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Primarni hyperaldosteronismus (PA

= autonomni sekrece aldosteronu kurou nadledviny (uni- a bilateralni
etiolologie) ’ |

Primary aldosteronism

Signs and symptoms Diagnosis

+ Aldosterone-renin ratio (ARR)

» Confirmatory tests (e.g. saline
suppression test)

» Adrenal vein sampling or
functional imaging

+» Genetic testing

* Mostly asymptomatic

« Spontaneous or diuretic-
provoked hypokalaemia

. AF Pathophysiology

« Disproportionate HMOD

» Aldosterone-producing
adenoma

+ Bilateral hyperplasia

* Muscle weakness and tetany o— .
* Familial forms due to

germline mutations

« Adrenal incidentaloma —— Treatment

» Medical: mineralocorticoid

« Family history of primary receptor antagonists
aldosteronism, early onset » Surgical: unilateral
hypertension and/or stroke adrenalectomy

\ @ESC—
McEvoy JW et al. Eur Heart J 2024;45:3912-4018.
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PA a nahla smrt

Finska studie u 403 u pacientl s nahlou smrti — 258 s kardidlni a 144 s nekardialni (trauma, intoxikace, sebevrazda) etiologii
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PA a kardiovaskularni mortalita

- data ze Svédského zdravotniho registru (2419 pacientt -
s PA mezi 1197-2019) 051

v . s v

- neléceni maji 2,5x vyssi riziko umrti nez kontroly

0.6

0.41

Survival probability

Table 2. All-Cause and Cause-Specific Mortality in Patients With PA and Controls Matched for Age,

Gender, and County of Residence = PA patients without treatment

0.24 PA patients treated with MRA

No. (%) of No. (%) of deaths | Model 1, HR Model 2, HR PA patients treated with adrenalectomy
Outcome deaths in PA in controls (95% CI)* P (95% CD+ Pvalue 0o
All-cause mortality 346 (14.3) 2736 (11.3) 1.36 (1.21-1.52) | <0.0001 | 1.23 (1.10-1.38) | 0.0004 S z o e
Cause-specific mortality+ Time in years
Cardiovascular death 134 (5.5) 851 (3.5) 1.71 (1.43-2.05) | <0.0001 | 1.57 (1.30-1.89) | <0.0001 1.01 ——
Coronary heart disease | 49 (2.0) 368 (1.5) 1.43 (1.06-1.92) | 0.0199 1.27 (0.93-1.72) | 0.1334
Stroke 23 (1.0) 118 (0.5) 2.14 (1.37-3.35) | 0.0008 1.85 (1.16-2.93) | 0.0094 08
Other 212 (8.8) 1885 (7.8) 1.20 (1.04-1.38) 0.0121 1.08 (0.94-1.25) 0.2858 g‘
HR indicates hazard ratio; and PA, primary aldosteronism. § 0.6
‘Results after adjustments for age and sex. g_
tResults after adjustments for age, sex, education, country of birth, income, marital status, and diabetes at baseline. =
+Categorization based on the International Classification of Diseases (ICD-10) in the Cause of Death Register: cardiovascular death (110- § 0.44
199), coronary heart disease (120-125), and stroke (161-164). UE)
= PA palients treated with low dose MRA
0.2 Controls (to PA patients treated with low dose MRA)
. . ~= PA patients treated with high dose MRA
Gkaniatsa E, et al. Hypertension 2023,;80:2601-2610. Controls (to PA patients treated with high dose MRA)
0.0

Time in years



PA a kardiovaskularni morbidita

a ICHS b CMP
N i 95% 0 W(?’/gm iy with 2;/0 cl W(t‘e’;og)ht
Takeda etigl, 198> | 9491 013, 49 4.5 Takeda et al, 1995 — 212[ 1.03, 4.35] 6.81
Milliez et al, 2005 ———=———647[ 152, 27.50] 347 M2 ek sl 2606 416[ 202, 857 674
Catena et al, 2008 . I 2.80[ 1.24, 6.31] 895
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Mulatero et al, 2013 — 0.84[ 0.36, 1.95] 845 Mulatero et al, 2013 —_— 2.23[ 1.24, 4.03] 10.10
Savard et al. 2013 B 2.37[ 1.58, 3.55] 19.82 Monticone et al, 2017 . ————— 1.85[ 0.78, 4.40] 468
Monticone et al, 2017 — 3.44[ 1.15, 10.31] 5.59 Murat et al, 2017 il 248 1.40, 4.39] 10.83
Murat et al, 2017 — 150 0.54, 4.18] 6.26 Hundemer et al, 2018 E = 2.38[ 1.83, 3.09] 51.99
Hundemer et al, 2018 E 3 1.81[ 1.39, 2.36] 2552 Ohno et al, 2018 2.98[ 1.15, 7.69] 3.91
Ohnio et s, 2018 SR 099, 2k R Rossi et al, 2018 3.66[ 0.93, 14.35] 1.88
Rossi et al, 2018 —_— 2.13[ 0.70, 6.50] 5.45
_—— P 5081 144, 250 Overall 2 2 2 R4 250 2.08, 3.02]
Heterogeneity: 1° = 0.06, I = 33.27%, H’ = 1.50 Heterogeneity: 1" = 0.00, I" = 0.00%, H" = 1.00
Test of 8, = 8;: Q(10) = 17.79, p = 0.06 Test of 8 = 6;: Q(8) = 4.30, p = 0.83
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Mulatero et al, 2013 —_—— 3.01[ 0.42, 21.54] 4.41 Mulatero et al, 2013 — 225[ 1.02, 4.96] 12.51
Savard et al, 2013 —— 344 1.75, 6.76] 20.81 Rossi et al, 2013 - 10.13[ 1.30, 78.95]  3.48
Monticone et al, 2017 3.16[ 0.15, 66.41] 1.96 SERELetal 2013 —— S2[ LA, 759 1are
Murat et al, 2017 - 172[ 055, 538] 10.84 Monticone et al, 2017 - om 413[ 152, 11.24] 9.84

Murat et al, 2017 . 1.14[ 046, 2.82] 10.95

Hundemer et al, 2018 i
Ohno et al, 2018

1.61[ 1.17, 2.22] 33.80
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Heterogeneity: 1° = 0.12, I = 35.69%, H’ = 1.56 Overall > 3.17[ 2.09, 4.80]
Testof 8 = 6: Q(7) = 8.89, p = 0.26 Heterogeneity: T = 0.20, I’ = 54.65%, H’ = 2.21
Testof 6 =0:z=3.24, p = 0.00 ] | i ‘ ‘ Test of 8, = 6;: Q(9) = 19.63, p = 0.02

1/4 1 4 16 64 Testof 8 =0:z=5.43, p=0.00
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Huang M, et al. Curr Probl Cardiol 2024,;49:102791.
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Prevalence PA |

Variable Category Prevalence (95% CI) Number of Studies Sample Size P, value I Pggger value

Total 9.4%(8.3%-10.5%) 42 52741 <0.001 97.1% <0.001

Gender Male 10.0% (8.1%-12.0%) 27 7446 <0.001 89.3% 0.03
Female 8.2%(6.7%-9.7%) 27 7369 <0.001 82.3% 0.01

Study location Americas 9.7%(7.0%-12.5%) 9 8462 <0.001 93.4% 0.01
South-East Asia 17.8%(12.5%-23.1%) 1 202
Europe 9.6%(7.9%-11.3%) 22 27617 <0.001 96.7% 0.01
Western Pacific 7.9%(6.2%-9.7%) 10 16460 <0.001 94.4% 0.01

Economic level High income countries 9.9%(8.5%-11.2%) 33 41144 <0.001 96.2% <0.001
Upper middle-income countries 6.8%(4.5%-9.0%) 8 11395 <0.001 93.7% 0.02
Lower middle-income countries 17.8%(12.5%-23.1%) 1 202

Year published Before 2005 9.5%(7.8%-11.1%) 14 17796 <0.001 92.9% <0.001
2005-2009 8.5%(5.3%-11.7%) 8 11912 <0.001 97.7% 0.28
2010-2014 10.7%(8.2%-13.2%) 11 6597 <0.001 91.0% 0.03
2015-2019 5.8%(2.5%-9.2%) 3 2163 <0.001 87.6% 0.50
2020-2022 10.1%(7.0%-13.1%) 6 14273 <0.001 97.3% 0.08

Huang M, et al. Curr Probl Cardiol 2024,;49:102791.



Prevalence PA ||

Variable Category Prevalence (95% CI) Number of Studies Sample Size P, value ? Ppgoer value
Simple size 100-500 12.8%(10.0%-15.5%) 25 6120 <0.001 93.5% 0.03
500-999 6.7%(5.5%-8.0%) 2 1523 0.38
1000-4999 7.2%(5.9%-8.5%) 11 19561 <0.001 92.6% 0.27
>5000 5.3%(2.6%-8.0%) 4 25537 <0.001 99.1% 0.16
Study design Cross-sectional study 4.1%(1.9%-6.2%) 3 668 0.17 44.6% 0.91
Retrospective study 8.4%(7.3%-9.6%) 18 31822 <0.001 91.9% <0.001
Prospective study 10.8%(9.0%-12.5%) 21 20251 <0.001 96.2% 0.01
Sample source Primary Care 6.8%(5.0%-8.5%) 9 4684 <0.001 80.8% 0.06
Referral Center 10.0%(8.7%-11.3%) 33 48057 <0.001 96.8% <0.001
Population Hypertension 8.3%(7.1%-9.5%) 28 44536 <0.001 96.4% <0.001
New diagnosed Hypertension 8.7%(5.5%-11.9%) 6 3937 <0.001 92.7% 0.55
Resistant Hypertension 15.4%(11.3%-19.5%) 8 4268 <0.001 92.6% 0.03
Hypertension grade Grade 1 3.1%(1.1%-5.2%) 6 6662 <0.001 92.6% 0.48
Grade 2 7.3% (3.9%-10.7%) 6 2740 <0.001 88.6% 0.15
Grade 3 12.5%(6.7%-18.4%) 6 1695 <0.001 88.8% 0.14

CIl= confidence interval.

Huang M, et al. Curr Probl Cardiol 2024,;49:102791.
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Fig. 2. World map of prevalence of primary aldosteronism by country. For the following countries, data from fewer than 1000 participants
were available: Australia, Brazil, Bulgaria, Czech republic, India, Netherlands, Poland, Spain, Sweden, and UK.

Huang M, et al. Curr Probl Cardiol 2024;49:102791.



PA a hypokalemie
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Co rika ESC a ESH na screening PA?

Consensus Document

Genetics, prevalence, screening and confirmation of
primary aldosteronism: a position statement and
consensus of the Working Group on Endocrine

Hypertension of The European Society of

Hypertension”

Journal of Hypertension 2020, 38:1919-1928

Paolo Mulatero®, Silvia Monticone™', Jaap Deinum®*/, Laurence Amar®’, Aleksander Prejbisz®’,
Maria-Christina Zennaro", Felix Beuschlein™, Gian Paolo Rossil, Tetsuo Nishikawa"
Alberto Morganti', Teresa Maria Seccia/, Yen-Hung Lin™, Francesco Fallo”, and Jiri Widimsky®

hypertenze/hypertenze 3. stupné

Skupina Doporuceni, zda Komentaf
provést screening PA
Rezistentni Ano Prevalence PA stoupa se zavaznosti arterialni hypertenze. U starSich pacientt

s prevazujici 1zolovanou systolickou hypertenzi v§ak screening neni nutny

Hypokalemie (spontanni a Ano Prevalence PA stoupa se zavaznosti hypokalemie: 28% u K'<3,7 mmol/l a skoro

diuretiky indukovand) 90% u K*<2.5 mmol/l

Hypertenze u mladych (<40 let) | Spise ano Nejsou k dispozici data, prokazujici zvySenou prevalenci/benefit plosného
screeningu u mladych pacientu s hypertenzi. Screening podporuje hypokalemie ¢i
zavaznéj§i hypertenze

Incidentalom nadledviny Spise ano Prevalence PA je cca 2-5%. Screening podporuje predevsim zavaznost arterialni
hypertenze nebo hypokalemie.

PA v rodinné anamnéze/¢asna Ano Jen u mladych, prvostupiiovych piibuznych s hypertenzi

CMP

Fibrilace sini Spise ano Vhodny u jinak nevysvétlitelnych fibrilaci sini (bez strukturalniho srde¢niho
onemocnéni nebo jinych pficin jako napf. hyperthyreosa)

Syndrom obstrukéni spankové Ne Duvodem pro screening pro PA by méla byt hypokalemie/zavaznost arterialni

apnoe, obezita hypertenze

Stredné tézka hypertenze Spise ano Jen u hiife kompenzovatelné hypertenze

Lehka arterialni hypertenze Ne Nejsou zatim k dispozici data, ktera by podpofila plosnych screening PA u lehké

hypertenze

CMP, cévni mozkova piihoda, PA, primarni hyperaldosteronismus.

a

Recommendations Class Level®

It is recommended that patients with hypertension
presenting with suggestive signs, symptoms or medical

history of secondary hypertension are appropriately
screened for secondary hypertension,®'%31%31>:323:33
Screening for primary aldosteronism by renin

and aldosterone measurements should be I B
a

considered in all adults with confirmed
hypertension (BP >140/90 mmHg).>13316323:339

2024 ESC Guidelines for the management of
elevated blood pressure and hypertension

Developed by the task force on the management of elevated blood pressure and
hypertension of the European Society of Cardiology (ESC) and endorsed by the
European Society of Endocrinology (ESE) and the European Stroke Organisation (ESO)

Authors/Task Force Members: John William McEvoy @ *1, (Chairperson) (Ireland),
Cian P. McCarthy ©® ¥, (Task Force Co-ordinator) (United States of America),
Rosa Maria Bruno ® ¥, (Task Force Co-ordinator) (France), Sofie Brouwers
(Belgium), Michelle D. Canavan @ (Ireland), Claudio Ceconi @ (Italy),

Ruxandra Maria Christodorescu @ (Romania), Stella S. Daskalopoulou ® (Canada),
Charles ). Ferro ® ' (United Kingdom), Eva Gerdts @ (Norway), Henner Hanssen (
(Switzerland), Julie Harris (United Kingdom), Lucas Lauder

(Switzerland/Germany), Richard ). McManus © (United Kingdom), Gerard J. Molloy
(Ireland), Kazem Rahimi ® (United Kingdom), Vera Regitz-Zagrosek (Germany),
Gian Paolo Rossi @ 2 (Italy), Else Charlotte Sandset ® * (Norway), Bart Scheenaerts
(Belgium), Jan A. Staessen ® (Belgium), Izabella Uchmanowicz @ (Poland),

Maurizio Volterrani ® (Italy), Rhian M. Touyz ® *f, (Chairperson) (Canada),

and ESC Scientific Document Group



Skorovaci systemy ukazujici na pravdepodobnost PA

SToP-PA
Parametr
Pohlavi zena=0; muz=1
Systolicky krevni tlak <135 mmHg=0; 135-164 mmHg=3.5; >165 mmHg=4,5
Body mass index <21 ke/m~=4,5; 21-24,9=2.5; >25=0
Kalemie <3 mmol/I=5; 3-4=3; 4,1=0
Poskozeni cilovych organti pritomné=1; nepiitomné=0
SToP-PA<5 PA nepravdépodobny
SToP-PA>16 PA velmi pravdépodobny

PSS

Vek 30-59.9 let +3
BMI<25 kg/m™ +1
Diabetes mellitus -2
Pocet antihypertenznich léka >3 | +3
Na" >141 mmol/l +2
K™ <3.5 mmol/l +4
PSS<4 PA nepravdépodobny
PSS>9 Miize nahradit konfirmacni test

SToP-PA: Buffolo F et al. Hypertension 2021,;78:1595-1604.
PSS: Kietsiriroje N et al. Clin Endocrinol (Oxf) 2020,92:196-205.
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Hypertenze a hypokalemie
Rezistentni hypertenze

Pacient neprejici s1 dalsi vySetfovani

PA nepravdépodobny - Screening — stanoveni ARR (nesouhlasici s operaci)
I
‘l’ K" +renmn ||| + :
Aldosteron =20ng/dl |
PA nepravdépodobny <€ - Konfirmacni testy | |
I |
A4 \ 4
Konfirmacni test neni Lécba MR antagonisty
— Morfologické vysetfeni nadledvin (CT) <——— nutny
=~ —
S~ ~_
< V pripade souhlasu s operaci
g V pripadée ——a
— —
= — nesouhlasu —~—_
— S operacl nebo Separované odbéry z nadledvinnych zil Vek <35 let + Aldosteron =30 ng/dl + adenom >10 mm +
2 Je operace normalni CT obraz nadledviny na druhé stran¢
= nevhodna ;
- |
Bilateralni Unilateralni |
- v v '
4
Lécba MR antagonisty Lécba laparoskopickou adrenalektomii

ARR (pomér aldosteron/renin) >5,7 (ng/dl/ng/l) nebo 144 (pmol/l/ng/l)



Faktory ovliviujici pomér aldosteron/renin

Parametr Aldosteron Renin ARR Parametr | Aldosteron | Renin | ARR
Antihypertenziva Hodnoty kalemie
B-blokatory J v ™ Hypokalemie J o N
Centrélni a,-agonisté (a-methyldopa) J NN ™ Hyperkalemie 20 PN 0
Centrélni | -agonisté (moxonidin) o > > Pfijem sodiku
Thiazidova/thiazidim podobna a klickova diuretika ™ ™~ J Restrikce sodiku 1 A J
K*-Setfici diurgtikg (blokatory mineralokortikoidniho T S ¢ Nadbytek sodiku J NN ™
receptoru, amilorid) Pokrodily vek . vl 2
ACE-inhibitory + sartany J ™ J -

- — . Dalsi stavy
?J,?;‘;;?;;;jgf:f:ﬁokfy';'l;' ol o1t | el Postizeni ledvin o ¢ 0
Blokatory kalciového kanalu (verapamil) — & &~ Téhotenstvi T T N4
a,-antagonisté PN PEN PAN Renovaskularni hypertenze ™ ™~ J
Ostatni léky Maligni hypertenze ™ O d
Nesteroidnf antirevmatika J I 2 Premenopauzalni zeny (vs. muzi)® L xals ) ™
Hormonalni antikoncepce T J ™~
Drospirenon J b ™ . .., Lo .
Steroidy v ol | on Moznost pouziti moxinidinu vedle verapamilu a
Inhibitory SGLT2 PN N 0 doxazosinu jako léku neinterferujiciho s RAAS — minimalné
SSRI 2N A 3 14 dni, v pfipadé spironolaktonu idedlné 6 tydnu




Pacienti uzivajici medikaci interferujici s RAAS, u kterych muze byt obava z Upravy

medikace
a) Pacient neuzivajici Odbér je mozné provest bez vysazeni medikace. Pokud
betablokator a vyjde normalni ¢1 vyssi hodnota plazmatického reninu,
spironolakton tak je diagnoza PA nepravdépodobna. Naopak
suprimovana hodnota reninu podporuje diagnozu PA.
b) Pacient uzivajici Betablokatory snizuji sekreci reninu, proto zvysena
betablokator hodnota reninu diagnoézu PA vylué¢uje. Musime ale

pocitat s tim, ze muze byt hodnota plazmatického
reninu ¢asto snizena (=talesné pozitivni vysledek
ARR). Proto je nutné pi1 naléhavém podezreni na PA
vysazeni betablokatoru, pokud to klinicka situace

dovoluje.
¢) Pacient uzivajici V tomto pripadé ndlez suprimované hodnoty
spironolakton plazmatického reninu podporuje diagndézu PA. Naopak

normalni hodnota reninu by méla byt ditvodem pro
vysazeni spironolaktonu a zopakovani odbéru
Stanoveni ARR ma smysl jen tehdy, kdyz mame
naléhave podezieni na PA a pacient by souhlasil

s piipadnou operaci.




Priklad stanoveni ARR u pacientky na nizsi davce spironolaktonu s
vysokou pravdepodobnosti PA

» VySetreni pti 1. kontaktu na ambulanci a terapii: Prestance 5/5 1-0-0, Zoxon 2 0-0-1, Verospiron
25 1-0-0
o Na: 143 mmol/l, K: 3,8 mmol/I, Cl: 106 mmol/I, Aldosteron: 282,0 ng/|, Renin (pfimy): 3,28
pg/ml, ALD/REN: 8,60 (ng/dl)/(pg/ml)

* \/ySetreni po upraveé medikace: Zoxon 2 0-0-1 a Kalnormin 1-1-1
o Na: 142 mmol/l, K: 3,0 mmol/I, Cl: 104 mmol/I, Aldosteron vstoje: 360,0 ng/I, Renin vstoje:
<0,32 pg/ml
o Potvrzena lateralizace doleva ve shodé s nalezem adenomu na MR, histologicky potvrzena dg.
aldosteron produkujiciho adenomu)




Pacienti s vyssi pravdéepodobnosti PA, u nichz vsak pri prvnim stanoveni
nebyla zjisténa zvysena hodnota ARR

- Vhodné doplnéni nového kontrolniho odbéru s ohledem na vyraznou variabilitu aldosteronu a to i u pacient( s PA
- Vysetreni je vhodné doplnit i o soucasné stanoveni odpadu K* a Na*
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Ng E et al. J Clin Endocrinol Metab 2023;108:33-41.
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Maciel AAW et al. Clin Endocrinol Metab 2023;108:1143-1153.



Screening PA v [talii mezi jednotlivymi odbornostmi

[6] Which of the following patients, younger than 65 years, do you screen for PA with ARR?

Intermal Medicine il
Cardiology [@
Cthers [

. . . = 4. ;
All patients with hypertension == 5.0135 9
0::&3_& ]*
— 00 2
: JB7.1 ]
*
36.1

Patients with resistant hypertension ﬂ'ﬁm?z.o

Patients with hypertension grade 2

Patients with hypertension grade 3 === 16.0

Patients with hypertension and spontaneous hypokalemia ; : =]
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Patients with hypertension and adrenal incidentaloma =400 7 - ]1

Patients with hypertension and family history of PA S35 1 611
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[8] Which of the folfowing could be useful in increasing the use of the ARR screening fest?

] | 28.6 Internal Medicine 1l
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[7] in your daily practice, what are the obsiacles o the frequent use of the ARR screening test
in a patient with hypertension?

1143 ; Internal Medicine Il
Costs of the exam 5%.0 Cardiology [
i 166.7 Others [7]
Difficulty in the interpretation of the ARR during interfering medications : 160.0
[ 7.2
_ . . ) _ —
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. ) g5
Difficulty to perform a confirmatory test in case of a positive ARR 16.0 78
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j— 130
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[10] Which of the following patients do you test for Pheochromocyioma
with plasma or urinary fractionated metanephrines?

. . . a Internal Mediicine [l Cthers [
All patients with hypertension -EI;ED Cardiclogy [
81.0
Patients with hypertension and tachicardia, sweating and headache 156.0 ' 26 1]4-
. . . . 171.4
Patients with hypertensive crises - I;!Esbo
‘ . . . . - 152.4
Patients with crises induced by steroids, opioids, or beta-blockers 186.0 P ]
. . . L 185.7] 4
Patients with resistant hypertension 40.0 6.4 :I*
Patients with hypertension and adrenal incidentaloma
All patients with adrenal incidentaloma

Answer (%)

Monticone S et al. J Endocrinol Invest 2025.
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* Opominuti diagnézy PA mliZze znamenat zkraceni Zivota/zvyseni mortality
(kardiovaskularni nebo ledvinné). Naopak jeji stanoveni mize znamenat i plné
vyléceni!

 Stale se primlouvam, aby screening PA byl provddén primarné u pacientU s
hypertenzi a hypokalemii (spontanni nebo diuretikem indukovanou) nebo
rezistentni hypertenzi

» Zdkladnim ndstrojem pro screening PA je pomér aldosteron/renin

* ARR je velmi dobre dostupny, ale je nutné si pfi jeho indikaci/hodnoceni
uvedomit faktory, které mohou ovlivnit jeho vysledek

* Pacienty s vysokou pravdépodobnosti PA je vhodné smérovat prfimo de
center, ktera disponuji moznosti provadéni separovanych odbéru
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