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Among the many advances in acute ischemic stroke (AIS) management, thrombolysis with
intravenous (IV) tissue plasminogen activator (tPA) within 3 hours after symptom onset has
been the only approved pharmacological therapy in AIS. However, IV administration of tPA has
many limitations in clinical practice, and the proportion of eligible patients remains quite low.
Many clinical trials have attempted to overcome this by increasing the therapeutic time window
and enhancing the efficacy of reperfusion by the intra-arterial (IA) approach with novel mech-
anical devices. In addition, the application of new thrombolytic agents and identification of suit-
able thrombolytic candidates by multimodal brain imaging is another field of active research in
thrombolytic therapy. We reviewed AIS management, focusing on thrombolysis with IV the-rapy,
IA therapy, and IV-IA bridging therapy.

Keywords: Acute ischemic stroke; Tissue plasminogen activator; Thrombolysis;
Intravenous thrombolysis; Intra-arterial thrombolysis

M B2 ol BA83AE ol 83 X8} AlaEolof Ftt. 19959

National Institute of Neurological Disorders and Stroke

S84 HEFL B AT ANE Ao (NINDS)o] o) FRE AP S8 HEE 20 3

© B3k MAAEFR O 7 A3t A9 Aol o] 4= QlT) 7t o] o] A} l|7 tissue plasminogen activator (tPA)
o] 7 e Aol d o] HE g wlobx WAy £ ¥ W(intravenous, V)2 Fof A] |55 7112 5

ko] 54971 3184 HET A5 Hate ] 2 AN Mg BASHRIAL, o] 1V @¥&elee 5471 3184 ¥

A S8 £ A2 F9S ARFATIE Aol = =5 o] F9lE U A sAE AR HogITHL 18

7371 31874 HETo] B olxfet & flsf A~ Al el Iv @ 8sle 2w dge e 5 e
A 3R] Fo] FARAN HETo 2 I3 Gl Y b= A HET b are] A U Aok S iz

APEE A7) M 578 2 F 7 e whE ARE o= IV dXBellEe] A8 7ol 3184 HEFT A *1

© Korean Medical Association

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is
properly cited.

402 52N HE50 srgse MK J Korean Med Assoc 2013 May; 56(5): 402-409



Recent advances in thrombolysis of acute ischemic stroke @f)l-jl-x'_
o

b oJZ VT AL, IV (PAS AREE < Qe Sk A
Sol Ui dA3ol AR 71Q1gket, B3k v @3- 8els
A7 Fol 242 W A7REES A sobr] A
14%, ST 55000 EFsrt3], Wb 1v @8l <
2758 dAE 5P| el B2 =HEo] oiston, &
AR5 olegh HZ AT 3HES g3k
U L T Ssi=

NINDS tPA 372} Z+o], European Cooperative Acute
Stroke Study (ECASS)-2, Alteplase Thrombolysis for
Acute Noninterventional Therapy in Ischemic Stroke
(ATLANTIS) I+ tlz2ad} vl A] 24 34 34171 o]
o] SApEol ARt tPA7E F-AESFICHA4,51. et Al A
£ 0]83} HEREH L IV (PARI} Fojagto] WEFE
7t 52 AT Bk ofle}, 3184 HES 5

A 3AREA 4. 5AIRE ALl o] Bl el e Edet o %
o] SAE A T S olstSittol. ol F 7
A 4. 5AR7HA] 9] FAE O = 3 ECASS-397 tPA
FolE (52.4%) M Wz (45.2%) 90 Hls] 37
modified Rankin Scale (mRS) <= 0-12] 47} f-25}
Al $7VeHe BaslQItHT., ECASS-3% T3, Adk, 7
2+ vl A, 9ok |27 IR, 804 27} 3kA} National
Institutes of Health Stroke Scale (NIHSS) A<= 2574 %
3, PeIAE B85 B, 2T Pl G e
o] 211 3l 93} o IV Al 71l Tsheo] 3]
715} e PG 37 P30 2 sl A4 ol
g A fol2 2T £9 HET FRATE v

2 EX3} Safe Implementation of Thrombolysis in

<

k2

2 mloF

oo_|>;

fl

Stroke (SITS)-International Stroke Treatment Registry
(ISTR) 3- to 4.5-hour studyA] IV (PAE ZA4} 1HAY 34
Rk ol ol b2 Sl 34ROl A 4 51 Aol of] o
Rhe SabrRbell frof gk 2fol7} §l-S HarskSirhs). &<
3F% ¥ International Stroke Ttrial (IST)-3 97+ 814 o]
Ape] AK(1,671/3,035; 53%), ol W1EF Welo] = @

AFEE FERBIAL tPA o] ARES OAR7HA] Eelidk 2]

J Korean Med Assoc 2013 May; 56(5): 402-409

Hg iz Ao e 9], R A S A dEo) 7hs et
#x}+=(Oxford Handicap Score, OHS 0-2) | & 5544
(37%), 2 5347 (35%) 2.2 =Fo]7}F g1 o1t OHS ol
7h gk @A TR E SEol FolstAl ekt odds
ration [OR], 1.27; confidence interval [CI], 1,10-1,47;
P=0.001). 15 o} 344 HEE B AP A z=ro] o
ZTRE =QTH7% vs, 1%, 11% vs, 7%), 1992 d o] &
FHZ IST-374A] 7,012%& td o= g mel 4] 23 64
7k ol tPAE Fost 75 thzzrol] v]sf wpA|et 4] 2}
Al BEET SHA Lol 7hsd ORol S7tsk it
(46.3% vs, 42,1%; OR, 1.17; CI, 1,06-1,29; P=0.001).
53k tPAA]e] o] 3AI7F o] SiAltollA 71 ZaL
(ImRS, 0-2; 40.7% vs. 31.7%; OR, 1.53; CI, 1.26-1.86;
P<0.001], [mRS, 0-1; 31,6% vs. 22.9%; OR, 1.61; CI,
1.30-1,90; P<0.0011), 7 Stel] Apd& 417} 571892
1H8.9% vs. 6.4%; OR, 1.44; CI, 1,18-1,76; P=0.0003)
npR|k 24 gk Al f-oJabAl= FUTH19.1% vs. 18.5%;
OR, 1.06; CI, 0.94-1.20; P=0.33) [10]. 80A] %3} 3ka}<]
785 dH X mE Al 804 o3t Salwdt Zat v
S28FSITH101, MEREA AE B 4 St S i
ARPAAE IV PAR I} & = 9ot 7hsgh e %
855 3h= Zo] 2835 & 4 3irh 11852 Thrombol-

ysis in Elderly Stroke Patients in Italy (TESPI) [11], En-

N

hanced Control of Hypertension and Thrombolysis
Stroke Study (ENCHANTED) 12|31l Extending the
time for Thrombolysis in Emergency Neurological De-
ficits (EXTEND) [1217} 57474 = ollx1 o] #-87F tPA
5 dedste] S84, AR TlM o] 2|8 5ol thal] o=
A T2 £ 5 3 Aol ZldiEni0. -8l A
7o A 53E a1y A A7IBEE thek B4 9
g, 187§97HA] o $-5 BAMSh= IST-397-9] 5]
EAAE a7t 3l

tPAS] QI3 BI= AlRbo] A A ZHAEFAIRE 4,54
Tk o]%-9] 2} F 1V 1PA X 50] ¥Hgo] 31& 7FsAdol 9l
= E FEUE Ao F a8kt ¥ 24 (penum-

bral tissue)2 83 X5 T AAF} T A7)0l

d

N

i

o

tfatelarEizxl 403



@
M Kwon JH - Rha JH

404 528 =E3E

sl AAHom 240] KT ASE SJulFThI3)
Echoplanar Imaging Thrombolytic Evaluation Trial
(EPITHET)-Diffusion and Perfusion Imaging Evalua-
tion for Understanding Stroke Evolution (DEFUSE) &
T ARE olgato] HAM S 2 AY 3-6413F Abolof ghat
S 3R FHPA B AR AT AR e
ol g3l Iv EdEelE F AFE LA T4l or] Sl
ABFE Tmax >6X2 Aol wf) & 1657 = 1219
(73.3%)°] diffusion/perfusion mismatchZ 7} mis-
match7} QI BHAREo] SJekzst vl A] elu] Q7 ¥4
=719 7Pt AEESIThP=0.025). ABFE A St

BFROLH62.7% vs. 31.7%, P=0.003) APE3} 444 of
F Aol gigie.

tPA2] 9] A E 0]-85H IVEE TEPAZ A
A} HE A7 tenecteplase?} SA4F ¥H A7 o] 3}
o= e ol IV (PARTE 244K e 5l A &
I7h -t Hark gllarlis], d
3l Desmoteplase In Acute ischemic Stroke (DIAS)-3,4
A7 218 Felrtiol.

IV tPAS] F3} 5l QF/Joll thal Q12 2fol7t Q&

ks Fgol 53] Yi-g SAHOE A7]|Ho] diolA
71 8%K0.9 mg/kg) Bt} AL 80,6 mg/kg)E AHE

shaL gl H2 k=, T, Qe 7R S o] ofAlol =
7}ollA] &gk SITS-Non-European union World (NEW)
registry 75 715 92 ARSSEIS wf R-H Y SITS-
Monitoring Study (MOST)%} H]3L A| 8 o] S7}eh= 7
o] glont froi8 Aol §lx IALA YR 2
g2 o ohd] ehgle Wl Ao} gln Bk U £8
T2 Qtke 7Fe S Bastgithi7), $ol 71<3% EN-
CHANTED 7= ®7-43) 2| Alo] 89124 oj3s} o
Bl 1S 71 89 Ml 7 S0l U0
25101 ol e 209 8 4 918 A2 slefch

S
)
re

et

desmoteplaseS A&

T

S L HEsh=

fl

B9 Wl(intra-arterial, 1A) 70-83l<-2 23l Fullof |

Fo| #xigsta AR

(i

A 7HE E 53l Ed-8alA] 22 oF=
E9}o]o] == microcatheterE o|-835Fe] 7|42 o2 A
< A7 F EFE WS A7 ol 711 238
3€&-& Merci device, Penumbra system, EKOS micro-
catheterE o]-&37 4 2HIEE 283} Solitaire, Trevo
5¢ o gaR= o] 3ltt,

RS ER P ERISES BEREEES
Fo|AT 3 ] X H(endovascular therapy) B3l #)7]
B0 Yirh46% vs. >80%) [3,18-21]. ¥HA 1A H783)
o 2017 APt el Was) 9 Azto] el 7}

& FRIHAL 71l

HE} Bl a1 mgels Ho] A5, BA=
Aalo] &4 4 91T, W] BaEHA A9 2e

2 2 ik 5ol wdo) itk 1A FagalEol L4 o
Fralol vl o] glel
k=], 6AI7E oY) BAE e s Alsg:a PROACT II &1

T alshelol vjs) val W
T3 OLHE6% vs. 18%) T A SJope] Fole Hw 2
gIcH22], a-ol= B3Fal Prolyse in Acute Cerebral
Thromboembolism (PROACT) I+ &3 W] X|57} 3kx}
o] o F5 AT NS AT AL DAL AA
o] 7S o] E . 20101 1A g2l thek et
T-oll sk 1A EHEaled £ WA o B =2 A
NEE3 ddo] llar, vzl via) S/ HEdol =
7Vt AP S it 2fol 7} gloATH 23],

4.5A17F o]ul2] 3628 Ao 2 IV (PA(1818)9} Pt
W 221811, 1A tPA, 71714 clot disruption H& re-

trieval, 5= o]9] ¥3h= &% H]u3k Local Versus Sys-

temic Thrombolysis for Acute Ischemic Stroke (SYN-
THESIS) expansion [24]9] &5}, X714 A& A7
Z¥z} 3 7541313} 2,75 AR ekP<0.001), d# o) A
B3l 371 mRS 0-10] 30.4%, IV tPAT 34.8%=
T2 fole Aol ggleh, 7O S e
T ONE oIk Aol §lo] 3t W A1V tPAC]

HIEH S Lge HolFA] St
Mechanical Retrieval and Recanalization of Stroke

Clots Using Embolectomy (MR RESCUE)+= A2b%}, F-

J Korean Med Assoc 2013 May; 56(5): 402-409



Recent advances in thrombolysis of acute ischemic stroke @g
o}

Table 1. Recent acute ischemic stroke thrombolysis studies
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Study name Method Remarks Type [reference no.]
IV thrombolysis
ECASS-3 tPA 3-4.5 hr vs. placebo Prove efficacy RCT [7]
Different exclusion criteria
SITSIISTR3-4.5hr  tPA3-4.5hr No difference to tPA <3 hr Registry [8]
IST-3 Age >80 No difference in primary endpoint (difference  RCT [9]
tPA <6 hr in co-primary)
TESPI Age >80 Ongoing [11]
ENCHANTED tPA dose 0.9 vs. 0.6 mg/kg Ongoing
BP control after thrombolysis
EXTEND tPA 3-9 hr or wake-up stroke Ongoing [12]
Multimodal MR imaging
EPITHET/DEFUSE ~ tPA 3-6 hr, multimodal MR imaging  tPA effective in selected patients Post-hoc [14]
3-6hr pooled analysis
Tenecteplase vs. tPA vs. tenecteplase <6 hr Tenecteplase better than tPA RCT llb [15]
alteplase Multimodal CT imaging
DIAS-3,4 Desmoteplase 3-9 hr vs. placebo DWI-MRA mismatch Ongoing [16]
SITS-NEW Asaian population Better outcome than SITS-MOST Registry [17]
Standard tPA dose
IA thrombolysis
SWIFT Solitaire vs. Merci Solitaire better RCT [18]
TREVO-2 Trevo vs. Merci Trevo better RCT [19]
IA Meta-Analysis Meta-analysis of IA trials Supportive evidence for safety & efficacy Meta-analysis [23]
of IA thrombolysis
SYNTHESIS IV tPA vs. IA thrombolysis <4.5 hr No difference RCT [24]
expansion
MR RESCUE Standard vs. IA thrombolysis <8 hr ~ No difference RCT Ilb [25]
IMS-3 IV tPA vs. combined IV-IA thrombolysis  Pre-termination (no difference) RCT [26]

IV, intravenous; ECASS, European Cooperative Acute Stroke Study; tPA, tissue plasminogen activator; RCT, randomized controlled trial; SITS-
ISTR, Safe Implementation of Thrombolysis in Stroke-International Stroke Treatment Registry; TESPI, Thrombolysis in Elderly Stroke Patients
in Italy; ENCHANTED, Enhanced Control of Hypertension and Thrombolysis Stroke Study; BE blood pressure; EXTEND, Extending the time
for Thrombolysis in Emergency Neurological Deficits; MR, magnetic resonance; EPITHET/DEFUSE, Echoplanar Imaging Thrombolytic Evalu-
ation Trial-Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution; CT, computed tomography; DIAS, Desmoteplase
In Acute ischemic Stroke; DWI-MRA, diffusion weighted image-MR angiography; SITS-NEW, Safe Implementation of Thrombolysis in Stroke—
Non-European union World; SITS-MOST, Safe Implementation of Thrombolysis in Stroke-Monitoring Study; IA, intra-arterial; SWIFT, Solitaire
flow restoration device versus the Merci retriever in patients with acute ischaemic stroke; TREVO, Trevo versus Merci retrievers for throm-
bectomy revascularisation of large vessel occlusions in acute ischaemic stroke; SYNTHESIS, Local Versus Systemic Thrombolysis for Acute
Ischemic Stroke; MR RESCUE, Mechanical Retrieval and Recanalization of Stroke Clots Using Embolectomy; IMS, Interventional Manage-

ment of Stroke.
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