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a view to reducing the risk of stroke with new oral anticoagulants, including factor
Xa inhibitors in AF patients. Key Words: Atrial fibrillation—cardioembolic stroke—

dabigatran—factor Xa inhibitors—stroke.
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Stroke is a major health problem worldwide, and is of-
ten fatal or associated with poor long-term outcomes.' In
Japan, although the mortality rate associated with stroke
‘appears to be decreasing, the overall incidence of stroke
has not decreased; in fact, the number of stroke patients
has even increased because of the rapid growth of the
elderly population.”®

Atrial fibrillation (AF) is a common cause of stroke and is
responsible for at least 15% to 20% of all strokes.” In a gen-
eral Japanese population =40 years of age, the overall prev-
alence of AF in men and women was 1.35% and 0.43%,
respectively.lo Among men and women =80 years of age,
the prevalence of AF was 4.4% and 2.2%, respectively,*®
indicating that the prevalence of AF increases with age.

Considering these findings in the general population,
an analysis of the Japanese Stroke Databank (n =
35,414), which included 32,799 patients with acute ische-
mic stroke and 2,615 patients with ‘transient ischemic at-
tack (TIA), revealed that 21.8% of men and 25.4% of
women had AFE® As in the general population, the preva-
lence of AF in stroke patients also increased with age,
with 32.3% of men and 35.6% of women =80 years of
age having AR® Notably, 72.3% of patients with cardioem-
bolic stroke (CES) had AF. It is worrisome that the
National Institutes. of Health Stroke Scale scores on ad-
mission were substantially higher among patients with
CES than among those with other types of ischemic stroke
(Fig 1A), as were modified Rankin scale scores at dis-
charge (Fig 1B).®

Warfarin is recommended by the Japanese Guidelines
for the Management of Stroke™ for stroke prevention in
patients with nonvalvular AF (NVAF). Despite these rec-
ommendations, according to the Japanese Stroke Data-
bank, warfarin is underused, with only 38.0% of NVAF
patients receiving warfarin before the onset of stroke or
TIA. In addition, only 12.9% received warfarin despite in-
dications for its use as primary prevention (Fig 1C).%

The underuse of warfarin in particular may be related
to its limitations, which include a narrow therapeutic
window, variable and unpredictable pharmacokinetic
and pharmacodynamic properties, interactions with
other drugs and vitamin K-rich foods, a slow onset and
offset of action, and the need for regular anticoagulation
monitoring and dose adjustments (Table 1). Another fac-
tor that may limit the use of warfarin is the higher risk
of intracranial hemorrhage (ICH) among Asian patients
with AF compared with white patients with AR*

Several anticoagulants with novel pharmacologic tar-
gets have recently been approved for clinical use or are

currently under clinical evaluation. These novel drugs
include direct thrombin inhibitors (eg, dabigatran) and
factor Xa inhibitors (eg, rivaroxaban, apixaban, and
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Figurel. Results from the Japanese Stroke Databank 2009. National Insti-
tutes of Health Stroke Scale (NIHSS) scores (means = SD) on admission ac-
cording to subtype of ischemic stroke (A). Proportions of patients with each
modified Rankin scale (mRS) score at discharge according to subtype of ische-
mic stroke (B). Proportions of warfarin use in patients with atrial fibrillation
or nonvalvular atrial fibrilliation both with and without stroke or TIA (C).
Data from Fukuda et al.® Abbreviations: AE, atrial fibrillation; NVAF, non-
valvular atrial fibrillation; TIA, transient ischemic attack.
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Table 1. Limitations of warfarin use

Narrow therapeutic window

Variable and unpredictable pharmacokinetic and
pharmacodynamic properties

Interactions with other drugs and foods rich in vitamin K

Slow onset and offset of action

Need for regular anticoagulation monitoring and dose
adjustments

High incidence of intracranial bleeding, especially among
Asian patients

edoxaban; Table 2)."° Their pharmacologic targets in the
coagulation cascade are summarized in Fig 2. Dabigatran,
rivaroxaban, apixaban, and edoxaban are orally active
drugs administered either once daily (rivaroxaban and
edoxaban) or twice daily (dabigatran and apixaban).
Although the half-lives of these drugs vary, they reach
maximum concentrations within approximately 1 to 4
hours.

Dabigatran was recently approved in Japan for the pre-
vention of ischemic stroke and/or systemic embolism in
patients with NVAF. Considering the results of recently
published and ongoing trials, such as Rivaroxaban-once
Daily, Oral, Direct Factor Xa Inhibition Compared with
Vitamin K Antagonism for Prevention of Stroke and Em-
bolism Trial in Atrial Fibrillation (ROCKET-AF),'* Apixa-
ban Versus Acetylsalicylic Acid te Prevent Strokes
(AVERROES),’® Apixaban for the Prevention of Stroke
in Subjects With Atrial Fibrillation (ARISTOTLE),*®and
Global Study to Assess the Safety and Effectiveness of
DU-176b Versus Standard Practice of Dosing with Warfa-
rin in Patients with Atrial Fibrillation (ENGAGE-AF; on-
going, NCT00781391), it is likely that these factor Xa
inhibitors for the prevention of ischemic stroke and sys-
temic embolism will also be applicable.

Considering the current status of these drugs, the ob-
jective of this review is to discuss opportunities to pre-
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vent ischemic stroke and systemic embolism in patients

~ with AF, focusing on dabigatran, and therefore to pro-

vide a practical update for clinicians treating these pa-
tients.

Pharmacologic Characteristics of Dabigatran

Thrombin is a plasma serine protease that plays a major
role in coagulation and hemostasis (Fig 2). In vivo, throm-
bin is produced by the cleavage of prothrombin and
catalyzes the conversion of fibrinogen to fibrin, which pro-
motes thrombus formation. Therefore, thrombin was se-
lected as a therapeutic target because it is a key molecule
that plays an essential role in the coagulation cascade.
Accordingly, dabigatran, by targeting thrombin, signifi-
cantly disrupts the coagulation cascade and prevents the
formation of fibrin.

In terms of its mechanism of action, dabigatran compet-
itively inhibits thrombin in a concentration-dependent
manner.”” Its binding to thrombin is highly selective
and occurs rapidly, butis reversible. The general pharma-
cologic characteristics of dabigatran, a nonpeptide direct
thrombin (factor Ila) inhibitor,® are summarized in
Table 2. Briefly, after oral administration, dabigatran etex-
ilate is absorbed via the gastrointestinal (GI) tract and
rapidly hydrolyzed by esterase to its active form, dabiga-
tran.’® Dabigatran reaches a peak plasma concentration
approximately 0.5 to 2 hours after administration. It has
a terminal half-life of approximately 12 to 17 hours®
and an absolute bioavailability: of 6.5%. Approximately
80% of dabigatran is excreted by the kidney.'*"
Dabigatran is not metabolized by nor does it affect the
activity of the cytochrome P450 system.” As a result, it
has few drug interactions and does not necessitate diets
with low vitamin K content.?” However, dabigatran etex-
ilate is a substrate of P-glycoprotein, and its absorption is
influenced by a number of P-glycoprotein inhibitors and
inducers.?

Table 2. Profiles of novel oral anticoagulants*

Dabigatran Rivaroxaban Apixaban Edoxaban
Target Thrombin Xa Xa Xa
Administration Twice daily Once daily Twice daily Once daily
Prodrug Yes No No No
Half-life (hrs) 12-14 9-13 8-15 6-11
tmax (DrS) 0.5-2 2-4 1-4 1-1.5
Bioavailability  6.5% (humans) 67-86% (animals) 49% (humans) 60% (animals)
Protein binding 35% 92-95% 87% 40-59%
Renal excretion 80% 33% 25% 35-39%
Phase II trials  RE-LY (published)”** ROCKET-AF (published)'* AVERROES (published)’> ENGAGE-AF (ongoing;
(status) : NCT00781391)
J-ROCKET (completed; ARISTOTLE (published)'®
NCT00454871)

*Data from Ogawa et al.”>
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Figure 2. Site of action of oral anticoagulants.

Dabigatran exhibits dose-proportional and near-linear
increases in activated partial thromboplastin time (aPTT),
at least with the concentrations of dabigatran applied in
clinical practice, prothrombin time (PT), thrombin time
(TT), and ecarin clotting time (ECT).® In addition, the vari-
ability in pharmacokinetic and pharmacodynamic proper-
ties was generally low or moderate, indicating predictable
pharmacokinetic and pharmacodynamic characteristics.

Clinical Efficacy of Dabigatran in Patients
with Atrial Fibrillation

Overall Efficacy

The clinical efficacy and safety of dabigatran were
assessed in the Randomized Evaluation of Long Term An-
ticoagulant Therapy (RE-LY) study, in which 18,113 pa-
tients with NVAF were treated with either 110 mg or
150 mg dabigatran twice daily, or with adjusted-dose war-
farin for approximately 2 years. The primary endpoint of
the study was stroke or systemic embolism.?? The overall
rate of stroke and systemic embolism was 1.71% in
patients treated with warfarin versus-1.54% for 110 mg
dabigatran (relative risk vs warfarin 0.90; 95% confidence
interval [CI] 0.74-1.10; P <.001 for noninferiority and P =
.30 for superiority) and 1.11% for 150 mg dabigatran (rel-
ative risk vs warfarin 0.65; 95% CI 0.52-0.8; P < .001 for
noninferiority and P < .001 for superiority; Fig 3).%%
Collectively, these results showed that both doses of
dabigatran were noninferior to warfarin, and that 150 mg
dabigatran showed superiority - to warfarin for the
prevention of stroke and systemic embolism in patients
with NVAE The rates of major bleeding, hemorrhagic
stroke, and mortality tended to be lower in patients
treated with 110 mg or 150 mg dabigatran than in
patients treated with warfarin.**** As shown in Fig 4, da-
bigatran also significantly reduced the risk of intracranial
hemorrhage, with risk reductions of 59% with 150 mg da-
bigatran and 70% with 110 mg dabigatran.
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Efficacy in Patients with Previous Stroke or TIA

Because the RE-LY study also included patients with
previous stroke or TIA, the investigators compared the ef-
ficacy of dabjgatran with that of warfarin in this sub-
group.”* The results of this subanalysis showed the
same trend as those seen in the overall study population;
the risk reductions for stroke or systemic embolism with
110 mg and 150 mg dabigatran relative to warfarin were
16% and 25%, respectively (Fig 3), although these differ-
ences were not statistically significant because of the
small number of patients.** On the other hand, as shown
in Fig 4, both doses of dabigatran significantly reduced
the risk of intracranial hemorrhage in patients with previ-
ous stroke or TIA, by 80% and 59% for 110 mg and 150 mg
dabigatran, respectively, compared with warfarin.?*

Positioning of Dabigatran

The Congestive heart failure, Hypertension, Age, Dia-
betes mellitus, and Prior Stroke or TIA (CHADS;) score
is a tool to estimate the risk of stroke in patients with
AF and help determine whether anticoagulant therapy
is needed.” To date, warfarin has been used in patients
at higher risk (CHADS, score =2). Among subgroups of
patients in the RE-LY study stratified by CHADS; scores
of 0to1,2,and 3 to 6,2§ dabigatran was associated with
lower rates of stroke, systemic embolism, and major
bleeding in all stratified subgroups, indicating that dabi-
gatran is applicable to all of these risk groups.

In summary, the results of the RE-LY study indicate
that, overall, dabigatran is associated with a reduced
risk of stroke or systemic embolism compared with war-
farin. Therefore, as shown in Fig 5, dabigatran is strongly

recommended for patients with CHADS, scores of 1.7

For patients with CHADS, scores =2, dabigatran and
warfarin are equally appropriate, and dabigatran is pre-
ferred considering the results of the RE-LY study.

In terms of dosage of dabigatran for the prevention of
stroke and systemic embolism in patients with AF, 150 mg
is recommended, while 110 mg could be considered in
patients with higher dabigatran concentrations or pa-
tients who are at an increased risk for bleeding.?”

Precautions for Usage and Contraindications
of Dabigatran

In the RE-LY study, the rate of major bleeding was

lower than or similar to that in warfarin-treated patients,

and the rate of intracranial bleeding was much lower in
dabigatran-treated patients than in warfarin-treated
paﬁents.22’23 However, considering that thrombin is a
key molecule in the coagulation cascade, patients using
dabigatran should be aware that increased bleeding is
possible with this drug. Therefore, dabigatran should be
used with care taken to reduce the risk of bleeding. The
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Overall RE-LY population Patients with prior stroke/TIA
RR 0.65 (95% Cl: 0.52-0.81)
P <.001 {Non-inferiority), P < .001 (Superiority) RR 0.75 (95% CI: 0.52-1.08)
I 1 1 i
RR 0,90 (95% C: 0.74-1.10)
. p<0.001 (Non-Inferiority), P = .30 (Superiority) RR 0.84 (95% Cl: 0.58-1.20)
Figure 3. Effects of dabigatran and warfarin 3.0 i 30
on the incidence of stroke or systemic embolism
in the Randomized Evaluation of Long-term %
Anticoagulant Therapy study in all patients £ 2.0 4eemne
and in patients with previous stroke or transient &
ischentic attack. Data from Connolly et al® and §
Diener et al.* 3 104
g
i 0.
Dabigatran Dab:gatran Warfarin Dabigatran Dabngatran Warfarin

150 mg b.id. 110mg 150 mg b.id. 110 mg b.id.

{n=13476,076) (n-183/6 015) {n=202/6,022) (n=51/1,233) (n=55/1,195) (n=65/1,195)
precautions and contraindications to dabigatran are trast, warfarin is activated after hepatic metabolism;
summarized in Table 3. therefore, unabsorbed warfarin cannot be activated in

There was a significant treatment by age interaction, the GI fract, reducing the risk for GI bleeding.
such that dabigatran 110 mg twice daily was associated Considering the increasing use of antiplatelet drugs,
with a lower risk of major bleeding in patients <75 years such as aspirin and clopidogrel, the efficacy and safety
of age and a similar risk in those =75 years of age com- of dabigatran in combination with these drugs is an im-
pared with warfarin, whereas dabigatran 150 mg twice- portant topic of research in terms of stroke prevention
daily was associated with a lower risk of major bleeding and risk of bleeding events. When used concomitantly
in those <75 years of age and a trend toward higher with aspirin, dabigatran showed good efficacy in terms
risk of major bleeding in those =75 years of age compared of stroke or systemic embolism, similar to that of dabiga-
with warfarin.?® . tran alone.”? However, because the concomitant use of as-

On the other hand, the incidence of GI bleeding, partic- pirin increases the risk of major bleeding in patients
ularly lower GI bleeding, is higher among dabigatran- treated with dabigatran or warfarin, precautions for coad-
treated patients than warfarin-treated patients.”® ministration are necessary.

Eikelboom et al® proposed several mechanisms to de-
scribe the increase in major GI bleeding, particularly

among patients >75 yéars of age. First, they suggested Treatment of Bleeding Complications

that because dabigatran has a low bioavailability after Because bleeding complications are the main concern
oral ingestion, the metabolism of dabigatran etexilate of all anticoagulant drugs, patients should be aware of
may lead to higher concentrations of the active drug dur- the risks and physicians should know how to treat
ing transit of the GI tract, leading to local effects. In addi- such complications. Table 4 summarizes the main inter-
tion, elderly individuals are more likely to have GI tract ventions that should be considered in anticoagulant-
pathologies, increasing their risk for bleeding.”” In con- treated patients who experience bleeding complications.

Overall RE-LY population Patients with prior stroke/TIA

RROT (2 02200 RR 0.41 (95% Cl: 0.21-0.79)

| l f —

RR 0.30 (85% Ci: 0.18-0.45)
P< 001

: . RR 0.20 (95% Cl: 008-0 47
Figure 4. Incidence of intracranial hemor- ©5% )

1.4
rhage in the Randomized Evaluation of Long-
term Anticoagulant Therapy study in all 12
patients and in patients with previous stroke  § 1.0
or transient ischemic attack. Intracranial hem- 8 08.
orrhage includes hemorrhagic stroke, subarach- g
noid hemorrhage, and subdural hematoma. § B
Data from Connolly et al®® and Diener et al®* 2 0.4
0.2 4
04 e i
Dabigatran Dablgatran Warfarin Dabigatran Dabngatran Warfarin
150 mg b.i.d. 110 mgb. 150 mg b.i.d. 110 mgb.id.
(n=38/6,076) (n=27/6, 015) (n=90/6,022) (n-13/1 ,233)  (n=6/1,195) (n=30/1,195)
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It is important to treat the bleed as promptly and effi-
ciently as possible. Because dabigatran is renally ex-
creted, appropriate intravenous infusion and induction
of diuresis are beneficial. For major bleeds, it is impor-
tant to halt its administration and consider performing
gastric lavage or oral administration of activated char-
coal if the bleed occurs within 2 hours of dabigatran
administration. It is also important to support the circu-
latory system by supplementing endogenous procoagu-
lant factors, such as fresh frozen plasma (FFP), factor
IX complex (prothrombin complex concentrate [PCC]),
which contains factors II, VII, IX, and X, or recombinant
factor VIL In preclinical studies, it was found that PCC or
recombinant factor VII inhibited the prolongation of
bleeding time after,the administration of dabigatran to
rats.?*?? On the other hand, in a clinical study of
healthy volurteers, it was reported that PCC did not
reverse the anticoagulant effects of dabigatran on aPTT,
ECT, or TT*? but there has been no report in which

S. UCHIYAMA ET AL.

Figure 5. Recommendation of dabigatran for
the prevention of stroke and systemic embolism
in patients with nonvalvular atrial fibrillation,

(Dabigatran is preferable to warfarin.)

bleeding time was evaluated. It is therefore necessary
to verify the effects of PCC, recombinant factor VII,
and FFP on bleeding during treatment with the new an-~
ticoagulants with accumulating clinical experience. He-
modialysis to remove dabigatran or blood transfusion
may also be necessary, depending on the severity. Fi-
nally, as discussed in greater detail below, the develop-
ment of antibodies capable of neutralizing dabigatran
may also offer an important option for patients with se-
vere bleeding.

Future Perspectives

Considering that warfarin requires several days before
the onset of its anticoagulant effects—whereas the effects
of dabigatran are apparent much sooner—it is possible
that the duration of hospitalization for patients with acute
AF-related stroke could be shortened by using dabigatran
instead of warfarin. There are currently no data from the

Table 3. Precautions and contraindications to dabigatran®

Precautions

¢ Consider administering dabigatran at 110 mg twice daily and carefully administer this product as the blood dabigatran

concentrations may increase in the following patients:

o Patients with moderate renal impairment (with creatinine clearance 30-50 mL/min)
o Patients under treatment with an oral P-glycoprotein inhibitor

high risk of hemorrhage:
o Patients =70 years of age

o Patients with a history of gastromtestmal hemorrhage

Contraindications

Dabigatran should be administered with care, with consideration of 110 mg thce daily dosing, in the following patients at

e Patients with a history of hypersensitivity to the active ingredients of this product

» Patients with severe renal impairment (creatinine clearance <30 mL/min), including those undergoing dialysis

¢ Patients with hemorrhagic symptoms, hemorrhagic diathesis, or spontaneous or pharmacologic impairment of hemostasis
o Patients with organic lesions associated Wlth risk of clinically significant hemorrhage, including hemorrhagic stroke, within

the last 6 months

Patients with an indwelling spinal or epidural catheter and during the first hour after removal

e Patients under concomitant treatment with itraconazole (oral)

*Data from the Prazaxa (dabigatran etexilate mesylate) package insert.*’
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Table 4. Treatment of major bleeding complications™

The following interventions must be performed:
- e Stop oral medicationst
®

hemorrhage are necessary

Mechanical compression and/or surgical interventions. Even after hemostasis, interventions to prevent the recurrence of

e Maintain circulating blood volume and blood pressure by blood transfusion, for example, and provide treatment to induce

diuresis

e For intracerebral hemoirhage and subarachnoid hemorrhage, adequate treatment to suppress blood pressure should be

provided

The following interventions should be considered depending on the situation:
e Administration of fresh frozen plasma, factor IX complex{, §, 9§ (to improve hemostatic function by factor II contained), or
recombinant factor VI, § (to improve overall hemostatic function)
e Gastric lavage] or oral administration of activated charcoal} (within 2 hours of oral administration)

e Hemodialysis}
e Blood transfusion

*Data from van Ryn et al.*

{Temporary or permanent withdrawal of dabigatran etexilate may increase the risk of thromboembolism. Therefore, in such cases, switching

to another anticoagulant (eg, heparin) may be necessary.
{Insufficient clinical data.
§Not covered by national health insurance.

CFactor IX complex contains coagulation factors I, VII, IX, and X.

RE-LY study to confirm this hypothesis, so additional
studies are needed to examine this possibility.

Another topic of research is the cost effectiveness of da-
bigatran relative to that of warfarin. As with many new
drugs, dabigatran is more expensive than the established
drug (warfarin). Therefore, physicians may be less willing
to use this drug considering its cost. However, the cost of
these drugs must be weighed against the cost of treating
stroke and systemic embolism. Considering the risk re-
duction profile of dabigatran, it appears to show better
cost effectiveness than warfarin in Japan®® and in other
countries.>*3¢

To date, there has been no antidote for dabigatran.
However, another approach currently under evaluation
is the use of antibodies capable of neutralizing dabiga-
tran. In fact, van Ryn et al*” recently reported that mono-
clonal antibodies completely inhibited the anticoagulant
activity of dabigatran in human plasma and whole blood
in vitro and in rats in vivo.*” Experimental and clinical
studies are now needed to confirm the efficacy and safety
of this approach before antibody-based inhibition of dabi-
gatran can be introduced and used in the management of
patients with major bleeding complications.

Recombinant tissue plasminogen activator (t-PA) is an
important tool used in acute stroke treatment to achieve
adequate thrombolysis. In the United States, for example,

“its use after ischemic stroke has doubled in the last 5
years.®® t-PA has also been approved in Japan, having
shown good efficacy in clinical and' postmarketing
studies.®** However, there is currently no clear guide
for the use of t-PA in patients treated with dabigatran;
such a guideline is urgently required to help improve
the treatment of stroke.

The results of a subanalysis of Japanese patients in the
RE-LY trial showed similar efficacy and safety of dabiga-
tran to those seen in the overall study population.*® How-
ever, the number of patients in that report was relatively
small. In Japan, on the other hand, cases of hemorrhage-
related death and serious hemorrhage have been reported
in the Safety News Bulletin.** Given that some of the pa-
tients who died were contraindicated for dabigatran, it is
important to comply with the package insert.* In addition,
dabigatran should be used with caution in the elderly and
patients with renal dysfunction. However, considering the
estimated number of patients who use this product follow-
ing its launch in Japan, it seems unlikely that the numbers
of fatalities and cases with hemorrhage will exceed the risk
highlighted in the RE-LY study. Additional clinical studies,
including postmarketing surveillance studies in Japanese
patients, are planned to provide further confirmation of
the efficacy and safety of dabigatran.

Summary

This review has sumimarized the research supporting
the use of dabigatran for the prevention of stroke and sys-
temic embolism in patients with NVAE Both doses tested
in the RE-LY study (110 mg and 150 mg twice daily) were

. effective’and noninferior to warfarin, while 150 mg dabi-
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gatran was superior to warfarin. Notably, both doses of
dabigatran were associated with a lower risk of intracra-
nial bleeding compared with warfarin. Dabigatran is
also effective for secondary prevention, with a lower
risk of cerebral hemorrhage. Despite this, further accumu-
lation of clinical data may be needed to confirm the effi-
cacy and safety of dabigatran.
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Additional research into its effect on hospital stay after
acute ischemic stroke and potential for therapy with t-PA
is necessary. The latter is particularly important because
there is no clear guideline for the use of t-PA in patients
treated with dabigatran. In the future, it will be important
for physicians to discern which patients treated with da-
bigatran should also be treated with t-PA.

Finally, several factor Xa inhibitors will be approved in

the near future with similar indications to those of dabiga-
tran and warfarin. Considering this situation, it will be
necessary to establish a consensus on how and when to
use each of these drugs for the benefit of patients with AF.
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BRI DL OB IR M B E /T 5 11 mgkg OV AF 7 I —PHEREOTRELRELE
European Cooperative Acute Stroke Study (BECASS) [5] T, ®B2fTHIFTALTAF 7FIF—
PR IR LI 3 HEBEIROW &l <, EHEAMDL 30 REORCRRT AT /I —F
FECE o, LT ha— @R EAEROTRET S LT AT T B ORISR R SR, K
BRI U CRERI OB R IBIR R BT A Z LAVR &R, BERY 09 me/keg (2T, BEEEL LY
B L < L7 # ikl ECASS Tl6lCht, BEEIMEEH THD mRS 0~1IZBWTTAF 75— Lk
SEPE L A EENRD BT, WEMITCIE mRS 0~2 DEENT LT I —Y BTHEIZE o0,
RAEt 3L & 3~6 M COB R B O k& IHEIZ #id /e s~ T2, Alteplase Thrombolysis for
Acute Noninterventional Therapy in Ischemic Stroke (ATLANTIS) [71CiL, NINDS 71t h—
APEVIRIETR 3~5 IEH (-8 6 IERILAN) TOT T 7T — B iIEO R AR L, &R
M BRI S e T (B 2).

BL BB AR B3 &, & < IC NINDS rt-PA Stroke Study O3B FIEICHEI L T, #ACI7
TG 0.9 mglkg OFTEREES M < HERE AR TV A12-18]. 7 LEERB CoO T AT 5 —F
BOFESEMEENTROBEL 5~20% T, BEBROR I~10ECH-HT= 2 L5280 T & ThH. &
[Ho A BT, SBRAUH & B L 75t L e ettt s hviz[16-18]
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NINDS (1995)1 B, (B 624 <3 0.9 39% 26% 6.4
ECASS (1995) B, (AR 620 <6 1.1 35.7%  29.83% 19.8
ECASS-II (1998)8 B, (B 800 <6 0.9 40.3%  36.6% 8.8
ATLANTIS (1999)7 FEILHH, AR 579 3~5t 0.9 41.7%  40.5% 7.2
J-ACT {2008)2 FAH, EEOL 103 <3 0.6 36.9% - 5.8
DEFUSE (2006)% B, #EROL 74 3~6 0.9 42%3 . 9.5
ECASS-1IT (2008)9 HUIR, A3 821 3~4.5 0.9 52.4%  45.9% 2.4
EPITHET (2008)1¢ I, (AR 100 3~6 0.9 35% 24% 7.7
IST-3 (2012)% FIAH, JEct-PA R 3035 <6 0.9 24%* 21%" 7
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Presented by Medical*Online

305



t-PA (7 V7 75 — ) R ML TBEIR ST AR 34 : 449

2. TATF7T7—EEHOEENOBERBIC L7 2
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1 & Echoplanar Imaging Thrombolysis Evaluation Trial (EPITHET) [101%M0x =AMz
Th, FBEE 3~45BHOT AT 75 —ERITAERICHERT, 8 2 A%O mRS 0~1 OFIECHEH
i T OMRIRBIFBESHRICS H- 7281, BIER 6 BELINIC BRI HE e 3035 #l% %8k L 7= Third
International Stroke Trial AST3) [111TIE, TAF S5 —VPE T 7 AINOEEEEENHD SBER
(T%RHA3ERE 1%) PR (11%% %) MEEICELOO, 6 # AROETE (2512 27%) %
BT BREDOES (Oxford Handicap Score [OHS] 0~2 : 37%%f 35%) (CHEE LD T, OHS 0~1
DERR BITERH BTSN (24%% 21%: OR 1.26, 95% CI 1.04-1.53) . IST-3 N I #EA M
BT, FIER 6 HILINO T AT 75 — R BERIC AT, 3 4 BHEO mRS 0~2 OFIGHHE
W& D7 (46.3%%F 42.1%) [32].

ECASS A S DF RIS &, BN T 2008 FICH A T A & 8ET L TRIER 4.5 BRI D
BE TR B T F ST PR HESE K 10 [33], 2011 4 11 BB 15 » EoOMEREE TR
fE# 3~4.5 Wil OB ~O B RGES e, KE - b 4% 2009 4E1014,84], F7280 2010 4
[ZHA BT A CORMBERATHERFN %2 3 BFI 2O 4.5 BERICEEI UI1B], S50 ik 2010 4 8 H I35
JE#H 3~45 MO BE T AT T T OBENKR ST

DAETR, 2009 ECHEAGBEDSOBERAIIE UTHAMERESP LT AT 77—
PERREORAES 3 FEMILAND S 4.5 BEBILIN OB E~OEEZ R AR S, 20124 8 H o3 -
BAHAHEBRBS TOMEIC LY, 4.5 BEINOARER S0t U CRBOEHSWEE S 2o ln, HARS
RO B D, TH8AE 3 MR 4.5 BEE LA o i i PR i A8 Bl U 123 5 rt-PA(F LT 5 —8)
W EEEO B IFAITIC T 2 BENE) 2REL, B orflEc il - - ByRiaet 4 8k Uiz[35].
RIEH 4.5 B A A DBE S ORI ETT) 2 b, MRS,

2. REIRRBREOHELR

FIE 4.5 BEHILAN Cdh -~ Th, RIS B OIZ Y BARERA R C & 5. ik Ui A & fijtr
Th, BIENLOHMRE & HITHREDRMET UEREBENHILOARER S £ 5 [28,31). %
EL 0 DLMERE & RO HIREO IO OEBE A A RI 4 ) Tk, BEHEE 10 DN
AR IR A # 2, 45 ALINICH@REORE A 50T S, 1 HBANIZIER OB 2 HE LT
TNT ST EREEBGT 5 LB TS [36]. kBt 20~30 HRE TIHRRMETE S L0
Wi b, EEBAENRS[37

3. RIERZOES

TR AAATRERR 2 15 4 LTI L R O BIER R Lok, THUER S, 55 ERHERERCE
U ADEE LR, HAVIED O LEFRAB LRSS TR TEENEIERTCHD Z N
BBIr S (BRCRIBERZD ] ThHY, BRI, EERBOEREZELT
WA, BERDANETORPTCEERTHD Z ENHEREAAEEE 2D, BTz E D
HERBREN] B, BiELEYOBZHCIVEERCH- T Z EPBERIN T EHEOBRIN R

SERRL 72 5. BERRMEOBA, BOICHERIER LM S BRI TH S, — BRI L 5 s
BUBR L7 B8, SRR 2 ASERICINZR L, 2 1 FICHERAS SR U 7o e 2 RS & 5.
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3. TBRHEDOBIS

(HEdE)

7. TNT T T ERE OB, & COMK Y T =) — O iR R E B T B
[ 2 L ~Ub Ja, #0327 L — N A

8. FIETR 4.5 KA A 558G [Ta), JESMENEI SN IHM OB $ 5356, Mfck @ik
e 3o < B A, CT 2 MRI COIRILA B 2 (b o fEfE72 & [Pk, T
i, ARIRROBEGAVEE Ch 4. —HE ThHIEGMIRES T, AREREEATT Y O b ik
Exnme [D)

9. BUEEHIEE S, BEAERLUTH LV, BUERFOMASHELLE <, Ao BiFpER
LT UL CEARWERELEET. ok 5B AT ARG TR, 1B Y E N
EREAAT ORISR AFEE L0 - T D Sl L, BE RO UGER ~O 2
LV FEZ SR Y, WERERSHETH D [1a, C1].

10, WESEENE BB U727 7 7T B R 0, RSN LR T O ER A s B
[IIb].

1. S HEEM ST OB

TT T T B EREON R, 2TOBKY 7 2 ) —of M ERERE (77 n— A0
eV, T g, DEVERERE, £ OMOBIERE - REEORIEZE, AIGHOBIERISHE
R Lo BPERME ML &) ThD. ZhuE, FEHRICHET 5% < OENADERKRRRL, £2To
WpR 2 7 = U — o i MR B RE 2 M BIC B S, —EORRE R/ I LS <

Aiggomcst GRR), BIUMERE L QRDEREZ, £ 31T, 0D b5 Thi#gst
RS TIE, CORIET O R SRy, B EEES L, BEEBELTH LV,
EREOMABLL B <, 0 BAFRER L ST LB/ CERWEE L EKT 5. Zo XD RRERT
o, TREREYEN E D OB SISO TR AT O RIEERARRE L U b o T D LHET L2 B E
WRRD, B LREEE IS LT 2 ORI Bk & AR 2 R LR 272 BT, HhIRFERA A 88
LD,

BUGHEHE, BT A BT A L ORBREELHETH LS. REZBT DGR B O o

WO GBI < 72 51 -[16,38] . $7, HAEBOMRER LKL ORICH KR EOH
BEREER 2338w Bz [89] .

DBl AFREIARD = 7 ABRER SN, 9 0Z K OENERSBREMABN TE LI L2 E X,
A BN R T IG AR E e X a2 IS RIB R RIE L 29T o 7o, IS OHBNCE S B, F=v7
UROAHTHRS FROALEHRICORBZBLT, HEOETZHME L T zEE 0.

2. HEISSEE

FAEW 4.5 B 2B 2 D HE~TNT 77 —EREREET O T LR S0, i b BEFERE,
BRERATER, MUEATR, B/TROZ OEHD, BEAOEEL 25, 205 bl EmEI R EER
AL - TR TE DM—DHEE THLH, FERERORERRIC L>Th 185/110 mmHg ki
O HLEARZ S SRR WA, ZOBREET S 2 RS hay. B EMNOmEEE, i
FEEENIIMOEREAT-CH Y, BISAOERBEEICEL T AWES CHES A EECH BT 5 BN
& 5140-42]. WEREHS%E UEE LBl %, HTICERT 5.
1 AV~ S ORMEE -
FRGE BT OB IR T M b A L 2 LB <, BEDOBERR TORIERE o THIE T T3
5 H AN ORESE ] RS LD EIL2L L Ui s OB E CoRMEEN mRRFRREIZL -
T RMICHIL LB WOc oW T OBBEAR T B o R 3R 0, 1980 4181 OT & v TfT i1 7- Okada
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3 TATTIT—VPRBEREOF=v U X
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&
JESMEEMETEE P H
1 v AUNOMEE (—RERELBELSE20)
3w AUNOEELIETFEOINMED B VL EN
21 AN OMLE H 5 R B HIn
14 BN O K FEHR S B g ﬁu%mﬁ’é’%&%{%
TRERIR OB EE
FEEEFR BL ,
BT H MG
AP REIRAESE O S
WioAHE GEERN, B, R, SR %ih)
IR (MEJEREER b 185mmHg BLE)
PRARM M (BEFREE D 110mmHg BLE)
HEANFREE
Ftien 3
TR,
MpER% (<50me/dl, *7-1%>400mg/dl)
/N 100,000/mms BL F
MEERT R UEESRER 0 LBERB IR BV T
PT-INR>1.7
aPTT DIEE (Ao 15 HE L LT W0BI2ELB)
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s b LR B OO BRI
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1 -HECH TR s ER L.
SHE T MEEES ) (Sl SEod842 EcsaL, B EETs8aen
BEARA - FRIZIEBICHY LER2BAILERLS.
3. MHERS| @35, THREDTE AEEICEYS T2 BB UCRE 3 BB LB B 54
DEEH, Bx OES DL CBEOR R EECRNT ASLER LD,
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BMH@W%T&,*%%MK&Wmﬂ% A LA, 09 5 68% RS 10 A RO
fbcdhv, 1w Ao 2 {es 8 UefilidZe -z, MRI OJLH0RM R (diffusion-weighted
image: DWI) ifn’i‘if}f/u* BT D RO OISR T A RER L 0 L2 WERE T, TAT 75—
V% OMETPIHI (parenchymal hematoma [PH] 1,2) ZIESRIZEN -T2 (10%% 11%)
LS 5 [44]. RIERES ORI & ICHBENRE <, 2 OB O FRSE RE DE YN AR TG
ORI T X G BB LT, SO TGRSR S 1w A DROMBZERSEEN, 1 v B
LR U B B B S L e, T L, RO o 2R e S OT J:”Gi"’é‘i‘&iw&?ﬁﬁ
ELTHSTOWAES, 1o HERBETWTHHEIGATHS, FRRREOMEERIEICRE L,
B3 D A AL A BRI TR 0 i a1 2 AR B CunTh L l%fw*%@f”‘a‘
NREChHDH
(2) kKB R A EE D A0

BPECT VT T VRO KGR & TR LR EANER U7 B G, TR KB RAREE O & {}F
WS 2 oIl e T T IR R 10 DS, BERICHFEDNSE L CICE -1 L d
7=l45]. W (ERTOKRE, #8096 LHEITR (e T, ﬁi'fﬁﬁjﬂiﬁm@,ﬁ@zﬁ%é L< 1537{“.%, )\
RS AR, BRETR, U X BEE To LREEILR) 0 & KENRALEE S 30 < 58 ) HE1E,
*Fﬁﬁ??‘"&"*%éféﬁ IR CT BRI o o — S L o THRBE O (EE R A ER S 5. H

BT OFE T S KENRREEDE 2 bhiud, ZOHRBERITH & Chu, 270 LRBIRAEE 1, st
f‘“‘LY‘JfaJ” BERCRT LA R &, B UVIERIER Ot CoORBE RS ES L B E - ER O IR
TR EL KGR ORI L AL THIE SR TB Y, WRREIREOFEEINHE LT A 5Ea &1l
i P ED .
3 FOBE [ R R o 2wy U BERE AR LS 38 ) 2 iR B

PIERE T A7 5 Y 2, XY /?&“’“%‘ PR o 7o MR T RO SEEN AR ST, ITEERTR
B L PO B [HPRR SR L8, B CHUA < PUEMEEE R O BFICET AR L LTE s
e, 09 HIEPALEEE S X KT IEE XadE: Vo3P0, = Ry ) iR
b B HER (X Iy HBERCHRELNET B Re——% KR, 7 brrey
H§% (prothrombin time: PT) Wi Xa SRR %, F 72 1EMHALES Y b o VR 7" 5 XF 5 (activated
partial thromboplastin time: aPTT) 234 B4 b7V OREE HHBIERMT HH00, WL LR
HBRARC B 27T 77 —EHEREEOSHAER FRTIRELS LTEPLLBET LIV A
RN, e < L B IERIKOME OFREThH D PT EEHEHELL (international normalized ratio: INR) 43
1.7 # 8 2 ABAR aPTT a0 1.5 4% GURIC L > THEGMEIIRARDA, HEL LTH0H) 28
ZTCTOB e %, BURCHOEIA & 20T,
4 CT/MRI b KR Ze B I i P2k

MER T CT TOB O BPEH N TR, B IR TIREOEZ O MR & v - Bl f v
BT 2 M R OEMIZEOHE T, MRI CRARELER OB G LEIGH BT, BiEk 3~4.5
R R, Sﬁmumkmmf%mﬁm%%m@ﬁb BHIE MBS RN B RN B VDT, o
DORFMB OB L ITHESHIIOERT & THS, LN, 8B 78 6865 - SomEesin
RS

3. WEE5HE
BB > 8 LB B L SO %, DUF ISR 5.
O Ek

FEE T AT 77— PR ORY U ERBEER T TH Y, EROWE LIS &bk

BOWREAENIY, RCENREZ TV [21,46]. PIEIMCCHE, NINDS rt-PA Stroke Study O #H %
FRAT 75 BERIE CORBRIES B Ch oo A K Rinclen, 75 B L2 EERSEH L e
TIDEFEOLERERICED . LOLARALEATHELT 81 B LE2BISORRE LTRY
[18,34], EHEOEWNAOBEL 81REZBHE L LTEH L T3, SITS-ISTR & Virtual International
Stroke Trials Archive (VISTA)##& L= T1F, 8180 LoBEIZTAF 7S —PRIEEE- L 5
FHEEREEDELROA48], 81U ENRGREEOREHE LS IST3 1B LCISTS 2z
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T B DA REFTIZBWT H(82], ZOEROBE~DO—EOBRHEIRINT. 2010 FEZB1rhi-
ol ATMERSETIE, S1EBU LOBRE~OERENRSBYTHL LBEEEShEM. —FT©, =
DIEPEEZIT 72 81 LA L L SOBKRBOBHE R LA EACHEOERN IV RRTHD A, EEMEE
ERNHMIZIBEEREN RO &N, WA OHEHIT SAMURAI rt-PA Registry O ¥ £ TR &N
7-150,51). 75~80 O BE ~ORROME AR T 3WRILEERO LT, F TR TIE 1818
bl AEERSEACERE L.

(2) 3 A DI O LR

KEOBHEDOHT A BT A4 12l TS EE & LTI S, F0MMmE LTRANS LEED
fEBRNH A EHBEEN TS, DeSilva b[52liE, TEBREBETIOEB IS TS 5 FITRIBREZE DL
WEPBESNLTHWAZEZHLMEL, T<AEPICEE 2N bnb, #ISAEE E LCERYES
TEERBEEHLTHS, ECIOLHEEREEX TERPBLTHLOLHBIEEZ VICS W ERE L TY
%, BRHBIE, OHEEREN 6 HEOLHRFN, WREEshTva[E3]. 4EOERTE, 3
B AURNOLHEELEERSHEB LEDE.

3 PHRATE

¥ 5870 National Institutes of Health stroke scale (NTHSSME & 458 L Bk, 7AF 75 —F
HyERHEOMN U EREERFTH S (21, 46, E-FH L FBCER P EET Ak BT EE
U720y, HESACIMELC NIHSS 25 LT RGO HE E LTk 18,34], HEOENAOHETE
NIHSS i 25 2B E LCLH L 5A11,51,54]. 8 RECik INIHSS {f 26 LA L (25 #8) ) ZEE
WEIHEH L EHT. RBEE (Japan Coma Scale ITI-100 £LF) O & & iG5e i ic 8- 2 B pe 2 B4R
VEEFEA X Cde & Bh], NIHSS Tkt L 8l LA REIZ 370, E M TR o o@ii s L.

=T, R, ERIREE, REEEE, <R OB VR OGO E BT D8R (F1 0T
NIHSS T 4 LUFOBE) <o, fEESEEIZ8E U LT 20 (B2 NIHSS i 4 LFET
WEH LTBE) LT, BFRORAEEHEV URR SR L R, WG REBIToREIC
HE AN, BENTORERGERYEDRTRIRTHARV28,64,56]. # 0 CRIEF AN E
Bl 2 OWRBEITHR o BRI, BRHZBTICES Ao 88 8~32% L BiFE XN TV 5
[57-60] . WRIEFIRCAEB BN ~OBISE, e OIERIORRIZIE U TEZL D EEN, SENEBRMY
RS AR D2 <, L OB/ BRESCRLARNTHA .

L, ERARMEREE, REERE 2L, MRELEB IR T AT 75— ERERES ST B WER
T HNAD, T BV 5 stroke mimics 56 Hl~OE 5 REEEEEM MDA E 2 2, &
Wb R o Ao L EE ST A 61 REARTER AT B A R S v iz,
BRI R D TADADEREEREWEICE, TAF 75—V IERELRTT 5 & ThHV. -
UMM O AR E LR E L H 50T, Hae OIERORRIZISCCHEISEELD.
@ MBIAREY - SHEEN IR - B IRIRATIE - L0 H 0

T AT TS TG BRI R AN OB RO ERE D S I L SR TE LT, 1995
~2006 EO LI E T T O RS CE S MBIRER AL EE Shvaune2]. Edwards ©[63]
PR E O BRI EIMENIRE & 2 1 22 BT, BSRITEREEENHOLSE D LRk
LTS, MR o 7 OB ARR 5ET0 MRA BITHEE N2, HlBA /N X 2R ik RN Eh
BRI e v OB TRIE T ZBRAE 20, MEWRE L FIERLOBEISAEEH 25, $RCIEE
P 5 B R W L7, [P 5720 1 6697 98 00 #l Z34T9E Unruptured Cerebral Aneurysm Study of Japan
(UCAS Japan) [641i%, BB Tmm# PABREOTHE T THL I EE2MHALE. Zolgzss
12, Ba OEFRORRIIE U CEIEEEZDRNETHS .

FHIAENMEIE, INEREIE, L0 b, TAT 7RI THEN KD &K+ 57
MR S, ZAUC S L TERMSRE CORAE B LR S 52065,66], EHUITORITE KL,
2005 EOENARRICI2E TR AT 7T —EREFEHBE2CBVLTL, EiNcBEEs
AT AR XA, HIULOD U R S AMEG D E o TW D EEIIEEAEEIZIEE L S IR T
x7=[67]. WTHOEBLEECHRY, HROKE SRV THEHOMEOBENRL S, £ TEEK
S EEEZ RV, B ER L THEEIZHREREICEHE L T s,

) Pt Fp 54
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