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1. Uvod

Cévni endotel je tuen vrstvou buek, dlouho povaZzovanou pouze za
semipermeabilni membranu, branici prostupu makrekabl cévni sthou a vytvéejici
nesméivy povrch (1). Endotelidlni hiky tvoii jednovrstevnou vnihi vystelku cévniho
lumen, maji nepravidelny podlouhly tvar, nasedaibazalni membranu a subendotelialni
vazivo, svou dlouhou osou jsou seabé se srrem krevniho proudu. Celkovy povrch
endotelu pedstavuje wloveéka plochu asi 500 az 1000°mjeho hmotnost je odhadovéana

priblizné na 1,5 az 3 kg (2).

Vyzkum v poslednich letech v3ak prokézal, Ze endetenetabolicky velmi aktivni
organ s celoudtadou fyziologickych funkci. Robert Francis Furchgoroce 1978 obijevil, Zze
buiiky cévniho endotelia produkuji neznamou latku, ddenazval EDRF (endothelium-
derived relaxing factor), ktera &gobuje uvolani a rozsieni cév (3). V roce 1986 zjistil, ze
EDRF je ve skuténosti oxid dusnaty (NO). Za objasn role oxidu dusnatého jako latky
ovliviujici nervovy systém hladkého svalstva obdrZelemls Louisem Ignarrem a

Feridem Muradem v roce 1998 Nobelovu cenu.

Je zndmo, Ze likky endotelu mohou tvd asi 25 fiznych biologicky aktivnich latek.
Endotel je rozsahem tvorbgchto latek a svou plochou néfgim autokrinnim, parakrinnim a
endokrinnim orgdnem lidského organizmu. Podili seegulaci pitoku krve a tonu cévni
stény, aktivaci krevnich des#k, adhezi monocittk cévni stn¢, trombogenezi, metabolismu
lipidu a ristu cév.Vzhledem Kimto aktivitam je kltovym faktorem fi vzniku aterosklerézy,

hypertenze a srdeiho selhani (4,5).
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relaxani faktor (EDRF), neboli oxid dusnaty (NO) &které z prostaglandin— prostacyklin

PGL a prostaglandin £a vazokonstrién¢ pasobici endotelin-1 (ET-1) a angiotenzin 1l (2).

Vedle vazodilatace a vazokonstrikce ma vyznam peniotelu na tvogbtrombu. Za
normalnich okolnosti endoteligristavuje netrombogenni povrch (je toho dosahovano
uvolovanim NO, prostacyklinu, tk@vého aktivatoru plazminogenu - tPA a heparansyifat
(6). PoSkozenim endotelu je vyvolavano shlukovaavikich destiek (snizenim dostupnosti
NO a prostacyklinu) a zvySenym usiolanim inhibitoru tkAového aktivatoru plazminogenu

(PAI-1) a von Willebrandova faktoru (VWF) (7).

Hypercholesterolémie i jiné rizikové faktory ischek& choroby srdmi (ICHS)
vyvolavaji dysfunkci endotelu, kterd se projevizemiou dostupnosti NO. NaruSené funkce
endotelu je mozné zlepSit ovlismim rizikovych faktoti, predevsim pak sniZzenim LDL
cholesterolu. Endotelova dysfunkce jkdy povazovana z&snou manifestaci aterosklerozy
(8). Nekteré studie zjistily poruchu funkce endotelu ulbsorizikovymi faktory ICHS, ale
s jeS¢ normalnim angiografickym nalezem. Na druhé str&nipra¥ endotelové funkce

doSlo rychle po omezeni rizikovych fakior kdyZ angiografické zgmy pretrvavaly (9).

Klinické studie, v nichz byla pouzitd@zna hypolipidemika (statiny, fibraty)fipadre
LDL-aferéza, potvrdily, Ze s@asreé se sniZzenim cholesterolu dochézi k normalizadkdan
endotelu (10). Z toho vyplyva, Ze zlepSeni funkndatelu niZze byt jednim z mechaniZm
kterymi je @i hypolipidemické Iéb¢ rychle zabezpmvana stabilita aterosklerotickych pilat

a snizeno riziko vytv@ni trombu (11).



Skute&nost, Ze dysfunkci endotelu Ize pomoci hypolipidemdstranit i pi rozvinuté
aterosklerdze, je povazovana za doklad ophdwsti nazoru, Ze hlavnifiginou dysfunkce
jsou rizikové faktory ICHS, nikoli aterosklerdzaj. (tdysfunkce endotelu fpdchazi

ateroskleroze) (2,11,12).

2. Zakladni funkce endotelu

2.1 Funkce semipermeabilni membrany

Jednou ze zékladnich funkci endotelu je z@jiStizené propustnosti mezi krvi
a okolnimi tkagmi. Endotel kontroluje prostup jak pro ldné elementy, tak pro nebtime
krevni komponenty. Nebgtiné komponenty vyuzZivaji pro svou cestu jak pardasiiy tak
transcelularni transportni mechanismy. Prostupridoévelemerit (predevsim leukocyd) je
realizovan pomoci vazoadhezivnich molekul, ktergciuotel na svém povrchu exprimuje

celoufadu (13).

Migrace leukocyi zaina aktivaci ainterakci selektin tyto interakce
zprostedkovavaji prvotni kontakt leukodyt(L-selektiny) s aktivovanym endotelem (E-
selektiny, event. P-selektiny), #geghazi do tzv. rolovani leukodytpodél endotelidlnich
burgk (14). Nasleduje vazba mezi integriny na povrclukbcyti (LFA-1, MAC-1)

a @islusnymi adhezivnimi molekulami na povrchu endabeich burk (ICAM-1, VCAM-
1). Tato vazba je sitj8i, dochazi k adhezi leukodytTreti faze — transmigrace leukogydo
subendotelialnich prostor — je zpi@stkovana dalSimi adhezivnimi molekulami (PECAM-1)

a cytokiny (MCP-1) (15).



2.2 Regulace optimalni cévni fpchodnosti

Druhou ulohou endotelu jézeni optimalniho fitoku krve cévou. Endotel syntetizuje
(NO). Jeho tvorba je zprdsdkovana NO-syntdzou, kterd je specificky aktivavan
smykovym naptim krevniho proudu (shear stress), hypoxii a cétmou misobki. NO ma
mohutny vazodilatni &inek, inhibuje expresi adhezivnich molekul, adhezagregaci
trombocyfi a apoptdézu endotelialnich htkn(2). Brzdi také migraci myocytz medie, jejich

proliferaci a transformaci v seka buiky.

Mezi dalSi vazodilatai faktory produkované endotelem igeli prostacyklin PGI 2.
Prostacyklin jfsobi aditivie k iEinku NO, je uvohovan za obdobnych situaci, jejicliek
se také navzajem potencujgelim vazodilaténé pasobicim faktorem je endothelium-derived
hyperpolarizing factor (EDHF), jehoz hlavni biologbu ulohou je prawibodobr

vazodilatace v koronarnimecisti (16,17).

K zachovani rovnovahy vznika v endotelugkalik latek s vazokonstrinim
pusobenim, z nichZz nejvyznarjai jsou endoteliny — v endotelu je produkovan eelio-1.
Vedle podsta, které vedou ik uvobni NO (nagiklad bradykinin, angiotenzin Il, shear
stress), stimuluji syntézu endotelinu-1¢které aterogenni proteiny (trombin) nebo
lipoproteiny-oxidovany LDL (ox-LDL) (12). Vintakfch cévach fisobi endotelin-1
bimodal — vazokonstrikni &inek je mirkn sowasnou stimulaci produkce NO
a prostacyklinu. PIna vazokonstrikce se objevi &zppSkozeni endotelu. Endotelin-1 také
stimuluje proliferaci myocyt v cévni stné (18). Na povrchu endotelu je také véazan
angiotenzin-konvertujici enzym (ACE) a endotelz@ prostednictvim znény jeho aktivity

ovlivinovat hladiny angiotezinu Il a bradykininu (19).



2.3 Zajiséni integrity cévy a kontrola repawimich pochodk

DalSi funkci endotelu je zajiti integrity cévnihdegisté. Intaktni endotel je dokonale
nesméivym povrchem. UZ § pouhé deskvamaci endotelialnich Bkrdochazi k absorpci
VWEF, ktery progtednictvim destikovych receptar aktivuje adhezi tromboct jez se vazou
na subendoteliatnlokalizovana vlakna kolagenu. Poté dochazi kljegiktivaci a degranulaci,
coz vede kuvokni rady dalSich proagre§as a vazokonstriéné piasobicich latek.
Prostednictvim destikovych receptar llb/llla a fibrinogenu destky agreguji. Primarni
desttkova faze hemokoagulace je doprovazena sekundémogtazou, na jejimz konci je
pieména fibrinogenu trombinem v nerozpustny fibrin. tbtdadze je ovlivnitelna endotelem

(2,6).

Endotel vaze na svém povrchu antitrombin Ill, ktémgktivuje trombin, a vznikly
komplex je zcirkulace odstram. Endotel také produkuje trombomodulin. Komplex
trombomodulin-trombin ma uZz omezenou schopnagitstibrinogen, navic aktivuje protein
C, ktery — v komplexu s proteinem S — inaktivujktfaty Va a Vlla, a tim inhibuje koagulaci

2,7).

Endotel reguluje navic i fibrinolyzu. Kidvym enzymem 8picim molekuly fibrinu je
plazmin. Ten vznik4 z cirkulujiciho plazminogenuispbenim tk&ového aktivatoru
plazminogenu (t-PA). Ten naopakiie byt inhibovan svym inhibitorem (PAI-1). Jak t-PA

tak PAI-1 jsou v endotelu syntetizovany a mohou\bgiizném pondru uvokovany.

Endotel niize zasahovat ido reparativnich prdces angiogeneze. Reparativni
pochody v cévni 8hé¢ jsou fizeny fadou cytokii. Mezi nistové faktory a cytokiny

endotelialniho fivodu jsourazeny nafiklad transformujicitistovy faktor beta, fibroblastovy



rastovy faktor, destkovy rastovy faktor, interleukin-1 a endotelin-1 (20). dymitogeny
stimuluji nist burgk hladké svaloviny, jejich migraci do subendotelib prostoru z medie
s naslednou hyperplazii intimy a hypertrofii cévefny. Naopak velmi vyznamnym
antimitogenem je NO, ktery inhibuje proliferaci Bunhladké svaloviny a zahtaje

hypertrofii cévni siny (21,22).
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2.4 Schéma funkci endotelu

Tvorba

neointimy —
SniZeny pomér SniZzena novotvorba

cév

intimy/medie

Endotelidlni
lipidoza

Hypertenze

Permeabilita cév

| VCAM-1, MCP, NO |

Destickovy cGMP/NO | lPAl-l, TF, PA

Diapedeza

Koagulace,
fibrinolyza

/

/ Mikroalbuminurie \

Tvorba ateromu

Trombodza

V tomto schématu jsou vSechny funkce naé¢sabdjemrt zavislé a fipadna porucha jedné
z nich by ovlivnila vSechny ostatni. Patofyzioldgicdisledky endotelialni dysfunkce jsou
uvedeny na obvodu schematu.

Zkratky: EDHF, endothelium-derived hyperpolarizifector; EDRF, endothelium-derived

relaxing factor; NO, oxid dusnaty; PAI-1, inhibitaktivatoru plazminogenu-1; TF, th@vy
faktor; PA, aktivator plazminogenu; MCP, monocytathemotakticky protein.
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3. Moznosti detekce endotelialni funkce

3.1 Zobrazovaci metody

Snizeni biologické dostupnosti NO wdledku endotelialni dysfunkce je
patofyziologickym podkladem omezené schopnosti nepestny reagovat pméienou
vazodilataci na uité, tzv. endotel-dependentni p@&tyh Tento stav nedostdiee
vazomotorické odpaidi, a v ugitych pripadech dokonce paradoxni vazokonstrikce, je jednim

z prvnich objektiva m¢titelnych projewi endotelialni dysfunkce (23,24).

Zobrazovaci metody, jez stanovuji endotelialni dykEi na zakladl reakce cévni
stny, Ize rozdlit na invazivni a neinvazivni. iftmo v koronarnimiecisti Ize pomoci
kvantitativni koronarografie nebo intrakoronarnipplerovské ultrasonografie posuzovat
schopnost dilatace epikardialniclnvitych tepen po podani infuze acetylcholinu, ktery
piedstavuje endotel-dependentni p&dnobdobr jako bradykinin nebo L-arginin. Ke
srovnani lze uzit jiné endotel-independentni gogdmagiklad nitraty, adenozidi papaverin

(25,26).

Vzhledem k invazivié a nar@nosti na prostorové aigtrojové vybaveni byla vyvijena
snaha nalézt jiné, neinvazivni metody k posouzembmotorickych funkci endotelu. Pouziti
téchto metod vychazi zipdpokladu, Ze endotelidlni dysfunkce je systémovy alze
vysledky ziskané na vy¥etvané tepé lze extrapolovat na stav arterialniheciste
v ostatnich, méh pristupnych afitom klinicky vyznamgjSich lokalizacich (27). Mezi
ultrazvukové metody sdéadi nereni dilatace tepny zprdstlkované prtokem — flow-
mediated dilatatioiFMD) (28) a zmény v priitoku krve Ehem reaktivni hyperémie, které Ize

detekovat dopplerometricky. Jde o maximalniitpk bEhem prvnich sekund reaktivni

hyperémie — peak blood flow (PBF) (29), procentuakzestup pitoku ve srovnani
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s klidovym pfitokem — blood flow increase (BFI) a deceteriaindex (DI) (30). Zatimco
hodnota FMD je zavisla na lokalni vazomotorickékitinv piesré definovaném arterialnim
segmentu, dopplerometrické metody odrazeji celkovamomotoriku mnohem &si casti
arterialnihotecist¢ (31). DalSim neinvazivnim #Agobem mifeni zngén krevniho pittoku

neiastji v oblasti gredlokti je okluzni pletyzmografie (32).

3.2 Dynamickeé testy

Jinym zpisobem detekce je pouziti dynamickych destyuzivajici znaeného
substratu, do jehoZz metabolismu zasahuje dnhlendotel. PoZivaji se @uradioizotopem
zna&ené girozené prekursory neboigobky (napiklad angiotenzin Ik L-arginin), anebo
artificialni syntetizované substraty (édgad 3H-BPAP, substrat pro ACE, ktery neni
metabolizovan nespecifickymi protedzami) (2). Newu metodou wujici stupé posSkozeni
endotelu je stanoveni endotelémie, tj. mnoZstvowothnych endotelii v teném objemu

plazmy (6,33).

3.3 Koncentrace endotelialnichisobki

DalSi moznosti vyS&ni endotelialni dysfunkce jedieni koncentraci endotelidlnich
pusobki. O funkci endotelu nejlépe vypovidaji vzorky krzéskané Eimo z postizeného
mista, nafiklad p@i koronarografii, coz vSak vyZaduje invazivniigiup. Koncentraci
endotelialnich fisobka I1ze rovréz stanovit v plazé@ nebo v séru. Tyto metody jsou stéle vice
vyuzivany, protoze vyzaduji pouze @dtzilni krve. Stanoveni vSak ie byt ovlivieno
biotransformaci endotelialniho agobku v organismu, anebo paratelnprobihajicim
patologickym procesem, ndklad zagtem. Podle pdeby Ize hodnotit nativni koncentrasie
koncentrace po stimulaci (fyzickou &at, farmaky apod.). Idealni by bylo stanoveni NO@, t

je vSak pro jeho nestabilitu obtizné (2).

13



Specifickou metodou je zhodnoceni c&loté produkce NO wgienim konverze
znaseného'N-argininu na™N-citrulin, anebo nseni lokalni produkce NO elektrochemicky
mikroelektrodou. Tyto metody jsou vSak Spathostupné (13). Dostupjsi je stanoveni
jinych endotelidlnich soblki - nagiklad angiotenzinu Il, endotelin vazoadhezivnich

molekul, PGI 2, t-PA, PAI-1, trombomodulinu, vVWF(35).

3.4Flow-mediated dilatation

Nejcastji pouzivané ultrazvukové vy&eni detekujici poruchu vazomotorické funkce
endotelu je m&feni dilatace tepny zprdstlkované prtokem, flow-mediated dilatation
(FMD). Tato metoda byla poprvé popsana Celermajerenocte 1992 (36). Je zaloZzena na
stanoveni endotel-dependentni postischemické viatadi tepny, kterd je ultrazvukovému
vySeteni dolle dostupna. VySaivanou tepnou je n&stji a. brachialis,eventuald a.
popliteg u céti to mize byt a. femoralis superficiali®ivodem je to, Zze tepna musi byt
uloZzena povrchay aby byla dobe dostupna ultrazvukovému vy&ii. Musi jit o tepnu
koncetinovou, umo#ujici provedeni periferni ischémie zevni kompreanietou tonometru,
a tepna musi mitipnéreny klidovy pamér, aby byla doke zobrazitelna, tedy ne moc mala,
ale ani ne moc velka, protoZze se&tdujicim se pimérem tepny roste mnozstvi elastickych
vlaken na ukor svaloviny a tepna ma mensi schopakistni vazodilatace. Idealni jner
tepny je od 2,5 do 5 mm. Dilatactquichazi periferni ischémie, ktera je navozena kesipr
korcetiny manzetou tonometru nafouknutou na hodnégwysujici systolicky tlak. Ischémie
vede k periferni vazodilataci, coz po uvaihkomprese zjsobuje zvySeni fitoku i v oblasti
konduktivni ¢asti recisté, tedy v mist vySeteni. ZvySeni prtoku méa za nésledek zvySeni
smykového nafii na cévni shu, coz — fi spravné funkci endotelu — vede ke zvySené
produkci NO stimulaci NO-syntazy a k vazodilatagprty. Ultrazvukovy obraz jeéhem

celého vyséeni sniman linearni vysokofrekwan sondou ultrazvukového figtroje
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a simultdnd s EKG kivkou nahravan na zaznamové médium. Vlastriemi paméru

brachialni tepny probihd ze zdznamu, s pomésiysného péitacoveho softwaru na konci
diastoly. Zména paméru tepny je potom mirou funkce nebo dysfunkce egldotFMD se
vypcita podle vzorce [(reaktivni pmér tepny/klidovy ptimér tepny) - 1] x 100 aje

vyjadiena v procentech.

Nektefi autdi vySeteni jeS dophuji naslednym podanim nitroglycerinu v @dob
restituce. Dilatace cévniésly je pak reakci na endotel-independentni pbaevyzadujici
NO. Pouziti FMD jako nadhradniho parametru (surregatdpoint) pro postizeni koronarniho
ieCiSt¢ se opira o vysledky praci, které prokazaly, Ze FMDreluje s abnormalni
vazomotorickou odpadi v oblasti koronarnich tepen, se stépnkoronarni aterosklerézy

i s incidenci kardiovaskularnicltipod (37).

Z hlediska diagnostiky preklinické faze ateroskisrdjsou vyznamné prace
prokazujici korelaci FMD a. brachialis s jinymi, rfaogickymi markeryéasné aterosklerézy
— s pdtem koronarnich kalcifikaci hodnocenych EBCT (elmct beam computer
tomography) a s tlotikou komplexu intimy-medie #tené v oblasti spotaé karotidy (38).
S poklesem FMD jsou také asociovany hlavni rizikdektory aterosklerézy. Uz zminé
prvni pouziti metody Celermajerem prokazalo snizedAMD u d&ti s familiarni
hypercholesterolémii, u dadgch kudki aujedind s uZz diagnostikovanou koronérni
nemoci (35). Snizend FMD byla detekovana takéiteqnosti dalSich rizikovych faktoy
jako jsou: vysSSi &, hypertenze, diabetes mellitus, rodinna anamnézanarni nemoci,

menopauza, nedostatek pohybu, hyperhomocysteingmwiezita (39).
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Je znamo, Ze FMD je zavisla mad faktori (40) (bazalnim pgiméru vySetované
tepny, poZziti alkoholu, kofeinu, ¢ného jidla, koieni, gedchozi fyzické aktivit, psychické
pohod, uzZen na fazi menstré@ho cyklu, uzivani tiznych IéKi ivitamini, nagiklad
vitaminu C). Dale zalezi na technickém vybavenifisepu vyhodnocovani a erudici
vySetujiciho a ¥ejme i na celéradd dalSich faktak (41). Neni tedy fekvapenim, ze zéwy
jednotlivych studii pinasSeji velmi heterogenni Skalu vyslednych hodndDE- a to jak ve
skupinach postizenych, tak izdravych jedindNavic ma ¥tSina pracovi§ vypracovany
vlastni protokol vyséeni, coz je&t vic komplikuje vzdjemné srovnavani vyslédiSnaha
o sjednoceni a standardizaci vydgaciho protokolu vedla skupinu expelt vypracovani
doporuieni, které bylo publikovano v roce 2002 (39poporweni se ¥nuji péipraw
pacienta, technickému vybaveni a spravnému zobirazgietované tepny, standardizuji
provedeni vySéeni a nadslednou analyzu ultrazvukového zaznamiky\#iraz je kladen na
erudici, psychickou a fyzickou pohodu vy&giciho, protoze naam nejvice zavisi kvalita

zaznamu.

V pravidelnych intervalech by &a byt stanovovana variabilita vygemni. Kvalita
stanoveni a ovlivini FMD vySe uvedenymi faktory &uji reproducibilitu tohoto vyS&ni,
ktera je v posledni débmnohymi diskutovana (42). Byly uz vyvinuty systénkyeré jsou
schopné &hem reaktivni hyperémie dfit pramér brachialni tepny &hem kazdého srdriho
cyklu automaticky. Tim odpadaji chyby manualnihéreni a variabilita vySégni klesa.
Navic tak Ize ziskatiivku zmeén FMD vc¢ase Bhem reaktivni hyperémie, kterd by mohla

jese vice vypovidat o vlastnostech cévriinst (38).

| kdyZ je stanoveni FMD neinvazivni a minim&lnatZuje pacienta, jde o vyZehi

relativné narané jak po strénce fistrojového vybaveni (kvalitni ultrazvukovytigtroj,
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pacitag, software pro analyzu zaznénpevent. stereotakticky fixator ultrazvukové sondgk
persondlniho obsazeni.ieBtoZze wktefi autdi povazuji FMD za mozny prediktor
kardiovaskularnich chorob, ktery integruje vliv m&h faktoti i genetickych dispozic, bude
tieba je&t vice studii, které @f, zda endotelialni dysfunkce brachialni tepny sple
identifikuje jedince ohroZzeného manifestaci atelersikzy, a zda je tato metodika dostate
reproducibilni a ma dostate nizkou biologickou variabilitu, aby ziskané vydtgdoyly

validni.

4. Ateroskleréza a endotelialni dysfunkce

4.1 FFi¢iny endotelialni dysfunkce

Endotelialni dysfunkce je definovana jako fink poskozeni endotelu,
charakterizované ipdevSim zvySenou propustnosti céevnéngt nerovnovahou mezi
vazoaktivnimi, hemokoagulaimi a proliferaci inhibujicimi, resp. stimulujicinpasobky.
Krom¢ selektivnino zvySeni permeability se projevuje oskim k vazospasmu, resp.
nedostaténou vazomotorickou odp&di na endotel-dependentni petdnnékdy dokonce
paradoxni vazokonstrikci), tendenci k trombo6ze dostténou inhibici subendotelialni
proliferace (43). Bedstavujeasnou, morfologicky #mou fazi aterosklerozy, ale podili se i na
vyvoji morfologicky Zejmych aterosklerotickych lézi digpiva ke klinické manifestaci
aterosklerozy (6,44). Hraje ro¥h dilezitou roli v patogenezi hypertenze, snaiéo selhani,

renalniho selhani, komplikaci diabetes mellitupssea dalSich chorob (8).

Existuje fada picin endotelialni dysfunkce. &Sina z nich jefazena mezi znamé

rizikové faktory aterosklerozy: arterialni hypezen hyperlipoproteinemie (zejména

viN s

oxidované (ox-LDL) ¢i glykované (gly-LDL) LDL c¢astice) (45), hyperglykémie,
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hyperinzulinémie, hypoxie, hyperhomocysteinémieyikai, ionizujici z&eni, cytostatika,
starnuti, imunokomplexy d@izné infekce. Jeigjmé, Ze naifiklad u diabetu fisobi navzajem
nekolik rizikovych faktoi, které vznik endotelialni dysfunkce akceleruji. tékato
systémovym faktarm se mohou ifidat lokélré pasobici faktory, jako jsou turbulence
krevniho toku (bifurkace cévy, jeji mensi fixaceokoli), vrozené nebo ziskané cévni

anomalieci intravaskularni vykony (angioplastika) (46,47).

4.2 Vliv kardiovaskularnich rizikovych faktar

Pasobenim kardiovaskularnich rizikovych faktdkoureni, ateroskler6za, hypertenze)
je v endotelu zvySovana tvorba latek s vazokonstiiki (€inky — endotelinu-1, tromboxanu
A,, prostaglandinu b superoxidového aniontu D a v disledku aktivity enzymu
konvertujiciho angiotenzin (ACE) také angiotenzitiu ZvySenim hladin uvedenych
vazokonstrignich faktofi je zgtné snizovana dostupnost NOigaevsim fimou reakci NO

se superoxidovym aniontem (2).

Endotel se podili na degradaci lippid jejich vychytavani tim, Ze t¥idipoproteinovou
lipdzu a exprimuje receptory pro LDL. Endotelové nky jsou schopné oxidovat
(,modifikovat") lipoproteiny — ovSem oxidované LDtastice jsou pravgpodobré hlavnim

.....

¢astice LDL) (12).

Lipoprotein(a) svou molekulovou strukturou v podistaodpovida LDL
apolipoproteinu B-100, ale liSi se postrannfatézci, které jsou do velké miry homologni s
plazminogenem. Obsazenim endotelovych recépfoo plazminogen je pak vyvolavan

protromboticky stav. Pacienti s hladinou lipoprotda) vysSi nez 30 mg/dl maji trojnasébn
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zvySené riziko ICHS (48).Mobeni malych denznigtastic LDL a lipoproteinu(a) ilustruje
komplexni interakce mezi lipidy, trombdézou a at&tesdizou v mikroprosedi endotelu

(49,50).

4.3 Klinické projevy endotelialni dysfunkce

Endotelialni dysfunkce se podili na vyvoji jatasnych, tak ipozdnich fazi
aterosklerozy. Sama jejfipmnost i bez morfologicky prokazatelnych aterestdickych lézi
je dnes akceptovana jako inicialni faze ateroskiekého procesu. Dysfurhki endotel
umoziuje vySSi phlinik aterogennich lipiil ZvySenou expresi adhezivnich molekul
a produkci ®kterych cytokiri usnadiuje také kumulaci monoaytv cévni sEng, jejich
piremeénu v makrofagy agnové buiky. Nedostaténa produkce NO vede k uplatri rady
rastovych faktoi, stimulujicich biiky hladkého svalstva k migraci do subendotelidlnich
prostor a k produkci extracelularni vazivové komgraty aterosklerotickych 1ézi. Uz #chto
fazich, kdy morfologické z#my cévy nejsou itomny, anebo jsou hemodynamicky
nevyznamné, se ime klinicky manifestovat itomny sklon k vazospasim, napgiklad
formou mikrovaskularni anginy pectoris, Raynauddgaoménuci tranzitorni mozkové

ischémie (51).

| v pozdtjSich fazich endotelialni dysfunkce akceleruje \yaberosklerozy (52).
Podili se na kumulaci makrofiig a gfnovych burk v aterosklerotickém platu,
a prostednictvim metaloproteinaz, které mohou rozruSouaidfni ¢epicku platu, zvysuje
jeho vulnerabilitu. Nedostatea produkce NO, prostacyklinu a dalSidis@bki inhibujicich
adhezi a agregaci destk, a naopak zvySena exprese von Willebrandovamawiého faktoru
navozuji protrombogenni stav (53). TakiZze ruptura i hemodynamicky nevyznamného platu

s nasedajici trombozou vést k rychlému teal tepny zvIast kdyz endotelidlni dysfunkci
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provazi snizena fibrinolyza. K Gplnému uzavtepny niiZze také fispét uz zmirgny zvyseny

sklon k vazospastim (54).

5. Moznosti ovlivréni endotelialni funkce
5.1 Dyslipidémie

U téchto metabolickych poruch byla prokazana poruchaowtdependentni
vazodilatace, jiz v obdobifed strukturalnimi zenami cév ¢i klinickymi symptomy
ischemické nemoci koronarnich perifernich tepen. Porucha endotelialni funkce zdé
piredevsim vztah k vysokym hodnotam LDL, a teqevsim jeho oxidované foenStudie in
vitro prokazaly vliv ox-LDL na sniZzenou tvorbu EDRFeho zvySenou inaktivacifgdevsim

generovanim superoxidovych radikdR).

Pfi podani specifického inhibitoru syntézy EDRF- L-NM (L-N-monomethyl-1-
arginin) dochazi u pacieintbez prokazané poruchy lipidového metabolismu lopoé
redukci krevniho prtoku a. brachialis, jako u paciénd hypercholesterolémii. Tento fenomén
jiz neplati @i podani acetylcholinu a L-NMMA, kdy vazodilatace pacient
hypercholesterolémii je vyraZrsniZzena. Tento jev vede k Uvaze o obdobné bagakreci
EDRF u obou skupin a o poruSe tvorby a u¥nlrEDRF g stimulaci acetylcholinem (11).
Rada studii prokazala vztah mezi hypolipidemickatbéé a Gpravou poru$ené endotelialni

funkce (12).

Terapie, ktera u paciants hypercholesterolémii vedgedevsim ke snizeni LDL-
cholesterolu, zlepSuje odpaa¥y endotel-dependentni cévni vazodilatace po podani
acetylcholinu (55). Tentodinek byl prokazan ip terapii statiny (inhibitory HMG koenzymA-

reduktazy), kdy v prbéhu 6-12 nésial dochazi k postupné upraendotelialni funkce (56).
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Vyznam statid byl prokazan ve dvou velkych studii sledujici vhig primarni (WOSCOPS)
(57) a sekundarni prevenci (4S) (58). &Ostudie prokazaly souvislost mezi snizenim
celkového cholesterolu a LDL-cholesterolu a vyzngmn poklesem dmrtnosti na

ischemickou chorobu srétiei.

5.2 Superoxidové ionty

DalSim ¢initelem v patogenezi poruSené endotelialni funkceznik superoxidovych
ionti, které se podileji na tva¥tox-LDL a urychluji inaktivaci EDRF. Jejich vznik jdavan
do souvislosti s por&nim cévni siny, vznikem ischémie, dale vznikajiti paktivaci
leukocyti ¢i hladké cévni svaloviny a také vipmnosti ox-LDL (59). Mezi antioxidanty
pati predevsim vitaminy E a C. SniZuji celkové mnoZstihych radikal a inhibuji oxidaci
LDL ¢astic. Ve studiich byly s relativnim tghvem kombinovany s hypolipidemickou terapii

(60).

5.3 Arteriélni hypertenze

Arterialni hypertenze jako dalSi z hlavnich rizikoki faktof kardiovaskularnich
onemocgni je také provazena sniZzenou endotel-dependenéidxaci cév (61).
V experimentalni hypertenzi byla patena NO-syntdza a tim sniZzena tvorba EDRF,
zpasobuijici jeho snizenou bazalni sekreci, dale ddadt&zvySené expresi vazoadhezivnich
molekul (62,63). Inhibitory angiotenzin konvertdfio enzymu (ACE-I) upravuji funkci
endotelu pedevSim inhibici ACE a tim sniZzenim hladiny angiateu Il. Ten zfsobuje
vazokonstrikci, hypertrofii svalové vrstvy cév v akardu, sekreci endotelinu-1 a sekreci
aldosteronu. Dale inhibice ACE zvySuje hladinu lpfaxinu, ten uvohuje NO a prostacyklin
z endotelovych bufk, sniZzuje tvorbu superoxidovych idna potl@&uje procesy degradace

NO (64). Timto Sirokym protektivnim¢inkem na cévy mohou ACE inhibitory dlouhodob
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zlepSit endotelialni koronarni dysfunkci i u patiebez zavazné hypertenziedyslipidémie
(65). L&ba kalciovymi antagonisty u paciéns arterialni hypertenzi zvySujeigky NO,
snizuje vliv endotelinu-1 a m& protektivni vlivga poskozenim endotelu volnymi radikaly
(66). U betablokatdr je uva@&na moznost snizené oxidability ovlidmim charakteru LDL

¢astic (jeden z metabalittarvedilolu ma vyrazny antioxidai (€inek) (23).

5.4 Diabetes mellitus

Diabetes mellitus je spojeny s progresivni vaskiladysfunkci, a to nejen
v mikrocirkulaci, ale také v systémovych artériictlNa zviecich modelech s timto
onemocgnim byla demonstrovana porucha endotel-dependenaodilatace (67).
V klinickych studiich byla srovnavana vaskularnipo&d diabetiki I. typu a nediabetik
kdy u prvni skupiny byla zji8ha porucha vaskularni endotel-dependentni i indig@ni
odpowdi. Naopak u diabetikll. typu dominovalo pouze sniZzeni endotel-depetrdatilatace
(68). V literatue se dale uvadi vztah vySSi inzulinémie a vyS3iéhie k porusSe endotelialni
funkce (69,70) a jeji uprévpii dlouhodobé kompenzaci tohoto metabolického onewrdc

(71).

5.5 MoZnosti |éby

Mezi pedpokladané moznosti ddy poruSené endotelidlni funkce ipabvlivnéni
znamych rizikovych faktdr aterosklerézy (72). Kémto fadime dslednou dietni kbu,
farmakologickou 1&bu (73), odstrami aktivnino i pasivniho Kactvi (74). Mezi
farmakologické moZznosti 8y endothelidlni dysfunkdeadime Iébu hypolipidemiky- statiny
(75,76) (sniZzeni LDL-cholesterolu, sniZzeni aktivaodotelu, niZ8i tvorba ox-LDL, aktivita
NOs a dostupnost NO, Uprava #tinych a koagulanich paramefr, snizeni adhesivnich

molekul, CRP a hladiny fibrinogenu a PAI-1), fibrd77)-(stimulace specifickych receptor
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(PPARS) -tapo Al (HDL-cholesterolu)|apo CIll (LDL-cholesterolu), tvorbu cytokiri a
adhesivnich molekul) déale antihypertenzni terapipredevsim ACE-inhibitory (blokadda
konverze ATI na ATII, zdbrana odbouravani bradykinj dale antagonisté AT-1 receritor
(78) pro ATII, antagonisté receptopro ET-1 (zvySeni produkce NO, zvySenim aktivity
NOs), Ca-blokatory (redukce oxidativniho stre$NOs), dislednd kompenzace cukrovky,
mozné je i podani antioxidant nitrdfi. DalSi moZnosti je fiznivy inek protizartlivé

lécby na endotelialni funkci ipzjisSténé vysoké koncentraci C-reaktivniho proteinu (79).
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6. Cile disertatni prace
Diserta&ni prace je tvitenairadou monotématicky zaffenych publikaci, které maji za
cil postupg studovat #izné aspektyinnosti cévniho endotelu @zané moznosti sledovani
jeho funkniho stavu.
1. Ukolem prvniho pehlednéhalanku je
* sumarizovat dostupné poznatky o cévni endoteliahiici i dysfunkci,
» ziskat z&kladni informace o fyziologické funkci etelu, moznostech detekce,
klinickém vyznamu a terapeutickém ovlém endotelialni dysfunkce.
2. Cilem druhé publikace je
* zhodnoceni néasgji pouzivaného neinvazivniho ultrazvukového vySet
detekujiciho poruchu vazomotorické funkce endotéhm,. nereni dilatace
tepny zprostdkované pitokem (flow-mediated dilatation, FMD),
* nalézt odpovd na otazku, jak je metoda hodnoceni endotelialmkda
v oblasti a. brachialis klinick¢i experimentala vyuzitelna a zda magjaka
omezeni, ktera by jeji SirSi vyuziti znemoxala,
» zavedeni této ultrazvukové metody na naSem pratovis
3. Cilem teti prace je
e posouzeni vlivu akutni vysokotukové &&t nacinnost cévniho endotelu
(predpokladem poruchy endotelialni funkce je aterogerpiisobeni
lipoproteini bohatych na triglyceridy),
» sledovat vazoreaktivitu a. brachialis po podaeisg definované dietni zéte
Vv navaznosti na dva zavedené zcela odliSné dietimy.
4. Cilem posledni publikace je
* hodnoceni dalSi Siroce pouzivané metody detekagSpoé endotelialni funkce

stanovenim koncentrace vybrané adhezivni moleksgru,
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o urcit vliv 1é¢by statinem na dynamiku koncentrace ICAM-1 ve spsii
s dynamikou standardnich lipidovych parametn pacieni s poruchou
lipidového metabolismu.Piedpokladem je jak snizeni koncentragehto

¢astic v séru, tak Uprava sledovanych parairgtidového metabolismu.

Cilem publikovanych praci je tedy rozsahly popisoabor sodasnych poznatk o
cévnim endotelu, o moznostech detekce normalni asSpoé endotelidlni funkce a
zhodnoceniady tiznych faktott ovliviujici endotelialni funkci, jak ve smyslu jeji pohyc

tak i mozné upravy porusené funkce endotelu.
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Vnitint lékarstut, 46, 2000, & 7, s. 403 - 407

Cévni endotelialni dysfunkce, mozZnosti
detekce a ovlivnéni

Sejda T.
I1I. internf oddé&lenf Fakultnf Thomayerovy nemocnice, Praha, pfednosta prim. MUDr. L. Kotfk, CSc.

Souhrn

Zskladnimi fyziologickymi funkcemi endotelu jsou funkce semipermeabilnf membrény, kontrola
optiméln{ cévni prichodnosti a zajisténi integrity cévy. Endotelidlni dysfunkei Ize povaZovat za
prvnf, funk&né vyznamné stadium aterosklerézy. K nejéastéjsim vyvoldvajicim faktorim fadime
hyperlipoproteinémie, arteriilni hypertenzi, kouten{ a diabetes mellitus. Klinicky nejdilezit&jsf
projevy poruchy endotelidlni funkce jsou poruchy v oblasti korondrniho Fedists a pii transitor-
nfch mozkovych ischemiich. Mezi mo#nosti detekce endoteliflni dysfunkce patii invazivni meto-
dy, neinvazivni ultrazvukové metody a je mozny i laboratorni prikaz, kdy jako marker
endotelidln{ dysfunkce slou#i vzestup plazmatickych hladin adhezivnich molekul. Lé&ba endoteli-
4In{ dysfunkce je zaloZena na ovlivné&ni zdkladnich rizikovych faktort aterosklerézy, tzn. odstra-
néni aktivnfho i pasivniho kuidctvf, v indikovanych p¥ipadech dusledns dietni a farmakologicka
hypolipidemick4 16&ba, G&inna antihypertenzni terapie a kompenzace cukrovky.

Klf¢ov4 slova: Fyziologickd funkce endotelu - Endotelislni dysfunkce - Ultrazvuk perifernich
tepen - Rizikové faktory aterosklerdzy - Lé&ebné mo2nosti.

Summary: Sejda T.: Vascular Endothelial Dysfunctions, Possible Detection and Treatment

The basic physiological functions of the endothelium are functions of a semipermeable membra-
ne, control of optimal vascular patency and safeguarding of the vascular integrity. Endothelial
dysfunction may be considered the first functionally important stage of atherosclerosis. The most

frequent evoking factors include hyperlipoproteinaemia, arterial hypertension, smoking and dia-
betes mellitus. The clinically most important manifestations of impaired endothelial function are
disorders in the coronary circulation and transient cerebral ischaemias. Ways of detection of
endothelial dysfunctions include invasive methods and at present non-invasive ultrasonic met-
hods. Treatment of endothelial dysfunction is based on elimination of the basic risk factors of
atherosclerosis, i.e. elimination of active and passive smoking, in indicated cases strict dietetetic
and pharmacological hypolipidaemic treatment, effective antihypertensive treatment and com-

pensation of DM.

Key words : Endothelium - Endothelial dysfunction - Ultrasonography of peripheral arties - Risk

factors of atherosclerosis.

Vhniti. Lék., 46, 2000, No. 7, p. 403 - 407

| UVOoD

Snahou nésledujiciho ptehledného &lanku je
podat zékladnf informace o fyziologické funkci en-
dotelu, moZnostech detekce, klinickém vyznamu
a terapeutickém ovlivnéni endotelialni dysfunkece.

Porucha funkce endotelu, nazyvand endotelial-
ni dysfunkce, je postiZeni endotelu, které ve své
lokalizované & generalizované formé vede ke zvy-
Senf propustnosti cévni stény a n4slednému vzniku
nerovnovéhy mezi vazoaktivnimi mechanismy
a hemokoagulaénimi pisobky. Vysledkem je pro-
- aterogenni téinek a pfevaha vazokonstrikénich
a protrombotickych pochodi [5, 18, 20].

K nejéastéjsim vyvoldvajicim faktortum radi-
me:

- hyperlipoproteinémie,

- arteridlni hypertenzi,

- koufenf,

- diabetes mellitus,

- hyperhomocysteinémii,

- méné Casté piitiny, jako mechanické pogkozent
endotelu (angioplastika), poskozen{ 16&ivy (cy-
tostatika), imunokomplexy & lok4lnfm z4ng-
tem.

FUNKCE ENDOTELU

Mezi zdkladni fyziologické funkce endote-
lu patyi:

1. funkce semipermeabiln{ membriny mezi te-
kutym intravaskuldrnim prostiedim a okol-
nimi tkdn&mi,

2. kontrola optiméln{ cévni prichodnosti,

3. zajisténi integrity cévy.
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V prvém pripadé se zvy3en{ propustnosti ak-
tivovanych endotelii pro organické molekuly (lipop-
roteiny) a pro krevnf elementy uplatiiuje v ateroge-
nezi i pfi zhorSenf mistnich cirkulaénich poméra,
pii vzniku edému. Rada podnétd, jako napiiklad
oblenéni{ krevntho proudu, aterogenni lipoproteiny,
kouteni, hypertenze & cytokiny (TNF, IL-1), akti-
vuji endotelie. Ty poté ptitahuji leukocyty a umosz-
nf jim prinik cévn{ st&nou pomocf vazoadhezivnich
molekul (selektiny, integriny, imunoglobulinové
molekuly) [5, 8, 11, 19, 20], které vAazi na své
ligandy a na povrch leukocytt. Zvysend propust-
nost pro lipoproteiny, zejména pro LDIL &sstice,
vede k jejich zvySené koncentraci v cévni sténg,
vazb& na proteoglykan matrix. Dal§im pasobenim
volnych kyslikovych radikdl tyto &astice oxiduji,
&i pii hyperglykémii jsou glykosylovany - vznik4
aterogenni ox-LDL &i gly-LDL [5, 8, 10, 11, 13].

Druha4 vyznamné iloha endotelu je zajists-
ni a kontrola optimaln{ cévni priichodnosti. Na po-
vrchu jsou vdzény stovky enzym, v jejichz blizkos-
ti jsou receptory k navdzani piisluného substratu
s cilem maximaélnfho zefektivnéni celého pochodu.
Takto je naptiklad degradovdna fada vazoaktiv-
nich metaboliti kyseliny arachidonové &i serotoni-
. nu, nebo naopak &t&pen angiotenzin I na aktivni
angiotenzin II. V endoteliich je také syntctizovdna
celd fada vazoaktivnich a hemokoagulaénich latek.
Z vazodilata¢nich faktor je pravdépodobna nejdi-
lezit&j$i endotelidlni relaxaéni faktor - EDRF (NO),
nékteré prostaglandiny (prostacyklin PGI 2 a pros-
taglandin E 2) a endotelidlni hyperpolarizujici fak-
tor (EDHF) [8, 26]. Jsou-li endotelie intaktni, tak
fada stimul (serotonin, acetylcholin) vede k uvol-
néni EDRF ¢&i prostacyklinu a k n4sledné vazodila-
taci. Pri dysfunkci naopak takové podnéty vedou
k vazokonstrikei [5, 11, 17]. Vedle vazodilataénd
pusobicich ldtek jsou v endotelu syntetizovdny
i latky s vazokonstrikénim udinkem, predeviim
endotelin (ET-1), a nékteré mitogeny. Endotelin je
vazokonstriktor o r4d silngjsi nez angiotensin II,
dale jako komitogen stimuluje proliferaci a hyper-
trofii cévn{ hladké svaloviny. Vedle piimého piso-
ben{ na myocyt zasahuje do hemodynamiky nepii-
mo stimulaci EDRF a PGI 2[4, 5, 8, 17, 18, 21, 26].

Tietim tikolem endotelu je zajisténi integri-
ty cévy. Tuto funkei plnf hemostatické a reparaén{
pochody. Regulace homeostazy (souhra hemokoa-
gulace a fibrinolyzy) je zivotné duleZitou funkei.
Intaktn{ endotel je dokonalym nesmacivym povr-
chem. Tato vlastnost je zajisténa povrchovym ne-
gativnim elektrostatickym nabojem, déle sekreci
EDREF, ktery dysagreguje shluky trombocytd, bré-
nf adhezi trombocytd a leukocytti na povrch cévy
a brani spolu s prostacyklinem agregaci trombocy-
td. Fibrinolyza je endotelem kontrolovdna pros-
trednictvfm tkdfového aktivétoru plazminogenu
(t-PA) a jeho inhibitoru (PAI-1). Vedle PAI-1 muze
byt fibrinolyza také blokovéna lipoproteinem
Lp(a), ktery obsahuje apolipoprotein (a), jehoz &4st
fetézce je shodnd s plazminogenem, a tak pasobf
jako kompetitivnf inhibitor generace plazminu,
a tim fibrinolyzy. Dojde-li akutné k porugeni endo-

telu (ruptura pldtu), tak se na obnaZené subendo-
telidlnf komponenty okamzité vdZe von Willebran-
dav faktor. Ten déle véze destitkovy glykoprotein
(GPIb), a tak stimuluje adhezi trombocytd. Tato
inicidlnf reakce vyvold aktivaci dalsich desti¢ko-
vych receptor IIb/IIla, destitky se va#f pomoci
fibrinu, agreguji. Agregované destitky uvoliiujf
tadu litek s proagregaénim &i vazokonstrikénim
u¢inkem - tromboxan A2, serotonin, ADP, &i desti¢-
kovy rastovy faktor (PDGF). Endote] 8 norm4lnf
funkei zajisti v oblasti 1éze svymi vazodilataénimi
a antiagrega¢nfmi plisobky rovnovéhu, p#i endote-
lidlni dysfunkei pfevazuje prokoaguladni aktivita
a vazospasticita [5, 8, 11, 26].

KLINICKE PROJEVY ENDOTELIALNI
DYSFUNKCE

Mezi klinicky nejdaleZit&jsi projevy endotelisl-
ni dysfunkce pati{ poruchy v oblasti koronarniho
fecisté. Zde vedou ke zméné tonu hladké svaloviny
cévni stény a ptevaze protrombotickych mechanis-
mu. V epikardidlni oblasti se podilf na cirkadi4rn{
variaci myokardiéln{ ischemie a infarktu myokar-
du, déle stenokardii navozené chladem & zménou
pocasi. Vedle korondrnfho fe&isté se s projevy en-
dotelidni dysfunkce pravdépodobn& setkdvéme na-
piiklad pti tranzitornich mozkovych ischemiich &
Raynaudové fenoménu [4, 5, 18].

MOZNOSTI DETEKCE

Rada experimentélnich pracf prok4zala tésny
vztah mezi endotelidlni funkei v korondrnim a pe-
rifernim cévnim Fetisti [3, 4]. M&feni endotelilni
funkce v korondrnim fe¢isti lze pomoci novych zob-
razovacich metod, kdy je moZno pfesné zméteni
intraluminélniho priméru koronarni cévy a jeho
zmény pfed a po podén{ vazoaktivnich substanci,
jako napf. acetylcholinu a nitroglycerinu [26]. Po-
moci intrakoronarniho dopplerovského vyettent je
mozno méfit rychlost krevniho proudu v hlavnich
korondrnich tepnéch i jejich vétvich [18]. N&kolik
studif prokézalo, Ze infuze s acetylcholinem zpiiso-
bi stfedni vazodilataci a vzestup rychlosti krevniho
proudu u pacientd bez onemocnén{ koronarnich te-
pen, zatfmco u pacientd s prokdzanou ischemickou
chorobou srdeénf dochézelo k paradoxnf vazokon-
strikci na hlavnich korondrnich tepnich a velmi
omezené vazodilataci v perifernfm redisti [3, 15].
Vazodilataéni kapacitu hladkého svalstva cév lze
urtit po intrakorondrni & systémové aplikaci nit-
roglycerinu. Pro nemo#nost opakovaného vyuziti
téchto invazivnich metod u zdravych osob byla
v roce 1992 zavedena neinvazivnf metoda vyuzfva-
jici perifernf tepny pro ultrazvukové vySetien s vy-
sokou rozlifovaci schopnostf. Pfi tomto vySetieni
jsou namisto korondrnich tepen vySetfovany a.
brachialis & a. femoralis superficialis. Infuze vazo-
aktivnich latek indukujicf endotel dependentni va-
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zodilataci je nahrazena tzv. reaktivni hyperémif
a nitroglycerin podany s.l. ovliviiuje endotel inde-
pendentn{ vazodilataci. Dilatace zpisobend zvy%e-
nym pritokem jako disledek reaktivni hyperémie
je zdvisld na intaktnim endotelu, ktery uvoliiuje
EDRF (NO) [24, 25, 26]. Reproducibilita téchto
vy8etieni byla ve studiich zaméfenych na snizeni
hladiny cholesterolu ve vztahu k endotelialni dys-
funkci velmi dobr4. Tésn4 korelace mezi endotel
dependentn{ vazomotorickou odpovédi v korondr-
nim recisti na podéni acetylcholinu a vazodilataci
pfi reaktivni hyperémii métrené na a. brachialis
dav4 predpgjlad ve vyuZiti této neinvazivni meto-
dy k detekci a sledovéni aterosklerézy u pacientt
se zvySenym rizikem vzniku kardiovaskuldrniho
onemocnéni[3, 4, 9, 21, 25]. Mezi celou fadou stavi,
které mohou aktuélné ovlivnit endotelidlni funkci
(tzn.iv prab&hu vysetfen), patii hormonalnf a po-
stprandidlni vlivy, fyzickd aktivita, koufeni (i pa-
sivni) a mnoho metabolickych abnormalit [7, 21,
25). Mezi daldi moznosti detekce endotelialni dys-
funkce patii sledovéni plazmatickych hladin latek
syntetizovanych endotelem. Mezi specifické mar-
kery vhodné ke sledovan{ endotelidiniho pogkozeni
se fadi von Willebranduv faktor, P a E selektiny
a imunoglobulinové adhezivni molekuly (ICAM,
VCAM). Zvy%ené hladiny téchto latek mohou byt
vhodnym markerem inicidlni fize aterosklerézy
ijeji progrese [8, 19, 20, 26].

DYSFUNKCE ENDOTELU
A DYSLIPIDEMIE

Rada studif se zabyvé vztahem mezi endoteli-
alni dysfunkei a dyslipidémiemi, které patii
k hlavnim rizikovym faktortim rozvoje kardiovas-
kuldrnich onemocnéni. U t&chto metabolickych po-
ruch byla prok4dzéna porucha endotel dependentni{
vazodilatace, jiz v obdobi pied strukturalnimi zmé-
nami cév ¢ klinickymi symptomy ischemické ne-
moci koronérnich & perifernich tepen. Porucha en-
dotelidlni funkce m4 zde pfedevdim vztah k Vyso-
kym hodnot4m LDL, a to predeviim jeho oxidova-
‘né form& (Ox-LDL). Studie in vitro prokdzaly vliv
Ox-LDL na sniZenou tvorbu EDRF a jeho zvy$enou
inaktivaci, predevdim generovdnim superoxido-
vych radikald. Pti podani specifického inhibitoru
syntézy EDRF - L-NMMA (L-N-monomethyl-1-ar-
ginin) doch4zi u pacientt bez prokdzané poruchy
lipidového metabolismu k podobné redukci krevni-
ho pritoku v a. brachialis, jako u pacienti s hyper-
cholesterolémif. Tento fenomén Jjiz neplati pti po-
dén{ acetylcholinu a L-NMMA, kdy vazodilatace
u pacientd s hypercholesterolémii je vyrazné sni-
Zend. Tento fenomén vede k vivaze o obdobné bazil-
ni sekreci EDRF u obou skupin a poruchou tvorby
a uvolnéni EDRF pfi stimulaci acetylcholinem.
Rada studif prokdzala vztah mezi hypolipidemic-
kou 1éZbou a dpravou porusené endotelidlni funkce
[10, 186, 26]. Terapie, kterd u pacienta s hypercho-
lesterolémii vede predevsim ke snizeni LDL choles-

terolu, zlepSuje odpovéd endotel-dependentnf cév-
ni vazodilatace po podéni acetylcholinu. Tento
efekt byl prokdzan pii terapii statiny (inhibitory
HMG koenzymA-reduktézy), kdy v prib&hu 6 a¥
12 mésfct dochéz{ k postupné tupravé endotelidlnf
funkee (10, 17, 23]. Vyznam statint byl prok4z4n
ve dvou velkych studifch sledujicich jejich vliv na
primérnf (WOSCOPS) [22] a sekundérn{ prevenci
(45) [1] korondrn{ ateroskler6zy ptiblizn& v 5letych
perioddch. Obg studie prokdzaly souvislost sniZenf
celkového cholesterolu, LDL-cholesterolu a vzes-
tup poméru HDL/LDL s vyznamnym poklesem
umrtnosti na ischemickou chorobu srdeéni.

DYSFUNKCE ENDOTELU
A SUPEROXIDOVANE IONTY

Dal&im &initelem v patogenezi poru$ené endo-
telidlni funkce je vznik superoxidovych iontd, které
se podileji na tvorbé& Ox-LDL a urychlujf inaktivaci
EDRF. Jejich vznik je ddvén do souvislosti s pora-
nénim cévnf stény, vznikem ischémie, dé4le p#i ak-
tivaci leukocyta & hladké cévnf svaloviny a také
v pritomnosti Ox-LDL. Mezi antioxidanty patii
predevsim vitaminy E a C. Snizujf celkové mno-
stvi volnych radik4la a inhibuji oxidaci LDL &4stic.
V tadé studif byly s isp&chem kombinovény s vyse
uvedenou hypolipidemickou terapif [2, 21, 25, 26].

ENDOTELOVA DYSFUNKCE
A ARTERIALNI HYPERTENZE

Arteridlni hypertenze jako dalsf z hlavnich ri-
zikovych faktort kardiovaskul4rnich onemocn&ni
je také provdzena redukovanou endotel depen-
dentni relaxaci cév. V experiment4ln{ hypertenzi
byla potlatena NO-synt4za a tim sniZena tvorba
EDRF, zpiisobujfci jeho sni¥enou bazéln{ sekreci,
dale dochdzi ke zvy¥ené expresi vazoadhezivnich
molekul [12, 20]. Inhibitory angiotensin konvertu-
jictho enzymu (ACE) upravujf funkei endotelu pie-
dev3im inhibicf ACE a tim snfZenf hladiny angio-
tenzinu II. Ten zptsobuje vazokonstrikei, hyper-
trofii svalové vrstvy cév v myokardu, sekreci endo-
telinu 1 a sekreci aldosteronu. Déle inhibice ACE
zvy3uje hladinu bradykininu (uvoliiuje NO a pros-
tacyklin z endotelovych bungk), sniZuje tvorbu su-
peroxidovych iontd a potladuje procesy degradace
NO. Timto dirokym protektivnim efektem na cévy
mohou ACE inhibitory dlouhodobé zlepsit endote-
lidIn{ koronarnf dysfunkei i u pacientt bez zdvasné
hypertenze &i dyslipidémie [12, 17, 23]. Létba kal-
ciovymi antagonisty u pacientd s arteridlng hyper-
tenzi zvySuje i¢inky NO, sniZuje vliv endotelinu-1
a ma protektivn{ vliv pred poskozenfm endotelu
volnymi radik4ly [20]. U beta-blok4tora jeuvddéna
moznost sniZené oxidability ovlivnénim cha-
rakteru LDL &4stic. Jeden z metabolitd carvedilolu
mad prokdzany vyrazny antioxidadnf déinek.
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ENDOTELOVA DYSFUNKCE
A DIABETES MELLITUS

Diabetes mellitus je spojeny s progresivni vas-
kuldrni dysfunkef, a to nejen v mikrocirkulaci, ale
také v systémovych arteriich. Na zviiecich mode-
lech s timto onemocn&nim byla demonstrovéna po-
rucha endotel-dependentni vazodilatace. V klinic-
ké studii byla srovnana vaskularni odpovéd diabe-
tikd I. typu a nediabetik®, kdy u prvni skupiny
byla zji§t&na porucha vaskularni endotel-depen-
dentni i independentni odpovédi. Naopak u diabe-
tiktd IL. typu dominovalo pouze snizeni endotel-de-
pendentni dilatace. V literatute se uvadi vztah vys-
81 inzulinémie a glykémie k poruge endotelidln{
funkce [8, 14, 25].

MOZNOSTI LECBY PORUSENE
ENDOTELIALNI FUNKCE

Mezi mozZnosti 1é¢by porugené endotelidlni
funkce tedy pat¥i ovlivnén{ klasickych rizikovych
faktort aterosklerézy. Dtsledn4 dietni a farmako-
logick4 hypolipidemick4 lé¢ba, odstranéni aktivni-
ho i pasivnfho kui4ctvi, antihypertenzni terapie -
pfedeviim ACE inhibitory, kompenzace cukrovky
poddni antioxidantd a nitrata. Nitraty uvoliiuji 1 -

3 molekuly NO dle typu pipravku, molsidomin
uvoliiuje NO sponténné, a proto je z divodu ne-
vznikén{ tolerance organismu vhodnéjéf. Dal3f po-
kusy, jak ovlivnit endotelidln{ funkci, je pouziti
antagonisty ET-receptoru nebo zvy&eni produkce
NO podénim L-argininu, ktery je prekurzorem NO.
V prvnim p¥ipadé byl zcela potladen vazokonstrike-
ni efekt endotelinu 1, ve druhém podén{ argininu
zlepsi endotel dependentni pritok krve koronar-
nim reéi¥tém. Daldf moZné vyuziti antagonisti re-
ceptor pro endotelin & prekursoria EDRF jevefazi
vyzkumu [2, 9, 17, 23, 25].

ZAVER

Zavérem lze fici, 7e endotelislni dysfunkci m-
Zeme povaZovat za prvni, funk&ng vyznamné stadi-
um aterosklerézy, které je mozno prokdzat jests
pied ptitomnosti morfologickych zmén, tedy proli-
feract hladké svaloviny a akumulaci aterogennich
hmot s nédslednou dezintergac{ cévnf architektury.
I u pacientt s pokrogilou obliterujfcf ateroskleré-
zou se postiZen{ endotelu podstatnou mérou podili
na vysledném klinickém obrazu navozenim cév-
nich spasm & trombotickych komplikaci[5, 17, 18,
25].
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Introduction

The basic physiological functions of the endothelium are to
ensure an optimal vessel diameter, to mediate inflammatory and
immunological responses, to maintain a balance of the
coagulation processes, and to ensure the integrity and structure
of the vessel wall (Vogel et dl., 1998). Endathelial dysfunction is
used when referring to impaired endothelial-dependent vaso-
dilatation; however, it probably includes conditions leading to
endothelial activation where abnormal interaction with leuco-
cytes, blood platelets and regulatory substances occur (Harrison,
1997; Anderson, 1999). The factors most often implicated in
the development of impaired endothelial function include
dyslipidaemia, arterial hypertension, smoking, non-insulin
dependent diabetes mellitus, hyperhomocysteinemnia, endothel-
ial dysfunction caused by inflammation, immunocomplexes, or
medication. Endothelial dysfunction can be considered the first,
functionally significant stage of atherosclerosis (Anderson et dl.,

1995; Sejda et al., 2002).

A non-invasive technique using high-frequency ultrasound brachial artery imaging
to assess endothelium-dependent flow-mediated vasodilatation is a widely used test,
but interpretation of results is not consistent. This study was designed to assess the
method of non-invasive endothelial function determination of a brachial artery.
Endothelial function was assessed by two physicians in 18 young, healthy
volunteers. Fach volunteer was examined by both physicians on the same day
using an identical protocol; a second assessment was carried out at an interval of
é—7 days. When comparing arterial dilatation at first and second measurements by
one physician, there were no statistically significant differences (first physician:
595 £ 2:93% versus 7-63 X 4:3%; P = 0-21; second physician: 423 * 1-6%
versus 494 £ 2:69%; P = 0:22). Further, we found statistically significant
differences in artery dilatation when comparing measurements made separately by
both physicians on the same day (5-95  2-93% versus 4-23 £ 1-6%; P = 0-03, and
763 * 4:3% versus 494 + 2:69%; P = 0-003). Our results suggest a large inter-
individual variability of measurements within the whole group, if made on the same
day and at the same time by two physicians. On the contrary, no significant
differences were noted when comparing measurements of the whole group by the
one physician at an interval of 1 week. It can be concluded that the degree of
brachial artery flow-mediated dilatation is difficult to evaluate on the basis of a
predefined cut-off point as a single-measurement screening test.

Clinically, vasoregulation has been measured in both the
coronary and peripheral circulation, using changes in vessel
diameter as an index of conduit vessel endothelial function. The
three most common clinically used techniques include (i)
quantitative angiographic measurement of changes in the
coronary artery diameter or blood flow in response to
intracoronary acetylcholine or serotonin infusions, (ii) ultra-
sound measurement of changes in the brachial artery diameter
after hyperemia induction with blood pressure cuff occlusion
and flow-mediated dilatation (FMD), (iii) and forearm blood
flow measurement by venous plethysmography using intra-
arterial infusion of a cholinergic stimulus. These methods utilize
various stimuli, which enhance the release of endothelial nitric
oxide (NO) causing artery dilatation (Celermajer et dl., 1994;
Schroeder et al., 1999).

A disadvantage of angiography and plethysmography (after
the intra-arterial infusion of a stimulus) is its invasive nature,
which generally makes it unsuitable for studies involving

asymptomatic subjects. It was for this reason that non-invasive
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evaluation of endothelial function with high-resolution ultra-
sound has been developed. The most widely used ultrasound-
based test involving measurement of the arterial diameter in
response o shear stress and NO release, which causes
endothelium-dependent dilatation, is brachial artery FMD. This
test is non-invasive, non-radioactive, and offers a good cost-
benefit ratio; however, interpretation of results is not consistent,
because of problems with reproducibility (include image
variability and variability in measurements) (Corretti et dl.,
2002; de Roos et al., 2003). Some authors suggested its use in
clinical settings, but methodology is not standardized to allow
clinical use (Lind, 2001; Corretti et al., 2002).

We undertook this study to assess variability and reproducibil-
ity of a simple technique of brachial artery FMD measurement in
young healthy volunteers by two physicians on same day and the
time, and repeat the measurement ata 1 -week interval. The aim of
this study was to compare measurements of brachial artery
vasoreactivity by two physicians at the same time, and to compare
measurements by the same physician in an interval of 1 week.

Methods
Experimental protocol

Ultrasound measurements of brachial artery vasoreactivity were
carried out between 7:00-8:30 hours, after a 12-h fast. Meas-
urements were made by two physicians on the same day in only
three to four volunteers, i.e. 18 volunteers in the course of 1 week.
Each volunteer was examined by both physicians withina 13-15-
min interval (it means interval between measurement FMD), the
order of the physicians was randomized. The same protocol was
applied in the second week, with the interval between taking
measurements in the same volunteer being 6-7 days. The
volunteers were asked to adhere to the same day/night routine
of activities before both examinations (including no smoking
before measurement). None developed an acute disease through-
out the study. Both physicians had adequate experience with FMD
measurement (over the 60 or 90 scans performed over a period of
15 years). The volunteers were asked to sign their inform consent
before joining the study.

Volunteer characteristics

Atotal of 18 healthy volunteers (nine men and women each) with
amean age of 27-8 + 2-8 years, and a body mass index (BMI) of
228 £ 28 kg m™” took part in the study. Five of the volunteers
were cigarette smokers; none of the volunteers were taking
chronic medication except for two women using hormonal
contraception (low-dose contraception, ‘micropills). The women
joined the study near the same period of their menstrual cycle.

Ultrasound technique and hyperaemic phase evaluation

Brachial artery vasoreactivity was measured non-invasively using
the method developed by Celermajer et ol. (1992). Endothelial
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flow-dependent brachial artery dilatation was determined using
an Accuson 128 XP/4 ultrasound system (Mountain View, CA,
USA) with a linear-array 7 MHz transducer. In brief, brachial
artery diameters were measured on B-mode ultrasound images.
Continuous video recordings were obtained on VHS Sony-V
PRO-X videocassettes throughout the investigation. Investiga-
tions were carried out with the subject in the supine position, in
a dark room at a stable room temperature of 23  1°C. After a
10-min rest, blood pressure and heart rate were measured twice
using an automatic oscillometer (Boso Oscillomat, Bosch +
Sohn, GmbH, Jungingen, Germany). The brachial artery was
located about 5 cm above antecubital fossa of the right arm, and
was identified by means of a Doppler pulse. After the start of the
video recording, two reference points were assigned making it
possible to keep the transducer in the same position during the
entire investigation. On completion of the recording at rest,
arterial occlusion was applied on the right forearm by means of
a cuff attached to a conventional mercury sphygnomanometer
inflated to a pressure of 50 mmHg above systolic pressure. After
4-min arterial occlusion, the cuff was deflated and another video
recording was obtained for an additional 2 min in the subsequent
hyperaemic phase. Image analysis was performed off-line using
an Autocont Pentium PC (Autocont, Prague, Czech Republic) with
‘Image Pro Plus’ software (Media Cybernetics, Silver Springs, MD,
USA). The required portion of the recording was transferred from
the videocassette to the PC monitor where the artery diameter was
repeatedly measured from longitudinal images in which the
lumen-intima interface is visualized on the near (anterior) and far
posterior walls in separated sequences by means of callipers. As a
rule, artery diameter measurements were made at 5-s intervals at
the end of diastole (i.e. at maximum dilatation), six times in the
resting phase and six times within 30-60 s after cuff deflation. All
measurements and computer-assisted analyses were performed by
one physician (T.8.) without visual control (‘blind analyses’). The
change of the arterial diameter in the hyperaemic phase was
expressed as a percentage of the original value (éejda et al., 2002).

Statistical methods

Results were expressed as mean t SD. Statistical testing of the
differences between measurements by the two physicians on the
same day, and differences of measurements of one physician
between two examinations at a 1-week interval was performed
using paired Student’s t-test.

Results

Table 1 shows the mean values of systolic and diastolic blood
pressure levels and heart rate before ultrasound measurements.
There were nosignificant differences between the first and second
measurements. Brachial artery dilatation in the hyperaemic phase
(expressed as a percentage of original values) is shown in Table 2.
Compared with the resting phase, highly significant artery
dilatation in the hyperaemic phase was observed separately by
both physicians at each single measurement of the whole group.
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First ultrasound examination

Second ultrasound examination

Table 1 Mean values of systolic blood pressure
(SBD), diastolic blood pressure (DBP) and heart

HR rate (HR) before ultrasound measurements

SBP DBP HR SBP DBP
(mean + D), whole group (n = 18).
First physician 142113 7056 672137 1142119 6751 63+ 113NS
Second physician 113 £ 11)1 70255 66+87 113+113 67162 631 11NS
NS, not significant.
A Table 2 Changes in the brachial diameter
D'T"’:"Fes be“::e" (% % SD) and a comparison of measurements
physiclans on the . 5 physicians on the same day, and
First physician Second physician same day (%) comparison of measurements by the same
Changes in diameter 595 T 2:93%%% 423 1 1-6¥F* 172 £ 31% physician at the 1-week interval, whole group
(%) day one (o =18).
Changes in diameter 763 1 4-3%* 494 T 2-69%F* 271+ 3:3%*
(%) after 1 week
Differences between 177 £ 55N8 069 + 2-3 NS

measurements after
1 week (%)

*P < 0-05; #*P < 0-01; ##¥P < 0-001; NS, not significant.

The intra-observer coefficient of variation (the size of the variance
of ameasure relative to the mean value of what is being measured)
of our measurements was 4:6% and 5-5%. A comparison of arterial
dilatation at first and second measurements (first measurement
and that made after 1 week) by one physician revealed no
significant differences (first physician: 5-95 + 2:93% versus
763 £ 43%; P =021, and second physician: 423 * 1-6%
versus 494 £ 269%; P = 0-22) (Table 2). Finally, when
comparing measurements made by both physicians on the same
day, significant differences were demonstrated in artery dilatation
(first physician:5:95 + 2:93% versus 423 £ 1'6%; P = 0:03,
and second physician: 763 * 4:3% versus 494 £ 269%; P =
0-003) (Table 2). Our study did not confirm the hypothesis under
which the differences change depending on the baseline artery
diameter. The baseline diameter was not inversely related to the
per cent change of brachial artery FMD (P = 0-43).

Discussion

Our results suggest high inter-individual variability of meas-
urements within the whole group on the same day and at the
same time by two physicians. On the contrary, no significant
differences were noted when comparing measurements within
the whole group by the one physician at the 1-week interval.
Reproducibility of single-physician measurements was good, as
FMD values at the 1-week interval were within 2% for each
physician (Sorensen et al., 1995). The intra-observer coefficient
of variation of our measurements is acceptable; both physicians
had sufficient experience with FMD measurement. The hypo-
thesis of an effect of baseline artery diameter on the ability of
the brachial artery to dilate in the hyperaemic phase was not
confirmed. FMD values within the whole group of young,
healthy volunteers ranged from 423 * 1'6% to 7°63 £ 4:3%.
The number of volunteers doubtlessly represents a smaller

limitation to the study, whereas an advantage of this study was
the possibility of exact brachial artery diameter measurements
using a computer with special software.

This study was designed to assess the method of non-invasive
endothelial function determination of a brachial artery. Endo-
thelial function determination varies depending on the technique
of measurement and artery location. In conduit vessels, including
coronary circulation, distal arteries tend to be more vasoactive
compared with the more proximal large vessels. It is particularly in
the presence of atherosclerosis, that endothelium-dependent
responses tend to vary regionally, even in the same vessels (Vogel
et al, 1998). The brachial ultrasound technique seems to be
gaining in popularity, as judged by the number of recently
published papers. This is probably because of its non-invasive
character. However, while good reproducibility has been repor-
ted with the invasive forearm technique (Vogel, 1993; Lind et al.,
1998), both good and poor reproducibility has been reported
with the ultrasound technique (Sorensenet al., 1995; Hardie et al.,
1997). It should be emphasized that the invasive method is
intended for evaluation of smaller arteries, while the ultrasound
technique is intended for endothelium-dependent vasodilatation
in conduit arteries, suggesting that these two methods need not
yield comparable results (Redberg et dl., 2003).

Schroeder et al. (1999) defined endothelial dysfunction as
FMD < 4-5%. The findings of their study can be summarized as
follows: (i) non-invasive endothelial dysfunction determination
was found to be asensitive and specific screening test in patients with
clinically suspected coronary artery disease (CAD); (ii) the extent of
measurable endothelial dysfunction does not correlate with the
severity of CAD; and (ifi) by defining a low cut-off point for
endothelial dysfunction, reliable test results can be obtained despite
the presence of cardiovascular risk factors. Limitations to data
interpretation included a bias because of study group preselection
and the fact that the cut-off point for endothelial dysfunction was
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defined retrospectively. According to the study aathors, a prospect-
ive study is needed to re-evaluate this cut-off pomt of FMD <4-5%.

The main limitation to this method, is its inherent biological
variability of measurement. The vasodilator response to forearm
ischaemia varies largely within an individual in response to
many different variables (dietary patterns, woman's menstrual
cycle) (Redberg et dl., 2003).

Agewall et al. (2002) report that adding ischaemic handgrip
exercise during occlusion of the brachial artery increases the
postocclusion brachial artery flow velocity and dilatation, this
increases vasodilatation is at least partly NO mediated.

Herrington et al. (2001) published data, which quantify the
performance characteristics of an automated analysis method for
measuring brachial vasodilator responses in population-based
research. Despite the very small changes in the diameter, good
intra-observer and inter-observer reproducibiity was reported.
However their database combines cohorts from several studies,
several centres, and used different ultrasound machines.

The role of this method as a screening test in the diagnosis of
CAD must be further evaluated before it can be accepted as part
of a new diagnostic algorithm in patients with suspected CAD.
This is a non-invasive, non-radioactive approach with a
reasonable cost-benefit ratio, it warrants further evaluation in
the clinical setting in a large, prospective randomized study. As
there is no single ideal measurement to assess the reproduci-
bility of this technique, rigorous attention to protocol stan-
dardization, training and ongoing improvement is critical to
generating valid, reproducible data.

It can be concluded that the degree of brachial artery flow
endothelium-dependent dilatation is difficult to evaluate on the
basis of a predefined cut-off point as a single-measurement
screening test to indicate endothelial dysfunction. On the
contrary, the variation of endothelial function after a defined
stimulus (dietary, medication) examined at a predetermined
interval using an identical protocol can help to assess enhanced
or reduced efficacy of endothelium-dependent dilatation.
Additional studies are needed to determine whether or not the
methodology is sufficiently reproducible and vrhether or not the
biological variability is sufficiently low to make exact FMD
assessment. The methodology will need to be further refined,
with formal opportunities for certification and continuing
medical education, such as those that are currently available
for other medical modalities of examination.
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Summary

Attention has recently been focused on endothelial function after a single high-fat meal, i.e. on the anticipated direct
atherogenic effect of triglyceride-rich lipoproteins. Our study was designed to investigate the effect of a low-fat diet
given for four weeks followed by a high-fat diet for another four weeks. At the end of each dietary period, a non—
invasive ultrasound investigation of endothelial function of the brachial artery was performed along with laboratory
tests. Endothelial function was measured immediately before the dietary load and afier three and six hours in 11 healthy
volunteers. The results were expressed as percentage of the changes in artery diameter at rest and during hyperemia; the
data were processed using computer technology. When compared to the low-fat regimen, the total cholesterol content
rose after the high-fat diet from 4.28 mmol/l to 5.15 mmol/l (p<0.05) in the whole group of volunteers. There was no
difference between both dietary regimens in baseline triglycerides. The brachial artery dilatation under basal conditions
was 5.26+2.88 mm after the high-fat diet compared with the value of 3.13£3.01 mm (p<0.05) after the low-fat diet.
When measured individually endothelial function in the whole group of volunteers in the course of the day, the degree
of arterial dilatation after one month on low-fat diet was 3.134£3.0 %, 3.88+2.5 % and 5.23+3.3 % at single
measurement. When comparing arterial dilatation at two closest measurements, a non-significant trend, p>0.05 was
seen in either case. The following values were obtained after one month on the high-fat diet: 5.26£2.9 %, 4.47+1.7 %,
and 6.2+3.6 %; again showing a non-significant trend of p>0.05. In this study, a single high-fat meal at the different
dietary regimen did not significantly influence the vasoreactivity of the brachial artery in young volunteers.

Key words
Postprandial lipemia » Hypertriglyceridemia  Endothelial dysfunction ¢ Diet

Introduction vessels in the human body. One of its basic physiological
functions is to ensure an optimal vessel diameter, to

The endothelium is the largest endocrine organ  maintain the equilibrium of the coagulation processes, to
weighing about 1.5 kg. It forms the inner lining of all ~ mediate inflammatory and immunological responses, and
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to ensure the integrity and structure of the vessel wall.
Endothelial function impairment is a basic factor
implicated in the origin and development of blood vessel
diseases (Vogel er al. 1998). Endothelial dysfunction can
be considered the first, functionally significant stage of
atherosclerosis. It is used to indicate the impairment of
endothelial-dependent
probably includes conditions leading to endothelial
activation where abnormal interactions with leukocytes,

vasodilatation;  however, it

blood platelets, and regulatory substances occur
(Anderson 1999). The factors most often implicated in
the development of impaired endothelial function include
hyperlipoproteinemia, arterial hypertension, smoking,
non-insulin dependent diabetes mellitus, hyperhomo-
endothelial ~ dysfunction caused by
inflammation, immunocomplexes, or medication (Sejda

2000).

cysteinemia,

Triglyceride-rich  lipoproteins  are  now
recognized as a risk factor for the development of
ischemic heart disease (IHD), associated primarily with
low HDL-cholesterol levels, the presence of small dense
LDL particles, hyperinsulinemia, and insulin resistance
(Gotto et al.. 1998). Triglyceride-rich lipoproteins have
been shown to be an independent risk factor for the
development of IHD in a specific patient group (Gotto
and Phil 1998). A number of publications deal with
hypotheses concerning the atherogenic effect of
triglyceride-rich lipoproteins resulting from a single
high-fat meal, or after the intravenous application of
“Intralipid”. In this case, the mechanism of the
atherogenic effect is based on inducing endothelial
dysfunction as an early manifestation of atherosclerosis.
The reactive hyperemia affecting the vasoreactivity e.g.
of the brachial artery, is a sensitive, nitric oxide (NO)-
dependent index of endothelial function correlating with
coronary arterial vasoreactivity after acetylcholine
administration (Anderson et @l 1995). Recent studies
have demonstrated comparable impairment of the
endothelial function of coronary and brachial arteries
associated with risk factors of atherosclerosis (Celermajer
etal. 1994),

The aim of this study was to determine the
vasoreactivity of the brachial artery after a high-fat (HF)
load using two different dietary regimens, each of them
used for a one-month period. A low—fat (LF) diet was
given to healthy volunteers for four weeks, followed by
HF diet for the next four weeks. To determine whether
the employed dietary regimen and a single dietary load
would cause endothelial function impairment of the
brachial artery, a non-invasive, high-resolution ultrasound

method was used to assess the extent of arterial dilatation
in the course of reactive hyperemia,

Table 1. Structure of low-fat (LF) and high-fat (HF) diet

LF diet HF diet

Energy

kF70 kg of weight 10 525 10 525
Fats

g /70 kg of weight 70.2 120.1
Saccharides

g/70 kg of weight 402.9 2795
Profeins

&'70 kg of weight 84.1 84.1
Fats

energy portion in % 26 44.5
Cholesterol

mg/70 kg of weight 204 611
Methods

The experimental protocol

The volunteers were given the LF diet for four
weeks and the HF diet for the ensuing four weeks. The
composition of the diets was close to that designed for
preventing cardiovascular diseases (LF diet), and to that
typical for the Czech population (HF diet), see Table 1.
The order of the diets was randomized, the study was run
in a “cross-over* manner (for the schedule see Fig. 1).
The decision to use both diets for four weeks each was
made on the basis of a pilot study demonstrating that the
diets were isocaloric, that they were associated with no
weight gain after 6 weeks, and that cholesterolemia
increased after 4 weeks compared with the baseline.
Nevertheless, its level no longer tended to rise does not
change further (Kovaf er al. 1999, Kovar and Poledne
2000). At the end of each dietary period, ultrasound
measurements of brachial artery vasoreactivity were
carried out at 7:00 h, after a 12-hour fast. Half an hour
after the ultrasound examination, the volunteers received
a dietary load (cream cake, doughnut, and cocoa)
containing 57.5 kJ /Kg (44.8 % fats, 46.8 % saccharides,
25.1% proteins). Three and six hours after the dietary
load, the ultrasound investigation was repeated with
blood samples obtained at an interval of 90 min over a
9-hour period. The volunteers were allowed to drink only
water or coffee and sugar-free beverages during the
investigation. The volunteers were asked to sign their
informed consent before joining the study.
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Fig. 1. Study schedule

HF diet — four weeks

HF diet — four weeks

LF diet — four weeks

LF diet — four weeks

Baseline examination

blood samples blood samples

Characteristics of volunteers

A total of 11 healthy volunteers (six men and
five women) 24+4.6 years old with BMI 22.8+1.7 kg/m’,
mean systolic and diastolic blood pressure 112+6.2 and
74+8.1 mm Hg, respectively, took part in the study. Their
mean total cholesterol level was 4.6£0.86 mmol/l,
triglycerides 1.4+0.85 mmol/l, HDL-cholesterol 1.3£0.26
mmol/l, and glycemia 5.15+0.45 mmol/l. One of the
volunteers was a cigarette smoker (7 cigarettes per day),
three women used hormonal contraception (low-dose
contraception, “micropills”). The apolipoprotein (apo)
genotype E 3/3 was identified in eight cases, while the
apo E 3/4 form was found in the other cases (as
determined using PCR). The women joined the study at
the same period of their menstrual cycle, between days 5
and 12. Body weight was monitored throughout the study
so that the energy intake could be adjusted accordingly in
the case of body weight changes.

Ultrasonography technique and evaluation of hyperemic
phase

Brachial artery vasoreactivity was measured
non-invasively using the method developed by
Celermajer ef al. (1992). Endothelial flow-dependent
brachial artery dilatation was determined using an
Accuson 128 XP/4 ultrasound system (Mountain View,
California, USA) with a lincar-array 7 MHz transducer.
In brief, the brachial artery diameter was measured on B-
mode ultrasound images. Continuous videorecordings
were obtained on VHS Sony-V PRO-X videocassettes
throughout the investigation. The investigations were
carried out with the patient in the supine position, in a
quiet dark room at room temperature. After a 10-min rest,
blood pressure and heart rate were measured using an
automatic oscillometer (Boso Oscillomat, Bosch + Sohn,
GmbH, Jungingen, Germany). The brachial artery was
located about 5 cm above the antecubital fossa of the

Ultrasound examination

41

Ultrasound examination
blood samples

right arm and was identified by means of pulse Doppler.
After starting the video recording, two reference points
were assigned making it possible to keep the transducer
in the same position during the entire investigation. On
completion of the recording at rest, arterial occlusion was
applied on the right forearm by means of a cuff attached
to a conventional mercury sphygmomanometer inflated to
a pressure of 50 mm Hg above systolic pressure. After a
4-min arterial occlusion, the cuff was deflated and, a
video recording was obtained for an additional 2 min in
the subsequent hyperemic phase. Image analysis was
performed off-line using an Autocont Pentium PC
(Autocont, Prague, Czech Republic) with “Image Pro
Plus* software (Media Cybemetics, Silver Springs,
Maryland, USA). The required portion of the recording
was transferred from the videocassette to the PC monitor
where artery diameter was repeatedly measured in
separated sequences by means of calipers. The artery
diameter measurement was always made at the end of the
diastole (representing maximum dilatation) at 5-second
intervals, six times in the resting phase and six times
within 30-60 seconds after cuff deflation. All material
measurements and computer-assisted analyses were
performed by the same physician without optical control.
In a separate study (Pitha er al. 2002), coefficient of
variation (3.21 %) was calculated in 10 individuals,
repeatedly evaluated at seven-day intervals. The change
of the arterial diameter in the hyperemic phase was

expressed as percentage.

Lipid determination

A venous catheter was introduced into the left
forearm at the end of either dietary regimen before the LF
or HF diet, and baseline blood samplings were
withdrawn. The samples were used to determine total
and HDL-cholesterol by
enzymatic methods (Boehringer, Mannheim, Germany).

cholesterol, triglycerides,
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LDL-cholesterol
formula. Blood sampling was performed at 90-min

was calculated using Friedewald's

intervals for nine hours every day. Postprandial

hypertriglyceridemia was assessed as part of postprandial
lipidemia studies.

Statistical methods

The results were expressed as meanstSD.
Statistical testing of the differences between the resting
values and those determined during reactive hyperemia

was performed using Student’s paired t-test.

mmol/l

45 6 75 9

time (hours)

Fig. 2. Values of serum triglycerides in the course of the day on dietary load after HF and LF regime.

® HF - high-fat diet, m LF - low-fat diet

Table 2. The lipid parameters after different dietary
regimens

LF diet HF diet
Total cholesterol 4.28+1.28 5.16+1.3%
HDL cholesterol 1.21+0.21 1.53+0.37
LDL cholesterol 2.41+0.88 2.97+1.05e
Triglyceride 1.46+1.52 1.52+0.67

LF low- fat; HF high- fat diet, * p < 0.05 ; « p = 0.05, in
mmol/I£S.D.

Results

The mean values of individual lipid parameters
obtained after different dietary regimes are listed in
Table 2. Cholesterol levels were after HF diet higher by
20.5 % compared with the LF diet in all subjects; no
significant differences in triglyceride or HDL-cholesterol
levels were observed at baseline blood sampling after
either dietary regimen. After the dietary load, plasma
triglyceride concentration peaked within 3 to 4 hours
(56 % to HF, 50 % to LF), returning to baseline within 6
to 7 hours (Fig. 2).

The brachial artery diameters at rest and during
hyperemia in the whole group of volunteers at individual

points of time (i.e. before dietary load administration and
3 and 6 hours after the load) are shown in Table 3. The
brachial artery dilatation in the hyperemic phase
(expressed as percentage) is also shown in Table 3.
Compared with the resting phase, a statistically
significant artery dilatation in the hyperemic phase was
always found at single measurements.

Furthermore, the degree of arterial dilatation at
baseline was compared with that determined 3 h after the
dietary load and between the dilatation, as determined 3 h
and 6 h after the load. The test was performed separately
for both dietary regimens (see Tab. 3). In the course of
the day, no statistically significant difference in arterial
dilatation in the hyperemic phase was observed on either
dietary regime. Similar results were obtained in a
subgroup of women showing no significant difference in
the degree of arterial dilatation during the day with both
dietary regimens. In a subgroup of men, when comparing
baseline dilatation with that three hours after the dietary
load, a p = 0.06 was calculated (i.e. at the limit of
statistical significance); other results are similar to those
determined for the entire group.

When total
baseline blood samples, there was a significant increase
from 4.28+1.08 mmol/I after LF to 5.16+1.3 mmol/l after
HF (p<0.05). On the other hand, arterial dilatation at

basal measurements was 5.26+2.88 after HF in contrast to

comparing cholesterolemia at
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from them, and IDL-cholesterol as a remainder of VLDL-
cholesterol-ensuing  particles are considered highly
atherogenic (Brewer 1999). In some studies, the degree of
postprandial lipemia has been associated with insulin
resistance, hyperinsulinemia, and it has also been
indicated as a risk factor for the development of THD
independent of whether or not LDL-cholesterol increases
(Gotto and Phil 1998).

Isolated hypertriglyceridemia was identified as
an independent risk factor in women aged 50 to 69 years
in the Framingham study (Castelli 1992), in patients with
non-insulin dependent diabetes mellitus in the Paris
Prospective study (Fontbonn ef al. 1989), and in men in
the Copenhagen study with medium and higher degree
hypertriglyceridemia determined as an independent
predictor for the development of IHD (Jeppessen er al.
1998). This conclusion was confirmed in a meta-analysis
of 17 prospective population-based studies (Hokanson
and Austin 1996). Hypertriglyceridemia is classified as a
metabolic condition associated with an increased risk for
the development of atherosclerosis. The above conditions
include  postprandial  lipemia, insulin  resistance,
hyperinsulinemia, small dense LDL particles, increased
LDL particles oxidability, and central obesity (Gotto and
Phil 1998, Brewer 1999).

The number of volunteers doubtlessly represents
a limitation to this study; however, it did not differ from
that reported in the above studies. An advantage of this
study was the possibility of exact measurement of the
brachial artery diameter using a computer. The slight
difference in triglyceridemia in basal blood sampling
after both dietary regimens can be due to the isocaloric
diet characteristics (Table 1). The reason for comparing
two nearby measurements was whether the current
changes in triglyceridemia would result in a change in
endothelial function, which was to be related to the nature
of the dietary load and, subsequently, monitoring the
plasma triglyceride concentration in the course of the day

(Fig. 2)

References

After a four-week HF regimen, brachial artery
dilatation under basal conditions was significantly higher,
the same as the increase in total cholesterolemia,
compared with the LF regimen. It should be emphasized
again that young, healthy volunteers took part in the
study, and there was an intraindividual difference in the
results obtained at individual measurements in one-month
intervals. There is no doubt that numerous factors act in
synergy to affect endothelial function (Celermajer et al.
1992), and there is variability between individual
examinations on different days (Anderson 1999). Schnell
et al. (1999) did not demonstrate impaired brachial artery
dilatation in patients with moderately increased LDL-
cholesterol but without other risk factors of
atherosclerosis compared with individuals with normal
LDL-cholesterol levels.

The reason for the different findings obtained
when monitoring the effect of a single dietary load on
brachial artery vasoreactivity in the above studies remains
unclear. The group of volunteers, the dietary load, and
postprandial triglyceridemia in these studies are
comparable. Further study of endothelial function and the
effect of individual lipid fractions on the development of
endothelial dysfunction as the first functionally
significant stage of atherosclerosis should be carried out.
It can be concluded that a HF load applied in a single
dose does not significantly influence brachial artery
vasoreactivity in young, healthy volunteers after four

weeks of low and high-fat diet regimes.
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The effect of fluvastatin on cICAM-1 as a biomarker of
endothelial dysfunction in patients with dyslipidemia
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Aim. Upregulation of intercellular adhesion molecule-1 (ICAM-
1) expression has been suggested to play an important role
in the pathogenesis of atherosclerosis. Lipid-lowering ther-
apy with 3-hydroxy-methylglutaryl-coenzyme A reductase
inhibitors reduces the incidence of atherosclerosis-related
cardiovascular events. The aim of this study was Lo establish
the effect of a 3-month treatment of fluvastatin on circulat-
ing (c)ICAM-1 and standard lipid parameters.

Methods. A total of 14 patients (6 men and 8 women), 59.7¢11
years old, with mean systolic and diastolic blood pressure
135216.3 and 81+9.3 mmHg, respectively, lasting plasma
cholesterol 6.2+1 mmol/L and plasma Iriglycerides 2.621
mmol/L, took part in the study. The observed parameters
were measured before and after 3 months of therapy.
Results. When comparing total cholesterolemia, low-densi-
ty lipoprotein (LDL) chol, 1, and apolipoprotein B, there
were significant decreases after a 3-month treatment. By
contrast, no significant difference was observed when we
compared the values of triglycerides, high-density lipopro-
tein (HDL) cholesterol, apolipoprotein Al and, especially, of
cICAM-1. Our results demonstrate the well-known capacity
of fluvastatin to lower LDL- and total cholesterol; however,
it failed to reduce cICAM after a 3-month treatment.
Conclusions. It can be concluded that a 3-month therapy
with fluvastatin does not decrease cICAM-1 levels, despite
normalization of cholesterol levels. The implication is that
cholesterol may not induce endothelial activation by the
initial upregulation of this adhesive molecule.

[Int Angiol 2006;25:414-7]

Key words: Atherosclerosis - Fluvastatin - Endothelium -
Intercellular adhesion molecule-1.

The endothelium is a functional barrier between
the vessel wall and blood stream, which has long
been regarded as a relatively inert container lor
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blood. Itis now clear that endothelial dysfunction
disturbs the physiological protective regulatory
balance, which is a critical factor in atheroscle-
rosis progression.! One of its basic physiological .
functions is to ensure an optimal vessel diameter,
to maintain the equilibrium of the coagulation
processes, to mediate inflammatory and immuno-
logical responses, and to ensure the integrity and
structure of the vessel wall.2 Endothelial dys-
[unction is a basic factor implicated in the origin
and development of blood vessel diseases.3

Hypercholesterolemia is a well-known cardio-
vascular risk factor. Large clinical trials with 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitors (statins) have shown that low-
ering cholesterol levels decreases the incidence of
cardiovascular events and progression of athero-
sclerosis.4

Animal studies of hyperlipidemia have indicat-
ed a pivolal role of leukocyte adhesion molecules
(AMs) in propagation of atherosclerosis.5 Low-
density lipoprotein (LDL) has been shown to
upregulate expression of vascular cell AM-1
(VCAM-1) and intercellular AM-1 (ICAM-1). These
molecules facilitate the diapedesis of leukocytes
into plaques.® Pathological studies have also
demonstrated increased AM expression in human
atherosclerosis plaques;? it is, however, difficult
to determine whether or not hypercholesterolemia
directly increases AM expression in humans
because of the inability to readily assess the lev-
els of AM expression of the vascular endothelium.
As circulating (c)AMs have been used as a mark-
er of atherosclerosis,? clinical trials have sought
to discover a potential association between hyper-
cholesterolemia and AM expression by measur-
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ing these AMs: elevated AMs have been found in
hypercholesterolemic patients in some studies.?

Leukocyte AMs, regulating inleractions
between vascular and circulating cells, may play
a central role in the pathogenesis of atheroscle-
rosis and related complications.!® Endothelial
dysfunction can be characterized by the upreg-
ulation of leukocyte AMs including ICAM-1.
Upregulation of ICAM-1 has also been suggest-
ed to play an important role in the pathogenesis
of vascular remodeling.!! Increased levels of
ICAM-1 have been found on the endothelium of
atherosclerotic plaques and ICAM-1 has been
identified in early fatty streaks in many sludies. 2
Endothelial dysfunction can be considered as
the first stage of atherosclerosis.!3

The purpose of this study was to determine
whether the HMG-CoA reductase inhibitor flu-
vastatin decreases cICAM-1 release into circu-
lation. Clearly, the aim of this study was to estab-
lish the effect of a 3-month treatment of [Tuvas-
tatin on cICAM-1 and standard lipid parame-
ters.

Materials and methods

The experimental protocol

The study design was to establish the effect of a
3-month treatment with fluvastatin (80 mg; Lescol
XL®, Novartis Pharma AG, Basel, Switzerland) on
cICAM-1 and standard lipid parameters in patients
with dyslipidemia in our lipid outpatient depart-
ment. The study medication was taken once daily
after the evening meal and patient’s compliance
was verilied by pill counts. The study was carried
out in accordance with the Declaration of Helsin-
ki (2000) and patients were asked to sign their
informed consent before joining the study.

Characteristics of volunteers

At an initial screening visit, patients completed
a detailed questionnaire about their medical and
treatment histories, with body mass index (BMI)
and waist/hip ratio (WHR) values. Blood pressure
was recorded and venous fasting blood samples
were drawn for overall cholesterol analysis. A total
of 14 patients (6 men and 8 women), 59.7+11 years
old, with mean systolic and diastolic blood pres-
sure 135+16.3 and 81+9.3 mmHg, respectively,
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and fasting plasma glycemia 5.560.76 mmol/L,
took part in the study.

Patients with fasting plasma cholesterol 5.4-7.9
mmol/L, triglyceride levels below 3 mmol/L and
in whom dietary fat restriction ditl not result in a
decrease in lipid parameters were enrolled into
the study. All patients gave a medical history and
underwent a physical examination and laborato-
1y lesting. Exclusion criteria were still unknown
thyroid disease, pregnancy or lactation, malig-
nancy, serious impaired hepatic or renal function
(aspartale aminotransferase [AST] and alanine
aminotransferase [ALT] >3 times the upper nor-
mal level and creatinine >200 Imol/L), consump-
tion of >40 g/day of ethanol, and/or the intake of
lipid-lowering drugs. Smokers were requested not
to smoke for at least 2 h before blood sampling.
All patients had to undergo dietary intervention
with low-[at diet designed for cardiovascular dis-
ease prevention.

Laboratory analysis

The blood samples were taken in the morning
after a 12-h fast because of the potential circadi-
an variations in AM levels. The samples were used
Lo determine total cholesterol, triglycerides, high-
density lipoprotein (HDL)- and LDL-cholesterol,
apolipoprotein Al and B by enzymatic methods
(Boehringer, Mannheim, Germany) in the Labo-
ratory Department of Thomayer University Hos-
pital (Prague, Czech Republic). cICAM-1 levels
were measured from frozen citrated plasma stored
at -80 °C as duplicated with a single batch of
enzyme immunoassays (R&D systems, McKinley
Place, Minneapolis, MN, USA).

Statistical analysis

The results were expressed as means+SD. Sta-
tistical testing of the differences of cICAM-1 and
lipid parameters between the first and second
examination (after 3 month treatment with statin)
was performed using paired Student’s t-test.

Results
Mean values of cICAM-1 and individual lipid
paramelers before and after 3-month treatment
with fluvastatin are listed in Table I, as are BMI

and WHR. When comparing total cholesterolemia,
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TABLE L.—Mean values of monitored parameters at first and second (after 3-month treatment) examination (£5D) (whole

group: n=14).

Firsl examination Sccond examination P values
cICAM (ng/mL) 250.9137.6 240.7+51.7 0.355 NS
Total cholesterol (mmol/L) 6.211.02 5.05£1.17 0.002*
LDL-cholesterol (mmol/L) 4.02+¢1.06 2.94:0.01 0.007*
HDL-cholesterol (mmol/L) 1.13£0.18 1.36£0.31 0.5 NS
Triglycerides (mmol/L) 2.5611.01 2.18£0.72 0.22 NS
Apo B (mmol/L) 1.23+0.23 0.94:0.22 0.002*
Apo Al (mmol/L) 1.36:0.16 1.44:0.11 0.157 NS
BMI (kg/m?) 27.7+3.3 28.1£3.6 0.616 NS
W/H ratio (cm/cm) 0.93+0.07 0.90:0.07 0.04**

cICAM: circulating intracellular adhesion molecule-1; LDL: Inu density lipoprotein: HDL: high-density lipoprotein; apo: apolipoprotein; BMI- body mass
index, Wiz waist/hip; NS: statistically not sipnificant; *P-0.01: **P-0.05

LDL-cholesterol and apolipoprotein B, there were
significant decreases after a 3-month treatment.
By contrast, no significant dilference was observed
when we compared values of triglycerides, HDL-
cholesterol, apolipoprotein Al and, especially,
cICAM-1. In the whole group, total cholesterol
levels decreased by 19%, LDL levels by 27%, and
apolipoprotein B levels by 24%. sICAM levels
decreased by only 4.9%. A decrease in WHR was
on the limit of statistical signilicance and BMI
levels remained unchanged.

Discussion

This study was designed to assess the effect of
fluvastatin on a biomarker ol endothelial dys-
function, adhesive molecule cICAM-1, and lipid
parameters in patients with dyslipidemia. Qur
results demonstrated the well-known capacity of
fluvastatin to lower LDL- and total cholesterol;
however, fluvastatin failed to reduce cICAM lev-
els after a 3-month treatment. Another analysis
showed borderline significant reduction of WHR,
likely due to dietary intervention in our lipid out-
patient department.

The same effect was described in a study, where
3 months of treatment-with 3 diflerent statins (ator-
vastatin, simvastatin, and pravastatin) did not reduce
cAM levels (include cICAM-1) in patients with mod-
erate hypercholesterolemia.? In another study 10
hypercholesterolemic patients were treated with
atorvastatin or simvastatin without any changes in
the plasma levels of cICAM-1 or cVCAM-1.14

These findings seem to contradict data emerg-
ing from previous trials. It has been reported that
a 12-week treatment with fluvastatin significant-
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ly reduces the serum levels of P-selectin, ICAM-1
and von Willebrand factor.!0 Other studies have
demonstrated a 24% reduction in cICAM-1 levels
in hypercholesterolemic patients with peripheral
artery disease after therapy with pravastatin and
inhibition of the production of the superoxide
anion (0,-) and ICAM-1 by fluvastatin in a rat
model with aortic remodeling.!1. 15

Atherosclerotic plaques are characterized by
high-expression adhesive molecules including
sICAM.!6 In contrast with atherosclerosis, the
effect of hypercholesterolemia on cAM levels has
been a source of controversy.?. 10

A likely explanation for the divergent findings
could be the different patient groups studied, prob-
ably with varying degrees of (sub)clinical athero-
sclerosis. An alternative explanation could be dif-
[erences in the intake of antioxidants among sub-
jects in these studies. It is probable that choles-
terol does not induce proinflammatory reactions
when sufficient antioxidants are present in the
vessel wall 3

In our study, we did not intend to assess whether
long-term statin therapy may lower cICAM-1,
because a late decrease in the level of this adhe-
sive molecule is unlikely to be attributed to a
decrease in cholesterol levels.

Conclusions

It can be concluded that a 3-month therapy with
fluvastatin does not decrease cICAM-1 levels,
despite normalization of cholesterol levels. The
implication is that cholesterol may not induce
endothelial activation by the initial upregulation
of this adhesive molecule.
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12. Diskuse na zaklad publikovanych dat

Publikované prace podavaji popis &asnych poznatk o cévnim endotelu, o
moznostech detekce normalni a poruSené endoteliaikce, hodnottadu Gznych faktot,
které ovliviujici endotelialni funkci, jak ve smyslu jeji pohys tak i mozné Gpravy porusené

funkce endotelu.

Na zéklad dostupnych poznatko cévni endotelialni funkci i dysfunkci, které (iso
sumarizovany v prvnimiphlednémélanku, je endotelialni dysfunkce povazovana za iprvn
funkéné vyznamné stadium aterosklerézy, které lze prok§ed€ pred p@itomnosti
morfologickych zmén cévni stny. Postizeni endotelu se dale tak&nym mechanismem

vyznamg podili i na klinickém obrazu u paciérg obliterujici ateroskler6zou (23).

Cilem nésledujicihalanku bylo zhodnoceni n&gstji pouzivaného neinvazivniho
ultrazvukového vysSéeni detekujiciho poruchu vazomotorické funkce esldottzn. ngieni
dilatace tepny zprostdkované prtokem — FMD. Zde jsme se snazili nalézt odfabwna

otazku, jak je tato metoda detekce endotelialnkderklinicky ¢i experimentald vyuzitelna.

V dalSim¢lanku byl posuzovan vliv akutni vysokotukové && nacinnost cévniho
endotelu, kdy pedpokladem poruchy endotelialni funkce je aterogetisobeni lipoproteit

bohatych na triglyceridy.

V posledni praci je popisovana ragsia laboratorni metoda, ktera stanovi koncentraci
urcenych adhesivnich molekul v séru. Sledovan byl \wiimesicni 1&by statinem na
dynamiku koncentrace ICAM-1 ve spojitosti s dynamiikstandardnich lipidovych parametr

u pacieni s poruchou lipidového metabolismu.
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Zobrazovaci metody, jez stanovuji endotelialni dykEi na zakla# reakce cévni
steny, Ize rozdlit na invazivni a neinvazivni (25,26)#Mo v koronarninteCisti Ize vyuzit
kvantitativni koronarografii¢i intrakoronarni dopplerovskou ultrasonografii. \eatem
k invazivitt a nargnosti na prostorové aigtrojové vybaveni jsoucastji vyuzivany
neinvazivni metody k posouzeni vazomotorickych fiirdndotelu, kantadime ultrazvukové
meieni dilatace tepny zprdasdkované pritokem (FMD) (31) a r¥eni zmén krevniho
pritoku nefastji v oblasti predlokti okluzni pletyzmografii (32). Ng&jsgji pouzivané
ultrazvukové vyséeni detekujici poruchu vasomotorické funkce endojelntieni dilatace
tepny pomoci FMD, jedna se o endotel-dependentatadi (28). NaSe prace &a za cil
stanovit variabilitu a reproducibilitu u této ultraikové metody. Nfeni vazoreaktivity a.
brachialis byla provasha u mladych, zdravych dobrovolidikdvéma I|ékdi v intervalu
jednoho tydne. Porovnanim arterialni dilata¢epovnim a druhém ®gteni jednim Iékgéem
v odstupu jednoho tydne nebyly z§i8y statisticky vyznamné ziny (prvni Iékd: 5,95+2,93
% versus 7,631+4,3 %; p = 0,21; druhy |&k4,23+1,6 % versus 4,94+2,69 %; p = 0,22).
Naopak statisticky vyznamné 2ny byly zjiS€ny pi arterialni dilataci § srovnani nifeni
provagném oddlen¢ obima |ékdi v tentyZ den (prvni |éka5,95+2,95 % versus 4,23+1,6
%; p = 0,03; druhy |éka7,63+4,3 % versus 4,94+2,69 %; p = 0,003). Vysjedkazuji
vysokou inter-individuélni variabilituipméieni provadném ve stejné daébodliSnymi lékaii.
Naopak nebyly pozorovany rozdilyipméreni za identickych podminek jednim |édan
v odstupu jednoho tydne. Reproducibilita jednottivymeteni byla dobra, hodnoty FMD se
pohybovaly v intervalu 2 % pro jednotlivého lé&a(59). Na zéklad téchto vysledk lze
usuzovat, Ze rozsahdeni @i FMD je velmi variabilni (32). Je tedy velmi ohtig stanovit
piedem definované, referém hodnoty, které by ip jednorazovém screeningovém testu
indikovaly poruchu endotelialni funkce (39). Dogedmetoda FMD fedmétem rozsahlych

diskusi, které ji na jedné strapovaZuji za spolehlivou agsnou metodu, a na druhé stan
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jak ukazuji naSe zé&wy, za metodu, ktera ma sva vyrazna omezeni algedoguzitelna za

zvla¥ definovanych podminek (58,80,81).

Endotelialni dysfunkce je zakladnim faktorem patlnjicim vznik a dalSi rozvoj
cévnich onemocmi (4). Lipoproteiny bohaté na triglyceridy fiatnezi nezavislé rizikové
faktory pi rozvoji ischemické choroby srdei (82,83).Rada publikaci pracuje s hypotézou,
kterd popisuje mozny aterogenrinek €chto lipoproteiti sp&ivajici ve vlivu jednordzové
vysokotukové z@be (2,84). Mechanismem aterogenniho efektu by zé&le bwt navozeni
endotelialni dysfunkce jak®éasné manifestace aterosklerézy (85). Cilem dal&liestbylo
tedy sledovani vazoreaktivity a. brachialis po podésokotukové zé¥e po zavedenych
dvou odlisnych dietnich rezim Urit, zda podana akutni vysokotukova &atovlivni
endotelidlni funkci bylo zjigvano pomoci ultrazvukové metody FMD. Endotelidimikce
byla mefena ped podanim dietni z&te a néasledn po 3 a 6 hodinach, v souvislosti
s koncentraci triglycerid v plazng, kter4 kulminovala po 3-4 hodindch a navracela se
k pavodnim hodnotam po 6-7 hodindch. Ve srovnani okba fazi byla dokumentovana
statisticky vyznamna dilatace tepny v hyperemic&éi fu vSech jednotlivych &eni (p <
0,001). Ri uréeni endotelidlni funkce pro celou skupinu dobroilalnv pribéhu dne byly
hodnoty arterialni dilatace péeth jednotlivych réteni po ndsici nizkotukové diety podané
jednorazové dietni z&te nasledujici: 3,13+3,0 %, 3,88+2,5 % a 5,23+3,3BY zjiStén
nesignifikantni trend (p > 0,05)fipsrovnani vzdy dvou sousednichéienich. Hodnoty
ziskané po podani dietni #a¢ po ngsici vysokotukové diety jsou nasledujici: 5,25+2,9
4,47+1,7 % a 6,2+3,6 %. @pbyl zjisttn nesignifikantni trend (p > 0,05figporovnani dvou
sousednich gfeni. V pibchu dne po podani dietni 2ae nebyly tedy shledany statisticky
vyznamné zrny v dilataci a. brachialis po obou zavedenych kitmliobych dietnich

rezimech, které by odpovidaly dokumentovanym vyzmam znEnam v koncentraci
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triglyceridi v krevni plazmd. Vysledky dalSi prace prokazaly, Ze akutni jednova
vysokotukova z#&? podand po zavedenychésitnich zcela odliSnych dietnich rezimech
neovlivnila signifikant@ vyznamm vazoreaktivitu a. brachialis u mladych, zdravych
dobrovolniki, a Ze tedy fedpoklad, Ze porucha endotelialni funkce je zalaZzewm
aterogennim {sobeni lipoproteith bohatych na triglyceridy, neni oprany (2,73,84). Tento
zawr se zpdatku jevil jako velmi kontroverzni, protoze stugieblikované do té doby spiSe
uvackly opak, ale dalSi publikované praaemych autol jsou gevazrig v souladu s nasimi

zawry (86,87).

Leukocytarni vazoadhezivni molekuly, které jsou m@pné za interakci mezi
buikami endotelu a cirkulujicimi Bikami, maji vyznamnou roli v patogenezi aterosklgraz
jejich souvisejicich komplikacich (34). Charakttcisa pro endotelialni dysfunkci je porucha
regulace &chto adhezivnich molekul a jejich vySSi sérova lemtace. Mezi tyto n&asg;ji
sledovanécastice seradi ICAM-1, ktery se podili na adhezi a nasledn@ndmigraci
leukocyti do subendotelidlnich prostor (88). ZvySena komeest ICAM-1 byla opakovan
nalézana na aterosklerotickych platech i v tukovyebuZcich, a to ve spojitosti s vysSi
koncentraci LDL-cholesterolu, ktery ma vliv na zegéu expresi ICAM-1 (15). V nasleduijici
studii jsme sledovali, zda terapie pomoci inhihitanydroxy-metylglutaryl-koenzym A
reduktazy (statinu) ovlivni sérovou koncentraci MA. Vysledky prokazaly zndmou
schopnost statinu vyznamhenizit LDL-cholesterol (4,02+1,06 na 2,4+0,01mrhg/= 0,007)

a celkovy cholesterol (6,21+1,02 na 5,05+1,17 minplE 0,002). BohuZel zavedena terapie
statinem selhala ve vlivu narguipokladané sniZzeni koncentrace ICAM-1 (250,936
240451,7 ng/ml; p = 0,355) po 3&micni I&bé. NaSe vysledky (89) se takiadily do skupiny

praci, které neprokazuji vySe uvedenou hypotézuaktevace endotelu zigobena vyssi
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hladinou cholesterolu neprobiha na zaklambruSené regulace, ktera owlije a zvySuje

sérovou koncentraci ICAM-1 (90,91).

13. Souhrn

Na zaklatinasSich vysledk Ize uzavit, Ze rozsah ultrazvukéwdetekované dilatace
tepny zprostedkované pitokem je velmi variabilni (92). Je tedy velmi oloiéZzgedem
stanovit referetni hodnoty, které byipjednorazovém screeningovém testu indikovaly
poruchu endotelialni funkce. Naopak&ra dilatace tepny pagsré definovaném stimulu
(dietni za&¢Z, medikace), ktera je vy$eha v odstupu, vipsré urceném intervalu a za pouziti
identického protokolu ize odhalit zvySenot snizenou schopnost tepny dilatovat a tim

odhalit gitomnost poruSen& normalni endotelialni funkce u vy$evané osoby (93).

NaSe dalsi vysledky prokazaly, Ze akutni jednoraaoxsokotukova zaf podana po
zavedeni rssicnich, zcela odlisnych dietnich redirsignifikantré neovlivni vazoreaktivitu a.
brachialis u mladych zdravych dobrovolajla Ze tedy fedpoklad, Ze porucha endotelialni
funkce je zaloZzena na aterogennirisqbeni lipoproteiln bohatych na triglyceridy, neni

opravreny (82).

DalSi publikovand data neprokazala pozitivni vimgsicni terapie statinem na
snizeni sérové hladiny ICAM-1, i kdyZz s@sreé doSlo k Upray pavodn: zvySenych
parametit lipidového metabolismu. Jako implikacéchto vysledk, miZzeme uvést, Ze
aktivace endotelu Zgobena vysSi hladinou cholesterolu neprobiha ndadakporusené

regulace, kterd ovliwje hladinu této adhezivni molekuly (94).

55



Endotelialni dysfunkci riweme povazovat za prvni, fumk vyznamné stadium
aterosklerdzy, které je mozno prokazatggeed gitomnosti morfologickych zam (95), tedy
pied proliferaci hladké svaloviny a akumulaci aterogeh hmot s naslednou dezintegraci
cévni architektury. U pacieits pokr@ilou obliterujici ateroskler6zou se postizeni eptlot
podstatnou rrou podili na vysledném klinickém stavu navozeniévnéch spasin ci

trombotickych komplikaci (96).

Mezi pedpokladané moznosti déy porusSené endotelidlni funkce fhabvlivnéni
znamych rizikovych faktdr aterosklerézy (97). Kémto fadime dslednou dietni kbu,
odstrarni aktivniho i pasivniho kactvi. Mezi farmakologické moznosticldy endothelialni
dysfunkcetradime |ébu hypolipidemiky- statiny (sniZzeni LDL-cholesterpkniZzeni aktivace
endotelu, nizSi tvorba ox-LDL7} aktivita NOs a dostupnost NO, Uprava &hlwych a
koagul&nich parametr, sniZzeni adhesivnich molekul, CRP a hladiny fibgenu a PAI-1),
fibraty-(stimulace specifickych recepto(PPARS) -tapo Al (HDL-cholesterolu))apo ClII
(LDL-cholesterolu),| tvorbu cytokini a adhesivnich molekul) dale antihypertenzni térapi
piedevSim ACE-inhibitory (blokdda konverze ATI na ATlz&brana odbouravani
bradykininu), dale antagonisté AT-1 recefitgro ATII, antagonisté receptorpro ET-1
(zvySeni produkce NO, zvySenim aktivity NOs), Qakhtory (redukce oxidativniho stresu,
TNOs), disledna kompenzace cukrovky, mozné je i podani xidBofi a nitrdfi. DalSi
moznosti je fiznivy inek protizastlivé |écby na endotelialni funkci ipzjisténé vysoké

koncentraci C-reaktivniho proteinu. Dosud vSakestAybi gimy dikaz, Ze lébou navozené

s

V dneSni dob mame k dispozici #kolik moznosti, jak detekovat a eventualn

i kvantifikovat endotelialni dysfunkci. Jsme alesituaci, kdy neni zndm vyznam vy&sti
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funkce endotelu u jednotlivych paci@niNeinvazivni technika je vhodn& pro vy&eti skupin

v laboratdgich se zkuSenostmi v jejich pouziti a vyhodnoc88ig9). | v &chto laboratéich je
v8ak vysoka variabilita mezi vy§ehimi v fizné dny, nize se pohybovat okolo 10-20%
(stejre jako u jinych technik rreni endothelialni dysfunkce). V labor#th, kde se vyS&ni
neprovadi ¢asto bude variabilita dvojnasobna. U FMD neni shadalélce ischémie,
vySefovaném segmentu, typu sondyjigpbu vypdétu, nebo umighi ischemizani manzety
(100). Proto se na prvnim nidbude nutno &novat zavedeni standardni metodologie. Dale
bude nutno stanovit vztah mezi vazomotorickymi addoni a dalSimi kritérii aktivace
endotelu (destkové a leukocytarni markery). Kotv& bude zapdtbi provést intervemi
studie ke zji&tni zda je rozumné &iinné provadt intervenci u paciefitse zvySenym rizikem
vaskularni dysfunkce. Jé&eba zjistit zda lze v primarni prevenci populacazibendotelialni
dysfunkci jako markeru vyssiho rizika pro rozvoprasklerozy (101,102). Teprve dalSi
vyzkum ukaZze, do jaké miry Ize tato data aplikava obecnou populaci, jaky bude jejich
podil na ukeni individualniho kardiovaskularniho rizika, jakidou jednotliva vySeéeni

v praxi nakladnd a dostupné a zdsktaré z nich bude odbornymi spét®stmi ijato do
doporienych vySabvacich algoritmh jako sowast preventivnich prograim Stanoveni
kteréhokoli z ukazatél endotelialni dysfunkce, ¢etne FMD, dosud #stava cennou

vyzkumnou metodou a jeho vyuZiti ¥Amé klinické praxi zatim nelze dopaiu
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