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1* Seznam pouzitych zkratek

] * Seznam pouzitych zkratek

ACE - angiotensin konvertujici enzym

ACTH - adrenokortikotropni hormon

AGE - pokrocilé produkty glykace

Al - augmentacni index

APA - aldosteron produkujici adenom

ARR - pomér plazmatického aldosteronu k plazmatické reninové aktivité
AT 1 - angiotensinovy receptor 1

ATPéza - adenosintrifosfataza

BMI - body mass index

CMP - cévni mozkova prihoda

CRP - C reaktivni protein

CT - pocitacova tomografie

DM - diabetes mellitus

ECHO - echokardiografie

EH - esencialni hypertenze

EKG - elektrokardiogram

ESC - Evropska kardiologicka spole¢nost

ESH - Evropska spole¢nost pro hypertenzi
HDL - lipoproteiny o vysoké hustot¢

HT - arterialni hypertenze

ICHS - ischemické choroba srde¢ni

ICAM-1 - intercelularni cytoadhezivni molekula 1
ICHDK - ischemicka choroba dolnich koncetin
IHA - idiopaticky hyperaldosteronismus

IL-6 - interleukin 6

K" - draselny kationt



1 * Seznam pouzitych zkratek

LDL - lipoproteiny s nizkou hustotou

LK - leva komora srdec¢ni

MMP - matrixové metaloproteinazy

MRI - magnetické rezonance

mRNA -, messenger® ribonukleova kyselina
Na'- sodny kationt

NaCl - chlorid sodny

NO - oxid dusnaty

PA - primérni hyperaldosteronismus

PPAR - v - receptory aktivované proliferatory peroxisomt gama
PRA - plazmaticka reninova aktivita

PWA - analyza pulzni viny

PWV - rychlost Sifeni pulzni viny

RAAS - renin-angiotenzin-aldosteronovy systém
TGF beta - transformujici rastovy faktor beta
TK - krevni tlak

TNF alfa - tumor nekrotizujici faktor alfa
VCAM-1 - vaskularni cytoadhezivni molekula 1

WHO - Svétova zdravotnicka organizace
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2 * Abstrakt

Hypertenze je hlavnim rizikovym faktorem rozvoje kardiovaskularnich (KV)
onemocnéni a pacienti s primarnim hyperaldosteronismem (PA) - nejcastéjsi
endokrinni pfi¢inou hypertenze, maji vyssi vyskyt KV chorob. Cilem této prace bylo
zhodnotit metabolické rozdily a vyskyt organovych komplikaci - poSkozeni ledvin, srdce
a cév u pacientl s esencialni hypertenzi (EH), PA a jeho nej¢ast¢jSimi formami -
idiopatickym hyperaldosteronismem pti bilateralni hyperplazii nadledvin (IHA) a
jednostrannym aldosteron produkujicim adenomem (APA). Nalezli jsme vys$$i vyskyt
metabolického syndromu a vyssi vyskyt metabolickych abnormalit u [HA ve srovnani s
APA- vys$§i prevalenci metabolického syndromu, vy$si hladiny triglyceridd a nizsi
hladiny HDL cholesterolu a s tim souvisejici vy$si kardiometabolické riziko. Tento
metabolicky profil pacientli s IHA je podobny nemocnym s EH. Tuhost tepen jsme
hodnotili pomoci rychlosti Sifeni pulzni viny (PWV), u centralnich tepen méfenim
karotido-femoralni PWV, u perifernich tepen femoro-kotnikové PWV. Pacienti s PA
maji pri srovnatelnych hodnotach krevniho tlaku (TK) wvy$8i tuhost centralnich
elastickych i perifernich muskularnich tepen nez pacienti s EH. Hlavnim prediktivnim
faktorem postizeni perifernich tepen je hladina aldosteronu. Pacienti s IHA maji vyS$si
tuhost centralnich tepen a vy$si vyskyt mikroalbuminurie jako ukazatele poSkozeni
ledvin ve srovnani s pacienty s APA. Echokardiografickym zhodnocenim anatomickych
poméru levé srde¢ni komory (LK) u pacienti svolumové zavislou hypertenzi — u
pacientd s PA a nizkoreninovou EH, jsme prokazali vétSi end-systolicky i end-
diastolicky primér LK a vy$8i procento excentrické hypertrofie LK v porovnani s
pacienty s EH se srovnatelnymi hodnotami TK, vékem a pohlavim. NejvyznamnéjSim
faktorem ovliviiujicim remodelaci LK u pacientd s PA je objemové pretiZeni ob&hu
v dasledku nadprodukce aldosteronu. Vysledky naSich praci poukazuji na vyss$i KV a
kardiometabolické riziko u pacientli s PA, zejména u formy IHA. Specificka lécba PA

miuze vést u téchto pacientt k redukci KV komplikaci.

Klicova slova: arterialni hypertenze, primarni hyperaldosteronismus, aldosteron
produkujici adenom, idiopaticky hyperaldosteronismus, metabolicky syndrom, cévni

tuhost, poskozeni cilovych organu
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3 % Abstract

Hypertension is a major risk factor for cardiovascular (CV) disease, and patients with
primary aldosteronism (PA) - the most common endocrine cause of hypertension - have
a higher incidence of CV complications. The aim of this study was to evaluate the
incidence of metabolic differences and organ complications - kidney, heart and blood
vessels damage in patients with essential hypertension (EH), PA and its most common
forms - idiopathic hyperaldosteronism (IHA) and aldosterone-producing adenoma
(APA). We found a higher incidence of metabolic syndrome and a higher incidence of
metabolic abnormalities in IHA compared to APA - higher prevalence of metabolic
syndrome, higher levels of triglycerides and lower levels of HDL cholesterol and
thereby a higher cardiometabolic risk. Metabolic profile of patients with IHA is similar
to EH in contrast to APA. Arterial stiffness was expressed as pulse wave velocity
(PWV), in central arteries as carotid-femoral PWV and at peripheral level as femoral-
ankle PWV. Patients with PA with comparable levels of blood pressure (BP) have
higher stiffness of central elastic and peripheral muscular arteries than patients with
EH. The main predictor of impaired peripheral arterial stiffness is the plasma
aldosterone level. Patients with IHA have higher central arterial stiffness and a higher
incidence of microalbuminuria as a marker of renal impairment compared with
patients with APA. Echocardiographic evaluation of the anatomy of the left ventricle
(LV) in patients with volume dependent hypertension (patients with PA and low-renin
hypertension) showed greater end-systolic and end-diastolic diameter of the LV and a
higher percentage of eccentric LV hypertrophy compared with patients with EH with
comparable values of BP, age and gender. The most important factor influencing left
ventricular remodeling in patients with PA is the volume overload as a result of
aldosterone overproduction. The results of our work demonstrate higher CV and
cardiometabolic risk in patients with PA, especially in patients with IHA. Specific
treatment of PA aimed to decrease mineralocorticoid activity can lead in these patients

to reduction of CV complications.

Keywords: arterial hypertension, primary aldosteronism, aldosterone-producing
adenoma, idiopathic aldosteronism, metabolic syndrome, arterial stiffness, target

organ damage
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4 * Uvod

Kardiovaskularni nemoci jsou nejéastéjsi celosvetovou pri¢inou umrti a hypertenze je
hlavnim rizikovym faktorem rozvoje téchto onemocnéni (Kaplan et al., 2010).

Arteridlni hypertenze je rizikovym faktorem rozvoje ischemické choroby
srde¢ni, srde¢niho selhdni, cévni mozkové prihody, ischemické choroby dolnich
koncetin a renalniho selhani a je asociovana s vyssi incidenci demence (MacMahon et
al., 1990; Walker et al., 1992; Kannel, 1996; Skoog et al., 1996). Prevalence arterialni
hypertenze ve svété se pohybuje mezi 20-50% dospélé populace, v Ceské republice je
prevalence hypertenze okolo 33% (Widimsky et al., 2008) a v USA okolo 29% (Kaplan
et al., 2010). Celosvétove lze vysokému krevnimu tlaku pric¢itat priblizné 54% cévnich
mozkovych prihod, 47% ischemickych chorob srdec¢nich a 25% jinych
kardiovaskularnich onemocnéni (Lawes et al., 2008).

Tato prace se zabyva strukturdlnimi a metabolickymi zmé€nami u esencialni
hypertenze a nejcastéjsi formy sekundarni endokrinni hypertenze - u primarniho
hyperaldosteronismu. Vysledky prace byly publikovany v domacich i zahrani¢nich
Casopisech s impact faktorem a byly prezentovany na ¢eskych i evropskych kongresech

zabyvajicich se problematikou arterialni hypertenze.
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) * Esencidlni hypertenze

3.1 Patogeneze esencidlni hypertenze

Patogeneze esencidlni hypertenze je komplexni, multifaktorialni, podileji se na ni
genetické faktory, faktory zevniho prostredi a poruchy endogennich regulac¢nich
mechanizm? - humoralni, renélni, cévni a metabolické odchylky (Soucek a Kara, 2002;
Widimsky et al., 2008).

Mezi endogenni regula¢ni mechanismy patii centralni a periferni nervovy
systém, baroreceptory, humoralni vasokonstrikéni a vasodilata¢ni latky, elektrolytové
transmembranové transportni mechanismy, renélni exkretorické a endokrinni funkce,
endotel, cévni sténa, porucha glukézové tolerance, inzulinorezistence a diabetes
mellitus (Widimsky et al., 2008).

Sympaticky nervovy systém reguluje zejména kratkodobé zmeény krevniho
tlaku, avSak jeho trvale zvySena aktivita se miiZe podilet na vzniku hypertenze a to nejen
vasokonstrikci, ale také podporou retence sodiku ledvinami, trofickym u¢inkem na cévy
a abnormalitami iontového transportu (Widimsky et al., 2008). Dlouhodobé zvySenou
sympatickou nervovou aktivitu pozorujeme u hypertenze spojené s obezitou,
syndromem spankové apnoe, ¢asnym diabetem 2. typu a prediabetem, chronickym
renalnim selhanim a srdecnim selhanim (Kaplan et al., 2010). Sympaticky nervovy
systém puUsobi pfimo i na uvoliovani reninu a tim se propojuje se systémem renin-
angiotensin - aldosteron (RAAS), ktery je jednim z nejdulezitéjsich regulatort krevniho
tlaku. Produkce jednotlivych komponent RAAS je ovlivnéna fadou mechanizmu. Renin
je produkovan v juxtaglomerularnim aparatu ledvin, ktery je tvoren
juxtaglomerularnimi bunkami v oblasti vas afferens majicich funkci baroreceptort,
bunkami macula densa, které jsou receptorem koncentrace sodiku a chloridovych iont
vledvinach, a mesangialnimi bunkami. Cely juxtaglomerularni aparat je bohaté
zasoben siti postgangliovych vlaken sympatického nervového systému. Po stimulaci
riznymi vlivy - hypotenze, krvaceni, dehydratace, deplece sodiku, drasliku apod. se v
juxtaglomerularnim aparatu uvoliuje renin, ktery dale ridi funkci RAAS, a proto hraje
dulezitou roli v patofyziologii esencialni hypertenze. Dal$imi humoralnimi regula¢nimi

faktory jsou natriuretické peptidy, systém kalikrein-kinin a dalsi (Soucek a Kara, 2002).
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Systémové humorélni plisobky ovliviiuji hemodynamiku, pratok krve tkanémi a
periferni cévni rezistenci, zpusobuji hypertrofii, hyperplazii a remodelaci cévni stény a
spoluptisobi na vzniku endotelové dysfunkce, kterd pak urychluje rozvoj aterosklerdzy a
ICHS (Widimsky et al., 2008).

Na regulaci krevniho tlaku se ledviny vyznamné podileji nejen endokrinni
funkci - produkci reninu a vasoaktivnich latek, ale i svou exkretorickou funkci.
NejrozSiren€jsi teorie o funkci ledvin pfi vzniku esencialni hypertenze poukazuje na
nedostateCnou schopnost ledvin vyluCovat nadmérnou naloz sodiku pfijimanou
vysokosodikovou dietou (He and MacGregor, 2007). Tuto teorii podporuje n¢kolik
studii zaméfenych na prijem soli v potravé u domorodych obyvatel nebo obyvatel
nerozvinutych zemi, kde je celkovy prijem sodiku potravou vyrazn€ niz$i nez ve
vyspé€lych zemich (Kaplan et al., 2010). Tato teorie ma v8ak své nedostatky, protoze
vétSina dospélych lidi ve vyspélych zemich od détstvi pfijima vysokosodikovou potravu
a ve véku 55 let trpi hypertenzi jen ¢ast z nich. Navic se poukazuje nato, Ze lidé mohou
byt sul-senzitivni a stl-rezistentni. Stl-senzitivni hypertenze je povazovana za klasicky
pfipad interakce gend a zevniho prostredi, avSak muze byt i ziskana - pfi zvySené
hmotnosti, pfi nizkém pfijmu drasliku dietou, renalnim poskozeni (Kaplan et al.,
2010).

Ve vzniku a progresi hypertenze hraji st€zejni roli také strukturalni a funkéni
zmény malych i velkych tepen (Kaplan et al., 2010). Vyznamnou ulohu sehrava tloustka
intimy a medie, pomér cévni stény k §iri lumina a funkce cévniho endotelu a hladkého
svalstva cév (Widimsky et al., 2008). U esencialni hypertenze pozorujeme zvySeni
periferni cévni rezistence pri normalnim srde¢nim vydeji a dle Pouiselleova zakona i
malé zmény v priméru cév maji velky vliv na krevni tlak (Kaplan et al., 2010). V tomto
procesu hraji vyznamnou roli kromé cirkulujicich vasopresorickych latek-
katecholaminy, angiotensin II, endotelin atd. - i lokalni pisobky vznikajici v endotelu a
cévni st€n€. Cévni sténa u hypertonika produkuje mén¢ vasorelaxacnich latek a
vykazuje mensi vasodilata¢ni odpovéd (Widimsky et al., 2008)

Z metabolickych zmén pusobi na vznik hypertenze zejména obezita a inzulinova
rezistence. Obezita, predev§im abdomindlni, se podili na vzniku hypertenze radou
mechanizmi, které jsou blize probrany v kapitole 7.2.

Genetické vlivy byly pozorovany ve velkych populacnich studiich na

biologickych a adoptovanych sourozencich a dvojc¢atech a ukazuji, ze 60% rodinné

12
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zatéze vysokého krevniho tlaku je asociovano se spole¢nymi geny a 40% je asociovano
se spole¢nym zevnim prostiedim (Kupper et al., 2005).

Z faktort zevniho prostfedi, se na vzniku hypertenze podileji hlavné vyssi
pfisun sodiku /jak popsano vySe/, nedostatecny prisun drasliku, hof¢iku a vapniku,
nadmérny prfivod kalorii a obezita, nadmérna konzumace alkoholu, nedostatecna
fyzicka aktivita, stres (Soucek a Kara, 2002; Widimsky et al., 2008).

Nizka fyzicka aktivita je spojena s vyS$Simi hodnotami krevniho tlaku (TK) a
vy$8i incidenci hypertenze. Metaanalyza nékolika studii ukazuje, Ze pravidelna
dynamicka zatéz stfedni intenzity vyznamné snizuje hodnoty TK a je u¢inna i v prevenci

hypertenze (Widimsky et al., 2008).

3.2 Klasifikace hypertenze

Podle doporu¢eni ESH/ESC (European Society of Hypertension, European Society of
Cardiology) z roku 2007 a Ceské spole¢nosti pro hypertenzi (CSH) se za hypertenzi v
dospélosti povazuje opakované zvySeni TK > 140/90 mmHg alespon u 2 z 3 méreni TK

pfi minimalné 2 navstévach (Mancia et al., 2007a; Widimsky et al., 2008) - Tabulka 1.

Kategorie Systolicky TK Diastolicky TK
Optimalni TK <120 a <80

Normalni TK 120- 129 a/nebo | 80 — 84

Vysoky normalni TK 130-139 a/nebo | 85 -89
Hypertenze 1. stupné 140 - 159 a/nebo | 90 —99
Hypertenze 2. stupné 160-179 a/nebo | 100 -110
Hypertenze 3. stupné > 180 a/nebo | > 110
[zolovan4 systolicka hypertenze | > 140 a <90

TABULKA 1: DEFINICE A KLASIFIKACE HODNOT TK (PREVZATO Z DOPORUCENI ESH 2007)

Pokud hodnoty systolického a diastolického tlaku spadaji do rozdilnych
kategorii, tak o klasifikaci hypertenze rozhoduje vy$si hodnota TK. Izolovana systolicka
hypertenze ma byt odstupniovana stejné jako systolicko-diastolicka hypertenze. U

hypertenze 3. stupné (t¢zka hypertenze) je indikovano okamzité nasazeni
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farmakologické 1écby, vpfipad€¢ hypertenze 1. a 2. stupné zavisi nacasovani
farmakologické 1écby na stratifikaci kardiovaskularniho rizika (Widimsky et al., 2008).

Systolicky i diastolicky tlak ukazuji nezavisly vztah kriziku vzniku cévni
mozkové prihody nebo akutniho koronarniho syndromu (Lewington et al., 2002). Data
z Framingham Heart Study ukazuji, Ze hodnoty TK vrozmezi 130-139/85-89mmHg
jsou asociované s vice neZz dvojndsobnym relativnim rizikem rozvoje

kardiovaskularnich nemoci nez hodnoty TK pod 120/80mmHg (Vasan et al., 2001).

3.3 Orgdnové komplikace esencidlni hypertenze

S5.3.1 Srdce

Arterialni hypertenze zvySuje o vice nez dvojnasobek riziko symptomatického postiZeni
koronarnich tepen, v¢etn¢ akutniho koronarniho syndromu a nahlé smrti, a o vice nez
trojnasobek riziko srde¢niho selhani (Kannel, 1996). Hypertenze nejcastcji vede
k hypertrofii levé komory srde¢ni (LK), kischémii myokardu a k infarktu myokardu,
toto urychluje systolickou a diastolickou dysfunkci LK a casto spéje az k
rozvoji srde¢niho selhani (Krum and Abraham, 2009).

Hypertrofie LK signifikantné¢ sniZuje koronarni priitokovou rezervu nemoznosti
dostatecné vasodilatace koronarnich tepen a zvySuje kardiovaskularni morbiditu a
mortalitu (Kaplan et al., 2010). Koronarni pritokova rezerva je u hypertonického srdce
snizena i pri normalnim koronarografickém nalezu v diisledku hypertenznich cévnich
zmén, které vedou k zuZeni lumina cév ve prospéch tloustky cévni stény se vznikem
hypertenzni koronarni mikroangiopatie. Na sniZené koronarni rezervé se podili i
prodlouzeni diftzni drahy pro kyslik u hypertrofickych vlaken. Klinickym disledkem
hypertenze a hypertrofie LK jsou néma ischémie, srde¢ni selhani, letalni komorové
arytmie a nahla smrt (Widimsky et al., 2008). Dle echokardiografie se hypertrofie LK
vyskytuje u asi 30% neselektovanych hypertoniki a dokonce az u 90% pacientl
s tézkou arteridlni hypertenzi (Schmieder and Messerli, 2000). Hypertrofie LK je u
pacientu s arteridlni hypertenzi spojena s vysokymi hodnotami predevS§im systolického
TK, a to spiSe shodnotami primeérného 24-hodinového systolického TK nez s
hodnotami kauzalniho TK. Na rozvoji hypertrofie LK se u hypertoniki nepodileji jen
vy$8i hodnoty TK, ale ddlezitou roli hraji také genotyp, polymorfismus genu pro

angiotensin-Il-receptor, systém renin-angiotensin-aldosteron, zvySena sympaticka
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nervova aktivita, privod soli, inzulinova rezistence, alkohol a obezita (Widimsky et al.,
2008; Kaplan et al., 2010). Kromé hypertrofie myocytd dochézi u hypertrofie LK i
k myofibrdoze, kterd vede kdiastolické dysfunkci LK. Angiotensin Il a aldosteron
potlacuji aktivitu kolagenaz a tim dochazi khromadéni kolagenu v intersticiu
myokardu (Widimsky et al., 2008). Nejjednodussi diagnostickou metodou hypertrofie
LK je EKG ( Sokolow-Lyontv index, Cornelliv index), avSak jeho senzitivita se
pohybuje jen okolo 25-50% a specificita je asi 75%. VySS§i specificitu a senzitivitu ma
echokardiografické vySetfeni (Widimsky et al., 2008). Hypertrofie LK vede
k diastolické dysfunkci LK, ktera mize progredovat az do diastolického srde¢niho
selhani. Pritomnost diastolické dysfunkce je prediktorem vzniku chronického
srdec¢niho selhani a zvySuje celkovou mortalitu (Redfield et al., 2003; Widimsky et al.,
2008).

U pacientQ sarteridlni hypertenzi je také pozorovan vySsi vyskyt arytmii.
Arteridlni hypertenze patfi mezi nejcastéjsi pri¢iny nechlopnové fibrilace sini
(Widimsky, 2008). Riziko fibrilace sini se u hypertonikl zvySuje veékem, zavaznosti
hypertenze, velikosti LK a LS. Riziko vzniku fibrilace sini se sniZuje terapii hypertenze
k cilovym hodnotam pod 120/80mmHg (Kaplan et al., 2010). Zdrojem arytmii mize
byt také hypertroficky myokard LK, predevS§im kvili zmnoZeni pojivové tkané a
myokardialni fibroze, které mohou zpusobovat lokalni rozdily v rychlostech vedeni
vzruchu a tim vyvolat komorovou arytmii (Widimsky et al., 2008).

Pacienti s arteridlni hypertenzi prodélaji Castéji nez normotenzni nemocni -

némou ischémii myokardu a maji horsi prognézu (Kaplan et al., 2010).

5.3.2 Velké a malé tepny

Plsobenim vysokého krevniho tlaku dochazi k remodelaci velkych i malych tepen a tim

k moznym komplikacim nedostate¢né 1é¢ené hypertenze.

Remodelace velkych tepen je charakterizovana expresi hypertrofickych gent, které
vyvolavaji zvétSeni medie a zvySuji pomér media-lumen (Duprez, 2006). Tato
hypertroficka remodelace (viz Obrazek 1) vede nejen ke zvétSeni hladkych svalovych
bunék, ale také k akumulaci proteinl extracelularniho matrixu, kolagenu a
fibronektinu aktivaci TGF-p. Jevi se, Ze klicovymi mediatory hypertrofické remodelace

cév jsou intravaskularni tlak, neboli stfizni (shear) stres, sympaticka nervova aktivita a
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angiotensinem II spousténa tvorba reaktivnich forem kysliku (Duprez, 2006; Kaplan et
al., 2010).

Remodelace malych tepen je spousténa fyziologickou vasokonstrikci, ktera normalizuje
stres na sténu cévy a zabranuje trofické odpoveédi (Duprez, 2006). Normalni buriky
hladké svaloviny se reorganizuji okolo men$iho lumen a tim dochazi k eutrofni
prestavbé cév smérem dovnitf (viz Obrazek 1). Pomér media-lumen se zvétsuje, ale
pramér cévy se nemeéni. ZmenSenim lumen cév dochazi ke zvySené vaskularni
rezistenci (Kaplan et al., 2010). Dominantnim mechanizmem podilejicim se na
prestavbé malych tepen je systém renin-angiotensin-aldosteron. Angiotensin II Fidi
tento proces generovanim reaktivnich forem kysliku, aktivaci tyrosinkindzového
receptoru a zabranénim protektivniho efektu PPARy (Duprez, 2006; Kaplan et al.,
2010).

Velké tepny Malé tepny
Hypertroficka remodelace Eutroficka remodelace

Zvyseny pomér media-lumen Zvyseny pomér medialumen
Zvétseni praméru Bez zmény prumeéru cévy

OBRAZEK 1: CEVNI REMODELACE (DLE DUPREZ, 2006)

Od hypertenznich zmén je nutné odlisit aterosklerotické postiZeni cév. Zatimco
ateroskler6za je nerovnomérna - postihuje jen wurCity usek cév, mechanické
opotrebovani zpusobené hypertenzi vede k difiznimu postiZeni cév, hlavné centralnich
elastickych tepen (Widimsky et al., 2008). Pisobenim vysokého krevniho tlaku dochazi
ke zvySeni rigidity centralnich tepen (Asmar et al., 1995), ktera je podrobné popsana
v kapitole 1 *.

Hypertenze je povazovéana za jeden zrizikovych faktort vzniku aneuryzmatu
bris$ni aorty. U pacientli s lehkou hypertenzi je prevalence nizka, avsak u pacientt se
systolickym TK nad 195mmHg je prevalence az 11% (Simon et al., 1996). Komplikaci

nelécené hypertenze muiZe byt i disekce aorty. U hypertoniki se ¢astéji popisuje disekce
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distalniho useku aorty, na které se kromé hypertenze spolupodili i akcelerovana
ateroskleréza (Kaplan et al., 2010). Pisobenim vysokého krevniho tlaku dochazi
k remodelaci také v karotidach, kde zvySeni intimo-medialni tloustky predikuje zvySené
riziko ischemické cévni mozkové prihody a infarktu myokardu a je dobrym
diagnostickym znakem k posouzeni hypertenzniho postiZeni tepen (Bots et al., 1997;
O’Leary et al., 1999; Prati et al., 2008).

5.3.3 Cerebrovaskuldrni komplikace

Cévni mozkova piihoda je treti nejcastéjsi pricinou umrti ve vysp€lych zemich a je
nejcastéjsi pri¢inou vzniku kognitivniho deficitu a vaskularni demence (Ivan et al.,
2004). Hypertenze je jednim z hlavnich rizikovych faktord vzniku cévnich mozkovych
ptihod a nasledné demence (MacMahon et al., 1990; Kannel et al., 1996; Rigaud et al.,
2000) a podili se i na mikrovaskularnich zménach, které sp€ji k poskozeni bilé mozkové
hmoty a lakunarnim infarkttm (Sierra and Coca, 2007).

Asi 50% cévnich mozkovych prihod je zapfi¢inénych hypertenzi (Gorelick,
2002). Pacienti s arterialni hypertenzi maji 3-4krat vyssi riziko rozvoje cévni mozkové
prihody nez normotenzni pacienti. Pacienti s hrani¢ni hypertenzi maji o 50% vyssi
riziko. Riziko vzniku cévni mozkové prihody se proporcionaln€ zvySuje se zvySujicimi
se hodnotami krevniho tlaku a izolovana systolickd hypertenze je vyznamnéjSim
rizikovym faktorem cerebrovaskularnich komplikaci nez vék (Rigaud et al., 2000). U
hypertoniki je témef 80% cévnich mozkovych prfihod ischemickych, 15% je
hemoragickych a v 5% se popisuje subarachnoidealni krvaceni (Donnan et al., 2008;
Kaplan et al., 2010). Asi u 15% hypertonikd, pfedev§im u pacientl s no¢ni hypertenzi,
bylo dokumentovano mozkové mikrokrvaceni (Henskens et al., 2008). Tiché mozkové
infarkty potvrzené pomoci MR maji u hypertonikd prevalenci az kolem 43% (Vermeer
et al., 2007).

Vyskyt cévnich mozkovych prihod stoupa svékem a zavisi predevS§im na
hodnotach systolického krevniho tlaku, ktery je lepSim prediktorem rizika cévnich
mozkovych prihod nez diastolicky tlak. U extrémni hypertenze miZe dochazet k rozvoji
hypertenzni encefalopatie. Mozkové cévy maji myogenni autoregulaci, ktera se snazi
zabezpecit konstantni mozkové prokrveni, ale pfi hodnotach systolického tlaku nad
250mmHg neni dal$i regulace moznd a dochazi ksegmentalni dilataci cév a

k poSkozeni cerebrovaskularni bariéry snaslednym edémem mozku. Pri
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dlouhotrvajicim vysokém tlaku dochazi k caste¢né adaptaci. Asi 15% cévnich
mozkovych prihod vSak vznikd v prvnim mésici po vysazeni antihypertenzni medikace
nasledkem akutniho zvySeni krevniho tlaku (Widimsky et al., 2008). VétSina studii
ukazuje, ze chronicky zvySeny krevni tlak muzZe alterovat kognitivni funkce, a je
prokazano, zZe vysoké hodnoty krevniho tlaku ve stfednim véku jsou silnym nezavislym
prediktivnim faktorem pozdé&jsiho kognitivniho deficitu. Existuje signifikantni korelace
hypertenze se v8emi formami vaskularni demence (Rigaud et al., 2000; Sierra and
Coca, 2007).

5.3.4 Ledviny

U pacientd s esencialni hypertenzi dochazi ke specifickému poskozeni intrarenélnich
arteriol. V disledku zmnozeni kolagenu dochazi k hypertrofii lamina media a nasledné
k zazeni arteriolarniho lumen a tim stoupa periferni cévni rezistence. Typické je i
zmnoZeni hyalinu, ktery v pokrocilych stadiich nahrazuje normalni fyziologickou
strukturovanou arteriolarni st€nu. U ¢asti pacientd mize dochazet i k rozvoji fokalné-
segmentalni glomerulosklerdzy. Pri progresi rendlniho poSkozeni dochazi nejen
k morfologickym zménam glomeruld, ale také k tubulointersticialnim zménam. Tyto
zmeny zacinaji pasobenim lokélnich imunologickych mechanizma - infiltraci
intersticialniho prostoru zanétlivymi bunikami, aktivaci a proliferaci fibroblastt a sp€ji
az katrofii tubuld a kfibroze intersticia. Tyto lokalni pochody jsou navozeny
autokrinnim a parakrinnim uvolnénim cytokind, chemokind a rastovych faktord a
plsobenim vazoaktivnich substanci - angiotenzinu II, endotelinu a dal$ich (Teplan et
al., 2006).

Hypertenzni poskozeni ledvin se projevuje rozvojem proteinurie, sniZenim
glomerularni filtrace nebo progresi chronického renalniho selhani (Kaplan et al.,
2010). Za casny projev poSkozeni ledvin hypertenzi je vSeobecné povazovana
mikroalbuminurie (Cirillo et al., 2008). U pacientd s arteridlni hypertenzi mize
dochazet kezvySenému transglomerularnimu prichodu albuminu nékolika
mechanizmy - hyperfiltraci, abnormalitami glomerularni bazalni membrany,
endotelialni dysfunkci a pritomnosti nefrosklerézy (Redon and Pascual, 2006).
Mikroalbuminurie je vyznamnym, ¢asnym a nezavislym prediktivnim ukazatelem
zvySeného kardiovaskularniho rizika u pacientli s esencidlni hypertenzi (Bohm et al.,

2007) a kardiovaskularni riziko se zvySuje se sniZenim glomerularni filtrace (Farbom et
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al., 2008). Hypertenze zplsobuje chronické renalni selhdni nasledkem ztraty
autoregulace ledvin, kterd za normadlnich podminek zmirfiuje prenos zvySeného
systémového tlaku na glomeruly (Bidani and Griffin, 2004). SniZeni krevniho tlaku
muze zpomalit aZ zastavit progresi rendlniho selhani a sniZit vyskyt doprovazejicich

kardiovaskularnich ptihod (Ibsen et al., 2005).
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( * Sekunddrni hypertenze

Sekundarni hypertenze se vyskytuje priblizn€ u 5-10% pacient, u kterych je
identifikovatelna konkrétni, potencidln¢€ odstranitelna vyvolavajici pri¢ina. MizZeme ji
rozdélit na:

* Endokrinni - primdrni hyperaldosteronismus, feochromocytom,
hyperkortizolismus, mezi dalsi formy endokrinni hypertenze byva fazena i
primarni hyperparathyredza, akromegalie a hypertyredza. Vyskyt hypertenze
se vSak u téchto poslednich tfi forem pfiliS neliSi od vyskytu vobecné
populaci (30-40%) a specifickd 1écba obvykle nevede kvyznamnéj$imu
ovlivnéni krevniho tlaku.

* Renalni - renoparenchymatézni a renovaskularni hypertenze.

e Jiné prifiny - syndrom spankové apnoe, léky indukovani hypertenze
(glukokortikoidy, kontraceptiva, NSA apod.), hypertenze v téhotenstvi,
koarktace aorty, intrakranialni tumory.

Odliseni sekundarni hypertenze od esencialni je dilezité pro moznosti

specifické 1é¢by, kterd muize vést u odstranitelnych pricin k vymizeni hypertenze nebo

jejimu podstatnému zlepSeni (Widimsky et al., 2008).

6.1 Primdrni hyperaldosteronismus

Primarni hyperaldosteronismus predstavuje nejcastéjsi formu endokrinné podminéné
hypertenze. Jako prvni ho popsal polsky autor Litynski v roce 1953 (Litynski, 1953), ale
do Sirokého povédomi se dostal az v roce 1955, kdy J.W. Conn, po kterém je
pojmenovan Conndv syndrom, popsal pripad 34leté pacientky s hypokalémii,
hypernatrémii, hypertenzi a nalezem adenomu nadledviny (Conn, 1955). Prevalence
primarniho hyperaldosteronismu je v neselektované populaci hypertonikt okolo 5-13%
(Young, 2007; Funder et al., 2008; Mulatero et al., 2011; Takeda et al., 2011;
Hannemann and Wallaschofski, 2012) a asi 20% u pacientll s téZkou az rezistentni
hypertenzi (Calhoun et al., 2002; Strauch et al., 2003; Douma et al., 2008).
Onemocnéni se nejcasteji vyskytuje u pacientt mezi 30. a 50. rokem Zivota a je

Castéjsi u Zen nez u muzd (Kaplan et al., 2010). K nejéastejsim formam primarniho
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hyperaldosteronismu patfi idiopaticky hyperaldosteronismus na podkladé bilateralni
hyperplazie nadledvin (60%) a aldosteron produkujici adenom (35%), mén¢ casté
formy jsou unilateralni hyperplazie (2%), dalsi formy jsou vzacné - familidrni
hyperaldosteronismus I., II. a IIl. typu nebo karcinom kiry nadledvin (Young, 2007;
Pacak and Lazurova, 2011).

6.1.1 Patofyziologie primdrniho hyperaldosteronismu

Primarni hyperaldosteronismus je zpusoben autonomni nadprodukci aldosteronu
kirou nadledvin. Jedna se vlastné o krajni formu stl senzitivni (nizkoreninové)
hypertenze, kdy muaze byt hranice mezi primarnim hyperaldosteronismem a
nizkoreninovou hypertenzi pouze arbitrarni (Widimsky et al., 2008).

Syntéza aldosteronu je regulovana predevsim angiotenzinem Il a méné ACTH a
kalémii. Plsobenim aldosteronu na mineralokortikoidni receptory predevSim v
distalnim tubulu ledvin dochézi zvySenou retenci sodiku a vyS$Simi ztratami drasliku
ledvinami k mirnému zvétSeni plasmatického volumu a dochazi i ke zvySeni periferni
cévni rezistence (Williams et al., 1984; Bravo, 1994; Muto, 1995). Uéinek aldosteronu
na krevni tlak souvisi s jeho vlivem na retenci sodiku cestou komplexniho genomického
efektu. Renalni mineralokortikoidni receptory jsou lokalizované v cytosolu a po vazb¢
aldosteronu vytvarii ligand - receptorovy komplex, ktery vstupuje do jadra a vaze se ke
specifickym sekvencim nukleotidd a tim aktivuje transkripci gend (Arriza et al., 1987;
Baxter et al., 2004). Aktivace mineralokortikoidnich receptorli vede k nadmeérné
syntéze Na-K+ ATPazy, vzestupu mnozstvi amiloridem inhibovatelnych Na-kanalt a ke
zvyseni aktivity epitelidlniho sodikového kanalu v apikalni membrané bunék distalniho
kanalku (Stokes, 2000). I relativné malé koncentrace aldosteronu jsou schopné potladit
ucinek vysSich hladin glukokortikoid(i, na které jsou mineralokortikoidni receptory
stejné citlivé, diky ucinku enzymu 11B-hydroxysteroid dehydrogenazy, ktery méni
ucinny kortizol na neudcinny kortizon (Arriza et al., 1987; Walker, 1993). Pri
pretrvavajici volumové expanzi dochazi ke vzestupu renalniho perfuzniho tlaku a ke
zvysené sekreci natriuretickych peptidii (Opocher et al., 1992), které nasledn€ inhibuji
reabsorpci Na™ a dochézi tak k ,escape“ fenoménu sodiku i pres trvajici nadbytek
aldosteronu (Yokota et al., 1994). Sodik je v ledvinach sménovan za draslik a protony
vodiku, coZ zpuisobuje zvySeni kaliurézy, acidifikaci moci a u t€zSich forem primarniho

hyperaldosteronismu miiZe vést az k rozvoji metabolické alkaldzy. ZvySena proximalni i
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distalni reabsorpce bikarbonath udrzuje alkalozu, jejiz tize zavisi na stupni
hypokalémie. Ke ztratdm drasliku dochézi kontinualné s pokracujici expozici ledvin
nadbytku mineralokortikoidd (Stowasser and Gordon, 2003). Nasledkem inicialni
expanze intravaskularniho volumu a zvySeného krevniho tlaku dochazi
baroreceptorovym mechanismem ve sténach aferentnich ledvinnych arteriol k supresi
sekrece reninu az do bodu, kdy se reninovd mRNA stava nedetekovatelnou (Shionoiri
et al., 1992).

Pacienti sprimarnim hyperaldosteronismem maji témér vzdy nizkou
plazmatickou reninovou aktivitu se Spatnou odpovédi na stimulaci posturalnim testem

a diuretiky (Montori et al., 2001).

6.1.2 Klinické projevy a orgdnové komplikace

Ke klasickym projevim primarniho hyperaldosteronismu patii hypertenze,
hypokalémie, zvySena kaliuréza, hypernatrémie a metabolicka alkal6za (Kaplan et al.,
2010).

Arterialni hypertenze, vétSinou stiedné tézka az tézka nebo rezistentni, se vyskytuje
témér ve 100% pripadd (Young and Klee, 1988). Ve studiich s24-hodinovym
monitorovanim tlaku byl pozorovan tzv. non-dipping fenomén - nedostatecny pokles
krevniho tlaku ve spanku, a naopak byl pozorovan paradoxni vzestup nocniho tlaku
(Uzu et al., 1998; Zelinka et al., 2004). Chyb¢jici no¢ni pokles tlaku je povazovan za
faktor, ktery se spolupodili na castéjSich organovych komplikacich ve srovnani

s esencialnimi hypertoniky (Uzu et al., 1998).

Hypokalémie a priznaky s ni spojené se vyskytuji jen v 50-60% priipadd, vétSinou u
tézsich forem, nebo se projevi az pri terapii diuretiky (Widimsky, 2003; Young, 2007).
V poslednich letech je popisovano vice pripadi normokalemickych pacient (Funder et
al., 2008). Normokalémie muzZe byt zplsobena nékolika dlivody - ¢astéjsi diagnostikou
idiopatického hyperaldosteronismu, ktery se projevuje mirnéj$imi priznaky nez
aldosteron produkujici adenom, ¢asnym zachytem pacientd s primarnim
hyperaldosteronismem jeSt€¢ pred rozvojem tézké hypokalémie nebo sniZenym
pfivodem sodiku u nékterych pacientti (Kaplan et al., 2010). Hypokalémie muze
zpusobovat metabolickou alkal6zu, svalové slabosti, bolesti hlavy, polydipsii, polyurii,

nykturii, kaliopenickou nefropatii, CastéjSi extrasystoly, fibrilaci sini i komorové
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tachykardie (Young, 2007; Widimsky et al., 2008). Polyurie a nykturie jsou vysledkem
hypokalémii indukovaného renalniho koncentra¢niho defektu (Young, 2007).

Pacienti s primarnim hyperaldosteronismem maji vyssi riziko subklinického
organového postizeni nez pacienti s esencidlni hypertenzi. Maji vyssi vyskyt
kardiovaskularnich komplikaci, jako jsou cévni mozkové prihody, fibrilace sini, infarkt
myokardu (Milliez et al., 2005), hypertrofie levé komory (Rossi et al., 1996;
Matsumura et al., 2006; Indra et al., 2012), ktera je nedmérna stupni hypertenze a
jejimu trvani (Muiesan et al., 2008), vys$si centralni cévni tuhost (Strauch et al., 2006;
Bernini et al., 2008) ale i vys$$i periferni cévni tuhost (Rosa et al., 2012) a vetsi $iri
komplexu intima-média spolecné karotidy (Holaj et al., 2007; Bernini et al., 2008) neZ
pacienti s esencialni hypertenzi. U pacientl s primarnim hyperaldosteronismem je i
vy$$i vyskyt metabolického syndromu (Fallo et al., 2006) a albuminurie (Rossi et al.,
2006; Sechi et al., 2006) a sniZené funkce ledvin (Wu et al., 2011b). Aldosteron ma i
rychly negenomovy ucinek nezavisly na vysi krevniho tlaku zprostredkovany interakci
s mineralokortikoidnimi receptory (Rocha and Funder, 2002). Aldosteron muiZe vést k
oxidativnimu stresu a remodelaci kolagenu s néslednou endotelidlni dysfunkci,
zvySenou fibrézou myokardu, ledvin a cév, takZe tyto zmeny nejsou pouze dusledkem
pritomné hypertenze (Weber, 2000; Brown, 2005; Diez, 2008; Reincke et al., 2008).

6.1.3 Formy primdrniho hyperaldosteronismu
6.1.3.1 Idiopaticky hyperaldosteronismus

Prvni zminky o idiopatickém hyperaldosteronismu na podkladé bilateralni hyperplazie
se objevuji v literature koncem 60. let (Davis et al., 1967; Biglieri et al., 1970).
S narGstem vySetfenych pacientli se navySil i pocet pacientd s idiopatickym
hyperaldosteronismem zjedné tfetiny pripadi koncem 70. let na dvé tretiny vSech
ptipadd primarniho hyperaldosteronismu v roce 2000 (Young, 2007).

Vyskyt idiopatického hyperaldosteronismu se zvySuje s vékem nezavisle na
hypertenzi (Tracy and White, 2002). Pri¢inou idiopatického hyperaldosteronismu je

vétSinou bilateralni hyperplazie bunék zona glomerulosa (Widimsky et al., 2008).

6.1.3.2 Aldosteron produkujici adenom

Solitarni benigni adenomy jsou témer vzdy unilaterdlni a vétSinou malé, vazici méné

nez 6g a merici mén€ nez 3cm, mezi 20-85% jsou mensi nezZ 1cm (Rossi et al., 2001).
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Histologicky je vétSina adenomu tvofena burikami podobnymi zoné fasciculate, navic je
pritomna fokalni nebo difuzni hyperplazie ve zbytku zlazy (Kaplan et al., 2010).

U pacientt s aldosteron produkujicim adenomem byla nové nalezena somaticka
mutace genu KCNJS5, ktery koduje draslikové kanaly Kir3.4. Tato mutace se vyskytuje
az u 34% pacientd s aldosteron produkujicim adenomem (Boulkroun et al., 2012).
Draslikovy kanal kodovany genem KCNIJS patfi do rodiny G protein senzitivnich
draslikovych kanald. Mutace zplsobuje ztratu selektivity draslikového kanalu
s naslednou vyssi vodivosti pro sodik, ktera vede k membranové depolarizaci bunck
zona glomerulosa a nasledné aktivuje napétoveé rizené vapnikové kandly. Aktivaci
vapnikové signalni drahy se zvySuje intracelularni hladina vapniku a tim dochéazi
kzvySené produkci aldosteronu. Chronické zvySeni hladiny vapniku stimuluje
proliferaci bunék v zona glomerulosa s naslednym vznikem adenomu (Choi et al., 2011;
Taguchi et al., 2012). Mutace byla nalezena vétSinou u mladSich Zen svétSim

primérem adenomu (Azizan et al., 2012; Boulkroun et al., 2012).

6.1.3.3 Unilaterdlni hyperpldzie

Je vzacnéj§i formou primarniho hyperaldosteronismu, kterad je od aldosteron

produkujiciho adenomu odliSitelna pouze histologicky (Widimsky et al., 2008).

6.1.3.4 Familidrni hyperaldosteronismus I. typu

Familiarni  hyperaldosteronismus I. typu neboli dexametazon-supresibilni
hyperaldosteronismus je vzacna, autosomalné dominantn¢ dédi¢né forma primarniho
hyperaldosteronismu. Pri¢inou je duplikace genu vznikajici poruchou crossing-overu,
kdy dochazi ke slou¢eni regula¢niho regionu 11-betahydroxylazy s kodovaci sekvenci
aldosteron syntazy (enzym fidici syntézu aldosteronu), ¢imz se aktivita aldosteron
syntazy stavd ACTH-dependentni a dochazi k ektopické expresi aldosteron syntazy
v zon¢ fasciculata (Dluhy and Lifton, 1999; Pacak and Lazuarova, 2011). Kromé toho
dochézi i k tvorbé hybridnich steroidd - 18-hydroxykortizolu a 18-oxokortizolu (Pacak
and Lazuarova, 2011). Podani nizké davky dexamethazonu suprimuje ACTH, coz vede
ke sniZené syntéze aldosteronu (Ulick et al, 1990). Tato forma primarniho
hyperaldosteronismus se projevuje rtiznymi fenotypy (Fallo et al., 2004; Holloway et al.,
2009).
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Hypertenze je Casto tézka, ale nékteri pacienti maji jen mirnou hypertenzi. Je
popisovan vyssi vyskyt CMP, hlavné¢ hemoragickych pri krvaceni z intrakranialnich
aneurysmat (Dluhy and Lifton, 1999). Asi polovina postiZenych je normokalemicka
(Litchfield et al., 1997). Diagndza se stanovuje pomoci genetického vysetieni (Kaplan
et al., 2010).

6.1.3.5 Familidrni hyperaldosteronismus I1. typu

Familiarni hyperaldosteronismus II. typu je také autosomdalné dédi¢né onemocnéni
charakteristické rodinnym vyskytem obou zakladnich forem primarniho
hyperaldosteronismu - adenomu i bilateralni hyperplazie nadledvin. NejspiSe se jedna o
geneticky heterogenni onemocnéni (So et al., 2005).

Diagnoza se zaklada na dikazu primarniho hyperaldosteronismu u minimalné
2 ¢lent rodiny a genetickém vySetreni lokusu 8q21 s vylouc¢enim hybridniho genu, ktery
je podkladem familidrniho hyperaldosteronismu I.typu (Pacak and Lazarova, 2011).

7.da se, Ze vyskyt této formy je Cast€jsi nez formy [ a I11.

6.1.3.6 Familidrni hyperaldosteronismus I11. typu

Familiarni hyperaldosteronismus IIl. typu je autosomalné¢ dominantni onemocnéni
charakterizované tézkou arterialni hypertenzi jiz v détstvi, s hypokalémii a zavaznym
poSkozenim cilovych organt. Hypertenze je rezistentni na terapii vcletné
spironolaktonu i amiloridu a vyzaduje bilateralni adrenalektomii.

Typicka je vyrazna hypersekrece 18-hydroxykortizolu a 18-oxokortizolu, dale je
pritomna autonomni sekrece kortizolu nesuprimovatelna dexamethasonem.
Nadledviny jsou vyrazné¢ zvétSené a histologicky nachazime diftzni hyperplazii zony
fasciculata a atrofii zona glomerulosa (Pacak and Lazarova, 2011). Nové byla u
pacientt s familidrnim hyperaldosteronismem III. typu nalezena i germinalni mutace

genu KCNJ5 (Choi et al., 2011).

6.1.4 Diagnostika

Velmi senzitivnim ndstrojem vyuZivanym ve screeningu je pomér aldosteron-renin
(ARR - aldosterone/renin ratio) (Hiramatsu et al., 1981; Stowasser et al., 2001; Funder
et al., 2008). Po zavedeni tohoto pomeéru se zvySila Cetnost diagnozy primarniho

hyperaldosteronismu a je Castéji diagnostikovan i u normokalemickych hypertonika
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(Gordon et al., 2001; Stowasser et al., 2001). Za abnormalni byva povazovan dle
rtznych autord ARR>30-50 ng/dl//ng/ml/hod (Hirohara et al., 2001; Funder et al.,
2008), zaroven by viak plasmaticka reninova aktivita méla byt nizsi nez 0,7 ng.mlI".h™*
a hladina plasmatického aldosteronu by méla byt vy$si nebo alespon na horni hranici

normy (Kaplan et al., 2010).

PRA PRA DRC DRC
(ng/ml/h) | (pmol/l/min) (mU/1) (ng/1)
20 1,6 2,4 3,8
P-aldosteron
30 2,5 3,7 5,7
(ng/dl)
40 3,1 4,9 7,7
P-aldosteron 750 60 91 144
(pmol/T) 1000 80 122 192

TABULKA 2: CUT-OFF HODNOTY PRO ARR DLE POUZITE METODY - PRA-PLASMATICKA RENINOVA
AKTIVITA, DRC- PRIMY RENIN (PREVZATO Z FUNDER ET AL., 2008)

Vzhledem k tomu, Ze hladiny aldosteronu a reninu jsou ovlivnitelné medikaci,
hladinou drasliku, renalnimi funkcemi, vékem, denni dobou, polohou pacienta, dietou
(He et al., 1998; Montori et al., 2001; Funder et al., 2008) je nutné dodrzet
standardizované postupy. Aldosteron a renin by se mély odebirat rdno min. 2 hodiny po
opusténi lGzka, u pacientd na normalni diet€é bez restrikce soli a na dostatecné
substituci eventualni hypokalémie. Vzhledem k tomu, Ze vEtSina bézné pouzivanych
antihypertenziv ovliviiuje hladiny reninu a aldosteronu je nutné min. 14 dni pred
planovanym vySetfenim (u spironolaktonu 1 meésic) vysadit antihypertenzni terapii
(beta-blokatory, diuretika, spironolakton, ACE inhibitory a sartany) a prevést pacienta
nejlépe na kombinaci non-dihydropyridinového blokatoru kalciového kanalu
(verapamil) a alfa blokatoru (doxazosin) (Funder et al., 2008; Widimsky et al., 2008).
Diagndza se potvrzuje provedenim jednoho zkonfirmacnich testl (supresni test
fyziologickym roztokem, fludrocortisonovy test, captoprilovy test). Nejcasteji se
provadi supresni test fyziologickym roztokem. Principem testu je posouzeni miry
suprese hladiny aldosteronu po zatézi soli ve form¢ infuze 2 1 fyziologického roztoku
béhem 4hodin. U pacientli s primarnim hyperaldosteronismem nedochdazi k supresi

plazmatického aldosteronu pod 5 ng/dl (Funder et al., 2008). U n¢kterych pacientd
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s bilateralni hyperplazii nadledvin mize byt méné vyrazna suprese na hodnoty lisici se
dle autora - v rozmezi 5-10 ng/dl (Holland et al., 1984). Po potvrzeni diagn6zy pomoci
konfirmacniho testu pfistupujeme k morfologické diagnostice, k rozliSeni dvou
zakladnich forem primarniho hyperaldosteronismu (adenomu vs. bilateralni
hyperplazie). Provadime CT nadledvin, kde lze diagnostikovat unilateralni nebo
bilaterdlni zvétSeni nadledvin. NejpresnéjSim vySetfenim k posouzeni lateralizace
nadprodukce aldosteronu je katetrizace suprarenalnich zil se separovanymi odbéry krve
(stanoveni aldosteronu a kortizolu) z nadledvinnych Zil a z periferie. Toto vySetfeni je
doporuceno provadét u vSech pacientt S potvrzenym primarnim
hyperaldosteronismem, senzitivita vySetreni je 95% a specificita 100% a je nadrazené
CT nalezu (Funder et al., 2008). Separované odbéry z nadledvinovych Zil se nemusi dle
nékterych doporuceni provadét u mladsich pacienti (< 40, resp. < 50 let) sjasnym
solitarnim adenomem nadledviny dle CT a vyznamnymi hypokalémiemi (Mattsson and
Young, 2006).
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. Pozitivni screeningovy t%st
(PA/PRA" > 30 ng/l / ng/ml/hod + PA" > 150 ng/l)

v

Konfirmac¢ni test-test s FR, fludrocortisonovy test, captoprilovy test

y
CT nadledvin

\ 4 v
Jednostranny uzel Normalni nalez, multinodularni,
unilateralni nebo bilateralni zvétSeni
Separované veltkost Separovane
dEV X uzlu odbéry nejsou
odbery nejsou <lcm nutné, pokud
nutné, pokud . .
. - pacient neni
je vék .
pacienta Y vhodny
< 49 let a Separované odbéry z nadledvinnych zil kandidat pro
. chirurgické
velikost uzlu resSeni nebo si
Je 2lcm jej nepreje
Lateralizace
Bez lateralizace
v \ 4 JV \ 4
Adrenalektomie Lécba antagonisty mineralokortikoidniho
receptoru

*PA - plazmaticky aldosteron; PRA - plazmaticka reninova aktivita.

OBRAZEK 2: ALGORITMUS VYSETROVANI U PRIMARNIHO HYPERALDOSTERONISMU. UPRAVENO PODLE

(MATTSSON AND YOUNG, 2006)
6.1.5 Terapie primdrniho hyperaldosteronismu

U pacientd sunilateralni nadprodukci aldosteronu na podkladé aldosteron
produkujiciho adenomu nebo unilateralni hyperplazie je indikovana laparoskopicka
adrenalektomie. V pripadé€, Ze pacient odmitd operaci nebo se jednd o bilateralni
nadprodukci aldosteronu na podkladé bilateralni hyperplazie nadledvin je doporucena
farmakoterapie antagonistou mineralokortikoidnich receptort - spironolaktonem.

U pacientl s unilateralni nadprodukci dochazi po adrenalektomii v témér 100%

pfipadli ke zmirnéni zavaznosti hypertenze a k vymizeni hypokalémie. K uplnému
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vymizeni hypertenze dochazi u asi 50% pacientd. Nejcastejsi pri¢inou pretrvavajici
hypertenze i po adrenalektomii je souc¢asn€ pritomna esencialni hypertenze.

V pfipad¢ kontraindikace chirurgického vykonu u pacientd s adenomem a u
pacienti s bilateralni hyperplazii nadledvin nebo s neklasifikovanym primarnim
hyperaldosteronsimem (odmitnuti dalsiho dovySetieni, nejednoznacny vysledek
katetrizace  suprarenalnich  Zil) je namist€¢ farmakoterapie antagonistou
mineralokortikoidniho receptoru - spironolaktonem, v ptipadé nezadoucich uc¢ink vice
selektivnim eplerenonem (Funder et al., 2008). Pti zahajeni terapie spironolaktonem
pouzivame davky 100 az 150 mg denn€, udrzovaci davka se pohybuje mezi 25-75mg
denné. V pripad€ nedostate¢né kontroly TK je nejvhodnéjsi kombinace s thiazidovymi
diuretiky a méné Casto s kalciovymi blokatory (Widimsky, 2008). U eplerenonu se
doporucuje zah4jit terapii 25mg jednou nebo dvakrat denné (Funder et al., 2008).
Slibnou moznosti terapie primarniho hyperaldosteronismu je zatim jen v klinickych
studiich zkouseny 1€k - pfimy inhibitor aldosteron syntazy (Amar et al., 2010; Calhoun
etal., 2011).

Familiarni hyperaldosteronismus I. typu lé¢ime bud nizkymi davkami
dexamethasonu (0,5mg denné) nebo stejné tspedné i nizkymi davkami spironolaktonu

(Seeman et al., 1999).
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'/ * Metabolicky syndrom

Metabolicky syndrom je soubor metabolickych a kardiovaskularnich rizikovych faktort
jako jsou arteridlni hypertenze, abdominalni obezita, dyslipidémie, glukdzova
intolerance a inzulinova rezistence, kdy se tyto rizikové faktory spole¢né vyskytuji
¢astéji, nez by odpovidalo nahodé¢ (Redon et al., 2008). Celkové kardiovaskularni riziko
je u metabolického syndromu vys$$i neZ soucet rizik jeho jednotlivych komponent
(Mancia et al., 2007b). PIné rozvinuty metabolicky syndrom je prozanétlivym,
protrombogennim stavem vedoucim k endotelialni dysfunkci, gluk6zové intoleranci,
hypertenzi a ateroskleréze (Kaplan et al., 2010).

Prevalence metabolického syndromu je vysoka, zejména ve vyspélych krajinach,
a celosvétove postihuje 20-30% dospélé populace (Grundy, 2008) a popisuje se asi u
1/3 pacientl s arteridlni hypertenzi (Redon et al., 2008). Prevalence metabolického
syndromu je lehce vy$8i u muzi nez u Zen a nartsta s vékem. Jeho vyskyt je mnohem
Cast€jSi u pacientd s diabetes mellitus a arteridlni hypertenzi neZ u bé&zné populace
(Redon et al., 2008).

Metabolicky syndrom je vysledkem interakce velkého poctu propojenych
mechanisma, které spolecné vedou ke zvySenému kardiovaskularnimu a renalnimu
riziku a ke vzniku diabetu. Mechanismy podilejici se na metabolickém syndromu jsou
obezita, inzulinova rezistence a nezavislé faktory prozanctlivého charakteru. Plsobi
spole¢né s demografickymi faktory, Zivotnim stylem, genetickymi faktory a vlivem
prostiedi ve fetalnim obdobi (Redon et al., 2009). Poruchou funkce a struktury tukové
tkané, zejména visceralni, dochazi ke zvySenému uvolfiovani volnych mastnych kyselin,
k sekreci leptinu a mediatorti zanétu, TNF o a IL-6, které se spolupodileji na rozvoji
metabolického syndromu (Engstrom et al., 2003; Redon et al., 2008). Inzulinova
rezistence je Gzce spojena s aterogenni dyslipidémii a prozanétlivym stavem (Redon et
al., 2009).
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7.1 Definice metabolického syndromu

Definic metabolického syndrom existuje mnoho. Mezi nejnovéjsi patii definice IDF z
roku 2006 (Alberti et al., 2006) nebo harmonizovana definice z roku 2009 (Alberti et

al., 2009).

Kritéria definice IDF z r. 2006 (Alberti et al., 2006):

Centralni obezita

Obvod pasu:  Z>88cm, M > 102cm

nebo BMI > 30 kg/m2

A pritomnost 2 dalSich faktori:

Triglyceridy > 1,7 mmol/l nebo terapie hyperlipidémie

HDL cholesterol 7 < 1,29 mmol/l, M < 1,03 mmol/l nebo terapie
hyperlipidémie

TK STK > 130mmHg, DTK > 85mmHg nebo terapie

hypertenze

Hladina glykémie nalac¢no

> 5,6 mmol/l nebo jiz diagnostikovany DM a jeho

terapie

Kritéria harmonizované definice 2009 (Alberti et al., 2009):

- na diagndzu metabolického syndromu je nutna pritomnost nejméné 3 s nasledujicich

S symptomu:

Centralni obezita

Definice zavisla na populaci a krajiné

Triglyceridy > 1,7 mmol/l nebo terapie hyperlipidémie

HDL cholesterol Z < 1,3 mmol/l, M < 1,0 mmol/l nebo terapie
hyperlipidémie

TK STK > 130mmHg, DTK > 85mmHg nebo terapie

hypertenze

Hladina glykémie nala¢no

> 5,6 mmol/l nebo jiz diagnostikovany DM a jeho

terapie
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7.2 Esencidlni hypertenze a metabolicky syndrom

Na rozvoji hypertenze u metabolického syndromu se podileji hlavné dveé hlavni
komponenty metabolického syndromu a to obezita a inzulinova rezistence (Redon et
al., 2008). V rozvoji hypertenze hraje roli expanze volumu, zvySeny srde¢ni vydej (Esler
et al., 2008), nadmérna aktivita sympatiku (Rahmouni et al., 2005; Esler et al., 2008),
selektivni leptinova rezistence (Yang and Barouch, 2007), stimulace systému renin-
angiotensin-aldosteron (Sonnenberg et al., 2004), reaktivni kyslikové radikaly a deficit
NO (Katagiri et al., 2007) spolu s endotelialni dysfunkci (Kim et al., 2006; Sharma and
u obéznich pacientll je zvySena aktivita sympatického nervového systému (Mancia et
al., 2007b).

Muskularni sympatickd nervova aktivita je vyS$i u normotenznich obéznich
pacientl neZ u hubenych normotenznich pacientdi. ZvySenim hmotnosti se také zvySuje
i sympaticka nervova aktivita a jeji trvale zvySenou aktivitou miize dochazet k rozvoji
hypertenze. Hypertenze vznik4 n€kolika mechanizmy, mezi které patii vys$i rendlni
reabsorpce sodiku, systémova vasokonstrikce a remodelace cév (Lambert et al., 2007;
Kaplan et al., 2010). Bunky tukové tkané také produkuji fadu biologicky aktivnich latek
— adipokint, a n¢€kolik z nich (leptin, angiotensinogen, rezistin, retinol vazajici protein,
inhibitor aktivatoru plasminogenu typu I, TNF o, volné mastné kyseliny, pohlavni
steroidy a rastovy faktor) plsobi na zvySovani krevniho tlaku. Prohypertenzni a
proaterogenni cytokiny ohroZuji zdravi cév n€kolika mechanizmy vcetné proliferace
hladkych svalovych bun¢k cév, zanétem, oxidativnim stresem a endotelialni dysfunkci
(Kaplan et al., 2010). U pacientt s visceralni obezitou se popisuje zvySena hladina
plasmatického aldosteronu, ktery pomoci aktivace mineralokortikoidnich receptort
miuze zvySovat krevni tlak, a také vysSi hladiny reninu, které mohou byt zplisobené
zvySenou stimulaci sekrece reninu vySSi aktivitou sympatického nervového systému
v ledvinach (Goodfriend and Calhoun, 2004; Redon et al., 2008; Kaplan et al., 2010).

U pacientl s hypertenzi a metabolickym syndromem se popisuje vyssi vyskyt
hypertrofie levé komory (Navarro et al., 2007), diastolické dysfunkce, aterosklerozy
karotid (Redon et al., 2009), rychlejsi progrese tuhosti aorty se zvySujicim se vékem

(Safar et al., 2006) a vyssi prevalence mikroalbuminurie (Leoncini et al., 2005).
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7.3 Primdrni hyperaldosteronismus a metabolicky syndrom

Pacienti s primarnim hyperaldosteronismem maji v porovnani s pacienty s esencialni
hypertenzi vyssi vyskyt metabolického syndromu (Fallo et al., 2007; Ronconi et al.,
2010) a pacienti s idiopatickym hyperaldosteronismem maji oproti pacientim s
aldosteron produkujicim adenomem takeé vy$si vyskyt metabolického syndromu a jeho
komponent (Somlbovi et al., 2010).

Mechanismus odpovédny za vyS$si vyskyt metabolického syndromu u pacientl s
idiopatickym hyperaldosteronismem neni presn€ zndm. Je mozno predpokladat faktory
jako je vék nebo doba trvani hypertenze, dyslipidémie nebo diabetes mellitus,
spolupodilet se mizZe i hypokalémie. Bylo totiz prokazano, ze hypokalémie nezavisle na
hladinach aldosteronu ovliviiuje hladiny glykémie a glukézovou toleranci (Lastra-
Lastra et al., 2009; Zennaro et al., 2009). Draslik mize regulovat funkci inzulinového
receptoru a glukézou stimulovanou sekreci pankreatickych beta-bunék (Henquin,
2000), pravdépodobné také ptsobi i nizka hladina adiponectinu (Fallo et al., 2007).
Vyznamné;jsi roli vSak nejspiSe sehrava aldosteron a jeho komplexni metabolicky efekt
na organismus. Aldosteron muiZe aktivaci cytokin ovliviiovat funkci inzulinovych
receptord a tim zplisobovat negativni metabolické efekty (Fallo et al., 2007; Krug and
Ehrhart-Bornstein, 2008). DtleZitou roli nejspi§ sehrava i mineralokortikoidni
receptor exprimovany v tukové tkani a jeho aktivace aldosteronem (Zennaro et al.,
2009). Nelze vsak vyloucit i spolupodil genetickych faktord, jak bylo nedavno
publikovano (Choi et al., 2011; Azizan et al., 2012; Boulkroun et al., 2012; Taguchi et
al.,, 2012). U c¢asti pacientli, zejména u mladSich Zen saldosteron produkujicim
adenomem, byla prok4zdna mutace genu KCNJS pro draslikovy kanal. Tato mutace
zatim nebyla prokazana u pacientd s idiopatickym hyperaldosteronismem, proto se
mutace genu KCNIJ5 pro draslikovy kanal muiiZe podilet na rozdilném fenotypu pacientt

s aldosteron produkujicim adenomem a idiopatickym hyperaldosteronismem.
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8 * Tepenny systém

Tepenné reciste lze funkené rozdélit na centralni tepny elastického typu, periferni tepny
muskularniho typu, které se postupn€ vétvi z velkych tepen az na tepny drobného
kalibru, a na rezisten¢ni feciSt€¢ tvorené arteriolami. Struktura cévni stény je v
jednotlivych oddilech tepenného reciSté rozdilna, morfologicky se lisi predevSim
slozenim cévni médie. Centralni tepny (aorta, karotidy, koronarni arterie) maji velké
mnozstvi elastinu a méné kolagenu, pri¢emz celkovy obsah vaziva prevazuje nad
hladkou svalovinou. Sténa perifernich tepen je tvorena predevsim hladkou svalovinou a
obéma typy vazivovych vlaken - elastinem a kolagenem. Ve sténé¢ arteriol nachazime
predevsim velké mnozstvi hladké svaloviny. Ta spolu s jejich malym primérem ma za
nasledek, zZe i mald zména tonu svaloviny zpusobi velky vzestup periferni rezistence
(Widimsky et al., 2008).

Arterialni systém ma dvé zakladni funkce a to vedeni krve a naraznikovou
funkci, kterd zmirnuje tlakové vykyvy mezi kontrakcemi levé komory a premeénuje
preruSovany krevni proud v plynuly (O’Rourke, 1982; Widimsky et al., 2008).

Vedeni krve zavisi na prisvitu tepen a hodnotime jej pomoci stfedniho krevniho
tlaku. Ten se za normalnich okolnosti udrzuje na stejné trovni ve velkych tepnach a
prudce klesd na urovni rezisten¢nich cév, ve kterych narlista cévni odpor. Porucha
vedeni, zpusobena sniZzenym pruasvitem tepny vétSinou aterosklerotickymi zménami, se
projevi periferné od postiZzené cévy nedostateCnou perfuzi tkan€ nebo az infarktem
tkané. Naraznikova funkce ma za ukol snizit vykyvy tlaku, které jsou vyvolané
kontrakcemi levé komory, a preménit preruSovany krevni proud v plynuly. Za
normalnich okolnosti se béhem systoly dostava do perifernich tkani asi 40% tepového
objemu, zbyla krev zistava ve velkych tepnach a je vypuzovana béhem diastoly. Pfi
selhani naraznikové funkce centralnich tepen dochazi k nadmérnému zvySeni
systolického TK v centralnim fecisti, ¢imz se zvySuje afterload levé komory. Dusledky se
projevi predev§im proximaln¢ od postiZzeného recisté (Widimsky et al., 2008).

Cinnosti levé komory je generovana primarni - dopfedn4 tlakové vina, ktera se
$iri podél velkych tepen do periferie, kde se odrazi a navraci zpét jako sekundarni -
odrazena tlakova vlna. Za misto odrazu se povazuje pocatek rezisten¢niho reciste, kde

dochazi k nejvétsimu vétveni tepen (O’Rourke, 1967). Vlastnosti primarni tlakové viny
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jsou zavislé na funkci levé komory a na vlastnostech centralnich elastickych tepen,
zatimco sekundarni vlna je ddna predevSim rychlosti Sifeni tlakové viny a mistem
odrazu (O’Rourke, 1995).

Stredni krevni tlak se za normélnich okolnosti udrZuje na stejné urovni ve
velkych tepnach a prudce klesa na drovni rezisten¢nich cév, kde nartsta cévni odpor.
Na rozdil od konstantniho stfedniho tlaku se pulzni tlak méni béhem postupu tlakové
vlny tepennym recistém (Safar et al., 2007). Postupem tlakové viny velkymi cévami se
amplituda zvétSuje, a to predevSim zvySovanim systolického TK, v men$i mire
snizovanim diastolického TK, dochazi ktzv. amplifikaci. Amplifikaci pozorujeme
predevSim u mladych jedincti, u kterych mtze rozdil mezi systolickym TK v aorté a
perifernim systolickym TK, napft. na brachialni tepné, ¢init az 30 mmHg. S vékem se
amplifikace TK zmenSuje, takze u osob ve véku nad 60 let mize byt systolicky TK v
centralnim a perifernim recisti shodny. Lze tvrdit, Ze amplifikace je dtsledkem
interakce mezi primarni a odrazenou tlakovou vlnou (Soucek a Kara, 2002). Tvar
arterialni tlakové vlny se méni v prabéhu jejiho putovani zaorty do periferie viz
Obrazek 3.
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OBRAZEK 3: SCHEMATICKE ZNAZORNEN{ SIREN{ TLAKOVE VLNY U RUZNE STARYCH JEDINCU. AMPLIFIKACE

JE PATRNA U MLADYCH JEDINCU, ZATIMCO S POSTUPUJICIM VEKEM UBYVA. (PREVZATO Z WIDIMSKY ET AL.,
2008)
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8.1 Cévni tuhost

Cévni tuhost vznika komplexni interakci mezi strukturdlnimi a bunéénymi elementy
cévni stény. Tyto cévni zmény jsou ovlivnéné hemodynamickymi silami a zevnimi
faktory jako jsou hormony, sil a hladiny glukézy. Zmény vedouci ke zvySeni cévni
tuhosti vyznamné urychluje také hypertenze (Zieman et al., 2005). Stabilita a
poddajnost cévni stény je zavisla také na dvou komponentach - kolagenu a elastinu. Za
normalnich podminek je pomér téchto bilkovin drZen stabiln€é pomoci dynamického
procesu syntézy a degradace. PoruSenim rovnovahy, zejména stimulaci zanétlivymi
faktory a hypertenzi dochazi k nadprodukci abnormalniho kolagenu a ke sniZeni
mnozstvi normalniho elastinu a tento nepomér pak prispiva k cévni tuhosti (Xu et al.,

2000; Johnson et al., 2001; Zieman et al., 2005) (Obrazek 4).

Endotelialni bufiky:
endotelialni dysfunkce,
Zvysena permeabilita

Media: vice hladkych
svalovych bunék, kolagenu,
AGEs, MMP a méné
elastinu

Intima: vice kolagenu,
AGE's, leukocyti, I-CAM,
metalloprotedz, TGF-B,
meéné elastinu

Adventicia: vy55i obsah
kolagenu a fibroblastd

Zevni faktory: NaCl, lipidy, angiotensin, sympatické
neurohormony, stfizni stres, zvySeny luminalni primér

OBRAZEK 4: FAKTORY OVLIVNUJIC{ CEVNI TUHOST (DLE ZIEMAN ET AL., 2005)

Tyto zmény se projevi zdvojnasobenim az ztrojndsobenim intimo-medialni
tloustky mezi 20. a 90. rokem Zivota a zbytnénim hladké svaloviny cév (Virmani et al.,
1991). Pri histologickém vySetieni pak nachazime v intimé cév abnormalni endotelové
buniky, zvySené mnozstvi kolagenu, roztiepend a rozdélena elastinova vlakna,
infiltrované hladké svalové bunky cév, makrofagy a mononukleary, zvySenou aktivitu
matrixové metaloproteinazy, TGF-B, intracelularnich adheznich molekul a cytokint
(Lakatta, 2003).
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RozliSujeme 3 typy cévni tuhosti (arterial stiffness): systémovou, segmentalni a
lokalni. K vyjadieni systémové cévni tuhosti se v minulosti pouZival pulzovy tlak a
tepovy objem, avSak tato metoda neni upln€ presna vzhledem k amplifikaci mezi
centralnimi a perifernimi arteriemi (Laurent et al., 2001). Soucasné metody vyuZzivaji
analyzu tlakové viny (pulse wave analysis, PWA), kterou lze ziskat pomoci aplana¢niho
tonometru, nejcastéji z arteria radialis (Davies and Struthers, 2003). Vlastnosti
primarni tlakové vlny jsou zavislé na funkci levé komory a nésledn€ na vlastnostech
centralnich elastickych tepen, zatimco sekundarni vlna je ddna predevSim rychlosti
Sireni tlakové viny a mistem odrazu. OdraZena vlna interferuje s primarni, v centralnim
ob¢hu pak dochazi opét k odrazu, vznika tercidrni atd. Odraz tlakovych vin je velmi
komplexni a zavisi na radé¢ faktort, hlavnimi jsou: funk¢ni zdatnost srde¢niho svalu,
rigidita velkych tepen, funkéni a strukturalni stav periferniho obéhu, vzdalenost mist
odrazu a pramér tepen. Vysledna tlakova vina, snimana pomoci aplana¢niho tonometru
vznikd sumaci primarni a odraZenych vin (az 20.rddu) (Soucek a Kara, 2002;
Widimsky et al., 2008).

Regionalni neboli segmentalni tuhost cévni stény mizZeme nepfimo mérit v
prabéhu urcitého segmentu pomoci rychlosti Sifeni pulzni viny (pulse wave velocity,
PWV). Tato pak charakterizuje miru rigidity prislusného useku tepenného fe¢isté. Cim
rychleji se tlakova vina §ifi, tim tuzsi je studovana céva (Widimsky et al., 2008). M¢teni
se provadi sfygmograficky pomoci tlakovych senzorli a zjiSténd hodnota se uvadi v
metrech za sekundu. Princip méreni je popsdn niZe. Jedna se o parametr, ktery je
zavisly jak na strukture, tak na funkci cévni stény. Hlavni funk¢ni determinantou je
aktualni krevni tlak, nebot vysoky tlak vice rozpind cévni sténu a vede ke zvySeni

rigidity a rigidita je dana predev§im stavem cévni médie (Widimsky et al., 2008).

8.2 Neinvazivni méreni vlastnosti velkych tepen

VySetreni vlastnosti velkych tepen mé vyznamnou prognostickou hodnotu. Rychlost
Sifeni pulzni viny a augmentacni index jsou nezavislymi prediktory kardiovaskularni
morbidity a mortality u hypertonikt, diabetiki, pacientt s terminalnim onemocnénim
ledvin, ale i u zdravych osob (Blacher et al., 1999; Amar et al., 2001; Laurent et al.,
2001, 2003; London et al., 2001; Boutouyrie et al., 2002; Guérin et al., 2006; Willum-
Hansen et al., 2006; Mitchell et al., 2010).
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8.2.1 Rychlost sireni pulzni viny (PWV)

Charakterizuje miru rigidity prislu§ného tseku tepenného fecisté. Cim rychleji se
tlakova vlna §iri, tim tuZzsi je studovana céva (Widimsky et al., 2008). Rychlost $ireni
pulzni viny se zvySuje od centréalnich tepen do periferie, kde je vy$8i cévni tuhost.
Vascendentni aort¢ je PWV kolem 4-5m/s, vabdomindlni aort¢ 5-6m/s a
ve femoralnich artériich jiz 8-9m/s (Laurent et al., 2006). Méteni PWV je povaZovano
za nejjednodussi neinvazivni zplsob urceni cévni tuhosti. Zlatym standardem je méreni
karotido-femoralni rychlosti Sifeni pulzni viny. Nejcastéji se pouzivd méreni rychlosti
»,pata-pata“. Pulzni vlna se snima transkutanné nejcastéji na pravé karotidé a pravé
femoralni tepné¢ a méri se rozdil ¢asu mezi patami téchto dvou tlakovych vin. (viz
Obrazek 5) Tlakové viny mohou byt zaznamenany simultann€ - anebo postupné, kdy se
¢asova vzdalenost ur¢i pomoci EKG. V pripadé sekvencniho méreni se doba prichodu
mezi dvéma zdznamovymi misty urci ve vztahu k R-viné na EKG. Vzdalenost, kterou
vlny urazi, méfime na povrchu téla mezi dvéma zaznamovymi misty. Dle raznych
autoru se doporucuje pouzivat vzdalenost mezi mistem zadznamu na karotidé a na
femoralni tepn€, nebo odc¢itat vzdalenost mezi karotidou a jugulem od celkové
vzdalenosti nebo odcitat vzdalenost mezi karotidou a jugulem od vzdalenosti mezi
jugulem a femoralni tepnou. Vzhledem ktomu, Ze sekvencéni méfeni se provadi
v kratkém casovém odstupu, tak zmeény izovolumické periody levé komory nebo

variabilita srde¢ni frekvence nemaji témér zadny vliv na mereni (Laurent et al., 2006).
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Common
carotid
artery

AL

Common
femoral
artery

PWV = AL/At At e— v

OBRAZEK 5: PRINCIP MERENi KAROTIDO-FEMORALNIHO SiRENi PULZNI VLNY. CASOVA VZDALENOST (A
T) SE MERI NA ZAKLADE ROZDILU V POSUNU TLAKOVYCH VLN MERENYCH NA KRCNI A STEHENNI TEPNE. MERI
SE NA UPLNEM KONCI DIASTOLICKE FAZE, TESNE PRED VZESTUPNOU CASTI KRIVKY — TATO METODA SE
OZNACUJE JAKO ,,FOOT-TO-FOOT. A D ZNAMENA DELKU VYSETROVANEHO USEKU. PWV = AL/AT.
ZPRACOVANO DLE (LAURENT ET AL., 2006).

Tato metoda ma svd omezeni. Predev§im vySetfeni femoralni tlakové viny muaze
byt obtizné a nepresné u obéznich pacientd a pacientt s ICHDK. U pacientd s
abdominalni obezitou navic mizZe dochazet knepfesnému zméfeni vzdjemné

vzdalenosti zaznamovych mist (Laurent et al., 2006).

8.2.2 Analyza pulzni viny (PWA) a augmentacni index (Al)

Analyza pulzni vlny slouzi k méreni velikosti odrazené tlakove viny. Jak jiz bylo zmin€no
drive, pulzni vlna se sklada z dopfedné vlny generované levou srde¢ni komorovou a
zodrazené vlny. Odrazend vlna vznika v periferii, predevSim v mistech vétveni
periferniho recisté. U elastickych artérii, kde je nizka rychlost Sifeni pulzni viny, se
odrazené vlny vraceji v dob¢ diastoly, zatimco v tuzsich tepnach, kde je vyssi rychlost
Sifeni pulzni vlny, dochdazi k navratu v dobé systoly a tim zvySuji systolicky tlak. Tento
fenomén muzZeme kvantifikovat jako augmentacni index (viz Obrazek 6), ktery je
rozdilem prvniho a druhého systolického vrcholu a vyjadiuje se v procentech (Laurent

et al., 2006).
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Systolicky tlak (P1)
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Pulzni tlak
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Diastolicky tlak (P3)

OBRAZEK 6: CENTRALNI AUGMENTACNI INDEX. ZAZNAM UKAZUJE NAVYSENI SYSTOLICKEHO TLAKU
DUSLEDKEM CASNEHO NAVRATU ODRAZENE VLNY. ROZDIL TLAKU MEZI ODRAZENOU (SEKUNDARNI) VLNOU
ADOPREDNOU (PRIMARNI) VLNOU SE OZNACUJE JAKO AUGMENTACNI TLAK. POMER AUGMENTACNIHO TLAKU
K PULZNIMU TLAKU SE OZNACUJE JAKO AUGMENTACNI INDEX (AI). ZPRACOVANO DLE (LAURENT ET AL.,
20006)

Zaznam pulzni viny se provadi pomoci sondy, ktera se priklada na a. radialis.
ProtoZe tvar viny na radialni tepn€ je zcela odliSny od tvaru viny v aorté, tak je nutna
matematicka transformace k ziskani tvaru viny vaorté¢ (Widimsky et al., 2008). U
mladsich jedinc mize hodnota augmentacniho indexu dosahovat zdpornych hodnot,
ale s vékem dochazi k postupnému ristu az k hodnotam 50% u starych osob ¢i tézkych
hypertonikd. Augmentacni index ovliviiuje kromé vysoké rychlosti Sifeni pulzni viny
také zmena v misté odrazu vin a dale diastolicky tlak, vySka, vék a srde¢ni frekvence
(Widimsky et al., 2008). Vzestup srde¢ni frekvence o 10 tepti za minutu vede k redukci
augmentacniho indexu o 4-6 % - bez ovlivnéni jinych hemodynamickych tlakovych
parametrd (Wilkinson et al., 1998, 2000). Z tohoto diivodu byva augmentacni index

prepocitavan na arbitrarné stanovenou frekvenci 75 tept/min.

8.3 Faktory ovlivriujici cévni tuhost

Cévni tuhost nar@ista svékem, hodnotami krevniho tlaku, obezitou, u pacienti

s diabetes mellitus (Aoun et al., 2001; Mitchell et al., 2007), u aterosklerézy (van
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Popele et al., 2001), chronického selhani ledvin (London et al., 1990), pfi poruchach

lipidového metabolismu (Wilkinson et al., 2002) a nikotinismu (Levenson et al., 1987).

8.3.1 Vek

Bramwell a Hill v roce 1922 publikovali prvni detailni praci o zmé&né PWYV v zavislosti
na véku. PWV zaznamenavali mezi proximalni aortou a radialni tepnou a popisuji
zménu PWV od 5,2 m/s ve véku 5 let az na 8,55 m/s ve véku 84 let, coz predstavuje
narlst o vic nezZ 64% (Bramwell and Hill, 1922). Studie Avolia a spol. (Avolio et al.,
1985) na asijské populaci, kde je nizky vyskyt aterosklerézy a nizka hladina
cholesterolu v porovnani se zapadni populaci, ukazala, Ze s rostoucim vékem dochazi
k zvySeni PWV. Skutecnost, Ze podobné zmény v PWV s rostoucim vékem jsou
pozorovany v riznych populacich s riznym vyskytem aterosklerozy, ukazuje, zZe
aterosklerotické zmény cévni stény nejsou tak dilezitym faktorem zvySeni cévni tuhosti
jako medialni degenerace v disledku starnuti. Zmeny v cévni tuhosti zplisobené vékem
byly patrné ve zvySeni rychlosti Sifeni pulzni viny o 134% od narozeni az po 90 let véku.
Jina studie ukazuje, Ze aortalni tuhost prudce klesa s vékem v prvnim desetileti Zivota,
dosahuje minima ve véku 10 let, a poté roste s vékem u obou pohlavi (Laogun and
Gosling, 1982). Tento narlst v centralni cévni tuhosti je nezavisly na sttednim TK nebo
na pritomnosti jinych rizikovych faktori (Relf et al., 1986). Piesny patofyziologicky
mechanizmus zmén zavislych na véku zatim neni znam, ale bylo pozorovano
nalamovani a fragmentace elastinovych vlaken po opakované zatéZzi s naslednou
dilataci a ztuhnutim (Resnick et al., 1997; Benetos, 2002). Studie na mysich ukazuje,
ze vékem podminéna zvySend cévni tuhost karotid je spojena s TGF-p1
stimulovanym nartstem kolagenu I a III v adventicii zptisobeného zménou fibroblastt
na vice sekre¢ni myofibroblastovy fenotyp. Dale se na zvySené cévni tuhosti podili i
redukce elastinovych vlaken v cévni medii (Fleenor et al., 2010). Starnuti neplisobi
stejnou merou na vSechny tepny. Centralni elastické tepny tuhnou progresivné s vékem,
zatimco tuhost muskularnich perifernich artérii se vékem méni jen malo (Benetos,
2002).

Nartst tuhosti tepen v zavislosti na véku je stejnd u obou pohlavi (van der
Heijden-Spek et al., 2000). Studie ukazuji, Ze aortalni tuhost se zvySuje o cca 0,1m/s
ro¢né (Asmar et al., 1995). I presto, Ze zvySujici se tuhost tepen vékem je prirozenym

procesem souvisejicim se starnutim, tak se potvrzuje, Ze starSi osoby svySsi cévni
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tuhosti a vy$8§im systolickym a pulznim tlakem maji vys$si kardiovaskularni morbiditu i
mortalitu (Benetos et al., 1997, 2000; Mitchell et al., 1997; Franklin et al., 1999;
Laurent et al., 2001).

8.3.2 Arteridlni hypertenze

U pacientt s arteridlni hypertenzi je nejvyznamngéjsi strukturalni zmeénou cévni sté€ny
jeji hypertrofie. Hypertrofie medie je zpuisobena predev§sim zmnoZenim extracelularni
matrix medie i adventicie, ¢imz dochazi ke sniZeni compliance a roztaznosti nezavisle
na hodnotach TK. Hypertenze pusobi také na cévni endotel a ma vliv i na zménu
produkce NO. Ur¢itou roli hraje také systém renin-angiotensin-aldosteron. Ukazuje se
totiz, Ze cévni tuhost u pacientt s arteridlni hypertenzi je ovlivnéna variantami gend pro
receptor angiotensinu II a aldosteron syntazu. VSechny tyto zmény jsou pozorovany
zejména u centralnich artérii (Benetos, 2002). Vyznamnym rizikovym faktorem
hypertrofie cévni médie a nezavislym faktorem hypertrofie levé komory srdecni je
piijem NaCl v potravé. Hypernatrémie se podili na zvySeném influxu Na+ do bun¢k
hladkého svalstva a néasledné stimulaci fibroprodukce vcévni sténé. Presny
mechanismus neni zndm. Tento nalez potvrzuji jak experimentdlni vyzkumy na
Dahlovych sil senzitivnich potkanech (Jaeckel and Simon, 2003), tak i populacni
studie u lidi (Avolio et al., 1985). Rada populaé¢nich studii jednoznaéné prokazuje vyssi
PWV u esencialnich hypertoniki ve srovnani se stejn€ starymi normotenznimi
kontrolami (Avolio et al., 1985; Girerd et al., 1989; Asmar et al., 1995). Zmény v PWV
jsou detekovatelné u zdravych osob srodinnou anamnézou hypertenze a také u
pocinajici hypertenze, coz vede k hypotézam, Ze esencialni hypertenze je primarné
poruchou cévni stény (Meaney et al., 1999; Celik et al., 2006).

Mezi zménami zptisobenymi starnutim a hypertenzi jsou vyznamné rozdily. U
pacientd s hypertenzi, predev§im u mladSich, zlstava tlakova amplituda vySsi pfi
normalni amplitudé dopfedné tlakové viny a zvySeném odrazovém koeficientu
zpusobeného vazokonstrikci arteriol. Na druhou stranu vékem se tlakova amplituda
postupné ztraci na podklade¢ rychlejsiho tuhnuti centralnich, ale ne perifernich artérii.
Ve vysledku se zvySuje amplituda dopiedné tlakové viny a snizuje se odrazovy koeficient
(Benetos, 2002).
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8.3.3 Ateroskleréza

VétSina kardiovaskuldrnich chorobnych stavli vznikd na podkladé aterosklerdzy.
Ateroskleroticky proces zacina v cévni stén€ pravdépodobné jako jedna z komplikaci
endotelidlni dysfunkce. Obvykle je ateroskler6za definovana pritomnosti platd, které
obturuji cévni lumen, avSak zméeny v cévni sténé velkych i malych artérii nachazime i
pred formovanim plata (Safar et al., 2007). Endotelialni dysfunkce se objevuje jiz ve
velmi cCasnych stadiich aterosklerotického procesu, kdy dochazi k naruSené C¢i
nedostate¢né produkci endotelovych vasodilatacnich substanci (Safar et al., 2007).
Rada praci prokazala souvislost mezi cévni tuhosti a markery endotelialni dysfunkce
(Mahmud and Feely, 2005a; McEniery et al., 2006; Wallace et al., 2007).

O tom, Ze ateroskleroza ovliviiuje cévni tuhost, sveéd¢i napriklad zvySeni cévni
tuhosti u pacientl se zvétSenou intimo-medialni tloustkou spole¢né karotidy (Riley et
al., 1997). I Zuerik a spol. (Zureik et al., 2002) potvrzuji, Ze pritomnost
aterosklerotickych platt karotid souvisi srychlosti Sifeni pulzni vlny nezavisle na
hlavnich znamych kardiovaskularnich rizikovych faktorech. Mechanismus propojujici
arterialni tuhost a aterosklerdzu neni uplné jasny. Aterosklerotické zmény cévni stény
zahrnuji proliferaci hladkych svalovych bun¢k, uklddani lipidd do cévni stény a
akumulaci kolagenu, elastinu a proteoglykanti v cévni sténé. Je také znamo, Ze zména
poméru kolagenu a elastinu vede ke zménam elasticity cévni stény (Safar et al., 2007).
Na zvifecich studiich byl pozorovan piimy vztah mezi regresi/progresi aterosklerozy a

zvySenim/snizenim aortalni distenzibility (Farrar et al., 1991).

8.3.4 Diabetes mellitus

Hladina glukozy v krvi uzce souvisi s cévni tuhosti. Cim vyssi jsou hladiny glykémie,
tim tuz$i - méné poddajné a roztaZitelné, jsou arterie (Benetos, 2002). U pacientl
s diabetem 1. typu nachazime diftzni zvySeni tuhosti arterialni stény, a to dokonce i u
pacientu, ktefi jsou dosud bez klinickych projevl vaskularnich komplikaci. Zvyseni
tuhosti velkych tepen a jejich hypertrofie jsou tedy prvnimi ukazateli vaskularniho
postiZeni u téchto pacientli (Giannattasio et al., 1999). Vys$si cévni tuhost nachazime i u
pacientl s diabetes mellitus 2. typu, ale u téchto pacientd cévni tuhost koreluje
s hladinami volnych mastnych kyselin a hladinami inzulinu (Benetos, 2002).

Chronickd hyperglykémie a hyperinzulinémie zvySuji lokalni aktivitu renin-
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angiotensin-aldosteronového systému (RAAS) a expresi angiotensinového receptoru
typu I v cévni sténé a tim podporuji rozvoj hypertrofie a fibrézy cévni sté€ny (Rizzoni et
al., 2001; Jesmin et al., 2003).

Hyperinzulinémie ma sama o sobé proliferativni efekt a spolu s poruSenou
glukozovou toleranci podporuji neenzymovou glykaci strukturalnich proteint a tim
dochazi ktvorbé pokrocilych produkti glykace (AGE — advanced glycation end-
products). AGE tvori nevratné vazby mezi bilkovinami typu kolagenu a elastinu (Lee
and Cerami, 1992; Bailey, 2001). Kolagen je pak tuz$i a méné nachylny
k hydrolytickému §tépeni. Dochdzi tak k hromadéni abnormalnich struktur molekuly
kolagenu. U elastinu dochézi neenzymovou glykaci k redukci elastické matrix v sténé
cév (Winlove et al., 1996; Verzijl et al., 2000). Produkty pokrocilé glykace maji vliv i na
endotelialni bunky, funkci oxidu dusnatého, stimuluji stresovou signalizaci a zanétlivé
reakce, zvySuji tvorbu prozanétlivych cytokind, rastovych faktort, molekul cévni
prilnavosti a tim prispivaji ke zvySené cévni tuhosti (Yan et al., 1994; Throckmorton et
al., 1995). Studie Lehmanna a spol. prokazala, Ze pacienti s diabetes mellitus 2. typu
maji signifikantn¢ vy$si tuhost aorty nez kontrolni skupina (Lehmann et al., 1992a).
Proto neinvazivni vySetreni tepen u pacientli s diabetem muze pomoci pti odhaleni

presymptomatického stupné postizeni tepen.

8.3.5 Poruchy lipidového metabolismu

Vztah mezi cévni tuhosti a poruchou metabolismu lipidd je rozporuplny. Na jedné
stran¢ rada studii prokazuje negativni pusobeni hyperlipidémie, zejména zvySenych
hladin LDL cholesterolu a niz$ich hladin HDL cholesterolu, na cévni tuhost (Lebrun et
al., 2002; Wilkinson et al., 2002; Pirro et al., 2004; Wilkinson and Cockcroft, 2007;
Riggio et al., 2010; Wang et al., 2011), na druhé¢ stran¢ vSak rada studii tento nalez
popira (Saba et al., 1999; Alagona et al., 2003; Dart et al., 2004).

Na zaklad¢ klinickych a experimentalnich studii bylo prokazano, Ze vysoké
hladiny cholesterolu zasadn€ méni endotelialni funkce a tim dochazi k sniZzené relaxaci
cév (Benetos, 2002). Dyslipidémie je asociovana s oxidativnim stresem a prozanétlivym
stavem (Aviram, 2009). Je znamo, Ze endotelidlni dysfunkce, oxidativni stres a
prozanétlivy stav vedou rliznymi mechanizmy ke zvySeni cévni tuhosti (Safar et al.,
2007). Negativni ptisobeni cholesterolu na cévni tuhost podporuji i studie, ve kterych

dlouhodobé podavani statinu pacientim s hypercholesterolémii zvySilo arterialni
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poddajnost (Giannattasio et al., 1996; Raison et al., 2002; Efrati et al., 2007; Hongo et
al., 2008). Na zvirecich modelech dochazi pfi vysokych hladinach cholesterolu a
experimentalni aterosklerdze nejdrive k neCekanému zvySeni roztaznosti aorty a az
v pozdéjSich stadiich ke snizené poddajnosti (Newman et al., 1971; Manning and
Clarkson, 1972; Farrar et al., 1978). Toto caste¢né potvrzuje i Lehmannova studie
smladymi pacienty sheterozygotni formou hypercholesterolémie. Pacienti
s hypercholesterolémii méli oproti zdravym kontroldm signifikantn€ poddajnéjsi aortu
s vyznamnou korelaci mezi poddajnosti a celkovym cholesterolem, LDL cholesterolem
a délkou trvani nemoci a negativni korelaci mezi poddajnosti a HDL cholesterolem
(Lehmann et al., 1992b). U starSich pacienti dochazi k opa¢nému efektu - maji méné
poddajnou aortu a sniZena poddajnost inverzné koreluje s hladinami LDL cholesterolu
(Lehmann et al., 1992c). I studie Wanga a spol. potvrzuje vztah mezi dyslipidémii
acévni tuhosti. Na velkém souboru pacientd prokazali pozitivni asociaci LDL
cholesterolu s aortalni PWV a negativni vztah HDL cholesterolu k aortalni PWV.

Korelace mezi hladinami celkového cholesterolu a triglyceridii s cévni tuhosti nebyla
prokazana (Wang et al., 2011).

8.3.6 Obezita

Zvyseni t€lesného tuku, zejména centralniho, vykazuje negativni asociaci s cévni
tuhosti ve vSech veékovych kategoriich. Rychlost Sifeni pulzni viny je vyssi u pacient(
s obezitou a nezavislym prediktivnim faktorem zvySené rychlosti §ifeni pulzni viny je u
téchto pacientd predev§im BMI a mnozZstvi visceralniho tuku (Wildman, 2003; Safar et
al., 2007; Recio-Rodriguez et al., 2012). Nekteré studie navic prokazuji i korelaci s
hmotnosti, obvodem pasu, obvodem boki a pomérem pas-boky (Safar et al., 2007; Ko
et al., 2010). SniZzeni hmotnosti vede ke zlepSeni cévni tuhosti (Safar et al., 2007; Rider
et al., 2010). Mechanismus pusobeni visceralni obezity na cévni tuhost neni Gplné
jasny. Visceralni tukové buniky u obéznich produkuji zvySené mnozstvi adipocytokind,
které se podileji na inzulinové rezistenci, vzniku prozanétlivého stavu, dyslipidémii,
které pak vedou k strukturalnim a funkénim cévnim zménam (Safar et al., 2007).

Jedna z poslednich studii (Recio-Rodriguez et al., 2012) zabyvajici se vztahem
obezity, cévni tuhosti a subklinické ateroskler6zy potvrzuje negativni vztah mezi

obezitou a cévni tuhosti. Z vysledkl vyplyva, Ze kazdé zvétSeni obvodu pasu o 1cm
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zvySuje rychlost Sifeni pulzni vilny o 0,03m/s a kazdé zvySeni BMI o 1kg/m2 zvysi

rychlost $ifeni pulzni viny 0 0,05m/s.

8.3.7 Koureni

Studie o koureni a cévni tuhosti ukazuji, Ze dlouhodobé koureni vétSinou zpisobuje
zvySeni cévni tuhosti (Safar et al., 2007; Yu-Jie et al., 2012) a zanechani koufeni
vyrazng zlepsSuje cévni tuhost (Takami and Saito, 2011; Yu-Jie et al., 2012). Zajimavy je
i efekt akutniho koureni, kdy po vykoureni jedné cigarety dochazi ve vSech kategoriich -
kuraci, nekuraci, normotenzni, hypertenzni, zdravi - k vyraznému zvySeni centralni i
periferni cévni tuhosti (Safar et al., 2007). Akutni zvySeni cévni tuhosti mize vést az k

rupture aterosklerotického platu a s tim souvisejicim komplikacim.

8.4 Moznosti ovlivnéni cévni tuhosti

Aortalni rigiditu lze ovlivnit farmakologicky i nefarmakologicky. Vzhledem k tomu, Ze
zakladni determinantou ovliviiujici cévni rigiditu je krevni tlak, tak plati, ze 1écba
vedouci ke sniZeni krevniho tlaku ma obvykle za nésledek snizeni cévni tuhosti. Nemusi

to vSak platit u vSech antihypertenziv (viz Tabulka 3).

8.4.1 Vliv nefarmakologické lécby

Na redukci cévni tuhosti se z nefarmakologickych 1é¢ebnych postupt podili pravidelna
fyzicka aktivita (Edwards et al., 2004; Tabara et al., 2007; Laskey et al., 2012), redukce
hmotnosti (Balkestein et al., 1999; Goldberg et al., 2009; Wolfson et al., 2010), snizeni
prijmu NaCl v potravé (Avolio et al., 1986; He et al., 2009), zvySeny prijem omega-3
mastnych kyselin (Pase et al., 2011), umirnéné piti alkoholu (Hougaku et al., 2005;
Mattace-Raso et al., 2005) a zanechani koureni (Takami and Saito, 2011; Yu-Jie et al.,
2012).
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8.4.2 Vliv farmakologické lécby

Vliv jednotlivych skupin 1€kt je shrnut v Tabulka 3:

Lékova skupina Genericky nazev Iéku PWV Al
Diuretika Hydrochlorothiazid, Indapamid - -
Betablokatory Bisoprolol ! N
Atenolol ! /1
Metoprolol o N
Blokatory kalciového kanalu Amlodipin o !
Lacidipin, Nipedipin | !
Verapamil l N
Alfablokatory Doxazosin - !
ACE inhibitory Perindopril, Ramipril ! !
AT1 blokatory Losartan, Valsartan ! !
Antagonisté aldosteronu Spironolakton, Eplerenon ! !
Vazodilatacni léky Nitrdty o l
Sildenafil l l
Statiny Simvastatin . !
Atorvastatin o/ N
PPAR —v ligandy Rosiglitazon ! !

- signifikantni sniZzeni; - bez efektu 1é¢by; N — nebylo stanoveno

TABULKA 3: EFEKT VYBRANYCH LEKOVYCH SKUPIN NA AORTALNI RIGIDITU MERENOU POMOCI RYCHLOSTI
SIRENI PULZNI VLNY (PWV) A AUGMENTACNIHO INDEXU (Al). VOLNE ZPRACOVANO DLE (MAHMUD, 2007;
SAFARETAL., 2007)

8.5 Vlastnosti tepen u primdrniho hyperaldosteronismu

U primarniho hyperaldosteronismu lze ocekavat vyrazn€j$i zmeény centralniho

tepenného reCiSté ve srovnani sesencialni hypertenzi. Divodem neni jen pouhi
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pritomnost vétSinou tézké arteridlni hypertenze, ale i natrium retencni efekt
aldosteronu v kombinaci s jeho prfimym fibroprolifera¢nim plsobenim. Aldosteronové
receptory byly nalezeny i v aorté a bylo prokazano, Ze aldosteron zvySuje tvorbu cévniho
kolagenu a tim prispiva k fibrotickym zmeénam, dale vede k perivaskularni leukocytarni
infiltraci a fibroidni remodelaci hladkych svalovych bunék nezavisle na hodnotach
krevniho tlaku (Rossi et al., 2002). Aldosteron v experimentalnich modelech podporuje
intramyokardialni fibrotické zmény a ukladani intersticidlniho a perivaskularniho
kolagenu bez zavislosti na hodnotach krevniho tlaku na (Schmidt and Schmieder,
2003). Dale se popisuje zvySeni celkového kolagenu, N-terminalniho propeptidu
kolagenu I a zvySeni kolagenu IIl. typu u pacientl s primarnim hyperaldosteronismem
(Rizzoni et al., 2006; Stehr et al., 2010). Vliv aldosteronu na zvySenou tuhost cévni
stény prokazala studie u hypertenznich jednostrann€ nefrektomovanych krys
(aldosterone-salt hypertensive rats), u kterych pfti dieté s vysokym obsahem soli spolu
s podavanim aldosteronu dochazelo ksignifikantnimu vzestupu cévni tuhosti

s akumulaci fibronektinu v cévni sténé¢ (Lacolley et al., 2002).

Mahmud a kol. publikovali studii s24 esencidlnimi hypertoniky, ve které zjistili
korelaci poméru aldosteron/renin s centrdlnimi hemodynamickymi parametry
(centralni systolicky tlak a pulzni tlak, augmentaé¢ni index), nepotvrdili v8ak korelaci
s PWV. Pokles téchto parametri véetné PWV byl signifikantni pfi nasledné terapii
inhibitory aldosteronovych receptoru - spironolaktonem, zatimco pfi diuretické terapii
doSlo pouze kpoklesu brachidlniho krevniho tlaku pii nezménéné PWV a
augmentacnim indexu (Mahmud and Feely, 2005b). Na zakladé téchto vysledkd se jevi,
ze spironolakton ovliviiuje tuhost cévni stény nezavisle na poklesu krevniho tlaku.
Antagonisti mineralokortikoidnich receptort redukuji extracelularni obrat matrixu a
kardialni remodelaci (Brown, 2005).

Studie provedend nasi hypertenzni skupinou na 36 pacientech s primarnim
hyperaldosteronismem ukézala zvySené parametry cévni tuhosti, vyjadiené jako PWV,
oproti 28 esencialnim hypertonikiim pfi stejné vysi krevniho tlaku a srovnatelném véku.
Tento rozdil byl statisticky signifikantni i po adjustaci na vSechny klinické proménné
véetné 24-hodinového monitorovani arterialniho tlaku (Strauch et al., 2006). Nedavna
studie poukazuje na nedostatek endotelidlnich progenitorovych bunék u primarniho
hyperaldosteronismu, ktery se také muize podilet na zvySené cévni tuhosti u téchto

pacientt (Wu et al., 2011a).
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Hypertenze je hlavnim rizikovym faktorem rozvoje kardiovaskularnich chorob (Kaplan
et al., 2010). Prevalence arterialni hypertenze se ve svété u dospélé populace pohybuje
mezi 20-50% a primarni hyperaldosteronismus predstavuje nejcastejsi formu
endokrinné podminéné hypertenze s prevalenci 5-20% (Strauch et al., 2003; Young,
2007; Douma et al., 2008; Funder et al., 2008; Mulatero et al., 2011; Takeda et al.,
2011; Hannemann and Wallaschofski, 2012).

Vzhledem k tak velkému poc¢tu nemocnych s primarni i sekundarni hypertenzi
jsme se rozhodli zhodnotit rozdilnou prevalenci metabolickych a organovych
komplikaci u téchto pacientd. Studovali jsme rozdily mezi pacienty s esencialni
hypertenzi a primarnim hyperaldosteronismem a nasledn¢ i mezi dvéma nejcastéjSimi
formami primarniho hyperaldosteronismu - aldosteron produkujicim adenomem a
idiopatickym hyperaldosteronismem.

Dosavadni vysledky praci zabyvajicich se metabolickymi rozdily mezi
primarnim hyperaldosteronismem a esencialni hypertenzi jsou rozporuplné. Na jedné
stran¢ byla prokazana vyS$8i prevalence metabolického syndromu u pacientd
s primarnim hyperaldosteronismem v porovnani s pacienty s esencialni hypertenzi
(Fallo et al., 2006, 2007; Ronconi et al., 2010), ale posledni studie od Matrozové a spol.
(Matrozova et al., 2009) neprokazala Zadné zasadni rozdily v metabolickych
parametrech mezi t€émito sledovanymi skupinami. Kontroverzni jsou také poznatky o
hypertrofii levé komory u pacientli s primarnim hyperaldosteronismem (Rossi et al.,
1996; Yoshihara et al., 1996; Goldkorn et al., 2002; Matsumura et al., 2006; Muiesan et
al., 2008).

O rozdilech mezi dv€éma nejcastejSimi typy primarniho hyperaldosteronismu
existuje jen malé mnozstvi dat. McAreavey vroce 1983 poukédzal na podobnost
idiopatického hyperaldosteronismu s esencidlni hypertenzi a na rozdily ve srovnani
s pacienty s aldosteron produkujicim adenomem (McAreavey et al., 1983). Pozd¢ji
Young a Blumenfeld publikovali prace, které podporuji vysledky Mc Areaveye. Zjistili,
vyskyt hypokalémie, vy$§i hladiny aldosteronu a jsou mlad$i neZ pacienti

s idiopatickym hyperaldosteronismem (Young and Klee, 1988; Blumenfeld et al.,
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1994). Pacienti sidiopatickou formou primarniho hyperaldosteronismu jsou vice
ohrozeni organovymi komplikacemi neZz pacienti saldosteron produkujicim
adenomem.

V prvni ¢asti nasi prace jsme se zaméfili na rozdilnou prevalenci metabolického
syndromu a jeho komponent u pacientd sesencialni hypertenzi a primarnim
hyperaldosteronismem a na rozdily mezi dvéma nejcast€jSimi formami primarniho
hyperaldosteronismu - idiopatickym hyperaldosteronismem a aldosteron produkujicim
adenomem. Hlavni cile nasi prace byly nasledujici:

* posouzeni rozdilné prevalence metabolického syndromu a jeho jednotlivych
komponent mezi pacienty s esencidlni hypertenzi a primarnim
hyperaldosteronismem

* posouzeni rozdilt mezi hlavnimi podtypy primarniho hyperaldosteronismu -
idiopatickym hyperaldosteronismem a aldosteron produkujicim adenomem.

Vdruhé ¢asti jsme posuzovali potencialni rozdily v cetnosti vyskytu
subklinického  organového postizeni mezi dvéma podtypy primarniho
hyperaldosteronismu. Hlavni cile prace byly nasledujici:

 sledovani potencidlnich rozdild ve vlastnostech velkych tepen pomoci
rychlosti S$ifeni pulzni viny mezi jednotlivymi podtypy primarniho
hyperaldosteronismu

* posouzeni potencidlnich rozdill v prevalenci mikroalbuminurie jako znamky
hypertenzniho poskozeni ledvin mezi hlavnimi podtypy primarniho
hyperaldosteronismu

Ve treti ¢asti jsme se zamérili na efekt nadprodukce aldosteronu na periferni
cévni tuhost. Cilem prace bylo:

* posouzeni efektu nadprodukce aldosteronu na periferni cévni tuhost
meéfenou pomoci rychlosti Sifeni pulzni vlny mezi a. femoralis a a. tibilias
anterior/posterior u pacientd s primarnim hyperaldosteronismem a
esencialni hypertenzi

Ctvrta ¢ast prace byla vénovana remodelaci levé srdeéni komory u pacient
sprimarnim hyperaldosteronismem, esencialni hypertenzi a nizkoreninovou
hypertenzi. Hlavnim cilem préace bylo:

» zhodnotit vliv zvySeného intravaskularniho objemu na srde¢ni anatomii u

pacientu se stl-senzitivni formou hypertenze — u pacientl s primarnim
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hyperaldosteronismem a nizkoreninovou hypertenzi v porovnani s pacienty
s normoreninovou hypertenzi
Vzavéru jsme se zamcfili na analyzu cévniho poskozeni a potencialnich

mechanismu jejiho vzniku u primarniho hyperaldosteronismu.
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]() * Metodologie

10.1 Méreni krevniho tlaku

Hodnoty klinického krevniho tlaku byly ziskdny za pouziti validovaného
oscilometrického tlakoméru (Dinamap, Critikon, Tampa, FL, USA). Krevni tlak byl
meéfen v poloze vsedé po 5 minutach klidu - ve tfech 1-2 minutovych intervalech a
kone¢nd hodnota krevniho tlaku byla vypoctena jako primeér z druhého a tretiho
meéreni krevniho tlaku. Byla pouZzita manZeta odpovidajici velikosti paZe dle doporuceni
Evropské spole¢nosti pro hypertenzi.

24-hodinové ambulantni monitorovani krevniho tlaku bylo provedeno v
pribéhu hospitalizace pomoci oscilometrického tlakoméru Spacelab (Spacelabs
90207; SpaceLabs Medical, Redmond, WA, USA). Krevni tlak byl méren dle
doporuceni ve 20-minutovych intervalech v denni dobé a ve 30-minutovych intervalech

V noci.

10.2 Vysetreni viastnosti velkych tepen

Vlastnosti velkych tepen jsme vySetrovali neinvazivné pomoci aplana¢niho tonometru
pfistroje Sphygmocor (AtCor Medical, Sydney, Australie). Validita pristroje byla
ovéfena srovnanim svysledky invazivniho vySetfeni pomoci srdeéni katetrizace a
matematickymi vypocty (Karamanoglu et al., 1993; Chen et al., 1996, 1997; Fetics et
al., 1999; O’Rourke et al., 2001).

Tento pristroj umoznuje analyzu pulzni vlny jako metodu vySetieni systémoveé
cévni tuhosti a méreni rychlosti Sifeni pulzni viny jako metodu vySetieni regionalni

cévni tuhosti.

10.2.1 Vysetrovaci protokol

Pacienti byli vySetfovani za standardnich podminek dle doporuceni Spole¢nosti pro

vyzkum struktury a funkce arterii (Laurent et al., 2006):
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e vySetfeni probihalo vdopolednich hodinach vtiché mistnosti se stalou
teplotou 22+1°C

* pacienti byli vySetfovani nala¢no, nejmén¢ 10 hodin pred vySetienim nepozili
alkoholické népoje, 3 hodiny pred vySetfenim nekoufili a nepili napoje
obsahujici kofein

* vySetreni probihalo vleZe na ldzku po 15minutovém odpocinku

* analyzu pulzni vlny (PWA) jsme provadéli vySetfenim pravé a. radialis,
vySetfeni se 3x opakovalo a vSechna méfeni musela mit hodnotu
kvalitativniho indexu vy$si nez 90% a pouzil se primer vSech 3 vySetreni

* rychlost $ifeni centralni pulzni viny (PWV) se méfila na pravé a. carotis
communis a na pravé a. femoralis, méreni probihalo 3x a pouZil se primér ze
vSech namérenych hodnot

* rychlost $ifeni periferni pulzni viny (pPWV) se mérila na pravé a. femoralis a
na pravé a. tibialis anterior/posterior, méfeni probihalo 3x a pouzil se
pramér ze vSech nameérenych hodnot

e vyludovacim kritériem byla hodnota BMI nad 40 kg.m™ nebo vyrazna
abdominalni obezita, renalni insuficience skreatininem > 120umol/I,
koincidence smalignim onemocnénim a zndmky generalizované

aterosklerozy

10.2.2 Analyza pulzni viny

Zaznam pulzni vlny se provadi pomoci aplana¢niho tonometru, ktery se priklada na a.
radialis. Pristroj musi byt kalibrovan na aktualni hodnoty brachialniho krevniho tlaku.
ProtozZe je tvar ziskané vlny na radiélni tepn¢ odliSny od tvaru vilny v aorté, tak se musi
vysledny zdznam pomoci softwaru nasledné matematicky transformovat na aortélni
pulzni vinu. Pomoci automatického softwaru ziskdme po propoctu hodnoty aortalnich
(centralnich) tlakdi a hodnotu centralniho augmenta¢niho indexu (viz Obrazek 7).

Augmentacni index je prepocitavan na arbitrarn¢ stanovenou frekvenci 75 tepi/min.
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_ - — - - o P ® -
SphygmoCor 3
Evaluation Report 0

PATIENT DATA

Patient Name

Patient ID Address :

Patient Code  HT

Age, Sex 38 ( 1973), MALE

STUDY DATA

12 X1l 2011, 9:47:05 Height, Weight (BMI) 182cm, 100kg (30,19 kg/m_) Operator ID: ZS
Medication. lsoptin SR 240mg 1-0-1/2, Zoxon 4mg 0-0-1

Notes:
T QUALITY CONTROL
\ A I I 11 i It I i \ |
n ,! A\ |I I"Uq .:. A A -; A ,: f\ AT R 'u"‘.\: A II n i Pulse Height 124
\_i | '-\_J \J AWRAVEAVRAVEAVRAY N - Pulse Height Variation 4%
A ~ ~ . ~ = Diastolic Variation 4%
A AN AVAY AN AVAVAS Pulse Length Variation 4%
/ [ “ | i ulse Leng ation 4%
\; \\ N \ \ \J \\' NN NN dPIdt Max 1075
\J W ) u >
Radial Aot
|
" Sp Sp I
Dp Dp |
/ L
PP PP / |
JI|I \
MP MP | \
/ . I
Peripheral T1, T2, Alx  112ms, 205ms, 53% Aortic Alx (AG/PP) @HR75 23%
CENTRAL HAEMODYNAMIC PARAMETERS
Heart Rate, Period 83 bpm, 719 ms P1 Height(P1 - Dp) 32 mmHg Buckberg SEVR (Ad/AS) 132% (3999/3019)
Ejection Duration (ED) 284 ms, 40% Augmentation (AG) 7 mmHg MP. (Systole, Diastole) 127, 110 mmHg
Aortic T1, T2, Tr 86, 153, 176 ms Aug. Index (AG/PP, P2/P1) 9%, 123% End Systolic Pressure 123 mmHg

AlCor Medical SCOR-2000 7.0 (00454) 120 DATA 14 IX 2012

Obrazek 7: Zaznam analyzy radialni arterie a automatického vypoctu aortalni
pulzni viny véetné centralnich hemodynamickych parametra.
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10.2.3 Rychlost Sireni pulzni viny

Princip vySetfeni spociva ve stanoveni ¢asového posunu mezi tepovou vlnou na a.
carotis communis a na a. femoralis. Jednotlivé pulzové viny jsou snimané transkutanné
pomoci sondy aplana¢niho tonometru po dobu 20 vtetin. Méreni se provadi nejdiive na
a. carotis communis a nasledné na a. femoralis za sou¢asného monitorovani EKG (viz
Obrazek 8). Pri tomto sekven¢nim mérfeni se ¢asovy posun jednotlivych pulzovych vin
urcuje ve vztahu k R-kmitu na EKG zaznamu. Vzdalenost, kterou vlny urazi, méfime na
povrchu téla mezi dvéma zaznamovymi misty. PouZili jsme subtrakéni metodu, kdy se
od femoro-jugularni vzdalenosti od¢ita vzdalenost karotido-jugularni.

Pri méreni periferni pulzni viny se zaznamenaval signal pulzni viny na praveé a.
femoralis a na pravé a. tibialis anterior nebo posterior opét sekvenénim meérenim za

souc¢asného monitorovani EKG. Vzdalenost se méfila mezi 2 zadznamovymi misty.

Vysledna hodnota je uvadéna v metrech za sekundu.
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_ - - - .1 N ® o
SphygmoCor 3
Pulse Wave Velocity Report
PATIENT DATA
Patient Name
Patient ID Address .
PatientCode  HT
Age, Sex 38 ( 1973), MALE
STUDY DATA
12 X1 2011, 9:50:20 Hgt, Wgt (BMI) 182cm, 100kg (30,19kg/m_) Operator ID: ZS
Algorithm Pulse Height percent (10%) Distance: 450 mm Blood Pressure: 156/98 (-)
Medication Isotpin SR 240mg 1-0-1/2, Zoxon 4mg 0-0-1
Notes
1 | QUALITY CONTROL
Mo B e T, Y . L SiteA aPH PHv Plv BLv
1 ’ Pressure 120 6 1 6
1 l ECG 121 4 1 4
% P R I T R T T R L Y T N r Site B
: '\ Pressure 88 8 4 14
ECG 131 3 1 5
N [ \ h N f \ L \ [\ I."", ;Il \ 'r .k'. 'n | | :;-_ | )
'!I‘-p || L\ l 4\ A l I [ =y | bl \ [ | " ", . .
Y Y Y B | J \J } \J ] | \ |
] NV \ J ] 4 o h

SRR EEEEEEEEERERERREEREREE
li!- ' T T N A A N Y NN RN NN DN SN N SN A

J I | fa abacala b, k. .0, i ] Y S I U PR U Y o
-._+_.‘_ _;_:F‘.'-.__"P_'\-_."‘} .,Jﬂ =/ -»'\‘P.: Rt -.1!!_.-.__ .\'r ""."r\' """I". ey WO L‘r" o ;‘F' ,_,‘+. R 1L"\P i -JI\'F =

Eatm B- Femoral

1
|y Ak

‘\‘I p’w‘“‘um P‘W |_| Fr g i,\AJI e L b Fad, '.'. L_-".- i "-.\: *, P ‘-"'\; }'“ ":{M\‘,{Il"‘- ‘-\__,(1 ' e Fow ,! i‘"“vp",l } J\n\"\;} .-"“‘«"5 1.»'\.- Al """“\‘ P"“\-’\‘ | r"—k‘.‘

PULSE WAVE VELOCITY CALCULATION

Site A-B  MeanT(ms) SD{ms) N HR(bpm)

ECG-CAR 69,4 1.9 22 78

ECG-FEM 137.7 33 22 76

CARFEM 682 38 Pulse Wave Velocity = 6,6 £ 0,4 (m/s)

AtCor Medical SCOR-2000 7.0 (004534) 120 DATA 141X 2012

OBRAZEK 8: PROTOKOL Z VYSETRENI RYCHLOSTI SiRENI PULZNi VLNY. 20-VTERINOVY ZAZNAM Z A.
CAROTIS COMMUNIS A ZA. FEMORALIS COMMUNIS SYNCHRONIZOVANY S EKG. VYSLEDNA HODNOTA

RYCHLOSTI SIREN{ PULZNI VLNY JE V PRAVEM DOLN{M ROHU.
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10.3 Echokardiografické vySetreni levé komory

M-mode, dvojrozmérny a dopplerovsky zaznam byly zaznamenany podle standardniho
protokolu pomoci pristroje Philips SONOS 5500 (Phillips Medical Systems, Andover,
Massachusetts, USA). Pacienti byli vySetfovani vlevé lateralni dekubitalni pozici. Z
parasternalni dlouhé osy (PLAX) byl pouzitim M-mode méten enddiastolicky rozmér
LK (LVED), endsystolicky rozmér LK (LVES), tlouStka mezikomorového septa (IVS) a
zadni stény (PWT) podle doporuceni Americké spole¢nosti pro echokardiografii (Sahn
et al., 1978). Relativni tloustka stény (RWT) byla vypocitana jako 2x (PWT / LVED) a
hmotnost LK jsme stanovili podle vzorce (Lang et al., 2005): hmotnost LK = 1,04 x 0,8
x (IVS + LVED + PWT)’ - LVED® + 0.6

Vysledna hmotnost LK byla normalizovana na povrch téla a na 2.7 mocninu
vySky. Za hypertrofii LK povaZujeme hodnotu indexu hmotnosti LK (LVMI) > 53
g/m*’, coz odpovida hodnoté > 125 g/m* normalizované na povrch téla.

Hypertrofie LK byla dale hodnocena bud jako koncentricka u pacientd s RWT =
0,42 nebo excentricka u ostatnich pripadii potvrzené hypertrofie LK.

Parametry diastolické funkce LK byly ziskany dopplerovskym stanovenim
transmitralniho prutoku a pomoci tkanového dopplerovského zobrazeni pohybu

medialni ¢asti mitralniho anulu.

10.4 Separované odbery z nadledvinovych Zil

Senzitivita separovanych odbérti pti katetrizaci nadledvinovych Zil (AVS) je 95% a
jejich specificita je az 100%, proto jsou separované odbéry povaZovany za zlaty
standard pro rozliSeni unilateralni a bilateralni nadprodukce aldosteronu (Funder et al.,
2008). Toto vysetreni vSak vyzaduje velkou zkuSenost a zru¢nost radiologa.

Separované odb€ry znadledvinovych Zil se provadi pomoci katetrizace
nadledvinovych zil zkuSenym radiologem dle riznych protokold. Na nasem pracovisti
se pouziva nestimulovany sekvencni odbér nejdiive z pravé nadledvinové Zily, poté
zlevé a nésledné odbér vzorku zdolni duté Zily. Ze vzorkll se stanovuje hladina
aldosteronu a kortizolu. Za uspeSny odbér je povazovana hodnota kortizolu
z nadledvinovych zil min. 2x vy$8i nez hladina kortizolu v dolni duté Zile. Kritéria na

urceni lateralizace se liSi podle pouzivaného protokolu. Stranove se porovnavaji pomeéry
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hladin aldosteron/kortizol a za znamku lateralizace se na naSem pracovisti povazuje
pomer 3:1.
Detailni popis vybéru pacientd, statistického zpracovani a dalsi metodologické

podrobnosti jsou podrobné popsany v priloZzenych publikacich v nasledujici kapitole.
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] ] * Vlastnivysledky vyzkumné prdce

11.1 Prevalence metabolického syndromu a jeho komponent

u dvou nejcasteéjsich forem primdrniho

hyperaldosteronismu

Cil prace: Tato prace byla zamérfena na vyzkum prevalence metabolického syndromu a
jeho komponent u dvou hlavnich forem primarniho hyperaldosteronismu,
unilateradlniho  aldosteron  produkujiciho adenomu (APA) a idiopatického

hyperaldosteronismu s bilateralni nadprodukci aldosteronu (IHA).

Metodika: Analyzovali jsme klinickd a laboratorni data 100 pacient s priméarnim
hyperaldosteronismem (50 pacientti s IHA a 50 pacientd s APA) a 90 pacientd s
esencidlni  hypertenzi  (EH). Diagnéza  konkrétni  formy  primarniho
hyperaldosteronismu byla zaloZena na vysledku separovanych odbéri z nadledvinovych
zil a/nebo na uspésné chirurgické 1€¢be s histologickym potvrzenim adenomu.
Vysledky: Metabolicky profil pacientd s bilaterdlni formou primarniho
hyperaldosteronismu na podkladé THA byl podobny pacientlim s esencialni hypertenzi,
ale liSil se od pacientd s jednostrannou formou primarniho hyperaldosteronismus na
podkladé APA. Prevalence metabolického syndromu (62% u IHA, 34% u APA, 56% u
EH), hodnoty BMI (30+4 kg/m2 u IHA, 2745 kg/m2 u APA, 2945 kg/m2 u EH) a
hladiny triglycerida (1,9+0,9 mmol/1 u IHA, 1,4+0,8 mmol/l u APA, 2,01+£1,39 mmol/I
u EH) byly vyznamné vyssi u pacientd s [HA ve srovnani s pacienty s APA.

Zavér: Metabolicky profil u pacientt s bilaterdlni formou primarniho
hyperaldosteronismu na podkladé idiopatického hyperaldosteronismu je podobny jako
u pacientll sesencialni hypertenzi a 1i8i se od pacientd s aldosteron produkujicim

adenomem.

Clanek byl publikovan v Journal of Human Hypertension. Kompletni znéni ¢lanku je

pfiloZeno v anglickém jazyce.
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Metabolic syndrome (MS) is frequent clinical condition
in patients with hypertension. Primary aldosteronism
(PA) is a common form of secondary hypertension. This
study was aimed at investigating the prevalence of
the MS and its components in the two major forms of
PA, in unilateral aldosterone-producing adenoma (APA)
and Dbilateral aldosterone overproduction because
of idiopathic hyperaldosteronism (IHA). The diagnosis
of the particular form of PA was based on adrenal
venous sampling and/or successful surgery confirmed
by histopathological examination. We analyzed clinical
and laboratory data from 100 patients with PA (50
patients with IHA and 50 patients with APA) and from
90 patients with essential hypertension (EH). Metabolic

profiles of patients with bilateral form of PA (because
of IHA) were similar to EH, but differed from those
in patients with unilateral form of PA (APA). The
prevalence of the MS (62% in IHA, 34% in APA and
56% in EH), the body mass index value (30 +4kgm=
in IHA, 27+5kgm= in APA and 29+5kgm™= in EH)
and triglycerides levels (1.9+0.9mmoll™ in IHA,1.4+
0.8mmol I in APA and 2.01 +1.39mmol I~* in EH) were
all significantly (P<0.05) higher in IHA compared with
APA patients. Metabolic profile of patients with bilateral
form of PA (because of IHA) is similar to EH in contrast
to unilateral form of PA (APA).

Journal of Human Hypertension (2010) 24, 625-630;
doi:10.1038/jhh.2010.65; published online 24 June 2010

Keywords: metabolic syndrome; primary aldosteronism; hyperlipidemia

Introduction

The metabolic syndrome (MS) is a common clinical
condition that can be found in approximately
one-third of patients with essential hypertension
(EH). Concurrent metabolic abnormalities in MS
include abdominal obesity, dyslipidemia, glucose
intolerance and insulin resistance.” Although the
definition of MS varies and divergent mechanisms
might be responsible for MS,?* there is evidence that
the overall cardiovascular risk accompanying MS
may be greater than the sum of its identifiable
components.®

Primary aldosteronism (PA) caused by an auto-
nomous aldosterone overproduction is one of the
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most common form of secondary hypertension. The
major forms of PA include idiopathic aldosteronism
(IHA) caused by bilateral adrenal hyperplasia and
unilateral aldosterone-producing adenoma (APA).
Other forms of PA are less common, and include
unilateral hyperplasia and rare familial aldostero-
nism type I and II. According to multicentre PAPY
study,* the prevalence of PA in a non-selected
population of hypertensive patients is 11% and
even higher (19%) in a preselected population of
patients with moderate-to-severe hypertension.®
Recent data show that patients with PA have a
significantly higher rate of cardiovascular events
than the matched patients with EH.® The excess of
aldosterone might be associated with remodeling of
the left ventricle and higher albumin excretion.”?
Indeed, as we have shown recently, patients with PA
have an increased intima-media thickness of the
carotid artery and higher aortic stiffness compared
with EH.**°

Aldosterone concentrations are elevated in obese
and MS patients,'" there is an increasing body of
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evidence linking elevated plasma aldosterone levels
to MS and its components. Clinical evidence
also suggests that angiotensin II-stimulated secre-
tion and/or stimulation of aldosterone by adipose
tissue may be enhanced in obese subjects.’'* It was
reported that prevalence of MS in patients with PA
is higher compared with EH."*"® These results were,
however, questioned by recent cross-sectional study
of Matrozova et al.,'® in which the investigators
found no significant differences in metabolic abnor-
malities between patients with PA and EH.'®
Moreover, in this study, fasting plasma glucose
and serum lipids in PA patients were not signi-
ficantly altered by successful adrenalectomy.'®
However, the prevalence of MS in IHA as compared
with APA patients was not analyzed in this study.
The main objective of our study was therefore to
compare the prevalence of MS and its major
components in patients with two common forms
of PA (IHA, APA) to patients with EH as a control

group.

Subjects and methods

Study population

We retrospectively studied 190 hypertensive
patients in three subgroups matched by age; in
50 patients with IHA, 50 patients with APA and in a
control group of 90 patients with EH. Subjects were
recruited from patients referred to our hypertension
centre in order to exclude secondary hypertension
between the years 2002 and 2009. Patients with
renal failure were not included in to this study, and
all the patients were on a normal sodium/potassium
diet with no caloric restrictions.

Clinical evaluation

Previous anti-hypertensive therapy was withdrawn
in all patients at least 2 weeks (in case of spirono-
lactone at least 4 weeks) before the investigation in
our centre. To standardize the treatment and to
eliminate the interference of anti-hypertensive
drugs with the renin—angiotensin—aldosterone sys-
tem, the anti-hypertension therapy for all patients
was switched to an a-blocker (doxazosin) and slow-
releasing calcium channel blocker (verapamil).'”
Patients with hypokalaemia have continued with
oral potassium supplementation. The suspicion
of PA was based by the findings of aldosterone—
renin ratio >40 (ng per 100ml)/(ng ml~*h™), plasma
renin activity <0.7ngml™h™ and plasma aldo-
sterone >15ng per 100ml when measured after
2-h upright position. The diagnosis of PA was
confirmed by the lack of aldosterone suppression
(<7ng per 100ml) after an intravenous saline load
(21 of 0.9% saline infused over 4h).'” Differential
diagnosis of PA forms (IHA and APA) was supported
by a computed tomography scan and by a selective
adrenal vein sampling (AVS). In addition, the
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diagnosis of APA was confirmed when successful
laparoscopic adrenalectomy was associated with
normalization of plasma renin activity and plasma
aldosterone levels, and by histological verifi-
cation. The diagnosis of IHA was based on bilateral
aldosterone overproduction assessed by AVS proce-
dure. We used AVS criteria according to a pre-
viously published guidelines.'” Success was defined
as adrenal vein/inferior vena cava cortisol gradient
>2 and the lateralization was considered to be
present when the aldosterone/cortisol ratio at one
side was four times greater than that in contralateral
vein.

Laboratory methods

All hormonal tests were performed by radio-
immunoanalysis using commercially available kits
(Immunotech, Beckman Coulter Company, Prague,
Czech Republic). All other biochemical parameters
were analyzed using multianalyzers (Hitachi 717,
Boehringer Mannheim, Germany) in the Institu-
tional Central Laboratory. Adrenal venous sampling
was performed without ACTH stimulation as
recommended elsewhere."”

Blood pressure measurement

Clinical blood pressure (BP) values were obtained
using a validated oscillometric sphygmomanometer
(Dinamap, Critikon, Tampa, FL, USA). Three mea-
surements of BP were obtained in the sitting
position after a 5-min rest period. Final office BP
was calculated as average from the second and third
BP readings. The 24-h ambulatory BP monitoring
was performed during hospitalization using an
oscillometric device (SpaceLabs 90207; SpaceLabs
Medical, Redmond, WA, USA).

Definition of MS

We used the International Diabetes Federation
2006 definition of the MS'® and the new common
definition for clinical diagnosis of the MS published
in 2009." Criteria for the International Diabetes
Federation 2006 definition of the MS are as follows:
presence of central obesity defined as waist circum-
ference with ethnicity-specific values or body mass
index (BMI) >30kgm™, plus any two of the
following factors: (a) triglycerides >1.7 mmoll™,
or specific treatment for this lipid abnormality;
(b) high-density lipoprotein (HDL)-cholesterol
<1.03mmoll™ in males and <1.29mmoll™" in
females, or specific treatment for this lipid abnor-
mality, (c) systolic BP >130mmHg or diastolic BP
>85mm Hg or treatment of previously diagnosed hyper-
tension, (d) fasting plasma glucose >5.6mmoll™
or previously diagnosed type 2 diabetes mellitus.’
According to new criteria published in 2009
diagnosis of the MS is based on the presence
of any three of the following five risk factors:



(1) elevated waist circumference (population- and
country-specific  definitions), (2) triglycerides
>1.7mmoll™, or drug treatment for elevated
triglycerides, (3) HDL-cholesterol <1.0mmoll™ in
males and <1.3mmoll™ in females, or drug treat-
ment for reduced HDL-cholesterol, (4) systolic BP
>130mm Hg and/or diastolic BP >85mmHg, or
anti-hypertensive drug treatment in a patient with
a history of hypertension and (5) fasting glucose
>5.6mmoll™, or drug treatment of elevated
glucose.™

Statistical methods

The differences in clinical and laboratory para-
meters were studied between individual subgroups
of patients as well as between pool of all PA patients
(regardless of PA form) and EH patients. The
statistical analysis was performed by STATISTICA
software version 8 (Statsoft Inc., Tulsa, OK, USA).
Data are expressed as means+s.d. and as propor-
tions for continuous and categorical variables,
respectively. One-way analysis of variance followed
by Newman—-Keuls post hoc test was used to

Table 1 Basic characteristics of the studied groups
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compare normally distributed variables between
groups. Non-parametric variables were tested with
Kruskal-Wallis analysis of variance test. Multi-
variate regression analysis was used to adjust for
differences in baseline clinical variables. P-value
<0.05 was considered significant.

Results

The basic characteristics of the studied groups
are shown in Table 1. We reported no differences
in the duration of hypertension at the time of our
investigation among the studied groups. Proportion
of patients with MS (according to both definitions,
the IDF definition from 2006 and the new common
definition from 2009), was significantly higher
in ITHA compared with APA patients. When we
calculated potential differences between men and
women in [HA group, because of gender imbalance,
only height, body weight and HDL-cholesterol levels
were significantly different. All other measured
parameters including BMI, cholesterol, triglycerides
levels and the prevalence of MS were almost
identical in IHA group regardless of the gender

627

Variable Essential hypertension Aldosterone-producing adenoma Idiopathic aldosteronism
No. Values No. Values No. Values
Sex, men % 90 51.1° 50 42.00° 50 72.00"%
Age at PA diagnosis, year 90 49.85+11.7 50 49.46£9.92 50 50.52£6.73
Duration of hypertension, year 90 9.06 £9.51 50 10.96 £9.51 50 10.86+7.24
BMI, kgm™ 90 28.74+4.63 50 27.27 £4.73% 50 30.16 £ 4.09°
MS IDF, % 90 32.20° 50 26.00° 50 52.00"¢
MS 2009, % 90 55.60* 50 36.00** 50 62.00°
Hyperlipidemia, % 90 44.40* 50 16.00** 50 34.00°
Use of statines, % 90 23.30 50 10.00 50 18.00
Diabetes mellitus, % 90 22.2 50 22.00 50 18.00
Antidiabetic therapy, % 90 8.9 50 18.00 50 12.00
Plasma aldosteron, ngl™ 80 220.08 £174.98*" 44 789.65 £472.93** 48 494.58 +£238.24"
PRA, pgl'h™ 80 2.86£3.34* 7 44 0.49+0.45* 48 0.50£0.28"
Aldosterone renin ratio 80 13.36 £11.5*%" 44 239.87 £202.84** 48 143.57 £138.14"%
Systolic BP, mm Hg 90 168.39 +£30.23 50 165.62 +21.18 50 166.10 *+ 24.62
Diastolic BP, mm Hg 90 99.80+19.97 50 101.52 £13.09 50 101.44 £15.75
Systolic BP in 24 h, mm Hg 81 138.86 £21.4" 42 145.36 £14.03 41 151.95+17.89"
Diastolic BP in 24 h, mm Hg 81 84.62+13.10%" 42 91.14+9.63* 41 95.63 £12.06"
Serum sodium, mmol I 90 141.59 £ 2.95*" 50 143.56 £ 3.35* 50 143.02 £3.38"
Serum potassium, mmol 1™ 90 4.11+0.43*" 50 3.29+0.44*% 50 3.51+£0.51"
Serum creatinin, pmol I 90 87.73 £21.58* 50 76.56 £ 20.36** 50 85.76 £19.78°
Total cholesterol, mmol I 90 5.39+1.15* " 50 4.79+0.94* 50 4.93+0.96"
HDL cholesterol, mmol I 89 1.36 £ 0.36° 49 1.27 £0.41% 46 1.12+0.327%
LDL cholesterol, mmol 1™ 86 3.13+0.83 48 2.95+0.82 46 3.02+0.75
Triglycerides, mmol 1™ 90 2.01£1.39* 49 1.37£0.81** 50 1.90+0.93*
Glucose level, mmol 1™ 89 5.29+1.25 48 5.23+1.38 49 5.36+1.06
Microalbuminuria, mgl™ 10 11.20£16.29 27 20.39£20.07 17 27.99 £ 31.69

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; MS, metabolic syndrome; PA, primary aldosteronism; PRA, plasma renin activity.
Data are expressed as means * s.d. unless otherwise indicated. One-way ANOVA followed by Newman—Keuls post hoc test and Kruskal-Wallis

ANOVA test was used. P-value <0.05 was considered significant.

*P<0.05 essential hypertension versus aldosterone-producing adenoma.

"P<0.05 essential hypertension versus idiopathic aldosteronism.

SP<0.05 aldosterone-producing adenoma versus idiopathic aldosteronism.
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(data not shown). According to multivariate model,
the differences in the prevalence of the MS
remained significant even after adjustment for
gender imbalance in both groups (P=0.009 and
P=0.003 for MS-IDF and MS-2009, respectively).

There were no differences in the prevalence of
diabetes mellitus, impaired glucose tolerance and
use of antidiabetic drugs among the three groups.
Proportion of patients with hyperlipidemia was
higher in the IHA group but we found no significant
intergroup differences in the use of antidyslipi-
demic treatment.

Patients with EH had lower 24-h BP levels com-
pared with PA group, but no significant differences
in office BP were noted.

Plasma aldosterone levels, aldosterone-renin ratio
and serum potassium levels were, as expected,
significantly different between studied groups.
Serum sodium concentrations were higher in both
forms of PA compared with EH, while serum
potassium concentrations were significantly lower
in PA. There was no correlation between serum
potassium levels and glucose levels (for all tested
variables R?<0.03). Serum creatinine concentrations
were higher in EH compared with APA. Total
cholesterol and HDL-cholesterol levels were higher
in EH compared with other two groups. Patients with
IHA had compared with APA higher triglycerides
concentrations and lower levels of HDL-cholesterol.
No differences in glucose levels and microalbumi-
nuria among studied groups were noted.

As a result of the significant differences in
the prevalence of the MS (both definition) between
IHA and APA patients, we also tested if there are
differences in the components of the MS between
EH and PA taken altogether as a one group.
We found significantly higher plasma cholesterol,
low-density lipoprotein-cholesterol and triglyceri-
des levels in EH compared with PA. In spite of these
results, 38% of patients in the EH group used lipid-
lowering drugs versus 20% in the PA group. PA
patients had higher systolic and diastolic BP levels
in comparison with EH (data not shown).

Discussion

We have found metabolic differences between
two main forms of PA, for example, IHA and APA.
Patients with IHA had significantly higher levels
of BMI, triglycerides and markedly lower values
of plasma HDL levels compared with APA patients.
In concordance with these findings, the prevalence
of MS based on two definitions, was also signifi-
cantly higher in THA compared with APA. Higher
prevalence of MS and metabolic differences was
independent of between-group gender imbalance.
Metabolic phenotype of IHA patients in our study
was similar to EH patients, which is in concordance
with the Medical Research Council investigators
belief that IHA patients are close to low renin EH.?°
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The precise mechanisms responsible for higher
prevalence of MS in IHA patients compared with
APA are not clear and may involve several potential
factors such as age or duration of hypertension,
dyslipidemia or diabetes mellitus. No significant
intergroup differences in age and duration of
hypertension, diabetes mellitus or dyslipidemia
were, however, noted in our study. Gender imbal-
ance may also have a role, but differences in the
prevalence of MS between IHA and APA remained
statistically significant even after the adjustment for
this factor.

Higher prevalence of MS in IHA patients com-
pared with APA could be due to higher BMI and
more frequent abnormalities in lipid profile in IHA
patients. Indeed, we noted that more patients were
using hypolipidemic drugs in the IHA group as
compared with the APA group. Surprisingly, we
have, however, did not find any correlation between
lipid concentrations and plasma aldosterone values
in neither of the two groups (for all tested variables
R?*<0.06).

Recent cross-sectional studies showed the asso-
ciation between aldosterone concentrations and
MS and its components.*”** Plasma aldosterone
levels are increased in obese hypertensive patients.
In the large Italian PAPY study,* a positive correla-
tion between BMI and plasma aldosterone indepen-
dently of age, BP, gender and sodium intake was,
however, found only in EH and not in PA patients.
Our study support this observation—in agreement
with the PAPY study*® we also did not find
significant correlation between BMI and plasma
aldosterone levels. Actually, in our study, plasma
levels of aldosterone were higher in patients with
APA as compared with patients with IHA.

Hypokalemia is thought of as potentially influen-
cing glucose levels and/or tolerance independently
of aldosterone concentrations.>**® Potassium can
regulate insulin receptor function and glucose-
stimulated insulin secretion by B-cells.*® A positive
correlation between adiponectine with insulin-
sensitizing properties and potassium was recently
noted in PA and low renin hypertensive patients.?”
Prolonged hypokalemia in PA could thus contribute
to low adiponectin levels and insulin resistance. In
our study, however, significantly higher plasma
potassium concentrations were observed in IHA
compared with APA patients. Aldosterone and/or
mineralocorticoid receptor activation with its
complex metabolic effects might have a more
profound effect on insulin sensitivity than does
hypokalemia, which is in agreement with our
previous clamp study in PA.?® Indeed, in our study,
lower potassium levels in APA were not transmitted
into intergroup differences in the prevalence of
glucose disorders and/or glucose levels between
APA and THA.

Previous observations suggested that mineralo-
corticoid excess may induce abnormalities in insulin
secretion and action' and, consequently, higher



prevalence of hyperglycaemia or diabetes mellitus in
patients with PA."™"® However, in a recent cross-
sectional study no differences in fasting plasma
glucose levels were noted in patients with PA and
EH."® This is in agreement with our present study in
which we also did not find any significant differ-
ences in the fasting plasma glucose levels and
prevalence of diabetes mellitus between all groups
including EH. Our results are compatible with our
earlier findings that in patients with PA there are no
differences in the prevalence of diabetes mellitus
before and after adrenalectomy.*’

Aldosterone can also affect insulin receptor
function'"*° with adverse metabolic consequences.
Potential proadipogenic role of aldosterone with
subsequent negative effect on insulin sensitivity
through production of cytokines (adipocytokines)/
fatty acids was reported.'**° Differences between the
production of various cytokines/fatty acids between
two main forms of aldosterone overproduction may
thus also have a role. It has been shown that
metabolic parameters in PA and EH are related to
adiponectin gene variants."® We cannot therefore
exclude the possibility that differences in adiponec-
tin gene polymorphism between IHA and APA do
not contribute to different metabolic phenotypes
observed in our study.

Another possibility is that the mineralocorticoid
receptor, expressed in adipose tissue, or its acti-
vation, may have an important role in the develop-
ment of MS,* and variations in mineralocorticoid
receptor and/or activation of mineralocorticoid
receptor may also contribute to observed metabolic
differences between two major forms of PA.

In the study from Fallo et al.*® a higher prevalence
of the MS in patients with PA compared with EH
was reported, but this difference was due to higher
plasma glucose levels in patients with PA, which
could be related to a higher prevalence of diabetes
mellitus.®* In our study, there were no significant
differences in the prevalence of diabetes mellitus,
higher plasma glucose levels or use of antidiabetic
drugs among all studied groups.

Our data differs from those of previous cross-
sectional study of Matrozova et al.,’® in which no
significant differences in metabolic abnormalities in
the different subtypes of PA and EH patients were
noted. The classification of various forms of PA in
the study of Matrozova (lateralized, nonlateralized,
undetermined PA) does not, however, enable to
clearly define the forms of PA according the guide-
lines'” because AVS was not performed in all
patients and no histopathological data were given
in operated patients. Regardless of these findings, it
is evident that MS in patients with EH and PA (IHA)
is frequent and may contribute to high cardiovas-
cular risk.%**

Our study may be limited by its retrospective
design because of relatively lower number of new
patients with PA analyzed by AVS every year. This is
caused by the fact, that approximately 30% of new
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PA patients in our centre refuse potential surgical
approach and therefore AVS is not performed.

In conclusion, our data indicate that PA with
bilateral overproduction (IHA) has a higher occur-
rence of metabolic abnormalities, including MS,
in comparison with APA. IHA is a common form of
PA, which seems to be metabolically similar to EH.
Higher prevalence of MS in IHA may thus result also
in higher cardiometabolic risk.

What is known about topic

® Primary aldosteronism (PA) is a common form of
secondary hypertension. There are only few data
concerning potential clinical differences between two main
types of PA. Previous cross-sectional study has reported
no significant differences in metabolic abnormalities
between subtypes of PA patients and patients with essential
hypertension.'® The classification of PA subtypes was not,
however, in this study based on a complex investigation
including adrenal venous sampling in all subjects with
proven PA.

® Previous observations suggested that aldosterone excess
may induce abnormalities in insulin secretion and action
and, consequently, higher prevalence of metabolic
syndrome, hyperglycaemia or diabetes mellitus in patients
with PA."*13

What this study adds

o This retrospective study of 100 patients with PA shows that
PA with bilateral overproduction (idiopathic
hyperaldosteronism) has higher occurrence of metabolic
abnormalities including metabolic syndrome in comparison
with aldosterone-producing adenoma.

e In this study, there were no significant differences in the
fasting plasma glucose levels and prevalence of diabetes
mellitus between observed groups.
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11.2 Maji hlavni formy primdrniho hyperaldosteronismus

rozdilny fenotyp?

Cil prace: Primarni hyperaldosteronismus (PA) je nejcastéjsi pricinou endokrinni
hypertenze s vysokym vyskytem kardiovaskularnich komplikaci. V nasi predchozi praci
jsme potvrdili vy$si vyskyt metabolickych poruch u pacientd s idiopatickym
hyperaldosteronismem (IHA) ve srovnani s pacienty s aldosteron produkujicim
adenomem (APA). Cilem na$i studie je vyhodnotit potencialni rozdily ve vyskytu
subklinického organového poSkozeni tepen (arterialni tuhost) a poSkozeni ledvin

(mikroalbuminurie) mezi dvéma hlavnimi typy PA.

Metodika: Diagnoza konkrétni formy PA byla zaloZena na separovanych odbérech
z nadledvinovych zil a/nebo na zakladé histologického vySetfeni. Analyzovali jsme
klinické a laboratorni udaje 72 pacientd s PA ( z toho 36 pacientt s IHA, 36 pacientt s
APA). Arterialni tuhost byla vyjadiena pomoci karotido-femoralni rychlosti Sifeni
pulzni viny (PWV) a poSkozeni ledvin pomoci mikroalbuminurie (UAE).

Vysledky: Pacienti s IHA maji signifikantné (p <0,03) vyssi vyskyt metabolického
syndromu (17% u APA, 35% u IHA), vyssi hladiny triglyceridd (1,37£0,71 mmol/1 u
APA, 1,85+ 0,87 mmol/l u IHA), niz$i hladiny HDL cholesterolu (1,25+0,28 mmol/l u
APA, 1,06+0,25 mmol/l u IHA), vy$§i PWV (7,91+1.61 m/s u APA, 8,99+1.77 m/s u
IHA) a vy$8i UAE (12,93+2,21 mg/1 u APA, 28,09+6,66 mg/l u IHA).

Zavér: Zda se, ze pacienti s idiopatickym hyperaldosteronismem maji odliSny fenotyp

ve srovnani s pacienty s aldosteron produkujicim adenomem.

Clanek byl publikovan v Physiological Research. Kompletni znéni ¢lanku je priloZeno

v anglickém jazyce.
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Summary

Primary aldosteronism (PA) is the most common cause of
endocrine hypertension with a high frequency of cardiovascular
complications. We found in our previous study higher occurrence
disturbances in
hyperaldosteronism  (IHA)
aldosterone-producing adenoma (APA). The aim of our present
study is to evaluate potential differences in the frequency of end-

of metabolic patients with idiopathic

compared to subjects with

organ damage (arterial stiffness and microalbuminuria) between
two main types of PA. The diagnosis of the particular form of PA
was based on adrenal venous sampling and/or histopathological
examination. We analyzed clinical and laboratory data from 72
patients with PA (36 with IHA, 36 with APA). The arterial stiffness
was expressed as the carotid-femoral pulse wave velocity (PWV)
and the renal damage as urinary albumin excretion levels (UAE).
Patients with IHA had significantly (p<0.03) higher prevalence of
metabolic syndrome (17 % in APA, 35 % in IHA), higher
triglycerides (1.374£0.71 mmol/l in APA, 1.85+0.87 mmol/l in
IHA), lower HDL cholesterol (1.25+0.28 mmol/l in APA,
1.06£0.25 mmol/l in IHA), higher PWV (7.91+£1.61 m/s in APA,
8.99+1.77 m/s in IHA) and higher UAE (12.93+2.21 mg/I in APA,
28.09+6.66 mg/l in IHA). It seems that patients with IHA may
have a slightly different phenotype compared to APA.
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The prevalence of primary aldosteronism (PA)

characterized by autonomous overproduction of
aldosterone is in the non-selected hypertensive population
around 11 % (Rossi et al. 2006a) and in a preselected
population of patients with severe hypertension 19 %
(Strauch et al. 2003). The main forms of PA are
idiopathic aldosteronism (IHA) caused by bilateral
adrenal hyperplasia and unilateral aldosterone producing
adenoma (APA). Other of PA are less

common, and include hyperplasia and

forms
unilateral
rare familial aldosteronism type I and II. Recent data
show that patients with PA have a significantly higher
rate of cardiovascular risk than patients with essential
hypertension (EH) (Catena et al. 2008). There is a higher
rate of left ventricular hypertrophy (Rossi et al. 1996),
stroke, atrial fibrillation, myocardial infarction (Milliez et
al. 2005), higher urinary albumin excretion (Rossi et al.
2006b), increased intima-media thickness of the common
carotid artery (Holaj and Widimsky 2008) and higher
prevalence of metabolic syndrome (Fallo et al. 2006,
2008, Ronconi et al. 2010) in patients with PA. It was
also reported that patients with PA have higher aortic
wall stiffness measured by PWV compared to patients
with EH (Strauch et al. 2006, Bernini et al. 2008).
Specific treatment with adrenalectomy might reverse
these changes (Strauch et al. 2008).

There are only few data regarding potential
clinical differences between the two main types of
primary aldosteronism. McAreavey published in 1983,
that there is a similarity of idiopathic aldosteronism and
and both
hypertension may differ from aldosterone producing

essential hypertension these types of
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adenoma (McAreavey et al. 1983). Young and
Blumenfeld later showed differences between the two
types of primary aldosteronism; patients with APA have
more severe hypertension, more frequent hypokalemia,
higher plasma aldosterone levels and are younger than
those with IHA (Young and Klee 1988, Blumenfeld et al.
1994). In our last study we found differences in the
prevalence of the metabolic syndrome and in lipid levels
between APA and IHA. Patients with [HA have a higher
prevalence of metabolic syndrome, higher levels of
triglycerides and higher prevalence of hyperlipidemia
than patients with APA (Somloova et al. 2010). We
hypothesized that patients with IHA may have compared
to APA higher frequency of end-organ damage due to
It
demonstrated that arterial stiffness increases with blood

metabolic  disturbances. has been previously
pressure levels, age, obesity, DM (Aoun et al. 2001,
Mitchell et al. 2007), atherosclerosis (van Popele et al.
2001), end-stage renal disease (London et al. 1990) and
lipid disorders (Wilkinson et al. 2002). Microalbuminuria
levels may reflect metabolic and vascular abnormalities.
We retrospectively studied 72 patients with
primary aldosteronism classified into IHA and APA
according the guidelines (Funder et al. 2008). Patients
were divided according to the subtypes in 2 subgroups —
APA (32 pts.) and IHA (32 pts.) matched by age, sex and
blood pressure levels. Subjects were recruited from
patients referred to our Hypertension center in order to
exclude secondary hypertension between the years 2004-
2011. Patients with renal failure were not included into
this study, and all the patients were on a normal
sodium/potassium diet with no caloric restrictions.
Previous anti-hypertensive therapy was withdrawn in all
patients at least two weeks (in case of spironolactone at
least 4 weeks) before the investigation. To standardize the
treatment and to eliminate the interference of anti-
with  the

aldosterone system, the anti-hypertension therapy for all

hypertensive  drugs renin-angiotensin-
patients was switched to an alpha-blocker (doxazosin)
and slow-releasing calcium channel blocker (verapamil).
Patients with hypokalemia have continued with oral
potassium supplementation. The suspicion of PA was
based on the findings of aldosterone renin ratio (ARR)
>30 (ng/dl)/(ng/ml/h), renin activity (PRA)
<0.7 ng/ml/h and plasma aldosterone >15 ng/dl when

plasma

measured after two-hour upright position. The diagnosis
of PA was confirmed by the lack of aldosterone
suppression (<7 ng/dl) following an intravenous saline
load (2 liters of 0.9 % saline infused over 4 hours).

68

Differential diagnosis of PA forms (IHA and APA) was
supported by a computed tomography scan and by a
selective adrenal venous sampling (AVS). Adrenal
ACTH
stimulation as recommended elsewhere (Funder et al

venous sampling was performed without
2008). We used AVS criteria according to previously
published guidelines (Funder ez al. 2008), selectivity was
defined as adrenal vein/inferior vena cava cortisol
gradient >2 and the lateralization was considered to be
present when the aldosterone/cortisol ratio at one side
was at least 2-times greater than that in contralateral vein.
In addition, the diagnosis of APA was confirmed when
successful laparoscopic adrenalectomy was associated
with normalization of plasma renin activity and plasma
aldosterone levels, and by histological verification. All
hormonal tests were performed by radioimmunoanalysis
kits
Beckman Coulter Company, Prague, Czech Republic).

using commercially available (Immunotech,
All other biochemical parameters were analyzed using
multianalyzers (Hitachi 717, Boehringer Mannheim,
Germany) in the Institutional Central Laboratory. Clinical
blood pressure (BP) values were obtained using a
validated oscillometric sphygmomanometer (Dinamap,
Critikon, Tampa, FL, USA). Three measurements of
blood pressure were obtained in the sitting position after a
five minute rest period. Final office blood pressure was
calculated as average from the second and third blood
The 24-hour
pressure monitoring was performed during hospitalization
using an oscillometric device (SpaceLabs 90207,
SpaceLabs Medical, Redmond, WA, USA). PWV was
measured with the applanation tonometer Sphygmocor
(AtCor Medical, Australia). Subjects were studied after

overnight fasting and after a 15 minute resting period,

pressure readings. ambulatory blood

during which the patient was in a supine position in a
quiet room. Aortic PWV was assessed by the time
difference between pulse wave upstrokes consecutively
measured at the right common carotid artery and right
femoral artery, then aligned by the ECG-based trigger.
The ‘percentage pulse height algorithm’ was used to
locate the foot of the pulse waves. To define the
metabolic syndrome (MS) we used the common
definition for clinical diagnosis of the MS published in
2009 (Alberti et al. 2009). The statistical analysis was
performed by STATISTICA software vers.10 (Statsoft
Inc, Tulsa, OK, USA). Data are expressed depending on
the distribution  (Shapiro-Wilks
W-test) as means + standard deviations or means =+

normal/non-normal

standard errors of means. Between-group comparisons
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were performed by two-tailed t-test for independent
samples. The Kruskal-Wallis test was used for non-
normally distributed variables. Pearson’s correlation
analysis and multiple regression analysis (stepwise
forward method) were applied to assess the relationship
among PWV/microalbuminuria and clinical/laboratory
parameters (variables which significantly correlated in
Pearson’s correlation analysis entered multiple regression
analysis). P-value <0.05 was considered significant.

The basic clinical characteristics of the studied
groups are shown in Table 1. We reported no significant
differences in age and duration of hypertension at the
time of our investigation among the studied groups. As
expected, BMI, triglycerides levels, the prevalence of the
metabolic syndrome and hyperlipidemia was higher in
patients with IHA. In addition, HDL cholesterol levels
were lower in I[HA. Aldosterone levels on the contrary
were higher in patients with APA. There were no
differences in the prevalence of glucose metabolism
disorders and use of antidiabetic drugs among the groups.
Microalbuminuria was significantly higher in patients

Table 1. Basic metabolic, biochemical and hormonal characteristics.

with IHA; however, there were no intergroup differences
in creatinine levels, GFR estimated with the Cockcroft
formula and in age, blood pressure levels and the
prevalence of diabetes. Microalbuminuria correlated with
triglycerides level and with 24-hour systolic blood
pressure, but after multiple regression analysis none of
them remained significant predictor factor for
microalbuminuria. The differences in hemodynamic
parameters and arterial stiffness are summarized in
Table 2. Central PWV was significantly higher in patients
with IHA compared to patients with APA, while clinical
blood pressure measured during the examination was
comparable between the two groups. There were also no
significant differences in 24-hour blood pressure
monitoring. After multiple regressions analysis 24-hour
systolic blood pressure and diastolic blood pressure were
the main predictors of PWV. The difference in PWV
remained significant after adjustments for 24-hour
systolic blood pressure (SBP) and diastolic blood
pressure (p=0.01 for PWV).

n APA n IHA P
Sex (men %) 36 58.00 36 67.00 NS
Age, y 36 46.23 +11.41 36 48.93 £6.62 NS
Duration of hypertension, y 36 7.97 £6.51 36 10.93 +£8.20 NS
Height, cm 36 174.50 £ 10.45 36 174.58 +£7.66 NS
Weight, kg 36 85.76 £ 18.36 36 92.49 +£13.33 NS
BMI, kg/m’ 36 28.17 £ 4.63 36 30.32 +3.59 0.031
Metabolic syndrome, % 36 17.00 36 39.00 0.035
Hyperlipidemia, % 36 42.00 36 72.00 0.009
Glucose metabolism disorders, % 36 11.00 36 25.00 NS
Serum sodium, mmol/l 36 144.03 +£2.95 36 143.19 +£2.63 NS
Serum pottasium, mmol/l 36 3.38 +£0.51 36 3.63+0.43 0.026
Serum creatinine, umol/l 36 78.33 £16.90 36 84.33 £20.07 NS
GFR, Cockcroft formula, ml/s 36 1.99 +£0.53 36 2.01+044 NS
Microalbuminuria, mg/l 18 12.93 £2.21 18 28.09 £ 6.66 0.038
Glucose level, mmol/I 34 4.83+0.54 35 5.11 £0.83 NS
Total cholesterol, mmol/l 36 4.88+0.96 35 4.83+1.03 NS
Triglycerides, mmol/l 36 1.37+0.71 35 1.85+0.87 0.013
HDL cholesterol, mmol/l 36 1.25+0.28 33 1.06 £0.25 0.003
LDL cholesterol, mmol/l 36 3.02+0.84 33 2.87 £0.87 NS
Plasma aldosterone, ng/l 36 694.12 + 76.67 36 453,12 +£38.52 0.023
PRA, ug/l/h 35 0.43+0.04 35 0.48 £0.04 NS
ARR 35 224.36 +38.45 35 126.11 £20.75 0.015

Abbreviations: APA — aldosterone producing adenoma, IHA — idiopathic hyperaldosteronism, BMI — body mass index, GFR — glomerular

filtration rate, PRA — plasma renin activity, ARR — aldosterone-renin-ratio.
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Table 2. Blood pressure levels and pulse wave velocity.
n APA n IHA P

Systolic BP in 24 h, mm Hg 36 148.28 £ 12.79 33 148.24 £ 17.95 NS
Diastolic BP in 24 h, mm Hg 36 92.19 £8.40 33 90.63 £ 12.08 NS
HR in 24 h, min”! 36 68.75+9.22 33 68.14 £ 8.21 NS
Systolic BP, mm Hg 36 157.94 £ 20.74 36 159.92 +20.08 NS
Diastolic BP, mm Hg 36 91.19+12.17 36 91.28 £12.36 NS
HR, min”! 36 68.22 +12.73 36 65.08 £10.31 NS
Aortic augmentation index, % 34 25.94 + 8.56 36 23.95+8.97 NS
PWV, m/s 36 791+ 1.61 36 8.99+1.77 0.008

Abbreviations: APA — aldosterone producing adenoma, IHA — idiopathic hyperaldosteronism, BP — blood pressure, HR — heart rate,

PWV — pulse wave velocity.

Our data indicate that between APA and IHA
are not only metabolic differences but also differences
in studied markers of end-organ damage. Patients with
IHA have not only significantly higher prevalence of
higher BMI,
triglyceride levels, lower HDL cholesterol levels but

metabolic syndrome, hyperlipidemia,
also a significantly higher aortic stiffness measured by
PWYV and higher urinary albumin excretion compared to
patients with APA. The precise mechanism responsible
for metabolic and structural changes in patients with
IHA is not clear and may involve several potential

factors. Differences in arterial stiffness can be caused by

dyslipidemia, higher BMI and local effect of
aldosterone on the arterial wall. We found positive
correlation between PWV  and  duration of

hyperlipidemia, triglyceride levels and a negative
correlation with HDL cholesterol levels; however, after
a multiple regression analysis only 24-hour SBP
remained a significant positive predictor factor of PWV.
On the other hand arterial stiffness increases in obese
patients and patients with lipid disorders (Mitchell et al.
2007). Proximal arterial compliance correlates with
triglyceride levels, HDL cholesterol levels and with
insulin levels (Neutel ef al. 1992) and there might be a
relationship between oxidative modification of LDL
cholesterol and arterial distensibility (Toikka et al.
1999). The effect of aldosterone on the arterial wall may
potentially also play a role in observed differences in
PWV. Aldosterone overproduction has a negative effect
on aortic stiffness (Strauch et al. 2006) and a successful
effect
(Strauch et al. 2008). The mechanism of aldosterone-

treatment with adrenalectomy reverses this

induced fibrosis of the vessel wall is still unclear,
aldosterone may increase collagen I synthesis and the
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number of endothelin receptors (Fullerton and Funder
1994, Robert et al. 1994). Aldosterone has also a rapid
nongenomic effect on the vessel wall mediated via
activation of intracellular mineralocorticoid receptors
(MR) (Funder 2006). Through MR can aldosterone
directly mediate effects in target organs independent of
the regulatory roles of angiotensin II (Duprez 2007) and
MR receptors could be localized in endothelial and
smooth muscle cells and
2006). of

aldosterone in vascular wall and a localized paracrine

vascular (Bauersachs

Fraccarollo Extra-adrenal  synthesis
effect may also play a role in vascular changes (Duprez
2007). However, we have not found any correlation
between aldosterone levels and arterial stiffness, but the
measured plasma aldosterone levels do not necessarily
reflect the local effect of aldosterone on the arterial
wall. Patients with PA have higher urinary albumin
excretion compared to age and BP matched patients
with EH (Catena et al. 2008). Several factors as
endothelial dysfunction or glomerular damage may play
a role (Rossi et al. 2006b). Albuminuria could be also
due to the impairment of proximal tubular reabsorption
caused by hypokalemic nephropathy (Ribstein et al.
2005). However, in the PAPY study, there were no
differences in urinary albumin excretion between
patients with normokalemic and hypokalemic PA (Rossi
et al. 2006b). In our study there was a positive
the
triglycerides level and also with 24-hour systolic blood

correlation  between  microalbuminuria and

pressure, but after multiple regression analysis none of

them remained significant predictor factor for

microalbuminuria. We have not found any difference in
urinary albumin excretion between normokalemic and
hypokalemic patients.
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In conclusion we have shown in our study that ~ Conflict of Interest
there might be not only metabolic differences between  There is no conflict of interest.
patients with APA and IHA but also differences in the
frequency of end-organ damage. It thus seems that IHA ~ Acknowledgements
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11.3 Periferni cévni tuhost u primdrniho

hyperaldosteronismu

Cil prace: Nadprodukce aldosteronu zvySuje tuhost arteridlni stény akumulaci
riznych typa kolagennich vladken a riistovych faktora. Nase predchozi studie ukéazaly,
ze centralni (aortdlni) arteridlni tuhost je zvySena u pacientd s primarnim
hyperaldosteronismem (PA) nezavisle na pritomné hypertenzi, a Ze tyto zmény mohou
byt reverzibilni po uspé€Sné adrenalektomii. K dispozici jsou pouze omezené tdaje o
potencialnim dopadu mineralokortikoidni nadprodukce na zhorSeni periferni arterialni
tuhosti. Tato studie je zaméfena na zkoumani U¢inku nadprodukce aldosteronu na
periferni arterialni tuhost hodnocenou pomoci periferni (a. femoralis —a. tibialis)
rychlosti $ifeni pulzni viny (PWV) u pacientli s PA ve srovnani s pacienty s esencialni

hypertenzi.

Metodika: vySetrili jsme 49 pacientli s potvrzenym primarnim hyperaldosteronismem a
49 pacientu s esencidlni hypertenzi srovnatelného véku, krevniho tlaku, body mass
indexu, lipidového profilu a hladiny la¢né glykémie. PWV byla méfena pomoci
aplanac¢niho tonometru Sphygmocor.

Vysledky: Periferni i centralni rychlost Sifeni pulzni viny byly signifikantné vyssi u
pacientll s primarnim hyperaldosteronismem ve srovnani s pacienty s esencialni
hypertenzi, zatimco hodnoty klinického krevniho tlaku byly podobné. Plasmaticka
hladina aldosteronu byla hlavnim prediktivnim faktorem periferni rychlosti Sifeni

pulzni viny u pacientt s primarnim hyperaldosteronismem.

Zavér: NaSe data ukazuji, Ze nadprodukce aldosteronu u pacientll s primarnim
hyperaldosteronismem nepfiznivé ovliviiuje jak centralni, tak i periferni arterialni
tuhost. Fibroproliferativni ucinek vySSich hladin aldosteronu vede ke zménam
centralnich - elastickych tepen, stejn€ jako perifernich - svalovych tepen s naslednym

zvySenim jejich tuhosti.

Clanek byl publikovan v Physiological Research. Kompletni znéni ¢lanku je priloZzeno

v anglickém jazyce.
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SUMMARY

Aldosterone overproduction increases arterial wall stiffness by accumulation of
different types of collagen fibres and growth factors. Our previous studies showed
that central (aortic) arterial stiffness is increased in primary aldosteronism (PA)
independently of concomitant hypertension and that these changes might be
reversible after successful adrenalectomy. There is limited data available on the
potential impact of mineralocorticoid overproduction on the deterioration of peripheral
arterial stiffness. The current study was thus aimed at investigating the effect of
aldosterone overproduction on peripheral arterial stiffness assessed by peripheral
(femoral-ankle) pulse wave velocity (PWV) in PA patients compared with essential
hypertension (EH) patients.

Forty-nine patients with confirmed PA and 49 patients with EH were matched for age,
blood pressure, body mass index, lipid profile, and fasting glucose. PWV was
obtained using the Sphygmocor applanation tonometer.

Both peripheral and central PWV were significantly higher in PA patients compared to
EH patients, while clinical blood pressures were similar. Plasma aldosterone level
was the main predictor of peripheral PWV in PA.

Our data indicate aldosterone overproduction in PA does not preferentially affect
central arterial system. Fibroproliferative effect of higher aldosterone levels lead to
alteration of central-elastic as well as peripheral-muscular arteries with subsequent
increase in its stiffness.

KEYWORDS: peripheral arterial stiffness, primary aldosteronism, peripheral pulse

wave velocity
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INTRODUCTION

Primary aldosteronism (PA) is characterized by the autonomous
overproduction of aldosterone by the adrenal glands generally caused by
adrenocortical adenoma or bilateral adrenal hyperplasia. The prevalence of PA in
patients with any stage of hypertension varies from 5 to 15% (Funder et al. 2008;
Mulatero et al. 2011; Rossi 2010; Takeda et al. 2011). We have previously shown
that PA is the most frequent form of secondary hypertension with a prevalence of
19% in moderate to severe hypertension (Strauch et al. 2003) among patients
admitted to our hypertension unit.

Previous studies also indicated that patients with PA might be at higher
cardiovascular risk than patients with essential hypertension (EH) (Catena et al.
2008). Increased left ventricular mass, significant impairment of diastolic dysfunction
(Rossi et al. 1996), more frequent renal function impairment (Wu et al. 2011),
increased intima-media thickness of common carotid arteries (Holaj et al. 2007), or
impaired diurnal blood pressure variation (Zelinka et al. 2004) are all present more
frequently in patients with PA than in EH.

Aldosterone overproduction leads to functional and structural changes of
arterial system. Animal models demonstrate that aldosterone substantially
contributes to the accumulation of different types of collagen fibres and growth
factors in vascular smooth muscle cells. Aldosterone receptor antagonists (e.g.
spironolactone) may prevent or be able to reverse these changes (Martin-Fernandez
et al. 2011). However, there are limited studies examining aldosterone effect on
vascular changes in humans (Joffe and Adler 2005; Mahmud and Feely 2005).
Different effect of aldosterone overproduction might be present in different segments

of arterial tree with changing vascular wall’'s composition.
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The prognostic value of central arterial stiffness is well established (Mitchell et
al. 2010) and aortic pulse wave velocity (PWV) predicts cardiovascular mortality and
morbidity beyond classical risk factors (Vlachopoulos et al. 2010). However, there are
currently limited studies dealing with the predictive value of peripheral arterial
stiffness for cardiovascular morbidity and this relationship remains unclear (Bernini et
al. 2008; Choi et al. 2010; Khandanpour et al. 2009; Tsuchikura et al. 2010).
Peripheral arterial stiffness investigation might be valuable in screening for and
evaluating the severity of peripheral arterial disease (Khandanpour et al. 2009). On
the other hand, the preferential increase in central arterial stiffness is found not only
in coronary artery disease but in cerebrovascular disease and peripheral artery
disease as well (Tsuchikura et al. 2010). Similarly, aging has a greater effect on the
central than the peripheral arterial system (Choi et al. 2010).

Patients with PA had greater aortic wall stiffness by PWV compared to EH
patients in our previous study (Strauch et al. 2006). Similar results were seen in the
study by Bernini et al. (Bernini et al. 2008) and specific treatment with adrenalectomy
might reverse these changes (Strauch et al. 2008). There is lack of data concerning
the relationship between aldosterone overproduction and changes in peripheral,
muscular arteries in humans. The current study was thus aimed at investigating the
effect of aldosterone overproduction on peripheral arterial stiffness assessed by

femoral-ankle PWV in PA patients in comparison to EH patients.
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METHODS

Study population

A total of 49 patients with confirmed PA and 49 patients with EH were
assessed. The examination of all subjects was performed after discontinuation of
their usual antihypertensive therapy. Patients were switched to an alpha-blocker
(doxazosine) and/or slow-release calcium channel blocker (verapamil) at least 14
days prior to admission to eliminate the interference of other antihypertensive drugs
with the renin—angiotensin—aldosterone system (RAAS). Spironolactone was stopped
6 weeks before investigation. This wash out period is generally accepted in PA
diagnosis algorithm (Funder et al. 2008).The screening for the diagnosis of PA was
based on an elevated aldosterone-to-renin ratio (ARR) 240 ((ng/dl)/(ng/mi/h)) when
plasma renin activity (PRA) and aldosterone levels were measured post 2hours in the
upright position also with suppressed PRA (<0.7 ng/ml/h) and elevated plasma
aldosterone (=15 ng/dl). The diagnosis of PA was confirmed by the absence of
plasma aldosterone suppression (plasma aldosterone < 7 ng/dl) after saline infusion
(2 liters 0.9% saline infused over 4 hours) (Funder et al. 2008; Mulatero et al. 2011).

The diagnosis of EH was made by exclusion of the most common forms of
secondary hypertension (PA, pheochromocytoma, Cushing’s syndrome, renal
parenchymal disease and renovascular hypertension). PA was excluded according to

normal ARR and aldosterone suppression presence after saline infusion.

Pulse wave velocity

All subjects underwent PWYV assessment with the applanation tonometer
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Sphygmocor (AtCor Medical, Australia). Subjects were studied by a single examiner
after overnight fasting and after a 15minute resting period, during which the patient
was in a supine position in a quiet room. Central (aortic) PWV was assessed by the
time difference between pulse wave upstrokes consecutively measured at the right
common carotid artery and right femoral artery, then aligned by the ECG-based
trigger. The ‘percentage pulse height algorithm’ was used to locate the foot of the
pulse waves. To determine the distance between measured sites subtraction method
was used (sternal notch to femoral site minus sternal notch to carotid site). Similarly,
peripheral femoral-ankle PWV (pPWV) was assessed by the time difference between
pulse wave upstrokes measured at the right femoral artery and right tibial anterior or

posterior artery.

Blood pressure measurements
Clinical blood pressure values were obtained using an oscillometric
sphygmomanometer (Dinamap, Critikon, Tampa, FL, USA) according to European
Society of Hypertension Guidelines just before PWV measurement (Mancia et al.
2007). Twenty-four hour ambulatory blood pressure monitoring (ABPM) during
hospitalization was performed using an oscillometric device (SpacelLabs 90207;
SpacelLabs Medical, Redmond, WA, USA). This was not performed during the saline
infusion load.Laboratory tests

All hormonal tests were performed by radioimmunoanalysis using
commercially available kits (Immunotech, Beckman Coulter Company, Prague,
Czech Republic). All other biochemical parameters were analyzed using
multianalyzers (Hitachi 717, Boehringer Mannheim, Germany) in the Institutional

Central Laboratory.
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Statistical analysis

Depending on the normal/non-normal distribution (Shapiro-Wilks W-test) of
individual variables, the results are shown as means + standard deviations or
medians (interquartile range). Between-group comparisons were performed by two-
tailed t-test for independent samples. The Kruskal-Wallis test was used for non-
normally distributed variables. Pearson’s correlation analysis and multiple regression
analysis (stepwise forward method) were applied to assess the relationship among
central PWV/pPWYV and clinical/laboratory parameters (variables which significantly
correlated in Pearson’s correlation analysis entered multiple regression analysis). For
between-group central PWV/pPWYV comparisons, a multivariate regression model
was used to adjust for confounding indices. P-value <0.05 was considered to be
significant. The statistical analysis was performed by STATISTICA software version 8

(StatSoft, Tulsa, OK, USA).

RESULTS

The basic clinical characteristics of studied groups are shown in Table 1.
There were no significant differences in age, duration of hypertension, body mass
index, lipid profile, fasting glucose levels, or creatinine levels between PA and EH
groups. As expected, plasma potassium and PRA levels were significantly lower in
PA participants and similarly, plasma aldosterone, ARR, and sodium levels were
higher. Microalbuminuria was significantly higher in PA patients, however, there were
no differences in creatinine clearance corrected for body surface area or estimated
glomerular filtration (according to Cockroft-Gault formula). Both groups were

comparable in dyslipidemia, diabetes mellitus type 2 occurrence, as well as in statins
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and antidiabetic agents use. The differences in hemodynamic parameters and pulse
wave indices are summarized in Table 2. Both peripheral (11.59 vs. 10.7 m/s,
p<0,005) and central PWV (8.7 vs. 8.0 m/s, p=0.023) were significantly higher in PA
when compared to EH patients, while clinical blood pressure was comparable
(154/89 vs. 150/89 mmHg, p>0.05). The results are illustrated in Figure 1 and Table
2. Despite the fact, that PA patients had significantly higher 24 hour ambulatory BP
than EH, this difference remained significant after adjustments for age, clinical and
24h mean blood pressure (p=0.018 for pPWV; p=0.026 for central PWV). After
multiple regression analysis, aldosterone levels appeared to be the main predictor of
pPWV, while age and clinical systolic BP were the main predictors of central PWV in
PA. On the other hand, increased PRA with 24-hour diastolic BP and age with pulse
pressure were the main predictors of pPWV and central PWV, respectively, in EH
patients. Unlike EH patients, no relationship among 24hour blood pressure indices
and central/peripheral PWV was found in PA patients after multiple regression
analysis. Table 3 summarizes the results of multiple regression analysis. Using
logistic regression analysis for PA, central and peripheral PWV seem to be most

important determinants of PA. See Table 4 for results.

DISCUSSION

The effect of aldosterone overproduction may contribute to increased aortic
stiffness and to higher intima-media thickness of carotid arteries (Holaj et al. 2007;
Strauch et al. 2006). Furthermore, increased aortic stiffness might be reversible after
successful treatment with adrenalectomy (Strauch et al. 2008).

The results of this investigation demonstrated higher central and peripheral

arterial stiffness in PA patients in comparison to EH patients. Fibroproliferative effects
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of higher aldosterone levels might lead to alteration of central-elastic as well as
peripheral-muscular arteries with subsequent increase in arterial stiffness. Total
collagen and type Ill vascular collagen were found significantly higher in PA patients
than in EH in small resistance arteries (Rizzoni et al. 2006). Similar changes might be
expected in greater muscular and elastic arteries.

In vitro or animal studies proved fibroproliferative effects of aldosterone with
accumulation of different types of collagen fibers and growth factors in vascular
smooth muscle cell. However, there is lack of evidence of a direct relation between
vascular stiffness and plasma aldosterone levels in humans and also no correlation
between plasma aldosterone level and the morpho-functional parameters was found
(Bernini et al. 2008; Joffe et al. 2005; Mahmud et al. 2005). Positive correlations were
found between the ARR and parameters of pulse wave analysis (which represents
systemic arterial stiffness) and its parameters, e.g. central blood pressure and
augmentation index. These parameters are all related to cardiovascular diseases
(CVD) to a similar extent as classic CVD risk factors. However PWV is considered to
be a more precise marker of arterial stiffness(Mitchell et al. 2010), but there are no
correlations between ARR and PWV (Mahmud et al. 2005). This might be explained
by the hypothesis that aldosterone levels detected during the examination may not
correspond to the chronic impact of aldosteronism prior to diagnosis of PA. Also,
circulating aldosterone levels do not reflect local aldosterone effect on the vascular
wall and plasma aldosterone levels may not reflect the local production of aldosterone in
the vascular wall. In our study, multiple regression analysis showed, that plasma
aldosterone level might be one of the most important predictors of peripheral PWV in
PA. This fact and the finding of correlation of PRA after multiple regression analysis

in EH suggest the importance of the role of RAAS in peripheral arterial stiffness.
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However, no similar correlations were found in central PWYV, neither in PA, nor in EH.
Age and clinical blood pressure parameters seem to be the most important predictors
of aortic PWV. These results suggest possible different effect and different
mechanisms of action of aldosterone overproduction on central and peripheral
arteries. There are several explanations, but the exact mechanisms are not clear.
Some vascular changes might be the result of aldosterone induced higher blood
pressure load, but it seems that changes are independent of actions that can be
attributed to blood pressure rise (Schiffrin 2006; Williams 2005). The results might be
explained by different effects of aldosterone on different parts of arterial tree with
different composition of vessel wall. Either delayed (genomic) or rapid (nongenomic)
mechanisms of action of aldosterone might be involved as well.

As expected, higher serum sodium and lower serum potassium levels were
found in PA group as a result of aldosterone overproduction. Similarly, higher
excretion of urinary potassium was found. There is evidence, that high salt intake
might be associated with an increased arterial stiffness in humans and positive
correlation of plasma sodium level with central PWV was found (Safar and Benetos
2003; Strauch et al. 2006). Changes in potassium balance may mediate some vascular
effects of aldosterone, however aldosterone-mediated changes in potassium
homeostasis do not appear to myocardial necrosis in experimental models (Martinez et
al. 2002). Levels of urinary minerals excretion might be in relationship with central
hemodynamics (Park et al. 2011). However, we found no correlation among plasma
and urine minerals with PWV neither in PA, nor in EH group.

Significant differences in 24hour ABPM indices might attenuate our results, but
the difference in central and peripheral PWV remained significant after adjustment for

mean 24h BP. Furthermore, after multiple regression analysis, no relation among
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24hour blood pressure indices and central and peripheral PWV was found in PA
patients.

There are few other possible limitations of our study. No ultrasound or
angiography was performed to exlude the presence of femoral atherosclerosis or
stenosis in studied patients. However, only patients with no signs of peripheral
arterial disease according to history and physical examination were included. Men
and women are not represented equally in PA group. Thus, we tried to maintain the
same distribution in EH group. Furthermore, the prevalence of menopause in women
was similar in both groups, and no women with hormone replacement therapy were
involved. In the time of investigation and at least two weeks prior to investigation
(spironolactone was stopped six weeks before) patients were on comparable
antihypertensive treatment. However, we could not be able to exclude the effect of
former therapy on arterial stiffness, because structural vascular alteration modify in
longer periods. Nevertheless, the number of antihypertensive drugs used before
switching was slightly higher in PA groups, and the amount of patients with history of
spironolactone use was comparable in both groups. Other possible limitation of our
study is the relatively small amount of studied subjects. As we published recently
(Somloova et al. 2010), different phenotype might be found in PA patients according
to the subtype of PA (aldosterone producing adenoma / idiopathic bilateral
hyperplasia), which was not distuingished in the current study. We would like to
expand the number of subjects and continue to study certain subtypes of PA in the
future and to evaluate the effects of treatment.

In conclusion, the present study demonstrates that aldosterone overproduction
in PA does not preferentially affect the central arterial system. Both central and

peripheral arterial stiffness were increased in PA compared to EH. Our data suggest
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that RAAS might play role in peripheral PWV and plasma aldosterone seems to be

important predictor of peripheral PWV in PA.
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Table 1. Clinical characteristics of studied subjects

PA EH p-value
Sex (female/male) 49 (13/36) 49(16/33)  -(0,512)
Age [years] 51+10 50+12 0,555
Duration of hypertension [years] 8 (2-14) 6(2-12) 0,551
Body mass index [kg.m?] 29.7+4.3 30.1+4.6 0.674
Plasma sodium [mmol/|] 143+2 141+3 0.008
Plasma potassium [mmol/l] 3.7£0.4 4.1+0.4 <0.001
Creatinine [umol/I] 79£15 80+17 0.814
Microalbuminuria [mg/I] 14 (8-35) 6 (4-10) <0.001
eGFR [ml/min] 2.1+0.5 2.1+0.6 0.621
CC [ml/s/1,73m?] 2.2+0.6 2.1+1.3 0.625
24-h urine sodium excretion [mmol/24h] 175+96 17387 0.497
24-h urine potassium excretion [mmol/24h] 58+26 84132 <0.001
Total plasma cholesterol [mmol/l] 4.9+0.9 4811 0.690
LDL cholesterol [mmol/|] 3.0£0.8 2.9+0.9 0.459
HDL cholesterol [mmol/l] 1.2+0.3 1.2+0.3 0.626
Triacylglycerides [mmol/l] 1.3 (1.0-2.0) 14(11-1.9) 0.710
Fasting plasma glucose [mmol/l] 5.2(4.8-5.5) 5.1 (4.6-5.6) 0.434
Smokers, n (%) 22 (45) 15 (31) -
Aldosterone [ng/dl] 37.8 (26.6-51.3) 13.2(8.2-23.2) <0.001
PRA [ng/ml/h] 0,51 (0,42-0,64) 0,88 (0,64-1,27) <0.001
ARR [(ng/dl)/(ng/mi/h)] 74 (47-105) 18 (9-24) <0.001

PA - patients with primary hyperaldosteronism; EH - essential hypertension patients; eGFR - estimated
glomerular filtration rate; CC - creatinine clearance corrected for body surface area; LDL - low density
lipoprotein; HDL - high density lipoprotein; PRA - plasma renin activity; ARR - aldosterone-to-renin-ratio

Values are shown as means=SD or medians (interquartile range) or absolute numbers and percentages.

Variables are compared by unpaired t-test or Kruskal Wallis test where appropriate
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Table 2. Hemodynamic parameters

PA EH p-value
Clinical brachial SBP [mmHg] 154+18 150+16 0.317
Clinical brachial DBP [mmHg] 89+11 89+11 0.703
Brachial mean BP [mmHg] 111+13 110+11 0.481
Brachial pulse pressure [mmHg] 64112 62+12 0.289
Heart rate [bpm] 68+10 68+12 0.837
24-h BP [mmHg] 146+15/ 88+10 139+13/ 84+11 0.021/ 0.057
24-h heart rate [bpm] 6818 69+10 0.633
Day BP [mmHg] 148+16 / 90+10 141413/ 8611 0.033/ 0.060
Day heart rate [bpm] 718 72+10 0.659
Night BP [mmHg] 141+16 / 8249 132416/ 78+12 0.009/ 0.054
Night heart rate [bpm] 618 61+9 0.851
Central Pulse wave velocity [m/s] 8,70+1,7 8,00+1,3 0.023
adjustment for clinical, 24h mean BP and age 0.026
Peripheral Pulse wave velocity [m/s] 11,59+1,4 10,70+1,3 0.002
adjustment for clinical, 24h mean BP and age 0.018

PA - patients with primary hyperaldosteronism; EH - essential hypertension patients; SBP - systolic blood
pressure; DBP - diastolic blood pressure; BP - blood pressure

Values are shown as meansxSD. Variables are compared by unpaired t-test. A multivariate regression model was
used to adjust for between-group central and peripheral pulse wave velocity comparisons.
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Table 3. Multiple regression analysis results

B p-value
Multiple regression analysis using PWYV as dependent variable for
EH
Age [years] 0.623 <0.001
Pulse pressure [mmHg] 0.308 0.004

Multiple regression analysis using PWYV as dependent variable for
PA

Age [years] 0.677 <0.001
Systolic blood pressure [mmHg] 0.455 <0.001

Multiple regression analysis using peripheral PWV as dependent
variable for EH

PRA [ng/ml/h] 0.400 0.006
24-h diastolic blood pressure
[mmHg] 0.286 0.049

Multiple regression analysis using peripheral PWV as dependent
variable for PA

Aldosterone [ng/dl] 0.321 0.030

PWYV - pulse wave velocity; PA - patients with primary
hyperaldosteronism; EH - essential hypertension patients; PRA -
plasma renin activity

B = multiple regression analysis coefficient
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Table 4. Logistic regression analysis for PA as dependent variable
and age, brachial mean BP, PWV, peripheral PWV as independent

variable.
QOdds ratio p-value
Age [years] 0.965 0.227
Brachial mean BP
[mmHg] 0.973 0.205
PWV [m/s] 1.641 0.033
peripheral PWV [m/s] 1.725 0.005

PA - primary aldosteronism; EH - essential hypertension; BP - blood
pressure; PWV - pulse wave velocity
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Figure 1. Central & peripheral PWV in PA vs. EH

14 .
= 0.002
13 W _¢
=0.023
12 } yp _4'
— 11
A
=
[ 10 L
8}
7z k 1 [o] PwWy
PP
[o] Mean
& : : : ‘ T Mean+sD

EH PA

Comparison of central and peripheral pulse wave velocity in primary aldosteronism

and essential hypertension

94



11.4 Remodelace levé srdecni komory u muZzii se stredné

tezkou a tézkou volumové zdvislou hypertenzi

Cil prace: Hodnotili jsme vliv zvySeného intravaskularniho objemu na srde¢ni anatomii
u sul-senzitivnich typt hypertenze prezentované primarnim hyperaldosteronismem

(PA) a nizkoreninovou esencialni hypertenzi (LREH).

Metodika: Echokardiografie byla provedena u 128 muzi se stfedné tézkou az tézkou
nebo rezistentni hypertenzi: 44 pacienti mélo PA, 40 pacientd LREH a 44 pacientt
v kontrolni skupin€ mélo normoreninovou esencialni hypertenzi (NREH). Skupiny byly
srovnatelné v demografickych charakteristikach, v hodnotach krevniho tlaku, v délce

trvani hypertenze a mély srovnatelnou predchozi antihypertenzni 1é¢bu.

Vysledky: Pacienti s PA a LREH, ve srovnani s pacienty s NREH, méli vétsi jak end-
systolicky (37,615,4 a 35,6t4,5 vs 32,644, 4mm, p <0,001 a p <0,05) tak i end-
diastolicky (56,1+4,5 a 54,0+4,8 vs 50,4+5,1mm; p <0,001 a p <0,01) primér levé
komory (LK). Neprokazali jsme zadné vyznamné rozdily v tloustce stén LK nebo
v hmotnosti LK, i kdyZ vyS$§i procento pacientd s PA a LREH splnuje kritéria pro
excentrickou hypertrofii LK (p <0,001 a p <0,05 v uvedeném poradi). Koncentrace
aldosteronu pozitivné koreluje s rozméry dutiny LK, zatimco tloustka stény LK vice
souvisi s hodnotami krevniho tlaku.

Zavér: Objemové pretiZzeni ob€hu bylo identifikovano jako vyznamny faktor ovliviujici
remodelaci LK u pacientd sprimarnim hyperaldosteronismem a nizkoreninovou
hypertenzi, at uz v diisledku nadprodukce aldosteronu u pacientti s PA nebo na zaklad¢

jinych patofyziologickych mechanismua.

Clanek byl publikovan vJournal of the Renin-Angiotensin-Aldosterone System.

Kompletni zn€ni ¢lanku je pfiloZeno v anglickém jazyce.
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Abstract

We evaluated the influence of increased intravascular volume on the heart anatomy in salt-sensitive types of hypertension,
represented by primary aldosteronism (PA) and low-renin essential hypertension (LREH). Echocardiography was
performed in 128 males with moderate to severe or resistant hypertension: 44 patients had PA, 40 patients had LREH and
44 patients had normal-renin essential hypertension (NREH). Groups were comparable in demographic characteristics,
blood pressure, duration of hypertension and previous antihypertensive treatment. Patients with PA and LREH, in
comparison with NREH patients, showed both greater end-systolic (37.6£5.4 and 35.6+4.5 vs 32.6+4.4 mm,p<0.00! and
p<0.05) and end-diastolic (56.1+4.5 and 54.0£4.8 vs 50.4+5.1 mm;p<0.001 and p<0.01) left ventricle (LV) diameter.There
were no significant differences either in LV wall thicknesses or LV mass, although a higher percentage of patients with PA
and LREH met the criteria of eccentric hypertrophy (p<0.001 and p<0.05 respectively). Aldosterone concentration was
positively related to LV cavity dimensions, whether wall thicknesses were rather associated with blood pressure levels.
In conclusion, plasma volume overload was identified as an important factor influencing LV remodeling in PA and LREH,

whether due to excessive aldosterone levels in PA or other pathophysiological mechanisms.

Keywords

Volume-dependent hypertension, primary aldosteronism, renin-angiotensin-aldosterone system, heart remodeling,

echocardiography

Introduction

Primary aldosteronism (PA) represents the most common
reason for secondary hypertension, affecting 5-10% of
all hypertensive patients! and up to 20% of patients with
moderate to severe hypertension.? It is a syndrome charac-
terized by autonomous aldosterone overproduction, sup-
pressed plasmatic renin activity (PRA), and elevated blood
pressure. Patients with PA have been demonstrated to have
a higher risk of cardiovascular events, including heart
attack and stroke.>*

A high circulating level of aldosterone has been proven
in experimental studies to stimulate myocardial fibrosis,
leading to left ventricular remodeling and hypertrophy.’
When compared with essential hypertension at the same
blood pressure level, patients with PA have been considered
to have greater left ventricular mass,*® although the evi-
dence remains controversial and is not supported by all
authors.” !9 However, it is possible that the heterogeneity of
results among studies dealing with LV anatomy in patients
with PA and essential hypertension (EH) might be related to

the different selection criteria and characteristics of the
various cohorts.

Left ventricle (LV) remodeling in PA has been explained
mainly by direct aldosterone effects on myocardial colla-
gen deposition. Shigematsu et al.!' found LV adaptations,
including greater end-diastolic cavity dimensions and a
more frequent eccentric type of hypertrophy in patients
with PA. In the recent study of Gaddam et al.,'? aldosterone
excess was connected with increased ventricular volume,
suggesting the influence of aldosterone-associated sodium-
mediated intravascular volume expansion leading to intra-
cardiac volume overload.

'3rd Department of Medicine, Charles University, Czech Republic
2General University Hospital, Prague, Czech Republic

Corresponding author:

Tomas Indra, 3rd Internal Department, General University Hospital,
U Nemocnice |, 128 08 Prague 2, Czech Republic.

Email: tomas.indra@vfn.cz

Downloaded from jra.sagepub.com by guest on September 10, 2012

96



Journal of the Renin-Angiotensin-Aldosterone System 0(0)

In our study, we considered that EH is not always a con-
sistent diagnosis but it is often classified according to
plasma renin activity (PRA) which is, to a certain extent,
determined by different physiopathological mechanisms in
hypertension development. The lower the PRA the higher
the level of plasma volume and this is reflected in a better
antihypertensive response to diuretics in patients with low-
renin hypertension.'> We suggested, that chronic volume
overload in these patients should lead to enlargement of the
LV cavity, and probably also to eccentric hypertrophy. To
support the hypothesis of plasma (and therefore cardiac)
volume overload in PA patients, we compared LV geometry
in patients with PA and patients with EH, after separating
the low-renin form (LREH) as a different example of salt-
sensitive, volume-dependent hypertension. Considering the
differences in LV parameters between men and women
(even after indexation for body surface or height) in previ-
ously described sex-related associations of serum aldoster-
one with LV wall thicknesses and relative wall thickness
(RWT) exclusively in women,'* and possible effects of the
estrogen to aldosterone: renin ratio,'> we focused only on
male subjects to exclude the influence of sex on LV mass
and diameter.

Methods
Subjects

Our study enrolled 128 men recruited from patients exam-
ined at our Centre for the diagnosis of moderate to severe,
or resistant, arterial hypertension (according to the ESC
(European Society of Cardiology) guidelines!®) as they form
the largest cohort sent by general practitioners or ambula-
tory specialists to exclude a possible secondary aetiology.

After discontinuation of chronic antihypertensive treat-
ment at least two weeks before admission, all the subjects
were switched to a-blockers combined with slow-release
verapamil to compensate for hypertension and to minimize
interactions between medication and laboratory hormonal
examination. Absolute treatment withdrawal was not pos-
sible for ethical and safety reasons due to the severity of
hypertension in the patients who were involved.
Hypokalemic patients were adequately treated with oral
potassium supplements before running hormonal tests.
Sodium urine excretion was measured to exclude a poten-
tial influence of differences in dietary salt intake.

Patients with high aldosterone-to-renin ratio (ARR>30
(ng/100 ml)/(ng/ml per hr) measured after two hours of
upright position) and elevated plasma aldosterone (>150
ng/1) were considered highly suspicious for PA. The diagno-
sis of PA was then checked by an intravenous saline load test,
where post-infusion plasma aldosterone levels over 80 ng/l
confirmed PA. PA was considered highly unlikely in post-
infusion plasma aldosterone levels under 50 ng/l. Patients in
the 'grey zone' (indeterminate levels 50-80 ng/l) were
excluded from our study.!”20 Thus, we diagnosed 44 men

with PA (14 had aldosterone-producing adenoma, 19 patients
had idiopathic aldosteronism and in 11 patients the form of
PA remained unclassified either because of refusal of further
investigation or unsuccessful adrenal venous sampling).

The diagnosis of EH was determined after careful exclu-
sion of secondary aetiology including mainly PA, Cushing’s
syndrome, pheochromocytoma, renal parenchymal or reno-
vascular hypertension. Patients with EH were classified,
according to PRA measured in an upright position, into a
low-renin group (40 patients) and a normal-renin group (44
patients) where PRA=0.8 ng/ml per hr was set as a border-
line between both groups, according to an assay used in our
laboratory.?! Subjects were excluded from the study if they
had: mild hypertension; secondary hypertension of different
actiology than PA (pheochromocytoma, Cushing’s syn-
drome, renovascular, renoparenchymal hypertension);
chronic diseases potentionally influencing heart anatomy
(heart failure, valvular heart disease, known coronary artery
disease, atrial fibrillation); a history of cardiovascular events
(heart attack, stroke); or previous treatment with spironolac-
tone. Each participant provided written informed consent
and the study was approved by the local ethical board.

Blood pressure monitoring

We performed office blood pressure measurement in a sit-
ting position with a standard mercury sphygmomanometer,
following ESH (European Society of Hypertension)
recommendations. All subjects also underwent 24-hour
ambulatory blood pressure monitoring (ABPM) using a
SpaceLabs device (SpaceLabs 90207; SpaceLabs, Richmond,
Washington, USA), which was set to measure blood pressure
every 20 min during the day period (from 6 a.m. to 10 p.m.)
and every 30 min during the night (from 10 p.m. to 6 a.m.).

Echocardiography

M-mode, two-dimensional and Doppler echocardiograms
were recorded according to a standard protocol, using the
device Philips SONOS 5500 (Phillips Medical Systems,
Andover, Massachusetts, USA). With the patient lying
down in the left lateral decubitus position, the LV end-
diastolic (LVED) and LV end-systolic dimension (LVES),
interventricular septum (IVS), and posterior wall thickness
(PWT) were measured from parasternal long axis (PLAX)
projection using M-mode echocardiography, according to
the recommendations of the American Society of
Echocardiography.?> Relative wall thickness (RWT) was
calculated as 2x(PWT/LVED). We estimated LV mass,
using the formula from Lang et al.?? as follows:

LV mass =1.04x 0.8 x (IVS + LVED + PWT)? - LVED? + 0.6

LV mass was normalized to body surface area and because of
higher average values of body mass index (BMI) also to the
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Table |. Clinical characteristics and laboratory data of the study population.

Parameter PA (n=44) LREH (n=40) NREH (n=44) p-value
Age (years) 55+8 56 +9 51+12 NS
Weight (kg) 95+ 13 94+ 13 9317 NS
Height (cm) 177 £ 6 177 £5 178 £ 7 NS
Body mass index (kg/m?) 303 £39 29.7 £ 34 29.6 £ 4.9 NS
Body surface area (m?) 211 £0.14 2.11 £0.15 2.10£0.20 NS
Duration of hypertension (years) I1+£8 12+£9 10£9 NS
Office systolic blood pressure (mm Hg) 163 £ 22 166 + 24 166 + 27 NS
Office diastolic blood pressure (mm Hg) 97 + 14 97 £ 13 98+ 19 NS
Mean 24-hour systolic blood pressure (mm Hg) 149 £ 13 143 + 14 142 + 19 NS
Mean 24-hour diastolic blood pressure (mm Hg) 88+ 8 85+ |1 86+ 13 NS
Mean 24-hour heart rate (bpm) 68 + 7 67+8 70+ 9 NS
Plasma potassium (mmol/l) 3.6 £ 0.4 40+03 4205 <0.001
Plasma sodium (mmol/I) 144 + 2% 142 £ 3 140 + 3# <0.001
Urine sodium (mmol/24 hr) 170 £ 107 155 + 85 178 + 84 NS
Plasma aldosterone-upright (ng/l) 382 (300-514)* 44 107 (57-177)** 160 (93-347) <0.001
Plasma renin activity (ng/ml per hr) 0.54 (0.37-0.71)** 0.52 (0.33-0.70)** 2.23 (1.15-3.47) <0.001
Aldosterone to plasma renin activity ratio

- upright (ng/100 ml)/(ng/ml per hr) 77 (43—1 14y 23 (12-43) 6 (4-13) <0.001

LREH: low-renin essential hypertension; NREH: normal-renin essential hypertension; PA: primary aldosteronism.Variables are shown as mean + SD, or
median (interquartile range). *p<0.05 vs NREH, *p<0.001 vs NREH, # p<0.05 vs LREH, ##p<0.001 vs LREH.

height>7 index. Left ventricular hypertrophy was determined
as left ventricle mass index (LVMI) > 53 g/m27 (>125 g/m?
— which is a cut off value of LVMI normalized to body sur-
face area).2* LV hypertrophy was further evaluated as either
concentric in patients with RWT>0.42 or eccentric in the rest
of the hypertrophy cases. Concentric remodeling was defined
as RWT>0.42 in the absence of LV hypertrophy.??

Parameters of LV diastolic function were obtained,
using transmitral flow evaluation by Doppler echocardiog-
raphy and tissue Doppler imaging of medial mitral annulus
movement.

Statistical analysis

Data were analyzed using Statistica software (StatSoft,
Tulsa, Oklahoma, USA). Results are expressed as mean +
SD, or (in the case of hormonal examination results) as
median with interquartile range. Differences between all
three groups were tested by one-way analysis of variance
(ANOVA), followed by Scheffe’s post hoc test. The y2 test
was used for categorical data. The relationship between
continuous variables was assessed by Pearson’s correlation
analysis. All tests were considered statistically significant
at the level of p<0.05.

Results

General characteristics of the studied groups are shown in
Table 1. There were no significant differences in age, body
weight and height, body mass index, or estimated duration

of hypertension. After switching to a-blocker and slow
release verapamil, both office and mean blood pressure
during 24-hour ABPM remained comparable in all three
groups. Considering the laboratory results, patients with PA
showed lower plasma potassium levels and higher plasma
sodium levels, while urinary sodium excretion as a marker
of dietary salt intake was comparable among all groups. By
definition, plasma aldosterone and aldosterone to plasma
renin activity ratio (ARR) were higher in patients with PA,
whereas subjects with PA and LREH had lower PRA than
those with NREH.

Table 2 compares chronic antihypertensive treatment in
our study population. The total number of antihypertensive
medicaments in chronic therapy was similar in all three
groups as well as the distribution of particular groups of
antihypertensives.

Echocardiography findings are contained in Table 3.
Patients with PA and LREH had, in comparison with NREH,
significantly greater LV internal dimensions, both diastolic
(LVED: 56.1#4.5 mm, 54.0+4.8 mm vs 50.4+5.1 mm,
p<0.001, p<0.01) and systolic (LVES: 37.6+5.4 mm, 35.6+4.5
mm vs 32.6+4.4 mm, p<0.001, p=0.02). More interestingly,
the differences in these diameters remained significant even
after being normalized for height?7 and body surface area.

Greater internal diameter of the LV also resulted in lower
RWT in patients with volume-dependent types of hyperten-
sion (0.39+0.06 in PA and LREH vs 0.45+0.10 in NREH,
p<0.01). As no differences in PWT and IVS thickness were
observed, reduced RWT in volume-dependent hypertension
is caused predominantly by greater LVED.
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Table 2. Chronic antihypertensive treatment.

Antihypertensives PA LREH NREH p-value
Diuretics (%) 55 63 57 0.46
Calcium channel blockers (%) 82 78 73 0.31
B-blockers (%) 55 68 59 0.22
ACE inhibitors (%) 48 65 52 0.12
Angiotensin receptor blockers (%) 39 28 36 0.29
Central agonists (%) 43 35 48 0.23
a-blockers (%) 34 35 36 0.84
No. of antihypertensive drugs 3517 3716 3715 0.85

Variables are shown as means + SD.ACE: angiotensin converting enzyme; LREH: low-renin essential hypertension; NREH: normal-renin essential

hypertension; PA: primary aldosteronism.

Table 3. Echocardiographic findings.

Parameter PA LREH NREH p-value
Interventricular septum thickness (mm) 113+£1.8 114£17 11.7+£22 NS
LV end-diastolic dimension (mm) 56.1 £ 4.5% 54.0 + 4.8+ 50.4 £ 5.1 <0.01
LV end-diastolic dimension index (mm/m?) 26.6 + 2.|%FF 25.7 £ 2.2%F 24.1 £2.2 <0.01
LV end-diastolic dimension index (mm/m?7) 12,1 £ .3 1.5+ 1.1% 10.7 £ 1.4 0.02
LV end-systolic dimension (mm) 37.6 £ 5.4%% 35.6 + 4.5% 326 £44 0.02
LV end-systolic dimension index (mm/m?27) 8.1 £ |20 7.6 £ 1.0% 7012 0.04
Posterior wall thickness (mm) 108+ .4 10.5+ 1.7 11.2+2.1 NS
LV mass (g) 256 £ 66 233 £ 65 224 £ 74 NS
LV mass index / BSA (g/m?) 119 £29 112 £27 105 £ 35 NS
LV mass index / height?7 (g/m27) 553 % 144 49.7 £ 129 48.0 £ 16.5 NS
Relative wall thickness 0.39 £ 0.06** 0.39 £ 0.06** 0.45+£0.10 0.003
Left atrium diameter (mm) 444+ 5.6 438+6.2 422 6.1 NS
LV ejection fraction (%) 6l 9 62+7 647 NS
E:A 0.93 +£0.33 0.97 £0.35 1.06 £ 0.46 NS
E:A 0.67 £ 0.32 0.67 £ 0.22 0.72£0.21 NS
E:E 13.0+44 11.8+34 102+34 NS

LREH: low-renin essential hypertension; LV: left ventricle; BSA: body surface area; NREH: normal-renin essential hypertension; PA: primary aldosteronism.
Variables are shown as means * SD. *p<0.05 vs NREH; **p<0.01 vs NREH; **p<0.001 vs NREH.

We did not find any significant differences in LV mass
or LV mass indexes, described previously in several stud-
ies, although a trend to greater LV mass could be seen in PA
patients. As Figure 1 shows, the total prevalence of LV
hypertrophy was also similar in all three groups, however,
an eccentric type of hypertrophy was significantly more
frequent in men with volume-dependent hypertension (39%
in PA, 20% in LREH vs 5% in NREH; p<0.001, p<0.05),
whether NREH patients tended more likely to concentric
hypertrophy (30% in NREH vs 11% in PA, p<0.05) or con-
centric remodeling.

We did not find significant differences in both systolic
and diastolic LV function either, however, the parameters
of diastolic filling were slightly worse in PA.

Table 4 shows the results of correlation analysis between
parameters of LV and clinical and laboratory characteristics
of the subjects in our study. LV internal diameters,

both systolic and diastolic, were significantly positively
associated with plasma aldosterone levels, plasma natrium,
mean 24-hour diastolic blood pressure and inversely related
to kalemia. Mean 24-hour blood pressure seemed to be the
most important determinant of LV wall thickness and also
LVMI, which was further positively correlated to plasma
aldosterone and number of antihypertensives used.

Discussion

Our present study shows increased LV cavity diameters in
volume-dependent types of arterial hypertension, repre-
sented by PA and LREH, in comparison with EH with nor-
mal renin levels. We did not find differences in wall
thicknesses among our groups, and furthermore, only an
insignificantly higher LV mass in PA was observed, despite
being of larger LV diameter. These findings were expressed
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Figure I. Different LV patterns in PA, LREH and NREH.
LREH: low-renin essential hypertension; LV: left ventricle; NREH:
normal-renin essential hypertension; PA: primary aldosteronism.
*p<0.05, #¥p<0.001.

in different LV geometry, although the total prevalence of
LV hypertrophy was similar in all three groups, patients with
volume-dependent subtypes of hypertension met the criteria
of the eccentric hypertrophy more frequently, and vice
versa, concentric geometry was observed in NREH patients.

Previous study focused on similar groups of patients
revealed similarities in ECG pattern with QT interval pro-
longation in PA and LREH compared to NREH.> In con-
trast with our results, PA patients had greater LV mass, but
also higher blood pressure levels than those with NREH,
moreover they were not well matched for antihypertensive
therapy. Unfortunately, LV cavity dimensions in this study
were not published and the authors did not consider the
conception of LV geometry changes in volume-dependent
arterial hypertension.

Increased ventricular end-diastolic volumes measured
by magnetic resonance imaging (MRI) in patients with
resistant hypertension and hyperaldosteronism were found
by Gaddam et al.!? No differences in LV mass were
observed, although MRI as a potentially more accurate
method was used. However, due to the sophisticated inves-
tigation, a rather limited number of patients could undergo
the examination. In addition, the patients were grouped

only by plasma aldosterone level and PRA without an esti-
mation of exact diagnosis. Nevertheless, the authors fur-
ther enhanced the evidence of intracardial volume
overload, caused in this case by aldosterone-induced
sodium and water retention, by proving increased brain
natriuretic factor (BNP) levels in patients with high aldos-
terone status?® although this result was not confirmed by
the findings of our study team.?’” Very recently, Pimenta et
al., in a small case-control study with 21 patients, showed
greater LV diameters in PA and found dietary salt intake as
an independent predictor of increased LV wall thickness
and LV mass.?

LV mass in PA

Our current study did not prove significant differences in
LV mass between PA and both LREH and NREH. According
to generally accepted opinion, the effect of increased
plasma aldosterone should be reflected in excessive LV
mass. Weber et al.,> based on studies on rats with elevated
aldosterone levels, have proposed that aldosterone can
induce extracellular matrix and collagen deposition in the
myocardium and potentially cause myocardial fibrosis,
increased LV mass, and theoretically even LV contractility
alterations or diastolic dysfunction. Other experimental
studies on rats have proven the association between aldos-
terone excess and myocardial fibrosis in the presence of
high dietary salt intake.2? However, in humans, myocardial
fibrosis theory can be proven only indirectly by changes in
the densitometric properties of the LV3 as direct confirma-
tion would require myocardial biopsies and this is not
acceptable for ethical reasons. Nevertheless, in concord-
ance with animal models, most of the previous clinical
studies have confirmed more severe LV hypertrophy in
patients with high aldosterone status,*¢ % although aldoster-
one-induced hypertrophy was not proven by all of the
authors.”1? With the largest cohort of PA patients, Muiesan
et al.® found that high aldosterone levels could contribute to
the increase of LV mass in excess of the amount needed to
compensate for hemodynamic load and therefore devel-
oped more LV hypertrophy. However, the duration of

Table 4. Pearson’s correlation coefficients between parameters of the left ventricle and clinical and laboratory characteristics.

IVS LVED LVEDI PWT LVES LVESI LVMI RWT
Plasma aldosterone 0.05 0.19* 0.04 0.08 0.26* 0.15 0.20%* —0.04
Plasma sodium 0.05 0.23* 0.25% 0.02 0.30%* 0.30%* 0.19 —0.11
Plasma potassium —0.22% —0.25% —0.19% —0.20* —0.26* —0.21%* —0.32% —-0.03
Mean 24-hour systolic BP 0.48* 0.08 0.13 0.46* 0.14 0.18 0.44* 0.34*
Mean 24-hour diastolic BP 0.39* 0.18* 0.17 0.41* 0.21%* 0.21%* 0.44* 0.23*
No. of antihypertensives 0.27* 0.07 0.11 0.28* 0.09 0.13 0.28* 0.22*

BP: blood pressure; IVS: interventricular septum thickness: LVED: left ventricle end-diastolic dimension; LVEDI: left ventricle end-diastolic dimension
index (mm/m?27): LVES: left ventricle end-systolic dimension: LVESI: left ventricle end-systolic dimension index (mm/m?7); LVMI: left ventricle mass
index /height?7; PWT: posterior wall thickness; RWT: relative wall thickness. *p<0.05.
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hypertension, which could affect the results, was not men-
tioned and previous antihypertensive therapy remained
unclear. Similar limitations can be seen in other studies
describing LV geometry in PA patients as well, whether
unspecified previous antihypertensive therapy,” !0 absence
of discontinuation of antihypertensive medication before
the investigation,® or using only casual blood pressure
measurement.” %19 In addition, inconsistencies of results in
these studies might be related to different characteristics of
the selected population. We believe that different ratios of
male and female subjects in the previous studies might con-
tribute to diverse outcomes, taking into consideration the
differences in LV parameters between both sexes, even
after indexation for body surface or height.*

In our study, we tried to avoid all of the limitations men-
tioned above. Though we focused only on male subjects,
carefully matched for most of relevant characteristics, we
found that high aldosterone status was not connected with
extensive LV hypertrophy and LV mass was not signifi-
cantly increased in PA. A possible explanation could be the
greater regression of more severe LV hypertrophy in PA
induced by chronic antihypertensive treatment, although
the usage and representation of particular antihypertensive
drugs did not differ. Our results also indicate that the reason
for slightly increased LV mass in PA is not wall thickening
but rather enlargement of the LV diameter itself. Correlation
analysis further supported this presumption, as plasma
aldosterone levels were associated with both LV mass and
internal dimensions but not with wall thickness which was
dependent mainly on blood pressure levels and number of
antihypertensive used. The effect of previous antihyperten-
sive treatment could also be the main reason for non-differ-
ence in LV function, as diastolic dysfunction in PA was
especially described as showing greater deterioration than
in EH by some authors.”

Concentric or eccentric geometry in PA?

Despite comparable LV mass and similar total LV hyper-
trophy prevalence, our groups proportionally differed in
the presence of particular subtypes of LV hypertrophy,
derived from divergent geometry of the LV. In both vol-
ume-dependent forms of hypertension, eccentric hypertro-
phy was present more frequently than in NREH, while
more NREH patients met the criteria of concentric hyper-
trophy. Although this finding corresponds with assumed
pathophysiological mechanisms, and the role of volume
expansion appears to be obvious, many reports contradict
this presumption. Our results are consistent with the former
findings of Shigematsu et al.!! Also Muscholl et al.3! and
Iwashima et al.,’? focusing on patients with treated EH,
proposed that higher plasma aldosterone concentration
resulted rather in eccentric changes in LV geometry in
these patients. By contrast, the study published by Rossi et
al.33 showed that PA was actually associated with more

concentric LV remodeling and, moreover, a similar trend
could be seen in non-hypertensive untreated subjects with
familial hyperaldosteronism type I.3* Kozakova et al.’
suggested that the trend toward concentric geometry in
hyperaldosteronism could be due to increased myocardial
fibrosis, as discussed above. However, the number of
patients included in all of these studies was relatively low.
Very recently, in a large study of Edelmann et al.,’¢ higher
aldosterone was actually related to concentric hypertrophy.
In addition, aldosterone levels were associated with wall
thicknesses and LV mass exclusively in women, however,
across the entire cohort irrespective of sex, correlation with
LV cavity dimensions appeared as well. On the other hand
that study focused on a considerably different population
as arterial hypertension was not a prerequisite, moreover
the groups were stratified only according to serum aldos-
terone concentration without a knowledge of the exact
diagnosis. The gender-related differences in the relation of
serum aldosterone to LV mass and relative wall thickness
with predominant expression in women were even observed
previously by Vasan et al.'* with similar limitations. Table
5 shows a list of several previous studies focused on LV
anatomy in PA with their conclusions and potential limita-
tions. 6 8-11.33-35,37,38

Patients with PA have been considered to have an
increased cardiovascular (CV) risk in comparison to
essential hypertensives.>* In our study, patients with PA
seem to have a lower cardiovascular risk due to less fre-
quent concentric geometry, as this pattern was connected
with worse cardiovascular outcome according to the
results of some studies.? On the other hand, a large study
by de Simone et al.* showed that CV risk was associated
with LVMI, while the knowledge of LV geometry patterns
did not improve the accuracy of cardiovascular outcome
prediction. In our patients with moderate to severe, or
resistant hypertension, LVMI was found roughly compa-
rable to that between PA and EH, however the effect of
chronic antihypertensive treatment on hypertrophy regres-
sion could not be excluded.

The process of remodeling in patients with volume-
dependent hypertension was also studied previously in
large vessels by Holaj et al.*! After dividing EH patients
into subgroups according to PRA, almost no differences in
IMT (intima media thickness) between LREH and NREH
were found.*? Unfortunately, internal diameters of carotid
arteries were not estimated, thus leaving the influence of
increased plasmatic volume on large arteries unclear. The
effect of aldosterone on blood vessels is an interesting topic
for further studies, as it has been shown that although the
increase in fluid volume required to cause a major increase
in blood pressure may be surprisingly small, the blood flow
autoregulation mechanism causes a secondary increase in
total peripheral resistance, and thus, also systemic vascular
resistance may be increased at the chronic phase of vol-
ume-induced hypertension.*3
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Table 5. Previous studies focused on left ventricle (LV) hypertrophy and geometry in primary aldosteronism (PA).

Study Patients with Systolic blood Duration of Chronic LV mass LV geometry
PA (n, % males)  pressure (mm Hg) hypertension (years¥) medication PA>EH inPA
Yoshihara et al.'® 10 (30%) 164 £ 212 65 unknown NO NS
Shigematsu et al.!! 23 (43%) 169 + 202 7%5 unknown YES Eccentric
hypertrophy
Rizzoni et al.3” 14 (29%) 169 + 282 unknown known NO NS
Goldkorn et al.? 35() 168 + 252 unknown unknown NO NS
Kozakova et al.3® 14 (64%) 163 + 42 4+3 known YES Concentric
remodeling
Matsumura et al.® 25 (52%) 149 + 30 8+ known YES Eccentric and
concentric
Hypertrophy
Catena et al.38 54 (70%) 167 + 162 107 known YES NS
Muiesan et al.¢ 125 (57%) 139 + |7° unknown known YES NS
Stowasser et al.3* 8 (38%) 120 + [0O° normotensive none NO Concentric
remodeling

ABPM: ambulatory blood pressure monitoring; EH: essential hypertension; PA: primary aldosteronism; NS: nonsignificant changes vs essential
hypertension. 2office blood presure, ®24-hour ABPM systolic blood pressure. *rounded-off.

Limitations of the study

We realize that our study has several limitations arising
mainly from the methods used. First, LV mass estimation
by M-mode is less accurate compared to new methods of
quantification of LV mass based on endocardial and epicar-
dial surface detection with real time three dimensional
echocardiography,* and to 3D imaging methods such as
MRI.# Above all, individual measurement variance could
influence wall thicknesses estimation where even one mil-
limetre inaccuracy means about 10% error. On the other
hand, the results concerning LV cavity dimensions were
definitely affected much less by inaccuracy. Moreover,
these inaccuracies were well-balanced by a relatively
greater number of patients involved in our study. Second,
LV adaptation changes including LV hypertrophy were
undoubtedly influenced by chronic antihypertensive ther-
apy, as was discussed above. This limitation is, for obvious
reasons, impossible to avoid. Third, both aldosterone and
renin plasmatic levels are not constant, but vary during the
day as they are influenced by many factors including the
patient's position . Therefore, one single measurement does
not reflect absolute hormonal production and average val-
ues from several measurements would probably be more
appropriate. Fourth, our data were acquired from a selected
population including only men with moderate to severe, or
resistant, hypertension and thus the results may not be valid
for the whole hypertensive population. However, this selec-
tion was essential because of the presence of gender-related
differences in LV parameters and hormonal interactions, as
discussed above.

Conclusions

In conclusion, heart remodeling in PA and LREH leads to
greater LV internal diameters and also to more frequent
eccentric hypertrophy than in NREH. This finding corre-
sponds with assumed pathophysiological mechanisms, as
similar LV geometry changes suggest important effects of
plasma overload in both of these volume-dependent states.
Moreover, LV cavity dimensions were related to plasma
aldosterone concentration. In our population of men with
moderate to severe, or resistant, hypertension, we did not
find significant differences in wall thicknesses or LV mass
between PA and EH. However, our results indicate, that
the reason for slightly increased LV mass in PA could be
enlargement of the LV diameter itself rather than the wall
thickening. Although we could not exclude the influence
of chronic antihypertensive therapy, this study challenges
the traditional view of myocardial fibrosis as a predomi-
nant factor of cardiac damage in primary aldosteronism.
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11.5 Vaskuldrni poruchy u primdrniho

hyperaldosteronismu: klinickd evidence

Primarni  hyperaldosteronismus je cCastou formou arteridlni hypertenze
s vysokou prevalenci kardiovaskularnich komplikaci. U pacientd s primarnim
hyperaldosteronismem, mohou komplexni mechanismy vést k funkénim a/nebo
strukturalnim abnormalitdm cévni stény. Klinické diikazy naznacuji, Ze u pacientd
s primarnim hyperaldosteronismem dochazi k aktivaci imunitnich bunék, zvySenému
oxidativnimu stresu, poSkozeni funkce endotelu a cévni remodelaci. U pacientt
s primarnim hyperaldosteronismem byla u rezistentnich tepen prokazana aktivace
fibroproliferace. Pacienti sprimarnim hyperaldosteronismem se srovnatelnymi
hodnotami krevniho tlaku v porovnani s pacienty s esencialni hypertenzi maji vétsi
intimo-medialni tloustku a vy$8i tuhost tepen mérenou pomoci rychlosti $ifeni pulzni
viny. Tyto funkéni a morfologické zmény mohou byt modifikovany zvySenym prijmem
sodiku. Remodelace cév u pacientli s primarnim hyperaldosteronismem miiZe ukazovat
na hor$i odpovéd na specifickou lé¢bu s niz§i pravdépodobnosti vyléceni
nebo normalizace krevniho tlaku. V¢asnéd diagnéza PA pred rozvojem poruch cévni

stény je proto velmi dilezita.

Clanek byl publikovan v Kidney & Blood Pressure Research. Kompletni znéni ¢lanku je

ptiloZeno v anglickém jazyce.
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Abstract

Primary aldosteronism (PA) is a common form of arterial hy-
pertension with a high prevalence of cardiovascular compli-
cations. In patients with PA, complex mechanisms may lead
to functional and/or structural abnormalities of the blood
vessel wall. Clinical evidence indicates that patients with PA
may have immune cell activation, increased oxidative stress,
impaired endothelial function and vascular remodeling. Ac-
tivation of fibroproliferation has been found in resistant ar-
teries of patients with PA. Subjects with PA compared to es-
sential hypertensives with similar blood pressure levels have
increased intima-media thickness and arterial stiffness as
measured by pulse wave velocity. These functional and mor-
phological changes can be modified by an increased sodium
intake. Vascular remodeling in PA may indicate a poor re-
sponse to specific therapy with lower probability of cure
and/or normalization of blood pressure. Early diagnosis of PA
before blood vessel wall disturbances develop is of utmost

importance. Copyright © 2012 S. Karger AG, Basel

Introduction

Primary aldosteronism (PA) is an endocrine/second-
ary form of hypertension defined by an autonomous aldo-
sterone overproduction usually caused by adrenocortical
adenoma or bilateral adrenal hyperplasia. PA is of rela-
tively high prevalence in populations of hypertensive pa-
tients [1-3]. The likelihood of a diagnosis of PA in clinical
practice, however, may differ depending on the studied
population and/or severity of hypertension [4]. While in
mild hypertension PA may be relatively rare [4], it has
been reported to be common in patients with severe/resis-
tant hypertension with a prevalence of 11-20% [5-7]. In-
creased frequency of PA may be attributed to the detection
of normokalemic cases of PA due to the use of the aldoste-
rone-to-renin ratio (ARR) as a screening tool [1, 3, 4, 8].

A retrospective study by Milliez et al. [9] showed that
subjects with PA are at higher cardiovascular risk than
patients with essential hypertension (EH). Patients with
PA exhibited a higher occurrence of stroke, myocardial
infarction, left ventricular hypertrophy and atrial fibril-
lation [9]. A prospective Italian study with follow-up at
74 years demonstrated that cardiovascular complica-
tions (myocardial infarction or reversible ischemia,
stroke or transient ischemic attack, sustained arrhyth-
mias) are more prevalent in patients with PA than in EH
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Table 1. Major clinical evidence of vascular disturbances in PA

Increased oxidative stress

Endothelial dysfunction

Increased vascular collagen (total and type III) in small resistance
arteries

Increased tunica media to lumen ratio in small resistant arteries
Increased intima-media thickness of carotid arteries

Increased arterial stiffness

[10]. The difference in the rate of cardiovascular events
was reversed in this study by specific treatment in the
form of either adrenalectomy or mineralocorticoid re-
ceptor antagonists [10]. Data from the large German
Conn’s registry indicated a high rate of comorbidities in
patients with PA [11], with higher prevalence of cardio-
vascular events in the hypokalemic than normokalemic
cases [11]. High rates of cardiovascular complications in
PA were also noted in other studies [12, 13]. An increasing
body of evidence has been gathered about long-term ef-
fects of aldosterone overproduction on the cardiovascu-
lar [14-17] and renal systems [18].

This short review focuses on clinical evidence of al-
teration in vascular function and/or morphology in pa-
tients with PA and their possible reversal by specific treat-
ment.

Clinical Evidence for Vascular Damage in PA

Major clinical evidence of vascular disturbances in PA
is summarized in table 1

Patients with PA have increased oxidative stress, as re-
flected by the elevation of malondialdehyde levels, com-
pared to essential hypertensives matched by age and
blood pressure [19]. Progressive endothelial inflamma-
tion appears to be closely related to increased oxidative
stress [19] with potential endothelial dysfunction. In fact,
a previous study by Taddei et al. [20] showed impaired
endothelial-dependent vasodilatation in patients with PA
and renovascular hypertension. A recent study found the
deficiency of endothelial progenitor cells in PA, which
may contribute to increased arterial stiffness and vascu-
lar damage [21]. Activation of aldosterone in PA may also
lead to perivascular leukocyte infiltration and fibrinoid
remodeling of vascular smooth muscle cells. These vas-
cular inflammatory effects seem to be independent on
blood pressure elevation [22].

Patients with PA, in comparison to patients with EH
of comparable blood pressure levels and age, have in-

530 Kidney Blood Press Res 2012;35:529-533

creased levels of aminoterminal propeptide type I procol-
lagen as a marker of collagen synthesis and turnover [19].
These results suggest the activation of fibroproliferation
in PA. This notion was confirmed in study by Rizzoni et
al. [23], who focused on the measurement of collagen con-
tent and tunica media thickness of small subcutaneous
resistance arteries from biopsies in patients with PA, EH
and normotensive controls. Small resistance arteries
from gluteal subcutaneous fat tissue were dissected and
mounted on an isometric myograph, and the tunica me-
dia-to-internal lumen ratio was measured. Total collagen
and type III vascular collagen were significantly higher
in PA than EH despite comparable blood pressure levels,
age and BMI [23]. The tunica media-to-internal lumen
ratio was significantly increased in PA and EH compared
with normotensive controls [23]. Based on these results,
it seems that marked fibrosis is present in small resistance
arteries of patients with PA.

A previous study by Holaj et al. [24] focused on the
evaluation of potential differences in carotid intima-me-
dia thickness (IMT) between PA and EH patients matched
for age and blood pressure. Normotensive patients served
as controls. IMT was measured by a high-resolution B-
mode ultrasound probe at the level of common carotid
artery and carotid bifurcation. The patients with PA had
significantly higher IMT in the common carotid artery
than EH patients and controls [24]. The differences be-
tween both hypertensive groups remained statistically
significant after adjustment for age and 24-hour systolic
blood pressure. The differences of the IMT in the carotid
bifurcation were, however, significant only between PA
and controls and not between PA and EH subjects. This
discrepancy is not clear and may reflect the differences in
the density/affinity of aldosterone receptors in different
regions of carotid arteries and/or differences in local
physical forces [24]. Higher carotid IMT in PA was also
found by Bernini et al. [25], who examined carotid IMT
diameter in patients with PA, EH and controls [25] and
in addition measured the corrected integrated backscat-
ter signal in the carotid arteries as a marker of fibrous
tissue content. IMT of patients with PA was greater than
in EH and controls [25]. Similar results were found for the
corrected integrated backscatter signal in the carotid ar-
teries, which was significantly higher in PA than EH and
controls [25].

Rossi et al. [26] evaluated the small artery structure of
resistance arteries isolated from periadrenal or subcuta-
neous adipose tissue of patients with PA treated by lapa-
roscopic adrenalectomy. Subjects with a higher media/
lumen ratio and higher media thickness had a poor re-
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sponse to surgery. Media/lumen ratio of resistance arter-
ies and duration of hypertension were significant predic-
tors of the outcome of adrenalectomy in patients with PA
[26].

Pulse wave velocity (PWV) is considered to be a reli-
able marker of arterial stiffness. A study by Strauch et al.
[27] aimed at comparing arterial stiffness between pa-
tients with PA, EH and normotensive controls using ap-
planation tonometry with SfygmoCor®. Carotid-femoral
PWYV and central aortic augmentation index (AI) derived
from the radial artery pulse wave were determined. PA
patients had significantly higher PWV as a marker of ar-
terial stiffness than EH or controls, and this difference
was independent of all clinical characteristics, including
office blood pressure and 24-hour ambulatory blood
pressure [27]. Surprisingly, no differences in AI were not-
ed between the two hypertensive groups. Al is a complex
index describing mainly wave reflections occurring at the
branching of the arterioles. Therefore, Al seems to be
more influenced by different confounding factors than
PWYV. PWV may predominantly reflect changes in the
central parts of the arterial tree [27]. Higher arterial stiff-
ness in PA was found also by Bernini et al. [25], who in-
vestigated femoral and radial PWV in patients with PA,
EH and controls. PA subjects exhibited significantly
higher femoral and radial PWV and Al than EH or con-
trols. Tsioufis et al. [28] also noted higher mean value for
PWYV in patients with a recent diagnosis of PA than in
EH. The differences did not reach statistical significance,
perhaps due to the smaller group of subjects and/or early
stage of the disease. Increased central aortic stiffness
measured by PWV was also noted in a general population
of hypertensive patients with higher aldosterone-to-re-
nin ratio [29]. Patients with an aldosterone-to-renin ratio
of at least 20 (ng/dl per ng/(ml-h) and plasma aldosterone
=12 ng/dl had a significantly higher PWV than subjects
with lower aldosterone-to-renin ratio and plasma aldo-
sterone [29]. These results indicate that PA/hypertension
with inappropriate aldosterone activation is associated
with higher arterial stiffness. High sodium intake in PA
patients may also contribute to increased arterial stiffness
[30]. In addition, sodium intake seems to modulate the
effect of aldosterone synthase polymorphism (CYP11B2
C-344T) on arterial stiffness [30]. Contrary to sodium,
potassium might exert vascular protective effects. De-
spite expected differences in plasma potassium concen-
trations, no convincing impact of this variable on PWV
was found in the study by Strauch et al. [27].

Vascular damage in PA patients may be also exagger-
ated by very high blood pressure levels. In fact, a previous

PA and Vascular Changes

study with 24-hour blood pressure monitoring showed
that patients with PA had more severe hypertension and
impaired diurnal variation compared with EH [31].

Aldosterone concentrations are higher in obese sub-
jects and patients with metabolic syndrome [32]. Fat tis-
sue produces a lipid soluble factor that can stimulate al-
dosterone production from zona glomerulosa [33]. It has
been shown that PA patients have a higher prevalence of
metabolic syndrome compared to essential hypertensives
of comparable age [34]. Although these results were not
confirmed by all authors [35], potential metabolic distur-
bances in lipid and glucose control may mediate or con-
tribute to vascular damage in PA.

There are only limited data on the potential differenc-
es in the occurrence and/or severity of (cardio)vascular
damage between the two main types of PA, e.g. aldoste-
rone-producing adenoma and idiopathic aldosteronism.
A previous study by Somléova et al. [36] suggested meta-
bolic differences between aldosterone-producing adeno-
ma and idiopathic aldosteronism. It is impossible, how-
ever, from the available data to evaluate the impact of dif-
ferences in the severity of aldosterone production in PA
on vascular changes.

Vascular remodeling and damage in PA subjects thus
potentially translates into the higher rate of clinical car-
diovascular complications. This notion was confirmed
by the retrospective study of Milliez et al. [9]. Catena et
al. [10] also found a higher prevalence of cardiovascular
events in PA compared to EH. Patients with PA exhibited
ahigher rate of myocardial infarction/reversible ischemia
and stroke/transient ischemic attack. Prevalence of pe-
ripheral arterial disease was, however, not different be-
tween PA and EH, perhaps reflecting the very low fre-
quency of this disease in the population studied [10]. Data
from the large German Conn’s registry showed a very
high rate of peripheral vascular disease and of cerebro-
vascular and cardiac complications in PA patients [11].

Can Specific Therapy of PA Reverse Vascular
Changes?

Specific treatment of PA with mineralocorticoid re-
ceptor antagonists resulted in normalization of oxidative
stress as reflected by reduction of malondialdehyde levels
[19].

Therapy of PA in the form of unilateral laparoscopic
adrenalectomy or administration of mineralocorticoid
receptor antagonists (spironolactone of eplerenone) is
well established [4, 37]. Cure of the disease with normal-
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ization of blood pressure after adrenalectomy is seen in
only approximately one third of subjects [38, 39]. Nor-
malization of hypertension following spironolactone
monotherapy is even more rare and has been described
in only a quarter of the patients [40]. Additional antihy-
pertensive therapy in PA patients is usually needed [4,
38-40], which may further complicate the interpretation
of the benefit of specific therapy in PA.

There is little data available on the effect of specific
therapy in PA on vascular changes and/or cardiovascular
complications.

A previous study by Strauch et al. [41] was aimed at
evaluating the effect of specific therapy of PA on arterial
stiffness. Patients with confirmed PA were investigated
by SphygmoCor applanation tonometry at the time of the
diagnosis and then approximately 1 year after treatment
[41]. Office blood pressure as well as 24-hour blood pres-
sure decreased significantly after adrenalectomy, and
medical treatment was inferior to surgery in terms of
blood pressure decrease. The PWYV significantly de-
creased after surgery. We, however, found no changes in
arterial stiffness (PWV, AI) indices in patients treated
with spironolactone. A possible explanation of this dis-
crepancy is that conservative treatment strategy was not
sufficient to decrease blood pressure properly. It may be
caused by the relatively low dose of spironolactone used
due to frequent dose-dependent side effects [41].

The less pronounced effect of conservative treatment
with spironolactone on PWV may be also potentially re-
lated to incomplete blockade of aldosterone actions by
available mineralocorticoid receptor antagonists. Con-
servative treatment of PA by spironolactone/eplerenone,
however, is considered a valid alternative to surgical ther-
apy in prevention of cardiovascular and renal complica-
tions in patients with PA [10, 37]. The duration of hyper-
tension before the diagnosis of PA was comparable in sur-
gically and conservatively treated subjects [27, 41], and
thus should not play any major role in observed differ-
ences in arterial stiffness. Therefore, It seems that surgi-
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cal but not conservative treatment of PA leads to the de-
crease of arterial stiffness.

A prospective study by Catena et al. [10] found no dif-
ferences in the occurrence of myocardial infarction,
stroke or revascularization procedures between EH and
PA during 7.4 years of follow-up [10]. In the course of this
study, patients with PA were treated by adrenalectomy (25
cases) or a spironolactone-based regimen (25 subjects).
No differences were noted in the frequency of combined
cardiovascular endpoints between the two therapeutic
modalities in PA [10].

Conclusions

PA is a frequent form of arterial hypertension with a
high prevalence of cardiovascular complications. Com-
plex mechanisms including endothelial damage, in-
creased oxidative stress, activation of inflammation and
fibroproliferation may lead to functional and/or structur-
al blood vessel wall abnormalities in PA. The occurrence
of these vascular changes seems to be higher in patients
with PA than in EH, independent of blood pressure levels.
Aldosterone may thus act as an independent risk factor for
vascular damage. Clinical evidence indicates that patients
with PA have higher vascular collagen concentrations in
resistance arteries than in EH. Increased IMT and arte-
rial stiffness has been repeatedly observed in PA subjects,
especiallyin large arteries. Specific therapy of PA maylead
to partial reversal of blood vessel wall abnormalities. Ear-
ly detection of PA in clinical practice with evaluation of
vascular structure abnormalities and specific treatment is
needed to prevent target organ damage in PA.
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NasSe prace byla zaméfena na studium metabolickych zmén a organovych komplikaci u
pacientd s primarnim hyperaldosteronismem v porovnani s pacienty s esencialni
hypertenzi. Soustredili jsme se zejména na rozdily mezi dvéma nejcastéjSimi typy
primarniho hyperaldosteronismu - mezi idiopatickym hyperaldosteronismem na
podkladé bilateralni nadprodukce aldosteronu diky makro/mikrohyperplazii a
unilateralnim aldosteron produkujicim adenomem.

Z metabolickych parametrt jsme se zaméfili zejména na vyskyt metabolického
syndromu a jeho komponent u primarniho hyperaldosteronismu, u jeho nejcastéjSich
forem a u esencialni hypertenze. NaSe data ukazala, Ze idiopaticka forma primarniho
hyperaldosteronismu ma vyssi vyskyt metabolickych abnormalit. Prokézali jsme vyS$si
prevalenci metabolického syndromu, vyssi hladiny triglyceridd a niz$i hladiny HDL
cholesterolu ve srovnani s aldosteron-produkujicim adenomem a esencialni hypertenzi.
Tyto metabolické rozdily mohou mit za nésledek zvySené kardiometabolické riziko u
pacientu s idiopatickym hyperaldosteronismem.

Ze strukturalnich zmén jsme se zamérili na rozdily v nejcastéji se vyskytujicich
organovych komplikacich u arteridlni hypertenze - na poskozeni tepen - centralnich i
perifernich, na poSkozeni ledvin a na zvétSeni levé srde¢ni komory. Poskozeni tepen
jsme hodnotili pomoci rychlosti Sifeni pulzni viny. U centralnich tepen jsme meéfrili
karotido-femoralni rychlost $ifeni pulzni vlny a u perifernich tepen femoro-kotnikovou
rychlost Sifeni pulzni vlny. Z pozorovani vyplyva, ZzZe pacienti sprimarnim
hyperaldosteronismem maji vy$$i tuhost nejen centralnich elastickych, ale i perifernich
muskularnich tepen. Hlavnim prediktivnim faktorem postiZeni perifernich tepen jsou
hladiny aldosteronu. U pacienti s primarnim hyperaldosteronismem dale dochazi
k riznému postizeni tepen podle podtypu primarniho hyperaldosteronismu. Pacienti
s idiopatickym hyperaldosteronismem, ktefi maji horsi metabolicky profil neZ pacienti s
aldosteron produkujicim adenomem, maji i vy$$i tuhost centralnich tepen. U téchto
pacientt jsme prokazali také vys$si vyskyt mikroalbuminurie jako ukazatele poSkozeni
ledvin.

Aldosteron v experimentalnich studiich stimuluje fibrotickou prestavbu

myokardu a tim vede k remodelaci a hypertrofii levé komory. Aldosteron plisobi i na
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cirkulujici objem. V ¢asti nasi prace jsme se proto zamérili i na zménu anatomickych
pomeérl levé srdecni komory u pacientl s volumovym prietizenim a to jak u pacientt
s primarnim hyperaldosteronismem, tak u pacientl s nizkoreninovou esencialni
hypertenzi. U téchto pacientl jsme prokazali vétSi end-systolicky i end-diastolicky
primeér levé komory a vySSi procento pacientd spliiovalo kritéria pro excentrickou
hypertrofii levé komory. Nejvyznamnéj$im faktorem ovliviiujicim remodelaci levé
komory u pacientli s primarnim hyperaldosteronismem je objemové pietizeni ob&hu
v dlisledku nadprodukce aldosteronu.

Uvedené vysledky maji svlij vyznam i pro klinickou praxi. Ukazuji na vyssi
riziko kardiovaskularnich a metabolickych komplikaci u pacientd s primarnim
hyperaldosteronismem a hlub$i pochopeni patofyziologickych zmén vedoucich k
rozvoji organovych a metabolickych komplikaci nam muze pomoci lépe terapeuticky
ovlivnit tyto procesy. Kardiovaskularni morbidita a mortalita je navic u pacientt
s aldosteron produkujicim adenomem ovlivnitelnd ¢asnym terapeutickym zasahem,
nebot se jedna o potencialng vylécitelné onemocnéni.

Nezbytné je tedy u pacientli se stfedné t€Zkou a tézkou arteridlni hypertenzi
myslet i na sekundarni etiologii hypertenze, u které lze specifickou 1é¢bou véas predejit

rozvoji kardiometabolickych komplikaci.
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Our work was focused on the study of metabolic changes and organ complications in
patients with primary aldosteronism compared with patients with essential
hypertension. We focused mainly on the differences between the two main types of
primary aldosteronism - between idiopathic aldosteronism due to bilateral aldosterone
overproduction by macro/microhyperplasia and between unilateral aldosterone-

producing adenoma.

From the metabolic parameters, we focused mainly on the incidence of the metabolic
syndrome and its components in primary aldosteronism, at its most common forms
and essential hypertension. Our data showed that the idiopathic form of primary
aldosteronism has a higher incidence of metabolic abnormalities. We have
demonstrated a higher prevalence of metabolic syndrome, higher levels of triglycerides
and lower HDL cholesterol compared with aldosterone-producing adenoma and
essential hypertension. These metabolic differences may result in increased
cardiometabolic risk in patients with idiopathic aldosteronism.
In structural changes we have focused on the differences in the most common organ
complications of arterial hypertension — arterial stiffness both central and peripheral,
damage to the kidney and left ventricular enlargement. Arterial stiffness was assessed
using pulse wave velocity. For the central arteries, we measured carotid-femoral pulse
wave velocity and for the peripheral arteries femoral-ankle pulse wave velocity. We
observed that patients with primary aldosteronism have higher arterial stiffness of both
central- elastic as well as peripheral muscular arteries. The main predictor of peripheral
arterial stiffness is the level of plasma aldosterone. In patients with primary
aldosteronism we see different type of arterial impairment according to different
subtypes of primary hyperaldosteronism. Patients with idiopathic hyperaldosteronism,
which have worse metabolic profile than patients with aldosterone-producing
adenoma, have a higher stiffness of central arteries. In these patients also a higher
incidence of microalbuminuria as an indicator of kidney damage is present.
Aldosterone in experimental studies stimulates fibrotic rebuilding of the myocard and
thus leads to remodeling and left ventricular hypertrophy. Aldosterone also acts on the

circulating volume. In a part of this study we focused on the changes in left ventricular
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anatomy in patients with volume overload both in patients with primary aldosteronism
and in patients with low-renin essential hypertension. In these patients we
demonstrated greater end-systolic and end-diastolic diameter of the left ventricle and a
higher percentage of patients met criteria for eccentric left ventricular hypertrophy. The
most important factor influencing left ventricular remodeling in patients with primary
aldosteronism is volume overload due to overproduction of aldosterone.

These results are relevant for clinical practice. Suggest an increased risk of
cardiovascular and metabolic complications in patients with primary aldosteronism
and a deeper understanding of the pathophysiological changes leading to the
development of organ and metabolic complications may help us better therapeutically
affect these processes. Cardiovascular morbidity and mortality in patients with
aldosterone-producing adenoma can be influenced by early therapeutic intervention,
since it is a potentially curable disease.

It is necessary in patients with moderate and severe arterial hypertension to
think about eventually secondary etiology of hypertension, which requires specific

treatment and thereby prevent the development of early cardiometabolic complications.
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