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Abstract

The vast majority of hypertensive patients are never sought for a cause of their high blood pressure, i.e. for a ‘secondary’ form
of arterial hypertension. This under detection explains why only a tiny percentage of hypertensive patients are ultimately diag-
nosed with a secondary form of arterial hypertension. The prevalence of these forms is, therefore, markedly underestimated,
although, they can involve as many as one-third of the cases among referred patients and up to half of those with difficult to
treat hypertension. The early detection of a secondary form is crucial, because if diagnosed in a timely manner, these forms
can be cured at long-term, and even when cure cannot be achieved, their diagnosis provides a better control of high blood
pressure, and allows prevention of hypertension-mediated organ damage, and related cardiovascular complications. Enormous
progress has been made in the understanding, diagnostic work-up, and management of secondary hypertension in the last
decades. The aim of this minireview is, therefore, to provide updated concise information on the screening, diagnosis, and
management of the most common forms, including primary aldosteronism, renovascular hypertension, pheochromocytoma

and paraganglioma, Cushing’s syndrome, and obstructive sleep apnea.

Keywords Primary aldosteronism - Renovascular hypertension - Pheochromocytoma/paraganglioma - Cushing’s
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1 Introduction

By definition ‘secondary’ hypertension (SH) comprises
those forms of arterial hypertension (HT) that are due to an
identified cause and, therefore, can be resolved by removing
the underlying cause.

The European Societies of Cardiology and Hyperten-
sion (ESC/ESH) guidelines suggest that the screening for
SH should be restricted to patients with certain features,
such as younger age (i.e. < 40 years), acute worsening of
HT in patients with previously documented chronically
stable normotension, severe (grade 3) or drug-resistant
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HT, presence of extensive hypertension-mediated organ
damage (HMOD) [1]. However, accumulating experiences
in specialized tertiary referral centers have provided com-
pelling evidence that if SH is systematically sought for,
its prevalence is much higher [2], involving a proportion
of the hypertensive patients that ranges from about 35%
in general to higher rates in those with drug-resistant HT
[3]. For example, amongst those with primary aldosteron-
ism who were referred for adrenal vein sampling (AVS) in
the Adrenal Vein sampling International Study (AVIS)-2,
20-50% had resistant hypertension depending on the criteria
used to define this condition [4]. Even though specialized
centers receive a selected cohort of patients, these figures
indicate that the diagnosis of SH is probably missed in the
majority of the patients. This is a disastrous situation, not
only because it implies missing the opportunity of long-term
cure and/or a better control of high blood pressure (BP), but
also because identification of the cause and the underlying
pathophysiological mechanisms allows a more targeted and
effective pharmacological treatment, and, therefore, preven-
tion of HMOD and cardiovascular (CV) events [5]. Given
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the unprecedented progress made in the last decades in the
understanding, screening, work-up, and management of SH,
the purpose of this mini-review is to furnish concise updated
information on the diagnosis and treatment of the most com-
mon forms of SH, which are summarized in Table 1. For in
depth information, the readers are referred to recent compre-
hensive reviews [6, 7].

2 Primary Aldosteronism

Keynote PA is the most common curable form of HT. Its prior
probability is higher in certain categories of patients,
which makes its detection obligatory in such categories.
However, several experts call for broader screening
strategies with the aim to surgically cure or medically
treat PA patients, thus avoiding or reverse HMOD and
CV complications.

Table 1 Causes of secondary hypertension

Endocrine

Primary aldosteronism (PA)

Cushing’s syndrome (CS)

Pheochromocytoma / paraganglioma (PPGL)

Primary hyperparathyroidism (PHPT)

Hypothyroidism

Thyrotoxicosis

Acromegaly

Apparent Mineralocorticoid Excess (congenital)
Renal

Renal parenchymal disease

Renin-producing tumor

Primary sodium retention (Liddle’s syndrome)

Gordon’ syndrome (hyperkalemia with metabolic acidosis, normal
renal function, low or low-normal plasma renin activity, and nor-
mal or elevated plasma aldosterone concentration)

Obstructive sleep apnea
Reno-vascular hypertension (RVH)
Atherosclerotic (ATS-RVH)
Fibromuscular dysplasia (FMD-RVH)
Coarctation of the aorta
Arteritis
Intrarenal (i.e. microscopic polyangiitis, granulomatosis with
polyangiitis)
Schonlein-Henoch purpura
Cryoglobulinemic vasculitis
latrogenic

Drugs and exogenous hormones (i.e. contraceptive pills, immuno-
suppressive, non-steroidal anti-inflammatory drugs, etc.)

Acquired Apparent Mineralocorticoid Excess (licorice, etc.)

Cancer therapies (angiogenesis inhibitors as bevacizumab, and
others)
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Primary aldosteronism (PA) is by far the most common
curable form of HT and is associated with an excess rate
of HMOD and CV complications as compared to primary
essential HT with a similar degree of BP elevation [8, 9].
Its prevalence ranges from 6% in unselected hypertensive
patients [10] to 11.2% in those referred to specialized cent-
ers [11], and to more 20% in the patients with drug-resistant
HT [12, 13].

2.1 Screening and Diagnostic Tests

Table 2 reports the main clinical features of PA. When the
PA patients were systematically subtyped by using adrenal
vein sampling (AVS), about two-thirds of them were found
to have a unilateral form of PA, mainly an aldosterone-
producing adenoma (APA) or, much more rarely, unilateral
adrenal hyperplasia, while a bilateral form (also known as
idiopathic hyperaldosteronism) was diagnosed in the remain-
ing third [11]. The main feature of patients with bilateral PA
is multiple aldosterone-producing cell clusters (APCCs) or
micro-aldosterone-producing adenomas, rather than bilateral
adrenal hyperplasia (BAH) [14], which seems to be the more
common form when AVS is not systematically exploited or it
is interpreted with cutoffs for selectivity and lateralization
that are too tight [15]. Much rarer are unilateral aldosterone-
producing carcinomas [16], and the familial forms (FH) due
to germline mutations, which cause BAH [17] and include
several types (e.g. FH-I—also known as ‘glucocorticoid-
remediable aldosteronism’, II, III, and IV).

Figure 1 shows a simplified algorithm for the initial work-
up of PA [9], which performed extremely well at our center.
Briefly, the diagnosis of PA entails demonstration of low or
undetectable renin levels and inappropriately high secretion
of aldosterone. Considering this, in 1982 Hiramatsu et al.
proposed the aldosterone : renin ratio (ARR) [18], which can
now be easily calculated using the freely downloadable ARR
App (available for Android and iPhone) [19]. To effectively
use the ARR one should, however, be aware that its values
are influenced by many drugs and conditions (Table 3) [9,
20]. Thus, the usual recommendation is to switch antihy-
pertensive therapy to doxazosin and/or a long-acting cal-
cium-channel blocker, and also to keep the patients resting
quietly (supine or sitting) for 60 min before collecting blood
samples [9]. However, a major advancement in this field
with profound implications for clinical practice has been
the discovery that the mineralocorticoid receptor antago-
nists (MRAs), which for decades were forbidden during the
screening, can be prescribed during the screening of PA
[21], and also when PA patients undergo subtype differen-
tiation because they did not cause false negative ARR values
during the screening, neither they precluded the diagnosis
of unilateral PA by AVS [22-24]. This novel evidence is
of utmost practical importance particularly in the patients
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Table 2 Clinical characteristics suggestive of primary aldosteronism

Sustained BP > 150/100 mmHg on each of 3 measurements obtained on different days

Hypertension (BP > 140/90 mmHg) resistant to 3 conventional antihypertensive drugs (including a diuretic)

Spontaneous or diuretic-induced hypokalemia
Hypertension and adrenal incidentaloma
Obstructive sleep apnea

Family history of primary aldosteronism and/or early-onset hypertension or cerebrovascular accident at a young age (< 40 years)

Atrial fibrillation not explained by other causes (i.e. valvular disease)

HMOD (i.e. LVH, diastolic dysfunction, microalbuminuria, CKD) in excess of what expect based on BP values

BP blood pressure, HMOD hypertension-mediated organ damage, LVH left ventricular hypertrophy, CKD chronic kidney disease

with severe hypokalemia and/or poor control of BP values,
because the MRAs are the most effective agents to control
BP and hypokalemia in PA patients.

The use of confirmatory tests, such as the oral sodium
loading test, the saline infusion test, the captopril challenge
test, and the fludrocortisone plus salt loading test, remains
controversial. They are based on the unproven premise that
aldosterone secretion would be completely independent of
renin and angiotensin II. Moreover, studies that supported
their use did not comply with the Standards for Reporting of
Diagnostic Accuracy (STARD) requirement for validation
for diagnostic tests [25]. Furthermore, the largest study that
examined the captopril test and fulfilled these requirements—
the AQUARR Study—failed to show any diagnostic gain of
this confirmatory test over a carefully done ARR [26]. Thus,
if the screening is properly performed and shows an ARR
consistently elevated, i.e. a florid PA phenotype (identified
by a high aldosterone > 15 ng/dL, a DRC < 2 mIU/L, with or
without low potassium levels), they are useless, and patients
can proceed to subtyping if they seek for surgery [27, 28].

2.2 Treatment

Unilateral laparoscopic adrenalectomy is the best treatment
that can be offered to PA patients with proven unilateral
disease. This means that patients should be referred for
AVS to be performed by an expert team in a specialized
tertiary center before considering surgery. MRAs, such as
spironolactone, canrenone potassium, potassium canrenoate,
eplerenone, alone or in combination with other antihyperten-
sive drugs, are recommended for those patients with BAH
or not suitable for surgery. MRAs are also indicated before
adrenalectomy to control BP values and serum potassium
levels [9, 27]. In both surgically and medically treated PA,
follow-up is necessary to verify the ‘cure’ of PA and the
effectiveness of treatment [29, 30].

A more in-depth discussion of the diagnostic work-up and
treatment is available in the 2020 Italian Society of Arterial
Hypertension (SITA) practical guidelines [28].

3 Renovascular Hypertension (RVH)

Keynote The main causes of renal artery
stenosis in RVH patients are
fibromuscular dysplasia (FMD)
and atherosclerosis (ATS). FMD
is most frequent in young-to-
middle aged women, while
ATS prevails in adult men with
multiple risk factors.

Renovascular hypertension (RVH) defines a condition
where renal artery occlusion or stenosis decreases renal
perfusion pressure to levels that activates the renin—angio-
tensin—aldosterone system (RAAS), thereby raising BP.
Its major causes are fibromuscular dysplasia (FMD) and
atherosclerosis, which usually involve different cohorts of
patients. FMD affects especially children and young-to-
middle aged women [31], and is a systemic arterial dis-
ease. It causes RVH (FMD-RVH) when it involves the
renal artery. Atherosclerotic renovascular hypertension
(ATS-RVH) is the most common form in older adults,
predominantly men, with multiple risk factors. Its preva-
lence in the general population of patients with HT ranges
between 1 and 8%, depending on the selection of the popu-
lation, but can be as high as 25-35% in patients with signs
of multisite atherosclerosis [7].

RAAS activation occurs when the narrowing of the
renal artery lumen in one or both renal arteries attains a
certain threshold, usually estimated > 75%, or can be pre-
sumed even at a lower degree of stenosis if there is post-
stenotic dilatation. The increased renin synthesis aims at
maintaining glomerular filtration rate (GFR) through a
prominent constriction of the post-glomerular arterioles
and via the elevation of systemic BP. In the majority of the
patients, however, at the time of diagnosis, the activation
of the RAAS is no longer detectable for multiple reasons,
as discussed elsewhere [32].
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Diagnostic algorithm for identification of PA patients

l

Screening of patients with high pre-test probability
(see Table 2)
v
I Withdrawal of interfering therapies I
v
.Y+ Screening test: ARR
c (in the context of 24-h urinary Na* excretion and serum K* values)
o
g l ! }
8 Normal Borderline elevated Markedly elevated
(< 20.6 ng/mIU) (=20.6 and < 45 ng/mIU) (= 45 ng/mIU)
v v
PA unlikely Repeat ARR under better conditions
or perform a confirmatory test*
ARR 2 20.6 ng/mlU
or > 26 (ng/dl)/(ng/ml/h) using PRA (ng/ml/h)
v
00 ‘ Imaging: CT (or MRI) ‘
= |
o
3' Desire for surgical cure and no
'g contraindications to surgery
wn v
‘ Subtyping: AVS ‘
|
= Bilateral Undefined Unilateral
5 / ~<
E ‘ Medical ‘ Surgical
)
® | |
— Clinical and biochemical follow-up
ol (i.e. BP values, serum K*, etc.)

Fig.1 Simplified algorithm for the work-up for primary aldoster-
onism. Please note the pivotal role of adrenal vein sampling (AVS)
for patient’s assignment to surgery or medical treatment. In case of
uncertain AVS results or unsuccessful AVS, the indication to uni-
lateral adrenalectomy can be justified by in case of drug-resistant
hypertension and/or unbearable side effects with the antihyperten-
sive treatment. *Confirmatory tests are not explained in this sim-
plified algorithm because their accuracy and diagnostic gain over a

In fact, it has to be reckoned that stenosis of the renal
arteries may be hemodynamically insignificant and can
result from accelerated atherosclerosis in patients with
primary HT. Hence, confirming the diagnosis of RVH
is a challenging undertaking, as this can only be made
retrospectively if revascularization results in the cure or
improvement of HT [5].
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well-performed baseline ARR has not been proven in studies that ful-
filled the Standards for Reporting of Diagnostic Accuracy (STARD)
requirements [25]. Moreover, in the largest and only study that fol-
lowed these requirements, the captopril test was not shown to provide
any diagnostic gain over the baseline ARR [26]. PA primary aldoster-
onism, ARR aldosterone: renin ratio, PRA plasma renin activity, K*
potassium, Na* sodium, CT computed tomography, MRI magnetic
resonance imaging, AVS adrenal vein sampling, BP blood pressure

3.1 Screening and Diagnostic Tests

For the reason just mentioned, the work-up of RVH, which
has to be undertaken in a clinically selected high-risk
population (Table 4 and Fig. 2), cannot rely solely on the
biochemical assessment, i.e. measurement of serum potas-
sium levels, 24-h urinary sodium and potassium excretion,
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Table3 Drugs and conditions that affect aldosterone, renin, and
aldosterone:renin ratio Adapted from Rossi GP. Primary Aldo-
steronism: JACC State-of-the-Art Review. J Am Coll Cardiol.
2019;74:2799-811 [9]

Factor PAC Renin ARR FPrate FN rate

Medications

p-Blockers l L T I I

Central a-2 adrenergic l 1! 1 1 !
receptor agonists®

NSAIDs l W1 1 I
K*-losing diuretic agents 1 T ! l 1
K*-sparing diuretic agents 1 T l ! 1

ACE inhibitors l T l ! 1

ARBs ! Tl ! 1

Long-acting CCBs - - l -] -1

Potassium status

Hypokalemia l -1 l ! 1

Potassium loading 1 -1 1 i l

Sodium status

Sodium depletion 1 1N ! I 1
Sodium loading ! Ll il i !
Other conditions

Aging } ! T 7

Renal impairment - ! ) 1 !
Pregnancy ) (N l ! !
Renovascular ) [N } ! 1
Malignant i) [N ! 1 T

PAC plasma aldosterone concentration, ARR aldosterone: renin ratio,
ACE angiotensin-converting enzyme, ARBs angiotensin II type 1
receptor blockers, NSAIDs non-steroidal anti-inflammatory drugs,
CCBs calcium-channel blockers, FP false positive, FN false negative

*Except for moxonidine, which has been associated with no signifi-
cant change in the ARR values limitedly to healthy volunteers in the
study of Ahmed et al. [20]

and active renin concentration or plasma renin activity,
but should also entail instrumental tests. The latter com-
prise: (1) Duplex sonography with bilateral assessment
of the most relevant indexes, (e.g. renal arterial resistive,
pulsatility indexes, acceleration time, peak systolic veloc-
ity, renal-aortic ratio) and evaluation of their homogeneity
throughout the different thirds of each kidney; (2) computed
tomography (CT) or magnetic resonance angiography, and
(3) renal catheter-based contrast angiography. The latter can
be implemented with a simultaneous, unstimulated trans-
lesional pressure gradient (between the distal renal artery
and the aorta) measurement that has been suggested for
determining the severity and hemodynamic significance of
renal artery stenosis. A pressure gradient threshold of 10%
of the mean (aortic) pressure (or a trans-lesional gradient of
at least 20 mmHg) has been proposed to decide whether or
not to perform balloon angioplasty (see “Treatment” section

below) [33]. While there are no randomized clinical trials
supporting the superiority of this approach in terms of out-
come, its pitfalls are both theoretical and practical: posi-
tioning a catheter through a tight stenosis by itself creates a
gradient, which can lead to an overestimation of the stenosis
severity. Moreover, in the presence of multiple lesions, as
typically in FMD, estimation of pressure gradient can be
challenging. Finally, the measurement of the trans-lesional
pressure gradient is not widely available, even in centers that
perform a substantial number of percutaneous procedures
for RVH.

3.2 Treatment

The first-choice treatment for FMD-RVH is renal artery
angioplasty without stenting. Its effect on BP reduction
is greater in younger patients, with ‘short history’ of HT,
and without comorbidities (such as diabetes mellitus or
obesity). In patients with ATS-RVH angioplasty should
be performed with stenting, and there are compelling
indications to undertake such treatment (Table 5). How-
ever, it remains controversial if percutaneous translumi-
nal renal angioplasty (PTRA) plus stenting is superior to
an aggressive medical treatment in the patients without
such compelling indications (Class of Recommendation
IIb, Level of Evidence C) (Fig. 2) [33-35]. According
to a guideline, renal artery angioplasty would be ‘rarely
appropriate’ in: (1) asymptomatic unilateral hemodynam-
ically significant RAS in a viable kidney; (2) patients
with small (< 7 cm pole to pole) nonviable kidneys; (3)
patients with moderate RAS (50-69% diameter stenosis)
with translesional gradients that fail to achieve the thresh-
old [35].

4 Pheochromocytoma/Paraganglioma

Keynote More than 80% of PPGLs patients
have paroxysmal or sustained
high BP. Screening test includes
measurement of urinary metane-
phrines. When the tumor is
detected by imaging, antihyper-
tensive treatment is based on
«l-adrenergic receptor blockade
followed by association with
B-blockers.

About 80-85% of chromaffin-cell tumors are pheochro-
mocytomas (PHEO), and 15-20% are paragangliomas
(PGL). Owing to their common embryologic origin and
clinical similarities, they are usually jointly defined as
pheochromocytomas and paragangliomas, in short PPGLs.
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Table 4 Clinical findings suggestive of renovascular hypertension (RVH) according to the etiology

FMD-RVH ATS-RAS
Early onset of HT (< 30 years old), especially in women Severe HT > 55 years old
Unilateral small kidney without a causative urological abnormality Most frequent in older people, smokers, obese and diabetic

Abdominal bruit in the absence of atherosclerotic disease or risk factors for athero-  History of generalized atherosclerosis (coronary artery
sclerosis disease, peripheral vascular disease, etc.)

Suspected renal artery dissection/infarction
Presence of FMD in at least 1 other vascular territory

History of stroke, headaches, neck pain, and a pulsatile ringing or swooshing sound
in the ears when carotid and/or vertebral arteries is involved

History of ACS caused by spontaneous coronary artery dissection
Weight loss, abdominal pain and ischemia, in case of abdominal artery involvement
Typical symptoms and signs of peripheral artery diseases
Shared by the two conditions
Accelerated, or malignant or grade 3 (> 180/110 mmHg) HT
Drug-resistant hypertension (blood pressure target not achieved despite 3 drug-therapy at optimal doses including a diuretic)
Development of new azotemia or worsening renal function after administration of ACE-inhibitors or ARBs
Unexplained atrophic kidney or size discrepancy between kidneys of greater than 1.5 cm
Sudden, unexplained pulmonary edema
Multi-vessel coronary artery disease
Unexplained congestive heart failure
Refractory angina

FMD fibromuscular dysplasia, ATS atherosclerotic, HT hypertension, ACS acute coronary syndrome, RAS renal artery stenosis, ACE angiotensin
converting enzyme, ARBs angiotensin II receptor blockers

Fig.2 Diagnostic algorithm for Diagnostic algorithm for identification of RVH
identification and treat reno- ‘

vascular hypertension (RVH).
As no single test is sensitive
and specific enough to detect
and ruled out RVH, a compre- - - - -
hensive assessment based on —PI Withdrawal of interfering therapies
biochemical (| K*, 1 renin, 1 v
plasma aldosterone concentra-
tion) and instrumental tests
(Duplex sonography and renal l
post-captopril scintigraphy)

is necessary. Imaging by angio- .
CT or angio-MR plays a key
role to assess the localization
of stenosis and multivessel
involvement, and to plan revas-
cularization, by angioplasty in | Catheter angiography |
FMD-RVH and angioplasty + I

stenting in case of ATS-RVH. l l
RVH renovascular hypertension,

FMD fibromuscular dysplasia, m Atherosclerotic RVH

Screening of patients with high pre-test probability of RVH
(see Table 4)

Screening

Comprehensive Biochemical and Instrumental assessment ‘

Duplex sonography
* CTor MR angiography

A4

Subtyping

CT computed tomography, MR
magnetic resonance, PTRA l l
perc.utaneous transluminal renal | PTRA | PTRA plus stenting
angioplasty, BP blood pressure -E See Table 5 for indications

g | |

)

5 l

[«))

|= Primary HT with no . Cure or yes

associated ¢—— improvement ———» RVH
renovascular disease of BP
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Table5 ACC/AHA recommendations to perform angioplasty and
stent in ATS-RVH Adapted from Hirsch AT, et al. ACC/AHA 2005
Guidelines for the Management of Patients With Peripheral Arterial
Disease (Lower Extremity, Renal, Mesenteric, and Abdominal Aor-

tic): A Collaborative Report from the American Association for Vas-
cular Surgery/Society for Vascular Surgery. Soc. ] Am Coll Cardiol.
2006;47:1239-312 [33]

Indication Class of recom-
mendation/level of
evidence

An asymptomatic bilateral or viable kidney with a hemodynamically significant RAS 1Ib/C

Patients with hemodynamically significant RAS and accelerated HT, resistant HT, malignant HT, HT with an unexplained  IIa/C

unilateral small kidney, and HT with intolerance to medication
RAS and progressive chronic kidney disease with bilateral RAS or a RAS to a solitary functioning kidney 1Ia/B
Patients with RAS and chronic renal insufficiency with unilateral RAS 1Ib/C

Patients with hemodynamically significant RAS and recurrent, unexplained congestive heart failure or sudden, unexplained 1/B

pulmonary edema
Patients with hemodynamically significant RAS and unstable angina

1Ia/B

Renal stent placement is indicated for ostial atherosclerotic RAS lesions that meet the clinical criteria for intervention I/B

ATS-RVH atherosclerotic renovascular hypertension, RAS renal artery stenosis, HT hypertension

On the whole, PPGLs are rare, as they comprise less than
0.2-0.6% of the patients with HT. Due to the huge varia-
tion of clinical presentation, PPGLs have been defined as
‘the great simulators’ as symptoms can range from none
to many. Symptoms are usually due to a mass effect and/
or derive from catecholamines excess. Paroxysmal or sus-
tained high BP is the most common sign of PPGLs and
involves up to 80% of patients (Table 6). In syndromic
cases, the concurrence of physical signs (see later) should
suggest the diagnosis (Table 6) [36-38]. However, PPGLs
occurring in the head and neck district are usually para-
sympathetic, and therefore do not secrete catecholamines.
Hence, these patients usually present to the otolaryngolo-
gist and/or to the vascular surgeon for the detection of cer-
vical masses or nodules [37].

4.1 Screening and Diagnostic Tests

Syndromic PPGLs, including neurofibromatosis type 1, multi-
ple endocrine neoplasia type 2, von Hippel-Lindau syndrome,
renal cell carcinoma with SDHB mutation, Carney triad, and
Carney-Stratakis syndrome, are rare and characterized by typi-
cal clinical phenotypes and associated comorbidities, which
render the clinical suspicion quite obvious. The work-up for
HT patients with non-syndromic and syndromic PPGLs is
shown in Fig. 3. Biochemical tests for suspected cases include
measurements of urinary and/or plasma free normetanephrines
and metanephrines that are the most accurate tests to detect or
exclude PPGLs. Detection of plasma metanephrines must be
performed under standardized conditions such as stress-free
conditions (e.g. after rest in the supine position), and with posi-
tioning an indwell cannula to avoid the pain of venipuncture,
to limit false-positive results. The measurement of conjugated
metanephrines in 24-h urine has been demonstrated to cause

Table 6 Most frequent clinical manifestations of PPGLs and their
distribution Adapted from Mannelli M, et al. Pheochromocy-
toma in Italy: A multicentric retrospective study. Eur J Endocrinol.
1999;141:619-24 [37]

Signs and symptoms

Sustained or paroxysmal HT 80-90%
Palpitations and tachycardia 58%
Headaches 52%
Sweating attacks 49%
Anxiety and panic attacks 35%
Tremors 26%
Nausea 22%
Dyspnea 17%
Abdominal pain 16%
Vertigo 16%
Parasthesiae 12%
Chest pain 12%
Weakness 11%
Diarrhea/constipation 5%
Fever 2%

Other suggestive conditions

Paradoxical response to some precipitating drugs

Dilated cardiomyopathy

Erythrocytosis, hyperglycemia, hypercalcemia

Adrenal incidentaloma, with or without HT

Hereditary predisposition or syndromic features suggesting heredi-
tary PPGLs

HT hypertension

false positive test results, and thus free metanephrines should
be preferred [38]. Imaging is recommended when the screen-
ing is positive (e.g. magnetic resonance imaging-MRI or CT);
due to their high vascularization PPGLs usually show up as
hyperintense lesions on T2-weighed MRI.
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In all patients with sporadic (non-familial) PPGLs genetic

form, which can allow earlier diagnosis and treatment of
PPGLs in the relatives [36].

testing is recommended for the following reasons: (1) about
one-third of these patients have germline mutations; (2)
some of the mutations, for example, those of succinate dehy-
drogenase subunit B (SDHB), are associated to a higher risk
of malignant/metastatic disease; (3) a germline mutation in
the proband, unless occurring de novo, indicates a familial

4.2 Treatment

Diagnostic algorithm for identification of PPGLs

The gold-standard therapy for PPGLs is surgery for solitary
or multiple tumors clustered in one area (Fig. 3) [36, 38].

l

Screening of patients with high pre-test probability of PPGLs
(see Table 6)
I

Borderline: repeat sampling or

consider clonidine suppression
test**

Negative imaging

Ga-68 DOTATATE,
Octreoscan, or 18F-FDG or
18F-FDOPA PET/CT

A 4
Angiography and vein
sampling

'

Negative
|
Pharmacological
control of
symptoms

l

Positive

Treatment and follow-up

Fig.3. A schematic algorithm suggested for diagnosis and treatment
of hypertensive patients with suspected of pheochromocytoma and
paraganglioma. CT has been suggested as the first-choice imaging
modality because of its excellent spatial resolution for thorax, abdo-
men, and pelvis. MRI is recommended in patients with metastatic
PPGLs, for detection of skull base and neck paragangliomas. *Bio-
chemical screening should be performed after withdrawing of inter-
fering drugs and substances, including acetaminophen, labetalol,
sotalol, a-methyldopa, tricyclic antidepressants, MAO-inhibitors,
sympathomimetics, cocaine. **A quarter of patients with PPGLs
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-E Start doxazosin and then beta-blockers
v v

(V]

e

Q Biochemical testing*:

w plasma or urinary free metanephrine and

normetanephrine

(oTs]

-C

Q -

3 Imaging: MRI or CT
0

>

(7s]

[ SUS
Surgical
excision

Slngle lesion

Repeat biochemical tests
(about 6 weeks after surgery)

y

v

Negative »>

Metastatic disease

!

In panents w1th
ected
me astanc
Isease

Ga-68 DOTATATE,
Octreoscan, or 18F-FDG or
18F-FDOPA PET/CT

v
131_MIBG radiotherapy

'

Pharmacological control of
symptoms

Genetic testing (see the text)

v

Long-term follow-up

show borderline biochemical results, likely due to inappropriate sam-
pling. If results remain elevated after repeating the measurement, the
clonidine suppression test with detecting of plasma normetanephrine
can be used. This test has been claimed to have a 100% diagnostic
specificity with a 97% sensitivity; however, it has not been validated
in prospective studies. HT hypertension, CT computed tomography,
MRI magnetic resonance imaging, MIBG metaiodobenzylguanidine,
B8F.FDG [18F]-fluoro-fluorodeoxyglucose, 8F.FDOPA  6-[18F]-
L-fluoro-L-3,4-dihydroxyphenylalanine, =~ PET  positron-emission
tomography
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Patients with hormonally functional PPGLs should undergo
preoperative al-blockade, followed by -blockade and vol-
ume expansion to prevent perioperative CV complications.
Antihypertensive treatment must include p1-blockers, as
doxazosin or terazosin. B-blockers can be used to controlled
tachycardia and BP values, but only after al-blockade.
Likely because of al-mediated vasoconstriction [5] PPGLs
patients have a relative hypovolemia, i.e. a redistribution of
blood volume from the periphery to the cardiopulmonary
district. Hence, once the diagnosis has been made, before
surgery and anesthesia, it is fundamental to correct this
hypovolemia to avoid prominent hemodynamic instability.

Malignant forms are generally treated by meta-I-benzyl
guanidine (MIBG) (for patients with metastatic disease who
are MIBG positive) and/or chemo- or radiotherapy.

5 Cushing’s Syndrome

Keynote ACTH-dependent or -independent
hypercortisolism is a rare cause
of SH but, in these patients,
the BP control is often difficult
to achieve when the surgical
removal of cortisol-producing

tumors is not performed.

Excessive autonomous production of cortisol is the hallmark
of Cushing’s syndrome (CS) but accounts for less than 1%
of endocrine causes of HT. However, high BP is reported in
more than 80% of adults affected by CS [7].

5.1 Screening and Diagnostic Tests

On history, excessive use of exogenous glucocorticoid
leading to iatrogenic CS must be ruled out before consid-
ering screening tests, which are indicated in the following
categories of hypertensives: (1) patients with unusual fea-
tures, for example, osteoporosis at a young age; (2) patients
with suggestive signs and symptoms (Table 7); (3) adre-
nal incidentaloma compatible with adenoma [39]. The
initial testing includes repeated (at least twice) measure-
ments of 24-h urine free cortisol, late-night salivary cor-
tisol, and 1-mg overnight dexamethasone suppression test.
For the 1-mg overnight dexamethasone suppression test, a
normal response is a serum cortisol less than 1.8 pg/dL;
when values are between 1.8 and 5 pg/dL subclinical CS
should be considered. The absence of cortisol suppression
after dexamethasone (serum cortisol higher than 5 pg/dL
or >140 nmol/L) indicates a CS diagnosis. Once a diag-
nosis of CS has been made the next step is to distinguish
between ACTH-dependent CS (that accounts for 80—-85%

of cases), which show normal or increased plasma ACTH
values and are due to pituitary or ectopic ACTH-secreting
tumors, and the less common ACTH-independent CS [40],
in which ACTH is low. Uncertainties can be resolved by
the CRH stimulation test as ACTH-independent cases show
persistently suppressed ACTH values. Patients with ACTH-
dependent CS should be evaluated in specialized tertiary
referred centers by gadolinium-enhanced pituitary MRI, fol-
lowed, when clinical, biochemical or radiological studies are
discordant, by bilateral inferior petrosal sinus sampling. If
ACTH is suppressed, abdominal CT scan or MRI should be
done to identify the adrenal mass (90% are unilateral adrenal
tumors) or hyperplasia (unilateral or bilateral) [41].

5.2 Treatment

Controlling cortisol hypersecretion by surgery or by corti-
sol lowering drugs or glucocorticoid receptor antagonists,
can effectively lower BP in most hypertensive CS patients
and normalize it in ~ 50% of cases [42]. Definitive therapy
for CS is surgical excision of ACTH- or cortisol-producing
tumor with a post-operative cure rate of 65-90%. In patients
with contraindications to surgery, or with ectopic disease
and persistent hypercortisolism, BP values are often difficult
to control, and the most frequent causes of death are the CV

Table7 Signs and symptoms associated with Cushing’s syndrome
and their prevalence Adapted from Nieman LK, et al. The diagnosis
of Cushing’s syndrome: An endocrine society clinical practice guide-
line. J Clin Endocrinol Metab. 2008;93:1526-40 [39]

Decreased libido 91-100%
Facial rounding (“moon faces”)
Obesity

Impaired glucose tolerance/diabetes 71-90%
Menstrual changes
Hirsutism
Striae rubre

Muscle weakness 51-70%
Osteopenia/osteoporosis/fractures
Psychiatric disturbances (especially lethargy, depression)
Atherosclerosis
Easy bruising
Impaired wound healing

Headaches
Backache

Recurrent infections

21-50%

Edema
Hypokalemic alkalosis
Acne 11-20%

Hair loss
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complications. In these patients and in those with persistent
high BP after surgery, an association of multiple antihyper-
tensive drugs, including renin—angiotensin—aldosterone sys-
tem (RAAS) modulators (i.e. ACE-inhibitors, angiotensin II
receptor blockers—ARBs, and MRAs), is usually necessary
[41].

6 Obstructive Sleep Apnea

Keynote OSA is a frequent cause of SH
and ‘difficult-to-treat’” HT.
Patients with obesity, snoring,
upper airway abnormalities,
excessive daytime sleepiness,
reduced sleep-related quality of
life should be screened for OSA.
The effect of PAP on BP is still
controversial but, if associated
with sleep hygiene and specific
antihypertensive drugs, it can
ameliorate BP control with the
largest effect on nocturnal BP.

Obstructive sleep apnea (OSA) is an independent risk factor
for HT and cardiovascular diseases [43] and is common in
adults, particularly in patients with difficult-to-treat HT [44].
Its identification as the underlying cause of HT, followed by
specific treatment, can render high BP responsive to treat-
ment [44]. Fragmented, albeit rather consistent, evidence
suggested that OSA can coexist with PA and that target treat-
ment of the latter can ameliorate OSA [45]. However, results
of a recent multicenter study seem to have challenged this

Table 8 Clinical presentation of OSA

view [46]; therefore, whether OSA is a presenting sign of PA
or vice versa, remains somewhat controversial. Nonetheless,
there are no doubts that patients with difficult-to-treat HT
should be screened for either condition because identifica-
tion of one or both can allow to better control their high BP
and improve their quality of life.

6.1 Screening and Diagnostic Tests

Well recognized signs and symptoms (Table 8) should lead
to screen hypertensive patients for OSA [47-49]. In-labo-
ratory full-night polysomnography is the diagnostic gold
standard for OSA patients [48, 49]. It allows to identify the
severity of disease (i.e. through apnea/hypopnea index—
AHI—measurement), the associated sleep disorders, and
the response to treatment. When unfeasible, the home sleep
apnea testing can be used, particularly for uncomplicated
adults with suspect of OSA (Fig. 4).

6.2 Treatment

The proper work-up of OSA patients varies according to
individual features. The first steps are the lifestyle changes
and sleep hygiene (Fig. 4) (i.e. avoiding alcohol, caffeine
or stimulants of wakefulness before sleep; increased physi-
cal activity during the day and obesity control; avoiding
naps at unusual hours; discontinuation of hypnotic drugs).
An ear-nose—throat (ENT) evaluation is recommended for
OSA subjects with suspected upper airway abnormalities.
The ENT specialist could also perform drug-induced sleep
endoscopy examination that allows an accurate identification
and correction of the obstruction [50]. In moderate-to-severe
OSA (i.e. AHI > 15 events per hour), especially in patients
with symptoms of excessive daytime sleepiness, reduced

Signs and symptoms

Clinical examination

Snoring during sleep, frequent nycturia, poor quality of sleep, night-time
sweating, waking up gasping or choking

Decreased libido

Excessive daytime sleepiness

Morning dry mouth

Daytime headache, impaired attention and memory during work activities

Motor vehicle accidents

High-risk patients include also those with current and/or past history of
arrhythmias, pulmonary HT, diabetes type 2 mellitus, coronary disease,
and ‘difficult-to-treat” HT

24-h ABPM characterized by a non-dipping profile and elevated BP vari-
ability indices

Upper airway abnormalities (e.g. Mallampati score > 3)

Neck and waist circumference (e.g. neck circumference > 43 cm in
males and > 40 cm in females)

BMI (e.g. > 30 kg/m?)

The criteria developed by the American Academy of Sleep Medicine (AASM) are a combination of at least 5 obstructive breathing episodes per
hour during sleep and at least one of the following criteria: (a) excessive daytime sleepiness that is not better explained by other factors; (b) two
or more of the following symptoms not explained by other factors: choking or gasping during sleep, recurrent awakenings from sleep, unrefresh-

ing sleep, daytime fatigue, and impaired concentration [48]

OSA obstructive sleep apnea, HT hypertension, ABPM ambulatory blood pressure monitoring, BMI body mass index
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sleep-related quality of life, and/or hypertension positive
airway pressure (PAP) therapy, including continuous, self-
titrated systems, and bilevel (as a second-level option), is the
recommended treatment [51], which allows to maintain the
upper airway patency and lower sympathetic [52] and RAAS
activation [53, 54], by improving oxyhemoglobin saturation.
PAP treatment improves signs and symptoms of OSA, and
lowers BP values, more strongly in OSA patients with resist-
ant hypertension [51, 55-58]. However, its effectiveness on
BP and cardiovascular profile depends on patients’ adher-
ence to treatment, which is often poor. Interestingly, recent
data demonstrated a clinically significant improvement in

PAP adherence and thereby improve symptom control in the
treatment of OSA in adults with the use of telemonitoring
intervention [51].

Only a few studies have evaluated the effects of antihy-
pertensive agents on OSA. Their results were variable and
statistical power was usually poor [47]. Growing evidence
supports the role of high levels of plasma aldosterone in
OSA that appear to contribute to poor control of BP val-
ues in these patients through peri-pharyngeal fluid retention
[59]. By reducing parapharyngeal edema and upper airway
obstruction, diuretics (i.e. MRAs) improve OSA severity
and BP control [45, 60, 61]. Further studies are necessary

Diagnostic algorithm for identification of OSA patients

\

?:D Screening of patients with high pre-test probability of OSA

o= (See Table 8)

c

Q

q:_) Diagnostic test:

8 Attended in-laboratory full-night PSG (or unattended full-night home

polygraphy)
¢ \ 4 l
AHI< 5 52 AHI< 15 152 AHI< 30 AHI 2 30

0 events per events per events per events per

(7] hour hour hour hour

o
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without with nocturnal and
symptoms diurnal symptoms
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’l Multidisciplinary evaluation
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e Lifestyle, positional Upper airway Bariatric MRAs can be added
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- habits change devices* severe obesity and OSA severity
S ¥

Early follow-up for oral device Early follow-up for PAP
titration titration
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Long-term follow-up with repeating attended PSG or unattended home tests
to assess the reduction of AHI

Fig.4 Schematic algorithm summarizing the steps for recognition
of obstructive sleep apnea and its diagnostic and therapeutic work-
up. *Upper airway surgery and oral appliances are indicated only
for specific cases with objective upper airways abnormalities. OSA

obstructive sleep apnea, PSG polysomnography, AHI apnea/hypopnea
index, PAP positive airway pressure, MRAs mineralocorticoid recep-
tor antagonists
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to confirm this suggestion. A promising therapeutic strat-
egy is the electrical stimulation of upper airway via hypo-
glossal nerve [62, 63], but data on its effect on BP are still
preliminary.

7 Conclusions

The detection of SH can be simplified and made cost-effec-
tive by estimating the patient’s prior (pre-test) probability
of the disease, which can be established by knowing the
prevalence of the most common forms and by following
few rules, as herein presented. Once a form of SH has been
detected, knowledge of the underlying pathophysiology war-
rants a more rational and more effective treatment, which
can allow to achieve long-term cure of arterial hyperten-
sion or a better control of the high BP values when cure is
not accomplished. These outcomes are rewarding for the
doctor, but even more so for the patient, who will avoid the
complications of life-long exposure to high BP values, will
enjoy a better quality of life, as convincingly documented
in PA and OSA, and ultimately will no longer be life-long
labelled as ‘patient’.
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