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Benefity a uskalia karotickych stentov
s dvojvrstvovym dizajnom — systematickeé review

Benefits and pitfalls of carotid stents with dual-layer design —

a systematic review

Suhrn

Ciel: Karoticky stenting je povazovany za doélezitd minimélne invazivnu metddu liecby
stendzy karotickych tepien. PouZitie stentov prvej generdcie bolo v porovnani s karotickou
endarterektémiou spojené s vyssou mierou neurologickych komplikécii. S cielom minimalizacie
prolapsu aterosklerotického pldtu a naslednej embolizacie bola vyvinutd druhd generécia
stentov pokrytych mikrosietkou. Cielom tohto systematického review je popisat hlavné vyhody
a pripadné limitacie pouZitia karotickych stentov s dvojvrstvovym dizajnom. Metddy: Clanky boli
vybrané v stlade s odporucenim PRISMA. Vyhladdvanim v databézach Scopus, PubMed a Web of
Science bolo k analyze vybranych 247 publikacii. Odstranenych bolo 128 duplikatov a 81 publikacif
na zéklade vylucovacich kritérii. PresStudovanim zoznamu referencif ostavajucich 38 ¢lankov bolo
dohladanych dalsich Sest relevantnych zdrojov. Do review bolo zahrnutych celkom 44 publikacif.
Wsledky: Studie ukazuju, Zze pouZitie dvojvrstvovych stentov redukuje vyskyt periproceduralne
cerebrdlnej embolizcie, 30-dnovy aj 12-mesacny vyskyt ipsilaterdinej cievnej mozgovej prihody
u asymptomatickych aj symptomatickych pacientov. Stenty druhej generdcie vsak vykazuju
zdsadné rozdiely v konstrukcii stentu a tiez v ich klinickych vysledkoch. Zdver: Technolégia
dvojvrstvovych stentov méze zlepsit kratkodobé aj dlhodobé vysledky karotického stentingu. Aj
ked chybaju randomizované studie porovnévajlce stenty druhej generacie s chirurgickou lie¢bou,
uz v stcasnosti publikované vysledky mézu vyznamne ovplyvnit rozhodovanie v primarnej
a sekundarnej prevencii mozgovej prihody.

Abstract

Aim: Carotid artery stenting is considered an important minimally invasive treatment modality in
stenotic carotid artery disease. First-generation carotid stents have been associated with a higher
rate of neurologic complications than carotid endarterectomy. To minimize atherosclerotic plaque
prolapses and subsequent embolization, a second generation of micromesh-covered stents
has been developed. The aim of this systematic review is to describe the main advantages and
possible limitations of carotid stents with dual-layer design. Methods: The articles were selected in
accordance with the PRISMA guidelines. The databases Scopus, PubMed and Web of Science were
searched, 247 publications were selected for analysis, and 128 duplicates were removed. Based
on the exclusion criteria, 81 publications were omitted. The reference lists of the 38 remaining
articles were reviewed and six additional relevant sources were found. A total of 44 publications
were included in the review. Results: Studies show that the use of dual-layer stents reduces the
incidence of periprocedural cerebral embolism and the incidence of ipsilateral stroke at 30 days
and 12 months both in asymptomatic and symptomatic patients. However, second generation
stents show fundamental differences in stent construction and also in their clinical outcomes.
Conclusion: The dual-layer stent technology may improve short- and long-term clinical results of
carotid artery stenting. Although randomized trials comparing second-generation stents with
surgical treatment are lacking, currently published results may significantly influence decision-
making in primary and secondary stroke prevention.
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BENEFITY A USKALIA KAROTICKYCH STENTOV S DVOJVRSTVOVYM DIZAJNOM — SYSTEMATICKE REVIEW

Uvod

Stenting karotickej tepny (carotid artery sten-
ting; CAS) sa popri karotickej endarterektémii
(carotid endarterectomy; CEA) stal dolezitou
minimalne invazivnou alternativou liecby
stenozy karotickej tepny ako sucast primar-
nej a sekundarnej prevencie CMP. Podla me-
taanalyzy velkych randomizovanych studif
je vsak CAS spojeny s vyssim vyskytom ip-
silaterdlnych CMP ako CEA [1]. Znacné cast
tychto prihod (30-60 %) vzniké v postpro-
cedurdlnom obdobi a v mnohych pripa-
doch byva pripisovana prolapsu ateroskle-
rotického pldtu cez okd stentu s néslednou
embolizaciou [2].

Minimalizacia protruzie platu sa stala jed-
nou z hlavnych vyziev pri endovaskuldrnom
osetrenf karotickej stendzy. S cielom zniZenia
vyskytu neurologickych prihod pri CAS bol
vyvinuty novy typ stentov pokrytych mikro-
sietkou, oznac¢ovanych aj ako stenty druhej
generdcie. Tento dizajn umozniuje efektivne
prekrytie platu a tym tvorf mechanickd ba-
riéru znizujucu embologénny potencidl
platu [2,3].

Viaceré studie [4-10] vratane dvoch ran-
domizovanych [11,12] ukazuju, Zze dvojvrs-
tvové stenty moézu zlepsit vysledky CAS

minimalizaciou vyskytu peri- a postproced-
uralnych mozgovych prihod.

Cielom tohto ¢lanku je systematickou for-
mou zhodnotit vysledky CAS s dvojvrstvo-
vymi stentami, vyskyt peri- a postprocedu-
ralnej CMP, vyskyt restendzy, ako aj vysledky
pouzitia stentov druhej generacie v rdmci
emergentného odetrenia karotickej stendzy pri
liecbe CMP s tandemovymi [éziami. Zamerom
bolo aj porovnanie vysledkov jednotlivych
typov dvojvrstvovych stentov.

Metody

Publikécie boli vyhladdvané v databazach Sco-
pus, PubMed a Web of Science s pouzitim vy-
razov ,carotid artery” AND ,stent” v kombina-
cii s vyrazmi ,double layer” OR ,double mesh”
OR ,dual mesh” OR ,dual layer”. Vstupnymi
kritériami pre zahrnutie do analyzy boli: re-
cenzované publikdcie, studie na ludoch, an-
glicky/Cesky/slovensky jazyk. Vylu¢ovacimi kri-
tériami boli: nerelevantné publikacie, Studie
s menej ako 15 pacientmi, pripadové $tudie
a komentare. Celkovo bolo na zéklade prvot-
ného vyhladavania ndjdenych 247 publikacii.
Po odstraneni 128 duplikatov bolo k dalsej ana-
lyze vybranych 119 ¢lankov. Na zéklade vyluco-
vacich kritérif bolo odstrénenych 81 publikacii.

publikacie ziskané na zaklade vyhladdvania
Scopus (n = 105), PubMed (n = 61),
Web of Science (n = 81)

|4

b

publikdcie po odstraneni duplikatov
(n=119)

|4

=

publikécie zaradené do dalsej
analyzy (n = 38)

|4

b

publikacie zahrnuté do review (n = 44)

duplikaty (n = 128)

publikécie odstrénené na zaklade
vylucovacich kritérif (n = 81)

sekundarne zdroje zo zoznamov referencif
vybranych publikacif (n = 6)

Obr. 1. Schéma vyberu ¢lankov do systematického review.

n - pocet

Fig. 1. Diagram of the selection process for inclusion of the articles in the systematic

review.
n - number

Po prestudovani zoznamov referencif
ostavajucich 38 studii bolo dohladanych dal-
sich 6 relevantnych zdrojov. Do prehladného
referdtu bolo zahrnutych celkom 44 pub-
likacif splhajucich kritéria odporucenia PRI-
SMA [13] vratane pat metaanalyz a jedného
systematického review. Schéma vyberu
publikacif je na obr. 1.

Typy stentov

V stic¢asnosti su dostupné tri typy dvojvrstvo-

vych karotickych stentov. Lisia sa materidlom

a dizajnom mikrosietky ako aj jej umiestne-

nim vzhladom ku stentu.

+ Roadsaver® Carotid artery stent system
(Terumo, Tokio, Japonsko) a Casper Rx™
(Microvention, Tustin, CA, USA). Ide o rov-
naké zariadenie s dvomi réznymi ndzvami.
Samoexpandovatelny closed-cell stent
ma nitinolovy mikrosietku umiestnent na
vnutornej strane stentu s pormi priemeru
375-500 pum (obr. 2). AZ do otvorenia 50%
dlzky stentu je v pripade potreby mozné
jeho stiahnutie do zavddzacieho systému
a vykonanie repozicie. Vonkajsi priemer
zavadzacieho systému je 5F [14].

+ CGuard™ (InspireMD Inc., Boston, MA,
USA). Nitinolovd samoexpandovatelna
open-cell konstrukcia stentu je z vonkaj-
sej strany pokrytd patentovanou Micro-
Net sietkou z polyetyléntereftaladtového
vldkna hrdbky 20 um s pormi velkosti 150—-
180 pum (obr. 3). Vonkajsi priemer zavadza-
cieho systému je 6F [14].

« GORE® Carotid Stent (W.L. Gore & Asso-
ciates, Inc., Flagstaff, AZ, USA). Samoex-
pandovatelny open-cell nitinovolvy stent
je zvonku pokryty perforovanou polytet-
rafluoroetylénovou/teflénovou membra-
nou s velkostou pérov 500 um. Na po-
vrch stentu je naviazany heparinovy film
CBAS® Heparin Surface, ktory vytvara per-
zistentny antitrombogénny povrch. Zava-
dzaci systém je 5F alebo 6F [15].

Peri- a postproceduralna CMP

Hlavnou limitaciou CAS so stentami prvej ge-
nerdcie je vyssi vyskyt peri- a postprocedu-
ralnej CMP v porovnani s CEA [16,17]. Ne-
ddvna randomizovand studia ukdzala
vyznamnu redukciu vyskytu novych [ézif
na difizne vadZzenych MR obrazoch, uka-
zovatela periprocedurdlnej embolizécie,
u stentov pokrytych mikrosietkou v porov-
nani so stentami prvej generacie [12]. Dal-
Sia randomizovana Studia dokazala tran-

miko-embolickych signdlov pri pouziti
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stentu Roadsaver a proximalnej baldnikovej
emboloprotekcie [11].

V roku 2022 boli publikované viaceré me-
taanalyzy prindsajuce povzbudivé vysledky
dvojvrstvovych stentov, avsak vdcsie pro-
spektivne Studie porovnavajuce klasické
a dvojvrstvové stenty zatial neboli publi-
kované. Podla metaanalyzy Pini et al [14]
zahfnajucej 14 studii a 1955 pacientov je
30-driovy vyskyt CMP 1,4 %. Asymptoma-
ticki pacienti mali vyskyt CMP 1,5 %, ¢o je
vyznamny posun v porovnani s nedavnou
randomizovanou studiou Second Asympto-
matic Carotid Surgery Trial (ACST-2), kde bol
vyskyt CMP 3,6 % [18].

Velmi dobré vysledky boli dosahované aj
u symptomatickych pacientov s 30-driovym
vyskytom CMP 1,9 % [14]. U symptomatic-
kych pacientov bol v minulosti publikovany
vyrazne vyssi vyskyt mozgovych prihod,
v randomizovanej studii International Caro-
tid Stenting Study (ICSS) az 7 % [19].

Pribuidaju udaje, ze rozdiely v konstruk-
cii dvojvrstvovych stentov ovplyvnuju kli-
nické vysledky CAS. Porovnanie jednotlivych
dvojvrstvovych stentov odhalilo medzi nimi
vyrazné rozdiely. Podla Gdajov z metaana-
lyzy 30-dnovy vyskyt CMP pri pouziti stentu
Casper/Roadsaver je 0,5 % a pri stente CGuard
0,54 %. Avsak pri stente Gore je to 2,89 %.
Vyskyt ipsilaterdlnej CMP za 12 mesiacov
u stentu Gore je 3,1 %, Co je tiez vyznamne
viac ako 0,26 % u stentu Casper/Roadsaver
a 0,38 % u stentu CGuard. V porovnani so
stentami prvej generacie stenty Casper/Road-
saver a CGuard znizuju 30-dnovy aj 12-me-
sacny vyskyt CMP. U stentu Gore neboli preu-
kdzané vyznamné rozdiely oproti klasickym
stentom [2]. Prehlad literatdry uvadzajicej pe-
riprocedurdlny vyskyt CMP u dvojvrstvovych
karotickych stentov je zhrnuty v tab. 1.

Detailnejsie Udaje su ocakévané od pre-
biehajlcej studie ROADSAVER realizovanej
na 1967 pacientoch. Podla predbeznych vy-
sledkov je 30-dnhovy vyskyt CMP nizky s pe-
riprocedurdlnou emboloprotekciou (2 %) aj
bez jej pouzitia (1,3 %) [35].

Restendza

Jednotlivé dvojvrstvové stenty sa lisia aj vo
vyskyte restendzy. Podla Udajov z meta-
analyzy je ro¢ny vyskyt opakovaného zuze-
nia v stente u stentov prvej generacie 3,97 %
a vyraznejsie sa nelisi od 4,83 % vyskytu
restendz u stentu Gore. Zatial ¢o pri stente
CGuard su restendzy signifikantne menej
Casté (0,34 %), pri stente Casper/Rodsaver su
pozorované vyznamne castejsie (7,16 %) [2].

Obr. 2. Stent Casper Rx™. Publikované so sihlasom Microvention, Tustin, CA, USA.
Fig. 2. Stent Casper Rx™. Published with permission of Microvention, Tustin, CA, USA.

Obr. 3. Stent CGuard™. Publikované so suhlasom InspireMD Inc., Boston, MA, USA.
Fig. 3. Stent CGuard™. Published with permission of InspireMD Inc., Boston, MA, USA.

Zvyseny vyskyt restendzy tohto typu stentu
popisuju aj inf autori [27].

Signifikantne vyssi ro¢ny vyskyt reste-
nozy stentu Casper (8,2 %) oproti stentom
prvej generacie (1,7 %) sme pozorovali aj
u nami liecenych pacientov. Pri 24 mesac-
nom medidne sledovania vzrastli restendzy
u Casperu na 13,3 % [36]. Prehlad literattry
uvadzajucej vyskyt restendzy a potrebu rein-
tervencii u karotickych stentov druhej gene-
racie je zhrnuty v tab. 2.

Podla odporucani European Society for
Vascular Surgery (ESVS) z roku 2017 je reinter-

vencia indikovana len u symptomatickych
restendz [41], preto ostdva klinicky dopad
prevazne asymptomatickych restendz zatial
nejasny.

Po prekryti arteria carotis externa (ACE)
dvojvrstvovym stentom je 30-dnovy vyskyt
jej uzaveru popisovany v 0-19 % [23,30,32].
Vo velkej studii so 726 pacientmi bola pri roc-
nom sledovani ACE priechodné v 98,8 % [40].

Ultrazvukové kontroly
Stent Casper je potrebné hodnotit pri ul-
trazvukovom vysetreni obozretne, pretoZe sa
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kymi stentami.

Tab. 1. Prehlad literatury uvadzajucej peri- a postprocedurélny vyskyt CMP u stentingu karotickej tepny s dvojvrstvovymi karotic-

pat(i)ec::ov Vek Muzi Stent Os'l(el:illja doc3,\3|21n|'
Bosiers et al 2016 [20] 100 73 70 % Roadsaver/Casper 0% 1%
Casana et al 2017 [21] 82 74 75 % CGuard 1,2 % 1,2 %
Mutzenbach et al 2018 [22] 138 71 76 % Roadsaver/Casper 0% 0%
Nerla et al 2018 [23] 150 74 75 % Roadsaver/Casper 0% 0%
Speziale et al 2018 [24] 200 73 66 % CGuard 0% 2,5%
Gray et al 2019 [15] 264 73 64 % GORE Carotid Stent 11 %
Ruffino et al 2019 [25] 50 74 66 % Roadsaver a CGuard 0% 0%
Wissgott et al 2019 [26] 30 72 87 % CGuard 0% 0%
Imamura et al 2020 [27] 140 73 88 % Roadsaver/Casper 0% 14 %
Machnik et al 2020 [28] 298 71 71 % Roadsaver/Casper 0,7 % 3%
Mazurek et al 2020 [29] 106 69 70 % CGuard 0% 09 %
Montorsi et al 2020 [11] 54 71 80 % Roadsaver/Casper 0% 09 %
Sirignano et al 2020 [30] 733 73 70 % CGuard 0% 0,5 %
Kahlberg et al 2021 [31] 100 73 72 % Roadsaver/Casper 0% 1%
Karpenko et al 2021 [12] 50 65 76 % CGuard 0% 0%
Tigkiropoulos et al 2021 [32] 103 69 87 % CGuard 0% 0%
Haas et al 2022 [33] 116 73 61 % Roadsaver/Casper 0% 0%
Petkoska et al 2022 [34] 105 68 70 % Roadsaver/Casper 0% 0%

tickymi stentami.

Tab. 2. Prehlad literatury uvddzajucej vyskyt restendzy a potrebu reintervencii u stentingu karotickej tepny s dvojvrstvovymi karo-

Doba sledovania

Pocet pacientov Stent (mesiace) Restendza Reintervencia
Bosiers et al 2018 [37] 100 Roadsaver/Casper 12 75 % 21 %
Capoccia et al 2018 [38] 200 CGuard 12 1% 1%
Nerla et al 2018 [23] 150 Roadsaver/Casper 12 5% 3%
Gray et al 2019 [15] 244 GORE Carotid Stent 12 1,2 % 41 %
Imamura et al 2020 [27] 140 Roadsaver/Casper 12 8,5 % 24 %
Machnik et al 2020 [28] 298 Roadsaver/Casper 48 max. 23% 23%
Mazurek et al 2020 [29] 106 CGuard 12 09 % 09 %
Mutzenbach et al 2020 [39] 108 Roadsaver/Casper 12 1,9 % 09 %
Sirignano et al 2021 [40] 726 CGuard 12 0,82 % 0,28 %
Kahlberg et al 2021 [31] 100 Roadsaver/Casper 223+139 5% 1%
Sykora et al 2022 [36] 83 Roadsaver/Casper 24 median 13,3 % 6%

zdd, Ze tento stent sposobuje zvysenie maxi-
malnej systolickej rychlosti (PSV) aj bez inych
znamok restendzy. Mutzenbach et al popi-
suju, Ze 22,2 % tychto stentov vykazovalo zvy-
sené PSV na 100-199cm/s, pri normalnom
obraze v B-mdde a farebnom dopplerovskom

zobrazeni [39]. Vplyv na PSV bol pozorovany
aj u nasich pacientov lie¢enych tymto sten-
tom. Narast PSV na 130-299cm/s sa v prie-
behu sledovania nasiel u 12 % pripadov [36].
Pre hodnotenie zavaznosti restendzy
stentu Casper boli navrhnuté hodnoty

200cm/s pre stredne zdvaznu a 300cm/s
pre zavaznu in-stent restendzu [39].
Vzhladom na dvojvrstvovu Struktdru
stentu Casper s vac¢sim mnozstvom kovo-
vého materidlu, je doleZitd dosledna peripro-
cedurélna antiagregacna liecba a vhodné je
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Tab. 3. Prehlad literatury uvadzajicej vyskyt skorého uzaveru stentu u stentingu karotickej tepny v liecbe akutnej CMP s dvojvrst-
vovymi karotickymi stentami.
Pocet pacientov Stent Skory uzaver in—g::w)ltdt?zir\:\r;;)za Nir\g:lg(:_\iiiiké
Yilmaz et al 2017 [43] 20 Casper 45 % 50 % 0%
Bartolini et al 2019 [47] 21 Casper 0% 52,4 %
De Vries et al 2019 [44] 27 Roadsaver a CGuard 18,5 % 11 %
Kocher et al 2019 [45] 15 Casper 26,6 %
Lamanna et al 2019 [48] 19 Casper 10,5 % 5,3 %
Pfaff et al 2019 [46] 160 Casper 75 % 20,8 %
Ozpeynirci et al 2020 [49] 28 Casper 34 %
Foo et al 2021 [50] 94 Casper 6,4 % 53 %
Runck et al 2021 [51] 66 Casper 76 % 16,7 %
Klail et al 2022 [52] 33 CGuard 3% 9% 3%

aj vysetrenie funkcie trombocytov. Odpo-
rdcana je aj o nieco dlhsia dudlna antiagre-
gacna liecba po vykone [27].

Stenting pri akitnych CMP

Hoci pri elektivnych procedurach sa 30-
dnovy vyskyt oklizie dvojvrstvovych sten-
tov popisuje u 0,8 % [14], ¢o je porovnatelné
s 0,6% vyskytom akutnej trombozy pri Stan-
dardnych karotickych stentoch [42], u dvoj-
vrstvovych stentov s kovovou mikrosietkou
pouzitych akutne k osetreniu karotickej ste-
nézy v ramci emergentnej liecby néhlej
CMP bol popisany castejsi vyskyt skorych
uzaverov [43,44].

Kocher et al popisuju signifikantne
vyssi vyskyt skorého uzdveru dvojvrstvo-
vého stentu (26,6 %) oproti klasickym sten-
tom. Nebol viak preukdzany vyznamny roz-
diel vo funkénom stave pacienta po troch
mesiacoch [45].

Hoci multicentricka $tudia nepotvrdila vy3si
vyskyt oklUzif ani dopad na neurologicky stav
pacienta [46], autori odporucaju ako preven-
ciu tvorby trombu a uzaveru pri pouziti tohto
typu stentu v lie¢be tandemovych oklu-
zif striktnejsie dodrziavanie antiagregacnej
liecby a dlhsie angiografické sledovanie po
implantacii. Predpoklada sa, Ze vyssia trom-
bogenicita dvojvrstvovych stentov u pacien-
tov bez predchddzajucej dudlnej antiagregac-
nej liecby je podmienena vacsim mnozstvom
kovového materialu. Dalsim faktorom, ktory
moze prispievat k castejsej in-stent trombdze
je oneskorené obnovenie toku krvi u pa-
cientov s tandemovym intrakranidlnym uza-
verom, hlavne pokial je extrakranidlna lézia
stentovana ako prva. Prehlad literatdry uva-

dzajucej vyskyt skorého uzéveru dvojvrstvo-
vych stentov v lie¢be akutnej CMP je zhrnuty
v tab. 3.V prevencii v¢asného uzdveru stentu
sa ukazuje byt odévodnené skoré pouZziva-
nie antiagregacnej liecby, vratane inhibitorov
GP Iib/llla receptorov [51,53-55]. Prvé Udaje
o pouziti stentu CGuard u akutneho CAS po-
pisuju nizky vyskyt in-stent trombdzy aj uza-
veru stentu [52].

Zaver

Karoticky stent zohrava spolu s antiagregac-
nou lie¢bou hlavnu obrannu Ulohu proti
postprocedurdlnym embolickym kompli-
kdcidam z novo remodelovaného ateroskle-
rotického pldtu. Pouzivanie dvojvrstvovych
karotickych stentov sa ukazuje byt spojené
s lepsimi kratkodobymi aj dlhodobymi kli-
nickymi vysledkami CAS, redukuje vyskyt
periprocedurdlnej cerebrélnej embolizécie,
30-dnovy aj 12-mesacny vyskyt ipsilateralnej
CMP u asymptomatickych aj symptomatic-
kych pacientov.

Do buducna budu potrebné randomizo-
vané studie porovnavajuce stenty druhej ge-
neracie so sucasnymi vysledkami chirurgickej
liecby a s hybridnymi technikami transkaro-
tickej arteridlnej revaskularizacie. Potrebné
je aj zhodnotit dlhodobé vysledky pouZitia
dvojvrstvovych stentov. U7 v stcasnosti vsak
publikované vysledky moézu v klinickej praxi
vyznamne ovplyvnit rozhodovanie v primar-
nej a sekundarnej prevencii CMP pomocou
karotického stentingu.

Grantova podpora

Tato préca bola podporend: Operational Program Inte-
grated Infrastructure for the project: TENSION - com-

plementary project, IMTS: 313011W875, co-financed by
the European Regional Development Fund.

Konflikt zaujmov
Autori vyhlasuju, ze nemaju Ziadny potencialny konflikt
zaujmov.

Literatura

1. Brott TG, Calvet D, Howard G et al. Long-term out-
comes of stenting and endarterectomy for symptomatic
carotid stenosis: a preplanned pooled analysis of indi-
vidual patient data. Lancet Neurol 2019; 18(4): 348-356.
doi: 10.1016/51474-4422(19)30028-6.

2. Mazurek A, Malinowski K, Rosenfield K et al. Clinical
outcomes of secondversus first-generation carotid st-
ents: a systematic review and meta-analysis. J Clin Med
2022; 11(16): 4819. doi: 10.3390/jcm11164819.

3. Bracale UM, Peluso A, Di Mauro E et al. Carotid endar-
terectomy versus carotid artery stenting with double-
-layer micromesh carotid stent: contemporary results of
a single-center retrospective study. Ann Vasc Surg 2022;
82:41-46. doi: 10.1016/j.avsg.2021.10.073.

4. Sannino A, Giugliano G, Toscano E et al. Double lay-
ered stents for carotid angioplasty: a meta-analysis of
available clinical data. Catheter Cardiovasc Interv 2018;
91(4): 751-757. doi: 10.1002/ccd.27421.

5.Stabile E,de Donato G, Musialek P etal. Use of Dual-Lay-
ered Stents for Carotid Artery Angioplasty: 1-Year Results
of a patient-based meta-analysis. JACC Cardiovasc Interv
2020; 13(14): 1709-1715. doi: 10.1016/}.jcin.2020.03.048.

6. Carvalho P, Coelho A, Mansilha A. Effectiveness and
safety of dual-layer stents in carotid artery disease:
a systematic review. Int Angiol 2021; 40(2): 97-104. doi:
10.23736/50392-9590.20.04553-8.

7. Mazzaccaro D, Giannetta M, Fancoli F et al. Endovas-
cular treatment of extracranial carotid artery stenosis
using a dual-layer micromesh stents: a systematic re-
view. Expert Rev Med Devices 2021; 18(6): 545-552. doi:
10.1080/17434440.2021.1927707.

8. Latacz P, Lasocha B, Pawel B et al. Results of angio-
plasty with double-layer mesh stent and protection
systems of the extra- and intracranial dissection of ce-
phalic arteries. J Endovasc Ther 2023; 30(1): 66-74. doi:
10.1177/15266028211068767.

9. Broussalis E, Griessenauer C, Mutzenbach S et al.
Reduction of cerebral DWI lesion burden after ca-
rotid artery stenting using the Casper stent system.

Cesk Slov Neurol N 2023; 86/119(3): 171-176

175




BENEFITY A USKALIA KAROTICKYCH STENTOV S DVOJVRSTVOVYM DIZAJNOM — SYSTEMATICKE REVIEW

J Neurointerv Surg 2019; 11(1): 62-67. doi: 10.1136/neu-
rintsurg-2018-013869.

10. Abdullayev N, Maus V, Mpotsaris A et al. Compar-
ative analysis of CGuard embolic prevention stent
with Casper-RX and Wallstent for the treatment of ca-
rotid artery stenosis. J Clin Neurosci 2020; 75: 117-121.
doi: 10.1016/j,jocn.2020.03.008.

11. Montorsi P, Caputi L, Galli S et al. Carotid Wallstent
versus Roadsaver stent and distal versus proximal pro-
tection on cerebral microembolization during carotid
artery stenting. JACC Cardiovasc Interv 2020; 13(4): 403—
414. doi: 10.1016/,jcin.2019.09.007.

12. Karpenko A, Bugurov S, Ignatenko P et al. Rand-
omized controlled trial of conventional versus microNet-
covered stent in carotid artery revascularization. JACC
Cardiovasc Interv 2021; 14(21): 2377-2387. doi: 10.1016/
14cin.2021.08.005.

13. Liberati A, Altman DG, Tetzlaff J et al. The PRISMA
statement for reporting systematic reviews and meta-
-analyses of studies that evaluate health care interven-
tions: explanation and elaboration. PLoS Med 2009; 6(7):
€1000100. doi: 10.1371/ journal.pomed.1000100.

14. Pini R, Faggioli G, Paraskevas Kl et al. Carotid ar-
tery stenting with double-layer stent: a systematic re-
view and meta-analysis. J Endovasc Ther 2022; 152660
28221126940. doi: 10.1177/15266028221126940.

15. Gray WA, Levy E, Bacharach JM et al. Evaluation of
a novel mesh-covered stent for treatment of carotid ste-
nosis in patients at high risk for endarterectomy: 1-year
results of the SCAFFOLD trial. Catheter Cardiovasc Interv
2019; 96(1): 121-127. doi: 10.1002/ccd.28586.

16. Zelendk K, Nosél'V, Zelenadkova J et al. CAS-complica-
tions rate and relation to risk factors. Open J Radiol 2013;
3(1): 26-32. doi: 10.4236/0jrad.2013.31004.

17. Krajickova D, Krajina A. A review of studies compar-
ing the effect of endovascular and surgical treatment of
internal carotid artery stenosis. Cesk Slov Neurol N 2016;
79/12(2): 173-177.

18. Halliday A, Bulbulia R, Bonati LH et al. Second asymp-
tomatic carotid surgery trial (ACST-2): a randomised
comparison of carotid artery stenting versus carotid en-
darterectomy. Lancet 2021; 398(10305): 1065-1073. doi:
10.1016/50140-6736(21)01910-3.

19. Ederle J, Dobson J, Featherstone RL et al. Carotid ar-
tery stenting compared with endarterectomy in pa-
tients with symptomatic carotid stenosis (Interna-
tional Carotid Stenting Study): an interim analysis of
a randomised controlled trial. Lancet 2010; 375(9719):
985-997. doi: 10.1016/S0140-6736(10)60239-5.

20. Bosiers M, Deloose K, Torsello G et al. The CLEAR-
ROAD study: evaluation of a new dual layer micromesh
stent system for the carotid artery. Eurolntervention
2016; 12(5): e671-e676. doi: 10.4244/E1JY16M05_04.

21. Casana R, Tolva V, Odero A et al. Safety and efficacy
of the new micromesh-covered stent CGuard in patients
undergoing carotid artery stenting: early experience
from asingle centre. Eur J Vasc Endovasc Surg 2017; 54(6):
681-687. doi: 10.1016/j.ejvs.2017.09.015.

22. Mutzenbach SJ, Millesi K, Roesler C et al. The Casper
stent system for carotid artery stenosis. J Neuroint-
erv Surg 2018; 10(9): 869-873. doi: 10.1136/neurint-
surg-2017-013583.

23. Nerla R, Micari A, Castriota F et al. Carotid artery
stenting with a new-generation double-mesh stent in
three high-volume Italian centres: 12-month follow-up
results. Eurolntervention 2018; 14(10): 1147-1149. doi:
10.4244/E1)-D-18-00513.

24, Speziale F, Capoccia L, Sirignano P et al. Thirty-day
results from prospective multi-specialty evaluation of
carotid artery stenting using the CGuard MicroNet-cov-
ered Embolic Prevention System in real-world multicen-
tre clinical practice: the IRON-Guard study. Eurolnterven-
tion 2018; 13(14): 1714-1720. doi: 10.4244/E1)-D-17-00008.

25. Ruffino MA, Faletti R, Bergamasco L et al. Incidence
of new ischaemic brain lesions after carotid artery stent-
ing with the micromesh roadsaver carotid artery stent:
a prospective single-centre study. Cardiovasc Inter-
vent Radiol 2016; 39(11): 1541-1549. doi: 10.1007/500270-
016-1454-7.

26. Wissgott C, Brandt-Wunderlich C, Kopetsch Cetal. In-
itial clinical results and in vitro testing of the new CGuard
microNet-covered ,one-size-fits-all” carotid stent. J En-
dovasc Ther 2019; 26(4): 578-582. doi: 10.1177/152660
2819849078.

27.Imamura H, Sakai N, Matsumoto Y et al. Clinical trial of
carotid artery stenting using dual-layer Casper stent for
carotid endarterectomy in patients at high and normal
risk in the Japanese population. J Neurointerv Surg 2021;
13(6): 524-529. doi: 10.1136/neurintsurg-2020-016250.
28. Machnik RA, Pienigzek P, Misztal M et al. Carotid artery
stenting with Roadsaver stent. Early and four-year results
from a single-center registry. Postepy Kardiol Interwen-
cyjnej 2020; 16(4): 444-451. doi: 10.5114/aic.2020.101770.
29. Mazurek A, Borratynska A, Malinowski KP et al. Mi-
croNET-covered stents forembolic preventionin patients
undergoing carotid revascularisation: twelve-month
outcomes from the PARADIGM study. Eurolntervention
2020; 16(11): E950-E952. doi: 10.4244/E1)-D-19-01014.

30. Sirignano P, Stabile E, Mansour W et al. 1-month
results from a prospective experience on CAS
using CGuard stent system: the IRONGUARD 2 study.
JACC Cardiovasc Int 2020; 13(18): 2170-2177. doi: 10.1016/
14cin.2020.05.026.

31. Kahlberg A, Bilman V, Ardita V et al. Contemporary
results of carotid artery stenting using low-profile dual-
-metal layer nitinol micromesh stents in relation to sin-
gle-layer carotid stents. J Endovasc Ther 2021; 28(5):
726-736.doi: 10.1177/15266028211025046.
32.TigkiropoulosK, Papoutsis |, Abatzis-Papadopoulos M et
al. Thirty-day results of the novel CGuard-covered stent in
patientsundergoingcarotidartery stenting.JEndovasc Ther
2021; 28(4): 542-548. doi: 10.1177/15266028211007466.

33. Haas L, Przysiezny B, Scramocin TR et al. Using
the Casper stent in carotid angioplasty: a single center
experience. Arg Bras Neurocir 2022; 41(1): el1-e6. doi:
10.1055/5-0041-1740405.

34, Petkoska D, Zafirovska B, Vasilev | et al. Radial and
ulnar approach for carotid artery stenting with Road-
saver™ double layer micromesh stent: early and long-
term follow-up. Catheter Cardiovasc Interv 2022; 101(1):
154-163. doi: 10.1002/ccd.30514.

35. Miller-Hulsbeck S. 30-day safety outcomes of endo-
vascular carotid artery revascularization using the Road-
saver dual-layer micromesh stent with or without the
use of embolic protection: evidence from a large mul-
ticentre European study (ROADSAVER). Cardiovasc Inter-
vent Radiol 2022; 45(Suppl 4): 280.

36. Sykora J, Zelendk K, Vor¢ak M et al. Comparison of
restenosis risk in single-layer versus dual-layer carotid st-
ents: a duplex ultrasound evaluation. Cardiovasc Inter-
vent Radiol 2022; 45(9): 1257-1266. doi: 10.1007/500270-
022-03200-4.

37. Bosiers M, Deloose K, Torsello G et al. Evaluation of
a new dual-layer micromesh stent system for the ca-
rotid artery: 12-month results from the CLEAR-ROAD
study. Eurolntervention 2018; 14(10): 1144-1146. doi:
10.4244/E1)-D-18-00230.

38. Capoccia L, Sirignano P, Mansour W et al. Twelve-
month results of the Italian registry on protected CAS
with the mesh-covered CGuard stent: the IRON-Guard
study. Eurolntervention 2018; 14(10): 1150-1152. doi:
10.4244/E1)-D-18-00241.

39. Mutzenbach JS, Griessenauer CJ, Broussalis E et al.
Follow-up after carotid stenting with the Casper stent
system: a duplex ultrasound evaluation. J Vasc Surg 2020;
72(6): 2054-2060. doi: 10.1016/}.,jvs5.2020.03.048.

40. Sirignano P, Stabile E, Mansour W et al. 1-year re-
sults from a prospective experience on CAS using
the CGuard stent system: the IRONGUARD 2 study. JACC
Cardiovasc Interv 2021; 14(17): 1917-1923. doi: 10.1016/
14cin.2021.05.045.

41. Naylor AR, Ricco JB, de Borst GJ et al. Editor’s choice
- management of atherosclerotic carotid and verte-
bral artery disease: 2017 Cinical Practice Guidelines
of the European Society for Vascular Surgery (ESVS).
Eur J Vasc Endovasc Surg 2018; 55(1): 3-81. doi: 10.1016/
1.6jv5.2017.06.021.

42. Moulakakis KG, Kakisis J, Tsivgoulis G et al. Acute early
carotid stent thrombosis: a case series. Ann Vasc Surg
2017, 45: 69-78. doi: 10.1016/j.avsg.2017.04.039.

43. Yilmaz U, Kérner H, Mihl-Benninghaus R et al. Acute
occlusions of dual-layer carotid stents after endovas-
cular emergency treatment of tandem lesions. Stroke
2017; 48(8): 2171-2175. doi: 10.1161/STROKEAHA.116.015
965.

44, De Vries EE, Vonken EJ, Kappelle LJ et al. Short-term
double layer mesh stent patency for emergent or elec-
tive carotid artery stenting. Stroke 2019; 50(7): 1898-1901.
doi: 10.1161/STROKEAHA.118.024586.

45, Kocher M, Sanak D, Zapletalova J et al. Stentovani
kr¢ntho Useku vnitini krkavice u pacientd s akutnf
ischemickou CMP zpUsobenou tandemovym uzavérem.
Je antegradni technika bezpecnd? Ces Radiol 2019; 73(1):
7-12.

46. Pfaff JAR, Maurer C, Broussalis E et al. Acute throm-
boses and occlusions of dual layer carotid stents
in endovascular treatment of tandem occlusions.
J Neurointerv Surg 2020; 12(1): 33-37. doi: 10.1136/neu-
rintsurg-2019-015032.

47. Bartolini B, Puccinelli F, Mosimann PJ et al. Evaluat-
ing the effectiveness and safety of the carotid Casper-RX
stent for tandem lesions in acute ischemic stroke. J Neu-
rointerv Surg 2019; 11(8): 772-774. doi: 10.1136/neurint-
surg-2018-014425.

48. Lamanna A, Maingard J, Kok HK et al. Carotid artery
stenting in acute stroke using a microporous stent de-
vice: a single-center experience. World Neurosurg 2019;
127:€1003-1012. doi: 10.1016/j.wneu.2019.04.024.

49. Ozpeynirci Y, Capatana C, Rosskopf J et al. Emer-
gency carotid artery revascularization using Casper-
RX stent: a single-center experience. Interv Neurora-
diol 2020; 26(4): 433-438. doi: 10.1177/1591019919900
879.

50. Foo M, Ren Y, Gajera J et al. CaRotid Artery Filter-
ing Technique (CRAFT): a technique for carotid artery
stenting with intrinsic embolic protection. Neuroin-
tervention 2021; 16(3): 260-266. doi: 10.5469/neu-
roint.2021.00353.

51. Runck F, Maurer CJ, Berlis A. Complication rates
using Casper dual-layer stents for carotid artery stent-
ing in acute stroke: a 3-year single center experience.
Clin Neuroradiol 2021; 31(1): 173-179. doi: 10.1007/50006.2-
019-00860-7.

52. Klail T, Kurmann C, Kaesmacher J. Safety and efficacy
of carotid artery stenting with the CGuard double-layer
stent in acute ischemic stroke. Clin Neuroradiol 2022;
33(1): 237-244. doi: 10.1007/500062-022-01209-3.
53.Volny O, Krajina A, Bar M et al. Konsenzus a navrh k al-
goritmu lé¢by — mechanickd trombektomie u akutniho
mozkového infarktu. Cesk Slov Neurol N 2016; 79/112(1):
100-110. doi: 10.14735/amcsnn2016100.

54.Cernad M, Rocek M, Peregrin JHetal. DoporuceniCeské
spole¢nosti interven¢ni radiologie CLS JEP pro peripro-
cedurdini medikaci u endovaskularnich vykond. Ces Ra-
diol 2018; 72(2): 71-75.

55. Sanak D, Mikulik R, Tomek A et al. Doporuceni pro
mechanickou trombektomii akutnfho mozkového in-
farktu — verze 2019. Cesk Slov Neurol N 2019; 82(6):
700-705. doi: 10.14735/amcsnn2019700.

176

Cesk Slov Neurol N 2023; 86/119(3): 171-176




