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Reocclusion and Hemorrhagic Transformation following Thrombolytic

Therapy
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In patients with acute ischemic stroke, early treatment with thrombolytic agents is thought to permit reperfusion

to ischemic but still viable brain areas and to promote recovery of function. However, reocclusion and

hemorrhagic transformation may occur after thrombolysis and these are major factors of no-improvement or

deterioration despite the initial successful recanalization. Reocclusion occurs frequently during or immediately

after successful recanalization, often silently. In the case of reocclusion, initial platelet-fibrin thrombi are converted

into platelet-rich thrombi by platelet-mediated thrombotic mechanisms. Therefore, if can be effectively resolved by

use of the platelet membrane glycoprotein IIb/Illa receptor inhibitors such as abciximab. Hemorrhagic

transformation (HT) is a well-known factor limiting the use of thrombolytics and negating the effect of the

treatment. Recent studies demonstrate that loss of integrity of the blood-brain barrier in association with active

proteolytic degradation of vascular extracellular matrix is a key molecular pathway leading to HT. Therapeutic

strategies to prevent reocclusion and HT by use of agents that act against these mechanisms before or during

thrombolysis are warranted to enhance the efficacy of reperfusion therapy in stroke.
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Baseline After 1A UK Reoccclusion

v

Thrombolysis
Fibrin-platelet thrombi — =—  Flatelet-rich thrombi

= Residual stenosis

+ Residual thrombus

= Thrombolytics-induced platelet activation
« Plasma milieu

Figure 1. Mechanisms of reocclusion. The fibrin-platelet
thrombi change into the platelet-rich thrombi by several
mechanisms. IA; intra-arterial, UK; urokinase

7o) Skt 8-S Belrt 24, e @4 A

A ¥ 9 (thrombogenic surface) &2 &85}

ot FAgEES Aea(fibrin et ZAFEo] gd EEH

(thrombin)& =EA7|al, EFHS gk 2slel Adfa

ZIE(fibrin mesh) 9] @4 FUAIT 2Hr 43} tEof
otk 4 aaEo] B2 2Rk A

L3tk oledt e Tl AT = o] AR He
st

T A Eato] vl T8t e

= I g 2717070 yul
|5 oAlshs AR $4F Aolek= HoltkFig. 1).

e
r [¢]
o)
=
Ir
N
o
[iThey
-
i)
o)
= O

A, ErA-gshA ] 77 skl A

2 Sefehe ch wsl 457t wk

2
|o

A olegh &S HF 4= ol ool ok AW W &
R = =T WA A e] Lol B §IANE o]
I GP IIb/Illa =84 JAA7} o] 2 7Fsrdo] Arh
P9k o]gt |77t BHEIIEY] YAl 28 22 HF
Aol gt A o7t A EjlE|ojof & Holrt,
AT GP 1Ib/Illa 84 JAA= a4 -$3]9] vpA|gt
5 ARE Adste] age] Bo|Fo|n gt EAag S
A 535 7HIe, o] gfofw gL ZEE Qlo] EEN]
A& AT oA FHOoRE FH V|- HE E
5 Fol1, AHo 2L Fag A3} | 3t

= o
Factor VO] S22 ZFAA|AA o]|2ojRItt 714 g
)

o)

A F49e ZelE <= 9lck® olofl wis| GPIIb/Ila 84| A
%l
7

i;oﬁl’ 12
2,

S B e o B 1o o oo
o
)
jaid
Jo
B~
S~
K3
fu

(2R
2
i
et
D

h)‘l

gl
&
N
)
et
4>
%0
=

A7} Aol 1/4~

S
S o5} Lpmick g

ek
>
oo
%
>
N
il
i
ol
2
M,
=
o
ol

1/30]| o] Eth= AHT, AN E=
AS5E AHAS didshe o] v 5 k= A7
7HAA Fhek, oF2] XA A= R WRlou A Aaprt
YA, AN FeE 2 g4
7R Ao FEAeR =32 ¢
Ao A o] A mz oukd
A5 EH AN NIEE ofE Fojz WA -9
BAAS 0|2 HoiFAL 2Rk F4 AT
GP TTb/Illa -84 A4S Sofgt AT Ak Ge5e] tPASH
abciximab?®] g FolZ TIMI 38 @729 YUHFE =o)L,
29| NEE FY 4 girkar Fek " SR|gk, w7 Aol A o]
2gh e A5 HEgolghes ARt $1do] UAjE o] 917
oo 2AAHA AlEEojok & Zlolrt, 12]al Abciximab
Emergent Stroke Treatment Trial (AbESTT)¥} -2 o=
A= 3l =B Ao A GPIIb/Illa $=§A] AAA] 2HA1S] Qb
At avto] tigk HEI} o] $-AElofof & Aolct

o ol

S8y s

J Korean Neurol Assoc Volume 23 No. 3, 2005 297



=)
OB

= HaA §lxl=]

-

84 A8 A 2 R

e 7o HEFEL2 oY diafi Aol 42 =5
27 o= it NINDS r—tPA Atolli= HEER
gixje] Abel7) ofslEIglAlol uje) F4bY, i R4
Jo g LBt FAM <3 (symptomatic hemorrhagic
el il kol B4e) 24 )
o] ofslo} TAE CTAC R Y5d HEIR Host3al, 53
36AIE olufel] AR F9-E @ Xd shAet e Hede
A oJatiet. " Multicenter Acute Stroke Trial of Italy and
Europe (MAST-1, E)oAE CTU RAA A @29 H&
o) Q4 ofsie} AR A9 Heleisln, 018 P2
28wy % 59l ol Z2 Qe ofs} Al7]o] st
g} 1415

HEUY BRE B olg 34 ofte)

S SR FESIIARE,

o %
flo mei_'
o

)

X
o

transformation)&

lmm

S ket %
European Cooperative
Acute Stroke Study (ECASS)o|A& &S I ofslel A
gio] ANA 2700l wfet thea 2 A7b] Pz ek
At B = 1) WA A2 whet 2o FAF So] 9
AeE &=3dX YAM 18 (Hemorrhagic Infarction type
LHI-D), 2) S8 9] holl S8 4 BEL HolAw T
7t A5 "3 (space—occupying effect)”} Y= HASE &34
A 2% (HI-2), 3) 2Fe] 37t A8 aufe} 3 HAM 2
7191 30% olstel EFo| Sl A5 A4 =48 13 (Paren—
chymal hemorrhage type 1; PH-1), 4) & 37t 1§ avke}
W A $900] 3008 Znie ol s A9E ALk
=8 2% (PH-2)ol2taL S}t F1g 2). ECASSOIAE Z44d
Haue gejsiged, 244 HUad
Stroke Scale (NIHSS)o] 47 o]A
off Q4 of5hE Qo7 27l O g
o] e FollAl= PH-27F o4 o5k} o $-0f o] gl A
oz HuEgin

AA7EA O it AFtolA= 89 f-75 Wdshe b
CTE ©]&35ltt. Felli= MRIE Wo] o]&skal Q=T &
3] gradient recalled echo (GRE) MRIQ| Z-$- G47] &&
o] xigte] wj9- wiZtsie, WH7] £E€& CTHEG o st
) 2o Wy So] weste] 719 AAF CTeR= e, MRI
o At 7t 349 szl Aol L2 2
7| dzoll of Z=EZA of

W 478 HEER 48X, 12|17 BoAsselAle] BR7E 1
g2 A8 4 9 Ao thebilt ok AAE st gl
Apefolek

298 J Korean Neurol Assoc Volume 23 No. 3, 2005

Figure 2. Examples of different subtypes of hemorrhagic trans-

formation. Hemorrhagic infarction (HI)-1 with scattered, hetero-
geneous petechiae along the margins of the infarct (A). HI-2
with more confluent but still heterogeneous petechiae within the
infracted area (B). Parenchymal hemorrhage (PH)-1 with a
homogeneous hematoma covering <30% of the infracted area
and only mild space-occupying effect (C). PH-2 with a dense
hematoma >30% of the lesion volume with significant space-
occupying effect (D).
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Table 1. Incidence of cerebral hemorrhagic transformation after thrombolytic therapy

Patients

Trial/Author No Treatment Group Total HT SHT HI PH
NINDS 624 IV tPA Treatment 33/311 (10.6) 20/311 (6.4)
Placebo 11/312 (3.2) 2/312 (0.6)
ECASS 1 620 IV tPA Treatment 134/307 (43.6) 72/307 (23.5) 62/307 (20.2)
Placebo 113/302 (37.4) 93/302 (30.8) 20/302 (6.6)
ECASS 11 800 IV tPA Treatment 197/407 (48.4) 36/407 (8.9) 142/407 (34.9)  48/407 (11.8)
Placebo 155/386 (40.2) 13/386 (3.4) 141/386 (36.5) 12/386 (3.1)
PROACT 1 46 IA rpro-UK Treatment 11/26 (42.3) 4/26 (15.4) 9/26 (34.6) 2/26 (7.7)
Placebo 1/14 (7.1) 1/14 (7.1)
PROACT 1I 180 IA rpro-UK Treatment 38/108 (35.2) 11/108 (10.2)
Placebo 7/54 (13) 1/54 (1.9)
ATLANTIS* 613 TIA-tPA Treatment (19) (6.7)
Placebo (5.5) (1.3)
MAST-E 310 IV streptokinase Treatment 96/142 (67.6) 33/156 (21.2)
Placebo 61/141 (43.3) 4/154 (2.6)
MAST-I 622 IV streptokinase Treatment 81/311 (26.0) 25/311 (8.0) 60/311 (19.3) 21/311 (6.8)
Placebo 28/309 (9) 4/309 (1.3) 26/309 (8.4) 2/309 (0.3)
IMS 80 IV tPA/IA tPA Treatment 39/80 (48.8) 5/80 (6.3) 20/80 (25) 19/80 (23.8)
Lee etc. 30 IV tPA/IA tPA/Reopro Treatment 7/30 (23.3) 2/30 (6.7)
Lee etc. 20 IA UK Treatment 9/20 (45) 3/20 (15) 520 (25) 4/20 (20)
Choi etc. 54 IV tPA Treatment 17/54 (31.5) 2/54 (3.7)
Bae etc. 26 IV tPA Treatment 3/26 (11.4) 1/26 (3.8)
Chang etc. 18 IV tPA Treatment 5/18 (27.8) 2/18 (11.1) 2/18 (11.1) 3/18 (16.7)
Lee etc. 42 IV tPA Treatment 12/42 (28.6) 4/42 (9.5)
Jeon etc. 38 IV tPA/IA UK Treatment 6/38 (15.8) 4/38 (10.5)

Numbers in parentheses are percentages.

*Hemorrhagic transformation patients numbers were not presented. HT; hemorrhagic transformaiton,

SHT; symptomatic hemorrhagic transformation, HI; hemorrhagic infarction, PH; parenchymal hemorrhage, NINDS; National Institute of

Neurological Disorder and Stroke,

ECASS; European Cooperative Acute Stroke

Study, PROACT,; Prolyse in Acute Cerebral

Thromboembolism, ATLANTIS; Alteplase ThromboLysis for Acute Noninterventional Therapy in Ischemic Stroke, MAST-I, E; Multicenter
Acute Stroke Trial of Italy and Europe, IMS; Interventional Managemnet of Stroke, tPA; tissue-type plasminogen activator, UK; urokinase
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