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| Abstract |

For the patients suffering from acute ischemic infarct from abrupt occlusion of vessels, prompt
reperfusion is necessary to save the ischemic penumbra, eventually leading to a good
prognosis. Regarding this, intravenous (V) recombinant tissue plasminogen activator (rt-PA)
thrombolysis as a reperfusion therapy is the only approved method. The IV rt-PA therapy gives
us a clinical benefit of 30% or more likelihood of favorable outcome compared to the placebo.
However, there is about 6% symptomatic intracranial hemorrhagic risk. Therefore, prudent
decision-making by selecting of indicated patients is the role of neurologists. Besides intravenous
rt-PA thrombolysis, application of intra-arterial therapy or bridging concept of intra-arterial
combined with IV rt-PA is promising. They showed better recanalization rate than that of IV
therapy according to the controlled studies. Although the clinical evidence is lacking, they have
been performed occasionally in well-facilitated institutions. The results of ongoing trials to support
the clinical benefit of these active therapies are expected. In this article, we reviewed the major
clinical trials for thrombolytic treatment of acute ischemic stroke and various trials which are
under investigation for the extension of the time window for thrombolysis.
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Table 1. Factors related to symptomatic intracerebral hemorrhage after intravenous thrombolysis or intra-arterial thrombolysis

Clinical (4~6, 53, 55, 56) Old age

Initial stroke severity

Higher systolic blood pressure
Higher body temperature

Higher glucose level

Radiological (7, 8, 53, 57, 75)

CT Parenchymal hypoattenuation exceeding one third of middle cerebral artery

territory on CT
Large ischemic lesion volume on baseline diffusion-weighted imaging

MRI

Low apparent diffusion coefficient values
Presence of leukoaraiosis
Focal FLAIR hyperintensity within acute diffusion-weighted image lesions

Angiography

Tandem occlusion

Poor collateral circulation

Procedural (53, 56, 58)

Higher urokinase dose

Longer time to recanalization
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Table 2. Summary of major clinical trials of intravenous thrombolysis for acute ischemic stroke

NINDS (1) ECASS 11 (11) ATLANTIS (20) ECASS IlI (22)
Year 1995 1998 1999 2008
Study design Placebo-controlled, Placebo-controlled, Placebo-controlled, Placebo-controlled,
double-blind double-blind double-blind double-blind

Subject number

Imaging method
for decision

Initial NIHSS
(median)

Time window

Thrombolysis
method

Primary outcome

3mo mRS 0~1 (%)

Recanalization
rate (%)

Symptomatic
ICH (%)

Mortality (%)

randomized study
624
Exclusion ICH by CT

14
<3h

IV rt-PA vs. placebo

Global test statistic
(Barthel index, mRS,
NIHSS at 3 mo)

39 vs. 26*
NA

6.4 vs. 0.6*

21 vs. 24

randomized study
800

CT criteria
1"
<6h

IV rt-PA vs. placebo

Disability at 3 mo
(MRS 0~1)

40.4 vs. 36.6
NA

8.1 (PH2)

10.3vs. 10.5

randomized study
613

CT criteria

10

3~5h

IV rt-PA vs. placebo

NIHSS <1 at 3mo

34 vs. 32

NA

4.7 vs. 11.4%

11.0vs.6.9

randomized study
821
Exclusion ICH by CT

3~45h
IV rt-PA vs. placebo

Disability at 3 mo
(MRS 0~1)

52.4vs. 45.1%
NA

7.9 (NINDS)

7.7 vs. 8.4

NIHSS, national institute of health stroke scale; rt-PA, recombinant tissue plasminogen activator; MRS, modified Rankin Scale; GCS,
Glasgow coma scale; NA, non-applicable; PH, parenchymal hemorrhage.

*Comparison between treatment group and placebo group, statistical significance at P < 0.05.
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@ T, 1L, TEI} A
CLOBUST (17) DIAS I (30) EPITHET (35) l el o] oFE FoiE FHst
2004 2009 2008 ILCT AAE st}
Placebo-controlled Placebo- controlled Placebo-controlled 5 =
' ' 6:]0_&-]_9.0]:101?7;\‘] 2A|7}
randomized study double-blind double-blind randomized AR - 2213
randomized study study B9 wjl 158wl o] % 6AIZE
126 186 101 FOFS 308 njt}, o]&F 16A17F
Exclusion ICH by CT MRI or CT criteria MRI criteria Zoke | A7k njt} A3t
-%7] "9} 180 mmHg o]/
" . - | % 180 manttg ol4e]
A, g7] @9t 105 mmHg
<3h 3~9h 3~6h ol 79 et AAE A
IV rt-PA vs. IV rt- IV desmoteplase 90 IV rt-PA vs. placebo 43)e] 11 0]} 50 2 )
PA /Ultrasound ug/kg vs. 125 ug/kg -
vs. placebo A, mad, st SAE
Complete recanalization, Global test statistic Infarct growth A YL ok Fo T 24
Dramatic clinical (Barthel index, mRS, on imaging A7 Z0} 7],%:} —g}x] %-11:_1;].
recovery GCS, NIHSS at 3 mo) . _ oL
28 24M7F Z CTE £33
42 vs. 29* 58 vs. 50 vs. 59 36 vs. 21 751 k¥ , ==° ]}&1
L= 3lols)t & e T77 a3
38 vs. 13 at 2h (TCD)* NA 74vs. 57 A7k SRl F F3aA R 3
P49k 5 ARgSt)
4.8vs. 4.8 (NINDS) 3.5vs.45vs.0 7.7vs.0*
3. Btz X2 7ksEtAlZtS
29vs. 5.5 11vs.21vs. 6 25vs. 14 B .
ATl | ISt Az
A7) HEF FAE OO E ot-
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2, Mo t-PA EXNEsll=2 HEST A=FUHY offjel] Wik 250 gk} who] rt-PA ]59] tido] it

20073 American Heart Association guidelineol|4] #|
Al rt-PA 2|59 H-§F2 Table 37} 2}, g3t 91%

ZgHHEL rt-PA 0.9 mg/kg (maximum 90 mg)<
st AuEehe, AA S22 10%+= 27100 @Zi“zr
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o809 T A8 gAe oz 244771 WK
3 zz: JRDN ) 3 A2 g = pilot studyS 213y
§ 15 ~==---o o ___ e Zo[th(28). =2 fibrin specificity, 3
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Figure 1. Model estimating odds ratio for favorable outcome at 3 months in rt-PA- _ -
treated patients compared with controls by onset to treatment (OTT, min).  preliminary study7} uaE 3 A 3

Lancet 2004; 363: 768-774. _ _
WIAFe] Y=o O 5HE F

-

Zro] 1 & 3l 7Fe S BolFink(Figure 1)(21). gahe d) Aafiskdek(Table 2)(29~31).
o] Mo & A5 7k ARMRIES g AT A GAGaARE ofUAT F47] HEF A5 Al oF
AP, <+ EEH ECASS 11T Aol = A rt- &2 Glycogen IIb-Illa inhibitor¢l abciximabg H&%
PA X525 3AIRTIIX 4, 5SAR7HA] I Ad)ake] 9fok iz WA SARE o] Aol ARgBke] I 295 dSAL 8]
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FATHOdds ratio 1,34, 95% A12|F7F 1,02~1.76, 3] 7} 27] TH=EIATH32).
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HHE3A5 2] Z§ Algte] EgE o] Bt B2 $xlE0] presence of penumbra
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A5 AIRE ARES QLA o ete] AEde B ffgh 7F QaL, AlRke] AgeE olelgk 2A7Fs g (salvage-
subgroup analysisollA], 90& o] XE3} T 371 LA| able) 384 RFEY 9] P92 FoETH33). 22 3ARE
£ I T2 B odds ratioZ} 2.11 (95% AT o] T & o]2gh 1A/ wh5Jo] ofxds] EAlsh= S
7+1.33 10 3.55)01AaL, 903EellA] 1804 Abol ol |53k M= EHgalee] a3E 7ItiE) B & Qlok ol#gh o
2 1.69 (95% AFTZE, 1.09 to 2.62) 2 W2 X 5d = 27 u}g 3lo) echo planar MRI (diffusion-weighted
2 %o} AHS B ck(Figure 1)(21, 23), IEEE MRI, perfusion-weighted MRI)Z o]-&3}e] S8 A] ¥He-
A} ol =As1okS uf, ®o} wE X857} Fa3sict o] EAfsl= AHg eAlE Adsta 88 Al
£ AL o] 82l8kSlaL, ECASS 1T G A3} ol gxe) 7] 918k A7t Sle ket BRdEgdelA old gle
A AREe] Qo] ofhyth= AS vEAalstedof girt L GhPzddolM A4 S EY A (mismatch)
(2) Use of alternating thrombolytic agents goolgtar shr o] P HIA REEPo T FAggltt,
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Table 3. Characteristics of patients with ischemic stroke who could be treated with rt-PA AFH= By 2ol FHo =
Diagnosis of ischemic stroke causing measurable neurological deficit 2 dALAA S Fofst
Th logical si hould not be cleari 1 I =
e neuro og{ca spns should not be cganng spgn aneously it B} mabdo]wA
The neurological signs should not be minor and isolated
Caution should be exercised in treating a patient with major deficits Aejdo g okgo] Fojd 4
The symptoms of stroke should not be suAgggstlve of subarachnoid hemorrhage Jone o dy AYHE
Onset of symptoms < 3hours before beginning treatment o o OIA}A T
No head trauma or prior stroke in previous 3months S Hop U2 i ol
No myocardial infarction in the previous 3months Z 71gE 4 JACH39). ut

No gastrointestinal or urinary tract hemorrhage in previous 21 days

No major surgery in the previous 14 days

No arterial puncture at a noncompressible site in the previous 7 days

No history of previous intracranial hemorrhage

2h ey B gsienro.
= 82 AhEo] ¥4 g
gA E30] g Bl

Blood pressure not elevated (systolic < 185 mmHg and diastolic < 110mmHg)

No evidence of active bleeding or acute trauma (fracture) on examination
Not taking an oral anticoagulant or, if anticoagulant being taken, INR < 1.7

Slo1A olefe A3 W

7 S 5 Sl

If receiving heparin in previous 48 hours, aPTT must be in normal range

Platelet count > 100,000°mm
Blood glucose concentration > 50 mg/dL (2.7 mmol/L)
No seizure with postictal residual neurological impairments

CT does not show a multilobar infarction (hypodensity > 1/3 cerebral hemisphere)
The patient or family members understand the potential risks and benefits from treatment

olu] 7129 emergency
management of stroke
(EMS) @7lX(2) S8 &
A 3AZE ool AW/

INR indicates international normalized ratio; aPTT, activated partial thromboplastin time.

Aom B ofdo] gl SAftoA] Bt v Al
F& B rH(Table 2).
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Table 4. Summary of major prospective trials for combined intravenous/intra-arterial thrombolysis and endovascular treatment of acute
ischemic stroke

PROACT Il (47) MELT (48) EMS (76) IMS 11 (41)

Year 1999 2007 1999 2007

Study design Placebo-controlled, Placebo-controlled Placebo- controlled, Open labeled
open label randomized study double blind single arm study
randomized study randomized study

Subject number 180 115 35 81

Initial NIHSS (median) 17 14 16 19

Time window <6h <6h <3h <3h

Treatment methods 1A pro-UK IA urokinase IV rt-PA/ 1A rt-PA IV rt-PA /IA rt-PA

vs. IV placebo/IA rt-PA

Primary outcome Disability at 3 mo Disability at 3 mo NIHSS >7 at 7~10days  Disability at 3 mo
(mRS 0~2) (mRS 0~2) (mRS 0~1) 33%

3mo mRS 0~2 (%) 40 vs. 25* 49.1 vs. 38.6 47.1 vs. 66.6 43

Recanalization rate 66 vs. 18* 73.7 54 vs. 10 56

(TIMI 2, 3) (%)

Symptomatic 10vs. 2 9vs. 2 11.8vs. 5.5 9.9

ICH (%)

Mortality (%) 25vs. 27 5.3vs. 3.5 29vs. 55 16

NIHSS: National Institute of Health Stroke Scale, mRS: modified Rankin Scale, TIMI: Thrombolysis in myocardial infarction, ICH: Intra-
cerebral hemorrhage.

*Comparison between treatment group and placebo group, statistical significance at P < 0.05.

alo] Be ) gel M A/ S SR gsee] Wi 20~40%0|3(17, 40, 42, 43), 223 A 3AEe] A b A
22 HIH 02 Ak Q7% Bk, 3 % glrh= o] gtk 1980\t Zofl B w3
MS Aol o] e/l Wk g A BAHe a—s}o%m UKE 87 F9]0] Z22 0 2 F95h=
"4‘*—34 2tH40, 41). NINDS rt-PA A8 2] 2e gl 2708 T HIFH AVE A7) o
Z(Table 3)0f = hate] 79 NIHSS 107 oPgold  AEEY] AlFetolch44), Sul] B 8siee] 452 8
AU -PAE 0.6 mg/kgS 75 AA 15%2 4 F B2YE 59 07 Sk 93], @] o] @ 2R3l
AL F U A] g 3030 A AW FQeit) o]F FA] ARS A BREEN ANE TS & 5 gon Ay
HP2Pee MG A Q= o) BAE A FES 15U 5 Uy, ok AMS Hadow 2 5 9
S t-PAR U BAREES ART) o] AToME omg okxld) o3t WAl Bakee Hasl & 4 Q)
AR 1t-PA SL 82 mgo 2 AT, AAl A = 2 B (B2 AFs] Yajals ] Alzto] Bol
A7} BEahel Ao/ su B3 dAgeEe] A%e  2aHT FAAES A9 HEFHe] ARl oldss)
2ol thak 7|1 EAIAE P—%‘ glov) IMS %o ilﬂ ko] ojggull Basht wak Fekzdso] AHAe)
AAe FnZ ool 7 7|13E el e A v1Ee vt HPEoln 23S ARgela, Wz AanE) desin
Aste] Alaha] & 2 At 2 0|2 QIg BRRgo] w9, FThelN] £k
Z21o 2 91k Hakgo] WhAIEl 7Fso] glths o] glet,
SULY Tl & MH= A= 3497] 824 Batel 2kl Ftol disl AS-S
95 FAGHAE ol g3t A% Wt olje} =7
F7) 2 Aadd AU AeHAA PATL H  J1TE o 8ate] o] Baf, X8 = FYUEE0] A8

Aol g o QgI() AT otk NSRS Hm glonw dael #47] ¥ B8] o) AnE ol
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MERCI (59) Multi-MERCI Il (60) PENUMBRA (62)
2005 2006 2008

Single arm, Single arm, Single arm,
multicenter study multicenter study multicenter study
151 1M1 20

20 19 21

<8h <8h <8h

MERCI concentric
retriever device

Disability at 3 mo
(mRS 0~2), recanalization

MERCI concentric
retriever device with
or without IV rt-PA

Disability at 3 mo
(mRS 0~2), recanalization

Penumbra embolectomy
device

Disability at 1 mo
(mRS 0~2), 45%

=<1

F3FaL ITh(45, 46).

1. A= HHSollz

) g4 AR Aldske AEL Aol ut
gh o] t2a1, ARk vofstelrt. 2 sy g
B3 A AR-ol] thgk Qg g ot At theh 2782 <lal
skt

SafA B 9 oAt A Vs
o] M-S 0|83 PROACT (Prolyse in Acute

7;]]@_1% o]x\}A]-GJ o]

sl

27.7 34.3 NA
48 69.4 100 (82)
7.8 9.0 10
371 29.7 45
gk A58 FAst] 574 3194 St gk Ty =
) X = (intra-arterial or endovascular treatment) 2

Hdga&olr] UK 3 itPAS B2 ARS8t} dR o
A Z24F @A 3~GAIZF o]ule] 1147 9) SRS giato =2

ST ANEF 15%, FHEH
58%2] FABHA et TEES B
ek, et =84 Wshs Al
A Bt 1AF -84 B7RAIER] 3
702 mRS 27 olgl= thzzToll Hls|
27NN §-2J51) =K Table 4).
T2 FDAOA 848 ghelsly)
23l B}t W gPdAlE 878k
pro-UKE o83 d¥hl 483l
o thal AME- 52le] frEEol I &
tEsbt =4 Eqc 2Eu A
72 S HEF AfoA]
A gal=S Aldsk=tl SlofA o
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Figure 2. A 55-year-old man was admitted with a sudden onset of right hemiplegia and global aphasia within 5 hours after
symptom onset. There was large diffusion-perfusion mismatch because diffusion-weighted image showed multiple small
lesions on the left middle cerebral artery (MCA) territory (A) and perfusion-weighted image showed large perfusion
defects on the left MCA territory (B). MR angiography demonstrated occlusion of the M1 portion of left MCA (C).
Emergent conventional angiography was performed revealing the proximal portion of the left MCA (D). Through the
microcatheter, 200,000 U of urokinase was infused and followed by mechanical disruption of the clot using a micro-guide
wire was done (E). Although slight recanalization was achieved after intra-arterial thrombolysis, the MCA was reoccluded
within 10 minutes. Although we attempted to recanalize by use of balloon catheter (F), improvement of flow was not
seen. After placement of coronary stent across clot followed by infusion of 14 mg of abciximab (G), the MCA was kept up
the good flow (H). His symptoms were completely recovered after 3 days.
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