal  and resolution of
hypercortisolism occurs in 84% to 100% of patients, recurrence can be seen in 13.3% to 68% of
patients at 4 years.

Recommendation	3.2. In patients with bilateral macronodular hyperplasia, we suggest consider-
ation of unilateral laparoscopic adrenalectomy in patients with CS as an attempt to achieve bio-
chemical remission of hypercortisolism without causing permanent adrenal insuf�iciency. (Weak
recommendation, low-quality evidence.)
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ACTH-dependent CS results from pituitary Cushing disease or an ectopic ACTH source. Although
CS can be resolved in most patients with treatment of the primary source, a subset of patients ex-
perience persistent, symptomatic CS from incurable pituitary disease or metastatic or occult ec-
topic ACTH production. Modern surgical techniques permit most patients who require bilateral
adrenalectomy to be managed with laparoscopic surgery, and operative morbidity in these pa-
tients is approximately 10% with surgical mortality at 3%.

Recommendation	3.3. We suggest that patients with moderate to severe ACTH-dependent hyper-
cortisolism refractory to source control undergo bilateral laparoscopic adrenalectomy to amelio-
rate cortisol excess and improve disease-free survival and mortality.

Postoperative adrenal insuf�iciency is a life-threatening condition that should be prevented and
promptly managed in patients undergoing adrenalectomy. Symptoms include fatigue, hypotension,
anorexia, abdominal pain, weakness, syncope, back pain, nausea, vomiting, fever, and confusion.
(Weak recommendation, low-quality evidence.)

Recommendation	3.4. The incidence of adrenal insuf�iciency after unilateral adrenalectomy is
nearly 100% in patients with overt CS and about 60% in patients with MACS. We recommend em-
pirical postoperative glucocorticoid replacement therapy for all patients with overt CS after under-
going unilateral adrenalectomy. However, we recommend that in patients with MACS, postopera-
tive day 1 morning cortisol or corticotropin stimulation testing could be used to determine the
need for glucocorticoid replacement therapy (eTable 4 in the Supplement). (Strong recommenda-
tion, low-quality evidence.)

4. Adrenocortical Carcinoma

Adrenocortical carcinoma is a rare cancer and complete surgical resection is the only potential cu-
rative therapy (eTable 3 in the Supplement).  Given limited adjuvant therapies and the overall
poor prognosis associated with recurrent ACC, complete resection to negative margins at the in-
dex operation is a key tenet of ACC management.  While radical surgery with en bloc resection
and preservation of an intact tumor capsule is the standard of care for locoregionally invasive dis-
ease, the operative technique hinges on skill and experience.

Recommendation	4.1. We recommend that patients with clinical and radiographic �indings con-
sistent with ACC should be treated at high-volume multidisciplinary centers to improve recurrence
outcomes; data on overall survival are inconclusive. (Strong recommendation, low-quality
evidence.)

Recommendation	4.2. Regardless of operative approach, we recommend an en bloc radical re-
section with an intact capsule to microscopically negative (R0) margins because of improved sur-
vival. Although open resection is preferred when ACC is suspected, the choice of operative ap-
proach should be based on the certainty of a complete R0 resection without tumor disruption.
(Strong recommendation, low-quality evidence.)
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Approximately 22% to 35% of patients with ACC have evidence of distant metastatic disease at ini-
tial presentation.  Cases with oligometastatic but potentially resectable ACC present a chal-
lenge, as the bene�its of primary resection and/or metastasectomy are incompletely understood.
Careful patient selection and clinical judgment should be integrated with the patient’s goals of
care.

Recommendation	4.3. We suggest that patients with systemic disease be offered resection of the
primary tumor if all sites of disease are reasonably amenable to resection or local treatment and if
performance status allows. Surgery may also be considered in patients with hormone excess med-
ically refractory to steroidogenic inhibition. (Weak recommendation, low-quality evidence.)

In ACC, the goal of systemic neoadjuvant therapy is primarily to reduce the burden of disease to
facilitate later potential complete resection. Although neoadjuvant therapy for advanced ACC has
not been systemically evaluated, the rationale for neoadjuvant treatment is extrapolated from the
data on adjuvant therapy.

Recommendation	4.4. We recommend that neoadjuvant systemic therapy be administered for
advanced ACC when R0 surgical resection is not initially feasible. We recommend up-front surgical
intervention when R0 resection is possible. (Strong recommendation, low-quality evidence.)

5. Metastasis to the Adrenal Gland

Adrenal metastases may have imaging features that make them potentially indistinguishable from
other pathologies. Functional evaluation is imperative prior to biopsy, ablation, or resection and
should aim, at a minimum, to exclude excess hormone production. If the indeterminate adrenal
mass is the only site of potential metastatic disease and appears resectable in an otherwise �it op-
erative candidate, surgical resection rather than biopsy may be considered for both diagnostic
purposes and potential therapeutic bene�it.

Recommendation	5.1. We recommend that a directed hormonal evaluation should be performed
in patients with an adrenal mass regardless of history of extra-adrenal malignancy. (Strong recom-
mendation, low-quality evidence.)

Recommendation	5.2. We suggest that in the setting of a radiographically indeterminate mass,
image-guided biopsy be rarely performed and reserved for patients in whom results would
change overall disease management and that it be performed only after con�irming lack of hor-
mone excess. (Strong recommendation, low-quality evidence.)

Adrenal metastasis commonly occurs in patients with malignancy from the lung, kidney, breast,
melanoma, and colon but may occur from many other primary sites. While there are currently no
established criteria guiding patient selection for adrenal metastasectomy, consideration should be
given to pathology, synchronous vs metachronous presentation, disease-free interval, and tumor
size to help select appropriate surgical candidates. Adrenal metastasectomy may be more dif�icult
because of reaction from systemic treatment but can be performed either open or minimally inva-
sive with equivalent oncologic outcomes.
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Recommendation	5.3. We suggest that after multidisciplinary review, resection may be offered to
highly selected patients to improve survival compared with systemic therapy alone. (Weak recom-
mendation, low-quality evidence.)

6. Pheochromocytoma and Paraganglioma

As recommended in the Endocrine Society clinic practice guideline for pheochromocytoma and
paraganglioma (PPGL), initial biochemical testing for PPGLs should include measurement of
plasma-free or urinary fractionated metanephrines and are typically more than 2 to 3 times the
upper limit of normal in functional PPGLs.  Following the diagnosis, preoperative blockade for
at least 7 days is routinely recommended to prevent dangerous perioperative hemodynamic
instability.

Recommendation	6.1. We recommend either selective or nonselective α blockade to safely pre-
pare patients for surgical resection of PPGL, depending on the drug availability/cost, experience,
and preference of the care team. While there is no signi�icant difference in morbidity or mortality
between selective and nonselective α blockade, selective blockade (doxazosin, prazosin, terazosin)
is associated with more intraoperative hemodynamic instability while nonselective blockade (phe-
noxybenzamine) results in more postoperative hypotension. (Strong recommendation, moderate-
quality evidence.)

Pheochromocytomas (PCCs) and paragangliomas (PGLs) have the highest heritability of all
adrenal tumors (about 40% are due to germline mutations),  and genetic testing is recom-
mended (eTable 3 in the Supplement). In the presence of bilateral or familial PCC, cortical-sparing
adrenalectomy has been successfully used to preserve adrenal cortical tissue, preventing lifelong
adrenal insuf�iciency. Studies report steroid dependency rates between 9% and 30% with recur-
rence rates from 9% to 30%.  While there are bene�its to cortical-sparing adrenalectomy, con-
siderations must include the increased technical dif�iculty and risk of recurrence in the adrenal
remnant, which could necessitate a reoperative adrenalectomy. If an attempt at cortical-sparing
adrenalectomy increases concern for tumor disruption or incomplete resection, it may not be
appropriate.

Recommendation	6.2. Because of the decreased rate of steroid dependence, we recommend con-
sideration of cortical-sparing adrenalectomy in patients with bilateral PCCs if technically feasible.
However, the patient’s goals of care and a higher risk of recurrent pheochromocytoma should
also be considered. (Strong recommendation, low-quality evidence.)

Approximately 2% to 25% of PCCs are metastatic, as compared with 2% to 60% of PGLs, and sev-
eral studies suggest a survival bene�it associated with resection of the primary tumor in the pres-
ence of metastatic disease. However, more data are needed before potential positive effects of sur-
gery, such as decreasing symptoms of catecholamine excess and improving response to systemic
radiotherapies, can be evaluated and validated.
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Recommendation	6.3. We suggest that in selected cases of metastatic PPGLs, resection of the pri-
mary tumor may be performed to improve overall survival. Patients should be carefully evaluated
by a multidisciplinary care team to determine if the bene�its of resection of the primary tumor out-
weigh the risks. (Weak recommendation, low-quality evidence.)

7. Technical Aspects

Adrenalectomy may be technically accomplished using either open or minimally invasive tech-
niques via one of several approaches (eTable 5 in the Supplement). Minimally invasive adrenalec-
tomy has become accepted as the gold-standard approach for most small benign adrenal pathol-
ogy because of multiple studies demonstrating decreased pain, shorter hospitalizations, and more
rapid recovery compared with open adrenalectomy.  There have been no prospective random-
ized trials comparing laparoscopic to open adrenalectomy. Both laparoscopic transabdominal
adrenalectomy and posterior retroperitoneal adrenalectomy (PRA) are effective and safe mini-
mally invasive approaches. Some studies suggest less pain and faster recovery after PRA, and in
patients with extensive abdominal surgical history and/or bilateral tumors, PRA offers additional
advantages (eTable 6 in the Supplement).

Recommendation	7.1. When patient and tumor characteristics are appropriate, we recommend
minimally invasive adrenalectomy over open adrenalectomy because of improved perioperative
morbidity. (Strong recommendation, low-quality evidence.)

Recommendation	7.2. We recommend either a retroperitoneal or transperitoneal approach be-
cause of similar perioperative outcomes. The choice of approach should be determined by sur-
geon expertise and guided by tumor and patient characteristics. (Strong recommendation, moder-
ate-quality evidence.)

Several de�initions of what would be a high volume for an adrenal surgeon have been proposed,
ranging from 4 to 7 annual adrenalectomies. A threshold of 6 or more adrenal resections per year
was shown in assessment of the National Inpatient Sample to be associated with improved patient
outcomes, including lower rates of complications, reduced in-hospital mortality, decreased cost of
care, and shorter hospital stay.  Since not all patients have access to high-volume adrenal sur-
geons, lower-volume surgeons should exercise judgment and careful patient selection to provide
safe care at their own center vs seeking referral or consultation with a more experienced adrenal
surgeon when appropriate.

Recommendation	7.3. We recommend that adrenalectomy be preferentially performed by a
high-volume adrenal surgeon to optimize outcomes, including lower rates of morbidity and mor-
tality. (Strong recommendation, moderate quality evidence.)

The utility of percutaneous ablation, mainly with radiofrequency ablation, and stereotactic body
radiation therapy for the destruction of hormonally active and inactive tumors and adrenal metas-
tasis has been investigated in small retrospective studies. The studies suffer from small sample
sizes and heterogeneity.
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Recommendation	7.4. We conditionally suggest ablation and stereotactic radiation not be used
as an alternative to adrenalectomy for patients with adrenal lesions because there are inadequate
data to support these modalities. Surgeons should be involved in the decision-making early in the
treatment algorithm. (Weak recommendation, low-quality evidence.)

Strengths and Limitations

The study is limited in some sections by the paucity of strong evidence-based data available in the
English literature. In addition, the PICO format (Population, Intervention/Exposure, Comparison,
and Outcome) for comparing outcomes limited the sample size for which recommendations were
crafted. However, the strength of the article lies in the extensive review and rigorous attention to
bias, strength of the literature that was reviewed, and the comprehensive considerations made by
a diverse group of experts in the �ield.

Conclusions

We provide 26 evidence-based recommendations with clinically meaningful data to primarily as-
sist surgeons with perioperative adrenal care. Clinicians from multiple disciplines and patients
may also �ind these recommendations useful. We highlight topics that have low-quality data or lit-
tle evidence available and propose these topics as opportunities for further research.

Notes

Supplement.

eAppendix. The American Association of Endocrine Surgeons Adrenalectomy Guidelines

eTable	1. Adaptation of simplistic overview of the hormonal work up in patients with adrenal tumors

eTable	2. Prevalence of any malignancy in population data

eTable	3. Genetic susceptibilities associated with adrenal disorders and tumors

eTable	4. Immediate postoperative management of glucocorticoid medication

eTable	5. Perioperative considerations in adrenalectomy

eTable	6. Type of operative approaches for adrenalectomy

eFigure. Indications and interpretation of adrenal protocol CT results



References

1. Balshem H, Helfand M, Schünemann HJ, et al.. GRADE guidelines: 3. Rating the quality of evidence. J	Clin	Epidemiol.

2011;64(4):401-406. doi: 10.1016/j.jclinepi.2010.07.015 [PubMed: 21208779] [CrossRef: 10.1016/j.jclinepi.2010.07.015]

2. Fassnacht M, Arlt W, Bancos I, 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	Endocrinol.
2016;175(2):G1-G34. doi: 10.1530/EJE-16-0467 [PubMed: 27390021] [CrossRef: 10.1530/EJE-16-0467]

3. Zeiger MA, Thompson GB, Duh QY, et al.; American Association of Clinical Endocrinologists; American Association of

Endocrine Surgeons . American Association of Clinical Endocrinologists and American Association of Endocrine Surgeons
Medical Guidelines for the Management of Adrenal Incidentalomas: executive summary of recommendations. Endocr	Pract.
2009;15(5):450-453. doi: 10.4158/EP.15.5.450 [PubMed: 19632968] [CrossRef: 10.4158/EP.15.5.450]

4. Dinnes J, Bancos I, Ferrante di Ruffano L, et al.. Management of Endocrine Disease: imaging for the diagnosis of

malignancy in incidentally discovered adrenal masses: a systematic review and meta-analysis. Eur	J	Endocrinol.
2016;175(2):R51-R64. doi: 10.1530/EJE-16-0461 [PMCID: PMC5065077] [PubMed: 27257145] [CrossRef: 10.1530/EJE-16-
0461]

5. Ichijo T, Ueshiba H, Nawata H, Yanase T. A nationwide survey of adrenal incidentalomas in Japan: the �irst report of

clinical and epidemiological features. Endocr	J. 2020;67(2):141-152. doi: 10.1507/endocrj.EJ18-0486 [PubMed: 31694993]
[CrossRef: 10.1507/endocrj.EJ18-0486]

6. Ebbehoj A, Li D, Kaur RJ, et al.. Epidemiology of adrenal tumours in Olmsted County, Minnesota, USA: a population-based
cohort study. Lancet	Diabetes	Endocrinol. 2020;8(11):894-902. doi: 10.1016/S2213-8587(20)30314-4 [PMCID:

PMC7601441] [PubMed: 33065059] [CrossRef: 10.1016/S2213-8587(20)30314-4]

7. Hong AR, Kim JH, Park KS, et al.. Optimal follow-up strategies for adrenal incidentalomas: reappraisal of the 2016 ESE-
ENSAT guidelines in real clinical practice. Eur	J	Endocrinol. 2017;177(6):475-483. doi: 10.1530/EJE-17-0372 [PubMed:
28870984] [CrossRef: 10.1530/EJE-17-0372]

8. Cyranska-Chyrek E, Szczepanek-Parulska E, Olejarz M, Ruchala M. Malignancy risk and hormonal activity of adrenal
incidentalomas in a large cohort of patients from a single tertiary reference center. Int	J	Environ	Res	Public	Health.

2019;16(10):E1872. doi: 10.3390/ijerph16101872 [PMCID: PMC6571894] [PubMed: 31137898] [CrossRef:
10.3390/ijerph16101872]

9. Bancos I, Taylor AE, Chortis V, et al.; ENSAT EURINE-ACT Investigators . Urine steroid metabolomics for the differential
diagnosis of adrenal incidentalomas in the EURINE-ACT study: a prospective test validation study. Lancet	Diabetes

Endocrinol. 2020;8(9):773-781. doi: 10.1016/S2213-8587(20)30218-7 [PMCID: PMC7447976] [PubMed: 32711725]
[CrossRef: 10.1016/S2213-8587(20)30218-7]

10. Cawood TJ, Hunt PJ, O’Shea D, Cole D, Soule S. Recommended evaluation of adrenal incidentalomas is costly, has high
false-positive 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(4):513-527. doi: 10.1530/EJE-09-0234 [PubMed: 19439510] [CrossRef:
10.1530/EJE-09-0234]

11. Mansmann G, Lau J, Balk E, Rothberg M, Miyachi Y, Bornstein SR. The clinically inapparent adrenal mass: update in
diagnosis and management. Endocr	Rev. 2004;25(2):309-340. doi: 10.1210/er.2002-0031 [PubMed: 15082524] [CrossRef:

10.1210/er.2002-0031]



12. Elhassan YS, Alahdab F, Prete A, et al.. Natural history of adrenal incidentalomas with and without mild autonomous
cortisol excess: a systematic review and meta-analysis. Ann	Intern	Med. 2019;171(2):107-116. doi: 10.7326/M18-3630

[PubMed: 31234202] [CrossRef: 10.7326/M18-3630]

13. Morelli V, Reimondo G, Giordano R, et al.. Long-term follow-up in adrenal incidentalomas: an Italian multicenter study. J
Clin	Endocrinol	Metab. 2014;99(3):827-834. doi: 10.1210/jc.2013-3527 [PubMed: 24423350] [CrossRef: 10.1210/jc.2013-
3527]

14. Falcetta P, Orsolini F, Benelli E, et al.. Clinical features, risk of mass enlargement, and development of endocrine

hyperfunction in patients with adrenal incidentalomas: a long-term follow-up study. Endocrine. 2021;71(1):178-188. doi:
10.1007/s12020-020-02476-1 [PMCID: PMC7835305] [PubMed: 32915435] [CrossRef: 10.1007/s12020-020-02476-1]

15. Yilmaz N, Avsar E, Tazegul G, Sari R, Altunbas H, Balci MK. Clinical characteristics and follow-up results of adrenal
incidentaloma. Exp	Clin	Endocrinol	Diabetes. 2021;129(5):349-356. doi: 10.1055/a-1079-4915 [PubMed: 31958848]

[CrossRef: 10.1055/a-1079-4915]

16. Hannemann A, Wallaschofski H. Prevalence of primary aldosteronism in patient’s cohorts and in population-based
studies: a review of the current literature. Horm	Metab	Res. 2012;44(3):157-162. doi: 10.1055/s-0031-1295438 [PubMed:
22135219] [CrossRef: 10.1055/s-0031-1295438]

17. Iacobone M, Citton M, Scarpa M, Viel G, Boscaro M, Nitti D. Systematic review of surgical treatment of subclinical

Cushing’s syndrome. Br	J	Surg. 2015;102(4):318-330. doi: 10.1002/bjs.9742 [PubMed: 25640696] [CrossRef:
10.1002/bjs.9742]

18. Park J, De Luca A, Dutton H, Malcolm JC, Doyle MA. Cardiovascular outcomes in autonomous cortisol secretion and
nonfunctioning adrenal adenoma: a systematic review. J	Endocr	Soc. 2019;3(5):996-1008. doi: 10.1210/js.2019-00090

[PMCID: PMC6497919] [PubMed: 31065617] [CrossRef: 10.1210/js.2019-00090]

19. Rossi R, Tauchmanova L, Luciano A, et al.. Subclinical Cushing’s syndrome in patients with adrenal incidentaloma:

clinical and biochemical features. J	Clin	Endocrinol	Metab. 2000;85(4):1440-1448. [PubMed: 10770179]

20. Vassiliadi DA, Tsagarakis S. Diagnosis and management of primary bilateral macronodular adrenal hyperplasia. Endocr
Relat	Cancer. 2019;26(10):R567-R581. doi: 10.1530/ERC-19-0240 [PubMed: 32053747] [CrossRef: 10.1530/ERC-19-0240]

21. Meloche-Dumas L, Mercier F, Lacroix A. Role of unilateral adrenalectomy in bilateral adrenal hyperplasias with
Cushing’s syndrome. Best	Pract	Res	Clin	Endocrinol	Metab. 2021;35(2):101486. doi: 10.1016/j.beem.2021.101486 [PubMed:

33637447] [CrossRef: 10.1016/j.beem.2021.101486]

22. Osswald A, Quinkler M, Di Dalmazi G, et al.. Long-term outcome of primary bilateral macronodular adrenocortical
hyperplasia after unilateral adrenalectomy. J	Clin	Endocrinol	Metab. 2019;104(7):2985-2993. doi: 10.1210/jc.2018-02204
[PubMed: 30844071] [CrossRef: 10.1210/jc.2018-02204]

23. Xu Y, Rui W, Qi Y, et al.. The role of unilateral adrenalectomy in corticotropin-independent bilateral adrenocortical

hyperplasias. World	J	Surg. 2013;37(7):1626-1632. doi: 10.1007/s00268-013-2059-9 [PubMed: 23592061] [CrossRef:
10.1007/s00268-013-2059-9]

24. Oßwald A, Plomer E, Dimopoulou C, et al.. Favorable long-term outcomes of bilateral adrenalectomy in Cushing’s
disease. Eur	J	Endocrinol. 2014;171(2):209-215. doi: 10.1530/EJE-14-0214 [PubMed: 24975318] [CrossRef: 10.1530/EJE-

14-0214]



25. Szabo Yamashita T, Sada A, Bancos I, et al.. Differences in outcomes of bilateral adrenalectomy in patients with ectopic
ACTH producing tumor of known and unknown origin. Am	J	Surg. 2021;221(2):460-464. doi:

10.1016/j.amjsurg.2020.08.047 [PubMed: 32921404] [CrossRef: 10.1016/j.amjsurg.2020.08.047]

26. Thompson SK, Hayman AV, Ludlam WH, Deveney CW, Loriaux DL, Sheppard BC. Improved quality of life after bilateral
laparoscopic adrenalectomy for Cushing’s disease: a 10-year experience. Ann	Surg. 2007;245(5):790-794. doi:
10.1097/01.sla.0000251578.03883.2f [PMCID: PMC1877068] [PubMed: 17457173] [CrossRef:

10.1097/01.sla.0000251578.03883.2f]

27. Di Dalmazi G, Berr CM, Fassnacht M, Beuschlein F, Reincke M. Adrenal function after adrenalectomy for subclinical
hypercortisolism and Cushing’s syndrome: a systematic review of the literature. J	Clin	Endocrinol	Metab. 2014;99(8):2637-
2645. doi: 10.1210/jc.2014-1401 [PubMed: 24878052] [CrossRef: 10.1210/jc.2014-1401]

28. Else T, Williams AR, Sabolch A, Jolly S, Miller BS, Hammer GD. Adjuvant therapies and patient and tumor characteristics

associated with survival of adult patients with adrenocortical carcinoma. J	Clin	Endocrinol	Metab. 2014;99(2):455-461. doi:
10.1210/jc.2013-2856 [PMCID: PMC3913818] [PubMed: 24302750] [CrossRef: 10.1210/jc.2013-2856]

29. Bilimoria KY, Shen WT, Elaraj D, et al.. Adrenocortical carcinoma in the United States: treatment utilization and
prognostic factors. Cancer. 2008;113(11):3130-3136. doi: 10.1002/cncr.23886 [PubMed: 18973179] [CrossRef:

10.1002/cncr.23886]

30. Kebebew E, Reiff E, Duh QY, Clark OH, McMillan A. Extent of disease at presentation and outcome for adrenocortical
carcinoma: have we made progress? World	J	Surg. 2006;30(5):872-878. doi: 10.1007/s00268-005-0329-x [PubMed:
16680602] [CrossRef: 10.1007/s00268-005-0329-x]

31. Lenders JW, Duh QY, Eisenhofer G, et al.; Endocrine Society . Pheochromocytoma and paraganglioma: an Endocrine

Society clinical practice guideline. J	Clin	Endocrinol	Metab. 2014;99(6):1915-1942. doi: 10.1210/jc.2014-1498 [PubMed:
24893135] [CrossRef: 10.1210/jc.2014-1498]

32. Kunz PL, Reidy-Lagunes D, Anthony LB, et al.; North American Neuroendocrine Tumor Society . Consensus guidelines
for the management and treatment of neuroendocrine tumors. Pancreas. 2013;42(4):557-577. doi:
10.1097/MPA.0b013e31828e34a4 [PMCID: PMC4304762] [PubMed: 23591432] [CrossRef:

10.1097/MPA.0b013e31828e34a4]

33. Dahia PL. Pheochromocytoma and paraganglioma pathogenesis: learning from genetic heterogeneity. Nat	Rev	Cancer.
2014;14(2):108-119. doi: 10.1038/nrc3648 [PubMed: 24442145] [CrossRef: 10.1038/nrc3648]

34. Fishbein L, Leshchiner I, Walter V, et al.; Cancer Genome Atlas Research Network . Comprehensive molecular
characterization of pheochromocytoma and paraganglioma. Cancer	Cell. 2017;31(2):181-193. doi:

10.1016/j.ccell.2017.01.001 [PMCID: PMC5643159] [PubMed: 28162975] [CrossRef: 10.1016/j.ccell.2017.01.001]

35. Grubbs EG, Rich TA, Ng C, et al.. Long-term outcomes of surgical treatment for hereditary pheochromocytoma. J	Am	Coll
Surg. 2013;216(2):280-289. doi: 10.1016/j.jamcollsurg.2012.10.012 [PubMed: 23317575] [CrossRef:
10.1016/j.jamcollsurg.2012.10.012]

36. Neumann HPH, Tsoy U, Bancos I, et al.; International Bilateral-Pheochromocytoma-Registry Group . Comparison of

pheochromocytoma-speci�ic morbidity and mortality among adults with bilateral pheochromocytomas undergoing total
adrenalectomy vs cortical-sparing adrenalectomy. JAMA	Netw	Open. 2019;2(8):e198898. doi:
10.1001/jamanetworkopen.2019.8898 [PMCID: PMC6692838] [PubMed: 31397861] [CrossRef:

10.1001/jamanetworkopen.2019.8898]



37. Assalia A, Gagner M. Laparoscopic adrenalectomy. Br	J	Surg. 2004;91(10):1259-1274. doi: 10.1002/bjs.4738 [PubMed:
15376201] [CrossRef: 10.1002/bjs.4738]

38. Kebebew E, Siperstein AE, Duh QY. Laparoscopic adrenalectomy: the optimal surgical approach. J	Laparoendosc	Adv	Surg

Tech	A. 2001;11(6):409-413. doi: 10.1089/10926420152761941 [PubMed: 11814133] [CrossRef:
10.1089/10926420152761941]

39. Anderson KL Jr, Thomas SM, Adam MA, et al.. Each procedure matters: threshold for surgeon volume to minimize
complications and decrease cost associated with adrenalectomy. Surgery. 2018;163(1):157-164. doi:

10.1016/j.surg.2017.04.028 [PubMed: 29122321] [CrossRef: 10.1016/j.surg.2017.04.028]


