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Treatment Faster and Treatment More: System Implementation for
Endovascular Therapy

Dae-Hyun Kim-Jae-Kwan Cha
Stroke Center, Dong—A University Hospital

After releasing five new trials regarding on efficacies of mechanical thrombectomy after acute ischemic stroke (AIS), the paradigm of
stroke care system has been shifting from using IV t-PA into efficient using mechanical thrombectomy. Through 5 recent trials we should
learn several lessons. Among them, it has been more focused on efficient the intra-hospital processing and pre-hospital notification system
for AIS. Although most stroke centers in Korea already have equipped with a delicate intra-hospital stroke code system, it just remained
one for using IV t-PA. Therefore, our stroke code system should extend into rapid preforming of mechanical thrombectomy. For this pur-
pose, we consider more advanced brain images such as CT Angiography (CTA) or MRI including diffusion weighted imaging (DWI) as basic
brain images instead of routine brain CT for stroke code system. Because, these advanced brain images might be shortened door to punc-
ture time in mechanical thrombectomy. Also, we should set up detailed plans of pre-hospital transportation for suspected AIS patients. It
should be needed to building up comprehensive stroke centers. Comprehensive stroke centers should make efficient stroke networks to re-
lay suspected AlS patients from EMS into primary stroke centers and finally to transport to a comprehensive stroke center in cases of those
patients needed to perform mechanical thrombectomy.

In conclusion, stroke neurologists should be a coordinated role not only to set up effective intra-hospital stroke code system including me-
chanical thrombectomy but also unique pre-hospital transportation system in regional comprehensive stroke centers.
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Table 1. Summary of Data From the 5 Trials

Tiral NIHSS Range SN to mRS 0-2 at 90d sICH Mortality
N TICI Groin Device

|AT+/CTL CTL IAT r-tPA 2B/3 Mdn CTL |AT+ CTL |AT+ Complications CTL |AT+
MR CLEAN" 18 17 90% 59% 260 19%  33% 64% 7.7%  Embol.13 22% 21%
500 (14-21) (14-22)

233/267

ESCAPE" 17 16 76% 72% 200 29%  53% 27%  3.6%  Perfor.1 19% 10%
315 (12-20) (13-20)

165/150

EXTEND IA™ 13 17 100% 86% 210 40%  71% 6% 0% Perfor. 1 20% 9%
70 (9-19) (13-20 Embol.2

35/35

SWIFT PRIME™ 17 17 98% 88% 224 36% 60% 3% 0% SAH4 12% 9%
196 (13-19) (13-20)

98/98

REVASCAT'® 17 17 73% 66% 269 28%  44% 1.9% 1.9%  Perfor.5 16% 18%
206 (12-19) (14-20) Embol.5

103/103

CTL indicates control group; Embol, distal embolization; IAT+, intra-arterial thrombectomy on top of standard treatment including r-tPA;
LSN, time(minutes) from last seen normal to groin puncture in IAT+ group; Mdn, median; mRS 0-2 at 90d, modified Rankin Scale of 0-2
at 90days after randomization; NIHSS, baseline National Institutes of Health Stroke Scale; Perfor, vessel perforation; r-tPA, patients in trial
treated with recombinant tissue-type plasminogen activator; REVASCAT, Randomized Trial of Revascularization With the Solitaire FR Device
Versus Best Medical Therapy in the Treatment of Acute Stroke Due to Anterior Circulation Large Vessel Occlusion Presenting Within Eight
Hours of Symptom Onset; SAH, subarachnoid hemorrhage; sICH(SITS), symptomatic intracerebral hemorrhage based on safe implementation
of treatments in stroke criteria; and TICI 2b/3, patients in IAT+ group achieving thrombolysis in cerebral infarction grade 2b or
3reperfusion.

oA 7Fsgk Y A wAlolA Fajold AlzE] <] Fte] K to Needle time(DNT)S 60RO E T&Esh= 2o B&o]
& QT E 3 AT=olA] o]FolA FHT dFollE DNTS 25F o=
g3l Alo) 7Fss A ik’

B = Stroke code?] A8 oln] B2 AFENN HEFT A=
AHe T2 5 98-S w1 20109 By HsEH

1. HEL X|=HA Hat o1& ol computerized physician order entryA]2x
9]9] ZA) kg 5 0]83} stroke code AMEA] X BARES 9n] QA @&

AT S ATFEe ol dAvEel A
T SN HAAE AR 9] ARTo] Ty 3] ghe molzolr) wal stroke code/] Ago] 7)ze]
ESCAPE®} SWIFT PRIMEYIT-ollM &= & A 2 :‘; A& FALNA AFLolA] Helz SALsA] 2 Tte] 22
Aol Rzl Azko] GOl tekdet. o Mg AT mael me elblE Qe sk A
o &H8H suoke code?] F-ES Eﬁﬁéﬁxﬂﬂgﬂ}x] SESI=N

off
b 32, :0‘;
A
Jm
M o

)

g AlAk e HofEr T} 7)E stroke code] AR AA] HEZ 5o o
B 2eEn 3 HE2F Ak 27]93S BCTE 3k
1) Stroke code®™} &2 55t 7|22| =|Z2F 2| BA|AH AR SEshRs Aot o] wiolA k.
HAAIA stroke codeE 0|83+ HER X8 A|AHL V)
VAo 8 BCTE o838 w47] ¥4 fAE W= 2 2) E|Z YAQITLEO| ME L|EF 2| BA|AE] JIA HigE
3t AIAAIE Ajst who, #d o€ A E Y3 IMS TIT 93to] olsha A7) =AM sl AusA

A BEEAIE wEA AMgShs S B i of=et Seed} TR7IAE Rl ‘%J&Ol S A7El ot
A B2 o] R0 2 m]=EFStE] ok HaLsl= Door AT ARk WETE 0UA 74 ARt F5e Hol

2015\ CHEHAIZAT5t5| K34} BRECHE] - Zto)2 - 93



FAt® ol AuEALH SR ohe}t TP A 7)<
A% “Time is a brain"o|2l= Y2lo] H8ES BT
EWs) H 5709 A=A onset to puncture time
18530llX] 2693 Abo] 2 A13] Alzo] w27 o] Foixitt
= 25 & Sk olH WE Al B Aol Hofdk A
TARES] A&7 ARES @58 317] $l8l B2 =3 3
=

572l ATtellA] Z1EATE sl wE AlEARle] ks
St 212 SgAddx B-CIthal CTAE ARE3te] whe AlRE W
o] FIEE & 5 Uk 53] ESCAPES} SWIFT PRIME
SollX = Hd Zd T 60 ool Aol AlRFERAAL,
A o] 3A}E0] loading dose?] t-PAS Fofsh= =59
FHEAA Aol AREAT. A wE FdE ] gR
7h WhE AlEHe] 255 7hssil A

FA7] HES AZAX 718 HGFoE © BCT,
CTAY Mtz 98 3 (diffusion weighted imaging, DWI)-&
7102 sh= MRIZ} o] A §ahpol] thgh =Ao] glojsitt.
= ARk WHE HU2 221 BCTy HEd &4 A=
2 dWHE wey o 7 e EES Atk Ao
SABE gl Aot
o|&d Aol thaiA] IMS 1 ATellA] 88t BXE AlF
F o] AFtellME 207789] S} CTAE 2119004 B-CT=
=G Zofakir). dlPdUlE CTAT | B-CTol H]3l 6
AT Ado] At et AAl g ddgsA AR
AREE 7 2 bl fol7} gliet. 53] daAjv-Rel Ae
= 2 CTAT oA ©] o] QA S5H At o]zl A
2 CTAE o= os8xloA B2 JEE A5 st
n2 B} wE o] 7hsdh shal w3k Aleds BeEd
o|gzlE A& 5L F St

AN B3lA] ARgell Qolr] 71AQ] HPdem o
T B-CT9} MRI9| AR-S FiL B2 A7} o]Fojxrh
MRIE ©]&¢h 834 A8~ B-CTE AR-3F ZHT} 20
T AL =AY, ATl o7t gla 0358 HEE W
A 5ol 1482 ol Ao yehgrh " aeht ol o
g A AT} glo] AR AEARS vE HY
7dET B-CTE w2 Ae AS ddgitt

H2 E0] stioke coded o83t AX|5AIZHe] Tk
MRIZ ©]&¢h 834 A& ARES 333 ©d5A17|aL
et 2014 & Fo] Aol o CPOEA=Rs &34
o2 283k 79 MRIo|| &3t DNTE it 3424 %= A3}
G B-CTo]| HJa] 97 Ao Xfolukg H Jti(Table 2 and

rot

b1

9

AL

94

3
o] HIEE MRIE ARE3E oM ZA2rlT)e AES Vel
t} o]gjst AF=2 MRI 22 CTAS AMESH 347 UES
A2 ARge] A X 5AA] Bt Be AHE Algsto

AA|Z MR CLEANSIT-9] 7-9- ASPECT Scores} &<
o] ANE Fal A7Ale] gt 2Ad s TE=I
pragmatic design®= 75 Zla¥atdct, 2 A A A
Toll Fedoll AV} gl AT FHEAA Az 2 o]
5ol gl A= dAte] Aetow Aol galEo] A
o=]lct, et olefst ATRke] Tk o] At g
A&aA T4 F 2aRK o] At Fofof FHAAA A Al
Lol EZkEole BEslal A3l AdE v Fash
dolo g 7= 1 dupeells Ayl SE3 A1
52 A3 CTA9 22 Hr} obA wodate] Yiolr),

a8y CTA T3 HP7HE B-CTHAl HEF 259
712AR1 Qe ol83t] A et dede Bt 4
gk X|JA|=Hl o] FRIL Aot & 2R qine] Wl
Hopb= ouAx 525 7H HEFAE oA 7Fs3zIc)

2. 2N LISSMEC| Het

IMS M= X84 HEF Al o ni2 gd 7834
£ gty FUEAA|ASS e FAEY T A
NG ALHNA S AM T AlES 98 AR olddt A9
)3 AN ulE AER olddte] FHE gt
Neg e 9ol dele ARE 48 B8 Hkth 1
A7} FHESA Aol QoME 3 2k & A7) gl
u, SRR =] B9 diip and shipFe]e] 2|57} 7}
=) o]dd A TR ol § HES S T
N QA Ao ot ¢ w2 AzE Ule] HEd-85)
A5 AR gl Ak HESAIE 9] 3w FasAuL
axc} gajell o) 2HA] JFS EF 5 e EH HE
SAlE] osto] Hr} Pz} oo thak Iufjol] 243t o]
% UFe] e aiME 271A] Ho| g E|ofof gt

A= oAl Ba1¥ drip and shipd] EAJx} =l
Alo] AR Apole olFfsiof st =] Hilor=
drip and ship] X247} L2 HESFAE A 25 A
T3+ AT} zlo|7} Qe AR oA Fhfje] A9 diip
and ship2] 79 AEIAA A A FA4HL} o7} F £
< A Yehdti(Table 4). o]2J3k xtoli= olggtAle] ¢t
o] EAlE obd Foz motun o] 9 A

2015 HEHIZDLHS| H347 SH8THE - 240l -



2971 H3Y A SUMHE Aes Aot SN 0ISAIAE 715

Table 2. Comparisons of time intervals and outcomes in MRI screening for thrombolysis between the pre-and post-stroke code periods

Pre stroke code (n=53) Post stroke code (n=208) D

Age (yrs, IQR) 64.0 (53.0-73.0) 67.0 (58.0-76.0) 0.16
Men (%) 36 (67.9) 123 (59.1) 0.24
Baseline NIHSS (IQR) 12.0 (8.0-14.0) 10.0 (6.0-15.0) 0.34
+ Intral arterial thrombolysis (%) 12 (22.6) 46 (22.1) 0.93
OTA (min, IQR) 98.0 (67.0-113.0) 85.0 (47.5-118.0) 0.25
OTA (min, mean + SD) 92.8 + 35.6 85.9 + 40.6

DTl (min, IQR) 28.0 (16.0-36.0) 14.0 (9.0-21.5) <0.01
DTl (min, mean + SD) 27.0 + 12.8 16.3 + 11.1

DTN (min, IQR) 51.0 (32.0-67.0) 33.0 (25.0-41.5) <0.01
DTN (min, mean + SD) 52.1 + 24.0 343 + 15.2

OTN (min) 150.0 (130.0-170.0) 124.5 (90.0-151.5) <0.01
OTN (min, mean + SD) 144.8 + 29.2 120.2 + 38.6

SICH (%) 3 (5.7) 4 (1.9 0.15
Favorable mRS (%) 22 (41.5) 125 (60.1) 0.02

NIHSS- National Institute of Health stroke scales;OTA- Onset to arrival time; DTI- Door to imaging time; DTN- Door to needle time; OTN-
Onset to needle time; SICH- Symptomatic intracerebral hemorrhage; mRS- modified Rankin Scores; IQR- Interquartile range.

Table 3. Comparisons of time intervals and outcomes in CT screening for thrombolysis between pre-and post-stroke code periods

Pre stroke code (n=18) Post stroke code (n=44) p

Age (yrs, IQR) 62.5 (49.0-72.0) 69.0 (56.0-75.0) 0.10
Men (%) 12 (66.7) 22 (50.0) 0.23
Baseline NIHSS (IQR) 11.5 (8.0-16.0) 11.0 (7.0-17.0) 0.98
+ Intral arterial thrombolysis (%) 3 (16.7) 9 (20.5) 0.73
OTA (min, IQR) 91.5 (62.0-118.0) 91.0 (52.5-131.5) 0.86
OTA (min, mean + SD) 88.4 + 33.9 89.5 + 41.9

DTI (min, IQR) 23.5 (17.0-31.0) 10.5 (7.0-16.0) <0.01
DTl (min, mean + SD) 248 + 10.2 13.1 + 104

DTN (min, IQR) 40.0 (32.0-55.0) 22.0 (18.5-29.5) <0.01
DTN (min, mean + SD) 411 + 142 25.2 + 105

OTN (min, IQR) 127.0 (100.0-163.0) 117.0 (82.5-153.5) 0.21
OTN (min, mean + SD) 1289 + 33.6 14.7 + 42.6

SICH (%) 2 (11.1) 3 (6.8) 0.62
Favorable mRS (%) 8 (44.4) 21 (47.7) 0.81

NIHSS- National Institute of Health stroke scales; OTA- Onset to arrival time; DTI- Door to imaging time; DTN- Door to needle time; OTN-
Onset to needle time; SICH- Symptomatic intracerebral hemorrhage; mRS- modified Rankin Scores; IQR- Interquartile range.
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Table 4. Baseline characteristics

Comprehensive stroke center Drip and ship paradigm P

Men (%) 141 (59.0) 49 (62.8) 0.60
Age 66.5 = 11.7 653 + 11.9 0.46
Hypertension (%) 118 (49.4) 37 (47.4) 0.79

M (%) 51 (21.3) 11 (14.1) 0.19
Previous stroke (%) 34 (14.2) 7 (9.0) 0.33
Previous CHD (%) 29 (12.1) 8 (10.3) 0.84
NIHSS 10.7+ 5.3 124 + 6.5 0.03
Size of ischemic lesion on DWI (CC) 20.2 + 28.7 32.2 + 37.7 <0.01
IA" thrombolysis (%) 51 (21.3) 14 (17.9) 0.63
Craniectomy (%) 7 (2.9) 4 (5.1) 0.47

CHD- Coronary heart disease; NIHSS- National Institutes of Health Stroke Scale; DWI- Diffusion-weighted MRI; 1A thrombolysis- Intra-arterial

thrombolysis.

Table 5. Outcome and complications after IV thrombolysis

Comprehensive stroke center Drip and ship paradigm P
SICH (%) 9 (3.8) 4(5.1) 0.53
Poor outcome (%) 108 (45.2) 51 (65.4) <0.01

SICH- symptomatic intracerebral hemorrhage.
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