Univerzita Karlova

L ékarska fakulta v Plzni

Disertacni Prace

. v.ﬁﬁ R /
WA P AN

, v TN T )

Minimalné invazivni postupy v lécbé ICHS

MUDr, David Horak



Univerzita Karlova
Lékarska fakulta v Plzni

Studijni program: Vnitfni Iékarstvi

Minimalné invazivni postupy v [écbée ICHS

Minimally invasive approaches in the treatment of

coronary artery disease

Disertacni prace

Skolitel: Prof. MUDr. Ivo Bernat, Ph.D.

Plzeri, 2024 MUDr. David Horak



Prohlaseni:

Prohlasuji, Ze jsem zavérecnou praci zpracoval samostatné a Ze jsem spravné uvedl a
citoval vSechny pouZité prameny a literaturu.

Souhlasim s uloZzenim elektronické verze této prdace vdatabazi systému
meziuniverzitniho projektu Theses.cz pro ucely soustavné kontroly podobnosti kvalifikacnich

praci.

V Plzni dne 4.5.2024

MUDr. David Horak



Podékovani

V prvni fadé patfi mé podékovani prof. MUDr. Ivo Bernatovi, Ph.D. nejen za vedeni a
pomoc pfi tvorbé disertacni prace, ale také za profesné i lidsky celoZivotni spolupraci a za
mnoho hodin, které jsme spolu stravili ponoreni v medicinské problematice.

Dale dékuji prof. MUDr. Richardu Rokytovi, PhD. Zejména za jeho otevieny pfistup
k novym projektim, radost a oddanost mediciné, kterou predava ostatnim.

V mém profesnim i védeckovyzkumném Zivoté hrdl velmi dllezitou roli doc.
MUDr.Karel Hlavacek, CSc., ktery pro celou moiji profesni kariéru nastavil pristup k praci Iékare
a zodpovédnosti jak k pacientlim, tak k sobé samému. Podobnou ulohu zastaval i prof.MUDr.
Jan Vojacek, DrSc. se svou obrovskou intuici pro zasadni sméry vyvoje a vyzkumu v kardiologii.
Nakonec musim zminit doc. MUDr. Frantiska Holma, CSc., ktery na pocatku mého dlouhého
pracovniho obdobi v Krajské nemocnici Liberec umoZznil rozvoj novych technik a technologii.

| diky tomu se jiz v tomto obdobi mohla zacit rozvijet spoluprace s mym nyné;jSim Skolitelem.



Identifikacni zdznam:

HORAK David: Minimdiné invazivni postupy v écbé ICHS (Minimally invasive
approaches in the treatment of coronary artery disease). Plzeri 2024, 83 stran. Doktorandska
disertaéni prace. Univerzita Karlova v Praze, Lékarska fakulta v Plzni. Skolitel prof. MUDr. Ivo

Bernat, Ph.D.



Obsah

1
2
3
4
5
5.1 PILOTNI PROJEKT —ZAHAJENT RUTINNIHO POUZIVANI DRA VE FN PLZEN ...covviiiiiiiiiieeieeeiiiiieeee e 12
5.1.1 MELOAIKA O CHlE PIACE........ooceeeeeeeeeeeeeee ettt e et ee e e e et e e e st a e ee s e e saaseaans 12
5.2 PARTICIPACE NA PROJEKTU DISCO-RADIAL....cciiiiiiiiiiiieeeeeiieeeeeeeteteeeeereeererereeereeeeeeeeeeeeeeeseeeeesasaeens 13
5.2.1 MEtOdiKQ O CIlE STUTIE ........cc..eeeeeeeeeeeeeee et e et tte e e et e e e et s e eeiaseaesaaseaaas 15
5.2.2  Analyza dat a statistick€ ROANOCENI ..............ceeecuueeeeeciiieeeieeeecee et sctaeesaea e 17
5.3 DISTALNI RADIALNI PRISTUP A POSTPROCEDURALNI ULTRAZVUKOVE HODNOCENI DISTALNi A PROXIMALNI{
RADIALNT TEPNY ..t tutteeesutteesaireeeseireeesnseeesanreeesaneeessasseessmneeesanneeeesanseesenreeesannneeesnnnesennsenesannne
5.3.1 Metodika a cile prace
5.3.2  Duplexni ultrasonografie pri hodnoceni tepny.............cceeeveeeeevueeeeeciiveeeiiieeesiiieeesiieaenns 20
5.3.3  Analyza dat a statistick€ ROANOCEN..............ccoceuveeeeeceieeeeeeeesieeeeciee et estaeeeeaea e 20
54 SYSTEMATICKE VYUZIT] ULTRAZVUKU PRI ZISKANT DISTALNIHO RADIALN{HO ARTERIALNIHO PRISTUPU ......... 21
5.4.1 MELOAIKA O CHlE PIACE........ooceeeeeeeeeeeeeee ettt e st e et tte e e e e e st s e eeasnaesaaseaaas 21
5.4.2  Systematické — rutinni pouZiti ultrazvukem vedené punkce ...............cccocvvvevveeescrvnnnn. 22
5.4.3  StQUISICKG QNAIYZQ ...t e ettt e e et e e e s taa e eesaaaeesssaaestseaenaes
55 METODIKA TECHNIKY PUNKCE ZA POUZITI UZ ...ceiiieiiieieie ettt ettt et siae s e
6 VYSLEDKY...coeeirurrrueererrrsseesesssseeessssssensssssesssessssssesessssssssssesessssens
6.1 PILOTNI PROJEKT — ZAHAJENI RUTINNIHO POUZIVANI DRA VE FN PLZEN
6.2 PARTICIPACE NA PROJEKTU DISCO-RADIAL. ...ttt e e e e
6.3 DISTALNI RADIALNI PRISTUP A POSTPROCEDURALNI ULTRAZVUKOVE HODNOCENI DISTALNI A PROXIMALNI{
RADIALNT TEPNY .t tutteeeeutteessutteessuteeesausteessuteeesssteesssssaeesauseeesanssaesssseessssseeessssseessasseessssseeessnse 31
6.4 SYSTEMATICKE VYUZIT] ULTRAZVUKU PRI Z[SKAN{ DISTALNIHO RADIALNIHO ARTERIALNIHO PRISTUPU ......... 33
7 DISKUSE ......ceuveeeeemmenmneenmsenesnmmsnnsssnsssnsssnsssssssnsssssssnssssssssssssssssssssssssssssssssssssssnsssnsssnsssnsssnssnnnnnns 37
8 LIMITAGCE ....ccouveeeeenuneneeenneenenesnsesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 41
9 ZAVERY A SMERY BUDOUCIHO VYZKUMU .....ccovrrrreererrrreresenessssesesesessssesssessssssessssssssssessssssens 42
9.1 ZAVERY DISERTACNI PRACE
9.2 SIMER BUDOUCTHO VYZKUMU ...vevieeeenireeesurteeesitteeessuteeesssseessasseessssseeesansseesssseessssseeessnsseessssenennns 43
10  SEZNAM ZKRATEK ....uuuuuniiiiiiiiiiiiiiisiiiisiissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns a4
11 SEZNAM OBRAZKU ......ooueeeererereiireieneieseessessesesseseseesesssesssessssessssessssessssessssssessessnsesssssensans 45
12 SEZNAM TABULEK........ciiiiiiiiiiiiiiiiiisissississsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 46
13 SEZNAM PUBLIKACH AUTORA......ccctitiriereessesesessessssessessessessessessssessessessessssessessessensensssessenses 47
13.1 PUBLIKACE VZTAHUJICI SE K DISERTACNI PRACIS IF (1-7) ABEZ IF (8-13)..uvveeeeieeeceiee e, 47
13.2 PUBLIKACE AUTORA, KTERE SE BEZPROSTREDNE NEVZTAHUJI K DISERTACNI PRAC vevvvenreeerererenieeeeeerennnnns 49
14 POUZITA LITERATURA: ....covrueittersresetstesesetsssssesestssssssensssssssssestssssssssssssessnsssssssssssessssssssses 51

15 PUBLIKACE VZTAHUIJICi SE K DISERTACNi PRACI




1 Uvod

Od samotného vzniku katetrizacné intervenénich metod v Ié¢bé ischemické choroby
srdecni (ICHS), ktery by bylo moZzné datovat od prvni angioplastiky véncitych tepen provedené
vr. 1977 A. Gruentzigem, probiha jejich trvaly dynamicky vyvoj. Cilem téchto postupl je
poskytnout pacientidm optimalni oSetfeni pti co nejmensim (nejméné agresivnim) zasahu do
integrity organismu. To zamezuje vzniku komplikaci spojenych s ptiliSnou invazivitou postupu,
urychluje hojeni vstupniho mista a zkracuje dobu rehabilitace po vykonu.

Zkracovani doby hospitalizace umoznilo provadéni jednodennich vykont (1-3). To
vedlo k vyraznému zvySeni komfortu, ale i bezpeénosti spojené s kratSim pobytem ve
zdravotnickém zafizeni. Zkracovani pobytu zménilo logistiku nemocni¢nich vykonu, které se
zacaly provadét pfi pobytu pacientd v dennich stacionafich.

Snizila se pracovni zatéz oSetfujiciho persondlu a ne nepodstatné jsou i ekonomické
uspory spocivajici mimo jiné v limitaci prostor, potieb a sluzeb nutnych pro management
pacientu (4).

Kuvedenym zménam mohlo dojit zejména v souvislosti se zavedenim méné
invazivniho radidlniho pristupu (tedy pres radialni tepnu na zapésti) misto do té doby
standardniho femordlniho (vstupni misto do arteridlniho fecisté je a. femoralis v inguiné).
Radialni pfistup vedl mimo jiné k vyraznému snizeni poctu komplikaci (fadové 10x) v misté
vstupu do arteridlniho recisté (5-7).

Paralelné s tim se rozvijeji dalsi metodiky a technologie, které optimalizuji vysledky
diagnostickych i intervencnich technik optimalizuji. Jejich kompletni rozbor vybocuje z rdmce
této prdce, a proto jmenuji jen nékteré.

V prvni fadé musim zminit invazivni zobrazovaci metody, zejména intravaskularni
ultrazvukové vysetreni (IVUS) a zobrazeni pomoci optické koherentni tomografie (OCT).
DuleZité jsou také hemodynamické metody poskytujici informace o prGtoku ve véncitych
tepnach (koronarni fyziologie). Tyto metody umoznuji komplementarnim zplisobem
kvantifikovat stenoticka postizeni véncitych tepen. Pouziti intravaskuldrnich zobrazovacich
metod a hemodynamického vySetfeni doplfiuje a zpresfiuje angiografické zobrazovaci
metody. Tyto metody byly validované v celé fadé klinickych studii a jejich pouziti ma vliv na
volbu dalSiho postupu (8). UmozZnuje napriklad komplexni planovani kompletni

revaskularizace pacientl po probéhlych akutnich koronarnich syndromech (9,10).



U akutnich koronarnich syndromu se objevuje snaha o odstranéni trombotickych hmot
tromboaspiraci s cilem zlepsit pritok v infarktové tepné a zlepsit ochrano myokardu pred
ischemii a nekrézou (11-13). Byt tyto studie neprokazaly vhodnost rutinni tromboaspirace,
rozsitili nase znalosti o moZnostech ovlivnéni koronarniho pratoku v souvislosti s
intrakorondarni trombdzou.

Rozvijeji se také techniky pro oSetfeni komplexnich lézi, mezi které patfi bifurkacni léze
a oSetfovani chronickych totalnich okluzi.

Zcela stranou ponechavdam nezanedbatelné pokroky ve farmakoterapii.

Zasadnim jmenovatelem minimalné invazivnich metod (pro Ié¢bu ICHS) je pfFistup
k véncitym tepndam, ktery se posunul od plivodné otevieného chirurgického pristupu pres
sternotomii k pfistupu punkénimu pfes tepenné Fecisté.! Kazdd z kardiologickych invazivné
intervencnich technik je ramovdna na zacatku vstupem do organismu, typicky do tepenniho
systétmu a je ukonien nastolenim hemostdzy po stazeni instrumentdria opét typicky
z tepenného fedisté, a to ¢asto u pacienta s aktivni antitrombotickou 1é¢bou.?

Prvnim a po dlouhou dobu standardnim pfistupem byla spolecna femoralni tepna
vinguiné. Vyznamnym pokrokem byla zména preferovaného arteridlniho pfistupu z
femoralniho na radidlni. Transradialni ptistup (TRA) se zacind ve velké mife uZivat zejména
kontinentalni Evropé pfiblizné od r. 1990. V CR dochazi k vyznamnému rozvoji TRA od r. 2007
(2,3,14,15). V roce 2009 vznikaji ve FN Plzen a v Krajské nemocnici Liberec prvni moderni
kardiostacionéaFe podle vzoru Nizozemské nemocnice OLVG3. Stacioné¥ Plzeriské kardiologické
kliniky je dnes citovan jako vzor v mezinarodné uznavané ucebnici intervencni kardiologie (16).

Zavedeni TRA znamenalo vyznamné snizeni krvacivych komplikaci spojenych
sinvazivnimi procedurami. Tento trend se projevil ve snizeni morbidity a mortality u
nemocnych lé¢enych pomoci katetrizacnich metod a posléze se radidlni pfistup stal

v doporuceni Evropské kardiologické spolecnosti (ESC) arteridlnim pristupem prvni volby

1 Je nutné zminit, Ze chirurgicky pfistup k revaskularizaci, tedy aortokoronarni bypass (AKB) v rGznych
modifikacich také prochdzi vyvojem smérem k minimalné invazivnim metodam a je stdle signifikantni pocet
pacient, pro které je AKB optimalnim feSenim

2 Typicky je pacient podstupuijici PCl (angioplastiku) vénéité tepny lé&en trojici 1ékd, antikoagulancii
(hepariny) a dvéma protidestickovymi léky.

3 Onze Lieve Vrouwe Gasthuis — Nemocnice nasi Pani



s Urovni doporuceni IA nejprve pro pacienty s akutnimi korondrnimi syndromy (AKS) a posléze
obecné doporucovanym pfristupem pro vsechny perkutanni revaskularizace (17,18).
Pfes vyznamny, pfiblizné desetinasobny, pokles komplikaci svazanych s mistem vstupu

do tepenného recisté vsak neni TRA zcela prost komplikaci (19,20).

Tabulka 1, komplikace radidlniho pristupu podle Riangwiwat et.al. (19)

RAO 3,9-8,1%
Spasmus 4,3-16%
Hematom 1,2-2,6%
Pseudoaneurysma 0,03-0,2%
Perforace radialni/brachialni a. 0,07-0,9%
AV fistule <0,1%
Disekce pristupové tepny 0,05-0,4%
Ischemie ruky <0,1%
Kompartment syndrom <0,05%

Komplikaci s nejvyssi frekvenci je postproceduralni uzavér radidlni tepny na predlokti
(RAO — Radial Artery Occlusion). Ten se vyskytuje v pomérné Sirokém rozmezi od hodnot pod
1% az 7% i vice procent (21-23). Vyskyt RAO lze vyznamné snizit pod 1% implementaci
pokrocilych hemostatickych protokold — tzv. perfuzni (nonokluzivni) hemostazy (24). Jde o
relativné sloZity protokol, vyZadujici expertizu, ¢as a podrobné zaskoleni oSetfujiciho, zejména
stfedniho zdravotnického personalu.

| dalsi malo frekventni komplikace, mohou byt pro pacienty nepfijemné a nékteré i
nebezpecné s potencidlem trvalych nasledkd. Mezi né lze zaradit pretrvavajici dysfunkce
ruky®. Vzacnou akutni komplikaci je obdvany kompartment syndrom akutné ohroZujici
koncetinu.

Snahy o zvyseni bezpecénosti a komfortu pro pacienty jsou patrna z pouzivani primarné
nedominantni konéetiny®. Usili o sniZeni invazivity tak vede i ke zkoumani moznosti jinych
vstupu do arterialniho recisté a mezi né Ize zaradit i distalni radidlni pFistup.

Distalni radialni pfistup ma prekvapivé dlouhou historii. Prvni publikace o vyuZiti DRA
byla uverejnéna v roce 1977 v souvislosti s invazivni monitoraci pediatrickych pacientt (25). O
pét let pozdéji publikuje Pyles s kolegy zpravu o vyuZziti DRA u perioperacniho invazivniho

monitoringu pacientl (26). Cilem byla snaha o snizeni rizika ischemie ruky béhem invazivniho

4 Tim se rozumi pretrvavajici bolest, parestesie nebo porucha hybnosti & omezeni svalové sily.
5 Levostranny pfistup je pouZivan pouze zlomkem katetrizaénich laboratofi, dominantni pfistup je z pravé

radialni tepny napf.(44)



sledovani. V r. 1966 byla distalni radidlni tepna pouzita pro vytvoreni dialyzacni fistule se
zamérem zachovat dalSi mista proximdlné pro poufZiti pfi pfipadném zaniku ¢i poSkozeni
stdvajiciho zkratu (27).

O patnact let pozdéji popsal Babunashvili vyuziti distdlni radialni arterie (DRA) k
rekanalizaci uzdvér( v proximalni radidlni tepné (28)°. Na zadkladé zku$enosti Kaledina a
Roghaniho s tisici respektive stovkami pacient( publikoval Ferdinand Kiemeneij v roce 2017
prvni systematickou praci, ktera detailné popisuje vyuziti levého distalniho radialniho pfistupu
(IdTRA) pf¥i srdeénich katetrizacich (29-31). ’

S pouzitim novych technologii, véetné tenkosténnych cévnich zavadécl, ziskava
distalni radialni pfistup stale vétsi popularitu mezi |ékafi, ktefi bézné vyuZivaji konvencni
radidlni pristup jak pro koronarni, tak mimokoronarni procedury (32,33).

Existuje nékolik dlvodu, pro¢ popularita distalniho transradidlniho pfistupu (dTRA)
roste. Za prvé, publikované préce konzistentné ukazuji, Ze vyskyt okluze radidlni tepny (RAO)
jak v misté konvencniho, tak distaIniho pfistupu je velmi nizky, méné nez 1-2% (23,34-38).
Naopak, v metaanalyze z roku 2016 byla u konvencniho radialniho pfistupu zjisténa RAO ve 24
hodinach u 7,7% pacientd, kterd klesla na 5,5% na konci prvniho tydne (21). Snizeni RAO v
misté konvencniho radidlniho pristupu (proximalni radialni tepna) po katetrizaci cestou DRA
Ize vysvétlit absenci poranéni stény tepny zplUsobené punkci a kompresi proximalni radialni
tepny (PRA) (24,39).

Dale existuje také zietelnda tendence k mensimu vyskytu krvacivych a dalSich
komplikaci pfi pouziti dTRA (34,35,37,38). Anatomické hledisko bere v potaz misto punkce v
anatomickém snuffboxu nebo distalni dorsalni radialni tepné (DDRA), které je aZ za odstupem
vétve pro hluboky palmarni oblouk. Ta zasobuje ruku v pfipadé uzdvéru v misté punkce DRA
(40-42) (viz téZz Obrazek 1).

Dalsi z vyhod distalniho radialniho pfistupu je usnadnéni vykonu z nedominantni, pro
vétsSinu populace levé horni koncetiny, pro pfirozenou polohu koncetiny béhem katetrizace.
Pacient ma ruku v poloze obdobné jako by ji mél zasunutou v kapse u kalhot a nemusi ji

nepfirozené vytacet volarni stranou vzhlru. To vede casto k posunu koncetiny laterdlné

6 Jako proximdlni radiadlni tepnu oznadujeme oblast radidlni tepny na ptedlokti, &asto se mysli spise
distalni ¢ast predlokti.

7(29) — dostupny pouze abstrakt



doleva, tedy od katetrizujiciho |ékare. Vykon z DRA je tak pohodInéjsi jak pro pacienta, tak pro
katetrizujiciho Iékare.

Vyuziti distalni radidlni tepny jako primarniho mista punkce muze efektivné Setfit
proximalni radidlni tepnu pro budouci pouziti pfi dalSich katetriza¢nich vykonech, pro

dialyzaéniho zkrat ¢i jako bypassovy Stép (43).

KDE JE MiSTO PUNKCE PRO DTRA?

@élni tepnu miZeme rozdélit do t¥i segmenta:' Dvé mista, kde je moZno punktovat distalni radialni arterii:2
®Distélni od zapésti na dorsum ruky I. Ve “snuffboxu”
(2)St¥edni na zépésti 2. Distalné od snuffboxu

(3)Proximal na prediokti
Ramus superficialis n.

Slacha extensor pollicis longus radialis

Superficialni palmarni oblouk Druhy metacarp

Ulnarni arterie

Distalni
radialni
arterie

Hiuboky palmarni oblouk " 1
Trapezium ==

P Scaphoideum a. radialis
Radialni arterie

PP . s Slacha abductor pollicis long
Distalni radialni arterrie S bductor pollicis longus

Slacha extensor pollicis brevis

, T . )
@ @ @ / “Snuffbox” - Fossa tabatiere - foveola radialis’

dTRA, distal transradial access.
I. Scalise RFM et al.] Clin Med 2019;8:1727; 2. Sgueglia GA et al. JACC Cardiovasc Interv 2018;11:2113-19; 3. Kiemeneij F. Eurolntervention 2017;13:851-7.

Obrdzek 1: Anatomie a mista punkce DRA

2 Vychodisko

Od roku 2018 je klasicky radidlni pfistup ze zapésti (tzv. konvencni proximalni)
v doporucéenych postupech Evropské kardiologické spolecnosti pro perkutanni intervenéni
[é¢bu ischemické choroby srdec¢ni uvadén v tfidé doporuceni l. s trovni dikaz( A. Levy radialni
pristup je vyuzivan zcela vyjimecné, a to u méné nez 5% pacientl (44). Od roku 2017 byly
postupné publikovany prvni prace s pouzitim nového tepenného pfistupu, tzv. distdlniho

radidlniho. V Ceské republice se tento pfistup dosud viibec nepouzival.
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3 Cile

1. Zavést distalni radidlni pfistup jako zcela novy inovativni pfistup ke koronarnim
katetrizacim a intervencim u pacientl s podezienim nebo jiz zjiSténou
ischemickou chorobou srdecni.

2. Optimalizovat systém postprocedurdini péée o radialni tepnu distalnim
pristupem vhodnym hemostatickym protokolem.

3. Prokdzat pouZitelnost IdTRA v rutinni klinické praxi.

4. Prokazat, Ze rutinni pouZiti ultrazvukem vedenych punkci distalni radialni

arterie v rutinni klinické praxi je pfinosné.

4 Hypotézy

minimalizovat lokalni komplikace po invazivnich vykonech.

2. Elektivni katetrizacni a intervenéni vykony provadéné v jednodennim rezimu
bude moziné zcela bezpetné provadét u vétSiny pacientli obéma pfristupy.
Pouziti specifickych hemostatickych protokoll zajisti bezpecnou, ¢asové a pro
oSetfujici personal co nejméné narocnou hemostazu u cTRA i dTRA.

3. Vykony bude mozné rutinné provadét pacientovi z nedominantni, tj. prevainé
levé horni koncetiny pacienta.

4. DRA se stane rovnocennou alternativou ke konvenénimu radidlnimu pfistupu,
pripadné se stane arteridlnim vstupem prvni volby ke korondrnim katetrizacim
a intervencim. PoufZiti ultrazvuku pro vedeni punkce umozni dTRA i u pacient(

s minimalné hmatnou nebo nehmatnou DRA.

11



5 Metodologie

5.1 Pilotni projekt — zahajeni rutinniho pouzivani DRA ve FN Plzen

5.1.1 Metodika a cile prace

MozZnost provedeni katetrizace cestou DRA byla demonstrovana na nékolika
observacnich klinickych registrech a mensich klinickych studiich (23). Tyto prace prokdazaly
dostatecné vysokou technickou Uspésnost a zejména nizky vyskyt RAO v proximalni radialni
tepné ve srovnani s konvenénim radialnim pristupem. Hemostaza byla provadéna prevdiné
prostou bandazi, tedy bez pokrocilych technik pouZzivajicich specifické kompresni prostredky.
Rozdil ve vyskytu RAO 24 hodin po vykonu mezi DRA a cTRA byl zkouman napftiklad ve studii
DAPRAO (45), ve které byli pacienti randomizovani k vykonu bud z cTRA nebo z DRA.
Primarnim endpointem byl vyskyt RAO v misté konvencniho radidlniho pfistupu
diagnostikovany pomoci UZ vysetieni. RAO byl prokazan pouze u 0,7% ze 140 pacient( ve vétvi
s DRA na rozdil od 8,4% u pacientl ve vétvi s konvenénim radidlnim pfistupem. V této studii
byl vsak zjistén vysoky crossover, kdy konverze z dTRA na cTRA byla nutna ve 13.3% u
preselektovné populace.

Od zacdatku roku 2020 jsme zacali na nasem pracovisti zavadét distalni radialni pfistup
jako standardni arteridlni vstup u pacientl s planovanou koronarografii nebo PCl. Prvnich 75
pacientl vySetfenych z DRA bylo pfijato na kardiostacionar nebo standardni [Gzkové oddéleni
Kardiologické kliniky FN Plzen k srdecni katetrizaci. Pfed planovanym vykonem byli vySetieni
duplexni sonografii (DUSG, pfistroj GE Vivid S6, linearni sonda 9L 2,4-10,0 MHz). Byl jim méren
diametr radidlni tepny na zapésti v misté konvencéniho radidlniho pfistupu (cTRA —
conventional transradial access) a dale v obou mistech distadlniho radidlniho pfistupu tedy
v anatomickém snuffboxu (SB) a dale tésné za Slachou dlouhého extenzoru palce (DDRA —
distal dorsal radial access) jak je patrné z Obrazku 1. U vSech pacientl byla radidlni tepna ve
vSech tfech mistech palpovatelna. Dostate¢né kolaterdlni zasobeni ruky pfes ulnarni tepnu
bylo potvrzeno pomoci Barbeau testu. ProtoZe se jednalo o prvni sérii pacientd vysetienych
z distalniho radialniho ptistupu v Ceské republice stanovili jsme si z ddivodu bezpeénosti

nasledujici kritéria pro provedeni srdecni katetrizace a/nebo intervence:

1) Vyska pacienta <190 cm (délka bézné pouZivanych katétrd -100 cm nemusi byt pfi

distdlné voleném mistu punkce dostatecna k dosazeni Usti véncitych tepen)
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2) U pacientl antikoagulovanych warfarinem hodnota INR < 2

3) Diametr distalni radialni tepny v misté punkce >2 mm.

4) Souhlas pacienta svykonem zlevé horni koncdetiny — u vétSiny pacientl

z nedominantni.

U prvnich 55 pacientl méla tfetina pacientl primér distalni radidlni tepny mensi nez
2 mm a byla tak vyfazena a mohli jsme vykon provést pouze u 37 z 55 pacientu. Z toho dlivodu
jsme snizili tuto hranici u nasledujicich 20 pacientd na > 1,8 mm. Z téchto pacientl jiz méli
diametr pod 1,8 mm pouze 2 pacienti a vySetieno bylo tedy 18 z 20 pacientl (90%). Celkové
tedy bylo zatazeno 55 ze 75 screenovanych pacient(.

Vykony provdadélo celkem pét intervencnich kardiolog(i s mnohaletymi zkusenostmi se
standardnim radidlnim pfistupem. Po lokdlni anestezii 1-2 ml 1% trimecain-hydrochloridem
subkutanné byl po Uspésné kanylaci tepny zaveden sheath 5F Glidesheath Slender (Terumo)
44x a 6F Glidesheath Slender 3x. Nasledné byl podan nefrakciovany heparin (UFH) v dadvce 5
000 U a 200 ug isosorbid-dinitratu intraarteridlné. Davka heparinu byla v ptipadé PCl a vyssi
hmotnosti pacienta navysSena. Celkem 4x byl vykon proveden u pacientl pred pldnovanym
zarazenim do dialyzacniho programu.

Hemostaza po vykonu byla provadéna pomoci kompresniho prostfedku TR Band
(Terumo ™), ze kterého jsme pred pouzitim manualné odstranili jeho pevnou plastovou ¢ast.
Takto upravenym TR Bandem jsme tepnu komprimovali s umisténim zelené znacky na TR
Bandu vidy 2—-3 mm proximalné od mista punkce pomoci prilozené stfikacky inicidlné tlakem
(resp. objemem) 12 ml vzduchu oproti 15 ml pouzivanym pfi standardnim radialnim pristupu.
Pfi absenci lokalniho krvaceni jsme jesté na katerizaénim sale snizili tlak na tepnu na 10 ml
insuflovaného vzduchu a néasledné upoustéli kazdych 20 minut tlak na minimum. Postup
vychazi z modifikovaného protokolu pro kompresi proximdlni radidlni tepny, ktery je
zjednodusen o oxymetrické stanoveni pritoku v komprimované tepné a je tedy jednodussi

(viz téz Tabulka 3).

5.2 Participace na projektu DISCO-RADIAL

Projekt DISCO-RADIAL (Distal vs Conventional Radial Access - NCT04171570) byla

prospektivni, multicentricka, mezinarodni, oteviena randomizovana studie jejimz cilem bylo
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posoudit vyhodnost DRA ve srovnani s konvenéni TRA zejména s ohledem na vyskyt RAO na
predlokti resp. v misté konvencniho pfistupu pfi propusténi z nemocnice.

Do studie bylo planovano zarazeni 1300 vhodnych pacient(i u kterych byla planovana
SKG a/nebo PCl pro podezfeni nebo zndmou ICHS nebo AKS bez ST elevaci. Vhodnost pro
zatazeni do studie byla stanovena palpaci radidlni tepny v misté standardniho radialniho
pfistupu a v misté distalni radidlni tepny. Pokud byl podle posouzeni operatéra dostatecné
kvalitni puls v obou mistech, byl pacient shledan vhodnym pro randomizaci. Vhodni pacienti
byli randomizovdni v poméru 1:1 pomoci internetového interaktivniho randomizacniho
systému. Ve studii byl u vSech pacientli pouzivan 6F cévni zavadéc Glidesheath Slender
(tenkosténny cévni zavadéc firmy Terumo) jako standardniho cévniho zavadéce(46). Pacienti
byli zarazovani v rlznych centrech v Evropé a Japonsku. Studie byla provedena v souladu
s Helsinskou deklaraci, schvalena etickou komisi a vsichni pacienti poskytli informovany
souhlas.

Vylucovacimi kritérii byla chronicka hemodialyza, infarkt myokardu s elevaci uUseku ST
a planovana PCl pro chronickou totalni okluzi véncité tepny. Pacienti byli sledovani az do
propusténi z nemocnice.

Volba pravé nebo levé radiadlni tepny byla ponechana na uvazeni operatéra, stejné jako
pouZiti ultrazvuku k vedeni arterialni punkce.

Po lokalni anestezii byla pro zavedeni vaskularni zavadéce pouzita standardni technika
shodnad pro oba pfistupy. Po zavedeni 6F Glidesheath Slender (GSS) byl podan intraarterialné
spasmolyticky koktejl sestavajici z fedéného verapamilu (alternativné se podava roztok
nitroglycerinu). Zminény koktejl slouzi k prevenci arteridlniho spasmu. Vsichni pacienti také
dostali dvodni bolus 5 000 IU UFH, v pfipadé potreby s dopliikovym bolusem k dosazeni ACT
250 az 300 s podle soucasnych doporucenych postupl (24). Pokud prvni pokus o ziskani
cévniho pfistupu v randomizovaném misté pristupu (DRA nebo konvencni TRA) selhal z
dlvodu refrakterniho spasmu, nepfimérené bolesti, poSkozeni cévy nebo nadmérné
tortuozity cévy, byly vSechny dalsi pokusy o ziskani cévniho pfistupu v jiném misté na téze
koncetiné nebo na jiné koncetiné povazovany crossover.

ProtoZze konvencni TRA i distalni TRA vyZaduji specifické dovednosti i specializovany

vycvik, kvalifikovali se do studie jednotlivi operatéfi za predpokladu, Ze:

14



1) byli zkuSenymi operatéry pravidelné provadéjicimi transradidlni PCl v celém
spektru koronarnich intervenci, véetné akutniho koronarniho syndromu
2) byli schopni samostatné provadét DRA a
3) provedli minimalné 100 srdecnich katetrizaci cestou distalni radialni arterie.
Postproceduralné bylo vyZzadovano u cTRA dlsledné poutziti instituciondlniho
protokolu perfuzni - nonokluzivni hemostdzy (protokol viz Obrazek 2). UdrZeni a nastoleni

hemostazy bylo protokolarné sledovano.

CATHLAB WAITING ROOM WARD

- As soon as possible after arrival :

Patient on the table: Before transfer to the ward: 7. Decrease again to minimal
pressure (e.g. every 20 min,
record the residual pressure
level if possible)

- Start compression with the 4. Decrease again to minimal
device (according to pressure just before leaving
manufacturer instructions) (record the residual pressure

. Check for patent hemostasis (if

ibl
level if possible) [l

s Remove the sheath . When the pressure is off, wait 30

min for safety and remove the

. Check for patent hemostasis (if device

. Decrease to minimal possible)

pissslisnidiont Hisedog . Perform early Reverse Barbeau

Test (and record the result for
institutional RAO rates)

RAO = radial artery occlusion.

Obradzek 2: Protokol perfuzni (nonokluzivni) hemostdzy podle Bernat et. al. Best Practises for the Prevention of RAO, JACC 2019

5.2.1 Metodika a cile studie

Primarnim endpointem studie byl vyskyt RAO na predlokti pfi propusténi z
hospitalizace, ktery hodnotil nezavisly klinicky zkousSejici, ktery se nepodilel na zakroku a nebyl
zainteresovan na vysledcich studie. Prlichodnost radialni tepny byla posuzovana pfitomnosti
nebo absenci duplexniho ultrazvukového signdlu distdlné od mista pristupu do radialni tepny
(v pripadé cTRA), ideadlné mezi 8 a 48 hodinami po vykonu. Tepna byla povaZovana za
uzavienou, pokud nebyl zachycen Zadny prutokovy signal.

U pacientl zarazenych do DRA byla hodnoceno jak radidlni tepna na predlokti, tak
distalni radialni tepna.

Sekundarni endpointy zahrnovaly Uspésné zavedeni sheathu, crossover punkéniho
mista, dobu zavedeni cévniho zavadéce, dobu zdkroku, celkové krvaceni definované podle

kritérii Bleeding Academic Research Consortium (viz Tabulka 2), krvaceni v misté vpichu
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definované podle kritérii EASY (Early Discharge After Transradial Stenting of Coronary Arteries
Study) (viz Obrazek 3), komplikace v misté cévniho ptistupu, spasmus radidlni tepny, bolest
souvisejici s pfistupem hodnocena podle vlastni vizualni analogové skaly, doba do hemostazy,
pouziti perfuzni — nonokluzivni hemostazy (ve skupiné TRA) a distalni okluze tepny (ve skupiné

DRA)(47-49).

Tabulka 2: BARC kriteria krvaceni

Type Description

Type No bleeding
o

Type Bleeding that is not actionable and does not cause the patient to seek unscheduled performance
1 of studies, hospitalization, or treatment by a healthcare professional; may include episodes leading
to self-discontinuation of medical therapy by the patient without consulting a healthcare

professional

Type  Any overt,actionable sign of hemorrhage (e.g., more bleeding than would be expected for a clinical

2 circumstance, including bleeding found by imaging alone) that does not fit the criteria for type 3, 4,
or 5 but does meet at least one of the following criteria: requiring nonsurgical, medical intervention
by a healthcare professional, leading to hospitalization or increased level of care, or prompting

evaluation

Type  Type 3a: Overt bleeding plus hemoglobin drop of 3 to 5 g/dL (provided hemoglobin drop is related

3 to bleed); Any transfusion with overt bleeding. Type 3b: Overt bleeding plus hemoglobin drop >5
g/dL (provided hemoglobin drop is related to bleed); Cardiac tamponade; Bleeding requiring
surgical intervention for control (excluding dental/nasal/skin/hemorrhoid); Bleeding requiring
intravenous vasoactive agents. Type 3c: Intracranial hemorrhage (does not include microbleeds or
hemorrhagic transformation, does include intraspinal); Subcategories confirmed by autopsy or

imaging or lumbar puncture; Intraocular bleed compromising vision.

Type CABG-related bleeding; Perioperative intracranial bleeding within 48 hours; Reoperation after
4 closure of sternotomy for the purpose of controlling bleeding; Transfusion of 5 units whole blood or

packed red blood cells within a 48-hour period; Chest tube output >2L within a 24-hour period

Type  Type 5a: Probable fatal bleeding; no autopsy or imaging confirmation but clinically suspicious.

5 Type 5b: Definite fatal bleeding; overt bleeding or autopsy or imaging confirmation
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EASY Hematoma Classification after Transradial/Ulnar PCI

10 em il

forearm /L > Il i
2 F;‘f - —— i rememmy
AT e /] » i-!\f._.}'
I W v
INCIDENCE | =5% =3% =2% =0.1% <0.01%
DEFINITION Local hematoma, Hematoma Forearm s H and lar | Ischenuc threat
superficial with moderate and muscular mfiltration, | nfiltranon extending (compartment syndrome)
muscular wfiltration below the elbow above the elbow

Obrdzek 3: EASY kriteria krvdceni podle (67)

5.2.2 Analyza dat a statistické hodnoceni

Primdrni hypotézou studie bylo, Ze DRA ma statisticky vyznamné nizsi RAO v dobé
dimise ze zdravotnického zafizeni nez konvencni TRA. U skupiny TRA byl predpoklad, ze u 3,5%
pacientl dojde k RAO, a to na zdkladé udajl z podskupiny 6F Glidesheath Slender ve studii
RAP and BEAT (Radial Artery Patency and Bleeding, Efficacy, Adverse Event)(50). U skupiny
DRA byl predpoklad vyskytu RAO predlokti 1,0%, a to na zakladé ¢etnych pfedchozich studii.
Pro dosazZeni statistické sily 80% a hladiny vyznamnosti alfa 0,05, za predpokladu frekvence
crossover pristupového mista 10% a procenta vyrazenych pacientl 5%, bylo zapotrebi 648
pacientl pro kazdou skupinu. Celkova velikost vzorku byla proto stanovena na 1300 pacientd.

Primarni endpoint byl analyzovan na zadkladé randomizacniho zafazeni do skupiny TRA
nebo DRA - intention to treat analyzou (ITT). V pfipadé analyz sekundarnich endpoint( byly
provedeny analyzy intention to treat a per-protocol (PP). Z populace PP jsou vylouceni
pacienti, ktefi presli do druhé skupiny nebo u nichZz doslo k zdvaznému poruseni protokolu
studie. Normalita dat byla posouzena pomoci Shapiro-Wilkova testu a spojité proménné jsou
uvadény jako priimér £SD nebo jako medidn nebo jako kvartilové rozpéti (IQR), pokud nemaji
normalni rozdéleni. Srovnani spojitych proménnych bylo provedeno pomoci Studentova t-
testu nebo pfipadné Mannova-Whitneyho U testu. Kategorialni proménné jsou uvadény jako
pocet (procento) a srovnavaci testovani bylo provedeno pomoci chi-kvadrat testu nebo

Fisherova exaktniho testu. Hodnota P < 0,05 byla povaZovdna za statisticky vyznamnou.
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5.3 Distdlni radialni pristup a postproceduralni ultrazvukové hodnoceni
distalni a proximalni radialni tepny

5.3.1 Metodika a cile prace

V pokracovani nasi prace jsme se zaméfili na postprocedurdlni prlichodnost distalni
radialni tepny. Jednou z podstatnych vyhod distalniho radiadlniho pfistupu je nizka frekvence
RAO ve srovnani cTRA. Zatim vSak neni jasné, jaka je frekvence uzavéru distalni radidlni tepny,
jejiz prmér je ve srovnani s tepnou na zdpésti o 10-20% mensi (32,51-53).

V préci jsme se tedy zaméfili na vySetreni pacientl po provedené srdecni katetrizaci
z distdIniho radialniho pfistupu s cilem ovéfit prlchodnost distalni radidlni tepny po katetrizaci
a zaroven konfirmovat diametr DRA a PRA po provedené katetrizaci. DalSim z cil(, které jsme
sledovali bylo ovéreni naseho kompresniho protokolu se specificky upravenou kompresni
pomuckou TRBand (viz Obrazek 4) a srovnani doby komprese u dTRA s daty cTRA znamymi
z pfedchozich praci.

Analyzovali jsme 115 pacientd, ktefi podstoupili diagnostickou a/nebo intervenéni
srdecni katetrizaci prostfednictvim dTRA ze SB nebo DDRA. Prlichodnost v mistech punkci PRA
a DRA byla hodnocena pomoci duplexniho ultrazvuku. VSichni pacienti poskytli informovany
pisemny souhlas a studie byla v souladu s institucionalnimi etickymi doporucenimi (zasadami)
a Helsinskou deklaraci.

ZpUsobilost pacientd k dTRA byla hodnocena operatérem, a to prevazné palpaci tepny
v misté prepokladané punkce. Konecény vybér mista distalni radidlni punkce (tj. SB nebo DDRA)
bylo na uvazeni operatéra. Do hodnoceni byli zahrnuti pouze pacienti s Uspésnou distalni
radidlni punkci. Jako optimalni techniku jsme povaZovali ,,anterior wall puncture”, tedy punkce
pouze predni sténou, ¢imzZ je dosazeno intraluminalni pozice bez poruseni/poranéni zadni —

III

dorsalni stény tepny na rozdil od takzvané ,double wall“ nebo ,through and through”
techniky. Dva ze tfi operatérl pouZivali jehlu 22G a coil wire (ocelovy vodi¢ s opletem)
(Terumo, GSS, 5 nebo 6F) a dalsi pouzival kanylu 20G (BBraun, Introcan Safety® 20G x 1 1/4")
a polymerovy vodi¢ (TerumoTM). Punkce byly vétSinou vedeny palpaci a jen ve vyjimecnych
pfipadech UZ navigaci podle uvaZeni operatéra. Ve studii byly pouzity cévni zavadéce

Glidesheath slender (GSS, o priiméru 5F u 109 a 6F u 6 pacientu). Diagnostické vykony byly
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provadény prevainé pomoci Judkinsova levého a pravého 5F katétru (Cordis Infiniti). Pro
intervencni vykony byly pouzity vodici katétry Medtronic Launcher nebo Cordis Vista Brite Tip.

Vsichni pacienti byli antikoagulovani podle standardniho protokolu 5000 IU UFH. Pro
intervenéni vykony bylo pouZito 75 IU UFH/kg nebo pomoci ACT upravena davka s cilem ACT
300 s. Veskera nasledna protidestickova Iécba se fidila aktudlnimi doporucenimi.

Po vykonu byl ihned na katetrizacnim stole odstranén cévni zavadéc a byla provedena
komprese punktované tepny modifikovanym kompresnim prostfedkem TR Band s po¢atecnim
nafouknutim 12 ml vzduchu a sniZzenim tlaku, resp. objemu vzduchu na minimalni hodnotu
zarucujici hemostdazu jesté pred odjezdem ze sdlu (viz Tabulka 3). Protokol hemostazy v nasi
studii vychazel z naseho protokolu pro kompresi proximdlni radidlni tepny podrobné
popsaného dfive (53). Jednou z vyhod distalniho radidlniho pfistupu je jednodussi protokol
komprese, u kterého neni nutné dodrzovat tzv. perfuzni hemostadzu (viz Tabulka 3). Nase
specifickd modifikace kompresniho prostfedku TR Band byla inspirovdana Martinezem-

Crespem v (54) (viz Obrazek 4).

Obradzek 4: Modifikace kompresniho prostfedku TR band

Left image: modification of stiff inner part of the TR Band. Smaller part is taken away;

Right image: Shortened stiff part of TR Band makes compression of the radial artery in the

anatomical snuffbox optimal.

Po odstranéni kompresniho zafizeni a Uspésné hemostaze byla zaznamenana doba
komprese a pfipadné komplikace. VySetfeni duplexni ultrasonografii, méreni a hodnoceni
prichodnosti PRA a DRA bylo provedeno pfed propusténim, a to bud tentyz den, nebo

nasledujici rano.
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Protokol hemostazy u DRA pouZity v nasi préci:

Tabulka 3: Hemostaticky protokol pro DRA.

Hemostaticky protokol DRA s pouZitim modifikovaného kompresniho prostfedku TR Band
Katetriza¢ni laborato¥ Oddéleni nebo Kardiostacionar
1. Provedena inflace TR Band na 12 ml a 1. Kaidych dvacet minut snizit tlak (obvykle o
odstranéni cévniho zavadéce 2-3 ml vzduchu) a zaznamenat residualni
2. Tlakv TR Band je snizen ne minimalni hodnotu, objem.
kterd brani krvaceni. Je zapsdna zbytkova 2. V pfipadé, Ze se objevi krvaceni, je tlak
hodnota objemu vzduchu v TR Bandu zvysen tak, aby doslo k zastaveni krvaceni.
3. Krok 2. je zopakovan pred odjezdem Zaznamenat objem vzduchu a pokracovat
z katetrizacni laboratore v protokolu.

5.3.2 Duplexni ultrasonografie pri hodnoceni tepny

Duplexni ultrasonografie (DUSG) umozZiuje strukturdlni vizualizaci radialni tepny a
hodnoceni pratoku krve pomoci barevného a pulzniho dopplerovského vysetieni.
Nepfitomnost pratoku ukazuje na uzavér tepny. Tato metoda je povazovana za zlaty standard
neinvazivniho hodnoceni prichodnosti tepny. DUSG je presna, bezpecna, snadno dostupna,
opakovatelnd metoda, ktera pro pacienty nema zadné ucinky.

V nasi studii byla vSiechna DUSG hodnoceni provedena po odstranéni TR Bandu v
prvnich 24 hodinach po katetrizaci. Tepny byly méreny ve dvou na sebe kolmych primérech,
v misté punkce (bud’ SB, nebo na DDRA) a v konvenénim misté punkce radialni tepny, tj. 1-2
cm proximalné od processus styloideus radii. Pratok byl hodnocen pomoci barevné a pulzni
dopplerovské analyzy. Neptitomnost pratoku indikovala okluzi tepny (22).

Pro UZ hodnoceni byl pouzit sonograf GE Vivid S6 s linearni sondou 9L (2,4-10,0MHz).

Vytisky méreni byly archivovany. Méreni provadéli dva sonografisté.

5.3.3 Analyza dat a statistické hodnoceni

Data byla analyzovana pomoci popisné statistiky. Rozdily prmérd RA v konvencénim
misté a v misté punkce DRA byly porovnany pomoci Studentova T testu v programu MS Excel.

Jako statisticky vyznamnd byla povaZovana hodnota p<0,05. Kompresni ¢asy dosazeni
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hemostazy byly zobrazeny graficky jako histogram a kvartilové rozpéti (IQR) krabicovym

grafem (box plot).

5.4 Systematické vyuzZiti ultrazvuku pfi ziskani distalniho radialniho
arteridlniho pfistupu

5.4.1 Metodika a cile prace

V predchozich castech prace jsme popisovali ultrazvuk jako pomocnou, respektive
popisnou metodu k méreni rozmérd, zobrazeni pribéhu a pritoku v distalni radialni arterii.
Ultrazvuk Ize ale pouzit i ,,aktivné” pfi punkci, kterou tak provadime pod kontrolou zraku a ne
pouze ,naslepo”, kdy se orientujeme pouze palpaci. Z literatury je znamo, Ze vyuZiti ultrazvuku
pfi punkci v jinych oblastech (femoralni tepna Ci Zila, proximalni radialni arterie), ale i u DRA
vede ke snizeni poctu punkénich pokust a celkové zvySeni Uspésnosti a bezpecnosti procedury
(55-59) Nicméné je i nadale znamo, Ze zejména zkuseni intervencni kardiologové UZ pro
ziskani pristupu pouzivaji velmi malo a to praveé v oblasti radidlniho pfistupu. (60) Ddvodem je
konzervativismus a jista neochota zkusenych intervencnich kardiologt vystupovat z komfortni
z6ny, kterou zavedeni (kazdé) nové metody predstavuje. Vétsina intervencnich kardiologl tak
v praxi i ve védeckych pracich uZiva palpaci jako vstupni kritérium pro vhodnost pacienta pro
punkci a poutziti distalniho radidlniho pfistupu. A to i v pfipadé, Ze pro vlastni punkci pouziva
Uz (57).

Ultrazvuk pfi vedeni punkce zacind pfindset vyhodu az po postupném zvladnuti
techniky. Ucebni kfivka dle osobni zkuSenosti autora se pohybuje okolo 50-100 pfipadu.

Rutinni pouziti ultrazvuku béhem punkce je nékdy kritizovano za zvySenou ¢asovou
narocnost procedury, kterd je dana nutnosti sterilni pfipravy sondy a manipulace s
ultrazvukovym pfistrojem. Z nasi praxe vyplyva, Ze tato investice Casu je vyvazena Usporou
¢asu diky vyssi uspésnosti punkce, ktera se dafi v 78% jiz pti prvnim ¢i druhém pokusu (viz
vysledky). Po zabéhnuti procedury se ¢asové zdrZzeni zplsobené pfipravou UZ pfistroje stava
zanedbatelnym, nebo dokonce dochdzi ke zkraceni ¢asu nutného k zavedeni arterialniho
sheathu.

Vyvstava tim nékolik otazek:
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* jaké procento pacientli mGze byt oznaceno jako nevhodné pro distalni radialni pfistup
pfi selekci pacientl palpaci?
* Jaky je vztah mezi charakterem palpace a diametrem DRA?

vvvvvv

zavadéc u pacient(, ktefi nemaji palpovatelnou pulzaci na DRA?

5.4.2 Systematické — rutinni pouziti ultrazvukem vedené punkce

UZ pro punkci a ziskani radidlniho pfistupu Ize samozfejmé pouzivat jako ,bail-out”
metodu, pokud se nedafi punktovat tepnu pomoci palpace. V nasem vyzkumu jsme se i
z metodologickych dlvodud rozhodli pouzivat ultrazvuk pfi punkci DRA mandatorné u vSech
konsekutivnich pacient(. To umoznilo srovnani pouziti ultrazvuku u pacientt s rGiznou kvalitou
palpace tepny. Systematické zaclefiovani ultrazvuku do procedur punkce nejenze usnadnilo
integraci této metody do béZného pracovniho procesu, ale také prispélo k postupnému pfijeti
ze strany stfedniho zdravotniho persondlu. Ti zacali metodu castéji nabizet Iékarim jako
efektivni nastroj pro zrychleni procedury, misto aby ji povaZzovali za dodatecné zatizeni. Nasi

snahou bylo validovat nasledujici hypotézy:

e Rutinni pouziti ultrazvuku pfi punkci DRA m{iZe rozsifit populaci pacientd vhodnych pro
vySetieni cestou DRA

e U pacientl bez palpovatelné DRA je mozno provést punkci pod UZ kontrolou.

e Rutinni pouZiti ultrazvuku je mozné v béZném pracovnim procesu

e Neni tfeba preselekce pacientl palpaci pfed rozhodnutim o misté punkce.

Zkoumanou populaci jsme se snaZili co nejvice pfiblizit realné, neselektované populaci,
ktera prichdzi na katetrizaci ovsem se zachovanim bezpecnosti pro pacienty u kterych by
zpozdéni dané manipulaci s UZ pfistrojem mohlo znamenat potencialni ohrozeni. Zarazovali
jsme tedy konsekutivni pacienty s minimem vyjimek, které jsou rozebrany podrobné
v nasledujicich odstavcich.
pro probandy. Vynechdni byli primarné pacienti se STEMI a obecné pacienti u kterych by
potencialni zpozdéni mohlo znamenat negativni ovlivnéni progndzy. Vynechani byli téz

pacienti u kterych jejich vyska, ¢i délka horni konéetiny mohla byt pfiliS velkd pro standardni
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100 cm katétry (120 cm katétry, které jsou k dispozici jsme neméli k pouziti na salech v plném
spektru tvart a rozmér(). Je nutné zde poznamenat, Zze v pribéhu prace jsme zjistili, Ze pouziti
UZ proceduru spiSe zrychluje a mimo sledovanou populaci jsme zaéali UZ pouzivat pro DRA i u
pacientd se STEMI.

Po zafazeni prvnich 50 pacient(l do studie, jsme analyzovali viechny pacienty, ktefi byli
katetrizovani, abychom vyloucili potencidlni zkresleni, které by mohlo byt ddno podvédomym
vyluéovanim potencidlné nevhodnych pacientu. Jednalo se o 74 pacientd, ze kterych bylo 50
zafazeno do studie. Z 24 vyrazenych byl 3x nefunkéni UZ pfistroj, 15xSTEMI, 2x pfiliSna vyska
pacienta a 4x primarni pristup z a. femoralis z rdznych divodu. U vSech pacientld byla punkce
mandatorné provedena za pouZiti UZ. Je tfeba zminit, Ze mimo studii bylo u vyfazenych
pacientl provedena katetrizace z DRA u 6 pacientld. A to tam, kde operatér individualné
posuzoval risk/benefit pfistupu. BEhem zvySujicich se poctd punkci provedenych s UZ je
nakonec patrné, Ze pouziti UZ ¢as nutny k zavedeni vaskuldrniho zavadéce spiSe zkracuje, a to
i pti zapocteni doby nutné ke sterilni pfipravé sondy.

Celkovy ndbor byl planovan na 100 konsekutivnich pacientl svySe uvedenymi
vyjimkami. Vzorek byl zvolen tak, aby v co nejkratSim ¢ase prokdzal plauzibilitu punkce DRA
pfi absenci palpovatelnych pulzaci a bylo mozné provést odhad poctu pacient( s nepulzatilni
tepnou. Z nasich predchozich zkusenosti jsme prepokladali vyskyt téchto pacientl asi v 10%.
Cast pacientd s hmatnou tepnou ji ma hmatnou velmi slabé&. Rozdélili jsme tedy palpaci do 6

stupnd a ty po dvou do tfi tercild jak je uvedeno v Tabulka 4.

Tabulka 4: Kvalita pulzace - rozdéleni do tercilti

* Kvalita pulsace

e Tercil 1 — vSeobecné podle palpace neni DRA vhodna k punkci “bez palpace umoznujici
punkci = Zadnd punkce)
o 0-kompletni absence pulzace
o 1-nejista, slaba pulzace
e Tercil 2 -Slab3, nebo velmi slaba pulzace — punkce nejista
o 2 -Velmislaba pulzace, punkce nejista
o 3 -Slab3, ale spolehlivé hmatna pulzace, punkce pravdépodobné mozna
e Tercile 3 — dobfe hmatna pulzace — vhodna pro punkci
o 4 -dobra pulzace vhodna pro punkci

O 5 -—velmi dobra pulzace, punkce velmi pravdépodobné Uspésna
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Palpace byla posuzovana jednak zkusenymi stfedné zdravotnickymi pracovniky, ktefi
pacienta pripravovali na katetrizacni vySetfeni a ddle provadéjicim lékarem tésné pred
vykonem. Pred vlastni punkci bylo provedeno méreni diametru punktované DRA ve dvou na
sebe kolmych rovinach. Udaje byly zaznamendny v protokolu.

Vsichni pacienti podepsali institucionalni informovany souhlas.
5.4.3 Statisticka analyza

Vysledky byly zpracovdny pomoci programu Microsoft Excel s popisnou statistikou a
tvorbou tabulek a grafh. Diskrétni kategorialni proménné byly vizualizovany jako histogram.
Pro zobrazeni a analyzu spojitych proménnych bylo pouzito kvartilové rozmezi a krabicové

grafy.

5.5 Metodika techniky punkce za pouziti UZ

Metodika pouziti UZ pro vedeni punkci je dobfe zndma a je popsana ve vyse citovanych
pracich (55-59). Obecné se pouZzivaji dva zpUsoby zobrazeni tepny béhem punkce, eventualné
jejich kombinace. Jde o metody Out-of-Plane (SAOOP - Short Axis Out of Plane) a In-Plane
(LAIP — Long Axis in Plane) (58,61,62). Principialni rozdil je schematicky zndzornén nize (viz

Obrazek 5).

In-Plane Out-of-Plane

Obrdzek 5: Schéma In-Plane a Out-of-Plane metody ultrazvukem vedené punkce.
Na panelech A a C je vidét vztah jehly k linedrni sondé. Panely B a D zndzorriuji schematicky obraz na UZ pfristroji.
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Vétsina praci se shoduje, Ze volba metody punkce je prevaziné individudlni. Autor této
prace se domniva, Ze pro pouziti UZ pro vedeni punkce do DRA je vhodnéjsi kratka osa pti Out-
of-Plane metodé. Pfi pouZiti In-Plane je v relativné malém prostoru snuffboxu pomérné
obtizné pod sondu zavést jehlu a provést punkci. Tepna je pfiblizné 0,5 cm hluboko a pfi 45°
sklonu jehly je jiz 5 mm za mistem vpichu na urovni (hloubce) punktované DRA. Je tedy témér

mimo UZ svazek.

Sonda UZ
Jehla

/=

DRA S5mm

Obrazek 6: Schéma punkce pod UZ kontrolou v malé hloubce In-Plane metodou

Pfed vlastnim pouZzitim UZ pro punkci, je nutnd jeho pfiprava; sonda je zasunuta do
sterilniho rukavu s UZ gelem nanesenym na sondu. Transfer UZ vin pfes plastickou hmotu
rukavu neni vyznamné utlumen. Je vSak treba dbdat na odstranéni vzduchovych bublin z
prostoru mezi sondou a plastovym rukavem. Pro kontakt mezi rukdvem a povrchem kuze se

pouziva bud'sterilni UZ gel, nebo fyziologicky roztok, ktery jsme pouzivali my (viz Obrazek 7).

Obrdzek 7: Punkce DRA pod UZ kontrolou: Out-of-Plane metoda, sterilni kryti UZ sondy
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Kvalita obrazu je dostate¢na pfi pouziti standardniho sonografického pfistroje GE Vivid S6 s
linedrni sondou 9L (2,4-10,0 MHz) (viz Obrazek 8).

Kromé vlastniho vedeni punkce jsme prfed za¢atkem procedury zméfili diametr DRA ve
dvou na sobé kolmych osach. Vykon zacind instilaci malého mnozstvi anestetika (cca 0,2-0,5
ml 1% trimekain hydrochloridu) také pod UZ kontrolou. Nasledné je punktovdna tepna se
snahou o ,single wall puncture”, pokud mozno bez poskozeni dorsdlni stény tepny. Punkce
byla provadéna 21G jehlou a spring coil vodi¢éem dodavanym v setu s cévnim zavadécem.

Velikost cévniho zavadéce byla urcena v zavislosti na komplexité daného vykonu bez
ovlivnéni mérenim diametru DRA. PouZivali jsme 5 a 6F instrumentarium. U vSech pacient(
byl pouzit 10 cm tenkosténny Glide Sheath Slender fy Terumo. Po umisténi zavadéce byl podan

spasmolyticky koktejl a UFH dle institucionalnich standardd.

0dB / MI: 0.91 / T1S: 0.09[4
Cardiac / Carotid / 9L4 ¢

44 fps / 25 mm
e NTHI General
—2D—

H9.0MHz / 2 dB

TEQ: 2 / Offset: 0 dB
DR: 68 dB

ASC: 3

Obrdzek 8: Ultrazvukovy obraz pricného prirezu DRA ve snuffboxu s mérenim diametru ve dvou na sebe kolmych osdch. Pod
tepnou jsou patrné zdpéstni kustky.
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6 Vysledky

6.1 Pilotni projekt — zahajeni rutinniho pouzivani DRA ve FN Plzen

Do inicidlniho pilotniho projektu bylo zahrnuto 75 pacientd. V Uvodu bylo jednim
z bezpecnostnich kritérii stanoveno, Zze rozmér DRA musi byt > 2 mm. U prvnich 55 pacient(
jsme vsak museli kvali velikosti DRA, kterd nedosahovala zminéného limitu 2 mm, vyradit
tretinu pacientl (18 z 55) a vySetteni tak bylo provedeno pouze u 37 (67%) pacientd. U dalSich
pacientd jsme proto tuto hranici snizili na > 1,8 mm a z nasledujicich 20 pacientl mohlo byt
zafazeno 18 (90%). Technicky nelspéch ve smyslu selhdni pfistupu s nutnosti konverze na jiné
misto vstupu do arteridlniho recisté jsme zaznamenali u 9 (16%) pacient(.

V nasem souboru 75 pacientl bylo 20% Zen (15/75), z nichZz dvé tretiny (n=10) mély
distaIni kalibr mensi nez ndmi stanoveny rozmér tepny. U zbylych péti Zen byl vykon z DRA
Uspééné dokonéen ve tfech pripadech, dvakrat byla nutnad konverze na klasicky radialnf

pristup.

Tabulka 5:Charakteristika pacientt a vysledky vykont z DRA

Pocet pacientu katetrizovanych z DRA: (n=55)

vek (roky) 66 (46-80)
vyska (cm) 176 (162-190)
véha (kg) 94 (71-125)
muzi 50
DUSG PRA (mm) 2,7(2,2-3,5)
DUSG SB (mm) 2,3(19-29
DUSG DDRA (mm) 2,2(1,8-2,8)
technicky netspéch 9

Uspésné dokonéené vykony z DRA:
47 u 46 pacientt

SKG 33
SKG+PCl 14
kontrastnf latka (ml) 119
skia (min) 8,4 (1,7-35,7)

DRA — distdini radidini pfistup; PRA — rozmér radidil-
ni tepny na zdpésti: SB — rozmér tepny ve ,snuffbox”;
DDRA — rozmér radidini tepny distdlné od SB

Celkova doba komprese byla kratka a trvala v priméru 70 min. U celkem 47 vykon( z
DRA se vyskytly pouze dvé klinicky nezavazné lokalni komplikace — hematomy velikosti nad 5
cm, z nichZ jeden byl spojen s mirnym otokem na dorzu palcové strany levé ruky, oba byly
|éCeny konzervativné. U vSech pacientl byla prlichodnost proximaini radialni tepny po jeji

kompresi potvrzena reverznim Barbeau testem (22). Tato inicidlni systematickd prace nam
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potvrdila, Ze pfinejmensim pro ¢ast pacientll mlze byt distalni radidlni ptistup bezpecné

pouzit pro provadéni srdecnich katetrizaci.

6.2 Participace na projektu DISCO-RADIAL

Do studie DISCO-RADIAL bylo v 15 participujicich centrech vcetné intervencéné
kardiologického pracovisté FN Plzen zarazeno celkem 1307 pacientll. Ztoho bylo
randomizovano do vétve s konvenénim TRA 657 a do vétve s distalnim TRA 650 pacient(, ktefi
konstituovali intention-to-treat (ITT) populaci pro analyzu primarniho endpointu. Pro analyzy
sekundarni endpointl byla pouZita jednak ITT populace a per-protocol populace. Ta
zahrnovala pUvodni skupinu pacient, ze které bylo vyfazeno 71 pacient( se selhanim pfistupu
a crossoverem do jiného mista vstupu (48 u DRA a 23 u TRA) a dalSich 20 pacientl bylo

vyfazeno pro zasadni odchylku od protokolu studie.

Tabulka 6: DISCO-RADIAL Baseline charakteristika

TRA DRA
(n = 657) (n = 650) P Value

Age, y 68.2 + 11.1 (657) 68.0 + 10.7 (650) 0.74
Male 71.2 (468/657) 73.7 (479/650) 0.32
Body mass index, kg/m? 28.2 + 5.1 (653) 27.7 £ 5.1 (648) 0.081
Current smoking 21.4 (121/566) 22.4 (126/563) 0.68
Diabetes 28.9 (190/657) 30.2 (196/649) 0.61
Hypertension 79.6 (520/653) 76.7 (496/647) 0.19
Hyperlipidemia 72.4 (472/652) 69.2 (442/639) 0.20
Previous MI 23.8 (155/651) 22.2 (142/647) 0.48
Previous PCI 40.6 (267/657) 35.9 (233/650) 0.075
Previous PCl with radial access 34.8 (228/656) 32.8 (213/649) 0.46
Previous CABG 5.5 (36/657) 5.5 (36/650) 0.96
Peripheral artery disease 10.4 (66/636) 10.5 (65/622) 0.97
Chronic coronary syndrome

Silent ischemia 33.6 (221/657) 36.5 (237/650) 0.28

Stable angina 50.2 (330/657) 49.5 (322/650) 0.80
Acute coronary syndrome

Unstable angina 8.7 (57/657) 7.2 (47/650) 0.33

NSTEMI 7.5 (49/657) 6.8 (44/650) 0.63
Hemoglobin, g/L 139.3 + 16.9 (639) 139.7 + 17.3 (639) 0.63
Hematocrit, % 41.2 + 4.7 (622) 413 + 4.7 (627) 0.65
White blood cell count, 10%/L 7.5 + 2.4 (636) 7.5 + 2.3 (635) 0.88
Red blood cell count, 10'%/L 4.6 + 0.6 (618) 4.6 + 0.6 (623) 0.47
Blood platelet count, 10°/L 232.8 + 77.5 (618) 235.8 + 73.1 (625) 0.48
Serum creatinine, pmol/L 87.8 + 27.1 (640) 88.1 + 27.1 (638) 0.82
Antiplatelet medication

Aspirin 69.3 (455/657) 63.7 (414/650) 0.033

Clopidogrel 21.8 (143/657) 23.1 (150/650) 0.57

Ticagrelor 7.8 (51/657) 6.0 (39/650) 0.21

Prasugrel 5.0 (33/657) 3.7 (24/650) 0.24
Oral anticoagulants 13.7 (90/657) 15.1(98/650) 0.48
Lipid lowering medication 73.5 (483/657) 70.3 (457/650) 0.20
Antihypertensive medication 82.7 (543/657) 77.7 (505/650) 0.025
Insulin 8.7 (57/657) 8.3 (54/650) 0.81
Values are mean =+ SD (N) or % (n/N).

CABG = coronary artery bypass grafting; DRA = distal radial access, Ml = myocardial infarction, NSTEMI = non-
ST-segment elevation myocardial infarction, PCl = percutaneous coronary intervention, TRA = transradial access.
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V kohortach per-protocol bylo hodnoceno ve vétvi s cTRA 622 a dTRA 596 pacientd,
celkem 1218 pacient(l. Baseline charakteristiky jsou uvedeny v

Z uvedeného je patrné, ze se populace zdsadné neodliSuje od béiné ,all-comers”
populace, kterd prichazi ke katetrizaénim vykonGm. Ctrnact, resp. 15 procent pacientd bylo
|é¢eno antikoagulacni terapii. Necelé % pacientd byli muzi. Pfiblizné 16% pacientd bylo
katetrizovano pro akutni koronarni syndrom.

Procedurdlni charakteristiky jsou prehledné v Tabulka 7. 20% pacientU bylo vySetfeno
z levé horni koncetiny. V obou skupinach (cTRA i dTRA) bylo pfiblizné 37% PCl. Rozdil byl ve
zplUsobu komprese distalni radiadlni tepny, kde selektivni kompresni zafizeni typu TR Band
nebo PreludeSyncDistal bylo pouZito jen u 88% pacientli a u zbyvajicich 12% byla pouzita

bandaz. U cTRA bylo ve vice nez 99% pouzito kompresni zafizeni.

Tabulka 7: DISCO-RADIAL procedurdini charakteristiky

TRA DRA
(n = 657) (n = 650) P Value

Right access side 80.5 (528/656) 80.8 (525/650) 0.90
Diagnostic angiography only 62.7 (412/657) 63.5 (413/650) 0.76
PCI 37.3 (245/657) 36.5 (237/650) 0.76

Elective PCI 17.5 (115/657) 17.1 (111/650) 0.84

Left main treated 8.2 (20/245) 8.9 (21/237) 0.78

Median number of stents implanted 1.0 (1-2) (244) 1.0 (1-2) (235) 0.36
Crossover rate 3.5 (23/657) 7.4 (48/650) 0.002

To the other access, same side 0.2 (1/657) 4.6 (30/650)

To the other access, other side 0.0 (0/657) 0.3 (2/650)

To the other side, same access 1.5 (9/657) 0.5 (3/650)

To ulnar or brachial 0.3 (3/657) 0.2 (1/650)

To femoral 1.5 (10/657) 1.9 (12/650)
Sheath insertion time, min 1(1-3) (655) 2 (1-4) (650) <0.001
6-F Slender introducer sheath used 99.4 (653/657) 99.7 (648/650) 0.69
Procedure time, min 24 (14-42) (634) 27 (15-45) (627) 0.12
Contrast volume, mL 95.2 4+ 73.1 (525) 91.8 £+ 65.0 (531) 0.44
Radiation dose, mGy 1,222 + 2,846 (474) 1,298 + 3,143 (478) 0.70
Radiation dose, mSv 18.1 £ 51.5(17) 17.6 £+ 57.3 (25) 0.98
Activated clotting time, s 250 + 87 (525) 247 + 87 (518) 0.63
Closure device <0.001

Selective compression device 99.2 (652/657) 88.0 (571/650)

Bandage 0.8 (5/657) 12.0 (78/650)
Same-day discharge 30.9 (203/657) 27.8 (181/650) 0.23
Median hospital duration, days 2.0 (1-2) 2.0 (1-2) 0.24
Values are % (n/N), median (IQR) (N), or mean =+ SD (N).

Primarni endpoint, okluze radialni tepny na predlokti u intention-to-treat populace byl
pfitomny u 6 pacientl s konvenc¢ni TRA a u dvou pacientd katetrizovanych pres DRA. U per-

protocol populace byla okluse radidlni tepny na predlokti ve skupiné s TRA u 0,81% pacient(
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a ve skupiné DRA u 0,34% pacientl. Okluze distalni radidlni tepny byla DRA zaznamendna u
0,46% pacientl. Prehledné jsou vysledky uvedené v centrdlni ilustraci z publikace vysledk(

studie DISCO-RADIAL (viz Obrazek 9).

CENTRAL ILLUSTRATION Key Findings of the DISCO RADIAL Trial

Radial Artery Occlusion Preventive Measures Primary Endpoints
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Aminian A, et al. J Am Coll Cardiol Intv. 2022;15(12):1191-1201.

With thorough compliance with best-practice recommendations for radial artery occlusion prevention, the DISCO RADIAL (Distal vs
Conventional Radial Access) trial showed equally very low incidence of its primary endpoint following conventional transradial access and
distal radial access (DRA). Secondary endpoint comparison showed that DRA had no impact on coronary procedure performance but
introduces a trade-off between the simplicity of the vascular access and the safety of the hemostasis process. ACT = activated clotting
time(s); DRA = distal radial access; TRA = transradial access.

Obrazek 9: DISCO-RADIAL - vysledky, centrdlni ilustrace z publikace

Vyraznym, statisticky vyznamnym rozdilem je zkraceni doby komprese u DRA (153 min)

oproti TRA (180 min). Zdanlivé prekvapivym vysledkem studie DISCO-RADIAL je extrémné
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nizky pocet RAO u cTRA skupiny (punkce v konvenénim misté na predlokti). Ten Ize ale dobre
vysvétlit tim, Ze se jednd o prvni velkou studii, kterd dlisledné implementuje spravnou
klinickou praxi na pro redukci RAO (24). Studie se navic ucastnila pouze vysoce kompetentni

radidlni centra. Soucasti protokolu byly mandatorni postupy na snizeni incidence RAO:

* aplikace perfuzni — neokluzivni hemostazy (viz Obrdazek 2).
* minimalizace okluzivniho tlaku a zkraceni doby komprese
* redukce zevniho diametru cévniho zavadéce
* adekvatni periproceduralni antikoagulace
Pristup pres DRA byl zatiZzen vy$sim procentem selhani oproti konvenc¢nimu radidlnimu
pfistupu (7,4 vs 3,5%, p=0,002).
Ve studii se nevyskytly Zadné zavazné krvacivé komplikace.
Limitaci studie je jisté i preselekce pacientd vhodnych pro pfistup pres DRA, ktera byla

ponechdna na rozhodnuti operatérd a byla provadéna prevazné palpacné. 8

6.3 Distalni radidlni pristup a postproceduralni ultrazvukové hodnoceni

distalni a proximalni radialni tepny

U 115 pacientd odeslanych k diagnostické koronarografii nebo PCl, ktefi byli
katetrizovdni cestou dTRA byla pomoci DUSG hodnocena postproceduralni prichodnost
proximalni a distdIni radidlni tepny. Demografickd data a preproceduralni a proceduralni
charakteristiky pacientd jsou shrnuty v Tabulka 8. U 76 (66%) pacientl byla provedena pouze
diagnosticka selektivni koronarografie (u vSech prostrednictvim 5F GSS). U 39 (34%) pacientU
byla provedena koronarni intervence, u 33 (85%) pacientll prostiednictvim 5F GSS, u 6 (15%)
pacientd pomoci 6F GSS. Ctyfi (3,5%) pacienti ze 115 byli katetrizovani z pravé horni koné&etiny

a 111 (95%) z levé.

8 (Pozn.: studie byla sponzorovdna firmou Terumo Europe, kterd byla zodpovédnd za sbér dat, monitoring

a statistickou analyzu. Sponzor nesmél poZadovat zmény v rukopise.)
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Tabulka 8: Postprocedurdlni UZ, charakteristika souboru

pacientt a procedurdini charakteristiky

Characteristics N=115
Female 23
Age (years) 67 (x10)
(range
40-86)
BMI (kg/m?) 30+5
Hypertension 87 (76)
Hypercholesterolemia 80 (70)
DM 47 (40)
Smoker 34 (30)
Prior MI 20 (17)
Prior catheterization/PCI 28 (24)
ASA 81 (70)
P2Y12 48 (42)
OAT 20 (17)

Data expressed as absolute (relative %) frequencies; age and BMI are
expressed as mean values + standard deviation

BMI body mass index, DM diabetes mellitus, M/ myocardial infarc-
tion, PCI percutaneous coronary intervention, A7 antithrombotic
therapy, OAT oral anticoagulation treatment—NOAC or warfarin

Procedural characteristics N=115 (%)
SB/DDRA 83 (72)
DDRA 32(28)
Left/right DRA 111 (97)/4 (3)
Indication for catheterization

Stable CAD/diagnostic 99 (86)

Elective PCI 10 (9)

ACS 6(5)
GSS 5F/6F 109/6 (95/5)
Contrast media (ml) 128 +55.9
Fluoro time (min) 6.8+5.8
Same day discharge 65 (56)
CAG 76 (66)
(CAG+) PCI 39 (34)
Compression time (min) 80+39
Data expressed as absolute (relative %) frequencies, continuous vari-
ables as mean value + standard deviation
SB anatomical snuff-box, DDRA dorsal distal radial artery, DRA dis-
tal radial access, CAD coronary artery disease, PCI percutaneous
coronary intervention, ACS acute coronary syndrome, CAG coronary
angiography

Primérna doba komprese byla 80 min + 38,6; medidan 68 min. Jak je patrné z
histogramu ¢as komprese a z krabicového grafu, témér 80% ¢asi komprese bylo kratSich nez
90 min a ¢asy delSi nez 135 min byly vyjimecné (odlehlé hodnoty) (viz Obrazek 10). Ve srovnani

s Udaji z nasi predchozi studie byly ¢asy komprese pfriblizné o 20 min kratsi nez po cTRA (22).
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Obrdzek 10: Kompresni ¢asy u pacientt s DRA

Vsichni pacienti ze studie byli vysetfeni DUSG kterym jsme zjistovali prichodnost tepen
a méfili diametry radialnich tepen v prespecifikovanych mistech (PRA, DRA). Okluze radialni
tepny (RAO) nebyla zaznamenana u zadného z pacient v DRA ani v PRA. 81 (70%) pacient
mélo v dobé katetrizace terapii ASA, 48 (42%) také P2Y12 a 20 (17%) ordlni antikoagulacni
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terapii. VSichni antikoagulovani pacienti na peroralni antikoagulacni [é¢bé (OAT) méli v dobé
katetrizace tuto terapii prerusenou (posledni davka NOAC byla predchozi den, INR bylo mensi
nez 2,5 podle nasich instituciondlnich standard pro provadéni srdec¢nich katetrizaci).

Pramérny diametr proximalni radidlni tepny (tedy v misté konvencni radidlniho
pfistupu — cTRA) byl 2,86 + 0,49 mm (min 1,75-max 4,1 mm); v misté punkce distalniho
radidlniho pfistupu dTRA (DRA) byl prlimérny diametr 2,31+0,47 mm (1,05-3,7 mm);
(p<0,001). Diametr DRA byl v priiméru o 19 % mensi nez diametr PRA.

Diametr proximalni radialni tepny byl u nasich pacientek statisticky vyznamné mensi
nez u muzl (Zeny 2,56 mm, muzi 2,93 mm, p<0,001). U distalni radialni tepny jsme vsak
statisticky vyznamny rozdil mezi muzi a Zenami nezaznamenali (Zeny 2,25 mm/muzi 2,3 mm,
p=0,27). Vzhledem k malému poctu Zen vysettenych distalnim/dorzalnim pristupem (celkem
4 pacientky) jsme tyto podskupiny (SB vs DDRA) neanalyzovali.

Setkali jsme se s jednim (0,9%) otokem ruky, pravdépodobné zptsobenym krvacenim
z mista vpichu DDRA, ktery vyZzadoval pouze delsi lokdlni kompresi. Otok vSak spontanné
odeznél bez jakékoliv dalsi terapie a bez nasledk( béhem tydne. Dalsi drobnou komplikaci bylo
10 (8,7%) velmi malych hematomu (rozmér 0,5-2 cm), které nevyzadovaly zddnou lécbu ani

sledovani.

Tabulka 9: Postprocedurdini UZ -Souhrn vysledkd

Diameter (n=115) F (n=23) M=(92) Local hemato- RAO
mas>2 cm
DRA 2.28+0.49 225+0.111 2.32+0.051 0 0
PRA 2.86+0.49 2.56+0.41% 2.93+0.49% NA 0
#»<0.001, INS

Diameters in mm expressed as mean + standard deviation, RAO, and complications as frequencies

PRA proximal radial artery, SB anatomical snuffbox, DDRA distal distal (dorsal) radial artery, RAO radial
artery occlusion

6.4 Systematické vyuziti ultrazvuku pri ziskani distalniho radidlniho

arteridlniho pfistupu

Z nize uvedené tabulky ve které je uvedena demograficka struktura souboru pacientt
je patrné, Ze se nelisi od bézné populace podstupujici koronarografii a ev. Intervenci na
véncitych tepnach. Pacienti byli katerizovani v souladu s institucionalnimi guidelines, vétsina
z levé horni koncetiny, pouze 3 pacienti méli proveden vykon z pravé. Vsichni pacienti méli

punkci provedenu ve snuffboxu. Velikost instrumentaria byla volena dle charakteru vykonu;
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diagnosticka koronarografie a jednoduché intervence byly provedena 5F instrumentariem,

pro komplexni vykony (nejcastéji zahrnujici bifurkaéni 1éze) jsme volili 6F instrumentarium.

Tabulka 10: Rutinni pouZiti UZ u punkce DRA: demografickd data

Demografie N=100=%
CELKEM (F) 100(24)
Vék 67+12
BMI 3045
HTN 77
HLP 82
DM 28
Smoker 20
ICHS 34
PCl prev. 21
cTRA ipsilat prev. 27

(F): pocet Zen v souboru, Vek: priimérny vek, HTN: hypertenze, HLP: hyperlipoproteinemie, DM: diabetes, PCl prev.: predchozi
PCl, cTRA ipsilat prev: predchozi provedeni PCl z ipsilaterdini radidlni arterie z konvencniho mista vpichu. Kontinudlni proménné
jsou zaokrouhlena na celd Cisla, vék a BMI vyjadreny jako primér +smérodatnd odchylka. Vzhledem k velikosti souboru ciselné
hodnoty odpovidaji procentudlInimu vyjadreni.

ProtozZe v dobé provadéni naseho projektu jsme jiz znali vysledky studie DISCO-RADIAL,

velikost tepny méfend preprocedurdlné ultrazvukem neméla vliv na volbu velikosti

instrumentaria.

Tabulka 11: Rutinni pouZiti UZ u punkce DRA: procedurdlini data

Proceduralni data

Celk. pocet Uspésného zavedeni sheathu n=94

SB sin 91(97%)
SB dx 3(3%)
F5/F6 76/18(19%)
SKG 71(76%)
SKG+PCl 23(24%)

SB: misto punkce SnuffBox, F5/F6 velikost cévniho zavadéce, SKG: selektivni koronarografie, SKG+ PCl: koronargrafie +
intervence na véncitych tepndch

Uspésnou punkci a zavedeni arteridlniho sheathu jsme zaznamenali u 94(94%) ze 100
pacientd. Nehmatnych nebo témér nehmatnych DRA bylo v souladu s ocekavanim 11% (tercil
1). U této skupiny bylo Uspésnych 9 punkci (82%). To povaZzujeme za jedno z nejdilezitéjsich

sdéleni nasi prace. V tercilu 2 (suboptimalni kvalita pulzace) byla Uspésnost u 29 pacient( z 30
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(97%) a tercilu 3 (dobra az velmi dobra kvalita pulzaci) byla Uspésnost u 56 z 59 pacient( (95%).
Celkové tedy bylo mozné u neselektované populace zavedeni sheathu v 94%. Pocet selhani
(crossover rate) byl v neselektované populaci 6%. Ve skupiné s nehmatnou, nebo velmi Spatné
hmatnou DRA (tercil palpace 1), tedy u pacientl u kterych by na zakladé palpacniho
zhodnoceni byl primarné zvolen jiny pfistup, |lze ve velmi vysokém procentu pomoci ultrazvuku

Uspésné tepnu punktovat a zavést arteridlni sheath (82%).

Tabulka 12: Rozdéleni pacient(i v palpacnich tercilech, uspésnost punkcea prumérny, minimdlni a maximdlini diametr.

Tercil palpace 1 2 3 celkem
n 11 30 59 100
Uspéch n (%) 9 (82) 29 (97) 56 (95) 94 (94)
Primérny diametr (mm) 2,01 2 2,32 2,19
min/max (mm) 1,25/3,05 1,10/2,95 1,40/3,30 1,10/3,30

Systematické pouziti ultrazvuku vede také k nizkému poctu punkénich pokus(.
V nasem souboru mélo 78 (82%) pacientl zaveden arteridlni sheath na prvni ¢i druhy pokus,
a 83 (88%) na maximalné 3 pokusy. SniZzeni poctu punkci vede ke snizeni tvorby hematomu a
potencialnimu poskozeni tkani v okoli punktované tepny. UZ kontrola ndm umoziiuje se

vyhnout pobliz lokalizovanym strukturam, nejcastéji doprovodné Zile a/nebo nervu.
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Obrdzek 11: Distribuce poctu punkcnich pokusd

Rozdily v diametrech mezi jednotlivymi tercily palpace jen velmi slabé koreluji
(hodnoty v mm jsou pro tercil 1 aZz 3 respektive: 2,01+0,45, 2,00+0,46, 2,32+0,38). Také neni
vyznamny rozdil mezi diametrem u pacientl s UspéSnou a nedspésnou punkci (2,18+0,48 mm

a 2,19+0,44 mm).
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Obrdzek 12: Vztahy mezi diametrem, tercilem palpace a po¢tem punkénich pokust

Mirny rozdil byl zaznamendn ve zvySeném poctu punkcénich pokusl u pacient(

s nehmatnou, nebo velmi $patné hmatnou tepnou i pfi vedeni punkci ultrazvukem (viz pravy

panel, Obrazek 12 ).
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7 Diskuse

Znasi prace i ze soucasnych pomérné robustnich dat neni pochyb, Ze dTRA je
aplikovatelny v béZzném provozu na celou fadu klinickych situaci od stabilnich, elektivnich
pacientl po pacienty s akutnimi koronarnimi syndromy (38)

Vyuziti DRA je spojeno s vyraznou redukci RAO na hodnoty oscilujici okolo 1%. Takto
nizkého vyskytu nejcastéjsi komplikace konvencniho radiadlniho pfistupu Ize dosdahnout jen
velmi peclivou aplikaci komplexnich pokrocilych intervencnich a hemostatickych protokolt za
vyuziti vysoce edukovanych pracovnich sil. PFi pouZiti DRA se navic zdd anulovan vztah mezi
diametrem punktované tepny a cévniho zavadéce, ktery je uvadén jako jeden z prediktora
RAO. Inkorporace DRA do béiné klinické praxe je spojena se snizenim zatéZe stfedné
zdravotnického personalu, ktery je obvykle zodpovédny za provadéni hemostatickych
protokold. Tento fenomén je pti aplikaci DRA v praxi dan nejenom zjednodusSenim
kompresnich hemostatickych protokoll, ale i signifikantnim zkracenim doby potrebné
k dosazeni hemostazy. V naSem provedeni pouzivame pro kompresi v oblasti distalni radialni
tepny upraveny kompresni pfipravek firmy TERUMO TR Band. Jeho Uprava je popsana vyse
v této praci. Existuji i specifické kompresni pfipravky pro hemostdzu v oblasti DRA, jsou vsak
vyznamné ekonomicky vice naro¢né (PreludeSYNC DISTAL™, Merit Medical Systems). Dobu
potfebnou k hemostdze lIze dale zkratit pouzitim hemostatickych pfipravkl umisténych na
misto punkce pod kompresni zafizeni.

Kromé vyse uvedenych benefitli DRA je patrna tendence ke snizeni poctu krvacivych
komplikaci. Vyskyt krvdaceni v misté punkéniho pfistupu vrozsahu EASY Il a vyssi je ve
Ferranteho metaanalyze statisticky vyznamné snizen. Zkracena doba komprese distalné od od
zapésti, které obsahuje vétsi mnozstvi anatomickych struktur, zejména vsak cévy a nervy pro
celou ruku mlzZe vést ke sniZzeni sice jinak malo castych, ale nepfijemnych komplikaci
charakteru chronickych bolesti, poskozeni nerv(, poruchy Citi, parestesii a celkové dysfunkce
ruky (54).

Nezanedbatelnym pfinosem je zvétSeni poctu moznych lokalit vstupu do arteridlniho
recisté pro diagnostické a intervencni procedury (63,64).

Ve srovnani s majoritou intervencnich pracovist celosvétové pouziva nase pracovisté
preferencné (rutinné) levy transradialni pfistup. Pfistup z nedominantni tepny je jednak pro

pacienty komfortnéjsi a jednak i bezpecnéjsi. Nejenom z hlediska dopadu pripadnych
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komplikaci v oblasti vstupu do arterialniho recisté, ale i ve smyslu sniZeni rizika jejich vzniku.
Pacient ma po vykonu nizSi tendenci pouzivat nedominantni koncetinu k béziny
sebeobsluznym cinnostem, a tak mlzZe byt koncetina po punkci vyrazné lépe Setfena.
Davodem nizké utilizace levého radidlniho pfistupu je zejména urcité nepohodli pro
katetrizujiciho lékare, ktery ma pracovni pole posunuté vice na levou stranu pacienta. DRA
pfistup umoZiuje primarné pravostrannym operatérlim vyrazné jednodussi pfistup
k punkénimu mistu na levé ruce a mize tak zlepsit penetranci dle naseho nazoru pro pacienty
vyhodného levého radialniho ptistupu.

Z uvedenych dat vsak vyplyva cela rfada dalSich otdzek. Jednou z nich je, pro jak velké
procento pacientl Ize DRA aplikovat. Ve vétSiné soucasnych praci a to plati obecné i pro
klinickou praxi, je vhodnost pacientd pro DRA zjistovana pomoci palpace. Tim dochazi
k vyrazeni urcité ¢asti pacientl. PrestozZe Oliveira et. al ve své kohorté pacientl identifikuje
pouze priblizné 0,7% pacientl s nehmatnou radialni tepnou, podle nasich zkusenosti je tento
pocet radové vyssi - mlze se jednat priblizné o jednu desetinu vSech pacientl ((65), Hordk et
al 2023 Czech cardiovascular research days). DalSim problémem je relativné vysoky selhani
punkce a crossover (viz Tabulka 13), ktery souvisi i s delsi ucebni kfivkou, kterda se mlze
pohybovat mezi 50-200 vySetfenimi. To muUZe ¢ast konzervativni odborné intervencni
verejnosti od jinak zjevné benefity poskytujici DRA odrazovat. V preselektovanych populacich,
kde je zjistovana vhodnost pacientl pro DRA zejména palpacné je dosahovano Uspésnosti
punkce 89-99,5% (32). V recentni metaanalyze Ferranteho je rozptyl Uspésnosti punkce, resp.

selhani velmi vysoky mezi 70% a 96% (viz Tabulka 13).

Tabulka 13: Podle Ferrante (38), Selhani pristupu a crossover

Studie RR (95% Cl) DRA n/N cTRA n/N
Kotouzis M et al. 2019 15.00 (3,68- 61,09) 30/100 2/100
Vefali V et al 2019 1,26 (0,35-4,57) 5/102 4/103
Lu H et. al. 2020 13.00 (0,76-223,33) 6/40 0/40
Koledinsky AG et al. 2020 2,33 (0,62-8,83) 7/132 3/132
Lin'Y et. Al. 2020 1,2 (0,61-2,35) 18/450 15/450
Eid-Lidt G et al. 2021 19,27 (2,62-142,01) 19/140 1/142
Lucreziotti S et. al. 2021 3,43 (1,79,6,59) 33/100 10/104
Tsigkas G et. al. 2022 3,94 (2,67-5,82) 113/518 29/524
DISCO RADIAL 2022 2,11 (1,30-3,43) 48/650 23/657
Celkem 3,08 (1,88-5,06) 279/2232 87/2252
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Pricinou vyssiho vyskytu neuspésné punkce a zavedeni cévniho zavadéce muzie byt
mensi diametr distalni radialni tepny priblizné o 10-20% a prostorové slozitéjsi prabéh distalni
radidlni arterie, ktera je jednak angulovana a na rozdil od radidlni tepny v konvenénim misté
punkce se zanofuje do hloubky — prochazi z dorsdalni na volarni stranu zapésti (51,52,54).

Podle nasich zkuSenosti i nékterych dalSich dat z odborné literatury mlize oba tyto
problémy tedy vyssi frekvenci selhani punkce a zvySeny pocet punkénich pokust i dlouhou
ucebni kiivku pomoci prekonat rutinni vedeni punkci ultrazvukem. Bohuzel vsak intervenéni
komunita ma relativné malou naklonnost pouzivat UZ jako standardni, rutinni ndstroj k vedeni
punkci (60).

Objevuje se i otdzka poméru diametru cévniho zavadéce a tepny a tim vhodnost pouziti
DRA pro Siroké spektrum vykon( a pacientd. Ze studie DISCO-RADIAL a Distalni radialni pfistup
a postproceduralni ultrazvukové hodnoceni distalni a proximadlni radidlni tepny (49,54) je
zfejmé, Ze pfi rutinnim pouziti 6F a 5F instrumentaria je riziko postproceduralni okluze DRA
velice nizké (pod 1%). Z analyz diametr(l DRA je patrné, Zze median DRA se pohybuje pfiblizné
na urovni zevniho praméru 5F tenkosténného cévniho zavadécde Glidesheath Slender a lze
odvodit, Ze ve studii DISCO-RADIAL kde byl pouzity mandatorné 6F zavadéc¢ mélo vice nez 50%
pacientl diametr DRA mensi neZ je zevni primér pouZitého zavadéce. Nelze vyloucit, Ze
distalni radidlni tepna je méné citlivd na nepomér mezi zevnim diametrem cévniho zavadéce
a vnitfnim pramérem tepny.

V tabulce z prace Chena (59) je také zfejmé, Ze primérna velikost DRA je mensi nez
tenkosténny 6F Glidesheath Slender (zevni priimér 2,46 mm) (viz Tabulka 14). Tento nepomér
v diametrech vsak u DRA nezpUlisobuje exces postproceduralnich okluzi. DRA se tak jevi jako
mozny pristup prvni volby pro velmi Sirokou skupinu pacientd, ne-li pro vSechny nezavisle na

velikosti DRA a palpabilité.

39



Tabulka 14: Diametry DRA podle Chen et. al. (59)
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8 Limitace

Limitaci naSich praci je relativné maly soubor pacient( u tfi ze ¢ty prezentovanych
projektd a to vzhledem kjejich provadéni pouze vjednom centru. Pfesnd kvantifikace
komplikaci jako je RAO a krvaceni je tedy obtizna, vzhledem k jejich malému vyskytu. Z poctu
témér 300 analyzovanych subjektl ve tfech Cisté domacich pracich lze vsak s velkou mirou
spolehlivosti usuzovat na extrémné malou miru komplikaci i bez jejich presné ciselné
kvatifikace. Navic naSe vysledky dobre koreluji i s ostatnimi pracemi. Z Ferranteho
metaanalyzy (38) je patrné, Ze celd fada studii z ostatnich evropskych a svétovych pracovist
ma obdobné pocty subjektl. Dobre koreluji i nase méreni diametrd PRA a DRA ve srovnani
s ostatnimi publikacemi (59).

Paralelné s tvorbou této disertaéni prace probihaly na nasem pracovisti i dalsi prace
tykajici se distalniho radidlniho ptistupu a pocty sledovanych pacientli se tak vyznamné
navysSovaly. V praci o jednodennich katetrizacich v dobé pandemie covidu-19 a préaci o
zkraceni kompresniho ¢asu novou kompresni metodou bylo sledovdno dalSich 108 resp. 160
pacientd vySetfenych zdistalniho radiadlniho pristupu. | vtéchto kohortach byl pocet
komplikaci extrémné nizky (1,66). Navic je i ve zminénych pracech potvrzen signifikantné
kratsi ¢as k dosazeni hemostazy u dTRA proti konvenénimu radidlnimu pfistupu.

Jako urcitou limitaci Ize vnimat u prace s UZ asistenci pfi ziskani cévniho vstupu jeji
design jako ,single center single operator” studie. Ve svétle dosud spiSe rezervovaného
pristupu intervencnich kardiologl k UZ jako metodé usnadnujici punkce cév povazujeme tuto
praci za pilotni projekt, ktery by mél vést k dalsi validaci a rozsiteni rutinniho uzivani UZ jako

integralni soucasti intervencnich vykonu.
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9 Zavéry a sméry budouciho vyzkumu

NasSe prace v souladu se zdméry prokazuje, Ze distdIni radidlni pfistup je pfinosnou
novou metodou cévniho vstupu pti srdecnich katetrizacich a intervencich u pacientl se
suspektni nebo prokazanou ICHS. Jedna se o metodu pouzitelnou pro vétsinu pacientd, kterd
je spojena sextrémné nizkym vyskytem RAO a redukci lokdlnich hematomu i ostatnich
komplikaci. Proto se domnivame, Ze je i pres delsi ucebni kiivku vhodna pro rutinni vyuziti v
intervencni kardiologii, kde mimo jiné umozni vétsi pocet a kombinaci arteridlnich vstupa.

Distalni radialni pfistup usnadnuje provadéni katetrizaci z nedominantni, levé horni
koncetiny pro operatéra a mulzZe tak otevfit cestu k rozsifeni poctu katetrizaci z LHK pro
»pravostranné” operatéry, kterych je dosud drtiva vétsina.

Jednim z nejdulezitéjSich prinost je zjednodusSeni hemostatického protokolu a
signifikantni zkraceni doby potfebné k dosazeni hemostazy na konci vykonu. To vyznamné

Setfi praci stfedné zdravotnického persondlu a mize tak vést ke zkvalitnovani péce o pacienty.
9.1 Zaveéry disertacni prace
V nasi praci jsme prokazali Ze:

1) dTRA je v béZné praxi pouzZitelnd metoda ziskani arteridlniho vstupu vhodna pro
katetriza¢ni metody pouzivané pro diagnostiku a Ié¢bu ischemické choroby srdecni.
Metodu lze aplikovat na Siroké spektrum pacientl a invazivnich ¢i intervencnich
procedur.

2) Aplikace protokolll komprese uvedenych v nasi prace vede u cTRA k radikalnimu
snizeni RAO. Hemostaticky protokol u dTRA vede k signifikantnimu omezeni naro¢nosti
na praci oSetfujiciho persondlu. Péce o pacienty s dTRA je pro oSetfujici personal
jednodussi. Distalni radialni ptistup je spojen s nizkym poctem komplikaci. Oproti
konven¢nimu radidlnimu pfistupu signifikantné zkracuje cas nutny k dosazeni
bezpeéné hemostazy. Zavéry nasi prace podporuji hypotézu, Ze pacienty je mozno
oSetrovat v rutinnim provozu jak z konvencniho, tak distalniho radidlniho pfistupu a to
u vétsSiny pacientl u kterych neni primarni divod poufZiti jiného arteridlniho vstupu.

Distalni radidlni pristup vede ke zjednoduseni naro¢nosti a zkraceni specializované
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postproceduralni péce a usnadnuje tedy management pacientl v systému jednodenni
péce.

3) V nasich souborech pacientll bylo zPRA i DRA oSetfeno vice neZ 90% pacientu
z nedominantni, tedy levé horni koncetiny. Distdlni radidlni pfistup zlevé horni
koncetiny je ve srovnani s cTRA komfortnéjsi pro pacienty i katetrizujici Iékare.

4) Ultrazvukova navigace punkce jako rutinni metoda umoznuje jako jedina varianta
punkci u pacientld, u kterych neni DRA hmatna. Tim se rozsSifuje pool pacient(

vhodnych pro punkci dTRA. Systematické pouZiti UZ sniZuje pocet punkénich pokusu.

9.2 Smér budouciho vyzkumu

Tato prace vede i k otdzkam, na které bude tfeba do budoucna najit odpovédi.

Dle naSeho nazoru by se mél smér budouciho vyzkumu zaméfit na presnéjsi
diagnostiku lokalniho postproceduralniho poskozeni DRA v misté punkce a pfesnou detekci
jeji pfipadné okluze. Dosud totiZ neni na rozdil od proximalniho radidlniho pfistupu zfejmé, jak
prosta palpace DRA koreluje s jeji prlichodnosti, resp. okluzi. Jeji srovnani z UZ diagnostikou
by bylo velmi pfinosné tak, jako tomu bylo v minulosti u proximalniho radidlniho pfistupu, kde
palpace je na rozdil od reverzniho Barbeau testu a UZ zcela nedostatecnou metodou detekce
okluze tepny.

Dale bude nutné robustnéji prokazat, zda rutinni pouZiti UZ povede ke sniZeni
frekvence technického neuspéchu pfi punkci tepny na pocatku vykonu a snizeni poctu

postproceduralnich komplikaci.
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10 Seznam Zkratek

TRA (TransRadial Access) transradidlni ptistup

DRA (Distal Radial Artery) distalni radialni tepna

PRA (Proximal Radial Artery) proximalni radialni tepna

cTRA (conventional Transradial Access) konvencni radidlni pristup

dTRA (distal Transradial Access) distalni radialni pristup

IdTRA (left distal TRA) levy distalni radidlni pfistup

DDRA (Dorsal Distal Radial Acceess) dorsalni distalni radialni pfistup

SB (SnuffBox) Fossa tabatieres na zapésti

ACT (Activated Clotted Time)

AKB aortokoronarni bypass

AKS Akutni korondrni syndrom

DUSG (Duplex UltraSonoGraphy) duplexni ultrasonografie

ESC (European Society of Cardiology)  Evropska kardiologicka spole¢nost
GSS (GlideSheath Slender) tenkosténny cévni zavadéc fy Terumo
ICHS Ischemicka CHoroba Srdecni

IVUS (IntraVascular UltraSound) intravaskularni ultrazvuk

OCT (Optical Coherence Tomography) opticka koherentni tomografie

PCI (Percutaneous Coronary Intervention) perkutanni koronarni intervence
uz ultrazvuk

UFH (UnFractionated Heparin) nefrakcionovany heparin
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15 Publikace vztahujici se k disertacni praci

) ORIGINALNI PRACE
DISTALNT RADIALNI PRISTUP U KORONARNICH KATETRIZA

A INTERVENCI

Distalni radialni pristup u koronarnich
katetrizaci a intervenci

Ivo Bernat, David Horak, Stépan Jirous, Jan Pesek, Jiti Koza, David Slezak, Richard Rokyta
Kardiologicka klinika Komplexniho kardiovaskularniho centra FN a LF UK Plzen, Univerzita Karlova

Standardni radialni pfistup z pravého cilevého zapésti se stal dominantni pfistupovou cestou ke koronarnim katetrizacim a inter-
vencim s doporuc¢enim |A dle poslednich guidelines Evropské kardiologické spole¢nosti pro revaskularizaci myokardu z roku 2018.
Od té doby bylo publikovano nékolik ¢lankd o moznosti provadét intervenéni vykony na korondrnich tepnéch z tzv. distalniho
radidlniho piistupu. Tento ¢lanek popisuje nase prvni zkusenosti s timto novym pfistupem.

Kli¢ova slova: radialni tepna, standardni radialni pfistup, distalni radidlni pfistup.

Distal radial approach in coronary catheterizations and interventions

Standard radial approach from the right or left wrist has become a dominant arterial approach for coronary catheterizations and
interventions with IA recommendation in 2018 Guidelines for myocardial revascularization of European Society of Cardiology.
Since that time several articles has been published about distal radial approach. This article describes our first experience with
this new approach.

Key words: radial artery, standard radial approach, distal radial approach.

88 INTERVENCNI A AKUTNI KARDIOLOGIE /

Uvod

Standardni radidInf pfistup se pro svoje
vyhody ve srovnani s femoralnim pfistupem
stal v roce 2015 dle guidelines Evropské kardio-
logické spole¢nosti doporuc¢enym pfistupem
IA v intervencni Ié¢bé NSTEMI, v roce 2017 pak
u STEMI a v roce 2018 i u ostatnich forem ICHS
(1, 2, 3). Mezi jeho rizika patfi uzavér tepny po
vykonu, hematomy a dalsi potencidlni lokalni
komplikace. Omezuje tak moznost pfipravy
hemodialyzacni fistule, odbéru dostate¢né
dlouhého a kvalitniho tepenného stépu, re-
konstrukeni chirurgii a hlavné opakovani trans-
radidlniho vykonu v pifpadé uzavéru tepny (4).
DistéIni radiaInf pfistup (Distal Radial Approach
= DRA) je z tohoto pohledu pro radidlni tepnu
Setrnéjsi. Vzhledem k anatomickym odlisnostem
a zpravidla mensimu kalibru tepny vyzaduje
odlisny i Setrnéjsi pristup pfi punkci a pocatecni
manipulaci se zavadénym instrumentariem. DRA

se na fadé pracovist ve svété v poslednich dvou
letech intenzivné rozviji a brzy bude zahdjena
i prvnfvelkd mezindrodni randomizované studie
srovnavajici DRA s konvenénim (tj. standardnim
proximalnim) radialnim pfistupem. Nase prvni
zkudenosti s DRA jsou pozitivni (obrazek 1).

Distalni verzus standardni
proximalni radialni pristup

Po prvnim ¢ldnku o DRA, ktery vysel v ¢a-
sopise Eurointervention v roce 2017 a jehoz au-
torem byl stejné jako v pfipadé prvni publikace
o perkutdnni koronarni intervenci (PCl) radialnim

Obr. 1. Stav po nasi korondrni katetrizaci a intervenci z distdIniho radidlniho pristupu
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Obr. 2. Schematicky obrdzek obou mist punkce
radidlni tepny u distdlniho radidlniho pfistupu

anatomicky snuff-box

Obr. 3. Pribeéh distdlniho dseku radidini tepny —
Sipky oznacuji obé moznd mista punkce

a. radialis distalis

a.radialis

pfistupem v roce 1993 Ferdinand Kiemeniej, bylo
v nésledujicich dvou letech na toto téma publi-
kovéno nékolik dalsich praci (5). DRA pfistup je
mozné provadét budz tzv. ,snuffbox” pristupu
nebo dokonce jesté distalnéji. Anatomicky se
v prvnim pifpadé jednd o tepenny pfistup z mis-
ta ohraniceného $lachami m. extenzor hallucis
longus a brevis nad os scaphoideum. Ve druhém
piipadé je punkce tepny provadéna distalné od
slachy svalu m. extenzor hallucis longus (obrézky
2,3).

Mezi potencidlni vyhody obou téchto pri-
stupl patfi kratsi doba komprese, minimalizace
traumatu radidlni tepny na zapésti, a tim i vétsi
moznost pouziti radidni tepny jako kvalitniho
Stépu pro tepennou revaskularizaci myokardu
¢i AV pistél pro hemodialyzu (obrézek 4). DRA
Ize pouziti pro retrogradni rekanalizaci uzavéru
radidlni tepny po pfedchozim standardnim tran-
sradidInim vykonu (6). Pro intervencniho kardio-
loga i pacienta mtize byt piinosem i vyhodnéjsi
poloha jeho levé ruky béhem vykonu, kterd je
diky sheathu zavedeném z palcové strany hibe-
tu ruky v pfirozenéjsi pozici nez pfi klasickém
levostranném radidlnim pfistupu ze zapésti.
Kompresi tepny po vykonech z DRA je mozné

DISTA

provadét celou fadou klasickych i novych kom-
presnich prostredkd. Oba DRA pfistupy Ize navic
se standardnim radidlnim pfistupem Uspésné
kombinovat (obrazek 5). Pfes uvedené vyhody
DRA a skutecnost, ze néktera centra v soucas-
nosti timto pfistupem provadéji az polovinu
viech intervencnich vykond, ale stdle zGstava
fada nezodpovézenych otazek.

V letosnim roce bude proto zahdjena prvni
velkd mezinarodnf randomizované studie srov-
ndvajici distalni radidlni pristup s konvencnim
radidlnim — the DIStal vs. COnventional RADIAL
access trial — DISCO trial. V planu méa randomi-
zovat celkem 1300 pacientl ve vice nez deseti
evropskych a japonskych centrech. Vysledky
studie jsou ocekavéany v roce 2021.

Nase prvni zkusenosti

s distalnim radidlnim pfistupem
U celkem 75 elektivnich pacientd prijatych

na Kardiostacionar a standardni I(izkové oddéle-

nf byla pred pldnovanym katetriza¢nim vykonem
provedena duplexn ultrasonografie (DUSG) pii-
stojem GE Vivid S6 se zaméfenim na rozmér
radidIni tepny na zapésti, dale v tzv. snuff-box

a nakonec distalné od $lachy m. extensor po-

llicis longus (obrazek 2). Vsichni pacienti méli

pred vysetfenim radidlni tepnu na viech tfech
vyse uvedenych mistech hmatnou a dostate¢né
kolaterdlni zdsobeni ruky potvrzené pomoci

Barbeau testu. Béhem této inicidlni faze ucebni

doby jsme si z ddvodu bezpecnosti vykonu sta-

novili nasledujicf kritéria pro provedeni planova-
né koronarni katetrizace a intervence distalnim
radidlnim pfistupem:

B vyska pacienta < 190 cm (vzhledem k dél-
ce bézné pouzivanych katétrli a distalnimu
mistu punkce)

B hodnota INR pfed vysetfenim <2

B a pii spInéni prvnich dvou podminek rozmér
tepny v jejim distalnim prabéhu dle DUSG
>2mm

B souhlas pacienta s vykonem, provddénym
z nedominantni ruky

Vzhledem k tomu, Ze z prvnich 55 pacientd
meéla celd jedna tfetina pfi¢ny rozmér radialni
tepny distdlné < 2mm, mohlijsme vykon z DRA
zahdjit pouze u dvou tfetin z nich (37/55). Proto
jsme u nésledujicich 20 pacientd snizili tuto hra-
nicina = 1,8mm. Z téchto pacientt mélo pfi¢ny
rozmér tepny < 1,8 mm pouze 10% a vykon bylo

[ RADIALNI PRISTUP U KORC

ORIGINALNI PRACE (
(ATETRIZACI A INTERVENCI

Tab. 1. Charakteristika pacient( a vysledky vy-
kond z DRA

Pocet pacientt katetrizovanych z DRA: (n=55)

vék (roky) 66 (46-80)
vyska (cm) 176 (162-190)
vaha (kg) 94 (71-125)
muzi 50
DUSG PRA (mm) 2,7 (2,2-3,5)
DUSG SB (mm) 23(19-29)
DUSG DDRA (mm) 2,2(1,8-2,8)
technicky neuspéch 9

Uspésné dokonéené vykony z DRA:
47 u 46 pacientd

SKG 33
SKG+PCI 14
kontrastni latka (ml) 19
skia (min) 8,4 (1,7-35,7)

DRA - distdini radidlni pfistup; PRA — rozmér radidl-
ni tepny na zdpésti: SB — rozmér tepny ve ,snuffbox’;
DDRA — rozmér radidlni tepny distdiné od SB

proto mozné zahdjit u 90% z nich (18/20). Na
zékladé vyse uvedenych kritérii jsme z plivod-
niho poctu 75 pacient( zahdjili vykon z DRA
u 55 pacientl (tabulka 1). Jeden pacient mél
v rozmezi tff tydnl proveden z DRA intervencni
vykon dvakrat (obrazek 5). Z celkem 56 vykont
byla v deviti pfipadech nutnd konverze na kla-
sicky radidIni pfistup, z toho jedenkrét z radialni
tepny druhé horni koncetiny. PCl byla provedena
z DRA celkem 14x (14/47), tj. u 30 %. Pfistupem
zlevého DRA byl vykon proveden 43x, zprava
pak u ¢tyf pacientd. Vykony provadélo celkem
pét intervencnich kardiolog s mnohaletymi
zkusenostmi se standardnim radialnim pristu-
pem. Po lokdIni anestezii 1-2ml 1% trimecain-
-hydrochloridem subkutdnné byl po Uspésné
kanylaci tepny zaveden sheath 5F Glidesheath
Slender (Terumo) 44x a 6F Glidesheath Slender
3x. Nasledné byl podan nefrakciovany heparin
v davce 5000 mezinarodnich jednotek a 200
mikrogram isosorbid-dinitratu intraarterialng,
dévka heparinu byla v pfipadé PCla vyssi hmot-
nosti pacienta navysena. Celkem 4x byl vykon
proveden u pacientt pfed pldnovanym zafa-
zenim do dialyza¢niho programu (obrazek 4).
V nasem souboru 75 pacientl bylo 20% Zen
(15/75), z nichz dvé tretiny (n=10) mély distaInf
kalibr mensi nez ndmi stanoveny rozmér tepny.
U zbylych péti zen byl vykon z DRA Uspésné do-
koncen ve tfech pripadech, dvakrét byla nutna
konverze na klasicky radidIni pristup. Kompresi
tepny po vykonu jsme provadéli pomoci pro-
stfedku TR Band (Terumo), ze kterého jsme pred
pouzitim manudlné odstranili jeho pevnou plas-
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Obr. 4. DistdIni radidlni pfistup z anatomického ,snuff-box” u nefrologické pacientky z FN Plzer pred

zafazenim do dialyzacniho programu a pldnovanym provedenim AV fistule

tovou ¢ést. Takto upravenym TR Bandem jsme

tepnu komprimovali s umisténim zelené znacky
na TR Bandu vzdy 2-3 mm proximélné od mis-
ta punkce pomoci pfilozené stikacky inicidlné
tlakemn 12 ml vzduchu oproti 15 ml pouzivanym
pri standardnim radidlnim pfistupu. Pfi absenci
lokdlntho krvacenf jsme jesté na kateriza¢nim
sale snfzili tlak na tepnu na 10 mlinsuflovaného
vzduchu a nasledné upoustéli kazdych 20 minut
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Obr. 5. 49lety pacient po primdrni PCI ACD z kla-
sického radidlniho pfistupu (1. den), ndsledné elek-
tivni PCI RIA a RMS z distdiniho radidiniho pristupu
(8. den) a dokoncen/ revaskularizace na zdkladé
vysledku iFR zbylych Iézi pristupem z anatomickeé-
ho ,snuff-box” (29. den) — vsechny tii vykony byly
provedeny ve FN Plzen

Zaveér

Distalnf radidInf pfistup je podle nasich prv-
nich zkusenosti velmi slibnou novou pfistupo-
vou cestou k provadéni korondrnich katetrizaci
a intervenci. Pro ¢ast pacientd muze byt dokon-
ce vyhodnéjsi nez standardni proximalni radialni
pfistup. Budoucnost ukaze jeho redlné moznosti
a pozici, jakou nakonec ziska pfi rutinnim prova-
dénfintervencnich vykond.
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ABSTRACT

BACKGROUND Currently, transradial access (TRA) is the recommended access for coronary procedures because of
increased safety, with radial artery occlusion (RAO) being its most frequent complication, which will increasingly affect
patients undergoing multiple procedures during their lifetimes. Recently, distal radial access (DRA) has emerged as a
promising alternative access to minimize RAO risk. A large-scale, international, randomized trial comparing RAO with TRA
and DRA is lacking.

OBJECTIVES The aim of this study was to assess the superiority of DRA compared with conventional TRA with respect
to forearm RAO.

METHODS DISCO RADIAL (Distal vs Conventional Radial Access) was an international, multicenter, randomized
controlled trial in which patients with indications for percutaneous coronary procedure using a 6-F Slender sheath were
randomized to DRA or TRA with systematic implementation of best practices to reduce RAO. The primary endpoint was
the incidence of forearm RAO assessed by vascular ultrasound at discharge. Secondary endpoints include crossover,
hemostasis time, and access site-related complications.

RESULTS Overall, 657 patients underwent TRA, and 650 patients underwent DRA. Forearm RAO did not differ between
groups (0.91% vs 0.31%; P = 0.29). Patent hemostasis was achieved in 94.4% of TRA patients. Crossover rates were
higher with DRA (3.5% vs 7.4%; P = 0.002), and median hemostasis time was shorter (180 vs 153 minutes; P < 0.001).
Radial artery spasm occurred more with DRA (2.7% vs 5.4%; P = 0.015). Overall bleeding events and vascular
complications did not differ between groups.

CONCLUSIONS With the implementation of a rigorous hemostasis protocol, DRA and TRA have equally low RAO rates.
DRA is associated with a higher crossover rate but a shorter hemostasis time. (J Am Coll Cardiol Intv 2022;15:1191-1201)
© 2022 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

DRA = distal radial access

ITT = intention-to-treat

PCI = percutaneous coronary

intervention

PP = per protocol

RAO = radial artery occlusion

RCT = randomized controlled

trial

TRA = transradial access

ver the past 3 decades, transradial

access (TRA) has become the

standard vascular access site for
percutaneous coronary procedures, and a
radial-first strategy is now advocated as
the default approach in both the European
Society of Cardiology/European Association
for Cardio-Thoracic Surgery guidelines
on myocardial revascularization and the
American College of Cardiology/American
Heart Association/Society for Cardiovascular
Angiography and Interventions guideline
for coronary artery revascularization, regardless of
clinical presentation.”” Such an endorsement is
founded on compelling evidence from large random-
ized controlled trials (RCTs) and meta-analyses
showing many advantages over transfemoral ac-
cess."* These benefits comprise reduction of access-
site bleeding and vascular complications, even in
complex percutaneous coronary intervention (PCI),
and reduction of mortality, especially in higher risk
patients."> Moreover, TRA 1is associated with
improved quality of life and allows safe performance
of same-day discharge diagnostic and interventional
procedures in patients in stable condition, contrib-

uting to the cost-effectiveness of the procedure.’

SEE PAGE 1202

Because of such relevant advantages, TRA is also
gaining popularity for an expanding range of non-
coronary diagnostic and interventional procedures.
Indeed, other specialties, such as interventional
radiology neurology,
increasingly incorporating this approach into their
procedures.® Yet the adoption rate of TRA varies
across countries, with some significant room for
growth.”

and interventional are

Anatomical constraints may limit the clinical ben-
efits of TRA, yielding a few complications, including
radial artery occlusion (RAO), a complex process
involving several interplaying factors ultimately
leading to thrombosis. RAO is by far the most
frequent complication of TRA, with highest incidence

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 15, NO. 12, 2022
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in the first 24 hours and spontaneous recanalization
at 30 days in about one-half of the patients.

If adverse ischemic effects of RAO are thwarted
by the extensive network of wrist and hand anasto-
moses, an occluded radial artery is unsuitable for
a future surgical use or a further percutaneous coro-
nary or noncoronary procedure.®°

Several patient- and procedure-related character-
istics have been linked to the development of RAO,
and best-practice recommendations include multiple
approaches to favor blood flow persistence during
and after the transradial procedure.® In light of the
increasing use of TRA in numerous interventional
procedures, prevention of RAO is becoming a central
consideration for achieving a successful radial pro-
gram. However, the real-world incidence of RAO re-
ported from experienced radial centers remains high,
with wide variability in the uptake of RAO prevention
strategies.®

Distal radial access (DRA) in the anatomical snuff
box or the dorsum of the hand has emerged in the
past few years as a promising alternative access to
further reduce the risk for RAO because of the punc-
ture site within the hand anastomotic network, which
most likely ensures persistent blood flow in the radial
artery.”" Two recent RCTs have shown striking re-
ductions of forearm RAO after DRA compared with
conventional TRA."”"* The level of evidence provided
by these studies is limited by their single-center
design and by a high rate of forearm RAO in the
conventional TRA group, which is in contrast to lower
reported rates from contemporary trials using best
prevention methods.'*'® To unravel the role of DRA
in current interventional practice, we performed a
large, multicenter RCT to assess the efficacy and
safety of DRA compared with conventional TRA with
systematic implementation of best prevention
methods for the reduction of RAO.

METHODS

STUDY DESIGN AND OVERSIGHT. The DISCO RADIAL
(Distal vs Conventional Radial Access) trial
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(NCT04171570) was a prospective, multicenter, inter-
national, open-label RCT designed to assess the su-
periority of DRA compared with conventional TRA
with respect to the incidence of forearm RAO at
discharge. The methodology of the trial has been
published previously."”

As conventional TRA and DRA require both specific
skills and dedicated training, single operators quali-
fied for the study providing: 1) they were experienced
operators regularly performing transradial PCI in the
whole spectrum of coronary artery disease, including
acute coronary syndrome; 2) they were fully inde-
pendent with DRA; and 3) they had performed a
minimum of 100 procedures by DRA.

The DISCO RADIAL trial was sponsored by
Terumo Europe, which had responsibility for study
management, data collection and monitoring for
high-quality data acquisition, and statistical analysis.
The co-primary investigators conceived the study
and developed the protocol in collaboration with the
sponsor and oversaw data analysis. The first draft of
the manuscript was prepared by the co-first authors.
The sponsor could not require changes to the manu-
script. The authors made the decision to submit the
manuscript for publication and vouch for the accu-
racy and completeness of the data and for the fidelity
of the trial to the protocol and statistical analysis
plan.

TRIAL POPULATION AND RANDOMIZATION. The
study enrolled patients who underwent diagnostic
coronary angiography or PCI, using a 6-F Glidesheath
Slender (Terumo) as the standard access sheath.’”
Patients were enrolled at centers in Europe and
Japan providing operators fully proficient with both
conventional TRA and DRA.

Inclusion criteria were broad in order to enroll a
patient population representative of routine clinical
practice. Adult patients 18 years of age or older were
eligible if they provided written informed consent
and were suitable for both DRA and TRA with the 6-F
Glidesheath Slender. Exclusion criteria were medical
conditions that may cause noncompliance with the
study protocol and/or may confound the data inter-
pretation, long-term hemodialysis, ST-segment
elevation myocardial infarction, and PCI for chronic
total occlusion. Patients were followed until hospital
discharge.

The protocol was approved by the ethics commit-
tee at each trial center, and the study was conducted
according to the Declaration of Helsinki. All patients
provided written informed consent.

Eligible patients were randomly assigned in a
1:1 ratio to DRA vs TRA. Concealed allocation of

The DISCO

study treatment was performed using a web-based
interactive randomization system. Randomization
was achieved with a computer-generated random
sequence with a random block size stratified at site
level.

TRIAL PROCEDURES. For patients randomized to
both DRA and TRA, intravenous access for the
administration of medications was recommended in
the contralateral arm. The choice of right or left radial
artery was left to the discretion of the operator, as
was the use of ultrasound to guide arterial puncture.
After local anesthesia, either the Seldinger or the
modified Seldinger technique was used to obtain
arterial access. After placement of the 6-F Glide-
sheath Slender, it was highly recommended to
administer 5 mg verapamil and/or 100 to 200 mg
nitroglycerin to prevent arterial spasm. Also, all
patients received an initial bolus of 5,000 IU unfrac-
tionated heparin, with adjunctive bolus if needed
to achieve an activated clotting time of 250 to 300
seconds according to current best practice."*® If the
initial attempt to obtain vascular access at the ran-
domized access site (DRA or conventional TRA) failed
because of refractory spasm, disproportionate pain,
vessel damage, or excessive vessel tortuosity, all
further attempts to obtain vascular access at another
site in the same limb or in another limb were
considered as crossover. This included the use of
the contralateral arm, other arteries, or crossover
to the other group.

For conventional TRA, the patient’s hand was
placed in an extended position with the palm supi-
nated. It was advised to puncture the radial artery
2 cm proximal to the styloid process of the radial bone
with a 30° to 45° entry angle to the skin. For DRA, the
patient’s hand was positioned with the anatomical
snuff box upward. After confirming by manual
palpation the presence of a well-developed distal
radial artery in the anatomical snuff box or the
dorsum of the hand, the artery was punctured with a
30° to 45° entry angle to the skin in the direction of
the strongest pulse.’® The anterior wall puncture
technique was preferred, but the through-and-
through puncture could also be used. In both cases,
careful manipulation of the needle was advised to
avoid touching the periosteum of the scaphoid or
trapezium bones, which can be painful and in turn
provoke spasm. After successful arterial puncture,
the rest of the access procedure was similar as for
conventional TRA.

For patients in whom arterial access was obtained
through the conventional TRA, hemostasis with an
air-filled closure device was recommended with
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FIGURE 1 Study Flowchart

(n=1

Randomized

309)

Patient excluded (n=2)
+ Consent withdrawal (n=1

+ Screening failure detected after randomization (n=1)

)

(n=1

Intention-To-Treat Population

307)

TransRadial Access
(n=657)

- Cross-over* after first attempt (n=23)
= Major protocol deviation (n=13)
Note: 1 patient included in both categories

Distal Radial Access
(n=650)

- Cross-over* after first attempt (n=48)
= Major protocol deviation (n=7)
Nofe: 1 patient inciuded in both categories

(n=1

Per Protocol Population

218)

TransRadial Access
(n=622)

Distal Radial Access
(n=596)

*Crossover was defined as initial failure to obtain vascular access, after
artery, or crossover to the other group.

which access was obtained from the contralateral arm or from another

patent hemostasis implemented according to the
PROPHET (Prevention of Radial Artery Occlusion—
Patent Hemostasis Evaluation Trial) protocol.'®
Briefly, after placement of the hemostatic compres-
sion device and removal of the sheath, hemostatic
pressure was set to a level just enough to maintain
hemostasis without compromising radial artery
patency as assessed by the reverse Barbeau test. This
was performed by observation of the pulsatile wave-
forms from a plethysmographic sensor placed on the
index finger after compression of the ulnar artery.
Absence of a plethysmographic waveform indicates
occlusive compression of the radial artery and the
pressure in the hemostatic device should gradually be
reduced until return of the waveform. For patients

63

who underwent DRA, hemostasis was per hospital
practice.'®

TRIAL ENDPOINTS AND DEFINITIONS. The primary
endpoint was the incidence of forearm RAO at hos-
pitalization discharge, assessed by an independent
clinical investigator not involved in the procedure
and unconcerned by the results of the trial. The
presence or absence of a duplex ultrasound antero-
grade flow signal distal to the radial artery access site
was checked according to hospital routine, ideally
between 8 and 48 hours postprocedurally. The artery
was considered occluded if no flow signal could be
detected. For patients assigned to DRA, both the
forearm and the distal arteries were assessed. The
secondary endpoints included successful sheath
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insertion, access-site crossover, sheath insertion
time, procedure time, overall bleedings defined ac-
cording to the Bleeding Academic Research Con-
sortium criteria,'® puncture site bleeding defined
according to the EASY (Early Discharge After Trans-
radial Stenting of Coronary Arteries Study) criteria,*°
vascular access-site complications, radial artery
spasm, access-related pain rated according to self-
reported visual analog scale, time to hemostasis,
patent hemostasis (in the TRA group), and distal ar-
tery occlusion (in DRA group). Endpoint definitions
are fully detailed in Supplemental Table 1.

STATISTICAL ANALYSIS. The primary hypothesis of
the study was that DRA is superior to conventional
TRA with respect to the incidence of forearm RAO at
discharge. For the TRA group, the assumption was
that 3.5% of patients would experience RAO on the
basis of data from the 6-F Glidesheath Slender sub-
group from the RAP and BEAT (Radial Artery Patency
and Bleeding, Efficacy, Adverse Event) study.”” For
the DRA group, an incidence of forearm RAO of
1.0% was assumed, on the basis of numerous previous
studies. For statistical power of 80% and a 2-sided
alpha error of 0.05, assuming a crossover rate of
10% and a drop-out rate of 5%, 648 patients per group
were needed. The total sample size was therefore
set to 1,300 patients.

The primary endpoint analysis was performed on
the intention-to-treat (ITT) population (ie, on the
basis of randomization assignment to either the TRA
or the DRA group). For the secondary endpoint
analyses, the analyses were performed on the ITT and
the per protocol (PP) population. The PP population
excludes patients who crossed over or had major
violations to the study protocol. Normality of data
was assessed using the Shapiro-Wilk test, and
continuous variables are reported as mean + SD or as
median (IQR) if skewed. Comparison of continuous
variables was performed using Student’s t-test or the
Mann-Whitney U test, as appropriate. Categorial
variables are reported as count (percentage), and
comparative testing was performed using the chi-
square or Fisher exact test, as appropriate.

A P value <0.05 was considered to indicate statis-
tical significance. Statistical tests were performed
using SAS version 9.4 (SAS Institute).

RESULTS

From December 2019 to October 2021, a total of 1,309
patients at 15 sites in Europe and 1 site in Japan
(Supplemental Table 2) were randomized. Two
patients were excluded from the primary endpoint
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TABLE 1 Baseline Patient Characteristics
TRA DRA
(n = 657) (n = 650) P Value

Age, y 68.2 + 11.1 (657) 68.0 + 10.7 (650) 0.74
Male 71.2 (468/657) 73.7 (479/650) 0.32
Body mass index, kg/m? 28.2 + 5.1 (653) 27.7 +£ 5.1 (648) 0.081
Current smoking 21.4 (121/566) 22.4 (126/563) 0.68
Diabetes 28.9 (190/657) 30.2 (196/649) 0.61
Hypertension 79.6 (520/653) 76.7 (496/647) 0.19
Hyperlipidemia 72.4 (472/652) 69.2 (442/639) 0.20
Previous M| 23.8 (155/651) 22.2 (142/641) 0.48
Previous PCI 40.6 (267/657) 35.9 (233/650) 0.075
Previous PCI with radial access 34.8 (228/656) 32.8 (213/649) 0.46
Previous CABG 5.5 (36/657) 5.5 (36/650) 0.96
Peripheral artery disease 10.4 (66/636) 10.5 (65/622) 0.97
Chronic coronary syndrome

Silent ischemia 33.6 (221/657) 36.5 (237/650) 0.28

Stable angina 50.2 (330/657) 49.5 (322/650) 0.80
Acute coronary syndrome

Unstable angina 8.7 (57/657) 7.2 (47/650) 0.33

NSTEMI 7.5 (49/657) 6.8 (44/650) 0.63
Hemoglobin, g/L 139.3 £ 16.9 (639) 139.7 £ 17.3 (639) 0.63
Hematocrit, % 412 +£ 47 (622) 41.3 + 4.7 (627) 0.65
White blood cell count, 10%/L 7.5 + 2.4 (636) 7.5 + 2.3 (635) 0.88
Red blood cell count, 10'/L 4.6 + 0.6 (618) 4.6 + 0.6 (623) 0.47
Blood platelet count, 10%/L 232.8 +77.5 (618) 235.8 + 73.1 (625) 0.48
Serum creatinine, pmol/L 87.8 + 27.1 (640) 88.1 + 27.1(638) 0.82
Antiplatelet medication

Aspirin 69.3 (455/657) 63.7 (414/650) 0.033

Clopidogrel 21.8 (143/657) 23.1 (150/650) 0.57

Ticagrelor 7.8 (51/657) 6.0 (39/650) 0.21

Prasugrel 5.0 (33/657) 3.7 (24/650) 0.24
Oral anticoagulants 13.7 (90/657) 15.1 (98/650) 0.48
Lipid lowering medication 73.5 (483/657) 70.3 (457/650) 0.20
Antihypertensive medication 82.7 (543/657) 77.7 (505/650) 0.025
Insulin 8.7 (57/657) 8.3 (54/650) 0.81

Values are mean & SD (N) or % (n/N).

CABG — coronary artery bypass grafting; DRA — distal radial access, MI = myocardial infarction, NSTEMI = non-
ST-segment elevation myocardial infarction, PCl = percutaneous coronary intervention, TRA = transradial access.

analysis because of either screening failure detected
after randomization or withdrawal of consent. The
ITT population consisted of 1,307 patients, random-
ized to conventional TRA (n = 657) or DRA (n = 650).
The PP population excluded patients who crossed
over (n = 71) or those with major protocol deviations
(n =20) (Supplemental Table 3) and consisted of 1,218
patients (Figure 1).

Baseline patient characteristics according to
randomization arm are shown in Table 1 and were
well balanced between the treatment groups. Overall
mean age of the patients was 68.1 years, with 72.5%
men, 29.5% with diabetes mellitus, and 78.2% with
arterial hypertension. Histories of myocardial infarc-
tion were present in 23.0% of patients, 38.3% had
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TABLE 2 Procedural Characteristics
TRA DRA
(n = 657) (n = 650) P Value

Right access side 80.5 (528/656) 80.8 (525/650) 0.90
Diagnostic angiography only 62.7 (412/657) 63.5 (413/650) 0.76
PCI 37.3 (245/657) 36.5 (237/650) 0.76

Elective PCI 17.5 (115/657) 17.1 (111/650) 0.84

Left main treated 8.2 (20/245) 8.9 (21/237) 0.78

Median number of stents implanted 1.0 (1-2) (244) 1.0 (1-2) (235) 0.36
Crossover rate 3.5 (23/657) 7.4 (48/650) 0.002

To the other access, same side 0.2 (1/657) 4.6 (30/650)

To the other access, other side 0.0 (0/657) 0.3 (2/650)

To the other side, same access 1.5 (9/657) 0.5 (3/650)

To ulnar or brachial 0.3 (3/657) 0.2 (1/650)

To femoral 1.5 (10/657) 1.9 (12/650)
Sheath insertion time, min 1(1-3) (655) 2 (1-4) (650) <0.001
6-F Slender introducer sheath used 99.4 (653/657) 99.7 (648/650) 0.69
Procedure time, min 24 (14-42) (634) 27 (15-45) (627) 0.12
Contrast volume, mL 95.2 + 73.1(525) 91.8 + 65.0 (531) 0.44
Radiation dose, mGy 1,222 + 2,846 (474) 1,298 + 3,143 (478) 0.70
Radiation dose, mSv 18.1 £ 51.5 (17) 17.6 + 57.3 (25) 0.98
Activated clotting time, s 250 + 87 (525) 247 + 87 (518) 0.63
Closure device <0.001

Selective compression device 99.2 (652/657) 88.0 (571/650)

Bandage 0.8 (5/657) 12.0 (78/650)
Same-day discharge 30.9 (203/657) 27.8 (181/650) 0.23
Median hospital duration, days 2.0 (1-2) 2.0(1-2) 0.24
Values are % (n/N), median (IQR) (N), or mean + SD (N).

Abbreviations as in Table 1.

undergone previous PCI, and 33.8% had undergone
previous PCI with radial access. Almost all patients
(99.4%) received antiplatelet medications, and 14.4%
were taking oral anticoagulants. The majority of pa-
tients presented with chronic coronary syndrome
(84.9%), while 7.1% had non-ST-segment elevation
myocardial infarction and 8.0% presented with un-
stable angina.

PROCEDURAL CHARACTERISTICS. As shown in
Table 2, similar proportions of patients underwent PCI
in both treatment groups (37.3% Vs 36.5%; P = 0.76),
with a mean number of stents implanted of 1.5 and 1.4
(P =0.34) in the TRA and DRA group, respectively. No
difference was found in activated clotting time be-
tween groups (250 + 87 s vs 247 + 87 s; P=0.63). Right-
side access was chosen in 80.6% of patients, and the
6-F Glidesheath Slender was used in 99.5% of patients,
without a significant difference between groups.
Crossover rates were significantly higher with DRA
(7.4% Vs 3.5%; P = 0.002). The majority of crossover in
the TRA group occurred to the opposite side (left or
right) or to femoral access, while the majority of
crossover in DRA occurred to conventional
TRA (Table 2).
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PRIMARY OUTCOME. Forearm RAO occurred in 6
patients in the conventional TRA group compared
with 2 patients in the DRA group (0.91% Vs 0.31%;
P =0.29) (Table 3, Central Illustration). Analysis of the
primary endpoint in the PP population showed
consistent results, with forearm RAO rates of 0.81%
with conventional TRA vs 0.34% with DRA (P = 0.45).

SECONDARY OUTCOMES. In the ITT population,
distal RAO in the DRA group was 0.46%. Radial artery
spasm was more frequent in the DRA group (2.7% vs
5.4%; P = 0.015), yet self-reported access-related pain
assessment according to the visual analog scale was
2 (IQR: 0-3) in the conventional TRA group and 2
(IQR: 0-4) in the DRA group (P = 0.067). Median time
to hemostasis was 180 minutes with conventional
TRA and 153 minutes with DRA (P < 0.0001). Patent
hemostasis was achieved in 94.4% of patient in the
conventional TRA arm. There were no differences
in bleeding (5.5% vs 6.8%; P = 0.33) and vascular
complications (1.2% vs 1.1%; P = 0.81) between con-
ventional TRA and DRA. Of the puncture site-related
bleeding events, the majority was classified as EASY
type 1 (4.1% with conventional TRA vs 6.0% with
DRA; P = 0.12). All analyses in the PP population
yielded consistent results (Table 3).

DISCUSSION

The DISCO RADIAL trial was the first large-
scale, prospective, multicenter, international, RCT
comparing DRA with conventional TRA in patients
undergoing percutaneous coronary procedures. It is
also the first and unique multicenter clinical investi-
gation systematically implementing best-practice
recommendations for the reduction of RAO after
conventional TRA. Indeed, to fully unravel the role
of DRA in contemporary interventional practice,
DISCO RADIAL was designed to compare this newer
access not with each center’s regular transradial
practice but with conventional TRA, systematically
implementing protocol-driven, up-to-date, optimal
evidence-based to preserve artery
patency.® Specifically, the trial’s main objective was
to show the superiority of DRA over conventional
TRA in terms of forearm RAO rigorously assessed
using vascular ultrasound.” The results showed an
exceptionally low incidence of primary endpoint in
both groups, without a statistically significant dif-
ference between them, most likely because of type II
error rate inflation.

Notably, the incidence of forearm RAO in the
conventional TRA group was extremely low for a
multicenter TRA trial. Such a finding supports
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TABLE 3 Primary and Secondary Outcomes at Discharge
Intention-to-Treat Per Protocol
TRA DRA TRA DRA
(n = 657) (n = 650) P Value (n = 622) (n =596) P Value
Forearm radial artery occlusion 0.91 (6/657) 0.31 (2/650) 0.29 0.80 (5/622) 0.34 (2/596) 0.45
Distal radial artery occlusion NA 0.46 (3/650) - NA 0.50 (3/596) -
Radial artery spams 2.7 (18/657) 5.4 (35/650) 0.015 2.1(13/622) 4.4 (26/594) 0.024
Hemostasis time, min 180 (134-292) (593) 153 (105-242) (581) <0.0001 180 (130-292) (559) 148 (101-240) (534) <0.0001
Patent hemostasis achieved” 94.4 (620/657) NA - 95.3 (593/622) NA -
Patent hemostasis used, not achieved® 4.4 (29/657) NA - 4.2 (26/622) NA -
No patent hemostasis used” 1.2 (8/657) NA - 0.5 (3/622) NA -
Pain, visual analog scale score 2(0-3) (651) 2 (0-4) (643) 0.067 2 (0-3) (616) 2 (0-4) (591) 0.045
Bleeding 5.5 (36/657) 6.8 (44/650) 033 5.5 (34/622) 5.7 (34/596) 0.86
Non-puncture site-related bleeding 0.3 (2/657) 0.0 (0/650) 0.50 0.3 (2/622) 0.0 (0/596) 0.50
Puncture site-related bleeding 5.2 (34/657) 6.8 (44/650) 0.22 5.1(32/622) 5.7 (34/596) 0.67
EASY type | 4.1(27/657) 6.0 (39/650) 0.12 4.3(27/622) 5.2 (31/596) 0.48
EASY type Il 0.8 (5/657) 0.3 (2/650) 0.45 0.7 (4/622) 0.2 (1/596) 0.37
EASY type IIl 0.2 (1/657) 0.3 (2/650) 0.62 0.0 (0/622) 0.2 (1/596) 0.49
EASY type IV or V 0.0 (0/657) 0.0 (0/650) = 0.0 (0/622) 0.0 (0/596) -
None 0.2 (1/657) 0.2 (1/650) 0.99 0.2 (1/622) 0.2 (1/596) 0.99
Bleeding, BARC type 1 5.2 (34/657) 6.0 (39/650) 0.52 5.1(32/622) 4.9 (29/596) 0.82
Bleeding, BARC type 2 0.3 (2/657) 0.8 (5/650) 0.29 0.3 (2/622) 0.8 (5/596) 0.28
Bleeding, BARC types 3-5 0.0 (0/657) 0.0 (0/650) e 0.0 (0/622) 0.0 (0/596) -
Vascular complications 1.2 (8/657) 1.1 (7/650) 0.81 0.5 (3/622) 0.5 (3/596) 0.99
Values are % (n/N) or median (IQR) (N). *Only in TRA arm.
BARC = Bleeding Academic Research Consortium; EASY = Early Discharge After Transradial Stenting of Coronary Arteries Study; NA = not applicable; other abbreviations as in Table 1.

the clinical application of best-practice recommen-
dations for the reduction of RAO and sets a new
benchmark for conventional TRA. In 2 meta-analyses
from 2016 and 2017, early RAO rates were 7.7% and
5.6%.7"*” As a result of the adoption of specific pre-
ventive strategies, early RAO rates were reduced
to <3% in following landmark RCTs, which were
performed at highly experienced radial centers with
distinct use of Slender techniques and improved
hemostasis protocols.'*'° Yearning for a synergistic
benefit, the DISCO RADIAL protocol mandated the
rigorous and concurrent application of the most
relevant strategies shown to favorably affect RAO
occurrence: reduction of the sheath’s outer diameter,
adequate procedural anticoagulation, nonocclusive
hemostasis, and a minimal pressure strategy with
short hemostasis time. Notably, the use of the thin-
walled 6-F Glidesheath Slender with outer diameter
reduced from 2.63 to 2.46 mm'” is especially valued in
the slightly smaller distal radial artery and has been
set as the default sheath for both TRA and DRA in
order to exclude variation in access devices as a
confounding factor. Unique to the DISCO RADIAL trial
are also strict operator criteria for eligibility, ensuring
extended operating experience with both access
routes.

Such an integrated approach proved highly bene-
ficial, yielding effective patent hemostasis in 94.4%
of cases and RAOs rate of 0.91% according to ITT
analysis and 0.81% according to the PP analysis.

Conspicuously, the forearm RAO rate in the DRA
group was even lower, about 3 times less than with
conventional TRA. Following on exciting results from
observational clinical registries, 7 RCTs have been
performed
TRA.'>'>?37 QOverall results of those comparative
assessments are quite conflicting, with forearm RAO
rates ranging from 2.5% to 8.4% following conven-
tional TRA and from 0% to 5% following DRA. These
studies have several limitations, including a single-

to compare DRA with conventional

center design in all but one of them, heterogenous
hemostasis techniques that are not oriented to RAO
prevention, an essentially high rate of RAO, and its
inconsistent definition across the studies. The
recently published DAPRAO (Distal Radial Approach
to Prevent Radial Artery Occlusion) study and ANGIE
(Anatomical Snuffbox for Coronary Angiography and
Interventions) study are the only 2 RCTs comparing
DRA with conventional TRA including forearm RAO
as the primary endpoint.”>"® Yet they are similarly
limited by their single-center designs and by high
rates of forearm RAO in the conventional TRA group
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CENTRAL ILLUSTRATION Key Findings of the DISCO RADIAL Trial
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Aminian A, et al. J Am Coll Cardiol Intv. 2022;15(12):1191-1201.

With thorough compliance with best-practice recommendations for radial artery occlusion prevention, the DISCO RADIAL (Distal vs
Conventional Radial Access) trial showed equally very low incidence of its primary endpoint following conventional transradial access and
distal radial access (DRA). Secondary endpoint comparison showed that DRA had no impact on coronary procedure performance but
introduces a trade-off between the simplicity of the vascular access and the safety of the hemostasis process. ACT = activated clotting
time(s); DRA = distal radial access; TRA = transradial access.
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(8.8% in DAPRAO and 7.9% in ANGIE, both according
to ITT analysis), which is in contrast to best preven-
tion methods to lower RAO rates. Oddly, forearm RAO
rates in the DRA groups of both studies were also
prominently higher than in the DISCO RADIAL trial
(1.2% in DAPRAO and 3.7% in ANGIE, both according
to ITT analysis).

In contrast to the extensive data supporting con-
ventional TRA, the rates of successful cannulation,
procedural complications, and overall safety of DRA
are relatively single-center
studies’”'*?*?”7 and several meta-analysis providing
inconsistent results.”®>° Secondary endpoints and
procedural characteristics are highly valuable to bet-
ter put DRA into perspective. Crossover in DRA was
7.4%, twice the rate as in conventional TRA, but
compares well with crossover rates in the DRA group
of the DAPRAO study (13.3%) and the ANGIE study
(22.3%). Yet it occurred mainly with ipsilateral con-
ventional TRA, making it possible to continue with
the initial vascular access strategy, supporting an
extended access array in the upper limb, and waiving
transfemoral access that would abolish the safety
benefits of TRA.

Also, DRA was associated with twice the incidence

limited to small

of radial artery spasm but similar patient self-
reported pain rating, thus reassuring against a more
unpleasant experience with DRA. The rates of radial
artery spasm in both groups were higher than in
previous RCTs on DRA'?*'3:23:24:2¢ and reflect the more
rigorous and conservative definition provided in the
DISCO RADIAL trial."”

Compared with conventional TRA, time to suc-
cessfully achieving DRA was only slightly longer,
while no differences were seen in procedural dura-
tion, use of contrast medium, and radiation dose.
Although these findings were unreported in the
DAPRAO study, both procedure time and radiation
dose were higher in the DRA group in the ANGIE
study."”

After the procedure, to achieve hemostasis, selec-
tive compression devices were used significantly less
frequently in DRA patients. Yet as previously re-
ported, DRA was associated with a shorter hemostasis
time and a similarly low rate of vascular complica-
tions and mostly puncture site-related
bleeding.’’ The swiftness of the hemostasis process
appears to be a major determinant of the very low rate
of forearm RAO and represents one of the most
appealing advantages of DRA over traditional TRA.

Overall, as the first large international trial, the
results of DISCO RADIAL give a unique snapshot on
the current practice of DRA in experienced radial
centers around the world (Central Illustration).

trivial

The DISCO

Limitations and advantages over conventional TRA
appear related to the start and end of the vascular
access procedure, with no impact on the coronary
procedure itself. Indeed, the curvilinear anatomy and
the smaller size of the distal radial artery challenge
vessel puncture and guidewire advancement.® Yet
ultrasound guidance may increase access success but
requires a learning curve for untrained operators.
However, the same small size of distal radial artery,
coupled to its superficial course over a bony floor
made of the scaphoid and trapezium bones, favors
reliable, quick, and harmless hemostasis. In simple
terms, the difficulty of distal radial puncture is the
cost for low RAO rates with a simple hemostatic
process.

STUDY LIMITATIONS. Although DISCO RADIAL was
the largest multicenter randomized trial comparing
conventional TRA and DRA, some limitations need to
be addressed. The sample size was calculated on the
basis of a conservative estimation of RAO rates to
yield an adequately powered trial. However, the
impact of the lower than anticipated incidence of RAO
in both groups may have led to the difference be-
tween groups being nonsignificant when it actually is
significant. Given the time dependency of primary
PCI, patients with ST-segment elevation myocardial
infarction were excluded from enrollment in the
present trial. Use of the lowest diameter access sheath
necessary to perform the procedure is recommended
to reduce the RAO rates,® and using a 5-F sheath
could have been a logical choice. Yet the study pro-
tocol mandated using same thin-walled 6-F sheath to
avoid heterogeneity among patients and achieve the
best balance between sheath thickness and conve-
nience for everyday interventional practice. Given
that no proper test has been so far developed to
assess persistent flow in the distal radial artery during
hemostatic compression, the study protocol did not
mandate a specific hemostatic protocol in the DRA
group. The consequent lack of homogeneity between
conventional TRA and DRA patients, however, made
it possible to assess liberal hemostasis with DRA
compared with a strict hemostasis protocol after
conventional TRA. The modified EASY classification
could have increased the understanding of puncture
site-related bleeding in the DRA group."®

CONCLUSIONS

In the DISCO RADIAL trial, the rate of forearm
RAO was extremely low following both conventional
TRA and DRA, without a statistically significant dif-
ference between them. Conventional TRA remains
the gold-standard vascular access given thorough
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compliance with best-practice recommendations
for RAO avoidance, which establishes as a mandatory
in transradial practice. At the
same time, DRA emerges as a valid alternative
developing on a noteworthy trade-off between a
more demanding and uncertain arterial puncture and
safer and simpler postprocedural vascular access
care.

new reference
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PERSPECTIVES

WHAT IS KNOWN? DRA has emerged as a prom-
ising alternative to conventional radial access for a
further reduction of RAO rates. Large-scale, interna-
tional trials investigating the benefits of distal radial
with respect to conventional TRA providing system-
atic implementation of best practice to reduce RAO
are currently lacking.

WHAT IS NEW? Results from the large, interna-
tional, multicenter DISCO RADIAL RCT showed equally
very low incidence of forearm RAO. These results
establish compliance with best-practice recommenda-
tions for RAO avoidance as a mandatory new reference
in transradial practice. At the same time, the distal
radial artery arises as a valid alternative associated with
higher crossover rates but with a simpler and shorter
hemostasis process.

WHAT IS NEXT? Further study is required to
determine whether such a strict fulfillment of con-
ventional TRA to best practices favoring radial blood
flow persistence is maintained in real-world settings.
Also, predictors of DRA failure remain to be explored.
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Abstract

The aim of this study was to evaluate the patency of the proximal and distal radial artery after coronary procedures performed
via the distal radial artery (DRA). Ultrasound (US) as the most reliable method was used to diagnose radial artery occlusions
(RAO). We evaluated 115 patients who underwent catheterization via distal radial access ({TRA). Following the procedure
and after successful hemostasis (80 + 36 min), arterial patency and diameter at conventional transradial access (cTRA) and
distal puncture sites (either in the anatomical snuffbox or the dorsal distal RA) were assessed. No RAO were found in the
proximal or distal RA and there were no significant other complications. The mean diameter of the radial artery at conven-
tional puncture site was 2.86 +0.49 mm and at distal puncture site 2.31 +0.47 mm (p <0.001). Postprocedural compression
time of dTRA was very short. In conclusion distal radial access was associated with the absence of early arterial occlusion,
significant local bleeding and other relevant complications.

Keywords Distal radial access - Radial artery occlusion - Duplex ultrasound

Abbreviations snuffbox (SB) for monitoring the cardiopulmonary status of
AV Arteriovenous pediatric patients [1]. Five years later Pyles with colleagues
¢cTRA  Conventional transradial approach published the use of this approach for perioperative arte-

DDRA Dorsal distal radial approach rial pressure monitoring [2]. The goal for anesthesiologists
DRA  Distal radial artery was to minimize the potential risk of hand ischemia. Since
dTRA  Distal transradial approach 1996 DRA has been started to use for AV fistula in selected
DUSG Duplex ultrasound patients to increase the possibility of future access sites
IdTRA  Left distal transradial approach in dialyzed patients [3]. Fifteen years later, Babunashivili
PRA Proximal radial artery described the use of the DRA for proximal RA occlusion
RAO Radial artery occlusion recanalization [4]. Based on the experiences of Kaledin and

RA Radial artery Roghani, involving thousands and hundreds of patients,

UsS Ultrasound respectively, Kiemeneij described in 2017 the first successful
experience with left dTRA via the SB [5-7]. By using new
slender techniques, including thin wall sheaths, the dTRA

Introduction has become a more and more popular within the radialists

The distal radial artery (DRA) approach or distal radial
access (ATRA) has a long and interesting history of almost
45 years. First article about this approach was published in
1977 when Amato described the use of DRA in the anatomic
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community, for coronary and noncoronary procedures [8, 9].
There are several reasons for increasing popularity dTRA.
First of all, previously published work has consistently
shown that RAO at both the conventional and distal radial
access sites is very low, less than 1%. [10-13]. In contrast,
in a meta-analysis published in 2016 RAO with conventional
radial access at the proximal radial artery was 7.7% at 24 h
and decreased to 5.5% at the end of the first week [14].
Reduction of proximal RAO after the procedure via
dTRA could be explained by the absence both of arterial
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wall injury caused by puncture and compression of proximal
radial artery (PRA) [15, 16].

There is also a clear tendency toward less bleeding and
fewer other complications in dTRA [10-13]. Distal radial
artery punctures also have an anatomical advantage. Prior to
reaching the puncture site, i.e., in the anatomical snuffbox or
dDRA, the radial artery gives rise to a branch that can supply
the hand in the event of closure at the distal site [17-19].

The utilization of DRA as the primary puncture site can
effectively spare the proximal radial artery for future use to
dialysis shunt or as bypass graft [20].

Methods

We analyzed 115 patients undergoing diagnostic and/
or interventional cardiac catheterization via dTRA from
either the SB or the DDRA. Patency at the PRA and DRA
punctures sites were evaluated using duplex ultrasound.
All subjects provided inform written consent and the study
conformed to institutional ethics guidelines and Helsinki
Declaration.

Eligibility of patients for dTRA was evaluated by opera-
tor, mostly by palpation. The final location of the distal radial
puncture (i.e., the SB or DDRA) was at the operators’ discre-
tion. Only patients with successful distal radial punctures
were included in the evaluation. The puncture technique
aimed for an anterior wall puncture. Two of three operator
use an open 22G needle and spring coil wire (Terumo, GSS)
and other used a 20G cannula (BBraun, Introcan Safety®
20G x 1 %4”) and polymer wire (Terumo™). Punctures were
mostly guided by palpation and rarely by US guidance at
the discretion of the operator [21]. Only Glidesheath slender
introducers (5F in 109 and 6F in 6 patients) were used in
the study. Diagnostic procedures were performed primarily
with Judkins left and right SF catheters (Cordis Infiniti).
For interventional procedures Medtronic Launcher or Cordis
Vista Brite Tip guiding catheters were used.

All patients were anticoagulated using a standard protocol
with 5000 IU UFH. For interventional procedures, 75 TU
UFH/kg or ACT guided dose aiming at 300 s were used. All
subsequent antiplatelet therapy followed current guidelines.

After the procedure, the sheath introducer was removed
immediately on the table and DRA was compressed by

Table 1 Our hemostasis protocol for DRA with modified TR band

modified TR Band with initial inflation by 12 ml of air
(Fig. 2). Hemostasis protocol in our study originated from
our protocol for the proximal radial artery compression
described in detail previously [15]. Protocol for DRA
compression was simplified because of absence of pat-
ent hemostasis control (Table 1). Our special modifica-
tion of TR Band was inspired by Martinez-Crespo [22].
After removal of the compression device and successful
hemostasis, compression time and complications, if any,
were recorded. US measurement and evaluation of PRA
and DRA patency was performed before discharge, either
on the same day or the next morning.

Duplex ultrasonography

Duplex ultrasonography (DUSG) allows structural visu-
alization of the radial artery and evaluation of blood flow
using color and pulse wave Doppler imaging. An absence
of flow indicates artery occlusion. This method is con-
sidered the gold standard for non-invasive arterial flow
assessment. DUSG is accurate, safe, readily available, and
is not harmful to patients.

In our study, all DUSG assessments were performed
after removal of the TR Band in first 24 h. The arteries
were measured in two perpendicular diameters—at the
puncture site (either SB or at DDRA) and conventional
radial artery puncture site, i.e., 1-2 cm proximal to the
styloid process. Flow was evaluated with color and pulse
wave Doppler analysis. Absence of flow indicated occlu-
sion of the artery [23].

The US assessment used a GE Vivid S6 sonograph with
a linear 9L transducer (2.4-10.0 MHz). Printouts of meas-
urements were archived. Measurements were done by two
sonographers. Routine ultrasound assessments of arteries
before procedures were not part of our study.

Data analysis and statistical evaluation

Data were analyzed with descriptive statistics, and the dif-
ference of RA diameters at conventional site and at DRA
puncture site were compared using the Students 7 test in
MS Excel.

Cathlab

Radial lounge or ward

1. TR Band is inflated to 12 ml when patient is still on the table and
sheath is removed

2. Pressure is reduced to minimum without bleeding. Note residual air
volume in the TR Band

3. Repeat step 2. again before leaving cathlab

1. Decrease again to minimal pressure every 20 min (usually 2-3 ml)
and note residual pressure

When pressure is off wait 30 min for safety and remove the device

2. In case of bleeding increase the pressure to stop it and note the
residual volume and carry on with the protocol
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Results

One hundred and fifteen patients referred for diagnostics
or PCI were catheterized via dTRA and evaluated for post-
procedural patency of the radial artery at conventional and
distal puncture sites by DUSG. Patient characteristics are
summarized in Table 2. In 76 (66%) patients was performed

Table 2 Patient characteristics

Characteristics N=115
Female 23
Age (years) 67 (£10)
(range
40-86)
BMI (kg/m?) 30+5
Hypertension 87 (76)
Hypercholesterolemia 80 (70)
DM 47 (40)
Smoker 34 (30)
Prior MI 20(17)
Prior catheterization/PCI 28 (24)
ASA 81 (70)
P2Y12 48 (42)
OAT 20(17)

Data expressed as absolute (relative %) frequencies; age and BMI are
expressed as mean values + standard deviation

BMI body mass index, DM diabetes mellitus, MI myocardial infarc-
tion, PCI percutaneous coronary intervention, A7 antithrombotic
therapy, OAT oral anticoagulation treatment—NOAC or warfarin

diagnostic selective coronarography only (in all via 5F
GSS). In 39 (34%) patients was performed coronary inter-
vention, 33 (85%) patients via SF GSS, 6 (15%) patients with
6F GSS. Four (3.5%) patients out of 115 were catheterized
from the right RA and 111 (95%) from the left RA. Mean
compression times were 80 min +38.6, and the median was
68 min. As can be seen from the histogram of compres-
sion times and from the box plot, almost 80% of compres-
sion times were shorter than 90 min, and times longer than
135 min were exceptional (outliers) (Fig. 1). In comparison
with data from our previous study, compressions times were
approximately 20 min shorter than after cTRA [23].

All patients from the study underwent DUSG evaluation
and measurement of radial artery diameters at cTRA and
dTRA puncture sites. In our patients, we found no RAO
at either site. Antithrombotic therapy at the time of sheath
removal and during hemostasis is summarized in Table 3.
All anticoagulated subjects on oral anticoagulation (OAT)
treatment had interrupted OAT at the time of catheteriza-
tion (the last dose of NOAC was on the previous day, the
international normalized ratio (INR) were less than 2.5 per
our institutional and procedural standards).

The mean diameter of the radial artery at cTRA punc-
ture site (PRA) was 2.86+0.49 mm and the range was
1.75-4.1 mm; at dTRA puncture site (DRA), the mean diam-
eter was 2.31 +0.47 mm and the range was 1.05-3.7 mm
(p<0.001). DRA diameter was smaller than PRA diameter
by 19% in average.

Proximal radial arteries in our female patients were
significantly smaller than in males (female 2.56 mm/
male 2.93 mm, p <0.001). However, distal radial artery in
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Fig. 1 Compression times: histogram, cumulative histogram, and box plot. Box plot (right part of the figure) shows that approximately 80% of
patients had compression times less than 90 min, and almost 95% of patients were less than 135 min
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Table 3 Procedural characteristics

Procedural characteristics N=115 (%)
SB/DDRA 83 (72)
DDRA 32(28)
Left/right DRA 111 (97)/4 (3)
Indication for catheterization

Stable CAD/diagnostic 99 (86)

Elective PCI 10 (9)

ACS 6(5)
GSS 5F/6F 109/6 (95/5)
Contrast media (ml) 128+55.9
Fluoro time (min) 6.8+5.8
Same day discharge 65 (56)
CAG 76 (66)
(CAG+) PCL 39 (34)
Compression time (min) 80+39

Data expressed as absolute (relative %) frequencies, continuous vari-
ables as mean value + standard deviation

SB anatomical snuff-box, DDRA dorsal distal radial artery, DRA dis-
tal radial access, CAD coronary artery disease, PCI percutaneous
coronary intervention, ACS acute coronary syndrome, CAG coronary
angiography

females was not statistically significantly smaller than in
males (female 2.25 mm/male 2.32 mm, p=0.27). Because
of the small number of females accessed via the distal/dorsal
approach (4), we did not analyze subgroups relative to the
SB vs. DDRA.

We encountered one (0.9%) hand swelling, most prob-
ably caused by bleeding from a DDRA puncture site which
required only longer local compression. However, the swell-
ing resolved spontaneously without any intervention and no
sequelae within a week. Other minor complications involved
10 (8.7%) very small hematomas (0.5-2 cm) not requiring
any treatment or follow-up (Tables 3 and 4).

Discussion

The main benefit of dTRA in comparison with pTRA is a
significant reduction of RAO on the wrist. Therefore atti-
tudes toward DRA were initially conservative in our PCI
center because we had already achieved cTRA RAO rates
of < 1% [23-25]. However, the additional advantages of
DRA became apparent and provided momentum to start
a dTRA program. Hemostasis after conventional TRA is
generally very safe. Neurological complications (motor or
sensory) are very rare, but a small number are reported in
the literature. The difficulties, which are most commonly
paresthesias or sensory and rarely motoric disturbances, may
be related to RAO or nerve damage during compression. In
systematic meta-analysis from 2018 the most common was
pain after TRA 7.8%, nerve damage 0.16%, hand function
disability 0.49%, sensory loss, numbness, tingling 1.61%
[26]. Extremely long compression time can be associated
with damage to the nerve bundles supplying the hand and
cause subsequently neurological deficit [27]. Distal radial
approach can prevent these neurological complications by
the absence of the compression in the wrist and shortening
of the compression time.

According to ultrasound studies, the size of the distal
radial artery is 10-20% smaller than the size of the proxi-
mal radial artery at the wrist [10]. However, using thin wall
sheaths and advanced slender techniques allows even very
complex interventions to be done safely [28].

The mean DRA diameter in our study was 2.31 mm after
the procedure. Measurements being taken after procedures
might have, of course, influenced results, but in compari-
son with data from the literature, DRA diameters measured
preprocedural did not differ significantly from our measure-
ments [10, 12].

DRA also facilitates left radial access not only for right
handed patients but also for operators [7, 11]. For major-
ity of operators cTRA via the left extremity is frequently
uncomfortable. When the distal radial approach is utilized,
the patients left hand can be placed in a pronated position
towards the right groin because the puncture is carried out
from the dorsal rather than the palmar side of the hand. The

Table 4 Results—US diameters,

0 Diameter (n=115) F(n=23) M=(92) Local hemato- RAO
RAO, and complications mas>?2 cm
DRA 2.28+0.49 2.25+0.111 2.32+0.051 0 0
PRA 2.86+0.49 2.56+0.41% 2.93+0.49" NA 0

#»<0.001, INS

Diameters in mm expressed as mean + standard deviation, RAO, and complications as frequencies
PRA proximal radial artery, SB anatomical snuffbox, DDRA distal distal (dorsal) radial artery, RAO radial

artery occlusion

@ Springer

74



Distal radial access and postprocedural ultrasound evaluation of proximal and distal radial...

operator can work as usual from the right side of the patient
and does not need to band over the patient to reach for the
left radial artery. All advantages of IdTRA for operators are
explained in more depth by Kiemeneij [7].

Right-handed patients, representing 90% of the popula-
tion, usually prefer the left radial approach. Therefore, our
center has performed radial catheterizations and interven-
tions via the non-dominant hand for the last fifteen years.
Our experience using left dTRA confirms that the more nat-
ural position of the left hand during the procedure is really
more comfortable for patients than left cTRA.

In our study all patients were catheterized via the DRA
and no occlusions were found at puncture site or in the PRA.
The only one complication was a single case of hand swell-
ing (probably due to local bleeding), which was treated con-
servatively and resolved over a few days. Additionally, ten
small superficial hematomas up to 2 cm in size were not
clinically relevant and required no treatment. Our results
support the idea of protection of forearm against hematomas
extension from the dTRA [29]

Postprocedural compression of DRA can be performed by
different ways from elastic bandage to dedicated device [12].
We initially started to use TR Band for DRA compression
without its rigid part. Currently we use modified TR Band
as described above. This modification better matches the
anatomical needs for dTRA (Fig. 2) [22].

Another potential benefit of DRA could be the use of
this approach for invasive blood pressure monitoring as a
replacement of cTRA. Placing a line in the radial artery on
the wrist may cause permanent hand ischemic injuries in
rare cases or more often asymptomatic occlusions [30, 31].
Based on our positive experience with dTRA we recently
started to cannulate radial artery in the snuffbox also in
patients requiring hemodynamic monitoring on our ICU
(Fig. 3). For precise evaluation of benefits and disadvan-
tages of DRA in this indication future research is necessary.

Fig.3 Use of the distal radial artery (anatomical snuffbox) for inva-
sive blood pressure monitoring in the ICU

Our work has following limitations. First, it is a single-
center, non-randomized study, and second, the sample size
was too small to make general recommendations. There-
fore, we await with great interest the results from the DISCO
RADIAL trial (NCT04171570—DIStal Versus COnven-
tional RADIAL Access for Coronary Angiography and
Intervention, which is the first large international multicenter
clinical trial comparing dTRA and cTRA in 1300 rand-
omized patients DISCO RADIAL trial (NCT04171570—
DIStal Versus COnventional RADIAL Access for Coronary
Angiography and Intervention) [32]. Another potential limi-
tation of our study could be early ultrasound radial artery
patency evaluation which could theoretically underestimate
chronic (later) RAO. On the other side we supposed that this
underestimation is unlikely because Nagai et al. found 60%
of patients with early RAO had spontaneous recanalization
after 6 months in their ultrasound study [33].

Fig.2 Modified TR band used
in our study

Left image: modification of stiff inner part of the TR Band. Smaller part is taken away;

Right image: Shortened stiff part of TR Band makes compression of the radial artery in the

anatomical snuffbox optimal.
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Due to the minimal risk of complications, we strongly
believe that DRA has the potential to become the first-line
arterial approach for a substantial proportion of catheterized
patients.

Conclusion

Coronary catheterizations and interventions using the distal
radial approach were not associated with any postprocedural
radial artery occlusions at the puncture site or in the proxi-
mal radial artery. Moreover this approach was not associated
with any other relevant complications.
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Vascular access in (cardiac) catheterizations Radial artery access complications

« Arterial access is an integral part of cardiac catherizations and interventions.

RAO 39-81%
et e " Spasm 4316%
- Hematoma 1,226%
1 Pseudoaneurysm 0,03.02%
Perforation radial/brachial a. 0,07-09%
. AV fistula <01%
= I Proximal Dissection 0,05.0,4%
4\ \.\ (conventional) RA Hand ischaemia <0.1%
AN
vl W4 / Compartment syndrom <0,05%
o Riangwiwot T, Blankenship JC: Vosculor Complications of Transradil Access for Cardiac Catheterization, US.

Cardiology Review 2021;15:e04
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Cardiovascular Interventions

Distal Versus COnventional RADIAL

Access for Coronary phy and

Intervention: a Randomized
Multicenter Trial

- Distal
[ ~1300 patients Transradial access
requiring transradial
coranary
angiography and/or
intervention

Transradial access
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Routine Ultrasound in DRA:
pilot project

* Hypothesis:

Routine ultrasound use can enlarge fraction of patients
suitable for cath via DRA

* Non palpable DRA can be punctured with US guidance

* US use is applicable in routine clinical setting in everyday
workflow

Patients need not to be preselected by palpation to assess
eligibility for DRA access.

Routine Ultrasound in DRA:
pilot project

« Protocol outline

« Non selected consecutive patients

+ Excluded are subject with STEMI, shock and generally all subjects where
protentional delay (that might be caused with US sterile setting) might affect
outcome, primarily other than radial access

« Patients are involved irrespective of palpation quality of DRA (snuffbox o distal
dorsal)

« Quality of palpation is assed by nurses before sterile drape and the by cardiologist
before puncture in sterile setting. Both are recorded and can be compared.

* Al Patients give institutional informed consent

Routine Ultrasound in DRA:
pilot project

+ Qualy o

- Tercile1 as7nat -
+ 0-nopulsation
* 1-unsure weak pulsation
+ Torlle 2 weak to very weak pulsation ~ puncture not sure.
+ 2 very weak, but present pulation, puncture unsure
3-weak, but certin pulsation, punciure probably possible
« Terlle 3 generally good pulsation
+ - good pulsation suitable for puncture
+ 5= very good pulsaton, falure not probable

Routine Ultrasound in DRA: pilot project

Protocol outline

« Basic demography, info about previous use o ipsilateral RA or DRA

+ Quality of palpation according to previous slide (nurse and performing

physician)

+ US evaluation - cross-sectional dimension in two perpendicular axes

* Number of puncture attempts

* Success of sheath insertion, sheath size (always GSS), type of procedure

* Site of puncture (sin, dx, SB, DDRA)

Routine Ultrasound in DRA
Evaluation of subject recruitment after first 50 subjects

« Evaluation of non selected subjects after including of first 50 subjects
« From total of the first 74 screened patients was into the project included 50 patients
+ Of Note: In 24 subjects, that were not included in the project, 6 of them were
anyway catheterized from z DRA
* 24excluded:
3x nonfunctional ultrasound (US machine in repair)
15K STEMI
. 2x height of patient + length of arm too long for standard catheter
axprimarily femoral artery from different reasons

swn

Routine Ultrasound in DRA: Result overview

Demography N=100=%

Procedural data -

[OTAL (F) 100(24) Total succesfllsheath insertions n=94

HIN 2

hge & sBsin 91(97%)

Ml 30 5B dx 3(3%)
HIN 7 FS/F6 76/18(19%)
P 82 SKG 71(76%)
o 28] SKG+PCI 23(24%)
Smoker 20

IcHs 34

PCl prev. 2n

CTRA psilat prev. 27
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Routine Ultrasound in DRA: centralillustration

* ~11% w/o palpable DRA

* With use of US in ~ 80% puncture
and sheath insertion (and cath)

Diameters by tercil of palpation Puncture Attempts by palpation terciles

n-

. : possible
* Total crossover

: * 5% (palp +), 6% (palp +/-)

* Avg # of punctures 2,6 vs 1,8
' (pal

Ip+/- palp +)
+ Total success of sheath insertions
n

and cath performance 94% i
. nonselected population

% success of sheath insertion ¢

2

Terciles of palpation quality

alm2 a3

Important findings:

Comparison of DRA diameter n succesful Pu 1t by palpation

<
{a) and unsuccesful(n) puncture palpation and vessel diameter

Routine Utrssound in ORA

Routine Ultrasound in DRA

n 11 30 59 100

Number of pucture attempts frequencies

52 N=100

Success n(%) 9(82) 29(97) 56 (95) 94 (94) 28
AVG diameter (mm) 2,01 2 2,32 2,19
min/max (mm) 125/305  1,10/2,95  140/330  1,10/330
[ 6 | =
1 2 3 4 5
T of puncture attempts in successful vascular sheath insertions
. 50 What are new contributions of our
N=94 project to current knowledge?
@ 78%
) N « Results from project:
-+ Atpresnt, ot singof US excludes ptient w/o palpable atery in snuffbox from DRA
. » perform puncture and
sheath these patients. ly igible for DRA)
ith high e of succes. The toal sccess ate i nonselected atients could exceed
. 50% and may approach cTRA
" 5 « Therefore, the DRA has the great potential to become the first choice in the selection of
. —
1 > s . s
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Zaveér - nas cil do blizké budoucnosti = rozsifit do PCI center:

alpable distal Gistal radial mntruubled
radial artery pulse access hemostasis
. >
¥
onventional upervised
hemostasis

transradial access
’

e s, GD [':;?9

Zavér - nas cil do blizké budoucnosti = rozsifit do PCI center:

Qa“istal @istal radial
radi; pulsi access

0 ntroubled
hemostasis
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Failed }
v

onventional upervised

transradial access hemostasis
’
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