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Roadmap Review of adrenal physiology ‘

Adrenal insufficiency

Primary aldosteronism

Adrenal nodules



The Adrenal Gland

Located in the retroperitoneal gland above
each kidney.

Two separate glands:
- Adrenal Medulla
- Adrenal Cortex

Adrenal medulla secretes catecholamines.

Adrenal cortex has 3 distinct layers and
secretes adrenocortical steroid hormones.
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The Adrenal Gland
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Secretions of the adrenal medulla and adrenal cortex.

Catecholamines Linda S. Costanzo, PhD, CHAPTER 9, 399-464
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The Adrenal Cortex

The cortex produces steroid
hormones.

The precursor for all adrenocortice
steroidogenesis is cholesterol.

Major Players:
Glucocorticoids: Cortisol
Mineralocorticoids: Aldosterone

Androgens:
Dehydroepiandrosterone (DHEA)

Aldosterone

Dehydroepiandrosterone
(DHEA)

Cortisol

Structures of adrenocortical steroids.
D, CHAPTER 9, 399-464
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Actions of Adrenal Cortical Steroids

Actions of Adrenocortical Steroids

Actions of Glucocorticoids Actions of Actions of Adrenal Androgens
Mineralocorticoids
Increase gluconeogenesis Increase Na * Females: stimulate growth of pubic
reabsorption and axillary hair; stimulate libido
Increase proteolysis (catabolic)
Increase K* Males: same as testosterone
Increase lipolysis secretion
Decrease glucose utilization Increase H *
secretion
Decrease insulin sensitivity
Inhibit inflammatory response
Suppress immune response
Enhance vascular
responsiveness to
catecholamines
Inhibit bone formation
Increase GFR
DecreasgiEliakep Linda S. Costanzo, PhD, CHAPTER 9, 399-464

Copyright © 2022 by Elsevier Inc. All rights reserved.
GFR, Glomerular filtration rate; REM, rapid eye movement.



Adrenal Cortex Regulation
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Adrenal Cortex Regulation
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Adrenal Medulla Regulation

« Under sympathetic nervous system control.

« Lower thoracic and lumbar preganglionic neurons
innervate the cells of the adrenal medulla.

« Secretion of catecholamines, which increase HR, BP,
myocardial contractility.
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Case # 1

An 18 y/o man presents to the hospital with fatigue, poor oral intake, and
vomiting. He had a recent hospital admission with hyponatremia,
hypokalemia, and AKI thought to be due to a viral infection and dehydration.
His PMHX is significant for asthma. Of note, he finished a prednisone taper
for asthma a few days before his recent symptoms began.

Family history is significant for mother with DMA1.
VS - tachycardic, mildly hypotensive.

Thin young man.
Tan skin.

Labs:
Na 123, K 7.0, Cr 1.01
Random cortisol 3.2




Adrenal Insufficiency (Al)

» Glucocorticoid deficiency:
Primary = adrenal disease. Low cortisol, high ACTH.
Secondary (Central) = ACTH deficiency (pituitary). Low
cortisol with low or normal ACTH.

* Mineralocorticoid deficiency accompanies primary
disease due to adrenal gland destruction.

* Mineralocorticoid production remains intact in central Al
due to regulation by RAAS, not HPA axis.




Adrenal Insufficiency

Primary Causes: Addison Disease

Autoimmune

Sporadic

Autoimmune polyendocrine syndrome type I (Addison disease, chronic
mucocutaneous candidiasis, hypoparathyroidism, dental enamel
hypoplasia, alopecia, primary gonadal failure—see Chapter 44 )

Autoimmune polyendocrine syndrome type II (Schmidt syndrome)
(Addison disease, primary hypothyroidism, primary hypogonadism,

insulin-dependent diabetes, pernicious anemia, vitiligo—see Chapter 44 )

Infections

Tuberculosis
Fungal infections
Cytomegalovirus

HIV

Metastatic tumor

Infiltrations

Amyloidosis

HemochromatosisIntraadrenal hemorrhage (Waterhouse-Friderichsen
syndrome) after meningococcal septicemia

Monogenetic Disorders

Congenital adrenal hypoplasia/developmental disorders




Ad renal Secondary Causes: Central Hypoadrenalism

Hypopituitarism

Selective removal of ACTH-secreting pituitary adenoma
« No absolute guidelines for

steroid type dose. route. or Pituitary tumors and pituitary surgery, craniopharyngiomas

duration to predict adrenal e e e
suppression.
Granulomatous disease (tuberculosis, sarcoid, eosinophilic granuloma)
* But adrenal atrophy should be Secondary tumor deposits (breast, bronchus)
anticipated in a patient who
has taken hydrocortisone Postpartum pituitary infarction (Sheehan syndrome)

30mg (prednisone 7.5mg) per

Pituitary irradiation (effect usually delayed for several years)
day for longer than 3 weeks.

Isolated ACTH deficiency



Hospital Presentation:
Adrenal Crisis

No universally accepted definition, but adrenal crisis is considered
severe, acute adrenal insufficiency.

Life-threatening.
Inadequate cortisol production due to primary or secondary causes.
Consider with hypotension + hyponatremia +/- hypokalemia.

Consider with refractory shock despite adequate fluids and
vasopressor support.




Table 1. Symptoms, Signs, and Biochemical
Characteristics of Adrenal Crisis.*

Symptoms

Gastrointestinal: anorexia, nausea, vomiting
Pain: abdominal, limb, back

Severe fatigue

Severe weakness

Postural dizziness, syncope

Confusion

Signs

Abdominal tenderness or guarding
Hyperpigmentation (only in primary adrenal insufficiency)
Pyrexia

Hypotension: systolic pressure <100 mm Hg in adults or
=20 mm Hg lower than usual in adults, acute hemo-
dynamic disturbance according to age-related norma-
tive levels in children, delayed capillary refill or tachy-
cardia in young children, circulatory collapse

Impaired consciousness: delirium, obtundation, coma
Biochemical abnormalities on routine blood tests

Hyponatremia

Hyperkalemia  Hyperkalemia generally occurs in primary Al.

Hypercalcemia
Hypoglycemia (more common in children than in adults)

Altered immune-cell populations: neutropenia,
eosinophilia, lymphocytosis

Mild normocytic anemia

Rushworth RL, Torpy DJ, Falhammar H. Adrenal Crisis. N Engl J Med. 2019;381
doi:10.1056/NEJMra1807486

(9);




Adrenal Crisis:
Precipitating Events

Infections

Injury

Surgery

Non-adherence to glucocorticoid replacement in
someone with Al or withdrawal of exogenous steroid.

Undiagnosed hyperthyroidism or initiating LT4 in
someone with untreated Al.

Immune checkpoint inhibitor therapy or TKI therapy.




Suspected Adrenal Crisis:
Management

Do NOT delay treatment by waiting for lab results.

* |f possible, check random cortisol and ACTH before
treating with glucocorticoids. Does not need to be an
AM check.

« A random cortisol value < 18 mcg/dL in a hypotensive
patient suggests Al.

« Some scenarios can alter corticosteroid binding
globulin (CBG) leading to incorrect diagnosis.

 Critical iliness can lead to variable cortisol and ACTH
values due to abnormal CBG and reduced clearance
of cortisol.




Suspected Adrenal Crisis:
Management

Table 2. Management of Adrenal Crisis.

Treatment Dose and Procedure

Adults

Hydrocortisone* Provide prompt administration at a dose of 100 mg intravenously (or intramuscularly if intrave-
nous access is not feasible), followed by 200 mg every 24 hr, given as a continuous infusion or
as intravenous (or intramuscular) boluses (50 mg) every 6 hr; if initial treatment is successful
(usually after 24 hr), oral hydrocortisone at 2 to 3 times the usual dose can be given, with
tapering down to the usual dose over the next 2 to 3 daysT

Fluids Provide intravenous administration of 1000 ml of normal saline (0.9% isotonic sodium chloride)
in the first hour, with intravenous dextrose to 5% concentration in normal saline added if the
patient has hypoglycemia; subsequently, administer crystalloid fluids according to standard
resuscitation guidelinesi




Case #2

A 41y/o man with a hx of ADHD, anxiety, and BPH present with
uncontrolled hypertension. The patient reports he developed
hypertension sometime during the pandemic in approximately
2020 (age 37). He started losartan in 2021 and then needed
amlodipine added after losartan maxed out. He was noted to
have mildly low potassium in 2023, but labs had not been
checked for a few years.

Pt’'s BP meds had been switched to losartan and eplerenone
when he presented to endocrine clinic. He was not requiring
potassium with this combination.

The primary care suspected primary aldosteronism and
ordered a CT adrenal scan, which revealed a 9mm Right
adrenal nodule.




Primary

Aldosteronism
(PA)

A unilateral or bilateral adrenal disorder
resulting in excess adrenal production of
aldosterone.

At least partially autonomous from the

regulation of renin and angiotensin system.

Excess aldosterone causes:
- sodium retention-> volume expansion ->
elevated BP

- hypokalemia (in more severe forms).




Why is primary aldosteronism
important to identify and treat?

Patients with PA have higher health risks

compared to primary HTN:

- Stroke Q ‘ (
07D

« A-fib

« CHF

« Renal disease

* Mortality Q ‘ ‘

Y YEaVva



When to consider this diagnosis

« Screening for PA is low.

« Hot of the Press!! New Endocrine Society Guidelines (July 2025)
suggest screening for PA in all patients with hypertension.

» Definitely consider screening with the traditional risk factors:

- Unexplained worsening or resistant HTN (3+ drugs)
- Hypokalemia (spontaneous or diuretic-induced)

- Adrenal nodule

- family hx of early onset HTN or stroke (<40 years)




The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9 2457

- Individuals with Hypertension <

Measure Aldosterone, Renin, and Potassium®

L} LW L

* Plasma renin activity (PRA) < 1 ng/mLh
» Direct renin concentration (DRC) < 8.2 mU/L

AND

Aldosterone to renin ratio (ARR) is increased

* Aldosterone (immunoassay, ng/dL) / PRA (ng/mL/Mh) = 20
* Aldosterone (immunoassay, pmol/L) / DRG (mU/L) = 70

Meets Criteria for Primary Aldosteronism™*

AR NS oot

while aldosterong co

* Aldosterona (immunoassay) = 10 ng/dL (= 277 pmol/L)
» Aldosterone (LC-MS/MS) = 7.5 ng/dL (= 208 pmol/L)

s Aldosterone (LC-MS/MS, ng/dL) / PRA (ng/mL/h) > 15
= Aldosterone (LC-MS/MS, pmol/L) / DRC (mU/L) > 52

RE-TEST

T

Yes No RE-TEST
' '
Concern for False Positive Result? Concern for False Negative Result?
* [i adrenergic blockers or centrally acting o, agonists * Hypokalemia that lowers aldosterone?
{e.g., clonidine) that lower renin and increase » Medications that raise renin and decrease the ARR?
ARRT*** * Strong confounders: MRAs®, ENaC inhibitors™
* Intermediate confounders: Diuretics
» Weak confounders: ACEis, ARBs, Dihydropyridine
CCBs
* High pretest probability of PA?
* Low renin with aldosterone 5-10 ng/dL, 138-277
pmolfL (immunoassay)?
Yes No No Yes
* Withdraw PA Likely PA Unlikely * Correct hypokalemia
adrenargic bloqherﬁ Proceed to the algorithm Anti-hypertensive * Withdraw MRAs, ENaC inhibitors,
or centrally acting diuretics for 4 wks
for the management of therapy as per

o, agonists for 2
wzksg hypertensive adults in

whom PA is likely based
on aldosterone, renin,
and ARR (Figure 2)

* Then retest

guidelines for treating
primary hypertension

» Consider withdrawing ACEis, ARBs,
and dihydropyridine CCBs for 2 wks

* Then retest

Figure 1. How to screen for PA in individuals with hyvpertension. This figure diagrams the process of sereening for PA In individuals with hypertensian.

PA Screening
Algorithm




The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 9 2459

Consider Genetic

Does the Individual Desire

*
Testing for Familial and is a Candidate for Surgery? NO MRA
Forms of PA if
= HTM of t< =20
I age of onsel < l YES
* 1ot dogre relalives Is the Probability of Lateralizing PA High?
« Family history of sary Consider factors associated with higher probability of lateralizing PA:

onset HTHW or CVA =40

ol hypokalemia, higher aldosterone, suppressed renin
' ' ' ' PA
| -

'

Low Probability of Lateralizing PA Intermediate Probability High Probability of Lateralizing PA
Prabability of lateralizing PA is so low that pursuing of Lateralizing PA Lateralizing PA is so probable that aldesterone r e a m e n
aldosterone suppression testing is not clinically suppression testing can be bypassed.
[RCRE= l Consider if clinical features of severe PA:
Consider if: . . - . s Hypokalemia =
* Normokalemia etz hates i g pballn i Bl * Very low renin (DRC < 2 mU/L or PRA < 0.2 ng/
« Aldosterone <~11 ng/dL (~305 pmol/L) by prefer an empiric trial of MRA over proceeding to mL/h) with elevated aldosterone (>~20 ng/dL
immunoassay or <~8 ng/dL (~222 pmol/L) by aldosterons suppression testing /- AVS1 {~554 pmol/L) by immuncassay or >~15 ng/dL
LC-MS/MS* (~416 pmeol/l) by LC-MS/MS)
l l YES NO
Consider Trial Aldosterone Consider going directly to
MRA* - B . - Adrenal CT |- i i
of MRA* NEGATIVE Suppression Testing# POSITIVE ::srg:aﬂ:epﬂe:;f}‘fg n
* unilateral adrenal mass
Adrenal Venous Sampling
BILATERAL LATERALIZED
ALDOSTERONE ALDOSTEROME
PRODUCTION PRODUCTION

MRA* Surgery |a-rooornsd

Figure 2. Algorithm for the management of adults with hypertension in whom PAis likely based on aldosterone, renin, and ARR. Patients who are likely



Key points for hospital management
with suspicion of PA

« Correct potassium.
* Try to draw aldosterone and renin before 10AM.

Do NOT draw aldo and renin if patient is taking or has taken
MRA (spironolactone or eplerenone) or epithelial sodium
channel inhibitors (amiloride, triamterene) within the last 4
weeks; these interfere with test results.

* |[f patient does not desire adrenalectomy evaluation or is poor
surgical candidate, MRA can be started when PA is considered
likely.




Case #3

A 62 y/o woman presents with abdominal pain. She
undergoes CT abdomen in the ER which shows an
incidental right adrenal nodule, 2.5 cm.

She has a history of HTN, controlled with two
medications, prediabetes, and obesity (BMI 35).




Adrenal

NN NN
Incidentalomas ‘ Q Q <

« Often discovered on abdominal

imaging done for other indications.
 Incidence is adrenal tumors increased
10 x over the past two decades, in step

with the increasing number of

abdominal CT and MRI studies
performed.
» Important to evaluate for:

- Malignancy

- Hormone excess Q ‘ ‘

Y YEaVva



Adrenal Mass Classification

« Adenomas and nodular hyperplasia (85% of all
adrenal tumors).

- about 50-60% have hormonal excess, usually mild
autonomous cortisol secretion.

« Other benign lesions (myelolipomas, cysts,
hematomas).

« Adrenocortical carcinoma (0.3% of all tumors).
« Other malignancy (metastases, lymphoma).
« Pheochromocytoma (1.1%).




Examine imaging characteristics:

- Lipid content

- Homogeneity

- Tumor size

- Signs of local invasion

- In bilateral tumors, examine imaging
characteristics separately

#

Adrenal Mass Evaluation

Newly diagnosed adrenal mass

Unehanced computed tomography
Hounsfield units (HU)

Risk of malignancy or pheochromocytoma

rﬂil'ﬁe-r‘fh‘ragfng considerations:

- MRI chemical shift analysis provides
same information as unenhanced CT

- Examine previous imaging if available
-CT contrast washout analysis does not
provide optimal accuracy in clarifying the

etiology of adrenal incidentaloma

L

Benign adrenal mass

Indeterminate or suspicious
adrenal mass




Adrenal Mass Evaluation when
unenhanced HU <10

* These tumors are benign.

Do not need to check for catecholamine excess.

« Testing:
- check for glucocorticoid excess in all patients:
1 mg dexamethasone suppression test (DST).
- check for aldosterone excess if HTN and/or
hypokalemia: AM aldosterone and renin.




1 mg Take 1 mg
dexamethasone PO

Dexamethasone petween 11 PM and
Suppression midnight.
Test (DST)

Draw cortisol and
dexamethasone level
before 9 AM the next
day.

Normal cortisol < 1.8

mcg/dL




Adrenal Mass Evaluation when
unenhanced HU > 10

Concern for malignancy or pheo.
Test for glucocorticoid and aldosterone excess.

Test for catecholamine excess: 24 hour urine metanephrines
provides less false positives than plasma.

Test for DHEA-s with any evidence of androgenic symptoms in
women.

Think about primary adrenal insufficiency in patients with bilateral
adrenal masses with elevated HU (malignancy, infection).

Adrenal biopsy is rarely needed.
- risk of needle track seeding of adrenocortical carcinoma.
- risk of HTN, tachycardia with a pheo.




fMedical history (Clinical assessment | fLabnratnryr workup
* Hypertension ] + Body measurements = All patients: 1mg-DST
* Type 2 diabetes Investigate + + Vital signs + « If hypertension: paired renin,
« Dyslipidemia date of » Signs and symptoms of aldosterone, and potassium
- Osteoporosis/fractures 4 a:':i':i':fgl adrenal hormone excess + If HU>10: plasma or urine
+ Cardiovascular events course (cortisol, aldosterone, metanephrines
= Cancer androgens, catecholamines) » If clinical suspicion of Cushing
* Menstrual history } » Signs and symptoms of syndrome: 24-hour urine cortisol,
+ Family history (including adrenal cortisol deficiency (patients salivary cortisol
and endocrine disorders, cancer, with active malignancy and « [f bilateral masses:; 17-0OH-
cardiometabolic disease, genetic bilateral adrenal masses) progesterone
disorders) + Clinical manifestations of + If clinical suspicion of bilateral
L genetic disorders associated adrenal metastases: morning
Medications E'I"d treat"I‘E"tE | with adrenal tumors | ACTH and cortisol
= Current medications (including over- « If clinical suspicion of ACC:
the-muntr_ar tfeatments} steroid precursors/steroid profiling,
+ Glucocorticoids (including recent DHEA-S, androstenedione,
. use and any adminisiration form) ) _ testosterone, estradiol )
1 J
.
No suspicion of hormone excess Possible hormone excess and Malignancy
and no suspicion of malignancy no suspicion of malignancy suspected
w
@ Monitor cardiometabolic morbidity. Follow specific pathway Multidisciplinary

, : team discussion
@ Repeat endocrine work-up only if

there is suspicion of adrenal
hormone excess during follow-up.

@ Consider repeating 1mg-DST after
1-2 years, especially if bilateral
macronodular hyperplasia.

Figure 3. Adrenal incidentaloma evaluation: clinical and hormonal assessment. Abbreviations: 1-mg DST, 1-mg overnight dexamethasone suppres-
sion test; ACC, adrenocortical cancer; DHEA-S, dehydroepiandrosterone sulfate.



Management

« Resection of ACC, pheo, and hormonally
functional tumors.

« 7 Repeat imaging for masses < 4 cm, low HU,
and no hormonal excess. Newer guidance says
no.

« Masses with higher density, size > 3.5 cm, follow
up imaging is still recommended.

« Repeat 1 mg DST, especially in those with
cardiometaboic risk factors.




Questions?
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