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ABSTRACT
Endocrine hypertension belongs to the group of secondary forms of hypertension and mostly is

caused by disorders of the adrenal gland. There are also nonadrenal endocrine conditions that
can lead to hypertension secondary to hormonal imbalance and this chapter reviews how to
best identify patients with and test for such disorders. For complete coverage of all related areas
of Endocrinology, please see our FREE on line web-book, www.endotext.org.

INTRODUCTION

Hypertension (HTN) is a preventable contributor to disease and death in humans. HTN is commonly
defined as a blood pressure (BP) 2140/90 mm Hg for adults 218 years old based on the mean of 22
properly measured seated BP readings on each of 2 or more office visits. The overall prevalence of
HTN among U.S. adults has not changed appreciably since 2009-2010, affecting ~29.1% of the
population (1). The majority of patients with HTN (82.8%) are aware of their HTN and taking medication
to lower it (75.7%), although BP control (<140/90 mm Hg) is suboptimal (51.9%) (1). Other studies have
demonstrated BP control in < 1 in 3 patients (2, 3).

The prevalence of resistant HTN varies from 34-53% in different large studies: ALLHAT (34%),
NHANES (53%) or Framingham Heart Study (48%) (4). Control to <140/90 mm Hg has been a matter of
debate over the past decade. Recently, a large randomized trial of intensive versus standard BP control
(SPRINT) among patients at high risk for cardiovascular events but without diabetes mellitus, showed
that targeting a systolic BP <120 mm Hg, as compared with <140 mm Hg, resulted in lower rates of fatal
and nonfatal major cardiovascular events and death from any cause (5). However, significantly higher
rates of some adverse events, including hypotension and kidney injury were observed in the intensive-
treatment group (5). In another study, the Heart Outcomes Prevention Evaluation (HOPE)-3 trial
randomly assigned 12,705 participants at intermediate risk who did not have cardiovascular disease to
rosuvastatin or placebo and to candesartan plus hydrochlorothiazide or placebo, and showed that there
was a clear benefit of antihypertensive therapy in persons with a systolic BP of 2140 mm Hg but no
benefit on cardiovascular events (as a composite) in those with an initial systolic BP of <140 mm Hg (6).
SPRINT and (HOPE)-3 have implications for antihypertensive therapy and the cutoff of BP target in
general.

The exact prevalence of resistant HTN is unknown, but likely increasing as older age, obstructive sleep
apnea, and obesity, three of the strongest risk factors for resistant HTN, are becoming more prevalent.
Obstructive sleep apnea (OSA) is the commonest and underappreciated cause of resistant HTN (7, 8).
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The Joint National Committee (JNC 8) (9, 10) did not address the definition of HTN. However, HTN is
commonly classified for adults 218 years old into pre-hypertension, Stage 1 and Stage 2 (see Table 1).

Table 1. Classification of Hypertension

Systolic (mm Hg) Diastolic (mm Hg)
Normal <120 <80
Pre-hypertension 120-139 80-89
Stage 1 hypertension 140-159 90-99
Stage 2 hypertension =160 =100

The definition, diagnostic method and therapeutic targets for HTN differ between several recently
published international and national guidelines (see Table 2).

Table 2. Selected Guidelines for the Diagnosis of Hypertension

Guidelines

Definition, Diagnostic Method and Targets

2011 UK National Institute for Health
and Clinical Excellence (NICE) (11)

2 140/90 mm Hg and ABPM (or home BP) >135/85
Target: <140/90. =280 years old, <150/90

2013 European Society of
Hypertension (12)

2140/90 on office ABPM (gold standard)
Ambulatory or home BPM for resistant HTN
Target: <140/90. =280 years old, SBP <140-150

2014 Joint National Committee (JNC
8) (9, 10)

Did not define HTN

Office ABPM favored

Ambulatory BPM is not mentioned

Target: <60 year, <140/90. 260 year, <150/90

2014 American Society of
Hypertension - International Society of
Hypertension (13)

2140/90 on office ABPM (gold standard)
Ambulatory or home BPM for resistant HTN
Target: <140/90. =280 years old, <150/90

2015 Canadian Hypertension
Education Program (CHEP) (14)

Daytime mean =2135/85, 24 hour mean 130/80 on
ABPM. Home BPM mean 2135/85. Mean office BP
>180/110.

Target: <140/90. 280 years old, SBP <150

Abbreviations: ABPM, ambulatory blood pressure measurement; HTN, hypertension; SBP, systolic

blood pressure.
Adapted from Stergiou et al. (15)

Several new terms and definitions are proposed to further classify HTN, which has added more
confusion to clinicians. Refractory HTN, difficult to control HTN, controlled or uncontrolled resistant HTN




with 23, 24, or =5 drugs, pseudo-resistant HTN, and apparent and true resistant HTN (16), are among
the many others used in the literature. Common terminologies used in clinical practice are:

* Resistant HTN: The diagnosis of resistant HTN should by definition rely on the inability of a well-
constructed antihypertensive regimen to control BP (16). The American Heart Association
defines resistant HTN as BP that remains above goal in spite of full doses of at least 3
antihypertensive medications, including a diuretic (17). This definition identifies patients who are
at high risk of having reversible causes of HTN, such as primary aldosteronism. The definition
also includes patients whose BP is controlled but require 4 or more medications to do so
(“controlled resistant HTN”) and pseudo-resistant HTN. A lower cutoff for the diagnosis of
resistant HTN (<130/80 mm Hg) could be used in patients with diabetes mellitus or kidney
disease (i.e., with a creatinine level of >1.5 mg per deciliter [133 pmol per liter] or urinary protein
excretion of >300 mg/24-hour period), despite adherence to treatment with full doses of at least
3 antihypertensive medications, including a diuretic (18).

* Pseudo-resistant HTN: This should defined as an 'apparent’ lack of BP control in spite of full
doses of at least 3 antihypertensive medications, including a diuretic.

* Masked HTN: This is defined as a normal BP in the office (<140/90 mm Hg), but an elevated BP
out of the office (ambulatory daytime BP or home BP >135/85 mmHg) (19). Higher prevalence of
masked HTN with poor cardiovascular score was found in both untreated subjects and treated
hypertensives (20).

* White-coat HTN: This is defined as subjects with office BP 2140/90 mm Hg and a 24-hour BP
<130/80 mm Hg (21).

* Refractory HTN: This is defined as BP that remained uncontrolled in spite of maximal medical
therapy after =3 visits to a hypertension clinic within a minimum 6-month follow-up period (22).

* Isolated systolic HTN: This is defined as a systolic BP >140 mm Hg and diastolic BP <90 mm
Hg, which is predominantly present in elderly patients, although not uncommonly in young and
middle-aged adults (23).

* Malignant/accelerated HTN: This is characterized by HTN with multi-organ involvement
appearing over a short period of time, from a few weeks to a few months.

e Sustained HTN: This is defined as BP >150/100 mm Hg on each of three measurements
obtained on different days without antihypertensive therapy, necessating screening for
secondary causes, including primary aldosteronism (24).

Several factors may induce episodes of resistance to therapy in treated hypertensive patients. Common
factors include poor adherence to drug therapy, periodic changes in dietary factors (e.g.: high sodium
intake, high alcohol consumption, natural licorice [glycyrrhiza glabral]), rapid weight gain, periodic
changes in concomitant drugs (nonsteroidal anti-inflammatory agents [NSAIDs], selective COX-2



inhibitors, sympathomimetic agents [decongestants, diet pills, and cocaine], stimulants), weight loss
medications, herbal compounds (e.g.: arnica, bitter orange, ephedra, ginkgo, and ginseng), and
secondary forms of HTN (16).

The causes of HTN are broadly divided into primary (essential, due to an unclear etiology) and
secondary. Secondary forms refer to an underlying, potentially correctable diagnosis, and are listed in
Table 3. Approximately 10-20% of adults with HTN have a secondary form, although there is
compelling evidence that the figure is likely higher (25). The prevalence of secondary forms of HTN is
dependent on age, co-existing comorbidities, such as atherosclerosis, and the criteria used for
screening. One study found the prevalence of secondary HTN was 10.2%, divided into renovascular
HTN (3.1%), primary aldosteronism (1.4%), Cushing syndrome (0.5%), pheochromocytoma (0.3%),
primary hypothyroidism (3.0%) and chronic kidney disease (defined as a serum creatinine > 2.0 mg/dI)
(1.8%) (26). The presence of atherosclerosis significantly increased the prevalence of renovascular
HTN (9.5%) and chronic kidney disease (8.0%) (26).

Table 3. Common and rare causes of Endocrine Hypertension

Common causes Rare causes
* Renal vascular hypertension * CAH: 11B3-hydroxylase deficiency
* Primary aldosteronism * CAH: 17a-hydroxylase deficiency
* Hypothyroidism * Familial hyperaldosteornism (e.qg.:
* Thyrotoxicosis Type 1: Glucocorticoid-Remediable
* Hypercalcemia Aldosteronism)
* Pheochromocytoma and * Apparent mineralocorticoid excess
paraganglioma * Liddle syndrome
* Cushing Syndrome * Pseudohypaldosteronism Type 1

* Pseudohypaldosteronism Type 2

* Glucocorticoid Resistance syndrome
* Growth hormone excess

* Neuroendocrine tumors (“Carcinoid”)
* Medullary thyroid cancer

* Geller syndrome

Abbreviations: CAH, congenital adrenal hyperplasia.

CLINICAL FINDINGS AND OTHER CLUES TO IDENTIFY PATIENTS WITH ENDOCRINE
HYPERTENSION

Several physical examination findings may point to the etiology for secondary forms of HTN. Table 4
provides a specific description of the clinical presentation of endocrine conditions related to HTN.
Symptoms such as flushing and sweating may point toward pheochromocytoma and paraganglioma
(27), while a renal bruit has been demonstrated in 87% of patients with renal artery stenosis (28).
Laboratory abnormalities such as hypokalemia and metabolic alkalosis suggest primary aldosteronism
due to increased renal hydrogen ion loss. Other clues that may point to the presence of endocrine
forms of HTN are:



The onset of HTN in young individuals (< 40 years) or after the age of 50 years

Patients of African American descent that are at an increased risk for ARMCS mutations
leading to primary aldosteronism

Worsening HTN despite maximum drug treatment (failing triple-drug therapy including a
diuretic) or controlled BP (<140/90 mm Hg) on four or more antihypertensive drugs
Sustained HTN, >150/100 mm Hg on each of three measurements obtained on different
days

HTN and spontaneous or diuretic-induced hypokalemia

HTN and adrenal incidentaloma (bilateral or unilateral), defined as an asymptomatic
adrenal mass detected on imaging not performed for suspected adrenal disease

HTN and obstructive sleep apnea

HTN and a family history of early-onset HTN or cerebrovascular accident at a young age
(<40 years)

First-degree relatives of patients with endocrine HTN

Skin lesions (pheochromocytoma and paragangliomas [PPGLs], neurofibromatosis 1
[NF1], multiple endocrine neoplasia types 1 or 2 [MEN1, MEN2]): retinal angiomas,
marfanoid body habitus, mucosal neuromas on eyelids/tongue, café-au-lait spots, axillary
frecking, angiofibromas, or collagenomas

Worsening glycemic control and/or spinal osteoporosis (Cushing syndrome)

MEN2 with symptoms and signs of medullary thyroid carcinoma, PPGLs and/or primary
hyperparathyroidism

Hemangioblastomas (brain, spinal cord, retina), endolymphatic sac tumors, renal cancer,
pancreatic/renal/male genital tract cysts in von Hippel-Lindau (VHL) syndrome
associated with PPGLs

Renal cancer associated with PPGLs in patients with germline mutations in SDHx
Gastrointestinal stromal tumors and PPGLs

Signs related to MEN1: primary hyperparathyroidism (hypercalcemia and/ or
nephrolithiasis, osteoporosis), pituitary tumors (visual field defect, galactorrhea,
impotence, headache) etc.

Table 4. Clinical Findings in Patients with Endocrine Hypertension

Condition

Clinical presentation

Renal Vascular Hypertension Sudden increase in BP while controlled by

medication, abdominal bruit (holosystolic, high-
pitched) with radiation to the flanks

Primary Aldosteronism Sustained, resistant or mild hypertension,

muscle weakness, hypokalemia, metabolic
alkalosis

Thyrotoxicosis Isolated systolic hypertension, tremors,

palpitations, atrial fibrillation, thyroid bruit,
Graves’ extrathyroidal manifestations
(orbitopathy, dermopathy, acropachy)




Cushing syndrome

Fatigue, weight gain, round face,

proximal myopathy, skin thinning, ecchymosis,
hirsutism, fat pads (supraclavicular,
dorsocervical, temporal fossae), plethora, purple
or red striae (>1cm)

Pheochromocytoma and Paraganglioma

Headache, palpitations, sweating, pallor,
paroxysmal, resistant, mild hypertension,
hypotension

CAH: 11B-hydroxylase deficiency

Classic form: virilization of the external
genitalia in 46,XX newborn females, and
precocious pseudopuberty in both sexes.

Nonclassic form: extremely rare, presents with
hyperandrogenism during childhood

CAH: 17a-hydroxylase deficiency

Classic presentation: phenotypic female (46,XX
or 46,XY) with hypertension, hypokalemia and
absence of secondary sexual characteristics.

Partial 17-OHD: 46,XY with undervirilization
and ambiguous genitalia.

Familial Hyperaldosteronism

E.g.: Type I: Glucocorticoid-Remediable
Aldosteronism (GRA)

Early onset of hypertension, presence of family
history of mortality or morbidity from early
hemorrhagic stroke

Liddle syndrome

Severe hypertension, hypokalemia,
and metabolic alkalosis

Apparent Mineralocorticoid Excess

Growth retardation, short stature,
hypokalemia

Pseudohypaldosteronism Type 2

Short stature, hyperkalemic metabolic
acidosis, normal aldosterone levels

Glucocorticoid Resistance Syndrome

Ambiguous genitalia, precocious
puberty, acne, hirsutism, oligo/anovulation,
hypertension

COMMON CAUSES OF ENDOCRINE HYPERTENSION

Renal Vascular Hypertension (RVH)
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RVH is one of the commonest types of secondary HTN that can be correctable with specific therapy.
Most cases of RVH are caused by atherosclerotic renal artery stenosis (ARAS), fibromuscular dysplasia
(FMD), vasculitis, thromboembolism and aneurysms. The renal arterial lumen must be decreased 2
70% to cause or worsen HTN. Most patients with RVH or renal artery stenosis (RAS) are >50 years old
and have ARAS, while younger patients usually have renal artery FMD. Prevalence of RAS is estimated
to be between 2% in unselected hypertensives and 40% in older patients with other atherosclerotic
comorbidities (26, 29, 30). RVH is probably the third most common correctable cause of secondary
HTN after OSA and primary aldosteronism. Table 5 lists the clinical and biochemical findings that
should alert the clinician to screen for RVH:

Table 5. Clinical and biochemical findings associated with an increased possibility of RVH
(31-34)

* Moderate - severe or refractory HTN in patients with:
e Multidrug (>3 agents) antihypertensive therapy
* Recurrent episodes of flash pulmonary edema
* Evidence of generalized vascular disease (CAD) or diffuse atherosclerosis
* Unilateral small kidney (<9 cm), or a difference in renal size of more than 1.5 cm that have
no other explanation
» Age/sex (young women <30 years old, think FMD, older men, think ARAS)
» Sudden onset of severe HTN (=160/100 mm Hg) after the age of 55 years
* Elevation of serum creatinine 230% after administration of ACEi or ARB
» Malignant HTN
* Abdominal bruit (86% of cases)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARAS, atherosclerotic renal artery
stenosis; ARB, angiotensin Il receptor blocker; CAD, coronary artery disease; FMD, fibromuscular
dysplasia; HTN, hypertension.

The suggested work-up for RVH/RAS greatly depends on the degree of clinical suspicion. In general, a
low index of suspicion does not require work-up. However, it is important to note that RVH is
underdiagnosed and may be asymptomatic for several years. The American College of
Cardiology/American Heart Association Guidelines (35) for screening of RVH/RAS recommends an
invasive work-up when a corrective procedure is intended to be employed for clinically significant RVH.
Individuals with moderate suspicion of RVH/RAS should undergo screening and confirmatory testing
(see Figure 1).

The gold standard test for screening of RVS is renal arteriography. Noninvasive tests for diagnosing of
RVH with a good sensitivity and specificity are Gadolinium enhanced magnetic resonance angiography
(MRA), computed tomography angiography (CTA) and duplex ultrasonography. In presence of a
positive screening test, renal arteriogram would help confirm the diagnosis and localize the site of the
stenotic renal blood vessel. A schematic screening/diagnostic approach based on the degree of
probability of clinical suspicion is described in Figure 1.

Plasma renin activity (PRA) as a screening test in patients with suspected RVH is underappreciated.
PRA are within reference range in ~50% of patients with RVH while, conversely, increased levels may
be found in <10% of patients with primary HTN (36-38). RVH leads to a low-pressure state within the
afferent renal arterioles at the site of renin secretion, resulting in a log-unit (>10-fold) increase in plasma
renin. Although no studies to date have evaluated the overall sensitivity and specificity of plasma renin



as a diagnostic test in patients with RVH, the recognition of a plasma renin that is many-fold higher than
the normal range, after accounting for false positives such as antihypertensive therapy, may be useful,
particularly if the diagnosis was not appreciated on imaging (37). The sensitivity and specificity (39-47)
of various tests in the workup of RVH/RAS are outlined in Table 6.

Index of suspicion

v

Low Moderate High

ennen 5 Check plasma renin activity
Intra-arterial digital subtraction
angiogram
Carbon dioxide digital angiography
Renal artery angiography
\4 i

e Check plasma renin activity

¢ Computed tomography »| Positive

e Angiography

¢ Gadolinium-enhanced Magnetic Resonance

Angiography
¢ Duplex ultrasonography

Figure 1. Flow chart for the diagnostic work-up of RVH.



Table 6. Tests used in the diagnosis of RVH

Test Sensitivity % Specificity %
Renal artery angiography 100 100
Intra-arterial digital subtraction angiogram (DSA) 94 97

Carbon dioxide digital angiography 83 99

Computed tomography angiography (CTA) 91 93
S;;gg?;up?ye?l\;l;:\c)ed Magnetic resonance 96-100 71-96

Duplex ultrasonography 85 92

Captopril renography 57-94 44-98
Captopril test 15-68 76-93

The gold standard for confirming the diagnosis of RAS is a renal angiogram. Renal angiogram,
intravenous subtraction angiography, intra-arterial digital subtraction angiography (DSA), or carbon
dioxide angiography are imaging tests used in the diagnosis of RVH. Conventional aortography and
intra-arterial digital subtraction angiogram (DSA) are considered the best tests offering high-quality
radiographic images of the renal artery. Both, intra-arterial DSA (use less iodinated contrast ~25 mL)
and carbon dioxide angiography are recommended in patients with deranged renal function.
Intravenous DSA has a lower sensitivity and specificity compared with DSA and is falling out of favor.
As an invasive procedure renal angiogram carry the risk of infections, cholesterol emboli and contrast-
induced nephropathy.

Computed tomography angiography is a first line screening modality of RVH. Single breath-hold
image detection and multidetector (MDCT) imaging have consistently improved the image acquisition
and resolution with a better visualization of proximal/distal renal arteries. Spiral CT scan with
angiography uses small amounts of IV iodinated contrast and is less invasive than arteriography. The
use of iodinated compounds in subjects with poor renal function can result in contrast induced
nephropathy. In patients with kidney failure the accuracy of this technique is impaired. Contrast
allergies, anaphylaxis, and radiation exposure have to be considered in selected patients.

Gadolinium-enhanced MRA has one of the highest diagnostic performances for the detection of RAS
among the non-invasive tests for RAS. The method is sensitive for imaging of proximal renal arteries
but is suboptimal for significant distal lesions, accessory renal arteries and FMD (45). The use of 3-D
gadolinium-enhanced MR (GEMR) imaging has improved the sensitivity and specificity of the method
(>90%). Although MRA is considered as a first line investigation in patients with RVH, there are
contraindications that limit its use in certain groups of patients: history of claustrophobia, metallic
implant (pacemaker, surgical clips on vascular aneurysms), and pregnancy. The administration of
gadolinium during MR imaging has caused nephrogenic systemic fibrosis in cases with acute/or chronic
kidney disease and eGFR <30 mL/min (48, 49).

Duplex ultrasound is used as a screening test or for detection of recurrent stenosis of renal arteries in



patients who underwent angioplasty/surgery. However, it is less sensitive in obese patients and the
results are operator dependent (47). Using B-mode imaging/Doppler the operator can visualize main
renal arteries and assess intrarenal pressures and velocities. Peak systolic velocity (>200 cm/sec.),
renal-aortic ratio (=3.5) and acceleration index (> .07 sec) are used to evaluate the presence of
absence of a renal stenosis of >60% and end diastolic renal artery velocity of >150 cm/s for a stenosis
of 280% (41, 44, 45).

Captopril renography is a noninvasive test to assess renal function. The administration of captopril
orally (25-50 mg) 1 hour before the isotope injection increases the sensitivity of this test. Glomerular
filtration can be estimated by measuring the excretion of Tc99m DTPA, Tc99m MAG3 or OIH (41, 46,
50). The test is considered positive (especially in unilateral RAS) when there is decreased relative
uptake of the isotope with one kidney accounting for <40% of the total e GFR or a delayed peak uptake
of the isotope of 210-11 minutes (50, 51). Limitation of the method include: creatinine 22 mg/dL and
bilateral RAS.

Captopril test is used as a screening test. ~50% of patients with RVH have an increased PRA. PRA is
measured before and 2 hours after oral administration of captopril 25 mg in seated position. Patients
with RVH/RAS respond by increasing PRA >12 ng/ml/hr with an absolute increase >10 ng/ml/hr. Some
antihypertensive therapy (ACEi, B-blockers, diuretics) should be stopped before testing. This method
has a decreased sensitivity and specificity when compared with captopril renography, duplex
ultrasound, CTA and MRA.

Cushing Syndrome

Endogenous Cushing syndrome (CS) is characterized by a constellation of signs and symptoms due to
prolonged and high exposure of a variety of tissues to glucocorticoids. The incidence of endogenous
CS is ~2-3 cases per 1 million inhabitants per year (52, 53). Endogenous CS is broadly divided into
ACTH-dependent (~85% pituitary adenoma [Cushing disease], <5% ectopic ACTH secretion (54)) or
ACTH-independent (~10-15% adrenal overproduction of glucocorticoids from an adrenocortical
adenoma, hyperplasia or carcinoma). ACTH-independent causes of CS are classified on the basis of
their radiographic and biochemical characteristics as being either functional or nonfunctional and
benign or malignant. Approximately 75-90% of ACTH-independent causes of CS are due to
unilateral and benign cortisol-producing adenomas, with the remaining majority due to bilateral
adrenocortical hyperplasias (BAH) (55, 56).

BAH are divided into micronodular (<1 cm in diameter), macrocronodular (>1cm in diameter) or
non-nodular. Briefly, the micronodular subtypes are usually diagnosed in children and young adults,
and are either pigmented (primary pigmented nodular adrenocortical disease [c-PPNAD]) as seen in
familial cases in the context of Carney complex, or isolated (i-PPNAD) when nonsyndromic, and not
pigmented (iIMAD; isolated massive adrenocortical disease). The macronodular subtypes, which are
usually diagnosed in adults > 50 years old, may be sporadic or familial. Primary bilateral
macronodular adrenocortical hyperplasia (PBMAH) was first described in 1964 (57), and was
previously called massive macronodular adrenocortical disease (MMAD), bilateral macronodular
adrenal hyperplasia (BMAH), or ACTH-independent macronodular adrenocortical hyperplasia
(AIMAH) (58). PBMAH may be syndromic, as seen with mutations in ARMCS5, APC, MEN1, FH and
the Carney triad, Carney-Stratakis syndrome, and hereditary nonpolyposis colorectal cancer (55, 58-
61). Other subtypes of macronodular PBMAH include primary bimorphic adrenocortical disease
(PBAD), as seen in McCune-Albright syndrome, and lesions with G-protein-coupled receptors that



produce excess cortisol only in response to certain endogenous factors (e.g.: gastrointestinal
inhibitory polypeptide, GIP), as seen with food-dependent Cushing syndrome (FDCS).

CS is associated with HTN in ~80% of adult cases and ~50% of children (62-65); CS is more likely if the
onset of HTN (among other signs or symptoms) is at a younger age. Several clinical features should be
considered when evaluating individuals for the presence of this CS (62-64):

Patients with features very suggestive of hypercortisolism:
* Abnormal fat distribution, particularly in the supraclavicular, dorsocervical and temporal
fossae
* Facial rounding with plethora
* Proximal myopathy
e Easy bruising
*  Wide (>1 cm) purple striae
* Decreased growth rate with weight gain in children
* Menstrual irregularities

Patients with unusual features for their age group:
* HTN in young individuals or resistant to therapy
* Adrenal incidentalomas
* Metabolic syndrome X
* Hypogonadotropic hypogonadism
* Spontaneous fracture in a young individual
* Kidney stones
* Cyclicity in symptoms
* Hypokalemia
* Peripheral edema
* Psychiatric comorbidities
*  Obesity
* Impaired short term memory
* Female balding
* Type 2 diabetes
* Unusual infections

Clinical characteristics of CS vary based on the duration and cyclicity of high cortisol level exposure.
When cortisol levels are mildly/or intermittently increased (cyclical), clinicians face a diagnostic
challenge. It is important to distinguish these symptoms/signs in order of their frequency: increased
fatigue (sensitivity ~100%), generalized obesity (sensitivity ~51-90%), round face (sensitivity ~88-92%),
plethora (sensitivity ~78-94%), HTN (sensitivity ~74-90%), weakness, especially of proximal muscles
(sensitivity ~56-90%), thinness and fragility of skin (sensitivity ~84%), and hirsutism (sensitivity ~64-
84%) (62, 65). Facial plethora is also one of the earliest described clinical features of CS (27, 66).

Common screening/diagnostic tests:

The initial screening test for CS should be based on the suitability for a given patient (see Figure 2).
The tests recommended by the Clinical Practice Guidelines of the Endocrine Society (65) are: late-night
salivary cortisol (LNSC, two measurements), 1-mg overnight dexamethasone suppression test (ODST),
urine free cortisol (UFC; at least two measurements) and the longer low-dose DST (LLDST, 2 mg/d for
48 hours). A random serum cortisol or plasma ACTH levels, 8-mg DST, urinary 17-ketosteroids or the



insulin tolerance test should not be used to screen for CS. Screening for aberrant expression of GPCRs
in adrenocortical tumors and hyperplasia could be considered (67) in a select group of patients. The
clinician should be aware of any current or recent use of oral, skin creams, rectal, inhaled, topical,
herbal or injected glucocorticoids before biochemical testing to avoid false positives.

Assays differ widely in their accuracy, and should be chosen on the basis of their performance. Thus,
knowledge of assay variability, functional limit of detection, precision and normal ranges should be
carefully assessed to assist in the interpretation of the test results. Antibody-based immunoassays (RIA
and ELISA) can cross-react with cortisol metabolites and synthetic glucocorticoids while structurally
based assays (HPLC and LC-MS/MS) do not pose this problem and are the method of choice for
detection of cortisol and/or other metabolites.

Late night salivary cortisol (LNSC) - Patient with CS have an impaired diurnal variation of cortisol.
The loss of circadian rhythm with absence of a late-night cortisol nadir is a consistent biochemical
abnormality in patients with CS (65, 68, 69). Since biologically active free cortisol in the blood is in
equilibrium with cortisol in the saliva, then measurement of a late night salivary cortisol (LNSC) level by
liquid chromatography—tandem mass spectrometry (LC-MS/MS) can be employed as a screening test
for CS. 0.5 mL (minimum 0.2 mL) of saliva is necessary for the test. Basic instructions for collection
includes: no food, smoking (ideally avoided on the day of testing), chewing tobacco/licorice (contains
the 11B-hydroxysteroid dehydrogenase type 2 inhibitor glycyrrhizic acid) or fluids for 30 minutes to 1
hour prior to collection; avoid any activity that can cause gums to bleed, including brushing and flossing
of teeth, or stress; the saliva should be collected 10 minutes after rinsing the mouth with water; the
swab is placed under the tongue until well saturated approximately one minute; the specimen can be
placed in room air for up to 5 days, and refrigerated for 7 days. Two saliva samples on two separate
evenings between 2300 and 2400 hours should be collected because the hypercortisolism of CS can be
variable, and this strategy increases confidence in the test results. Levels at midnight <0.09 mcg/dL
(see questdiagnostics.com) are considered normal. The timing of the collection should be adjusted to
the time of sleeping for shift workers or those with variable bedtimes. One study found that in men =60
years, 20% of all participants and 40% of diabetic hypertensive subjects had at least one elevated
LNSC (70), which questions its utility as a screening test in this age group. LNSC is useful in detection
early recurrence from CS in the postoperative period where urinary free cortisol and morning cortisol
levels may be normal. If there is a normal diurnal rhythm (i.e. an appropriately low LNSC), then
remission is likely (62, 64, 65). LNSC yields a 92—100% sensitivity and a 93—-100% specificity for the
diagnosis of CS (65).

1-mg Overnight Dexamethasone Suppression Test (ODST) - Patients with CS fail to suppress
ACTH secretion from the pituitary gland when low doses of the synthetic glucocorticoid dexamethasone
are given. This test entails administration of 1mg of dexamethasone at 2300 hours the night before a
morning (0800 hours) blood sample for serum cortisol is drawn, simultaneously with a dexamethasone
level (if feasible) to ensure adequate plasma concentrations [>5.6 nmol/L (0.22 pg/dL)] (71). Variable
absorption and metabolism of dexamethasone may influence the result of both the 1-mg ODST and the
longer low-dose DST (LDDST; 2 mg/d for 48 h). Patients should avoid eating or drinking for 12 hours
before the morning blood test. Drugs such as phenytoin, phenobarbital, carbamazepine, rifampicin, and
alcohol induce hepatic enzymatic clearance of dexamethasone, mediated through CYP3A4, thereby
reducing the plasma dexamethasone concentrations leading to false positives (65). Dexamethasone
clearance may be reduced in patients with liver and/or kidney failure. Interpretation of the serum cortisol
has many caveats. The serum cortisol assay measures total cortisol, which is not an adequate
representation of the biologically relevant free cortisol levels in conditions that cause cortisol
binding globulin (CBG) deficiency (e.g.: nephrotic syndrome, cirrhosis, critical illness, postoperative
period, CBG deficiency or malnourished states) or excess (e.g.: obesity, pregnancy, oral



contraceptives, and estrogen therapy). False-positives for ODST are seen in 50% of women taking
oral contraceptives, and should be withdrawn for 6 weeks before testing or retesting (72). Certain
conditions associated with abnormal cortisol levels need to be excluded: alcoholism, major depression,
stress, thyrotoxicosis, poorly controlled diabetes mellitus, pregnancy or kidney failure. Morning cortisol
levels >1.8 mcg/dL (50 nmol/L) are considered positive (65). If an increased specificity (95-100%) is
sought, the longer LDDST (2 mg/d for 48 h) could be employed (73), or a higher serum cortisol
threshold for the 1mg ODST is used (74). This is particularly useful in the evaluation of adrenal
incidentalomas where a cutoff of >5 mcg/dL (137.95 nmol/L) increases specificity for the detection of
autonomous cortisol secretion (75). Fast-acetylators of dexamethasone may have a false positive test
with the 1 mg ODST, which can be overcome with the longer LDDST. DST is not the screening test of
choice in pregnancy, epilepsy, and cyclic CS. DST is the test of choice in renal failure and in the
evaluation of an adrenal incidentaloma for autonomous cortisol secretion (so called mild or subclinical
CS).

Urine Free Cortisol (UFC) - Unlike serum cortisol, UFC provides an integrated assessment of cortisol
secretion that is not bound to CBG over a 24-hour period. Therefore, UFC is not affected by conditions
and medications that alter CBG. Two UFC samples should be collected, with the first morning void
discarded so that the collection begins with an empty bladder, up to and including the first morning void
on the second day (65). Patients should not drink excessive amounts of fluid and to avoid the use of
any glucocorticoid preparations. Because the hypercortisolism of CS can be variable, at least two
collections should be performed, which increases confidence in the test results (65). Values above the
upper limit of normal for the particular assay is considered positive, provided the creatinine shows that
the collection is complete and that the urine volume is not excessive (>5L) (65). Pseudo-Cushing
syndrome is associated with false positive UFC’s and should be considered on the differential. UFC
appears to be less sensitive than the 1 mg DST or LNSC for the identification of autonomous cortisol
secretion in the setting of an adrenal incidentaloma (65). Upper limits of normal are much lower with
HPLC or LC-MS/MS than in antibody-based assays (as low as 40% of the value measured by RIA)
(76).

Plasma ACTH - A serum ACTH level could help narrow the differential diagnosis of hypercortisolemia
(ACTH-dependent vs. independent) after the diagnosis has been established.
Immunochemiluminometric assays detect intact ACTH; 1.5 ml frozen EDTA plasma (0.3 ml minimum) is
collected between 7:00-10:00 a.m., transferred on ice, and centrifuged immediately after collection to
separate plasma from cells. The reference range for 3-17 years is 9-57 pg/mL, and 218 years is 6-50
pg/mL (see questdiagnostics.com). Elevated levels are seen in ectopic ACTH and Cushing’s disease,
unless cyclicity is present, while suppressed levels are seen in ACTH-independent causes, such as CS
due to adrenocortical tumors and hyperplasia. An ectopic ACTH-secreting pheochromocytoma from the
adrenal glands is an exception to the rule. False-positives are not uncommon, and could be from errors
in sample transfer and processing, assay interference (e.g.: 5 mg/day of biotin or presence of
monoclonal mouse antibodies), and stress.

Corticotropin-releasing hormone (CRH) stimulation test - This test is useful for differentiating
between ACTH-dependent from ACTH-independent CS. Human and ovine CRH are commercially
available and are given intravenously (bolus) at a dose of 1 pg/kg body weight. ACTH and cortisol
levels are measured before (-5, 0 minutes) and after (15, 30, 45, 60, 90, and 120 minutes) the
administration of CRH. Some studies suggested that the measurements of ACTH and cortisol before
and after 15, 30 minutes and 45, 60 minutes, respectively, are sufficient to diagnose patients with
ACTH-dependent CS (77, 78). A rise in cortisol >20% and ACTH >35% in comparison with baseline
levels is diagnostic for Cushing disease, with a sensitivity of 93% and a specificity of 100% (77).



Inferior petrosal sinus sampling (IPSS) - Inferior petrosal sinus ACTH sampling after CRH stimulation
is the best method available for the intra-pituitary localization of microadenomas causing Cushing’s
disease. This test also helps distinguish Cushing’s disease from ectopic ACTH secretion, provided that
the appropriate technique of blood sampling is used meticulously (79). Bilateral IPSS and simultaneous
peripheral ACTH sampling at baseline, 3 and 10 minutes after intravenous administration of ovine CRH
(1 pg/kq) is performed, and baseline and/or stimulated IPS-to-peripheral ACTH ratios are calculated. A
post-IPS-to-peripheral ACTH ratio >2 is sufficient for diagnosing Cushing’s disease (80). In about 70-
80% of the cases, a ratio of greater than 1.4 between the right and left inferior petrosal sinuses confirms
the presence of a microadenoma (79, 81, 82). Anomalous venous drainage, abnormal venous anatomy,
and lack of expertise can lead to false-negative IPSS results and thereby disease misclassification.
Prolactin measurement during IPSS can improve diagnostic accuracy and decrease false negative
results (83).

Imaging modalities in Cushing syndrome:

Pituitary MRI pre- and post-gadolinium enhancement - MRI is the modality of choice in the
evaluation of the pituitary gland and surrounding tissues. MRI provides excellent anatomical tissue
discrimination without exposure to ionizing radiation. Sagittal and coronal planes are considered the
most accurate in evaluating the anatomy of the pituitary gland and other CNS structures. When Cushing
disease is suspected, contrast-enhanced magnetic resonance imaging (MRI) is recommended. T4-
weighted (T4W) sequences and/or spoiled gradient recalled acquisition (SPGR) techniques provide the
best images of the sella. 95% of microadenomas appear hypointense with no post-gadolinium
enhancement in relation with normal surrounding tissues on T1W sequences (84-86). Only ~60-80% of
pituitary adenomas are detected and ~10% of healthy individuals have abnormal findings
(incidentalomas) on MRI (87). Diffuse hyperplasia of ACTH-producing cells and small microadenomas
may not be seen on conventional or enhanced MRIs. Other techniques (IPSS or integrated 18F-FDG
PET/CT) may be employed to increase the odds of disease detection. Dynamic MRI may further
increase the detection rate of pituitary microadenomas at the expense of specificity.

High-resolution chest, neck, and/or abdominal CT - This technique may detect tumors in ectopic or
adrenocortical areas. Small lesions (<1 cm) could be missed (bronchial carcinoids, pancreatic
neuroendocrine tumors). The sensitivity is lower than MRI (~50%) (88).

Nuclear imaging - These techniques include ""'In-pentetreotide (OCT), *'I""?%.-
metaiodobenzylguanidine, ®F-fluoro-2-deoxyglucose-positron emission tomography (FDG-PET), "F-
fluorodopa-PET (F-DOPA-PET), ®*Ga-DOTATATE-PET/CT or ®*Ga-DOTATOC-PET/CT scan
(68Gallium-SSTR-PET/CT), which may be used in select cases, primarily for the detection of ectopic
ACTH tumors, which express surface receptors for somatostatin. These scans improve the sensitivity of
conventional radiology when tumor site identification is difficult (89). 68Gallium-SSTR-PET/CT likely
offers the highest sensitivity (89). One study found that cortisol-producing adenomas had a higher
average FDG-PET SUVmax of 5.9 compared to nonfunctioning masses (average SUVmax 4.2) and
aldosterone-producing adenoma (SUVmax 3.2), and an SUVmax cut-off of 5.33 had 50.0% sensitivity
and 81.8% specificity in localizing a cortisol-producing adenoma (90). Thus, FDG-PET may aid in the
characterization and prioritization of adrenocortical nodules for surgery, particularly in the setting of
bilateral adrenocortical masses.
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Figure 2. General diagnostic approach of Cushing syndrome (62, 65, 91)

Primary Aldosteronism (PA)

Primary aldosteronism (PA) refers to a group of disorders that produce aldosterone in an unregulated
fashion, leading to HTN, sodium retention, suppression of plasma renin, and increased potassium



excretion (x hypokalemia) (24, 92). The causes of PA are bilateral nodular or non-nodular
adrenocortical hyperplasia (BAH; ~60%), aldosterone-producing adenoma (APA; ~30%), familial
hyperaldosteronism (FH; ~2-6%), primary bilateral macronodular adrenocortical hyperplasia (PBMAH;
<1%), adrenocortical carcinoma (ACC; < 1%), and ectopic aldosterone production (extremely rare). PA
due to an aldosterone-producing adenoma is also known as Conn’s syndrome, in recognition of Dr
Jerome Conn (93).

The 2016 Endocrine Society Clinical Practice Guidelines (24) recognizes PA as a public health issue
(94), advocating for universal screening. This is particularly important, as the incidence of PA is likely
higher than traditional assumptions, estimated to affect >10% of hypertensives, both in general and in
specialty settings (24, 95-98). The current guidelines have modified their screening approach, to
recommend screening ~50% (99) of patients with HTN (see Table 7).

Table 7. Patients at Increased Risk of Developing Primary Aldosteronism

* Sustained BP >150/100 mm Hg on each of three measurements obtained on different
days

* Hypertension (>140/90 mm Hg) resistant to three conventional antihypertensive drugs
(including a diuretic)

* Controlled BP (<140/90 mm Hg) on four or more antihypertensive drugs

* Hypertension and spontaneous or diuretic-induced hypokalemia

* Hypertension and adrenal incidentaloma*

* Hypertension and obstructive sleep apnea syndrome

* Hypertension and a family history of early onset hypertension

* Hypertension and cerebrovascular accident at a young age (<40 years)

* All hypertensive first-degree relatives of patients with primary aldosteronism

*An asymptomatic adrenal mass detected on imaging not performed for suspected adrenal disease
Screening tests for Primary Aldosteronism:

The following factors should be considered before screening patients for PA. Medications, advanced
age, dietary sodium/potassium, and hypokalemia may affect the screening tests. Presence of kidney
disease, RVH, malignant HTN or pregnancy should be ruled out to avoid false-positives or negatives. In
pregnancy, increases in plasma progesterone or other steroids competitively inhibit the effects of
excess aldosterone on its receptor, and may cause remission of PA (100). Lack of uniformity in
screening criteria exist due to variability in screening protocols, assay methods, and individual factors,
including medication use, age, sex, and presence of kidney disease (24). Although HTN and
hypokalemia are suggestive of PA, the majority of patients are normokalemic (24, 98). However, an
uncorrected hypokalemia may lead to a false negative screen for PA.

PA is screened with the plasma aldosterone concentration (PAC) to plasma renin activity (PRA) ratio
(ARR). ARR is an easy, inexpensive, rapid and accurate means of screening for PA (96). After the
patient has been up for at least 2 hours and seated for 5 (up to 15) minutes, a midmorning sample for
PAC and PRA is collected and maintained at room temperature. The best correlation between PRA and
PAC is achieved with low sodium intake, while the patient is in upright position. Although substantial
variability in cutoff values for ARR exists, a minimum PAC of 15 ng/dL (410 pmol/L) and PRA of <1
ng/mL/h are used as screening criteria, with the most commonly adopted cutoff values for ARR is 30 (in



conventional units; 90% sensitivity and 91% specificity). In the 2016 Guidelines (24), the need for
further confirmatory testing in the setting of spontaneous hypokalemia, PRA below detection levels plus
PAC >20 ng/dL (550 pmol/L), is not needed. However, ~ 36% of patients with PA have a PAC <15
ng/dL (101).

PAC and PRA are influenced by salt intake. Disproportionate elevation of PAC in relation to 24-hour
urinary sodium excretion is usually seen in patients with PA. Suppressed PRA, for the level of the
preceding day 24-hour urinary sodium excretion, is suggestive of PA. Individuals with PA tend to have a
higher BP and lower serum potassium levels while on a high-sodium diet. A sodium restriction
neutralized these differences (102). Thus, optimal screening for PA should occur under conditions of
high sodium, as sodium restriction can significantly raise PRA, normalize ARR, and result in false
interpretation of PA screening, particularly in the milder phenotypes of PA, where PRA is not as
suppressed (103). It is important to note that a suppressed PRA does not differentiate between PA and
low renin essential HTN or other secondary forms of HTN. In addition, other diseases such as excess
mineralocorticoids other than aldosterone, apparent mineralocorticoid excess, and Liddle syndrome are
associated with suppression of PRA.

There are situations where ARR may produce false negative or positive results. A quarter of patients
with essential HTN have low or suppressed PRA, which may affect the interpretation of ARR. Drugs
that interfere with renin or aldosterone measurements should be stopped at least two weeks prior to
screening. The most common drugs that should be avoided during the screening process are:
adrenergic blockers, central a-2 agonists (e.g.: clonidine and a-methyldopa), NSAIDs, K-wasting
diuretics, K-sparing diuretics, ACEi, ARBs, dihydropyridine calcium channel blockers, and renin
inhibitors. Drugs that have no/or limited influence on ARR are a-adrenergic blocker (prazosin,
doxazosin, terazosin), hydralazine, verapamil, fosinopril, and atenolol. Mineralocorticoid antagonists
(e.g. eplerenone and spironolactone) raise PAC and PRA, and should be withdrawn for at least 4-6
weeks, or longer, prior to testing (104). B-blockers lower PRA (105, 106) and produce false positive
results (104). Calcium channel blockers could lower PAC, increase PRA (107), and produce false
negative results (104), masking the diagnosis of PA (108). Similarly, ACEi and ARBs could produce
false negative results through raising PRA (104, 109). Alpha-blockers and a-methyldopa when used for
a short time during the work up of PA may not affect screening. The use of statin therapy among
hypertensive and diabetic subjects was associated with lower aldosterone secretion in response to
angiotensin Il and a low-sodium diet (110). The 2016 Endocrine Society Clinical Practice Guidelines on
PA (24) advocate for testing with interfering medications particularly in severe cases (111), to avoid
delay in diagnosis, with the caveat that testing should be repeated if the results are inconclusive or
difficult to interpret.

The lower limit of detection varies among different PRA assays and can have a dramatic effect on ARR.
Since ARR is highly dependent on plasma renin, false positive PRA could be expected when PAC is
low. Although PRA is convenient for estimating the biological activity of the renin system, it does not
necessarily reflect its actual concentration. A direct renin concentration (DRC; mU/L, conversion factor
from PRA to DRC is 12) is an alternative test that can confirm a low renin state. This could be
particularly useful in low-renin HTN, as observed in African Americans (112). DRC and PRA are poorly
correlated in the range where PRA is <1 ng/mL/h.

The post captopril ARR enhances the accuracy for diagnosing PA (98). A ratio greater than 35 has
sensitivity and specificity of 100% and 67-91%, respectively, compared with 95.4% and 28.3%,
respectively, at baseline in patients with PA (98). This test appears to be as sensitive as salt loading in
confirming a diagnosis of PA (113). This test is performed by administering 25 mg of captopril orally,
taken 2 hours before sampling (114).



Recently, a new overnight diagnostic test was developed to simplify screening for PA. The test
consisted of the fludrocortisone-dexamethasone suppression test (FDST) and the new overnight
diagnostic test (DCVT) using a combination of dexamethasone, captopril and valsartan (115). The
estimated sensitivity and specificity were 91 and 100%, respectively, for the post-FDST ARR, whereas
98% and 89% and 100% and 82% for the post-DCVT ARR and post-DCVT autonomous aldosterone
secretion, respectively, with selected cutoffs of 0.32 and 3 ng/dL, respectively (115). The diagnosis of
PA was confirmed in 44/45 (98%) using this non-laborious approach.

Prior evidence from observational and intervention studies suggested a modifiable relationship between
the renin-angiotensin-aldosterone system (RAAS) and parathyroid hormone levels in humans (116).
Recent evidence suggests that higher serum aldosterone concentration is associated with higher serum
parathyroid hormone concentration, which is decreased with the use of RAAS inhibitors (117). This
relationship does not alter the current screening recommendations for PA.

Confirmatory Tests for Primary Aldosteronism:

The 2016 Endocrine Society Clinical Practice Guidelines on PA (24) recommends that patients with a
positive ARR undergo one or more confirmatory tests to definitively confirm or exclude the diagnosis of
PA. However, in the setting of spontaneous hypokalemia, PRA below detection levels, and PAC >20
ng/dL (550 pmol/L), proceeding directly to subtype classification with confirmatory testing is warranted.
The following tests are used to confirm PA:

Oral sodium loading test - 24h urinary excretion of aldosterone is measured after 3 days of high salt
intake (>200 meq/day, ~ 6 g/day). 24 hour urinary sodium and creatinine should be measured
simultaneously to ensure high sodium intake and adequacy of urine collection. Failure of high salt to
suppress urinary aldosterone excretion to <11 pg/24 hours is diagnostic for PA. This test has a
sensitivity of 96% and specificity of 93% for PA (113, 118).

Fludrocortisone suppression test - This test is performed by administering fludrocortisone 0.1 mg
orally every 6 hours or 0.2 mg orally every 12 hours and sodium chloride >200 mmol orally/day for 4
days. Failure to suppress upright PAC to <5 ng/dL by day 4 confirms the diagnosis of PA. Upright PRA
should be suppressed to <1 ng/ml/h on day 4 of the test. Since hypokalemia inhibits aldosterone
secretion, potassium chloride supplement should be given to keep plasma potassium levels close to or
in the normal range. This test is considered the most sensitive test to diagnose PA.

Saline suppression test - This test is performed by measuring PAC in the supine position after
intravenous administration of 500 mL/hour of 0.9% sodium chloride for 4 hours. Failure to suppress
PAC <10 ng/dL at the end of this test confirms the diagnosis of PA (119, 120). This test is easy to
perform on an outpatient basis.

Both the fludrocortisone and saline suppression tests are contraindicated in patients with severe HTN,
congestive heart failure, advanced kidney disease, cardiac arrhythmia, or severe hypokalemia.

Captopril challenge test - This test is performed by administering 25-50 mg captopril orally in the
seated or standing position for at least 1 hour. PAC and PRA are measured before and 1 hour after
administration of captopril. If PAC >12 ng/dL or ARR >26, the test is considered positive (121).

Differentiating Between Aldosterone-Producing Adenoma (APA) and Bilateral Adrenal
Hyperplasia (BAH)



Changes in PAC on upright posture - Patients with APA show no change or reduction in PAC on
upright posture, unlike patients with BAH. This test is performed by measuring PAC in the supine
position and after 4 hours of upright posture. ~ 70% of patients with BAH respond by increasing PAC by
at least 50%.

Bilateral adrenal venous sampling (AVS) - When surgical treatment is feasible and desired by the
patient, an experienced radiologist should use AVS to differentiate between APA and BAH (24).
Younger patients (<35 years old) with spontaneous hypokalemia, marked aldosterone excess, and
unilateral adrenocortical lesions may not need AVS before proceeding to unilateral adrenalectomy (24).

PAC and cortisol levels are measured in the inferior vena cava (IVC) and right and adrenal veins before
and serially after intravenous injection of synthetic ACTH, cosyntropin 0.25 mg. ACTH stimulation
improves cortisol gradients and aldosterone secretion, resulting in a reduction in the proportion of
nondiagnostic studies (122). Moreover, ACTH stimulation significantly reduces bilateral aldosterone
suppression (aldosterone/cortisol (A/C) ratios in the adrenal veins are bilaterally lower than that in the
inferior vena cava) with a single AVS procedure (123). The purpose of measuring plasma cortisol is to
confirm the site of the sampling catheter, by correcting for differences in dilution of adrenal with non-
adrenal venous blood when assessing for lateralization. Plasma cortisol levels are much higher in
adrenal veins than IVC. However, simultaneous autonomous overproduction of cortisol and aldosterone
is increasingly recognized, particularly in BAH, and unilateral cortisol overproduction with contralateral
suppression could confound the interpretation of AVS results. Thus, measuring plasma free
metanephrine during AVS to calculate lateralization ratios may circumvent this problem (124, 125).
Basal combined ratio during AVS carries the best sensitivity for the detection of AVS selectivity at all
cutoff values (126).ACTH stimulation acutely stimulates aldosterone secretion and will help magnify the
differences in PAC levels between the two adrenal glands. The A/C ratio of the involved to contralateral
side provides the best diagnostic accuracy for determining if one adrenal is responsible for increased
aldosterone production. With determination of bilateral selective samples, ratios (A/C on involved
side)/(A/C of IVC) 21.1, or of (A/C involved side)/(A/C opposite side) =2 provide the best compromise of
sensitivity and false positive rates for lateralization of the etiology of PA (127). Contralateral
suppression, defined as A/C (adrenal) < A/C (peripheral) on the unaffected side, combined with a ratio
22 times peripheral on the affected side, correlates with good BP and biochemical outcomes from
surgery, and could be used as a factor in deciding whether to offer surgery for treatment of PA (128).
Moreover, in patients with PA, where the lateralization index is <4 on AVS, contralateral suppression of
aldosterone is an accurate predictor of a unilateral source of aldosterone excess (129). Basal
aldosterone contralateral suppression could predict residual hyperplasia and post-operative outcomes
(130).In patients without the right AVS due to issues related to canulation or nonselective, a multinomial
regression modeling can detect lateralization of aldosterone secretion in most patients and could
eliminate the need for repeat AVS (131).

Current evidence supports the use of LC-MS/MS-based steroid profiling during AVS to achieve higher

aldosterone lateralization ratios in patients with APAs than immunoassay (132). Moreover, LC-MS/MS

enables multiple measures for discriminating unilateral from bilateral aldosterone excess, with potential
use of peripheral plasma for subtype classification (132).

Unilateral adrenalectomy is beneficial in patients with a unilateral source of hyperaldosteronism and/or
in some patients with apparent bilateral PA (133). Patients with PA that undergo unilateral
adrenalectomy enjoy a higher quality of life scores than their medically treated counterparts (134). To
identify the likelihood of complete resolution of HTN without further need of lifelong antihypertensive
therapy following unilateral adrenalectomy, the Aldosteronoma Resolution Score could be calculated
(135). This score accurately identifies individuals at low (<1) or high (=4) likelihood of complete



resolution of HTN, based on four readily available predictors (2 or fewer antihypertensive medications,
BMI <25 kg/m?, duration of HTN <6 years, and female sex) (135), and can help clinicians objectively
inform patients of likely clinical outcomes before surgical intervention.

In 2014, a consensus was reached on several key issues in relation to AVS, including the selection and
preparation of the patients, the procedure for its optimal performance, and the interpretation of its
results for diagnostic purposes even in the most challenging cases (136). A recent study demonstrated
that treatment of PA based on CT or AVS subtype classification did not show significant differences in
intensity of antihypertensive medication or clinical benefits for patients after 1 year of follow-up, which
challenges the current recommendation to perform AVS in all patients with PA (137).

Imaging Modalities Useful in the Evaluation of Adrenocortical Masses:

Ultrasonography - Although simple and economic, this imaging modality has a lower sensitivity in
detecting adrenocortical masses than CT or MRI (138, 139). The sensitivity varies with the extent of the
adrenocortical mass (65% for mass <3 cm, and up to 100% if >3 cm) (140). The role of ultrasonography
in differentiating benign from malignant adrenocortical masses is limited (141).

Adrenocortical scintigraphy - This modality uses cholesterol based radioactive tracers and include
¥Miodine 6-B-iodomethylnorcholesterol (NP-59) and "°selenium-Se-6-selenomethyl-19-Norcholesterol
(142). Concordant and discordant patterns of uptake may not be differentiated in lesions <2.0 cm in
diameter (143, 144). Sensitivity (71%-100%) and specificity (50%-100%) range widely for differentiating

benign from malignant tumors (143, 145).

CT and MRI - These conventional imaging modalities assist in the subtyping of the etiology of PA. High
resolution CT and MRI of the adrenal glands have poor sensitivity in localizing small APAs (<56mm in
diameter) (127, 146). CT of the adrenal glands analyzes contiguous 2—5 mm-thick CT slices on multiple
sections using multidetector row protocols (147). CT and MRI can help determine whether an
adrenocortical mass is an adrenocortical carcinoma and can also assess for local tumor invasion and
metastatic disease (148, 149). A CT cut-off at 4.0 cm has a sensitivity of 93% (150), while an
unenhanced CT density of <10 HU has a sensitivity of 96—-100% and a specificity of 50-100% in
differentiating benign from malignant tumors (151-155).

A systematic review of diagnostic procedures to differentiate unilateral from bilateral adrenocortical
lesions in PA has found that CT/MRI misdiagnosed 37.8% of patients when diagnostic accuracy of AVS
was used as a main criterion for diagnosing laterality of aldosterone secretion, suggesting that these
imaging modalities may not be sufficient for a definitive diagnosis of PA (156). Enhanced CT assists in
distinguishing between lesions that are lipid-rich (aldosterone-producing adenoma, cortisol-producing
adenoma) and lipid-poor (eg: pheochromocytoma, adrenocortical carcinoma). Lipid-rich adenomas
“‘washout” contrast faster. They can be differentiated by attenuation values or the percentage or relative
percentage of washout as early as 5-15 min after enhancement if the unenhanced CT density is >10
HU (153). Lipid-rich and lipid-poor lesions have a relative percentage washout on delayed scans of
>50% and <50%, respectively (157). One study demonstrated a washout value of 51% at 5 min and
70% at 15 min in benign lesions, with a sensitivity and specificity for the diagnosis of adrenocortical
adenoma of ~ 96% at a threshold attenuation value of 37 HU on the 15-min delayed enhanced scan
(153). MR is as accurate in distinguishing lesions that are lipid-rich from lipid-poor. Chemical shift
imaging MRI can sort out lipid-rich lesions with a sensitivity of 84—100% and a specificity of 92—100%
(149, 158-160). Adenomas appear as hypo- or iso-intense on T1-weighted images, and hyper- or iso-
intense on T2-weighted images (161). Combining adrenal imaging and AVS, the effective surgical cure
rate for PA is 95.5%, with a poor (58.6%) accuracy of CT and MRI in detecting unilateral adrenal



disease, although the performance was well in patients <35 years old (162).

"®F.FDG PET - This modality has a sensitivity of 93-100%, and specificity of 80-100% in identifying
malignant masses in the adrenal glands or elsewhere (163-167). However, some primary malignant
tumors (necrotic, hemorrhagic) or those that are metastatic (>1 cm) may show a lower FDG uptake than
the liver, leading to false-negatives (163, 164, 167). One study found that APAs had a SUV .« 3.2 (67),
which may aid in the characterization and prioritization of adrenocortical nodules for surgery, particularly
in the setting of bilateral adrenocortical masses.

PET-CT - This modality has a sensitivity of 98.5%-100%, and specificity of 92%-93.8% in detecting and
differentiating between the various types of adrenocortical masses. When enhanced CT is added, the
specificity is reached to 100% (168).

"'C-metomidate PET- Metomidate-based tracers (bound to adrenal CYP11B enzymes) have been
introduced in clinical practice recently. These techniques provide good visualization of adrenocortical
lesions. This new investigation has been considered promising in differentiating between lesions of
adrenocortical and non-adrenocortical origins (169, 170). ''C-metomidate PET-CT demonstrates a
good sensitivity and specificity in the detection of APA (171, 172). Based on SUV ., the specificity was
as much as 100% (172). Therefore, ''C-metomidate PET-CT could be a useful noninvasive and rapid
investigation to AVS in patients with adrenocortical tumors (153, (172), although this technique has low
selectivity for CYP11B2 over CYP11B1.

8F.CDP2230 - This recently described modality combines nuclear imaging with a new agent that has a
high selectivity for CYP11B2 over CYP11B1 with a favorable biodistribution for imaging CYP11B2
(173). "®F-CDP2230 could be a promising imaging agent for detecting unilateral subtypes of PA.

Familial Hyperaldosteronism (FH)

Familial aldosteronism (FH) representa group of autosomal dominant (AD) disorders that is
estimated to affect ~2-6% of all patients with PA. FH is classified into three major subtypes:

FH-I, also known as Glucocorticoid-Remediable Aldosteronism (GRA) is an AD disorder
characterized by a chimeric fusion of CYP11B2 and CYP11B1 (8q24.3), rendering the aldosterone
synthase hybrid gene to be underthe regulation of ACTH rather than the renin-angiotensin
system (174, 175). This rare monogenic form of HTN in humans with no gender predilection accounts
for ~1% of PA. Increased production of aldosterone and hybrid steroids, such as 18-oxocortisol
and 18-hydroxycortisol, which is suppressible to dexamethasone, is seen in GRA. Significant
phenotypic and biochemical heterogeneity exist (176); males tend to have more severe HTN, and
likely related to the degree of hybrid gene-induced aldosterone overproduction (177), while others may
never develop HTN. Some patients may develop benign adrenocortical tumors (178). GRA should
be suspected in patients with early-onset HTN (<20 years) in the setting of a suppressed PRA, a
family history of PA, or early cerebral hemorrhage (<40 years) from intracranial aneurysms or
hemorrhagic strokes (179).

FH-1l (7p22) represents the most common form of FH that typically affects adults. FH-II is characterized
by PA due to BAH, APA, or both, which is not glucocorticoid remediable (180). FH-II is clinically
indistinguishable from sporadic PA. The mutations that cause FH-Il are unknown, but linkage analysis
has mapped them to chromosome 7p22 (181-185).



FH-Ill is due to a gain-of-function heterozygous germline mutation in KCNJ5 (11g2) that increase
constitutive and angiotensin ll-induced aldosterone synthesis. FH-IIl presents earlier, in childhood,
with severe HTN and metabolic derangements. In FH-IIl, KCNJ5 is aberrantly co-expressed with
CYP11B2 and in some cells with CYP11B1, which likely explains the abnormally high secretion rate of
the hybrid steroid, 18-oxocortisol (186).

Recently, germline mutations in ARMCS (16p11.2) have been implicated in PA. One study
identified germline mutations across the entire ARMCS5 gene in 39.3% of patients with APA (187). In
addition to the germline mutations, a second somatic variant was required in AMRCS to mediate
tumorigenesis leading to polyclonal adrenocortical nodularity (60, 61, 188). Interestingly, all mutant
APA’ s affected patients of African Americans decent (187), which may explain their increased
predisposition to PA and/or HTN. These findings suggest that ARMCS plays an important role in the
development of APA or other adrenocortical tumors, and may represent a new subtype of FH.

Recently, germline mutations in CACNA 1D, which codes for an L-type calcium channel, have been
found in two cases with a syndrome of PA, seizures, and neurologic abnormalities (189, 190). A recent
exome sequencing study identified a recurrent gain of function germline mutation in CACNATH (a T-
type calcium channel), in 5 unrelated families with early-onset PA and HTN (189, 191). These findings
suggest that mutations in calcium channels play an important role in the development of PA, and may
represent a new subtype of FH.

The 2016 Endocrine Society Clinical Practice Guidelines (24) recommends screening for GRA in
patients diagnosed with PA and:

* Onset of HTN <20 years of age

* A family history of PA

* Strokes or other early cerebrovascular complications at <40 years of age

Screening could begin at puberty and then at every 5 years interval but its utility needs further
confirmation. Most patients with a clear diagnosis of GRA are severely hypertensive (177, 192). The
biochemical profile of individuals with GRA is represented in Table 8.

Table 8. Laboratory confirmation of Glucocorticoid-Remediable Aldosteronism

Disease | Laboratory profile

GRA * Hypokalemia (not always present), high urinary potassium

e Suppressed PRA

* PAC or urinary aldosterone is normal or mildly elevated

* ARR >30. Plasma aldosterone fails to rise or falls during 2 hour of upright
posture following overnight recumbency (193, 194)

* Elevated 24 hour urinary and plasma levels of 18-oxocortisol and 18-
hydroxycortisol (195). Increased urinary 18-hydroxycortisol/total cortisol
metabolites ratio. 18-oxocortisol is 20-30 higher in GRA than APA (196, 197)

* PAC <4 ng/dL after suppression with dexamethasone 0.5 mg PO every 6h for
2-4 days (LDDST) is diagnostic for GRA (197). However, some patients may
fail to suppress. Aldosterone is markedly elevated in response to ACTH
administration (198-200). Other studies have found some patients with PA but
without the chimeric gene and suppression of PAC with dexamethasone
treatment so that this test may be interpreted with caution in patients with
possible GRA (201)




* Genetic testing using long PCR-based methods for detecting the hybrid GRA
gene (11B-hydroxylase gene/aldosterone synthase gene) is the gold standard
test for diagnosis (100% sensitivity and specificity) (174, 202)

Some considerations have to be made regarding the biochemical profile of GRA:
PRA level is non-specific since ~20% of patients with essential HTN have a low or suppressed renin

The degree of HTN, hypokalemia, urinary 18-oxocortisol and 18-hydroxycortisol, suppressed PRA or
elevated PAC cannot be used to identify patients with GRA as they lack specificity (occurring in the
other subtypes of PA) (132)

The 1 mg ODST may result in false positives while the LDDST test could produce false negative results

Dexamethasone may also suppress aldosterone in patients with APA. However, since aldosterone
secretion is autonomous, DST fails to suppress to very low levels

Although LDDST is highly sensitive and specific (>*90%) for GRA, some patients may show initial
suppression only to rise again by day 4 of treatment or fail to suppress PAC to <4 ng/dL (197)

The major drawback of LDDST is the need for multiple blood tests, requiring either hospitalization or
repeated outpatient visits. Also, LDDST is difficult to perform in children

Genetic testing could be used as a screening test for newborns of affected parents. Placental tissue or
cord blood could be used. A negative test eliminates the possibility of GRA diagnosis

The LDDST and elevated 24-hour urinary and plasma levels of 18-oxocortisol and 18-hydroxycortisol
could be used to diagnose GRA with the caveat that APA and BAH may result in elevated values.

Modern diagnosis of GRA relies on identification of the CYP11B1/CYP11B2 chimeric gene

Pheochromocytoma And Paraganglioma (PPGL)

PPGLs are neuroendocrine tumors that arise from adrenal (~85%, pheochromocytoma) or extra-
adrenal (~15%, paraganglioma) chromaffin cells (203). These cells continuously produce and release,
in an unregulated fashion, metanephrine and/or normetanephrine (“metanephrines”) from
epinephrine and norepinephrine (“catecholamines”), respectively (204). The most frequent location of
PPGLs is in the adrenal glands (150). The prevalence of PPGL in patients with HTN is ~0.3% (26).
Testing for PPGLs should be performed in the following circumstances (205, 206):

* Signs and symptoms of PPGL, in particular if paroxysmal and/or provoked by certain
medications such as glucocorticoids

e Adrenal incidentaloma, with or without HTN

* Hereditary predisposition or syndromic features suggesting hereditary PPGL (MEN1, MEN2,
VHL, NF1, SDHx (203, 207-209))

* Previous history of PPGL

Sympathetic paragangliomas that arise from the sympathetic paravertebral ganglia of thorax, abdomen,



and pelvis produce catecholamines and are rarely silent. Parasympathetic paragangliomas that arise
from the glossopharyngeal and vagal nerves in the neck and at the base of the skull head and neck do
not produce catecholamines, but rather dopamine (206, 210, 211). The classic triad of headaches 71%,
sweating 65%, palpitations 65% and HTN has a 91% sensitivity, and 94% specificity, in diagnosing
PPGL, although only seen in <30% of cases (212). Other symptoms that may point to the diagnosis of
PPGLs are orthostatic hypotension (head and neck tumors that secrete dopamine) (10-50%),
hyperglycemia (40%), weight loss (20-40%), flushing (10-20%), constipation, and pallor. Symptoms
may be exacerbated by activity depending on the location of the PPGL, including urination (bladder
PPGL), sexual intercourse or exercise (206, 212). Asymptomatic individuals with PPGL have been
reported by various studies (206, 213). Normotensive PPGLs exist, and are often times identified as
adrenal incidentalomas (incidence ~5%; 43% of patients had HTN) (150, 213). Patients with such
tumors may not have elevated plasma or urinary fractionated metanephrines and may not need
preoperative alpha blockade (214).

Biochemical screening for PPGL.:

Figure 3 represents a general screening algorithm for PPGL. Measurement of plasma free or urinary
fractionated metanephrines (“fractionated metanephrines”) by LC-MS/MS is the most reliable and
specific screening test for the diagnosis PPGLs (215-217). This assumes that the reference intervals
have been appropriately established and measurement methods are accurate and precise (206,
215). Since the concentrations of normetanephrine sulfate and metanephrine-sulfate in plasma are
about 20-30 fold higher than the levels of their free metabolites, the measurements of their
deconjugated metabolites in plasma provides major advantages over their traditional measurements
(218). Plasma free metanephrines reflect direct production by the tumor tissue and are considered the
best test for excluding or confirming pheochromocytoma (204). Free metanephrine production is
continuous and independent of catecholamine release (166). Thus, measurement of plasma free
metanephrines is more reflective of the tumor production than catecholamines and normetanephrine
levels.
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Figure 3. Flow chart for diagnostic evaluation for Pheochromocytoma. Adapted after:
Waguespack SG et al. (219). The criteria of malignancy is adapted from de Wailly et al. (211).

A single collection of plasma free metanephrines (sensitivity 99%, specificity 89%) or urinary
fractionated metanephrines (sensitivity 97%, specificity 69%) is equally recommended for screening,
and combination of tests offers no advantage (206, 215, 217, 220). If urinary fractionated
metanephrines are favored, then measurement of urinary creatinine for verification of collection
should be performed. Fractionated metanephrines are superior to plasma catecholamines (sensitivity
84%, specificity 81%), urinary catecholamines (sensitivity 86%, specificity 88%) or urinary
vanillylmandelic acid (sensitivity 64%, specificity 95%) (206, 217) (see Table 9). A spot urine sample
should not be used for screening (206). Metanephrines can be detected in saliva with LC-MS/MS with
sufficient sensitivity and precision but are not currently validated for screening (221). To avoid false
positives, caffeine, smoking and alcohol intake should be withheld for 24 hours prior to testing,
and the blood sample should be drawn in lavender or green-top tube, transferred on ice, and then



stored at -80°C until analyzed (206, 215). During testing, the patient should not be ill or under significant
stress or strenuous physical activity.

Table 9. Sensitivity and specificity of biochemical tests for diagnosis of
pheochromocytoma and paraganglioma (217)

Test Sensitivity (%) Specificity (%)
Plasma free metanephrines |99 89
Plasma catecholamines 84 81

Urine fractionated

metanephrines 97 69
Urine catecholamines 86 88
Urine total metanephrines 77 93
Urine vanillylmandelic acid 64 95

The highest diagnostic sensitivity for plasma free metanephrines is reached if the collection is
performed in the supine position after an overnight fast and while the patient is recumbent in a quiet
room for at least 20-30 minutes, and interpreted using the upper limit of the age-adjusted reference
interval (206, 215, 222). If supine fasting sampling is performed, then the majority of patients with
PPGLs can be recognized (215, 223). In centers where the supine position is not possible, then urinary
fractionated metanephrines should be used for screening. A negative test result for plasma free
metanephrines while seated is as effective for ruling out PPGL as negative results while supine (222).
Measurement of seated serum metanephrines above the upper limit of the seated reference range has
a diagnostic sensitivity and specificity of 93% and 90%, respectively (224). However, this approach can
lead to a 5.7-fold increase in false-positives (223), necessitating repeat sampling.

Levels of fractionated metanephrines within the reference range usually exclude PPGLs (225), while
equivocal results, which is seen in ~25% of all patients with PPGLs, require additional tests. Functional
PPGL in patients with MEN2 and NF1 are characterized by increases in plasma free metanephrine,
indicating epinephrine production, while VHL patients have increases in normetanephrine (indicating
norepinephrine production) (226). Elevations in methoxytyramine (indicating dopamine production) are
seen in ~70% of patients with SDHB and SDHD mutations (226). Exceptions for false-negative
fractionated metanephrines exist, including PPGLs that are <1 cm in size, those that produce only
dopamine (e.g. head and neck PPGLs), or those that are biochemically silent.

True- from False-positive Elevations of Fractionated Metanephrines

Levels of fractionated metanephrines >3 fold above the upper limit of the age-adjusted reference
interval are rarely false-positives (227). The clonidine-suppression test is useful in distinguishing
between true- from false-positive elevations in screening tests (228): 0.3 mg/70 kg body weight of
clonidine hydrochloride is given orally, and plasma normetanephrine is measured at baseline and 3-
hours after administration. A decrease in levels by >40%, or below the assay’s upper reference limit,
suggests sympathetic activation, with a diagnostic specificity of 100% and a sensitivity of 87% in ruling



out PPGLs with borderline elevations (227). Sensitivity increases to ~95% for elevations above
borderline values (227). It is important to note that this test can only be used for PPGLs that secrete
either norepinephrine or normetanephrine (229). The glucagon stimulation test should not be used in
clinical practice given its insufficient diagnostic sensitivity for PPGL and potential to induce crisis (206,
230). There is insufficient evidence to use urine fractionated metanephrines and serum/plasma
chromogranin A in conjunction for evaluation of borderline elevations in screening tests (231, 232).

Plasma norepinephrine and dopamine can be increased up to 3-fold in patients on hemodialysis without
PPGL (233). Plasma free metanephrines and catecholamines are 2-3 fold higher in patients with renal
failure compared with other groups (healthy normotensives, hypertensives and patients with VHL).
However, plasma free metanephrines are relatively independent of renal function and are the test of
choice in the diagnosis of PPGL among patients with renal failure (233) or those in the intensive-care
unit. Urinary and plasma fractionated metanephrines have the highest sensitivity to diagnose PPGL in
pregnancy (234).

In preparation for screening, discontinuation of all medications and substances that could interfere with
the results should be performed (235) (see Figure 4.). The following medications raise fractionated
metanephrines and catecholamines: tricyclic antidepressants, selective norepinephrine reuptake
inhibitors > selective serotonin reuptake inhibitors, monoamine oxidase inhibitors, cocaine, and a
or B-blockers. The following medications have less or little influence on biochemical screening and
can be continued during screening: selective a1-adrenoceptor blockers, diuretics, ACEi, and ARBs.
The following medications may cause a direct analytical interference with the assays (not observed
with LC-MS/MS), and should be withdrawn 5 days before testing: acetaminophen, labetalol, sotalol,
buspirone, a-methyldopa, and 5-aminosalicylic acid (mesalamine, and its prodrug, sulfasalazine).
Withdrawal from the following can markedly elevate plasma or urinary fractionated metanephrines or
catecholamines: sedatives, opioids, benzodiazepines, alcohol and smoking.
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Figure 4. Mechanisms of Pharmacologic Interference with Catecholamines and Metanephrines
(235). Monoamine oxidase- (MAO), dihydroxyphenylglycol- (DHPG), DOPA- dihydroxyphenylalanine.
Adapted from Neary et al. (235)

Imaging Modalities useful in the Evaluation of PPGL

CT and MRI - CT with contrast is very sensitive (88-100%) for localization of PPGLs that are >5 mm in
diameter (236, 237). As with MRI, CT provides excellent topographical resolution but lacks specificity.
PPGLs are homogeneous or heterogeneous, necrotic with some calcifications, solid, or cystic on CT.
Most (>85%) PPGLs have an unenhanced attenuation of >10 HU on CT (154), although occasionally
could have >60% washout on delayed imaging (238). A high signal intensity on T2-weighted MRI,
referred to as a bright signal, is characteristic of PPGLs (239). The Endocrine Society Guidelines (206)
recommend a CT scan of the abdomen and pelvis as the first radiographic test in evaluating PPGL, and
is the preferred initial test in detecting lung metastasis. MRl is preferred in patients with metastatic
PPGLs, for detection of skull base and neck paragangliomas, in patients with surgical clips causing
artifacts when using CT, in patients with an allergy to CT contrast, and in patients in whom radiation
exposure should be limited (children, pregnant women, patients with known germline mutations, and
those with recent excessive radiation exposure) (206).

Functional imaging - "*I-metaidobenzylguandine ('**I-MIBG) has a sensitivity and specificity of ~ 85%
for pheochromocytomas and ~ 70% for paragangliomas, and is recommended as a functional imaging
modality in patients with metastatic PPGLs detected by other imaging modalities when radiotherapy



using "*'I-MIBG is planned (206). Extra-adrenal and small adrenal pheochromocytomas are more likely
to be under detected by 'I-MIBG and produce false negative results (240). Preparation with sodium
perchlorate or potassium iodide is necessary 2 days before and 1 week after *'I-MIBG therapy to
protect the thyroid gland (241). Some drugs that interfere with MIBG uptake such as labetalol,
reserpine, digoxin, ACEi, various antidepressants/antipsychotics, and some of the sympathomimetics
should be withdrawn 3-10 days before treatment (242). ~50% of normal adrenal glands demonstrate
physiological uptake of '*’I-MIBG, which may lead to false positives (243).

'®EL.FDA PET/CT is the preferred technique for the evaluation of patients with metastatic PPGLSs.
However, ®®Ga-DOTA(0)-Tyr(3)-octreotate (**Ga-DOTATATE), a PET radiopharmaceutical with both
high and selective affinity for somatostatin receptors, showed the highest lesion-based detection rate of
97.6 % when compared to other modalities in the localication of sporadic metastatic PPGLs (244, 245).
'®F-FDG PET/CT, "®F-FDOPA PET/CT, "®F-FDA PET/CT, and CT/MRI showed detection rates of 49.2
%, 74.8 %, 77.7 %, and 81.6 %, respectively (244). Moreover, ®®Ga-DOTATATE PET/CT was found to
be the most sensitive technique in the detection of head and neck PPGLs, especially those that harbor
mutations in SDHD, which may be very small and fail to concentrate sufficient '*F-FDOPA (246). Gene-
targeted radiotherapeutics and nanobodies-based theranostic approaches are the future of imaging in
PPGLs (247).

RARE CAUSES OF ENDOCRINE HYPERTENSION
Congenital Adrenal Hyperplasia: 11R8-Hydroxylase Deficiency

11B-hydroxylase deficiency is the second commonest variant of CAH (after 21-hydroxylase
deficiency) with an incidence of 1 in 100,000-200,000 live births (248). This condition is caused by
mutations in the 11B-hydroxylase gene (CYP171B17) and is inherited in an autosomal recessive (AR)
manner. The highest prevalence is seen in Moroccan Jews, with an approximate incidence of 1 in
5000-7000 live births (249). A defective CYP11B1 enzyme leads to HTN from elevated
deoxycorticosterone (DOC) and possibly other steroid precursors, and hyperandrogenism from
shunted precursors into the androgen synthesis pathway (250). The classic form presents as
virilization of the external genitalia in 46,XX newborn females, and precocious pseudopuberty in
both sexes. The nonclassic form presents with hyperandrogenism during childhood. 11R3-hydroxylase
deficiency is caused by several mutations in the CYP11B1 gene. Patients do not present with
adrenal insufficiency due to the glucocorticoid effects of excess corticosterone. Biochemical profile
includes variable hypokalemia, variable hyporeninemia, || aldosterone, |cortisol, {ACTH, 111-
deoxycortisol, 1DOC, and 1 19-nor-DOC. Other laboratory abnormalities include elevated serum level of
17-hydroxyprogesterone (17-OHP), androstenedione and urinary pregnanetriol. See Tables 9-11 for
laboratory tests and ratios provided by questdiagnostics.com.

Congenital Adrenal Hyperplasia: 17a-Hydroxylase Deficiency

17a-hydroxylase deficiency is an AR condition that results from a defective CYP17A1 (248, 251, 252).
This enzyme is responsible for catalyzing both 17-hydroxylase and 17,20 lyase activity. Thus, this
condition results in glucocorticoid and sex steroid deficiency, and impairs both adrenal and
gonadal function. Certain ethnicities are at higher risk of 17a-hydroxylase deficiency, including
Canadian Mennonites and Dutch Frieslanders, suggesting a founder effect (253). Biochemical features
are 1DOC, |11-deoxycortisol, || aldosterone, [renin, |K, |plasma 17-OHP, and |testosterone. The
accumulation of the mineralocorticoid precursors corticosterone and DOC exert glucocorticoid



and mineralocorticoid activity respectively and lead to HTN with hypokalemia. Adrenal insufficiency
is not a characteristic feature of this condition. The classic presentation of the severe form is a
phenotypic female (46,XX or 46,XY) with HTN and absence of secondary sexual characteristics
(254). In the partial form, 46,XY patients may present with undervirilization and present as
infants with ambiguous genitalia. Diagnosis of this autosomal recessive condition is suggested by
delayed puberty, absent secondary sexual characteristics or amenorrhea combined with the typical
biochemical findings (254). Genetic testing for mutations in the CYP17A1 gene confirms the condition.
See Tables 9-11 for laboratory tests and ratios provided by questdiagnostics.com.

Apparent Mineralocorticoid Excess

The enzyme 11B-hydroxysteroid dehydrogenase type 2 (11pHSD2) is highly expressed in the kidneys
where it metabolizes cortisol to cortisone to prevent the mineralocorticoid receptor (MCR) from
inappropriate activation by cortisol (248, 255). Apparent mineralocorticoid excess (AME) is an AR
condition that leads to reduced enzymatic activity of 11BHSD2 due to loss-of-function mutations or
epigenetic changes in the HSD11B2 gene (256-258). The deficient gene alters the inactivation of
cortisol in the target renal cells leading to activation of MCR, which leads to renal Na retention, severe
hypokalemia from kaliuresis and HTN. The severity of HTN correlates with the degree of loss of
enzymatic activity (259, 260). Clinical presentation of AME may include growth retardation, short
stature, HTN, and hypokalemia that can lead to diabetes insipidus (261). The typical presentation of
AME includes childhood-onset HTN with hypokalemia, suppressed renin, very low to undetectable
aldosterone levels (hyporeninemic hypoaldosteronism) and metabolic alkalosis. Heterozygotes
usually develop HTN later in life, without the phenotypic characteristics of AME (262). The
biochemical diagnosis can be made by profiling of urinary steroid metabolites, which shows decreased
cortisol inactivation, with the urinary tetrahydrocortisol and tetrahydrocortisone ratio (THF +
5aTHF)/THE and nearly absent urinary free cortisone (259, 263). AME is responsive to low sodium diet
and spironolactone therapy (259). Genetic testing for AME-associated loss-of-function mutations in
HSD11B2 confirms the diagnosis. See Tables 9-11 for laboratory tests and ratios provided by
questdiagnostics.com.

Liddle Syndrome (Pseudohyperaldosteronism)

Liddle syndrome is a rare AD form of early-onset monogenic HTN with a prevalence of 1.52% in
young hypertensives (264). The condition is caused by gain-of-function mutations in the genes
(16p13) encoding B (SCNN1B) and y (SCNN1G) subunits of the epithelial sodium channel
(ENaC) (265-267). ENac is rate limiting for Na absorption in the aldosterone-sensitive distal
nephron comprising the late distal convoluted tubule, the connecting tubule, and the entire
collecting duct (268, 269). As a consequence, increased renal Na reabsorption with subsequent
volume expansion and kaliuresis leads to severe HTN, hypokalemia and metabolic alkalosis
(267). The typical biochemical profile is |K, turinary K, |PRA, and suppressed aldosterone
levels (hyporeninemic hypoaldosteronism). HTN usually responds to a combination of salt
restriction (<100 mmol/day) and amiloride or triamterene therapy. Hyporeninemic
hypoaldosteronism may present in the elderly population and mimic the biochemical patterns of
Liddle syndrome (270). However, true Liddle syndrome may be underappreciated and
undiagnosed in adults (271). Genetic testing can identify the disease mutations (266, 267).
Screening of Liddle syndrome should be encouraged in young hypertensives, particularly those
with early penetrance, hypokalemia, and low renin levels after exclusion of common secondary



causes (264). See Tables 9-11 for laboratory tests and ratios provided by
questdiagnostics.com.

Pseudohypoaldosteronism Type 2

Pseudohypoaldosteronism type 2 (PHA-2), or Gordon syndrome, is an AD condition that is
caused by loss-of-function mutations in WNK1 or WNK4, which are part of a family of serine-
threonine protein kinases. Mutations in WNK17 or WNK4 lead to an increased activity of the NaCl
cotransporter in the distal tubule and consequently Na and fluid retention. More recently,
mutations in the KLHL3, CUL3, and SPAK genes have been linked to Gordon syndrome (272,
273). Clinical features of patients with this syndrome include short stature, hyperchloremic
metabolic acidosis, normal aldosterone levels and severe HTN. Biochemical profile includes
11K, hyperchloremic metabolic acidosis, normal or |aldosterone, |PRA, |serum HCO3 (variable
in children), and hypercalciuria (occasionally). The condition is confirmed by sequencing of
WNK1 or WNK4, or the other rare genes implicated. See Tables 9-11 for laboratory tests and
ratios provided by questdiagnostics.com.

Pseudohypoaldosteronism Type 1

Pseudohypoaldosteronism type 1 (PHA-1) is a rare AR form of monogenic HTN that is
characterized by resistance to aldosterone. In affected patients, aldosterone levels are normal
or elevated, but the renal response to aldosterone is disrupted due to functional abnormalities in
either MCR (autosomal dominant or sporadic PHA-1; NR3C2 mutations) or the amiloride-
sensitive ENaC (autosomal recessive PHA-1; SCNN1B mutations) (274, 275). Clinically, PHA-1
is characterized by Na wasting, failure to thrive, hyperkalemia, hypovolemia and metabolic
acidosis (276). The diagnosis of PHA-1 may be missed until adulthood (274). See Tables 9-11
for laboratory tests and ratios provided by questdiagnostics.com.

Constitutive Activation Of The Mineralocorticoid Receptor (Geller Syndrome)

Geller syndrome is an AD condition caused by gain-of-function mutations (4931) in the gene
encoding the MCR. One report described early-onset HTN due to a mutation in the MCR that
was markedly exacerbated in pregnancy (277). The striking feature of this disorder is a severe
exacerbation of HTN and hypokalemia during pregnancy due to the agonistic activity of
progesterone and other mineralocorticoid antagonists on the MCR (278). The presence of HTN
in males and non-pregnant females suggests that other functional mineralocorticoids are
present (278). Biochemical profile includes 1K, |aldosterone, and |PRA. See Tables 9-11 for
laboratory tests and ratios provided by questdiagnostics.com.

OTHER POTENTIAL CAUSES (OR “BIOMARKERS”) OF ENDOCRINE HYPERTENSION
* Insulin resistance without obesity
* Obesity with and without insulin resistance
* Growth hormone deficiency
* Growth hormone excess
* Testosterone deficiency (279)
* Testosterone excess including polycystic ovarian syndrome
* Thyrotoxicosis
* Hypothyroidism
* Primary hyperparathyroidism



* Vitamin D deficiency (280)

COLLECTION OF SPECIMENS

Collection of specimens, special instructions and method used for laboratory tests commonly

used in the diagnosis of endocrine hypertension (see Table 9 and 10)

Table 9. Tests/Code* Method Specimen Adult reference range**
Aldosterone 24-hour U LC-MS/MS * 5 ml refrigerated e 2.3-21 pg/24-h
U

19552X * min 0.8 mi
Aldosterone, serum LC-MS/MS * Red-top tube e Standing 8-10 AM:

* 1 mL refrigerated <28 ng/dL
17181X * min 0.25 mL * Supine 8-10 AM: 3-16

ng/dl

Aldosterone / Plasma LC-MS/MS * Lavender-top tube * The most commonly
Renin Activity Ratio e 1.8 mL frozen adopted cutoff is >30
(ARR) EDTA plasma

* min 0.8 mi
CPT code: 82088
CPTcode: 84244
CAH panel 1: 11-38 LC-MS/MS * No additives red * 11-Deoxycortisol/
Hydroxylase deficiency) top tube Cortisol ratio >100

* 0.6ml refrigerated * Androstenedione 1
15269X e min 0.3 ml * Testosterone 1
CAH panel 3: RIA * No additives red e 18-OH
Aldosterone synthase top tube Corticosterone/Aldost
deficiency LC-MS/MS * 1.8ml refrigerated erone ratio >40

* min 0.8 mi
15273X
CAH panel 4 (females): | LC-MS/MS * No additives red * Progesterone/17-OH

17-a Hydroxylase
deficiency/

156274X

top tube
1.2ml refrigerated
min 0.6 ml

Progesterone ratio
>6

Aldosterone |
Corticosterone 1
Cortisol |




Estradiol |

CAH panel 8 (males): LC-MS/MS * No additives red Progesterone/17-OH
17-a Hydroxylase top tube Progesterone ratio
deficiency * 0.8ml refrigerated >6
* min 0.4 ml Aldosterone |
15279X Corticosterone 1
Cortisol |
Testosterone |
Catecholamines HPLC * 10 ml room temp Epinephrine: 2-24
fractioned 24-hour, aliquot pg/24h
urine e Collect25ml U Norepinephrine: 15-
with 100 pg/24h
39627X e 6N HCIl/min 4.5 ml Total N+E: 26-121
pg/24h
Dopamine: 58-480
pg/24h
Catecholamines HPLC * 4 ml sodium Epinephrine: upright
fractioned, plasma heparin <95 pg/ml, supine
* min 2.5 ml <50 pg/ml
314X Norepinephrine:
upright 217-1109
pg/ml, supine 112-
658 pg/ml
Dopamine:
upright<20 pg/ml,
supine<10 pg/ml
Total N+E: upright
242-1125 pg/ml,
supine 123-671 pg/ml
Corticosterone LC-MS/MS * No additives red 8-10 AM 59-1293
top tube ng/dL
6547X * 1 ml refrigerated
* min 0.25 mL
Cortisol free, 24-hour LC-MS/MS * 2 mlfrozen aliquot 4-50 pg/24-hour
urine of 24-hour urine
* min 0.5 ml
11280X
Deoxycorticosterone RIA * No additives red Men: 3.5-11.5

(DOC)

6559X

top tube
3 ml refrigerated S/

min 1.1 ml

ng/dL

Women follicular
phase 1.5-8.5 ng/dL
luteal phase 3.5-13




ng/dL

*Available from Quest Diagnostics (www.questdiagnostics.com)

** Reference range for adults; P-plasma; U-urine; S-serum, RIA- extraction chromatography,
radioimmunoassay; LC-MS/MS-liquid chromatography, tandem mass spectrometry

Table 10. Tests

Special instructions*

Aldosterone 24-hour urine

Collect urine in 10 g of boric acid. Refrigerate during
collection.
Record 24-h volume on vial and request form

Aldosterone

Draw upright blood half an hour after patient sits up;
results vary with sodium excretion, electrolytic balance
and posture (standing or recumbent)

Aldosterone/Plasma Renin
Activity Ratio (ARR)

Do not refrigerate the specimen; refrigeration causes
falsely-high PRA results.

Samples are collected in the morning after the patient
has been out of bed for = 2 hours and after sitting 5 -15
minutes.

Dietary salt intake should not be restricted, and
potassium should be normalized if possible.

The patient can continue therapy with verapamil,
hydralazine, prazosin hydrochloride, doxazosin
mesylate, and terazosin hydrochloride during testing

CAH panel 1: 11-8 Hydroxylase
deficiency

CAH panel 3: Aldosterone
synthase deficiency

CAH panel 4 (females): 17-a
Hydroxylase deficiency

CAH panel 8 (males): 17-a
Hydroxylase deficiency

Early morning specimen preferred (age, sex and time of
specimen collection need to be specified)

Catecholamines fractioned, 24-
hour urine

Urine must be collected with 25 mL 6 N Hydrochloric
Acid.

It is advisable for the patients to be off medications 3
days prior to the test and avoid coffee, alcohol, tea,
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tobacco and strenuous exercise

Catecholamines fractioned,
plasma

Collect in a pre-chilled vacutainer

Centrifuge in a refrigerated centrifuge within 30 minutes
of collection

Separate plasma and freeze immediately

Avoid coffee, alcohol, tea, tobacco and strenuous
exercise

Overnight fasting is necessary

Cortisol free, 24-hour urine

No preservatives preferred. However 25 mL 6 N
hydrochloric acid or 10 g boric acid may be used

11-Deoxycortisol

Early morning specimen preferred (age, sex and time of
specimen collection need to be specified)

Metanephrines, Fractionated
plasma

Patient must refrain from using acetaminophen for 48
hours before testing.

Patient must refrain from using caffeine, medications,
and tobacco, and from drinking coffee, tea or alcoholic
beverages, for at least 4 hours before testing.

Plasma renin activity (PRA)

Collect and transport at room temperature. Centrifuge
and freeze the plasma immediately.

Tetrahydroaldosterone 24-hour
urine

Refrigerate during collection.
No use for preservatives

*Available from Quest Diagnostics ( www.questdiagnostics.com)

Table 11. The laboratory testing protocols for rare causes of endocrine hypertension

Disease Laboratory testing’ Genetic

testing
CAH: 17a-OH * 1DOC, |11-deoxycortisol, || aldosterone, |PRA, | CYP17A1
deficiency K, |plasma 17-OHP, |testosterone,

*  turinary100*THDOC/(THE+THF +5aTHF)
and(THA+THB+5aTHB)/(THE+THF +5aTF)

CAH: 11R3-OH * Hypokalemia (variable), |PRA, || aldosterone, CYP11B1

deficiency

(the degree of hyporeninemia may vary widely),
lcortisol, 1ACTH, 111-deoxycortisol, 1DOC, 1
19-nor-DOC

tturinary 100*THS/(THE+THF+5aTHF) and
100*THDOC/(THE+THF+5aTHF)
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Apparent * 1 24-hour urinary free cortisol/cortisone and 118HSD2
mineralocorticoid turinary (THF+50THF)/THE

excess * check the level of tritiated water in plasma
samples when 11-tritiated cortisol is injected

Liddle syndrome * | K, turinary K, |PRA, suppressed aldosterone SCNN1B and
secretion, metabolic acidosis SCNN1G

e |urinary THALDO (<2 pg/24h), normal steroid
profile (24-hour urine cortisone/cortisol and other

ratios)
Pseudohypo * 11K, hyperchloremic metabolic acidosis, WNK1 and
aldosteronism laldosterone, |PRA, |serum HCO3 (variable in | WNK4
Type 2 children), hypercalciuria (occasionally)
e lurinary THALDO Rarely KLHL3,
CUL3, and
SPAK
Geller Syndrome * 1K, |aldosterone, |PRA NR3C2
* |urinary THALDO
"Available from Quest Diagnostics ( www.questdiagnostics.com)
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