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ABSTRACT

Secondary hypertension occurs in 5-10% of cases in the
patient population with primary hypertension. The most
common forms of secondary hypertension are as follows: pa-
renchymal renal disease (renoparenchymal hypertension),
renal artery stenosis (renovascular hypertension), adrenal
gland adenoma (primary hyperaldosteronism), a tumour of
the adrenal gland marrow (pheochromocytoma) and adeno-
ma of adrenal and pituitary glands (Cushing’s syndrome). In
patients with a typical clinical picture of secondary hyper-
tension, the appropriate diagnostic tests should be conducted
based on the suspected form of secondary hypertension. De-
termining a diagnosis of secondary hypertension is gradual.
First, the appropriate screening tests are performed. If the
screening test is positive, then additional tests to confirm the
forms of secondary hypertension are conducted. Once a di-
agnosis of the appropriate form of secondary hypertension is
confirmed, tests to distinguish causes and laterality tests to
determine the precise localisation of the pathological process
are applied to evaluate the response to therapy. Analysing
the results of endocrine diagnostic tests provides an accurate
diagnosis and selection of optimal therapeutic procedures.

Keywords: secondary hypertension, renoparenchymal
hypertension, renovascular hypertension, primary aldoste-
ronism, pheochromocytoma, Cushing’s syndrome

INTRODUCTION

Secondary hypertension is defined as hypertension that
occurs due to detectable factors. In the population of patients
who are suffering from hypertension (blood pressure >140/90
mmHg), the prevalence of secondary hypertension is 5-10%.
However, in the population of patients with resistant hyper-
tension (the impossibility of realizing a target arterial blood
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SAZETAK

Sekundarna hipertenzija se javija kod 5-10% slucaje-
va u populaciji bolesnika sa hipertenzijom. Najéesci uzro-
ci sekundarne hipertenzije su: parenhimska bolest bubrega
(renoparenhimska hipertenzija), stenoza renalne arterije
(renovaskularna hipertenzija), adenom nadbubrezne Zlezde
(primarni hiperaldosteronizamy), tumour srzi nadbubrezne
Zlezde (feohromocitom) i adenom nadbubrezne zZlezde i hi-
pofize (Kusingov sindrom). Kod bolesnika sa tipicnom klinic-
kom slikom pojedinih oblika sekundarne hipertenzije, prime-
njuju se odgovarajuli dijagnosticki testovi. Dijagnostikovanje
sekundarne hipertenzije je stepenasto. Prvo se primenjuju
odgovarajuci skrining testovi. Ukoliko je skrining test poziti-
van, primenjuju se testovi za potvrdivanje pojedinih oblika
sekundarne hipertenzije. Kada se potvrdi dijagnoza odgo-
varajucéeg oblika sekundarne hipertenzije, primenjuju se te-
stovi za razlikovanje uzroka, kao i testovi lateralizacije, za
preciznu lokalizaciju patoloskog procesa i procenu odgovora
na terapiju. Analiziranje rezultata vise endokrinoloskih di-
jagnostickih testova obezbeduje ispravnu dijagnozu i izbor
optimalnog terapijskog postupka.

Kljucne reci: sekundarna hipertenzija, renoparenhim-
ska hipertenzija, renovaskularna hipertenzija, primarni al-
dosteronizam, feohromocitom, Cushing-ov sindrom

pressure plus the optimum dose of three antihypertensive
medicines, including a diuretic), the prevalence of secondary
hypertension is up to 85% (1, 2). The most common forms of
secondary hypertension are renoparenchymal hypertension,
renovascular hypertension, hypertension due to primary aldo-
steronism, pheochromocytoma and Cushing’s syndrome (1, 2).
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Differential Diagnosis and
Treatment of Secondary Hypertension

Most common causes of secondary hypertension are
renal parenchymal disease, renal artery stenosis, adrenal
gland adenoma (primary aldosteronism), tumor of the
adrenal gland marrow (pheochromocytoma) and adenoma
of the adrenal and pituitary glands (Cushing’s syndrome)
(1,2).

Renoparenchymal Hypertension

Renoparenchymal hypertension is defined as hyperten-
sion occurring in chronic kidney disease. The prevalence
of renoparenchymal hypertension in patients with hyper-
tension is 1.6 to 8%, and in the population of patients with
resistant hypertension, it is 2-10% (3, 4). The pathogenesis
of renoparenchymal hypertension is complex and multifac-
torial (3, 4). The two most important pathogenetic mech-
anisms are an increased volume of extracellular fluid (the
dependence of volume) and/or an increased activation of
the renin-angiotensin system (dependence of angiotensin
2) (3, 4). Other factors that influence the development of
renoparenchymal hypertension include the following: in-
creased activity of the sympathetic nervous system, endo-
thelial dysfunction, increased production of endothelin-1,
increased oxidative stress, reduced concentration of endo-
thelium-relaxing substances (nitric oxide - NO), changes in
the arterial wall structure and sleep apnea (3, 4). Clinical and
experimental research in recent years indicates the growing
importance of increased activity of the sympathetic nervous
system and obstructive sleep apnea in the development of
renoparenchymal hypertension (3, 4). Increased activity of
the sympathetic nervous system in chronic kidney disease
is due to the following: activation of chemoreceptors in the
kidney (renal ischaemia), decreased baroreceptor sensitiv-
ity in the kidney, decreased central dopaminergic tone, and
decreased renalase activity in the kidney; additionally, re-
nalase is flavin adenine dinucleotide-dependent amine oxi-
dase, which degrades the catecholamines. In chronic renal
disease, its activity has been reduced, and this results in the
enhanced activity of the sympathetic nervous system (3, 4).

The measurement of serum creatinine and urine anal-
ysis (erythrocytes, cylinders and proteins) is used as the
screening test for parenchymal kidney disease. If the result
is positive, the endogenous creatinine clearance, 24-hour
proteinuria, microalbuminuria and renal ultrasound (kid-
ney size, the volume of renal parenchymal echogenicity and
thickness, the ratio of parenchyma and the pelvis, and the
atrophy index) should be determined. The atrophy index
(AI) represents the ratio of the longitudinal sinus diameter
and the longitudinal kidney diameter. A normal value of
the atrophy index is AI<0.7 (5). An AI>0.70 and a resis-
tance index (RI)>0.70, as measured from the blood flow
curve through intrarenal segmental arteries or interlobar
arteries, point to tubulointerstitial chronic kidney disease
(tubulointerstitial injury) (5).

The treatment consists of the application of the renin-
angiotensin system blockers, beta-blockers and diuretics.
Thiazide diuretics are used, and loop diuretics will be ap-
plied in patients with creatinine clearance less than 30 ml/
min (a contraindication to the use of potassium-sparing
diuretics) (3, 4).

Obstructive sleep apnea (OSA) is defined as a breath-
ing disorder, which is characterized by recurrent obstruc-
tive apneas and hypopnea, caused by the collapse of the
upper airway during sleep (sleep apnea). It often occurs in
patients with chronic kidney disease (in 21-47% of patients
with end stage renal disease), and the main pathogenetic
mechanism for the development of hypertension is the in-
creased activity of the sympathetic nervous system (3, 4).
Obstructive sleep apnea causes a disorder of the circadian
rhythm of blood pressure. Blood pressure is not reduced
during the night in > 10% (“non-dippers”), and in patients
suffering from chronic kidney disease, the prevalence of
the “non-dippers” status is 74-82% (3, 4). Typical clinical
characteristics include obesity, large neck (neck circum-
ference in men greater than 42 cm and in women greater
than 39 cm), macroglossia and daytime sleepiness. A his-
tory of daytime sleepiness should always arouse suspicion
of obstructive sleep apnea. In these patients, an interrup-
tion of breathing during sleep is determined by using the
Epworth Sleepiness Scale (ESS). Patients with an ESS score
of > 10 are at high risk of obstructive sleep apnea. In these
cases, polysomnography should be conducted, and based
on the apnea-hypopnea index (AHIL; number of apneas and
hypopnea in one hour of sleep), OSA severity can be as-
sessed. Obstructive sleep apnea (OSA) is mild if the AHI
index is from 5-15/h, moderate if AHI = 16-30/h and se-
vere if AHI > 30/h (1, 3, 4). Patients who are diagnosed
with OSA require echocardiography to assess the mor-
phology and function of the left and right chambers and an
estimation of the pulmonary artery pressure (pulmonary
hypertension) (1, 3, 4).

Renovascular Hypertension

Renovascular hypertension is defined as hypertension
that is caused by renal artery stenosis. In the patient popu-
lation with hypertension, the prevalence of renovascular
hypertension amounts to 1-8%, and in the patient popu-
lation with resistant hypertension, its prevalence is 2.5 to
20% (6-8). The two main causes of renal artery stenosis
(RAS) are atherosclerosis (90%) and fibromuscular dyspla-
sia 10% (9, 10). Atherosclerosis affects the starting point
and proximal part of the main trunk of the renal artery,
which results in the development of renovascular hyper-
tension, ischaemic nephropathy and repetitive “flash”
pulmonary edema (bilateral atherosclerotic renal artery
disease) (9, 10). Fibromuscular dysplasia (FMD) is a non-
aterosklerotic, noninflammatory disease of the arteries,
most commonly affecting the renal (distal part of the main
trunk) and internal carotid artery (11, 12). Fibromuscular
dysplasia of the media (70-95% of cases) is distinguished
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by its characteristic constrictions and extensions (“string
of beads”) in the angiography findings (11, 12). In most pa-
tients, the disease is asymptomatic in the course of sev-
eral years, which makes its early detection hard, and it may
clinically present itself with renovascular hypertension and
ischaemic nephropathy (severity of the clinical picture de-
pends on the degree of stenosis and type of fibromuscular
dysplasia) (11, 12).

Renovascular hypertension should be suspected in pa-
tients with the following: severe hypertension (diastolic
blood pressure 2120 mmHg), resistant hypertension (op-
timal control inability, using three antihypertensive medi-
cines, including a diuretic), finding a hum in the auscul-
tation of the abdomen (renal artery), moderate (diastolic
blood pressure > 105 mmHg) or severe hypertension (dia-
stolic blood pressure >120 mmHg) and a difference in the
size of the kidneys (the difference between the longitudinal
diameter of the right and left kidney > 1.5-2.0 cm), hyper-
tension and an increase in serum creatinine concentration
after the administration of angiotensin-converting-enzyme
blockers 1 (ACE) and or angiotensin 2 receptor blockers
(ARB) (increase of creatinine serum concentrations of 0.5-
1.0 mg/dl (44.2-88.4 pumol/l) after administration of ACE/
ARB) (13, 14).

The following screening tests are performed in these
patients for the diagnosis of renovascular hypertension:
plasma-renin activity (PRA), Captopril test and Color
Doppler ultrasonography of the renal artery (CDU) (13,
14). Low levels of plasma renin activity (PRA < 0.65 ng/
ml/h) with hypokalemia (K*< 3.5 mmol/l) indicate the
primary aldosteronism. Moderate levels of plasma renin
(PRA = 0.65 to 3.2 ng/ml/h) require a conduction of tests
for the confirmation of renovascular hypertension (CT an-
giography, MR angiography). Plasma-renin activity (PRA)
> 3.2 ng/ml/h indicates a high probability of the existence
of renovascular hypertension and requires direct renova-
sography (13, 14).

The most sensitive test for the detection of renovascu-
lar hypertension is the Captopril test. Two to three weeks
prior to testing, medicines affecting the PRA should be
discontinued (angiotensin-converting-enzyme block-
ers 1, angiotensin 2 receptor blockers, beta blockers, di-
rect renin blocker). Alpha 1-blockers (doxazosin) have
no influence on the rennin concentration in plasma and
plasma-renin activity. The patient needs to rest at least 30
minutes before sampling. A blood sample for the deter-
mination of the plasma-renin activity is taken 30 minutes
before and 60 minutes after the administration of Capto-
pril tablets at a dose of 25-50 mg. The test is positive if
the stimulated plasma-renin activity is > 12 ng/ml/h or
if the absolute increase of plasma-renin activity is > 10
ng/ml/h (13, 14). A Color Doppler ultrasonography of
the renal arteries is performed in all patients with mod-
erate or high probability for renovascular hypertension,
in which the plasma-renin activity is > 1.6 ng/ml/h (15-
17). The Direct Doppler criteria for renovascular hyper-
tension includes the following: peak systolic blood flow

velocity (VmaxS) > 180 cm/s, end-diastolic flow velocity
(VendD) > 50 cm/s, reno-aortic index (RAR) > 3.5 and
reno-renal index (RRR) > 4.0 (14-16). The indirect Dop-
pler criteria for renovascular hypertension include: loss
of early systolic peak (ESP), resistance index (RI) < 0.45,
acceleration time (AT) > 70 ms, acceleration (Acc) < 300
cm/s?, the difference in resistance index (ARI) > 0.05 (>
5%), the peak systolic velocity measured from the blood
flow curve through interlobar arteries < 15 cm/s and the
ratio of peak systolic velocity measured from the blood
flow through the interlobar arteries of both kidneys (RIR)
> 5 (renal interlobar ratio - RIR) (15-18).

If one of the screening tests for renovascular hyper-
tension is positive, tests to confirm renovascular hyper-
tension (computed tomographic angiography (CTA) or
magnetic resonance angiography (MRA) or conventional
digital subtraction angiography (DSA)) will be performed
(14). These diagnostic methods require the use of a con-
trast agent (CTA, DSA) and gadolinium (MRA), and they
are not indicated in patients with a glomerular filtration
rate of less than 30 ml/min/1.73 m? due to the risk of con-
trast nephropathy (CN) and nephrogenic systemic fibrosis
(NSF) (19, 20). Digital subtraction angiography is the gold
standard for the diagnosis of renovascular hypertension.
It offers the possibility of the direct assessment of haemo-
dynamic significance of renal artery stenosis [peak systolic
translesion pressure gradient (AP) > 20 mmHg, the ratio of
pressure in the distal renal artery (Pd) and the aorta (Pa) is
less than 0.9 (Pd/Pa < 0.9)] (21).

When patients are diagnosed with renovascular hyper-
tension, lateralization tests are applied for assessing the
response after renal artery revascularization. The higher
the degree of lateralization, the greater the likelihood of
optimal blood pressure control and prevention of the pro-
gression of ischaemic nephropathy after renal artery re-
vascularization (13, 14). The lateralization tests include a
ratio of plasma-renin activity in both renal veins, Captopril
scintigraphy and resistance index measured from the flow
curve through intrarenal arterial segments (CDU) (13, 14).
A ratio of plasma-renin activity from the renal vein steno-
sis of the renal artery and renal vein without renal artery
stenosis greater than 1.5 indicates a good response after
revascularization (lateralization of plasma-renin activity
indicates haemodynamically significant stenosis) (13, 14).
Captopril scintigraphy is used for the diagnosis of reno-
vascular hypertension and for assessing the functionality
of stenosis (positive lateralization). Firstly, dynamic renal
scintigraphy without Captoprilis is performed in patients
(**™Tc-DTPA - diethylene triamine pentaacetic acid), and
the next day, renal scintigraphy is performed after taking
Captopril, per os, at a dose of 25-50 mg. The finding is
positive if the decline in glomerular filtration rate (GFR)
of the affected kidney (*™Tc-DTPA) is > 10% (13, 14). Posi-
tive Captopril scintigraphy (positive lateralization test)
indicates a positive response after revascularization (opti-
mal control of blood pressure, prevention of loss of kidney
function) (13, 14).
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In patients with stenosis of one renal artery, angioten-
sin-converting-enzyme blockers 1 and or angiotensin 2
receptor blockers are applied, with appropriate monitor-
ing (serum creatinine concentration) (22). The application
of these medicines is contraindicated if there is a stenosis
of both renal arteries, due to the high risk of developing
acute kidney damage (23-26). The indications for renal ar-
tery revascularization (angioplasty with or without stent-
ing, surgical by-pass) include: renal artery stenosis > 50%
(systolic pressure gradient AP > 20 mmHg and the ratio
of Pd/Pa < 0.9 indicate haemodynamically significant ste-
nosis > 60%), resistant hypertension, loss of renal function
after administration of angiotensin-converting-enzyme
blockers 1 (ACEI) and or angiotensin 2 receptor blockers
(ARB) (reduction of GFR > 30% compared with the value
before applying ACEI/ARB, an increase in serum creati-
nine concentration of 0.5 - 1.0 mg/dl (44.2 to 88.4 pmol/l)
after administration of ACEI/ARB), and recurrent “flash
pulmonary oedema” associated with bilateral renal artery
stenosis (23-26). The contraindications for renal artery re-
vascularization include the following: longitudinal diame-
ter of the affected kidney less than 8.0 cm, resistance index
measured from the blood flow curve through the segmen-
tal arteries (RI) > 0.8, chronic kidney disease (GFR < 30 ml/
min/1.73 m?) and negative Captopril scintigraphy (absence
of lateralization) (23-26).

Primary Hyperaldosteronism

Primary aldosteronism is the most common form of
secondary hypertension. The main causes of the devel-
opment of primary aldosteronism are adrenal gland ad-
enoma, which secretes aldosterone, and idiopathic bilat-
eral adrenal gland hyperplasia (27-29). The prevalence
of primary aldosteronism in the patient population with
hypertension is 3.5% (27-29). Screening for primary aldo-
steronism should be performed in patients with: resistant
hypertension, moderate or severe hypertension, hyperten-
sion and hypokalemia, hypertension that is complicated by
cerebrovascular events in patients younger than 40 years
and patients with hypertension and swellings (27-29).

The determining of the plasma aldosterone concentra-
tion (PAC: ng/dl) and plasma renin activity (PRA: ng/ml/h)
and the measurement of the plasma aldosterone concen-
tration (PAC) will be conducted as the screening test for
the diagnosis of primary aldosteronism (27-29). The con-
duction of the test requires the adequate preparation of pa-
tients: two weeks before the test patients must discontinue
antihypertensive medicines that affect the renin and aldo-
sterone concentrations in plasma (angiotensin-converting-
enzyme blockers 1, angiotensin 2 receptor blockers, beta
blockers, direct renin blockers), and spironolactone should
be discontinued for at least two months before blood sam-
pling for screening tests (27-29). Alpha-1-blockers (doxa-
zosin), hydralazine, and calcium channel blockers (vera-
pamil) have the least impact on the concentration of renin
and aldosterone in the plasma (27-29). If the ratio of PAC/

PRA is > 20 and plasma aldosterone concentration is > 15
ng/dL (> 416 pmol/l), the test is positive (27-29).

Tests to confirm (confirmatory testing) primary aldo-
steronism should be performed in patients with positive
screening tests, such as the per os sodium suppression test,
IV infusion sodium suppression test and Captopril sup-
pression test (27-29). The first test involves the per os use
of NaCl (in addition to the normal intake of sodium of 9.0
g NaCl/24-hours, an additional 3 x 2.0 g of NaCl/24-hours
are applied, over the course of three days) and measure-
ment of the aldosterone and sodium concentration in the
urine on the fourth day. The test is positive if the aldoste-
rone concentration (aldosterone-18-glucoronide) in the
urine is > 12pg/24 h (> 33.3 nmol/24 h) with the sodium
concentration in urine being > 200 mmol/24 h. If tetra-
hydroaldosterone is determined, the test is positive if the
concentration in urine is > 70 pg/24 h (27-29). In the IV
infusion sodium suppression test, the plasma aldosterone
concentration is determined before and after the IV infu-
sion of 2,000 ml of 0.9% NaCl solution. An IV infusion is
administered in the period from 8-12 am (contraindica-
tions for IV infusion: heart weakness, history of myocar-
dial infarction, severe and poorly controlled hypertension),
the blood sample is taken at 8 am and 12 am, and the blood
sample testing will determine the concentration of aldo-
sterone, renin and cortisol in the plasma. In patients with
no autonomous secretion of aldosterone, the infusion of
0.9% NaCl solution blocks the secretion of aldosterone.
Normal suppression is defined as the plasma concentra-
tion of aldosterone < 10 ng/dl (< 277 pmol/l). If the plasma
aldosterone concentration, after IV infusion of 0.9% NaCl
solution over the course of 4 h, is greater than 10 ng/dL (>
277 pmol/l), the test is positive (confirms the diagnosis of
primary aldosteronism) (27-29). In the Captopril suppres-
sion test (CST), the aldosterone concentration in serum is
measured prior to and two hours after the administration
of Captopril in a dose of 25 mg. The test is positive if the
aldosterone concentration in the serum is (PAC) > 15 ng/
dl (> 416 pmol/l) (27-29).

If the screening test and confirmatory testing for pri-
mary aldosteronism are positive, tests for differential di-
agnosis of primary aldosteronism are applied: a display of
adrenal glands (adrenal computed tomography (CT) or
nuclear magnetic resonance (NMR)), as well as tests for
the assessment of lateralization (concentration of aldoste-
rone in the blood sample from the adrenal vein). Adrenal
vein catheterization is conducted in centres that perform
at least 10 catheterizations within one year. A sample of
blood from the right and left adrenal vein and vena cava
inferior is taken. In all the blood samples, the concentra-
tion of aldosterone and cortisol is determined. The selec-
tivity index (SI) is the ratio of the concentration of corti-
sol in the blood sample from the adrenal vein (Ca) and a
blood sample from the vena cava inferior (Cvci) (Ca/Cvci).
A selectivity index > 2 represents a good position of the
catheter (catheterization of adrenal veins) (27-29). The lat-
eralization index represents the ratio of aldosterone and
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cortisol in both adrenal veins ((A/Cd)/A/Cl)). A lateral-
ization index > 4.0 indicates the existence of a unilateral
adrenal gland adenoma, which increased the secretion of
aldosterone. In idiopathic hyperaldosteronism (bilateral
hyperplasia), the aldosterone/cortisol ratio from the adre-
nal veins is not higher than the ratio of aldosterone/corti-
sol from the vena cava inferior sample (27-29).

In patients with adrenal gland adenoma (positive later-
alization test), the unilateral laparoscopic adrenalectomy
is performed, and in patients with idiopathic bilateral hy-
perplasia, medicine therapy is administered (mineral corti-
coid receptor antagonists: spironolactone and eplerenone)
(27-29). Before operative treatment, spironolactone is ad-
ministered in a dose of 50-100 mg/day for four weeks, and
postoperatively, fludrocortisone is often applied in a dose
of 50-100 pg/day (28). Spironolactone is administered for
the treatment of bilateral adrenal hyperplasia, at a dose of
12.5-25 mg/day, and the dose is gradually increased up to a
dose of 100 mg/day. A dose of spironolactone greater than
100 mg/day is associated with side effects, such as: gynae-
comastia, loss of libido, erectile dysfunction in men and
disorder of cyclic menses in a woman. Regular monitoring
of patients includes an assessment of renal function and
potassium in serum (28). The alternative is the spirono-
lactone is eplerenone, which is administered at a dose of
50-100 mg/day. In case of failure to achieve optimal con-
trol of blood pressure (targeted blood pressure of less than
140/90 mmHg) and hygienic-dietary regime (restriction of
salt intake: < 2.0 g/day NaCl), potassium-sparing diuretics
(amiloride or triamterene) or calcium channel blockers are
administered (29).

Pheochromocytoma

Pheochromocytoma is a tumour made up of chromaf-
fin cells of the adrenal marrow, which have the ability to
produce and secrete catecholamines (29, 30). It is also re-
ferred to as the intra-adrenal paraganglioma (intraglandu-
lary paraganglioma), unlike extra-adrenal sympathetic and
parasympathetic paraganglioma (extra-glandular paragan-
glioma) (29, 30). The prevalence of pheochromocytoma in
hypertensive patients is 0.1-0.5%. Due to the paroxysmal
release and increased catecholamine concentration in the
serum, the clinical picture is characterized by the “5P”s:
paroxysmal hypertension, palpitation, increased perspira-
tion, paleness and pulsating headache (29, 30). Paroxysmal
hypertension may occur spontaneously or after physi-
cal exertion, after administration of certain medicines
(B-blockers, metoclopramide, glucagon, ACTH) or as a re-
sult of an increase of the intra-abdominal pressure (29, 30).

Screening for pheochromocytoma should be per-
formed in patients with resistant hypertension, a charac-
teristic clinical picture (“5P”), hypertension after adminis-
tration of B-blockers (paradoxical increase in arterial blood
pressure after administration of B-blockers), hypertension
while using antidepressants, as well as in patients with a
jump in blood pressure during anaesthesia, surgery or

angiographic procedures, patients with a family history
of pheochromocytoma, and in patients with a history of
genetic syndromes that are known to be associated with
pheochromocytoma (multiple endocrine neoplasia type 2
(MEN 2), von Hippel Lindau syndrome (VHL syndrome)
and neurofibromatosis type 1) (29, 30).

There are two screening tests available: the determina-
tion of the concentration of metanephrines and normeta-
nephrines in the plasma and the 24-hour urine sample.
Before performing the screening test, it is necessary to
discontinue treatment with certain medicines (antidepres-
sants, beta blockers, amphetamines, levodopa, phenoxy-
benzamine) and stimulants (alcohol, nicotine, caffeine).
A concentration of metanephrines >0.31 nmol/l and
normetanephrines >0.61 nmol/l in the plasma suggests
an increased catecholamine secretion. A concentration
of metanephrines >0.7umol/24 h and normetanephrines
>1.7umol/24 h in the urine confirms the existence of pheo-
chromocytoma (29, 30).

If one of the screening tests is positive, the following
confirmatory testing is performed to verify the pheochro-
mocytoma: clonidine suppression test and chromogranin
concentration in plasma. The clonidine suppression test is
performed by measuring the concentrations of catechol-
amines and metanephrines in the plasma before and 180
minutes after the administration of clonidine (clonidine
per os, at a dose of 300 pg). The test is positive if the con-
centration of noradrenaline in the plasma is reduced by
less than 50% or the normetanephrine concentration in
the plasma by less than 40% (maintaining increased con-
centrations of noradrenaline and normetanephrine in the
plasma after the administration of clonidine) (29, 30). A
chromogranin plasma concentration > 270 ng/ml con-
firms the diagnosis of pheochromocytoma (29). Once the
diagnosis of pheochromocytoma is confirmed, tests for
the differential diagnosis of pheochromocytoma are con-
ducted. Distinguishing unilateral from bilateral disease is
achieved by a combination of techniques of display/visu-
alization (computerized tomography (CT) or nuclear mag-
netic resonance (NMR) of adrenal glands, MIBG scintigra-
phy of adrenal glands (**’I or 3'I-metaiodbenzylguanidine)
and PET scans of adrenal glands (fluorodopamine PET)).
Pheochromocytoma is 3-6 c¢cm in size and usually local-
ized in the marrow of adrenal glands (80%). If the pheo-
chromocytoma is greater than 5.0 cm, it is the malignant
form of pheochromocytoma. MIBG scintigraphy is used
to distinguish intra-adrenal (core of adrenal gland) from
extra-glandular pheochromocytoma (paraganglioma) (29,
30). The radiological diagnosis of the abdomen, chest and
neck should be performed to detect extra-adrenal pheo-
chromocytoma. If MIBG scintigraphy is negative, and the
suspected pheochromocytoma presence is big, a fluorodo-
pamine PET scan should be conducted (29, 30).

Treatment is surgical and requires appropriate pre-
operative preparation. a-Adrenoceptor antagonists (doxa-
zosin, o, blocker) are applied 7-14 days prior to surgery to
block effects of suddenly liberated catecholamines (pre-
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venting the development of hypertensive crisis and car-
diac rhythm disorders) (29-31). Treatment begins with
the administration of phenoxybenzamine at a dose of 10
mg twice a day, with a gradual increase in the dose of 10-
20 mg/day, every two to three days (total dose is approxi-
mately 1.0 mg/kg/day) (30, 31). In patients with tachycar-
dia, beta blockers can be administered only after the alpha
blockers. Atenolol is administered in a dose of 12.5-25 mg,
twice a day, or metoprolol is administered in a dose of 25-
50 mg, two to three times a day (30, 31).

Cushing’s Syndrome

Cushing’s syndrome is characterized by many symp-
toms and signs, which have been caused by increased con-
centrations of cortisol in the body tissue (purple stretch
marks, plethoric appearance of the face, weakness of the
proximal muscles, spontaneous bruising, unexplained
osteoporosis, hypertension) (32-35). Depending on the
aetiology, Cushing’s syndrome can be distinguished into
several types: one dependent of the adrenocorticotropic
hormone (ACTH) (pituitary adenoma that secretes ACTH
(Cushing’s disease)) and the syndrome of ectopic secre-
tion of ACTH (neuroendocrine tumours (bronchial car-
cinoids)), and Cushing’s syndrome independent of ACTH
(adenoma or cancer of the adrenal gland, adrenal hyper-
plasia) (32-35). The prevalence of Cushing’s syndrome in
patients with hypertension is 0.5-1.0%. The mechanisms
for hypertension in patients with Cushing’s syndrome are
multiple and include the following: mineralocorticosteroid
activity of cortisol, activation of the renin-angiotensin-al-
dosterone system, increased reactivity to the vasoconstric-
tor effect (angiotensin 2, catecholamines, vasopressin), and
reduced activity of the vasodilatory system (NO synthase,
prostacyclin, kallikrein-kinin system) (32-35).

Testing for Cushing’s syndrome is indicated in patients
with the following factors: a typical clinical picture (hy-
pertension and osteoporosis that are not in accordance
with the age of patients) and resistant hypertension. Treat-
ment for the iatrogenic Cushing’s syndrome and medicines
that affect the metabolism of dexamethasone and cortisol
(phenytoin, phenobarbital, carbamazepine, rifampin, pio-
glitazone, diltiazem and cimetidine, fenofibrate, synthetic
glucocorticoids) should be discontinued before the screen-
ing test (33-35).

For initial testing of patients with Cushing’s syndrome,
one of the following tests is recommended: the concentra-
tion of free cortisol in a 24-hour urine sample (UFC) (at
least two measurements), the concentration of cortisol in
saliva samples at night (11-12 pm) (two measurements),
a night dexamethasone suppression test with 1.0 mg of
dexamethasone and a prolonged low-dose dexamethasone
suppression test (dexamethasone suppression test (LDDST):
2.0 mg/day, for 48 h) (32-35). A concentration of free corti-
sol levels in the 24-hour urine sample > 250 pg/24 h points
to Cushing’s syndrome. The night dexamethasone test is
performed by having the patient take 1.0 mg of dexametha-

sone per os, at night between 11 pm and midnight, and then a
blood sample is taken in the morning between 8 am and 9 am.
A serum cortisol concentration greater than 1.8 pg/dl (>
50 nmol/l) indicates a positive test (Cushing’s syndrome).
Cushing’s syndrome is indicated by a concentration of cor-
tisol in a saliva specimen (11-12 pm) greater than 145 ng/dl
(> 4 nmol/l) (32-34). Most endocrinologists recommended
the low-dose dexamethasone suppression test (LDDST
test: 0.5 mg/6 h/day, 48 h) for the screening test. The test
is performed in such a way that the patient is taking dexa-
methasone in a dose of 0.5 mg every 6 hours (9 am, 3 pm, 9
pm, 3 am). Serum cortisol concentration is determined at
9 am (6 h after the last dose of dexamethasone). The test
is positive if the concentration of serum cortisol levels is
greater than 1.8 pg/dl (> 50 nmol/l) (33-35).

In patients with one positive screening test, testing to
confirm Cushing’s syndrome is performed. These tests in-
clude the low-dose suppression test (LDDST: 2.0 mg/day,
48 h) in combination with a corticotrophin releasing factor
(corticotrophin releasing hormone-CRH) (LDDST-CRH
test). The test is performed in such a way that 2 hours after
the last dose of dexamethasone, CRH is administered in a
dose of 1.0 pg/kg IV, and cortisol levels are measured after
15 minutes. The test is positive if the concentration of se-
rum cortisol levels, 15 minutes after CRH administration,
is greater than 1.4 ug/dl (>38 nmol/l) (33-35).

In patients who are diagnosed with Cushing’s syn-
drome, tests are performed to diagnose subtypes of Cush-
ing’s syndrome (ACTH dependant Cushing’s syndrome,
ACTH independent Cushing’s syndrome). Determining
the ACTH concentration in the plasma is used for differen-
tial diagnosis of Cushing’s syndrome. ACTH concentration
in plasma of less than 5.0 pg/ml (< 1.1 pmol/l) points to the
Cushing’s syndrome that is ACTH independent (Cushing’s
syndrome dependent on the adrenal glands; non-pituitary
form of Cushing’s syndrome). Increased production and
release of cortisol from the adenoma/carcinoma of the
adrenal gland (increased concentration of serum cortisol)
and a negative feedback mechanism reduce the formation
and secretion of CRH from the hypothalamus and pitu-
itary ACTH (reduced release of ACTH resulting in atro-
phy of the adrenal gland). If the ACTH concentration in
the serum is greater than 20 pg/ml (> 4.4 pmol/l), it implies
a diagnosis of ACTH dependent Cushing’s syndrome (pi-
tuitary tumour, ectopic tumour). A CRH stimulation test
should be performed for the patients in whom the ACTH
concentration in serum is between 5-20 pg/ml (1.1 to 4.4
pmol/l). The test is positive if the ACTH concentration in
serum, after a CRH stimulation, is less than 30 pg/ml (< 6.6
pmol/l) (34, 35).

After the confirmation of ACTH independent Cush-
ing’s syndrome (ACTH decreased concentration in se-
rum), it is necessary to perform a CT or NMR of the ad-
renal glands (to determine the location of adrenal hyper
secretion of cortisol). A CT or NMR of the endocranium
(pituitary) and blood sampling from the pituitary gland
vein (pituitary vein) are used for differential diagnosis of
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the pituitary from non-pituitary (ectopic) ACTH secre-
tion. In clinical practice, venous blood to determine the
ACTH concentration is taken from the petrosal sinus (IPS
- inferior petrosal sinus) simultaneously from both sides.
Blood from the anterior pituitary gland is directly flowing
in these sinuses. For simultaneous evaluation of ACTH
in systemic circulation, the venous blood sample is taken
from the inferior vena cava (IVC). A significant ACTH gra-
dient (IPS/IVC ratio > 2.0) indicates the secretion of ACTH
from the pituitary gland adenoma (Cushing’s disease). If
the ACTH gradient is not important, ACTH is ectopically
secreted (not from the pituitary gland) (34, 35). Analysing
the results of endocrine diagnostic tests will provide accu-
rate diagnosis of Cushing’s syndrome.

Treatment is surgical and with medicines. Transsphe-
noidal pituitary surgery (removal of pituitary corticotropic
adenoma) is indicated in patients who are diagnosed with
Cushing’s disease. If an adrenal gland tumour (adenoma/
carcinoma) is diagnosed, the unilateral laparoscopic ad-
renalectomy will be performed. Before surgical interven-
tion, the administration of glucocorticoids is indicated for
the prevention of sudden death due to secondary adrenal
insufficiency (cortisol concentration increased, through
a negative feedback mechanism, leads to atrophy of the
contralateral adrenal gland) (34-36). In addition to surgi-
cal treatment, it is important to administer medicines that
block the production of ACTH in the pituitary gland (pa-
sireotide is a somatostatin analogue, to block the release of
ACTH from the cells of pituitary adenomas), the creation
of cortisol in the adrenal gland, and the effects of cortisol
in the peripheral tissues (mifepristone is a receptor antag-
onist for glucocorticosteroids, and it has a higher affinity
for the glucocorticosteroid receptor in relation to cortisol)
(34-36).

CONCLUSION

Early diagnosis of secondary hypertension and a timely
implementation of appropriate therapeutic procedures will
ensure the optimum control of arterial blood pressure and
prevent the development of cardiovascular morbidity and
mortality in the patient population with hypertension.
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