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ORIGINAL ARTICLE

Anti-ischemic Effects of Fasudil, a Specific Rho-Kinase
Inhibitor, in Patients With Stable Effort Angina

Yoshihiro Fukumoto, MD, PhD, Masahiro Mohri, MD, PhD, Kosuke Inokuchi, MD,
Akira Ito, MD, PhD, Yoji Hirakawa, MD, PhD, Akihiro Masumoto, MD, PhD,
Yoshitaka Hirooka, MD, PhD, Akira Takeshita, MD, PhD, and Hiroaki Shimokawa, MD, PhD

Abstract: Epicardial coronary stenosis causes myocardial ischemia;
however, the role of coronary microvessels is poorly understood in
the pathogenesis of effort angina. We have previously demonstrated
that Rho-kinase pathway is substantially involved in coronary arterial
hyperconstriction in patients with vasospastic angina and those with
microvascular angina. In the present study, we tested our hypothesis
that Rho-kinase is involved in coronary microvascular constriction in
patients with effort angina. Intracoronary administration of fasudil
(300 pg/min for 15 min), a specific Rho-kinase inhibitor, significantly
increased oxygen saturation in coronary sinus vein from 37 = 3%
to 41 £ 3% (P < 0.05) but not in six age-matched controls (from
42 = 3% to 43 £ 3%, P = NS). Furthermore, the fasudil treatment
significantly ameliorated pacing-induced myocardial ischemia in
patients with effort angina (magnitudes of symptom: 1.5 % 0.6 to
0.6 = 0.4, P < 0.01; ischemic ST-segment depression, 1.8 = 0.3 to
1.0 £ 0.2 mm, P < 0.01; percent lactate production, 50 * 17% to
0.4 = 7%, P < 0.01) without significant hemodynamic changes.
These results provide the first evidence that Rho-kinase is sub-
stantially involved in coronary microvascular dysfunction associated
with myocardial ischemia in patients with effort angina, suggesting
. that Rho-kinase can be a novel therapeutic target in ischemic heart
disease.

Key Words: Rho-kinase, effort angina, microvascular dysfunction,
coronary blood flow

(J Cardiovasc Pharmacol™ 2007;49:117-121)

he goal of the management of angina pectoris is to improve
myocardial ischemia in daily life by pharmacological
and/or interventional treatment and to improve long-term
prognosis.' A number of studies have focused on the pathogenic
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role of epicardial coronary atherosclerosis as the cause of myo-
cardial ischemia.’” However, the role of coronary microcircu-
lation in the pathogenesis of myocardial ischemia in stable
effort angina remains to be fully elucidated.

We have previously demonstrated that Rho-kinase
pathway plays an important role of arterial constriction.*®
Rho-kinase inhibits myosin phosphatase activity by phos-
phorylating the myosin-binding subunit of the enzyme,
resulting in the augmented vascular smooth muscle contrac-
tion in a calcium-independent manner.”® We also have recently
demonstrated that Rho-kinase inhibition with a specific Rho-
kinase inhibitor, fasudil, reduces myocardial ischemia in
patients with epicardial coronary artery spasm® and in those
with coronary microvascular spasm.'® In the present study,
we tested our hypothesis that Rho-kinase is involved in
microvascular dysfunction in effort angina. In the present
study, we thus examined the effects of fasudil on pacing-
induced myocardial ischemia in patients with stable effort
angina.

METHODS
The Ethical Committees of Kyushu University Hospital
approved the study protocol and all patients provided written
informed consent. The study was performed during cardiac
catheterization with continuous measurement of hemody-
namic variables. Medications, including calcium antagonists,
beta-blockers, and nitrates, were continued in all patients.

Protocols

Protocol 1

We tested the acute effects of fasudil on coronary
mictocirculation under control conditions to examine the
possible differential contribution of Rho-kinase pathway in six
patients with effort angina (one with one vessel disease and
five with multivessel disease) and six control subjects with
atypical chest pain (angiographically normal coronary arteries
without coronary epicardial spasm or microvascular angina;
Table 1). Before and after intracoronary administration of
fasudil (300 pg/min for 15 min, dissolved by 5% glucose) to
the left coronary artery, we measured oxygen saturation in
coronary sinus venous blood and epicardial left coronary
artery diameters by quantitative coronary angiography in both
groups. We have previously confirmed that this dose of fasudil
is sufficient to inhibit Rho-kinase activity in humans.®
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TABLE 1. Patient Characteristics in Protocol 1

TABLE 2. Patient Characteristics in Protocol 2

Control Effort Angina P Value ) Effort Angina Pectoris
n 6 6 n 10
Age 60.5 = 2.5 66.3 = 5.0 NS Age 68.7 = 35
Sex (male/female) 33 51 NS Sex (male/female) 812
Coronary artery disease Coronary artery disease vessels (1) 2303
vessels (n) 0 23208 <0.01 Blood pressure (mm Hg) 135 = 9/69 = 3
Blood pressure (mm Hg) 127+ 9/79 3 136 29/71 £ 5 NS Heart rate (beats/min) 63 + 3
Heart rate (beats/min) 725 66 £ 4 NS Risk factors
Risk factors Diabetes mellitus 3 (30%)
Diabetes mellitus 2 (33%) 2 (33%) NS Hypertension 4 (40%)
Hypertension 3 (50%) 3 (50%) NS Hyperlipidemia 5 (50%)
Hyperlipidemia 4 (67%) 3 (50%) NS Current smoking 1 (10%)
Current smoking I (17%) 0 (0%) NS Renal function
Renal function Serum creatinine (mg/dL) 0.9 = 0.1
Serum creatinine (mg/dL}) 09 =02 05 =01 NS C-reactive protein levels (mg/dL) 0.70 = 0.22
C-reactive protein levels Lipid profile (mg/dL)
(mg/dL) 0.17 = 0.11 0.73 * 0.31 NS Total cholesterol 185 = 17
Lipid profile (mg/dL) Triglyceride 156 = 60
Total cholesterol 173 + 14 178 % 26 NS High-density lipoprotein 39 + 3
Triglyceride 198 = 72 203 + 99 NS Low-density lipoprotein 128 + 14
High-density lipoprotein 46 £ 9 354 NS
Low-density lipoprotein 88 * 11 127 17 NS Results are shown as means * SEM.

Results are shown as means = SEM. Comparisons between the two groups were
made by unpaired ¢ test for continuous variables and chi-square test for categorical
variables.

Protocol 2

We studied the effects of intracoronary administration of
fasudil (300 pg/min for 15 min, dissolved by 5% glucose) to
left coronary artery on pacing-induced myocardial ischemia in
10 patients with effort angina who were not enrolled in the
protocol | (two with one vessel disease and eight with multi-
vessel disease; Table 2). Because coronary sinus catheteriza-
tion was required for this protocol, we only enrolled patients
with effort angina but not control subjects for ethical reasons.
We performed atrial tachypacing at 100/min for 2 min and then
at a maximum rate (130 * 30/min) for 2 min before and after
the fasudil treatment. We evaluated the magnitudes of
symptom, the magnitudes of maximal ST-segment depression
on electrocardiogram, and -percent change of myocardial
lactate production before and after the maximum atrial pacing.
In the present study, we defined the magnitudes of symptom
with the level of maximum symptom ever experienced
counted as 10. We also calculated the myocardial lactate extrac-
tion ratio as the ratio of the coronary arterial-venous difference
in lactate concentration to the arterial concentration.'® Myo-
cardial lactate production (negative extraction ratio) was
considered to be an evidence of myocardial ischemia.®'° Elec-
trocardiogram, arterial pressure, and heart rate were contin-
uously monitored and recorded with a polygraph system
(Nihon Kohden, Tokyo) during the study.

Data Collection

Baseline demographic information (including age and
sex) and coronary risk factors (hyperlipidemia, hypertension,
diabetes mellitus, and current smoking) were recorded for
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each patient. Hyperlipidemia was defined as total choles-
terol =220 mg/dL, low-density lipoprotein (LDL) cholesterol
=140 mg/dL, or the use of lipid-lowering drug(s). Hyperten-
sion was defined as systolic blood pressure >140 mm Hg
and/or diastolic blood pressure >90 mm Hg or the use of
antihypertensive drugs. Diabetes was defined as fasting blood
sugar =126 mg/dL, blood sugar during a 75 g oral glucose
tolerance test =200 mg/dL, or the use of antidiabetic drug(s).

Statistical Analysis

Results were expressed as means = SEM. Comparisons
between the two groups were made by unpaired ¢ test for
continuous variables and x? test for categorical variables with
Stat View (SAS Institute, Cary, NC). P values less than 0.05
were considered to be statistically significant.

RESULTS

In protocol 1, oxygen saturation in coronary sinus vein
was not significantly different in patients with effort angina
when compared to control subjects. In the control subjects,
intracoronary administration of fasudil (300 wg/min for 15 min)
did not change oxygen saturation in coronary sinus vein (Fig.
1A), while in the patients with effort angina, fasudil significantly
increased the value (Fig. 1B) without significant changes in
hemodynamics (data not shown) or coronary artery diameters.

In protocol 2, which enrolled patients with effort angina,
intracoronary administration of fasudil did not significantly
change coronary diameters at either normal or most stenosed
coronary segments (Fig. 2A), systemic blood pressure, or
heart rate (Fig. 2B). Before the fasudil treatment, atrial
tachypacing (130 £ 30/min) caused chest pain symptoms
(Fig. 3), ST-segment depression (Fig. 4), and myocardial
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FIGURE 1. Oxygen saturation in ; b
coronary sinus venous blood from @
control subjects (A) and patients £
with effort angina (B). Intracoronary 8 a5 -
administration of fasudil did not 3
significantly change oxygen satura- ~
tion in control subjects but signifi- o a0k
cantly increased in patients with
effort angina. O, sat = oxygen
saturation. Results are expressed as o5 5

means = SEM. Control

lactate production, a direct marker of myocardial ischemia
(Fig. 5). The fasudil treatment significantly ameliorated the
pacing-induced chest pain symptoms (Fig. 3) and ST-segment
depression (Fig. 4), and prevented the development of
myocardial ischemia (Fig. 5).

No adverse effects of fasudil were noted in the present
study.

DISCUSSION

The novel findings of the present study were that
coronary blood flow is impaired in patients with stable effort
angina who have already taken vasodilators such as calcium
channel blockers or nitrates, because calcium channel blockers
or nitrates can not enough dilate coronary microvessels in such
patients, and that fasudil also ameliorated pacing-induced
myocardial ischemia without any systemic hemodynamic
effects in such patients. These results suggest that Rho-kinase
pathway in coronary microcirculation is not functional in
normal hearts, but is upregulated under pathological conditions
including stable effort angina. This notion is consistent with
our previous data, in which we directly measured coronary
blood flow before and after intracoronary administration of
fasudil in patients with epicardial coronary vasospasm but
without epicardial coronary artery stenosis.”

Fasudil - Control Fasudil

~ We and others have previously demonstrated that the
long-term oral treatment with fasudil exerts antianginal effects
in patients with stable effort angina.'"'* However, the direct
demonstration of the beneficial effects of fasudil on myo-
cardial ischemia remains to be examined. The present study
provides the first evidence that Rho-kinase activation is func-
tionally involved in the increased coronary vascular resistance
in stable effort angina, both under control conditions and in
response to increased myocardial oxygen demand.
Fasudil is a potent and selective inhibitor of Rho-kinase,
with the inhibitory effect on Rho-kinase being 10 and 100
times more potent than on protein kinase C and myosin light
chain kinase, respectively.”'*~!* We have previously measured
fasudil concentrations in the coronary circulation in humans
and found that the concentrations peaked to 3.7 = 0.4 wmoV/L
immediately after the 15 min intracoronary infusion of
300 wg/min.’ As we and others have previously shown that
fasudil potently inhibits the Rho-kinase activity in a dose-
dependent manner (ICs; 1.9 wmoV/L) in vitro,'*!* the achieved
concentrations (mean value, 3.7 wmol/L) are considered to be
high enough to effectively inhibit Rho-kinase activity.
Accumulating evidence indicates that Rho-kinase is
substantially involved in the pathogenesis of coronary
vasospasm.'® The activity and expression of Rho-kinase are

A Coronary artery diameter B BP/HR
4r 150 ¢
FIGURE 2. Intracoronary administra- 3l % % 125 - %],/C}l
tion of fasudil did not significantly
change coronary arterial diameter — LAD —{3— $BP (mmHg)
(A) or hemodynamics (B) in patients mm 2} 100 F —<— DBP (mmHg)
with effort angina. LAD = ieft anterior —&— MLD @ HR b ‘
descending coronary artery, MLD = (n=10) (opm)
minimal luminal diameter, BP = Al 75t (n=10)
blood pressure, HR = heart rate, %
SBP = systolic blood pressure, DBP = 9
diastolic blood pressure. Results are 0 50
expressed as means = SEM. Control Fasudil Controt Fasudi
119
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—@- Fasudil (n=10)

P<0.01

- Magnitudes of chest symptom

0
bassling 100 max
FIGURE 3. Intracoronary administration of fasudil significantly
improved the magnitudes of tachypacing-induced symptom in
patients with effort angina. Results are expressed as means =
SEM.

enhanced at the inflammatory/arteriosclerotic coronary
lesions.*'® Thus, intracoronary administration of fasudil or
hydroxyfasudil markedly inhibits coronary vasospasm in
a porcine model treated with interleukin-1b,"*'” monocyte
chemotactic protein 1,'® and remnant lipoproteins obtained
from patients with sudden cardiac death.’*!"~'° Furthermore,
we have demonstrated that Rho-kinase inhibition by fasudil

Pacing (120 bpm) control

also is quite effective in suppressing epicardial coronary
vasospasm,” microvascular spasm,'® and intractable severe
coronary spasm resistant to intensive conventional vasodilator
therapy. 102

Several limitations should be mentioned for the present
study. First, we did not directly measure coronary blood flow
in the present study due to technical difficulties in the presence
of epicardial coronary stenosis. However, our present results
with myocardial lactate production indicate that fasudil exerts
anti-ischemic effects in pacing-induced myocardial ischemia
in patients with effort angina. It also was demonstrated that
fasudil increases regional coronary blood flow in the ischemic
myocardium and exerted anti-ischemic effects in a canine
model of effort angina.?! Second, the mechanisms for Rho-
kinase activation in coronary microcirculation in patients with
stable effort angina remain to be elucidated. Third, although
we were .able to demonstrate the acute anti-ischemic effects
of fasudil in the present study, it obviously remains to be
examined whether long-term treatment with fasudil improves
prognosis of patients with effort angina as well. Fourth, we did
not evaluate the effects of fasudil on myocardial metabolism
and autonomic nervous system in the present study.

CONCLUSIONS
In the present study, we were able to demonstrate that
fasudil is an effective antianginal drug for effort angina,
confirming our notion that Rho-kinase is a novel therapeutic
target for the treatment of ischemic heart disease.*'® Because
Rho-kinase activation also is associated with the development
and progression of atherosclerosis, the long-term treatment

il

FIGURE 4. Intracoronary administra- 0.3
tion of fasudil improved ST-segment
depression during atrial pacing at
120 bpm for 2 min (A, arrows). The
maximum ST-segment depression
during atrial tachypacing at 100/
min and a maximum rate showed
that fasudil significantly improved
ST-segment depression induced by

ST-segment depression
—O~ Control {n=10)

—@— Fasudil (n=10)

atrial tachypacing (B). Results are 0
expressed as means * SEM.

120

% :] -

baseline 100 max

© 2007 Lippincott Williams & Wilkins



J Cardiovasc Pharmacol™ » Volume 49, Number 3, March 2007

Coronary Microcirculation and Rho-kinase

80 -
P<0.05

=4
2 60
o
b=
B
o
a
2
8
& 40+
B
[2]
[}
=]
c
I
=
O ool
3

0 "

Control Fasudil

(n=10) (n=10)

FIGURE 5. Intracoronary administration of fasudil significantly
improved percent changes of lactate production before and
after atrial tachypacing (maximum rate) in patients with effort
angina. Results are expressed as means = SEM.

with fasudil could inhibit the process of atherosclerosis or even
causes regression of the process.*'® Importantly, no adverse
effects of fasudil were noted in the present study.

REFERENCES

1. Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline
update for the management of patients with chronic stable angina—
summary article: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines
(Committee on the Management of Patients With Chronic Stable Angina).
Circulation. 2003;107:149-158.

2. Fukumoto Y, Shimokawa H, Kozai T, et al. Tyrosine kinase inhibitor
suppresses the (re) stenotic changes of the coronary artery after balloon
injury in pigs. Cardiovasc Res. 1996;32:1131-1140.

3. Langeveld B, Roks AJ, Tio RA, et al. Renin-angiotensin system
intervention to prevent in-stent restenosis: an unclosed chapter.
J Cardiovasc Pharmacol. 2005;45:88-98.

4. Kandabashi T, Shimokawa H, Miyata K, et al. Inhibition of myosin_
phosphatase by upregulated rho-kinase plays a key role for coronary

© 2007 Lippincott Williams & Wilkins

10.

20.

21.

—

artery spasm in a porcine model with interleukin-1beta. Circulation. 2000;
101:1319-1323. '

. Shimokawa H. Rho-kinase as a novel therapeutic target in treatment of

cardiovascular diseases. J Cardiovasc Pharmacol. 2002;39:319-327.

. Fukumoto Y, Matoba T, Ito A, et al. Acute vasodilator effects of a Rho-

kinase inhibitor, fasudil, in patients with severe pulmonary hypertension.
Heart. 2005;91:391-392.

. Uehata M, Ishizaki T, Satoh H, et al. Calcium sensitization of smooth

muscle mediated by a Rho-associated protein kinase in hypertension.
Nature. 1997;389:990-994.

. Somlyo AP, Somlyo AV. Signal transduction by G-proteins, rho-kinase

and protein phosphatase to smooth muscle and non-muscle myosin II.
J Physiol. 2000;522 Pt 2:177-185.

. Masumoto A, Mohri M, Shimokawa H, et al. Suppression of coronary

artery spasm by the Rho-kinase inhibitor fasudil in patients with
vasospastic angina. Circulation. 2002;105:1545-1547.

Mohri M, Shimokawa H, Hirakawa Y, et al. Rho-kinase inhibition with
intracoronary fasudil prevents myocardial ischemia in patients with
coronary microvascular spasm. J Am Coll Cardiol. 2003;41:15-19,

. Shimokawa H, Hiramori K, linuma H, et al. Anti-anginal effect of fasudil,

a Rho-kinase inhibitor, in patients with stable effort angina: a multicenter
study. J Cardiovasc Pharmacol. 2002;40:751-761.

. Vicari RM, Chaitman B, Keefe D, et al. Efficacy and safety of fasudil in

patients with stable angina: a double-blind, placebo-controlled, phase 2
trial. J Am Coll Cardiol. 2005;46:1803-1811.

. Shimokawa H, Seto M, Katsumata N, et al. Rho-kinase-mediated pathway

induces enhanced myosin light chain phosphorylations in a swine model
of coronary artery spasm. Cardiovasc Res. 1999;43:1029-1039.

. Davies SP, Reddy H, Caivano M, et al. Specificity and mechanism of

action of some commonly used protein kinase inhibitors. Biochem J.
2000;351:95-105.

. Sward K, Dreja K, Susnjar M, et al. Inhibition of Rho-associated kinase

blocks agonist-induced Ca®* sensitization of myosin phosphorylation and
force in guinea-pig ileum. J Physiol. 2000;522:33-49.

. Shimokawa H, Takeshita A. Rho-kinase is an important therapeutic target

in cardiovascular medicine. Arterioscler Thromb Vasc Biol. 2005;25:
1767-1775.

. Katsumata N, Shimokawa H, Seto M, et al. Enhanced myosin light chain

phosphorylations as a central mechanism for coronary artery spasm in
a swine model with interleukin-1beta. Circulation. 1997;96:43574363.

. Miyata K, Shimokawa H, Kandabashi T, et al. Rho-kinase is involved in

macrophage-mediated formation of coronary vascular lesions in pigs
in vivo. Arterioscler Thromb Vasc Biol. 2000;20:2351-2358.

. 0i K, Shimokawa H, Hiroki J, et al. Remnant lipoproteins from patients

with sudden cardiac death enhance coronary vasospastic activity through
upregulation of Rho-kinase. Arterioscler Thromb Vasc Biol. 2004;24:
918-922.

Inokuchi K, Ito A, Fukumoto Y, et al. Usefulness of fasudil, a Rho-kinase
inhibitor, to treat intractable severe coronary spasm after coronary artery
bypass surgery. J Cardiovasc Pharmacol. 2004;44:275-2717.
Utsunomiya T, Satoh S, Ikegaki I, et al. Antianginal effects of
hydroxyfasudil, 2 Rho-kinase inhibitor, in a canine model of effort
angina. Br J Pharmacol. 2001;134:1724-1730.

121



BAES 65% MAIS4 (20074 4 F 28 BRAT) IR

LA 4L

—BEORE - BIKPREOES—

VIIL B - REOES

CT, MRI&RE
—HWpTs @ = NES 2
FIEER — ERERE




s

A P g 5 oy i

2

=YL ZHS - BEOES i

CT, MRI#&&E

Cardiac CT and MRI

o LR

mEs &

TINEE BEEE

310 CT. MR, 0%

o

E L &I

TEREFHIBIIB W CEEBIIZEE 2 &E %
HoTwd, fEkizh F—F VIl E HIMEEH
A& A gold standard & SN TE 7295, HED
CT (##1Z multidetector CT: MDCT) - MRI ®#
HFEREEZ L, ThoDmESHBEE L%
#WaeRi LTV,

LAREEFATIIEORECERE, EEE, F
BFUZE2ERHICEME LERICET RTh
% 67%vs, MDCT* MRIiZEE#BICF— 4
ZINVETE, WESWICE T ST, LT
iR LA R, CPEIREBNT 2 & DOIREERTME b
TE, LAEOFMICERHEEbN A,

AT, DALEFMIZBIT S MDCT - MRI
DFEE - REFE - i SHOBEIZOWT
RS 5.

1. MDCT

a B b

MDCT O F) 713 81k R C ) i B o) W7 78 T 4%
FINETELI L E, BWBHSREICHB.
BEOCTTOLLAREDERE 20155 Bt
LR - LETROFE % S BN 0E B OFMm
WhHRETEETH 575, MDCTIZTLERE
BMTICRESN/F— S A R-REIBOEED

R CEHBRTRETH Y, IEHIITOEDIE
IFEIEL-EBZEOR, L2 2T
BTH5 Lal, LEMEZLR & DOREIRES
TR T LA TEBRTE Wiz,
HEAMTOEBOTIEELD, HBERT
LR EEDORAE, L HEMET T 5720,
TEENAR T CEMIEY A BRICiE 70 040/ min BL T A8
HETH 5, ‘

64 5 MDCT Tid LR EEOJmBEIC5F, 16
FIMDCT TR 20 BREDBILOFLETH 5.
T EIR DAREE, MRK, OB &R B
SOfTHEAT R FRRIZFMTE, M o1 - FF
Vo MDRRE L EREMiT A LI L DHLR
2 LA EOENRLOLALOEEE S FHET
&5,

b. BEFE

LB E RO B A BT L IO BRI CT %
Ava, BRIE L THEBOREESIR L O BE
L7-8k 5 4 5 5 300~-350mgl/ml 8RO
EH80mIBBE % 3-4mi/sec TEMIEALL
BoRETS. TAM v Vs iarEdsb
WIER—F AT o F VNI TREEEED
SAIVTEEbLEE, TELUPTERBEE TR
Wbl 0BMCEHERETHLEID B,
e S LIRS LRI 2 I FGE %
Hwb.,

'Azusa Ichinose, Kei Takase, Shoki Takahashi: Department of Diagnostic Radiology, Tohoku University Graduate
School of Medicine (*present position: Department of Radiology, Sendai Hospital of the East Japan Railway Company)
FALASEEE BFBWHEDE B IRMEHEE HHE)  *Yutaka Kagaya, Hiroaki Shimokawa: Department

of Cardiovascular Medicine [l 5B N%

0047-1852/07 /%40/K/ICLS



Nippon Rinsho Vol 65, Suppl 4, 2007

"y
I‘:L‘a.g el 2K

1 163 MDCTIC 5 3 BEMROME L

407

B F—F MR T HE IC 0% HEZRDL. a CPR{curved planar reconstruction) Bi{%, b: VR (volurne
rendering) Tfg. 3L b HAEERAL (RED & BIRAL (FED g s b, CPREBTRT I—7 DA K B
WD, PARE (2, bEFHLAN) BT A NS CREAEE BT -7 EROMICHEL RO 5.

c. BEMR - FMFHE
1 ERECT
EEIIEE RN R b LB & 237k <,
X L BEREEE b5, AEBKE
ENC L o TR OTRABS = &2°H
2, B BIGRNAEEATHET 5. B
BeZEfiTIE R-REBO 5-10% = L \ZHE L &
B, Lo 4RTTT -5 2 NET S LE
HEIZHCT TR TOZ & HEFAATRETH 5.
 EEEAR LK ORE, ERWLIMER
BoAE, MeCEEEREORE, HEMP
KERA OB HIKILDFEER L.
GRS L OE SO CTES, S
OB & FET 5 - L AYITRET, TEAR
JEE A 5O (arrhythmogenic right ventricu-

lar cardiomyopathy) 7z & 0. EHE % &5 L%
5V,

EBER OB ARSI (R L), 7T —
p A REE, FRILDBE. 7527 OCTE
BRET B LIk Y 7T — OREN T FHE
TEL(ARETST—7 ! CT{E<50HU, &
Wwrs—7 . CT4E>120HU)?.

S EESEA ¢ RERSRER & IR R I THEAERL
L, LEOKREEEHNT A I LICL W RBINEL
ST B LATES, TV ATV a Vit
L) B EEER BT RRAEEE % bull's
eye BIRT & 5.

DG EREME  FRBEETIEH A, -
L~ LG 0 dynamic scan 12 TOBHA - LBER
OCTHEOEE EBABI LKLY, LEFE



408

2

D5,
NHORTRIZIZIZHELTWA, (o

TAMIE AT BE & HE 2 T 5.

2) LERIERCT
FOREEGIIITERE AL O L8 % L
T, W (HEIIRBLAFE 17-20 mmHg) (1 HE
HIGEREZ KL, X DEESE 25 EMBRERK
fEaskd. CTL, MEMMNAKEL/NEERREE
OEE, NELOAHEE L, EMBEOLE L
LTk s, MilgtEikEL, CT J:Bﬂillit
%ﬁ@AT%&H%,%Wm%ﬁwﬁﬁm
THHIIhD uh%@%*@fim;uL
HLREMICRD S, KR LBREE
Mish B AR DL, [KEXBROEELHET S
(B 2).

BORERERTIE, FFEIROHLRRLMOER
ROWREAD L., FEEELERRLT, &K
TR EoeEkRBE LR S BT 5.

2 5 4 ZAOHBELE (b) TROEEEE L EHlAZED 5.
BRBEOM T &G, d B—R 54 AORERE)

By

H 25k 65 % #1454 (2007)

PDAREEFIOCEREFERM CT
A& 2R TR EF Seft (a) T DR & i A Y

"o ARIBRE EA 2
bati=2; A > el

BEOEE CTIZTLHEERSEL IR
o THILENEZ Epd D, LBRFERAYPT
THoTHOMIZE L T OIKOFEZTT
&\,M%@ﬁ%%%mﬁ¢ré LERE R

E - LENMBOFELR EICIETRETH .
BULBWOEREHEE & 2 MEIIRER, MitEREE,
AWM OBEE R T LEPROR LIS OHEY
5.

d BRESBORE

CToREE, ORMSHEENMENZ E, O
BArHDZE, QBEKRIBEOT—T4 77
7 b, @QEEHZMHTLIILMEHITENS.

XBOFED S, AP EER EIEEIZCT
EOFE L ODOFEITFEMEL EE & %2 5 (beam
hardening 1 4:). D78, AKLOEVEE)
Bt % stent ¥ B &8 o) B 22 BE BRI 3@ K ERA 2 4



Nippon Rinsho Vol 65, Suppl 4, 2007 ] 409

3 Cine MRI &3EE3EE: MRI
OOLRER E LHEME FL—ATHIEILLY,

cine MRI Ci3, HIEH () & WU (b) @

: (mh}

220 £
200 EED ES oo
180 £
160 £
140 E-
120 B

100 £

0 100 200 300 400 500 600 700 800 900
(ms)

L HRRE

BAACT & B (o EARMIAD. EERE MRIQ: S, o REBME TR TEEH HLBERRBIC
P TOLRET ISR R T R0 (EF), ARTHEEDN THREIND.

bl )ERILETHS.

B MR BRI RO B KT T 5720
BEBOZFLTOREIMFTERY. BR
$oEERT LI ETI/4ABERCTIERE &K
BT X 5 2R CT A% 2005 2B L® BrE%
%ﬁ#%?@#ﬁkﬁméﬂiﬂz%ﬂCT&

YE L L REBROSFLRLHBERO TR E
ATHBVBERBERTHOEREIEITETHL
T EEZ2LNAE.

2. MRI

a B ri

CT & kel L, MRIIIRERSFERE & Mo~
RS2 MCENS, OAEREOIEFE 2 REERT
i LIRS HICER TH 5.

MRI O/& & 1d, WGEEIRVE, RS
NTORBLELZ L THAL BEOWMBAR Y
FIIRBIB RN L AD Wz, BECAE
FEFITEARICMRIZH|ETE 2. WEC
BlEOEEYETIENDL, (AERHEHED
EREICEETALENEDH L. X—AA—0—
EERERTHE. ThITAT v MEEER

@O MRI0#E#I13E 2 5 Twizdy, CYPHER
stent BB E % O MRI R AKRE & duE 2o R
(FDA) W TARE I N,

b. #BREF®EFFME

LEMRIOERBEY—7 2V AZUTOD
ORBHIT 5N B0 HIKRFETIIIEFMNLZ D&
(ERERADS 1 BERIARE TN E A L ) IDEY R Y —
I VAEBRLTNS

1) Cine MRI

1EOBIEOTEBLRIATAA207T =—
ARBED cine MRIZ|IETE 5. LREPO
LER T ToME LR, R MER
PRET S, ESEMEOEATA ADLIME
GroNERE PL-ATAIEICEY, EB
PR LR A ME T 5 (®3). Simpson #
FEWT, FRTHREOBVWEAZHEER LD
BE, BERPIHTES. IGRRMRERCRE
FrEEEE) b IERECETIIT S %, steady state 23
F 172 cine MRI C |3 B i 3 fE A% 20 msec &
B, WRROFMECLFHATHAS.

2) Black blood T2 SAEREI{&

double IR(4 ¥ 83— a v ) ) —)EEE



410 B 65 % #T54 (2007)

4 Perfusion MRI
a: A7 perfusion MRI. TEED 5 — b2 0 TIZIZTE B D58V perfusion
defect % 2% % (KMH). WBEPHIZIZ.LPE TIC perfusion defect % 88 5 (&),
b: B %437 DOREE perfusion MRITIZ, ChODOFRRIZIZ- &2 L%
V. ATF—FNVBREITH2IZ 9% %, #6~TI290%mBr B,

BT, MEESH IR EhIZIZ0ER25L)
WCL-EEY B, BEHAELEZREL-SZHE
REPBESICHHE SN, A HEETR
BEEL ZORBOBREMNELE R L7208
THTE 2" BHELHRPEGHOLG L2
A F=Y ATHLHPRESTEZET A

3) BfFH LUREHEF perfusion MRI (X 4)

AHERELTRTF/ ¥y, Yy FE—
W, ATP 2 &2 iFoh s, EHABREIEY
ATP 2 fER 3 236, 140 ug/kg/min TH 4 5
MEASE, WD 4 X 0.05mmol/kg D Gd
BERELE 7Sy Va2 BO20mIOERY 4ml/
sec THEA LZ&At5, & perfusion MRI % 4 4
FI v BT D ATPOEAR O TEME
2T H b BB IC T F#EF perfusion MRI # #&{&3
Z)lo).

DT SPECT & e L TZEM 5 EEN S
<, LABETRMS MY TE 5. BHF perfusion
MRI % & O 32 BFENT I T, TERK A DODUT
REILRBE 88%, PR 0% & BT 72 AR
EX2hTna",

4) EBEEF MRI

ERANEAZ 10-15 3BT 0l 5. W

BELETICIREZHWT, EBLHOEEH
R END EHICTIHEL v 5—=T s VEE)
PETCHABT A EHNEETH A,

RETIE, BELHGIEEERE LTHES
ha GCHEEZECELONERICBIEERZER
R0 5 (B3). EIEER MRI I viability
OFMICEREBEEINTE), HEHDOE
HIE & B2 SRR OO BE P E BE 550 % LA F 0O fib i
viability ) L FEi X 2. BRELLEHETIR
AL BRI R L CREAE 32D
5. ERBOGIE TIOGBIEEE % 380 2 ERIE
H41% T, FRIEDLIZEFESVEHES
NTwaY, LFHRP LTV F—Y A TR,
METERIC—R L 2 ViEEER & DIMRERI
£ B m,

5) EEIR MRA

steady state FEE WA I L2k Y, GdEE
FlremAvzd &b BHEEZ MRADPIRIRTE 2.
FES =S — 2l THEBEINEX =
F—L, BREMT - LERRSATICOE24E
D7~ RINET 5.

c. BRESEHORE

MRIDR fHid QBRIGIZER 225, @



