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Exercise-Induced Hepatocyte Growth Factor Production
in Patients After Acute Myocardial Infarction

— Its Relationship to Exercise Capacity and Brain
Natriuretic Peptlde Levels —

Satoshi Yasuda, MD; Yoichi Goto, MD; Hiroshi Takaki, MD; Yasuhide Asaumi, MD;
Takeshi Baba, MD; Shunichi Miyazaki, MD; Hirohi Nonogi, MD

Background The hepatocyte growth factor (HGF) is a multifunctional cytokine with cardioprotective proper-
ties and potent myogenic activity for vascular endothelium. In patients after acute myocardial infarction, exer-
cise training has the beneficial effects on cardiovascular adaptations. We hypothesized that exercise induces
HGF production in those patients. If this hypothesis is correct, HGF production may be associated with clinical
parameters of cardiovascular function.

Methods and Results In 20 patients after acute myocardial infarction, HGF levels in the pulmonary artery
(HGFPa) and aorta (HGFao) were determined at rest and during supine submaximal exercise, with cardiac output
(CO) measured by catheterization. Exercise-induced HGF production was calculated by using the following
equation: [(HGFpA-HGFA0)xCO during exercise)~[(HGFpa~HGFA0)xCO at rest]. On a separate day, peak
oxygen uptake (VO2) was determined during a symptom-limited upright cardiopulmonary exercise test. Exercise
increased HGF production (from 1.6+3.0 to 9.0+6.3 ug/ml, p<0.001). Exercise-induced HGF producuon was
inversely related to peak VO2 (r=-0.664, p<0.01) and positively related to levels of brain natriuretic peptide
(BNP), a biochemical marker for post-infarction ventricular remodeling (r=0.686, p<0.01).

Conclusions Exercise significantly increases HGF production. This phenomenon may play an important role
in post-infarction patients, particularly with reduced exercise tolerance and elevated BNP levels. (Cire J 2004;

68: 304-307)

Key Words: Exercise; Growth substances; Myocardial infarction; Rehabilitation

and cloned as a potent wiivgen for hepatocyes,

has mitogenic, motogenic, morphogenic, and anti-
apoptotic activities in a variety of cells through its receptor,
c-Metl2 HGF is a unique growth factor to act protectively
against endothelial dysfunction}-* myocardial ischemia/in-
farction and remodeling®# Thus, the HGF system (HGF
and its receptor ¢c-Met) is attracting increasing attention in
the field of cardiovascular pathophysiology?

In patients with acute myocardial infarction (AMI),
exercise training has the beneficial effects on cardiovascu-
lar systems!® Cardiac effects include attenuation of post-
- infarction ventricular remodeling) 42 for which brain natri-
uretic peptide (BNP) is a useful biochemical marker!?
Vascular effects include an increase in the density of skele-
tal-muscle capillaries!4 and improvement in endothelial-
dependent vasodilation}516 which are important determi-
nants for exercise tolerance and symptoms.

In the present study, we hypothesized that exercise
induces HGF production, mediating the beneficial effects

P epatocyte growth factor (HGF), originally identified

{Received August 4, 2003; revised manuscript received December 24,
2003, accepted January 8, 2004)

Division of Cardiology, Department of Medicine, National Cardio-
vascular Center, Osaka, Japan

Mailing address: Satoshi Yasuda, MD, PhD, Division of Cardiology,
Department of Medicine, National Cardiovascular Center, 5-7-1
Fujishiro-dai, Suita 565-8565, Japan, E-mail: syasuda@hsp.neve.

gojp

of exercise training in patients with AMI. If so, HGF pro-
duction may be associated with clinical parameters of
cardiovascular function.

Methods

Study Patients

The study group included 20 male patients (aged 61z
12 years [mean+8D]) after AMI The infarction site was
anterior in 13 patients (65%), and inferior/lateral in 7
patients (35%). All patients underwent reperfusion therapy
{percutaneous transluminal coronary angioplasty in 17
patients and intravenous administration of tissue-type plas-
minegen activator in 3 patients) on admission. The peak
level of serum creatine kinase was 2,99522,043 [mean+
SD)U/L. The severity of heart failure ranged from New
York Heart Association functional class I to IL. The base-
line patient characteristics are summarized in Table 1. No
patients had liver (elevated levels of aminotransferases),
kidney (elevated levels of creatinine or urea), or lung dys-
function (restrictive or obstructive pattern in spirometry).
No patients had prior myocardial infarction. Medications
remained unchanged during the entire study.

The study was approved by the institutional review com-
mittee, The protocol was fully explained, and all patients
gave their written informed consent to participate in the
study.
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Table 1 Baseline Characteristics of Patients

NYHA, n(%)
! 12 {60)
I 8{40)
LVEF (%) 4319
LVEDVI (ml/m?) 70+11
LVEDP {mmHg) 1346
Coronary visk factors, n (%)
Diabetes mellitus 11{55)
Hyperlipidemia 9143)
Hypertension 7{35)
Medications, n (%)
ACE-inhibitor 11(55)
Cu?+-antagonist 12 (60)
Nitrates 9(45)
Aspivin ' 20¢(100)
Diuretics & {40)
Digoxin 7(35)
fi-blockers 4(20)

NYHA. New York Heart Assaciation classification; LVEF, left ventricular
ejection fraction; LVEDVI, left ventricular end-diustolic volume index;
LVEDP, teft ventricular end-diastolic pressure; ACE, angiotensin-convert-
ing enzyme; Ca?*, calciim.

Cardiac Cathererization and Supine Exercise Test

From the right brachial artery through a 6F sheath,
chronic phase coronary angiography and left ventriculogra-
phy were performed according to the conventional Judkins
technique, 28+7 [mean+SD] days after the onset of myo-
cardial infarction!? Heparin was initially administered at a
dose of 5,0001U into the distal brachial artery. For angio-
graphic evaluation of left ventricular volumes, ventricular
silhouettes in 30° right anterior oblique projections were
digitized with an ANCHOR ventriculography analysis
system (Siemens-Elema, Solna, Sweden). By the area-
length method, the left ventricular end-systolic and end-
diastolic volume indices and ejection fraction were calcu-
lated. Left ventricular pressure was measured with a 2F
high-fidelity micromanometer catheter (model SPC-320;
Miller Instruments, Houston, TX, USA) advanced into the
left ventricle via the lumen of a 6F pig tail catheter,

A 7.5 F Swan-Ganz thermodilution catheter (Opticath®;
Abbott Laboratories, North Chicago, IL, USA) was inserted
through the left subclavian vein, to measure cardiac output
{CO) and pulmonary artery (PA) pressure.

After sampling blood and measuring hemodynamic
parameters at baseline, the supine bicycle exercise test was
performed by using a Siemens Ergometry System 930B,
and the mixed venous Oz saturation (SYO2), and pressure
of the PA and aorta (Ao) were monitored. We also moni-
tored arterial blood Oz saturation continuously using a Biox
Il pulse oximeter (Omeda, Louisville, KY, USA). The
workload was increased at 3-min intervals in 30-W incre-
ments followed by a 0-W bicycling period for 1 min. The
exercise was finished at 30W in 2 patients, 60 W in 8 pa-
tients and 90W in 10 patients. This final workload was the
submaximal level for each patient, because the peak heart
rate was approximately 80% of the maximal hemrt rate
achieved at the symptom-limited cardiopulmonary exercise
test, as described below, Before and immediately after the
supine exercise test, blood samples were taken from the PA
and the Ao. The samples were centrifuged at 4°C and
stored at ~80°C until assayed.

Cardiopulmonary Exercise Test
On a separate day (3] [meanxSD] days before the

Cirenlatien _Jourmal 1ol 68, Apil 2004
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Table 2 Changes in Hemodynamics and HGF Levels in Response to
Supine Exercise .

Baseline  Peak exercise  pvalue
HR (beats/min} 6811 117417 <0,007
Aosyst (mmHyg) 126£17 169120 <0.00]
PAsyst {(mmHg) 3447 38t14 <0.00]
PAdiast (mmHg) 114 1915 <(.007
CO (Limin) 6.8t1.6 14.7£3.9 <0.001
HGFea (ng/inl) 7.7243.50 7.8213.53 NS
HGFao (ng/mi) 74583.32 7.1413.14 N§
AHGF(PA-Ao) {ng/ml) 0.27+0.44 0.6810.58 <0.0!
COXAHGF (ug/min) 1.6£3.0 9.0£6,3 <0(.00!
SV02(%) 6744 3410 <0.001

HGF, hepatocyte growih factor; HR, heart rate; Ao, aorta; FA, pulmonary
artery; sysi, systolic pressure; diasi, diastolic pressure; CO, cardiac output
{by the thermodilutional method); AHGF (PA-Ao), the difference in HGF
levels between pulmonary artery and aorta; SV 03, mixed venous Oz satura-
tion.

p values were assessed with the paired student 1-test.

cardiac catheterization), patients underwent the symptom-
limited cardiopulmonary exercise test (CPX), with determi-
nation of peak oxygen uptake (VOz), workload and heart
rate. The exercise test was performed on a calibrated, elec-
tronically braked bicycle in an upright position (Examiner,
Lode B.V., Groningen, Netherlands). Ramp protocols
began at a workload of OW for 1 min and increased in 15-
W increments at 1-min intervals. Expired gas analysis was
performed by using a respiromonitor AE-280 (Minato
Products, Tokyo, Japan). The VOz was measured on a
breath-by-breath basis, and was averaged over contiguous
30-s intervals, except at peak exercise, when 18-s averag-
ing was used.

Hepatocyte Growth Factor Measurements

Hepatocyte growth factor levels in the pulmonary artery
(HGFpa) and aorta (HGFas) were determined with specific
enzyme-linked immunosorbent assay kits {Otsuka Assay
Laboratorics, Tokushima, Japan), Microtiter platcs coated
with an anti-HGF murine monoclonal antibody were incu-
bated with standard HGF or serum samples, and an anti-
HGF rabbit polyclonal antibody was added. After adding
first the anti-rabbit goat immunoglobulin G-peroxidase
conjugate and then o-phenylene diamine, the absorbance
was read at 492 nm using a plate reader!® The sensitivity of
the HGF kit was 0.1 ng/ml. This assay system detects only
bioactive, heterodimeric (mature) forms of HGF in the
blood samples!®.19 Previous studies have demonstrated that
there is a strong (r=0.986) positive correlation between
HGF levels measured by this assay system and those
measured by bicassay (determined by stimulating DNA
synthesis of rat hepatocytes in primary cultures)!8.19

The BNP levels were determined with a specific immu-
noradiometirc assay kit (Shionogi Co, Osaka, Japan), as
previously reported!? The sensitivity of this BNP kit is
2pg/ml. Brain natriuretic peptide has been considered as a
biochemical marker of ventricular remodeling after myo-
cardial infarction.

Data Analysis
Exercise-induced HGF production {y«g/min) was calcu-
lated by using the following equation:

[(HGFpa-HGFas)x CO at peak exercise]-[(HGFpa-
HGFa)x CO at rest).
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Ch ] y= -0.72x+26.69

o I R= -0.664

8. P<0.01
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Figl. Comelation of the exercise (Ex)-induced hepatocyte growth
factor (HGF) production with peak oxygen uptake (peak VO1) in 20
patients after acute myocardial infarction (AMI).

The y2 test was used for comparison of categorized vari-
ables. The Student’s t-test or Mann-Whitney U-test rank
test was used for comparisons of mean values to determine
significance of difference between the 2 groups, Linear
regression curves and correlations were calculated accord-
ing to the least squares method. All data are presented as
mean=SD. Differences were considered significant at
p<0.05.

Results

Changes in Hemodynamics and HGF in Response to
Supine Exercise
Table2 shows the changes in hemodynamics and HGF
levels, at baseline (=before exercise) and at peak exercise
during the catheterization. At baseline, there were no sig-
nificant differences in HGF levels between PA and Ao. The
supine exercise (74+18W in intensity, 10+2min in dura-
tion) significantly increased heart rate, Ao pressure, PA
pressure, and CO, whereas it decreased SVO2. Although
the absolute HGF levels in PA and Ao appear unchanged,
the difference in HGF levels between PA and Ao (AHGF)
significantly increased by approximately 3-fold after the
exercise. When assessed based on the fold change com-
pared with the baseline level, exercise increased the HGFra

to 1.02+0.11-fold (p<0.05), but did not change HGFao

(0.96£0.09-fold). Finally, in the patients of the present
study, exercise-induced HGF production ([AHGFxCO at
peak exercise] -[AHGFxCO at baseline}) was calculated
to be 7.4+6.3g/min, on average.

Correlations With HGF Production

Peak VO2, workload and heart rate determined during
the symptom-limited upright cardiopulmonary exercise
text (CPX) performed on a separate day were 237 ml/min
per kg, 130+37 W, and 140+24 beats/min, respectively.

As shown in Figl, exercise-induced HGF production
correlated inversely with peak VO2 (r=-0.664, p<0.01),
Eight patients with peak VO2<20ml/min per kg had great-
er exercise-induced HGF production {13. 425, 9 vs 3.9x
24 pg/min, p<0.05) and higher prevalence of angiographi-
cally significant stenosis in major coronary arteries (>60%)
(50 vs 8%, p<0.05) in comparison with the remaining 12
patients with VQz2220ml/min per kg.

YASUDA S et al.

750 y= 16.1x+27.0
R=0.686 .-
. P<0.01."

o
o
[ ]

BNP levels (pg/ml)
el
o 3

_250 T T 1
0 10 20 30

Ex-induced HGF (ng/min)

Fig2. Correlation of the exercise Ex-induced HGF production with
brain natriuretic peptide (BNP} levels.

Also, as shown in Fig2, exercise-induced HGF produc-
tion correlated positively with BNP levels at baseline
(r=0.686, p<0.01). However, there were no significant rela-
tions with cardiac function at rest {left ventricular end-dias-
tolic volume index and ejection fraction), percentage
increase in heart rate, Ao pressure and PA pressure in
response to the submaximal supine exercise (data not
shown).

Discussion

The major finding of the present study is that HGF
production is induced during exercise in accordance with
the severity of exercise intolerance and the increase in BNP
levels,

In patients after AMI, exercise training is now emerging
as an important component of the therapy!029 It attenuates
post-infarction ventricular remodeling, which is associated
with heart failure and increased mortality?! and is accom-
panied by an clevated level of BNP!3 Regular exercise
training also increases the density of skeletal muscle capil-
laries'* and induces repetitive increases in vascular blood
flow and shear stress2? thereby improving endothelinm-
dependent vasodilation!5!6 Both central {(cardiac) and
peripheral (skeletal muscle and vascular) effects of exer-
cise training may consequently improve exercise tolerance
and symptoms!? From the data obtained in the present
study, a causal relationship cannot be clearly determined.
However, the several effects of exercise training are poten-
tially mediated through HGF in patients after AMI.

As shown in Table2, exercise increases the concentra-
tion gradients of HGF levels between PA and Ao, indicat-
ing exercise-induced HGF production. The vessel wall may
be a potential source of circulatory HGF?? Fig 1 shows that
exercise-induced HGF production is associated with
reduced peak VQ2. In particular, patients with peak VO2<
20ml/min per kg were sensitive towards the HGF response
to exercise. These patients with reduced exercise capacity
had a higher prevalence of coronary artery stenosis. Myo-
cardial ischemia appears to be one of the determinants for
exercise capacity and is known to induce upregulation of
non-cardiac HGF systems?* HGF promotes angiogenesis as
a potent growth factor of endothelial cells?® and promotes
the functional recovery of nitric-oxide-mediated vasodila-

Cirenlution _Journal

10l 68, April 2004

— 258 —




Exercise-Induced HGF Production

tion?6 thus improving myocardial blood flow. Also, as
shown in Fig2, exercise-induced HGF production is asso-
ciated with increased levels of BNP. The HGF may be
systemically released during exercise in response to left
ventricular dysfunction and may exert wound healing and
cardioprotective actions against myocardial ischemiafin-
farction?’28 In a mouse myocardial infarction model, HGE
gene therapy attenuated left ventricular remodeling and
dysfunction?®

The recent clinical studies also suggest a possibility that
HGF may contribute to improving myocardial ischemia
and dysfunction. In the CAPTURE (¢7E3 Anti-Platelet
Therapy in Unstable REfractory angina) trial studying the
patients with acute coronary syndromes, elevated HGF
levels are associated with reduced incidence of death and
myocardial infarction?® In another study in patients with
coronary artery disease, elevated coronary sinus HGF
levels were associated with collateral formation and with
left ventricular dysfunction3® Thus, interventions that
enhance HGF levels could be beneficial in the management
of those patients. Exercise is a potential approach. Howev-
er, further studies are required to determine whether short-
term benefits of exercise could translate into long-term
effects20

In conclusion, the present study provides a novel aspect
of exercise training as cytokine-mobilization. HGF may
have a therapeutic implication in patients after AMI
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Akira Itoh, MD; Satoshi Daikoku, MD; Isao Morii, MD; Yoichi Goto, MD
for the 3D-CAT investigators

Background Effective pharmacological prevention of restenosis using the systemic administration of various
drugs that were effective for the prevention of restenosis in experimental studies has not been reported. The
purpose of this study was to evaluate whether the local delivery of a potent thrombin inhibitor, argatroban, using
a local drug delivery device would prevent restenosis after plain old balloon angioplasty (POBA).

Methods and Results Seventy patients with chronic coronary attery disease requiring POBA were randomly
assigned to wither the control group (n=35) or the argatroban group (n=35). In the argatroban group, argatroban
was administered intravenousty for 30min before the POBA and mtracoronarl]y into the dilated site using
a Dispatch™ catheter immediately after the POBA, followed by a postoperative intravenous infusion for 4 h.
The angiographical lesion restenosis and clinical restenosis rates at follow-up were significantly lower in the
argatroban group (27% and 14%) than in the control group (56% and 37%; p=0.02 and p=0.03, respectively).
There was no majer complication during the procedure.

Conclusion The local delivery of argatroban is safe and effective in preventing restenosis after balloon angio-

plasty. (Circ J2004; 68: 615-622)

Key Words: Coronary angicplasty; Direct thrombin inhibitor; Local drug delivery; Restenosis

{(plain old balloon angioplasty: POBA) is limited

by restenosis, which occurs in 30-50% of cases
despite a successful procedure!~ However, in previous
clinical trials>-9 there has not been cffective pharmacologi-
cal prevention of restenosis using the systemic administra-
tion of various drugs that were found to be effective for the
prevention of restenosis in experimental studies, One of the
major factors in the failure of restenosis prevention in these
clinical trials could ke that the systemic administration of
drugs resulted in a concentration at the site of a balloon in-
jury that was too low, Accordingly, it has been anticipated
that the local delivery of a drug at 2 high concentration may
reduce the restenosis rate after POBA. However, the phar-
macological prevention of restenosis using a local drug
delivery system has not yet been tested in clinical trials
except for one small-scale trialt?

It was recently reported that the messenger RNA
(mRNA) of a thrombin receptor is expressed in medial
smooth muscle cells in the very early phase after a balloon
catheter injury (within 6h)!!12 Moreover, pre-treatment
with hirudin (a direct thrombin inhibitor) was found to

The clinical efficacy of coronary balloon angioplasty
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reduce vascular lesion development after balloon injury in
experimental studies!314 Thus, it is thought that restenosis
may be prevented or minimized by the local administration
of a direct thrombin inhibitor. Argatroban is a direct throm-
bin inhibitor that has a more potent inhibitary effect on
fibrin- or clot-incorporated thrombin than other thrombin
inhibitors such as heparin and hirudin!*!¢ Tomaru et al
reported that the local delivery of argatroban using a
double-balloon catheter reduced intimal thickening after
balloon injury in an experimental study!? Accordingly, we
conducted a prospective, randomized, controlled clinical
trial to assess the effect of the local delivery of argatroban
as a direct thrombin inhibitor using a Dispatch™ catheter
systern!® (SIMED Life Systems, Inc, Maple Grove, MN,
USA) in the prevention of restenosis after percutaneous
coronary intervention (PCI).

Methods

Study Protocol .

Between March 1995 and May 1997, 70 patients who
required coronary revascolarization were registered in the
present trial (Drug Delivery Device in Coronary Ballocn
Angioplasty Trial: 3D-CAT) at the National Cardiovascu-
lar Center. The 3D-CAT is a randomized controlled pilot
trial for prevention of restenosis after coronary balloon
angioplasty conducted at a single center. The inclusion
criterion was that the patient was scheduled for elective
POBA with a balloon size equal to or larger than 2,75 mm.
All of the patients had ischemic chest pain or evidence of
ischemia diagnosed by a thallium-201 or treadmill exercise
test. The patients were randomly assigned to 2 groups
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Figl. Study protocol and patient flow chart, A bolus of 5,000-8,0001U heparin was injected intravenously at the start of
the percutaneous coronary intervention (PCI) procedure. Patients were randomly assigned to 2 groups: the contrel group
and the argatroban group receiving local delivery of argatroban via a Dispalch™ catheter after PCL. Control group: PCI
was performed; the patients received a bolus injection of heparin during the procedure and an intravenous infusion of
heparin for 4h after angioplasty. Argatroban group: intravenous infusion of argatroban was started 30 min before the PCI,

followed by local delivery of argatroban into the dilated site

of intravenous infusion of argatroban for 4 h,

according to consecutive sealed envelopes; the control
group (n=35) underwent a conventional method of POBA,
and the argatroban group {n=35) had the addition of local
delivery of argatroban. The exclusion criteria were (1)
more than 80 years old or less than 20 years old, (2) a target
lesion in a non-protected left main coronary artery, (3) a
total occlusive lesion equal to TIMI 0-1 flow, (4) a severely
calcified lesion, (5) a diffuse lesion, (6) a target vessel with
severe proximal tortuosity, (7) a lesion that restenosed
more than once, (8) a bypass graft vessel, (9) an indication
for a new device (eg, directional coronary atherectomy,
stent, rotational atherectomy or laser ablation), (10) poor
" left ventricular function (ejection fraction <40%), (11)

patients receiving warfarin, (12) patients receiving an intra--

venous infusion of heparin, (13) a history of gastrointesti-
nal bleeding, thrombocytopenia, or coagulopathy, (14) a
history of stroke within the preceding 3 months, (15) acute
myocardial infarction within the previous month, (16)
patients undergoing thrombolysis within the past 24 h, (17)
pregnancy, and (18} other major illness including renal fail-
ure and liver dysfunction. Informed consent was obtained
from each patient.

PCI Procedure and Adjunctive Therapy
Coronary angiography was performed using the Judkins
method, and a bolus of 5,000-8,0001U heparin was given

using a Dispatch™ catheter, and the postoperative treatment

intravenously after vascular access had been established. In
the control group, the POBA was performed in a standard
way with a bolus injection of heparin (50U/kg per h)
during the procedure, followed by an infusion of heparin
{25U/kg per h) for 4h after the POBA. In the argatroban
group, an intravenous infusion of argatroban was given
(1#g/kg per min) 30min before POBA, followed by the
local delivery of argatroban {10 mg/20 min) into the dilated
site using the Dispatch™ catheter (SIMED Life Systems)
after the successful POBA. Postoperatively, the patients
received an intravenous infusion of argatroban (1 «g/kg per
min) for 4h (Fig ). All patients received both Ca antago-
nist and 81-162mg of aspirin before the POBA until the
follow-up angiography. In addition, f-blockers, long-acting
isosorbide dinitrates or nicorandil was administered at the
discretion of the treating physician before the POBA until
the follow-up coronary angiography. Clinical success of
the POBA was defined as angiographic success (residual
stenosis <50%) without a major complication (death, myo-
cardial infarction, or emergency coronary-artery bypass
surgery) during hospitalization.

Quantitative Coronary Angiographic Analysis

All angiograms were analyzed by a computer-assisted
system of quantitative coronary angiographic analysis
(QCA; Cardiovascular Measurement System Ver. 3.0

Cirenlation Jourual - 101,68, July 2004
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Table 1 Baseline Clinical Characterlstics of the Study Patlents

Control group (n=135) Argatroban group (n=33) pvalue

Age (years) 6148 6118 NS
MiF 29/6 27/8 NS
Risk fuctors

BM! 23.6£2.0 235826 NS

Diabetes mellitus 18 12 NS

Hypertension 19 23 N§

Total cholesteral (mg/dl) 185+32 198135 NS
Prior Ml 8 NS
Ejection fraction (%} 5813 NS
Diseased coronary vessels

I-vessel disease 23 23 NS

2-vessel disease H 12

J-vessel disease 1 ¢
Target vessel .

LAD/LCX/RCA 16/16/3 NS

BMI, body mass index; Ml, myocardial infarction; LAD, left anterior desending artery: LCX, left circumflex artery; RCA, right

coronary artery.

Table 2 Baseline Lesion Characteristics of the Study Patients

Control group (n=35) Argatroban group (n=35) pvalue

ACC/AHA classfication

A 5 5

B - 29 29 NS

c 1 i
De novo lesion 32 (94%) 28 (80%) NS
Reference vessel diameter {nun) 2.8040.46 2.89+0.39 NS
Minimal lumen diameter (mm) 0.8620.24 0.83+0.19 NS
Lesion length (num) 6.00£3.69 5.25+3.77 NS
Lesion characteristics

Eecentricity 29 (83%) 27 (77%) NS

Calcification 12 (34%) 16 (46%) WA

Ostial fesion 4(11%) 5(14%) NS

Proximal tortunsty 2(6%) 1(3%) NS

Angled lesion 4{11%) 4(11%) NS

Bifurcation 7 (20%) 6{17%) NS

(CMS), Medical Imaging Systems Inc, Leiden, the
Netherlands). CAG was performed before, immediately
after, and 3 months after the POBA (follow-up) as de-
scribed in detail elsewhere!® All angiographic analyses
were performed in a blinded fashion by an experienced
physician. The % diameter stenosis {%DS) and minimal
lumen diameter (MLD) of the target lesion were deter-
mined guantitatively, The diameter of a Judkins catheter
was measured using a precision micrometer {No, 293-421-
20; precision 0.001 mm, Mitutoyo Co, Kawasaki, Japan) to
obtain a calibration factor in the ‘Free French’ mode in the
image calibration of the CMS program. The calibration
factor (CF) was adjusted between 0.08 and 0.1 mm/pixel
using digital zoom according to the CMS manual?® The
complex edit mode (gradient field transform: GFT) was
used in the case of a complex lesion, as described in detail
elsewhere?!

Angiographic restenosis after POBA was defined as a
%DS greater than 50% on the follow-up angiogram. Clini-
cal restenosis was defined as the recurrence "of ischemia
and/or target lesion revascularization within the petiod
before the follow-up angiography.

Endpoints

The following endpoints were prospectively defined.
Restenosis was the primary endpoint. Secondary endpoints
included death, acute myocardial infarction {symptoms,

Cireridation Joual - Vol.68, July 2004

ECG changes, and creatine kinase >twice the upper normal
limit) and coronary revascularization (coronary bypass
surgery, or repeated POBA andfor coronary stenting).
Repeat revascularization of the target lesion (target lesion
revascularization) was defined as angioplasty or bypass
surgery performed because of restenosis of the target lesion
in association with recurrent angina, objective evidence of
myocardial ischemia, or both. The principal safety end-
points were abrupt vessel closure, stroke, major bleeding,
or the need for vascular surgery. Major bleeding was
defined as intracranial hemorrhage or overt bleeding asso-
ciated with a decrease in hemoglobin of more than 5 g/dl.

Statistical Analyses

The data are presented as meanxSD (standard devia-
tion). Differences in angiographical parameters (%DS and
MLD) between the 2 groups before POBA, immediately
after all procedure and during the follow-up were com-
pared by unpaired t-test. Statistical comparisons of dif-
ferences in categorical data between the 2 groups were
performed using the chi-square test. Differences were
considered significant when p<0.03. The clinical follow-up
analyses were performed on an intention-to-treat basis and
on-treatment-analyses. Moreaver, angitographic follow-up
analyses were petformed using on-treatment-analyses,
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Table 3 In-Hospital Qutcomes of the Study Patients

Control group (n=35) Argatroban group {n=33) pvalie
Stent reguired (%) 3 (8.6) 3(8.6) NS
Acute acclusion (%) 010 1(2.8) NS
Additional batiooning (%) a(0) 1(2.8) NS
Angiographical nonsuccess (%) 1(2.8 00 NS
Actite myocardial infarction (%) a0 a(0) NS
Emergency CABS (%) a{0) 0(0) NS
Death (%) 0{0) 010 NS

CABS, coronary artery bypass surgery: M, myocardial infarction,

% Diameter stenosis Minimal Iumen diameter

% Immediately after Follow-up Immediately after Follow-up

100 . PTCA mm _ PTCA p=0.00
L p=0.05

80 | l

60 |

40 |
L

20

Control Argatroban Control Argatrobon

Control Argatroban
group group group group group group group group

Control Argatroban

Fig2. There were no significant differences between the 2 groups in % diameter stenosis or minimal lumen diameter
immediately after PCI. Angiographic parameters including % diameter stenosis and minimal lumen diameter were

marginally better in the argatroban group than in the control group at follow-up.

Results

Patient Population (Fig1)

Four patients in the argatroban group were excluded
from the follow-up CAG; 1 underwent steat implantation
because of a major coronary dissection before the local de-
livery of argatroban, | had an abrupt vessel closure during
the local delivery of argatroban, 1 required additional
ballooning and stent implantation, and 1 refused to undergo
the follow-up CAG with negative exercise thallium-201
stress imaging. Four patients in the control group were also
excluded from the follow-up CAG: 3 required stent
implantation because of major coronary dissection after the
balloon angioplasty, and 1 had resideal %DS >50% (angio-
graphically unsuccessful). During the course of the study, 2
patients died suddenly (control 1, argatroban 1) before the
follow-up angiography; the 1 in the argatroban group had
cardiac sudden death after balloon angioplasty on day 60
(the patient had an old myocardial infarction with left
ventricular dysfunction) and the patient in the control
group died suddenly on day 60 after the balloon angio-
plasty (suspected rupture of a thoracic aortic aneurysm). In
total, 10 patients (5 in each group} were excluded from the
follow-up angiography.

Baseline Clinical and Lesion Characteristics

Tables1 and 2 summarize the baseline clinical and
lesion characteristics; there were no significant differences
between the 2 groups in this study.

In-Hospital Outcome -
The in-hospital outcomes are summarized in Table 3. An

acute occlusion in the treated segment during the local
delivery of argatroban using a Dispatch™ catheter was
observed in 1 patient, requiring implantation of a Palmaz-
Schatz stent. There were no major complications during the
procedure in cither group. :

Quantitative CAG Analyses at Follow-up

Fig2 compares the results of the angiographic analyses
between the 2 groups. There were no significant differences
between the 2 groups in %DS (Control group: 30.9:210.9%,
Argatroban group: 31,749.6%) or MLD (Controt group:
1.95+£0.3 mm, Argatroban group: 1.9240.35 mm) immedi-
ately after procedure. However, after 3 months, the angio-
graphic parameters of %DS (Control group: 51.3216.2%,
Argatroban group: 43.5x14.6%) and MLD {Control group:
1.36£0.46 mmm, Argatroban group: 1.574£0.47 mm) were
marginally better in the argatroban group than in the
contro] group (p=0.05 and p=0.09, respectively). The mean
difference in coronary MLD (net gain} between the post-
procedure and follow-up angiograms was 0.51+0.44 mm in
the control group, and 0.72+0.50mmm in the argatroban
group (p=0.09).

Restenosis Rates, Target Lesion Revascularization, and
Clinical Follow-up Data

Fig3 compares the restenosis rates in the 2 groups. The
lesion restencsis (%DS >50%) rates were 27% in the arga-
troban group and 56% in the control group (p=0.02). The
clinical restenosis rates were 14% in the argatroban group
and 37% in the control group (intention-to-treat analysis;
Table4, p=0.03). The target lesion revascularization rates
were 14% in the argatroban group and 34% in the control

Circntweion Joumal  Vol.68, July 2004
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Table 4 Clinical Outcome at Follow-up of the Study Paticnts

619

Fig3. Angiographic restenosis occurred in 5 of the 30 patients
in the argatroban group (27%) and 12 of the 30 patients in the
control group (56%). Clinica! restenosis occurred in § of the 35
patients in the argatroban group (14%) and 13 of the 35 in the
control group (37%).

Contiol group (n=35) Argatroban group {n=35) pvalue
Clinical restenosis 13+ 5 0.03
Target vessel revascularization 12 5 0.05
Vasospastic angina 0 1 NS
Myocardial infarction 0 0 NS
Death 1 i NS
Any clinical event M 7 0.07
Clinical restenosis incliuled recurrence of ischemia and/or angina and target vessel revascularization.
*Includes one case of recurrence of ischemia (silem) without tarpet vessel revascularization.
Table 5 Clinical Qutcome at Follow-up of the Study Patients According to on-Treatment Analysis
Conirol group (n=31} Argatroban group (n=32) p value
Clinical restenosis iz 5 0.03
Target vessel revascularization i1 4 0.06
Vasospastic angina 0 i NS
Myocardial infarction 0 0 NS
Death i ! NS
Any clinicul event 13 7 0.08

Clinical restenosis included recurrence of ischemia and/or angina and target vessel revascularizatfon,
*Includes one case of recurrence of ischemia {silent) without target vessel revascularization,

group (intention-to-treat analysis; Tabled, p=0.05). More-
over, Table5 shows the clinical outcome at follow-up of
the study patients on-treatinent-analysis. Seven cases (6
stent implantations and 1 unsuccessful procedure during
initial angioplasty) were excluded in Table5 according to
on-treatment-analysis. The clinical restenosis rates at fol-
low-up were 17% (n=>5) in the argatroban group and 40%
(n=12) in the control group according to on-treatment-
analysis after exclusion of 10 cases (n=30, respectively;
p=0.04). The details of those 10 cases are as follows: 6
stent implantations during procedure, 1 unsuccessful proce-
dure, 2 deaths, and 1 refusal of follow-up CAG.

Discussion

Previous and Present Trials Regarding the Prevention of
Restenosis

No definitively effective prevention of restenosis by
systemic administration of drugs has been observed in
previous clinical trials. Several types of drug therapy, such
as anticoagulants (heparin, warfarin) and antiplatelet thera-
py (aspirin, dipyridamole, ticlopidine, prostacyelin, and
thromboxane A2 inhibitor), fish oil, and steroids have failed

Cimulation_Jorrmal - Vol .68, Julp 2004

to reduce the restenosis rate in most clinical trials2?-24
Recently, trapidil and cholesterol-lowering agents have
been shown to be promising in preventing restenosis after
coronary angioplasty2S but patients must take these drugs
for several months after angioplasty.

In contrast, coronary stenting has been shown to be
effective in preventing restenosis after coronary angio-
plasty?6.27 and the drug eluting stent has been developed in
recent years?® Nevertheless, adjunctive anticoagulation
and/or antiplatelet therapy is required for 1 month after
coronary stenting, resulting in occasionat bleeding compli-
cations, Accordingly, a new procedure with a low rate of
adverse effects and no need for adjunctive therapy after
discharge has been sought. In the present randomized,
controlled study, local delivery plus intravenous infusion of
argatroban reduced both the angiographic and clinical
restenosis rates after coronary angioplasty. There was no
increase in bleeding risk with the argatroban treatment. The
restenosis rate in the argatroban group in this trial (27%)
was similar to that in the stent group of the STRESS trial
(32%; NS)?7 despite the fact that the reference vessel diam-
eter was smaller {2.89+0.39mm) than that in the STRESS
trial (3.0320.42mm; p=0.07). The restenosis rate in the
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control group in the present study was similar to that in the
control group of the CAVEAT trial (56% vs 57%)¥

Mechanism of Restenosis and Thrombin Activation

The mechanism of restenosis after PCI is considered to
be a healing process after a balloon injury. Immediately
after arterial injury with a balloon catheter, many factors
lead to the activation of medial smooth muscle cells
{SMC}, but there are 3 major ones. First, elastic recoil is a
pivotal factors after mechanical trauma to the abnormal
vessel wall and stretching of the normal vessel wall (e,
arterial remodeling). Second, the formation of thrombus on
the intimal surface and inside the disrupted plaque is an
important part of the restenosis process. The intensity of
thrombus formation could serve to reduce the initial gain in
lumen both by adding to the plague mass and by elaborating
maore growth factors3? Third, the most intense interest has
been on the impact of mitogenic factors (basic fibroblast
growth factor (bFGF), platelet-derived growth factor
(PDGEF), transforming growth factor-beta (TGF-#), and
SMC-derived growth factor (SDGF)) released by platelets,
monocytes, and by components of the intact parts of the
vascular wall, including the SMC. In vitro and in vivo
studies have shown that injury to the endothelium and the
vessel wall causes increased thrombin production?! Throm-
bin, in particular, may play a significant role in the initia-
tion of the restenosis process, because the regulation of
these growth factors has been reported to be modulated by
thrombin via a thrombin receptor3?33 Moreover, thrombin
activates a variety of vascular and inflammatory cell types
that promote wound healing!%32 Thus, the inhibition of the
initial thrombin activation may exert a potent preventative
effect on restenosis after POBA.

Direct Thrombin Inhibitors and Restenosis

The direct thrombin inhibitors, such as r-hirudin,
hirulog, hirugen and D-Phe-Pro-Arg-chlorometylketone
(PPACK), are expected to reduce the restenosis rate after
PCI!h3 and several relevant experimental studies have
been performed in recent years, Rogasta et al reported that
the 2-h systemic infusion of hirudin failed to reduce cell
proliferation within the first 7 days, whereas the 2-h infu-
sion of hirulog improved the late angiographic luminal
dimensions and reduced the cross-sectional area narrowing
by plague in rabbits compared with heparin controls after
angioplasty)? They suggested that (1) hirudin inhibits
cellular migration rather than proliferation, and (2} hirudin
reduces muoral thrombosis, resulting in less thrombus incor-
poration into the plaque. However, Serruys et al reported
that the systemic administration of r-hirudin fatled to
reduce restenosis in a clinical study (HELVETICA study)®
This discrepancy between the experimental study (Rogasta
et al'2) and the clinical study (Serruys et al33) may be
explained by a difference in the local concentration of
hirudin at the target lesion. Accordingly, it is expected that
the local delivery of a high concentration of a direct throm-
bin inhibitor using a drug delivery device would reduce
restenosis without increasing adverse effects in the clinical
setting, However, there has not a previous clinical prospec-
* tive randomized trial using a direct thrombin inhibitor and
a local delivery device for preventing restenosis after
angioplasty. :

The present study has demonstrated that the intracoro-

nary local delivery of argatroban, in addition to a 4-h intra- -

venous infusion, prevents restenosis following POBA.

ITOH T etal

Argatroban has been reported to inhibit platelet activation
by fibrin- or clot-incorporated thrombin more effectively
than does hirudin!® The reason that both local delivery and
continuous intravenous infusion of argatroban were used in
the present study was to inhibit thrombin activity, which
may increase immediately after angioplasty before the
local delivery of argatroban, because there was a time delay
(approximately 10min) between the first balloon inflation
and the local delivery of argatroban (thrombin receptors
have been reported to appear on a SMC within a few min
after balloon injury'?). The present findings, together with
the report of Rogasta et al!3 suggest that direct thrombin
inhibition may successfully inhibit cell migration in the
initiation of restenosis in human patients.

Local Drug Delivery Device

Several local delivery balloon catheters have been de-
signed. The double-balloon catheter was the first percuta-
neous drug delivery device. Other drug delivery devices
such as the Wolinsky perforated-balloon catheter, a micro-
porous balloon, a channel catheter, and the Transport coro-
nary angioplasty catheter have been developed since then.
More recently, the drug delivery devices known as the
Infusasleeve™, a hydrogel-coated balloon, and the
Dispatch™ catheter have become available3® The hydrogel-
coated balloon does not have a perfusion port to support
distal blood flow during balloon infiation. Imanishi et al
reported that the local delivery of argatroban using a hydro-
gel-coated balloon reduced intimal thickening after balloon
injury in an experimental study3? The Dispatch™ catheter
consists of an over-the-wire, non-dilatation catheter with a
spiral inflation coil and a perfusion port on its distal tip.
There are several advantages of this system for the drug
delivery. First, this device allows distal coronary perfusion
during balloon inflation for a sufficiently longer time
compared with other drug delivery catheters. Second, this
system makes it easier to deliver the drug than a hydrogel-
coated balloon catheter, because in the case of the hydro-
gel-coated balloon, the drug must first penetrate the hydro-
gel-balloon surface. Third, the pharmacokinetic validity of
the local delivery of argatroban using a Dispatch™ catheter
has been established. Anabuki et al confirmed that the local
delivery of argatroban using a Dispatch™ catheter resulted
in the intramural deposition of high concentration arga-
troban without any arterial damage?® This new device has
been used for the prevention of reocclusion after revascu-
larization in patients with acute myocardial infarction and
unstable angina pectoris!®3 However, there are no other
clinical reports on the prevention of restenosis using the
Dispatch™ catheter except for one small non-randomized
trial!® Thus, this is the first prospective randomized con-
trolled trial using the Dispatch™ catheter and argatroban to
prevent restenosis following POBA, Moreover, it is
expected that these local delivery devices may be available
not oaly for direct thrombin inhibitor but also gene therapy
in the future#?

Study Limitations

First, it is unclear whether the local delivery of arga-
troban using a Dispatch™ catheter is effective in patients
with small vessels (<2.5mm). Second, this study was
designed as an open-label randomized trial in the light of
safety concerns. Although a double-blind design may be
better, it is not easy to use a specific device such as the
Dispatch™ catheter in a double-blind manner. Because no
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obvious benefit of long-term inflation in preventing
restenosis was found in a previous study?! the long-term
inflation (20min) with the Dispatch™ catheter is unlikely
to be responsible for the significant reduction of restenosis
in the present study. Third, this trial was performed at a
single center, with a small number of patients. Further
study is necessary with a larger number of patients in 2
double-blind, randomized, multicenter trial with a placebo
group (local delivery of normal saline using a Dispatch™
catheter). We are now planning to conduct such a trial in
Japan, Fourth, the effect of the exclusively local delivery of
argatroban remains undetermined, because postoperative
intravenous infusion of argatroban was combined with the
intracoronary local delivery in the present study. Further
study is necessary to assess the ‘pure’ efficacy of the local
delivery of argatroban. Moreover, further study is neces-
sary to assess the efficacy for stenting lesions in the present
stenting era. Final, the present study did not evaluate local
delivery direct pressure, although it is reported that high,
local delivery pressure is a key determinant of vascular
damage and intimal thickening?? Further study is needed to
exarine the local drug delivery pressure during infusion of
argatroban in the clinical setting.

Conclusions

The local delivery of argatroban using a Dispatch™
catheter was observed to be safe and effective in preventing
restenosis after balloon angioplasty.
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