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Restenosis had been the major drawback of PCI using
bare-metal stent. Extremely high rate of repeated revascu-
larization procedures in this study might be largely atrib-
utable to expanded use of PCI for more complex subsets of
patients and high rate of angiographic follow-up in the
Japanese clinical practice. However, the advent of drug-
eluting stents have already markedly ameliorated the
problems related to restenosis in real world clinical
practice."”

There are several important limitations of this study. As
compared with prior observational studies,*” the sample
size was not large enough to detect small differences in
survival rates between the CABG and PCI groups. Al-
though the definition of elderly patients was prespecified
and seems clinically reasonable, the cut-off value of 75
years of age is arbitrary. Although variations in the
frequencies of some anatomic factors such as numbers of
diseased vessels, involvement of proximal LAD, and
presence of total occlusions were adjusted for comparative
analyses, our conclusions might not be applicable to those
patients with other anatomic complexities, such as diffuse
disease, heavy calcification or bifurcation that were not
evaluated in this study. Furthermore, important medica-
tions, statins in particular, to prevent cardiovascular events
are obviously underused. More optimal use of medications
might have changed the long-term outcome of both CABG
and PCI. Finally, the baseline characteristics such as age,
body mass index. and prevalence of diabetes in the current
population were markedly different from prior studies.®”
Although it is beyond the scope of the current article to
discuss on the contribution of these demographic features
to the different outcome in comparison to prior studies, we
should admit that differences in racial, cultural, and
socioeconomic factors might hinder generalization of the
conclusions of this study outside Japan. Relatively low rate
of recurrent coronary events in the Japanese population
demonstrated in the REACH registry might have favorable
influence on survival outcome after PCL

Despite the abovementioned study limitations, we would
conclude that for patients with multivessel coronary artery
disease. survival outcomes were similar among those who
underwent either CABG or PCI with bare-metal stents in
real-world clinical practice in Japan, when elderly patients are
excluded from analysis,

Appendix

List of Clinical Research Coordinators

Kumiko Kitagawa, Hiromi Yoshida, Misato Yamauchi, Asuka Sacki,
Chikako Hibi, Eom Takinami, Teumi Miki, Miya Hanazawa, Naoko
Okamoto, Sachiko Maeda, Sacko Minematsu, Saori Tezuka, Yuki
Sato. Yumika Fujino. Hitomi Sasae. Rei Fujiia. Ayu Motofusa,
Takami Hiraoka, Ayumi Yamamoto, Miho Hayashikawa, Yoko
Fujiki.

Acknowledgments
We are indebied to the clinical rescarch coordinators for data
collection and to Yoko Kasukura for secretarial assistance.

Sources of Funding
This work was supported by an educational grant from the Research
Institute for Production Development (Kyoto, Japan),

Disclosures
None,

References
Serruys PW. Ong ATL. van Herwerden LA, Souss JE, Jutene A,
Bonnier JRM. Schonberger JPMA, Bullér N, Bonser R. Disco C,
Backx B, Hugenholtz PG, Firth BG, Unger F. Five-year outcomes
after coronary stenting versus bypass surgery for the treatment of
multivessel disease: the final analysis of the Arterial Revasculariza-
tion Therapies Study (ARTS) randomized tral J Am Coll Cardie!
2005:46:575-581,

. Morrison DA, Sethi G, Sacks J, Henderson W, Grover F, Sedlis S,

Esposito R, Ramanathan K, Weiman D, Saucedo 1, Birjiniuk V, Welt
F. Krucoff M, Wolfe W, Lucke JC, Mediratta S, Booth D, Barbiere C,
Lewis D, Percutancous coronary intervention versus coronary anery
hypass grafl surgery for patients with medically refractory myocardial
ischemin and risk factors for adverse outcomes with bypass: a multi-
center, randomized trial. 7 Am Coll Cardiol. 2001,38:143-149.
Rodriguez AE, Baldi J, Fernandez Pereira C, Rodriguez AM, Delacasa
A, Vigo F, Vogel D, O'Neill W. Palacios IF. Five-year follow-up of
the Argentine randomized tnal of coronary angioplasty with stenting
versus coronary bypass surgery m patients with muluple vessel
disease (ERACL 11). J Am Coll Cardiol. 2005:46:582-588,
Huch W, Lopes NH, Gersh BJ, Soarcs P. Machado LA, Jutene FB,
Oliveira SA, Ramires JA. Five-year followsup of the Medicine, Angio-
plasty, or Surgery Study (MASS 11): a randomized controlled clinical trial
of 3 therapeuti gies for mult | coronary artery disease. Circn-
fation, 2007;,115:1082-1049,
Goy JJ, Kanfmann U, Goy-Eggenberger 1, Garachemant A, Humi M,
Carrel T, Gaspardone A. Burmnand B, Meier B, Versaci F, Tomai F, Bentel
0. Pieper M, de Benedictis M, Eeckout E.A. prospective randomized trial
comparing ing 1o internal ¥ antery grafting for proximal,
isolated de nove left anterior coronary anery stenosis: the SIMA trial.
Stenting vs Internal Mammary Anery. Mayoe Clin Proc. 2000,75:
1161123,

6. Coronary arfery bypass surgery versus perculaneous coronary inter-
vention with stent implantation in patients with multivessel coronary
artery disease (the Stent or Surgery trial); a randomised controlled trial.
The Lancet. 2002;360.965-970.

_ Hoffman SN, TenBrook IR JA, Wolf MP. Pauker SG. Salem DN, Wong
JB A Meta-Analysis of Randomized C lled Trials Comparing
Coronary Artery Bypass Graft With Percutancous Transluminal Coronary
Angioplasty: One- to Eight-Year Outcomes. J Am Coll Cardiol. 2003:
41:1293-1304,

8. Hannan EL. Racz MJ, Walford G. Jones RH. Ryan TJ, Bennet E, Cul-
liford AT, lsom OW, Gold JP, Rose EA. Long-term outcomes of
coronary-artery bypass grafting versus stent impl N Engl 7 Med.
2HN05,352:2174-2183

. Malenka DJ, Leavit BJ, Hearne MJ, Robb JF, Baribeau YR, Ryan TJ,
Helm RE, Kellent MA, Daverman HL, Dacey L), Silver MT, VerLee
PN, Weldner PW, Hettleman BD, Olmsted EM, Piper WD, O'Connor
GT. Comparing long-term survival of patients with multivessel
coronary disease after CABG or PCI: analysis of BARI-like patients in
northern New England. Circulation. 2005:112:1371-1376

“ollet D. Modeifing Survival Data in Medical Research, 11 Ed. Chapman
& Hall/CRC Boca Raton 2003

Eagle KA, Guyton RA, Davidoff R. Edwards FH. Ewy GA, Gardner
TJ, Hart JC, Hermmann HC, Hillls LD, Hutrer AM It Lytle BW,
Marlow RA, Nugent WC. Orszulak TA. ACC/AHA 2004 Guideline
Updute Tor Coronary Artery Bypass Graft Surgery: & repon of the
American College of Cardiology/Amencan Heant Association Task
Force on Practice Guidelines (Committee to Update the 1999
Guidelines for Coronary Artery Bypass Graft Surgery). Circulation,
2004; 1 e 30 - e437

12, Smith SC Jr., Feldman TE, Hirshfeld Je JW_ Jucob AK. Kern M) King

SH 1, Morrison DA, O'Neill WW, Schafl HV, Whitlow PL. Williams

DO, ACCIAHA/SCAL 2008 Guideling Update for Percutancous Coronary

Intervention. Circulation. 2006,113:156-175.

14

[}

F

n

-3

o



Kimura et al

Graham MM, Ghali WA, Fans PD, Galbraith PD, Nomis CM, Knudtson
ML Survival after coronary revascularization in the elderly. Circulation
2002:105:2378 -2384

Ramanathan KB, Weiman DS, Sacks J, Momison DA, Sedlis S, Sethi G
Henderson WG, Percutaneous intervenpion versus coronary bypass
surgery for patients older than 70 vears of age with high-risk unstable
angina. Ann Thorae Surg. 2005;80:1340 -] 346

Moses IW, Leon MB, Popma J). Fitzgerald PJ. Holmes DR,
O Shavghnessy C, Caputo RP, Kerejakes DJ, Williams DO, Tewrstéin PS
Jaeger JL. Kunz RE. Sirohmus-elotng stents versus standard steots in
patients with stenosts in a natve coronary anery, N Emgl J Med, 2003
349:1315-1323

Stone GW, Ellis SG. Cox DA, Hermiller J, (' Shaughnessy CO. Mann J1
Turce M. Capuito R, Bergin P, Greenberg J, Popma 1), Russel M. A
polymer-based. paclitanel-eluting stent in patients with coronary anery
discase, N Engl J Med. 2004:350:221-23)

Coronary Artery Bypass Surgery Versus Stenting 5209

Kastrati A, Mehilli J, Pache ). Kaiser C. Valgimigh M, Kelbuck H
Menichelli M, Sabate M. Suttorp MJ. Baumgant D. Seyfarth M,
Plisterer ME. Schomig A. Analysis of 14 trials comparing sirolimus-
eluting stents with bare-metal stenis. N Engl J Med. 2007:356
10301039

. Spaulding C, Daemen ), Boersma E, Cutrip DE, Serruys PW. A pooled

analysis of data comparing sirolimus-eluting stents with bare-metal stents
N Engl J Med. 2007;356:989-997

Urban P, Gershlick AH. Guagliumi G, Guyon P, Lotan C, Schofer J
Seth A, Sousa JE, Wijins W, Berge C, Deme M, Stoll HP. Safety of
coron. sirolimus-eluting stents in daily clinical practice © one-year
follow-up of the e-Cypher registry. Circalation. 2006, 113:1434 - 144]
Steg PG, Bhatt DL, Wilson PWF, D' Agostino, St R, Ohman EM, Rother
J. Liay CS. Hirsch AT, Mas JL, lkeda Y, Pencina MJ, Goto S, for the
REACH Registry Invesugators. One year cardiovascular event rates in
outpatients with atherothrombasis, JAMA. 2007,297:1 1971206




Internationdl Journal of

Cardiology

International Journal of Cardiology 123 (2008) 213 - 216

www.clsevier.com/locate/jjcard
Letter to the Editor

Effects of ICD implantation on quality-adjusted life years in patients
with congestive heart failure ™

Neiko Ozasa®, Takeshi Morimoto ®*, Yutaka Furukawa®, Satoshi Shizuta®, Kei Nishiyama*,
Toru Kita®, Takeshi Kimura®
* Department of Cardiovascular Medicine, Kyoto University Graduate School of Medicine. Kyoto 606-8507, Japan
Y Center for Medical Education, Kyoto University Graduate School of Medicine, Konoe-cho, Yoshida, Sakyo-ku, Kyoro 606-8501, Japan

Received 23 October 2006; accepted 21 November 2006
Available online 26 March 2007

Abstract

Background: Effects of prophylactic implantable cardioverter-defibrillator (ICD) on quality-adjusted life years (QALYs) in patients with
congestive heant failure are uncertain,

Methods: We developed a decision model for patients at nisk of sudden death due to reduced ejection fraction and who had no history of life-
threatening ventricular arthythmias. It estimated the QALYs for ICD strategy as a primary prevention for sudden cardiac death and
conventional strategy without antiarrhythmic therapies.

Resules: In o 3-year time period, the QALY for patients with conventional strategy were higher than that of ICD strategy (2.19 years vs
2.14 years), When the monality rate of conventional strategy exceeded 8.6%/vear and the hazard ratio of death for the ICD strategy was
lower than (.70, the 1CD strategy was the superior treatment option.

Conclusions: The QALY's of patients with ICD could be lower than that of conventional strategy. Incorporating quality of life could affect
decision making of ICD implantation.

© 2007 Elsevier Ireland Ltd. All nghts reserved.

Keywords: Decision analysis; Implantable cardioverter-defibrillator; Pimary prevention; Quality-adjusted life years; Reduced left ventncular ejection fraction

1. Introduction

Congestive heart failure (CHF) is a major and growing
public health burden in the world and the monality rate
remains high, despite the current progress in medical man-
agement [1]. Sudden death accounts for approximately one
third of the mortality, and a significant number of these
sudden deaths are due to ventricular arrhythmias. A pro-
phylactic implantable cardioverter—defibrillator (ICD) can
decrease the mortality of CHF patients with reduced left
ventricular ejection fraction (LVEF) [2]. However, ICD im-
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plantation may also be associated with deterioration in quality
of life (QOL) because of repeated cardioversion shocks and
device-related complications [3,4]. Therefore, we conducted
adecision analysis to evaluate the effects of prophylactic ICD
implantation for CHF patients with reduced LVEF on quality-
adjusted life years (QALYs).

2. Methods

We developed a decision model for CHF patients with
reduced LVEF and no history of life-threatening ventricular
arrhythmias, which was similar to the published decision
model for cost-effectiveness analysis of 1CD [5]. We com-
pared ICD strategy and conventional strategy without anti-
arrhythmic therapies as a primary prevention for sudden
cardiac death. Because previous studies followed patients
with prophylactic ICD for up to 4 years [6,7], we set the ime
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frame for 3 years. We adjusted life expectancy for QOL by
using health state utilities, which represent patient prefer-
ence for a given health state and are ranged from 0 to 1. Zero
represents death and | represents perfect health without any
physical or mental discomfort [8]. QALYs were calculated
by multiplying year in a given health state by the utility
value for that health state. We used the decision model to
estimate QALYSs for each strategy, taking into account dis-
comfort caused by disease itself or any complication, and
the magnitude of the risk of death. All analyses were per-
formed with TreeAge Pro 2005 Suite (TreeAge Software,
Inc., Williamstown, MA).

Estimation of the clinical parameters was based on the
literature [6,9]. We calculated the transition probabilities
from one state to another within 1 eycle (1 year) by the
exponential conversion method [10]. Because data on utility
of patients with prophylactic ICD implantation were not
available, we obtained the 4 utility values about ICD strat-
egy with and without complication, and conventional strat-
egy with and without complication from 27 cardiologists by
the time trade-off method [8]. The mean values were
used for a base case analysis. The ranges for the sensitivity
analyses were determined on the basis of the 97.5% con-
fidence intervals (Cls). Parameter estimates are summarized
in Table 1. We conducted extensive sensitivity analyses
because of the wide variation of probabilities for clinical
outcomes and utilities for individual patients.

3. Resulis

Among patients with [CD strategy, 93.4%, 87.1% and
81.3% survived after |, 2 and 3 years, respectively. Among
patients with conventional strategy, 91.4%, 83.5% and 76.2%
survived after 1, 2 and 3 years, respectively. This result was
consistent with the reported survival probabilities [6]. We
calculated the expected survival years for 3 cycles and found
that it was 2.71 years for ICD strategy and 2.63 years for
conventional strategy. When adjusted for QOL, the longer
expected QALY's were 2.19 years for conventional strategy.
followed by 2.14 years for ICD strategy.

Onc-way sensitivity analyses for the top 4 variables with
marked effects on QALY's are shown in Fig. . If the utility
for well patients with conventional strategy was lower than
0.816 or if the utility for well patients with ICD strategy
exceeded 0808, ICD strategy became the most preferable
strategy. When the two chinically important variables in daily
practice (mortality of conventional strategy and the hazard
ratio of death with 1CD strategy) were subjected to two-way
sensitivity analysis, ICD strategy became superior strategy in
case of that the mortality of conventional strategy exceeded
8.6%/year and hazard ratio of death in ICD strategy was
lower than 0.70.

4. Discussion

Our analysis sheds light on an important issue regarding
prophylactic ICD implantation for CHF patients with re-
duced LVEF. Although longer survival years could be ex-
pected by ICD implantation, utility of patients with 1CD
might be lower than that of patients with conventional
strategy. As a result, the QALYs for patients with ICD
strategy could be lower than those for patients with con-
ventional strategy.

Anxiety brought about by repeated shocks could account
for lower utilities of patients with 1CD. Sporadic shocks was
reported an important factor of reduced QOL in patients
with ICD [3,4]. In addition 10 the true ICD shocks for famal
arthythmias, about 10 to 20% of patients with an 1CD ex-
perienced nappropriate 1CD shocks [6,7). Patients who had
survived life-threatening arrhythmias would easily accept
ICD, but the fear for hife-threatening arrhythmias could be
smaller in patients who had not experienced such life-threat-
ening arrhythmias but had to receive an 1CD as a primary
prevention. Namerow et al. suggested that patients who
received prophylactic ICD might be more influenced by the
negative aspects of ICD implantation than patients who
received 1CD for secondary prevention [4]. Thus, incorpo-
rating utility of individual patients into decision of prophy-
lactic ICD implantation appeared important and could affect
decision making of treatment strategy.

Tahle 1

P s esti for clinical and utilities in the decision model

Parameter Basc-case cstimate (range) Referenee(s)

Probability Operative death in ICD strategy 0 (00,003 ) [3.6]
Complications in 1CD strategy at the first year 0,158 (0,130 10 0.187) [6.9]
Complications in 1CD strategy at the second and third year 0,114 (0.089 10 0.139) [6.9]
Withdrawal from 1CD stategy per year 0.011 (0.003 w 0.019) 16]
Complicanons m conventional strategy per year 0.092 (0.074 1o 0.110) E]]
Death in conventional strategry per year 0.086 (0L064 to 0L.108) 6]

Hozard rano of death ICD vs. convenuonal stratcgy 0.77 (0.62 to 0.96) I&]

Utility ICD strategy with well condition
ICD strategy with any complication

Conventional strategy with well condition

Conventional strategy with any complication

0,792 (0.670 o 0.915)
0.589 (0,447 10 0.731)
0.833 (0,737 to 01.929)
0,604 (0L458 1o 0.749)

questionmaine

1CD: implantable cardiovener-defibrillator
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B III“““I'III“I = Utiity tor patients in 1CD strategy with well condition: 0.670 to 0.815
- . Probability of death in patients with conventional strategy: 0.064 to 0.108
c E = g X Hospital days for complication: 2 1o 60
V% |
D 7% |
|
E
2110 2185 2510
A. QALYs
2530 ' 2720 |
A [ 9 ICD strategy
; A
£ P 5 i
2 L z ® Conventional strategy
o 21854 » O 2185
214 o 21 P ~ |
/'/ ; ~ ‘
P4 g
- ' - | I Threshold values
1,830 : 1820 - {
07y o8e D833 0929 0670 079z G808 095
Utility for patients in conventional strategy Utility tor patients in ICD strategy | Basecase
with well condition with well condition
B. C.
2280+ l.— - —‘1| 2313 {
*
\.\ |
[ P
@ ™~ [ w 2185 s
A, ™ > —
c_(l 21854 . . &l
G e e o
2141 S oAl .
"~ \\ X
—_—
\\\_\ 2141 \‘\‘\
2 080 - 3 2133 -
(.06 0.086 0.108 2 0 &0
Probability of death n patients Hospital days for complication
with conventional strategy I

Fig | Top 4 variables with marked cffects on quality-adjusted lifc years. Pancl A: the top 4 variables and the range of quality-adjusted life years (QALYs),
Panel B: if the utility for patients in conventional strategy with well condiion was lower than 0,816, implantable cardioverter—defibnllaror (IC1) strategy
became the treatment of choice. Panel C: if the utility for patients in 1CD strategy with well condition exceeded 0808, ICD strutegy became the treatment of
choice. Pancl D: probability of death n patients with conventional strategy had marked effects on QALYs, but it did not change the treatment of choice
Panel E: hospital days for complication had some cffects on QALY's, but it did not change the treatment of choice

to those elicited in our study. Second. we did not take mto
account patients with combined amiodarone and 1CD treat-
ment. In actual practice, antiarthythmic drugs have been
commonly used in conjunction with ICD. The effect of such
concomitant use of amiodarone with an ICD on QALYs
should be explored by future studies

Our study had several limitations inherent to the study
design. First, utility values were elicited from a survey of
cardiologists, This group differs from typical recipients of
prophylactic 1CDs, but previous studies to assess QOL in
paticnts with heart failure reported that the mean utility
values were 0.65-0.77 [11,12], and these values were similar
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Because prophylactic ICD for CHF patients with reduced

LVEF prolongs life but does not improve symptoms, QOL
could be as an important issue as the length of life for these
patients, Our study focused on this unavoidable and im-
portant issue. Further studies are required to assess the
utilities of actual CHF patients with reduced LVEF facing
prophylactic ICD implantation.
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CLINICAL INVESTIGATIONS

Better Survival With Statin Administration After
Revascularization Therapy in Japanese Patients
With Coronary Artery Disease

— Perspectives From the CREDO-Kyoto Registry -

Yutaka Furukawa, MD; Ryoji Taniguchi, MD*; Natsuhiko Ehara, MD; Neiko Ozasa, MD**;
Yoshisumi Haruna, MD': Naritatsu Saito, MD**; Takahiro Doi, MD*#*; Kozo Hoshino, MD™;
Satoshi Shizuta, MD**; Takeshi Morimoto, MD?; Yukiko Imai, MPH#;

Satoshi Teramukai, PhD#; Masanori Fukushima, MD#; Toru Kita, MD*#;

Takeshi Kimura, MD**; CREDO-Kyoto Investigators

Background The importance of statins in cardiovascular prevention has been demonstrated in various patient
subsets. This study aimed to evaluate the effects of statins on long-term outcomes of Japanese patients under-
going their first coronary revascularization.

Methods and Results A (otal of 9,225 patients undergoing their first coronary revascularizations during 2000-
2002 were divided into 2 groups according to the use of statins at discharge; patients with acute myocardial
infarction were not included. Statins was administered to only 28.5% (n=2,630) of the patients. The median fol-
low-up period was 3.5 years. Patients on statin therapy showed lower all-cause (5.2% vs 10.0%; p<0.0001) and
cardiovascular (3.2% vs 6.2%; p<0.0001) mortality than those without statins (n=6,595) by Kaplan-Meier analy-
sis and log-rank test. After adjustment by multivariate analysis according to 29 variables, statin therapy remained
as an independent predictor of reduced all-cause (relative risk rauo (RR) 0.71, 95% confidence interval (CI)
0.59-0.86, p=0.0003) and cardiovascular (RR 0.72, 95% C1 0.56-0.91, p=0.0067) mortality. The validity of RR of
statin therapy in multivariate analysis was further confirmed by risk adjustment using propensity scores (all-cause
mortality: propensity-adjusted RR 0.70, 95% CI 0.58-0.85, p=0.0003; cardiovascular monality: propensity-

Circ J 2008; 72: 1937~ 1945

adjusted RR 0.70, 95% CI 0.54-0.89, p=0.0038).

Conclusions  Statin therapy started at hospital discharge was associated with increased chance of survival in
Japanese patients undergoing their first coronary revascularization.  (Cire J 2008; 72: 1937 1945)

Key Words: Coronary artery disease; Monality; Revascularization; Statins

Opl.irni'f.cd medical therapy, as well as appropriate
lifestyle modification, is imporiant to reduce car-
diovascular risks in the sccondary prevention of
coronary antery disease (CAD). Common medications for
cardiovascular prevention in contemporary clinical practice

include antiplatelet drugs, HMG-CoA reductase inhibitors
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(statins), inhibitors of the rennin—angiotensin system (ic,
angiotensin-converting enzyme inhibitors (ACEI) and angio-
tensin II type I receptor blockers (ARB)), and 3-adrenergic
blockers!-2 In particular, consistent prognostic benefits of
statins have been shown in a number of primary as well as
secondary prevention trials™* The study subjects have been
widely distributed from hypercholesterolemic patients
without CAD to specific high-risk groups such as diabetic
patients, patients with acute coronary syndrome and patients
undergoing percutaneous coronary intervention (PCI) or
coronary artery bypass graft surgery (CABG)? " Cardiovas-
cular events can be further prevented when the low-density
lipoprotein-cholesterol level is intensively decreased below
the normal range with statin therapy!'-'* Much of this evi-
dence has been obtained from randomized tnals in the
United States or Europe where the prevalence and mortality
of CAD are higher and higher doses of statins are approved
by public medical insurance systems, relative to Japan.
Therefore, the data may not be directly applicable to prac-
tice in different clinical and genetic back grounds such as
Japanese patients. Recently, coronary risk reduction by
pravastatin has been shown in Japanese patients in the
setting of primary prevention!* In addition, recent trials
have demonstrated effective cardiovascular prevention by
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Table 1 Baseline Characteristics of the Patients According to Statin Try
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al Hospital Discharge

Ciatimt 7] Stati treated
Characteristic than ﬂ:ﬁ‘U (n=6,595) pvalue
Demographic characterisnics
Age (mean=5D) 65 2100 67,8299 <0000
275 years (%) 8.4 264 <fh00!
Male gender (%) 626 737 <00}
Mode of revascularization PCI (%) 79.8 66.3 <0001
BMI (ke/m?) 244232 234=3.2 <0.000/
=25 ke/m? (%) 94 278 <O
Family history of CAD (%) 19.1 144 <0000
Current smoking (%) 279 285 NS
Coexisting conditipns
Unstable angina (%) 7.7 7.5 NS
Prior Ml [%) 226 26.5 [
History of CHF (%) 1.8 184 <fL0001
Histary of CVA (%) 136 174 <) 0001
Penipheral vascular disease (%) 6.5 7.6 NS
Armal fibrillation (%) 48 75 <(hado]
Anemia: Hb <10 g/dl (%) 19 78 <0.0001
COPD (%) 12 29 <0.0001
Liver cirrhosis (%) 16 37 <000/
Serum TC 2119:44 4 1931353 <0001
2220mg/dl (%) 305 210 <(.0001
Serum LDL-C 130.141.1 119.0£31.2 <0.0001
=130 mg/dl (%) 46.6 2 <0.000/
Serum HDL-C 50.2214.5 4732135 <0.0001
<40mg/dl (male); <S0mg/dl (female) (%) 2.8 378 <0.000/
Serum TG 163.6:103.3 137.2284.2 <0.000/
2150 mp/dl (%) 46.2 0.9 <0.000!
Hypertension (%) 7.3 084 LIG59
Diabetes mellitus (%) 406 J80 0.0235
Insulin Tx (%)* 195 225 (L0495
CKD: GFR <60 mi/min (%) 3.8 429 <0LINXI]
Left main CAD (%) 7.3 10.3 <0.0001
Proximal LAD lesion (%) L1 426 NS
Mudtivessel disease (%) 63.6 636 N§

*Values are presented as frequencies (%) within diaberic patients.

PCI, percutaneous coronary infervention; BMI, body mass index; CAD, coronary artery disease; NS, not suytistically significans, ML
myocardial infarction; CHF, congestive heart failure; CVA, cerebrovascular accident; Hb, hemoglobin; COPD, chronic absiructive
pulmonary disease: TC, total cholesterol: LDL. low-density lipoprotein; HDL. high-density lipoprotein: TG, iriglycerides: Tx, therapy;
CKD. chronic kidney disease; GFR, glomerular filtrarion rate; LAD, left anterior descending.

statin therapy in Japanese patients with acute myocardial
infarction (AMI)!*!7 The association of statin therapy with
better outcomes has also been shown in Japanese patients
with AMI or angiographically proven CAD!#1%

The aim of this study was to assess the preventive effects
of medical therapies prescribed at hospital discharge on the
long-term prognosis in Japanese CAD patients undergoing
their first coronary revasculanization by PCI or CABG,
with an emphasis on statins, The patients have been regis-
tered from 30 institutions cooperating in the Coronary
REvascularization Demonstrating Outcome study in Kyoto
(CREDO-Kyoto) registry,

Methods

This study was approved by the institutional review
hoards or ethics committees of all participating institutions.
Because the study subjects were retrospectively enrolled,
written informed consent was not obtained, in concordance
with the guidelines for epidemiologic studies issued by the
Ministry of Health, Labor and Welfare of Japan. However,
73 panents were excluded because of their refusal (o partici-
pate in the study when contacted for follow-up

CREDO-Kyoto Registry and the Study Subjects

Consecutive patients who underwent their first coronary
revascularization during 2000-2002 have been enrolled in
the CREDO-Kyoto registry, Patients with AMI within |
week after onset have not been included. Thirty institutions
(Appendix 1) participated in the multicenter registry, and
the baseline and follow up data for 9.877 patients have been
obtained?® After excluding patients with malignant diseases
(n=496), those who died in hospital (n=62) and those with-
out precise information about their medical treatment at
discharge or follow-up data (n=94), 9,225 patients were
subjected to the analyses.

Data Collection, Definition and Follow-up

Clinical and analytical information of the study patients
were collected from hospital chants or databases in each cen-
ter by independent clinical research coordinators (Appendix
2) according to predetermined definitions. The baseline in-
formation of the patients included age. sex, smoking habit,
body mass index (BMI), mode of revascularization, bio-
chemustry before revascularization procedure, and comor-
bidities and background conditions such as hypertension,
diabetes mellitus (DM), chronic kidney disease (CKD),
anemia, peripheral vascular disease, hiswory of heart failure,
prior myocardial infarction (MI) or cerebrovascular acci-

Circndation Joumal - Vol 72, December 2008
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Table 2 Medications at Hospital Discharge

All patienty

Statin-treated  Statin-non-freated

Mediceiton (n=9.225) {n=2.630) (n=6,595) PVl
Stating (%) 85 100 (/] <().iKi}
ACEl or ARB (%) iy i59 306 <0.0001
ACEI (%) 204 245 18.7 <f.0007
ARE (%) 134 156 125 <(l(xxH
[-adrenergic Mocker (%) 166 226 142 <0.0001
Calesum-channel blockers (%) 504 60,2 s90 NS
Nitrates (%) 623 632 619 NS
Antiplatelet medications (%) 96,3 973 959 a.0014
Aspirin (%) 883 394 87.9 0.0382
Ticlopidine (%) 56.5 6.6 540 <0.000/

ACEL angivtensin-converting enzyme inhibitor: ARB, ungiorensin Il receptor blocker. Other abbreviation see in Table |,

dent. CKD was regarded as present when the glomerular
filtration rate estimated by Cockeloft-Gould formula was
<60ml/min. Anemia was defined as blood hemoglobin level
<10g/dl. Peripheral vascular disease was as present when
carotid. aortic and/or other peripheral vascular disease was
being treated or was scheduled for surgical or endovascular
interventions. Angiographic data of CAD, as well as precise
information of the medical treatment at hospital discharge.
were also obtained. The patients were followed up with re-
spect o mortality for a median of 3.5 years. An independent
clinical events committee adjudicated the events, All deaths
were confirmed by medical records or telephone interview
of the patients’ families, and death was regarded as cardio-
vascular in origin unless obvious noncardiovascular causes
could be identified. MI was adjudicated according to the
definition in the Arterial Revasculanzation Therapy Study?!
Within | week of the index procedure. only Q-wave MI was
adjudicated as MI. Stroke during follow-up was defined as
symptomatic stroke.

Statistical Analvsis

All continuous variables are expressed as means+SD.
Statistical significance of differences in subject baseline de-
mographics between the patients with staun therapy and the
paticnts without statin therapy at hospital discharge were
assessed by a Student t-test for parametrically distributed
continuons variables, the Wilcoxon signed-ranks test for
nonparametrically distributed continuous variables or a
Pearson's y* test for categorized data analyses.

Following the descriptive statistics, we used Kaplan—
Meier estimates to plot the percentage of patients in each
group free from any death, cardiovascular death, Ml, siroke
or any revascularization procedure. The log-rank test was
used 1o identify significant differences in unadjusted survi-
val rates. To determine the significant and independent prog-
nostic factors for mortality, we listed 22 potential baseline
variables: mode of revascularization, old-old age (275 years),
male gender. BMI (225 kg/m?), current smoking. hyperten-
sion, DM, peripheral vascular disease, cerebrovascular dis-
se, atrial fibrillation, chronic obstructive pulmonary dis-
ease, CKD, liver cirrhosis, anemia, unstable angina, prior
ML history of congestive heart failure, high serum total cho-
lesterol (TC =220mg/dl) or inglycendes (=150 mg/dl) level,
left main coronary artery (LMCA) disease, proximal left
anterior descending artery lesion and multivessel disease,
and 7 potential risk-reducing pharmacotherapies at hospital
discharge: statins, ACEI. ARB, F-adrenergic blockers, anti-
platelet drugs, nitrates and calcium-channel blockers. Thus,
all continuous variables were dichotomized for fitting pro-
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A Survival free from all-cause deaths
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Figl. Kaplan—Meier analysis of cumulative rates of survival in coro-
nary artery disease patients undergoing their first revasculanzation with
vs without statin therapy at hospital discharge for all-cause (A) and
cardiovasculur (B) mortality.

portional assumption according (o the predeterrmned clini-
cal contexts. The relationships between the 29 variables and
each of the endpoints were assessed using a multvanate
Cox proportional hazards model with stepwise procedure.
Variable selection was camed out, stepping up with p<0.05
as the requirement for inclusion and stepping down by de-
leting the term with the highest p-value until all remaining
terms were sigmficant with p-values<0.05. In the multi-
variate analyses assessing the relationships between the 29
variables and MI, stroke and revascularization as the end-
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Table 3 Multivariate Analysis for Prognostic Factors of All-Cause Mortality

Parameter RR 95%Cl P value
Antiplatelet drugs at discharge .61 (46480 0.0003
BMI 25 kpin? n.69 0.574.84 00002
Statiny i discharge 0.7 (1.59-0.86 0.0005
Nitrates ar discharge 0.86 0.74-1.00 00446
CVA 1.25 1.06-1.47 (L.075
Diabetes mellitus 1.28 1=l 48 0,000
Male gender 132 1.12-1,55 0.0007
Revascularization by PCI 135 1.14-1.59 00004
Mulnivessel disease 1.40 1.19-1.66 <0.0001
Liver cirrhosis 1.65 121223 00014
COPD 1.68 1.23-2.29 0.0010
Feripheral vascular disease 1.70 1.38-2.08 <0,000]
Age =75 vears 1.93 1.65-2.25 <t.000/
History of heart failure 210 1.80-2.45 <0.0001
CKD 212 1.78-2.52 <0.000]
Hb < 1) g/l 228 1.89-2.74 <0004

RR, relative risk ratio; Cl, confidence imerval. Other abhreviations see in Table 1.

Table 4 Multivariate Analysis for Prognostic Factors of Cardiovascular Mortality

Parameter RR 9s5%C! p value

Antiplatelet drugs ot diseharge 0.63 0.35-0.90 o002
Starins at discharge 072 0.56-0.91 0.0067
BMI 225 kg/m® .76 01.60-0,98 0.0335
Male gender 126 1.03=1.54 0.0220
Revascularization by PCI 1.29 1.06-1.58 00118
Diabetes mellinus 1.30 1.08-1.56 0.0064
oA 1.37 1.12-1.68 0.0026
Multivessel disease 1.51 1.21-1.88 0.0003
Age =75 years 1.62 1.33-2.00 <0.000/
Peripheral vascular disease 1.67 1.28-2.16 0.0001
History of heart failure 235 1.94-2.86 <0.0001
Hb <0t 242 1.94-3.0% <0.000/
cKD 294 2.32-1.71 <0.0001

Abbreviations see in Tubles 1.3,

points, statin therapy was included in the variables, irrespec-
tive of its significance and independence as a prognostic
predictor.

To evaluate the consistency of the association of statin
therapy with reduced all-cause and cardiovascular mortali-
ty, multivariate analyses using the Cox proportional hazards
models were also performed in predetermined subgroups.
These included patients =75 years/<75 years, male/female,
PC1/CABG, diabetic/non-diabetic, hypertensive/non-hyper-
tensive patients, and patients with/without high serum TC,
high serum triglycende, CKD, history of heart failure or
prior ML The same factors used for analysis of the total
cohort were incorporated in the multivariate models for sub-
group analyses. Interaction analyses were also carried out
between each categorized subgroup,

Because standard adjustment measures were nol always
valid, because of suboptimal assessment of degree of over-
lapping basehine charactenstics, propensity score analysis
was also performed as described and implemented by Rubin
and others, using the baseline charactenistics as potential
prognostic factors?*-2 Essentially, this involves calculation
of a propensity score. which is the probability that any given
individual patient would be part of the statin-treated group
as opposed to the statin-non-treated group, The prognostic
factors to calculate the propensity score were the same 29
factors included as variables of the multivariate analyses.

All analyses were performed using SAS Ver 9.1 3 (SAS

Institute Inc, Cary, NC, USA) and all reported p-values are
2-sided.

Results

Subject Demographics and Characteristics of Medical
Therapy at Discharge

A total of 9,225 study patients were divided into 2 groups
based on the use of staun therapy at hospital discharge:
28.5% (n=2,630) of the subjects were on statin therapy and
71.5% (n=6,595) were not. Because of the large number of
study patients and the observational study design, statistical-
ly significant differences were observed in many variables at
baseline between the 2 groups. Significantly different vana-
bles include demographic characteristics such as the propor-
tion of patients 275 years, male gender and mode of revas-
cularization, comorbidities such as history of heart failure,
other atherosclerotic diseases, dyshpidemia, diabetes and
CKD, and the existence of LMCA disease (Table 1).

Prescription rates for ACEL ARB, ACEI/ARB and #-ad-
renergic blockers at discharge were 20.4%, 13.4%, 32.9%
and 16.6%. respectively. Most patients (96.3%) were
treated with antiplatelet medications. Nitrates (62.3%) and
calcium-channel blockers (59.4% ) were prescribed in a con-
siderably high proportion of the subjects (Table 2).

Cirenlation Jounsal Vol 72, December 2008
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Table 5 RR of Statin Therapy for All-Cause and Cardiovascular Mortality by Propensity Score Analysis Compared With

Multivariate Analysis

Endpeinty und analysis

All-cuuse mortality
Mudtivariate analysis

Adjustment by pmpensily soore analvis

RR 055 o p value

07! 0.59-0 88 0.0005

untiles category 0584 85 00003
Propentity score 0.6/-.59 <0.000]
Stratification of guintiles category 0.55-0 85 (L0 3
Cardiovasculur mor
Multvanate analysis 0.2 0.56-09] 0.0067
Adjustment by propensiny seore analvsis
Quintiles category .70 0.54-059 0.0038
Propensity scare 0.73 057093 oo
Stratification of guinties category L&y 0.54-0.89 [T TEL]
Abbreviations see in Table
Adjusted 95% C1 for the Relative Risk
(Al-Cause Mortality)
p value for
Age RR: 95%C1L: p valoe interaction
=75 years e 0.67; 0.50-0.91; 0.0108 ] 07244
<75 years — 0.75: 0.59-0.96; 0.0207 N
Gender
male i 047 L5%0.86; 0.0016 ] aiin
female —— 0.75: 0.55-1.02; 0.0626 )
Mode of revascularization
rol - 0,72 0,58-0.90; 0.0039 ] 07458
CABG —— 0.70: 0.49-1.01; 0,0589
Diabetes mellitus
present ——
absent —i—
Hypertension
0.72: 0,57-0.89; 0,0027
present —- ] o
ahsent [ — 0.4%: 0.47-1.01; 0,0592
Serum total cholesterol
=220 mg/dl —l 0.79: 0.54-1.16; 0.2298 ] TS
<220 my/dl —- 0.69: 0.55-0.57; 0.0019 Kl
Serum triglyeeride
=150 mg/dl — 081 0L57-L15; D.2416 ] 07057
<150 myg/di B 061 0.47.0.80; (0003
Estimated GFR
=60 mlmin —- 0.79; 0.63-0.99; 0.0431 ] i
<fl) ml/min — 0.60; 0.43-0.84; 0.0027 h
History of heart failure
present —— 0.69: 0.49-0.98; 0.0361 ]
06875
absent —- 0.73: 0.58-0.92; 0.0068
Prior myocardial infarction
present — 0.78: 0.55-1.09; 0.1417
] D.6875
absent —.- 0.69: 0.54-0.56; 0.0014
Overall B4 0.71: 0.59-0.86; 0.0005 FigZ. Relative nsk ratio (RR) and 95% con-
L " " ¥ fidence interval (CI) for all-cause mortality
T AR for patients with vs without statin therapy in
2 ' : various patient subgroups. CABG, coronary
Statin Non-Statin anery bypass graft surgery; PCI, percutaneous
Better Better COrOnary intervention

Association of Statin Therapy With Unadjusted Survival
Duning the follow-up (median=3.5 years) with 96% fol-
low-up rate at 22 years. 136 deaths (5.2%) and 660 deaths
(10.0%) occurred in the statin-treated and the statin-non-
treated groups, respectively. Among them, 83 deaths (3.2%)

Cirenlation Joumal Vol 72, December 2008

in the statin-treated and 403 deaths (6.2%) in the statin-non-
treated groups were from cardiovascular events, Kaplan-
Meier survival method and log-rank analysis in the 2 groups
indicated that the unadjusted chance of survival free from
all-cause, as well as cardiovascular, deaths was sigmificant-
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Adjusted 95% CI for the Relative Risk
{ Cardiovascular Mortality)

p value for
Ape RR: 95%Cl; p value interaction
=75 vears ——t 0.73: 0.50-1.07; 0.1062 ] T
<75 years —8 0.72: 0.53-0.99; 0.0403
Gender
. 0.65: 0.47-0.59; 0.0083
mule ] 026
female —r 0.79: 0.55.1.15; 0.2251
Mode of revascularization
PCH —— 0.74: 0,55-0.98; 0,0156 :[ 09747
CABG —a— 0.66: 0.42-1.05; 0.0813 ’
Diabetes mellitus
present —— 0.71: 0L50-1.01; 0,0535 ] oicis
absent —— 0.71: 0.51-1.00; 0,0522 g
Hypertension
present = 0.69: 0.52-0,913 00090 ] i
ahsent R 0.78: 0.48-1.28; 0.3228 s
Serum total cholesterol
=220 mg/di ——r 074: 0.46-1.19; 0.2104 ]
09926
<220 mg/dl —— 0.70: 0.52-0.95; 0.0208
Serum triglyceride
=150 my/di —. 0.86: 0.56-1.33; 0.5023 ] 02439
<150 mg/di —— 0.57: 0.40-0.81; 0.0019
Estimated GFR
260 ml/min —— 0,751 (.56 10405 00469 ] —
<60 ml/min —a— 0.68: 0.43-1.06; 0.0903 -
History of heart failure
present —— 0.6%: 0.45-1.03; 0.0682 ] 07293
absent R 0.75: 0.55-1.01; 0.0594 i
Prior myocardial infarction
present e e 0.78: 0.52-1.18; 0.2437 ] 01638
ubsent — 0.69: 0.51-0.93; 0.0151 i
Overall 0.72: 0,56-0.91; 0,0067 Figd Relunve nsk mto (RR) and 95% con-
3 :
2 i g . fidence interval (CT) for cardiovascular mor-
: £ E x tality for patients with vs without statin therapy
4 L 2, 49 in various patient subgroups. CABG, coronary
Statin Non-Statin artery bypass graft surgery; PCL. percutanenus
Belter Better coronary intervention.

ly greater in the statin-treated group (p<0.0001, Fig 1).

Association of Statin Therapy With Adjusted Survival

The results of the multivariate analysis of the predictors
of all-cause mortality using stepwise procedure are shown in
Table 3, where the relative risk ratio (RR). Y5% confidence
interval (CI) and p-value of each factor are given. Statin
therapy at discharge remained an independent predictor of an
mnereased chance of survival (RR 0.71, 95% CI 0.59-0.86,
p=0.0005). Anuplatelets (RR 0.61, 95% Cl (.46-0.80, p=
0.0003) and higher BMI (RR 0.69, 95%CI (0.57-0.84, p=
0.0002) were also included as independent factors predict-
ing increased chance of survival. Nitrates might marginally
contribute to the survival of patients.

Tabled shows the results of the multivariate analysis of
predictors of cardiovascular mortality, Similar to the results
of the analysis of all-cause mortality, statin therapy at dis-
charge was an independent predictor of survival free from
cardiovascular death.

The RR of statin therapy for all-cause (RR 0.70, 95% C1
0.58-0.85. p=0.0003) or cardiovascular (RR 0.70, 95% C1

(.54-0.89, p=0.0038) mortality adjusted by quintiles cate-
gory of propensity score was quite similar to the result of
multivanate analysis (Table3). In the sensitivity analysis,
the RR of statin therapy adjusted by propensity score as a
numeric variable and the RR of statin therupy adjusted by
stratification of quintiles category of propensity score also
showed similar results (Table 5). Thus. the validity of the RR
of statin therapy for all-cause or cardiovascular mortality in
the multivariate analysis was confirmed by risk adjustment
using propensity scores.

Congistency of Better Survival in Patients With
Statin Therapy

Subgroup analyses indicated consistently lower all-cause.
as well as cardiovascular, mortality in patients with statin
therapy in all subgroups (Figs 2,3). Point-estimate of the re-
lative risk was less than 1.0 in all subgroups and no signifi-
cant interaction was found between the subgroups in each
category. The relative nisk for all-cause mortality was statis-
tically significantly lower in the statin-treated group than in
the statn-non-treated group in patients at ages <75 years and
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=75 years, patients treated by PCL. male patients, both dia-
betic/non-diabetic patients, hypertensive patients, patients
with serum TC <220 mg/dl or serum triglyceride <150 mg/dl,
patients with/without CKD, patients with/without heart fail-
ure, and patients without prior Ml (Fig2). The significant
association of statin therapy und the lower risk for cardio-
vascular mortality was also seen in various subgroups
(Fig 3). Despite the consistency of the association of statin
therapy and better outcomes. statins were used significantly
less frequently in subgroups at higher cardiovascular nisk
such as male patients (25.3% on stating), older patients
(21.5%), patients with CKD (22.9%), patients with a his-
tory of heart failure (20.3%) or & prior M1 (25.4%). Post-
CABG patients were significantly less frequently prescribed
statins at hospital discharge (19.3%) than post-PCI patients
(32.4%).

Assoctation of Statin Therapy With Future M, Stroke and
Coronary Revascularization

Although crude survival free from stroke was significant-
ly better in patients with statins, by Kaplan—Meier analysis
and by log-rank test (p=0.0013), statin therapy did not
remain as an independent prognostic factor of stroke (444
total events: 99 in the statin-treated group, 345 in the statin-
non-treated group; RR 0.83, 95% CI 0.66-1.04, p=0.0999)
after adjustment by multivariate analysis. With regard 1o
MI (257 total events: 69 in the statin-treated group, 188 in
the statin-non-treated group: RR 0.89, 95%Cl 0.67-1.17,
p=0.4019) and any revascularization (2,835 total events: 876
in the statin-treated group, 1959 in the statin-non-treated
group; RR 0.96, 95% CI 0.88-1,04, p=0.2768), both crude
survival and the results of the multivanate analyses failed to
prove the significant association of staun therapy with better
outcomes.

Discussion

In the present study, we have shown that statin therapy at
hospital discharge is associated with better outcomes in
Japanese patients after their first coronary revascularization.
All-cause, as well as cardiovascular, mortality was signifi-
cantly lower in patients with statin therapy than in those
without statins, after adjustments for coexisting coronary
risk factors, mode of revascularization and concomitant
medical treatments. The association of statin therapy with
better survival was consistently shown among various pa-
tient subgroups.

Characteristics of the Clinical Background of the Study
Patients

Our study patients consisted of a secondary prevention
cohort with established CAD undergoing their first PCI or
CABG. Approximately 70% of the paticnts underwent PCI
and comprised a unigue group at high risk of cardiovascu-
lar events associated with stent deployment, such as stent
thrombosis and restenosis, and hemorrhagic complications
related to dual anuplatelet drug therapy. Moreover, the sub-
Jects' baseline characteristics indicated a high prevalence of
multple coronary risk factors, suggesting the need for in-
tensive nsk factor management. Although racial differences
in susceptibility 1o CAD might exist and previous observa-
tional studies have shown a lower prevalence of CAD in
Japan relative to the United States? " the all-cause mortali-
ty of the present patients without statins (10% at 3.5 years
of median follow-up) appeared comparable with that of the
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control group in the 48 study (12% at 5.4 years of median
follow-up), a secondary prevention study in patients with
stable CAD in Europe? Thus, the present study has been
performed in a unique Asian patient group at a mortality
risk as high as a Caucasian secondary prevention cohort.

Better Survival in Patients With Statin Therapy and
its Consistency

All-cause, as well as cardiovascular, monality was sig-
nificantly lower in Japanese patients with statin therapy who
underwent their first coronary revascularization by PCI with
bare-metal stent or by CABG. The findings are consistent
with a previous small randomized trial!? and an observa-
tional study that was carried out in Europe in patients after
PCI?7 Subgroup analysis revealed a survival advantage in
patients with statin therapy in various high-risk subgroups
such as older patients and patients with CKD. Analysis in
patients with TC 2220mg/dl did not indicate a significant
difference in all-cause or cardiovascular mortality between
the statin-treated and the non-treated groups. This un-
expected result might be related to the smaller number of
patients in the group with TC =220mg/dl (26.4% of all
subjects). Indeed, there was a trend to favor staun therapy in
regard to relatve risk for all-cause or cardiovascular mor-
tality, and the RR of the statin-treated group for cardiovas-
cular mortality was comparable between patients with TC
2220 mg/dl and those with TC <220mg/dl. Thus, the results
added further evidence to the consistent benefits of statins
for secondary cardiovascular prevention, Because an admis-
sion for a coronary revasculanization procedure is a good
opportunity to optimize medical therapy for CAD, most pa-
tients undergoing PCI or CABG should be considered for
the indicanon of stauns?®

The multivanate analyses failed to show significant dif-
ferences in the prevalence of MI, stroke and any coronary
revascularization between the statin-treated and non-treated
groups, although the relative risk appeared to favor statin
therapy in the analyses for MI and stroke. Because the
majority of the repeated revascularization procedures were
performed within | year of the first revascularization, be-
cause of restenosis after stenting, the preventive role statins
for restenosis appears deniable. In regard to M1 and stroke,
the prevalence might not be sufficiently high 1o show dif-
ferences (2.8% for MI and 4.8% for stroke). In particular,
longer follow-up or analysis in a larger patient population
could increase the number of events and show a significant
differences between the statin-treated and the non-treated
groups in the prevalence of stroke, because a clear tendency
of fewer strokes in the statin-treated group was observed.
Another possible explanation may be the effect of statins
on the severity of MI and stroke. It has been reported that
pretreatment with statins decreases myocardial injury or
periprocedural mortality during PCI or CABG?-*! Fonarow
el al have shown in a large scale observational study that
new or continued statin therapy in the first 24 h of the index
AMI was associated with lower mortality compared with
no statin use, but not with the incidence of recurrent MI32
Moreover, an association of prior statin use with smaller in-
farct size or better outcomes has been reported in patients
with ischemic stroke?™ Thus, it is possible that statin
therapy 1s associated with reduced mortality by us limiting
of tissue damage during ischemic events and subscquent
invasive therapeutic procedures for the events.
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Characteristics of the Medical Therapy of the Study
Patients

Despite the better survival of statin-treated patients, the
present study also indicated suboptumal use of statins in
Japanese high-risk patients during the study period. The use
of ACEL. ARB and #-adrenergic blockers at hospital dis-
charge was also less frequent than we expected from the data
for the US and Europe?” 5 The reported lower prevalence
of CAD in Japan relative to the United States might cause
underuse of preventive medical therapies?*?% However, the
prevalence of CAD in the general population cannot explain
the future risk of patuents with established CAD. Because
the patients analyzed in this study were a secondary pre-
vention cohort with CAD, the use of statins in Japan was
apparently suboptimal in 2000-2002.

The use of nitrates or calcium-channel blockers was much
more frequent than in the reports from Europe analyzing
patients after coronary revascularization?” This result agrees
with a recent study of Japanese CAD patients!® Higher prev-
alence of coronary vasospastic angina in Japanese than in
Caucasians may partly explain this difference® Thus, our
study patients had unique concomitant medical treatments in
comparison with previous reports from Western countries?’
and the results of the present study enable assessment of
the consistency of the beneficial effects of statins in patient
groups with distinctive backgrounds and concomitant
medical therapy.

Strengths and Limitations

The present study was based on data from the CREDO-
Kyoto registry, a multicenter registry of 30 hospitals in
Japan. The number of study patients was sufficient to assess
the impact of each prognostic factor on mortality and the
size of each participating hospital is variable. The data have
been collected by trained clinical research coordinators
based on a detailed manual and the follow-up rate was 96%
at =2 years. Thus, the sample size, distribution of the size of
the participating hospitals and the method of data acquisi-
tion strengthen the reliability of the data, and the results rep-
resent the “real world" clinical practice for CAD patients
undergoing revascularization during 2000-2002 in Japan.

Several limitations that are common 10 all observational
studies should be noted in the interpretation of the results.
First, there were significant differences between the statin-
treated and the statin-non-treated groups in many of the pa-
tients' baseline characteristics. Second, the statins and their
doses were inconsistent and it is difficult to assess the effica-
cy of each statin at a particular dose, although the cfficacies
of statins may not be identical. Finally, the information
about medical therapy was obtained at only | time point,
hospital discharge, for each patient. Therefore, the adher-
ence of the patients to the medications and the cross-over of
patients between the statin-treated and the statin-non-treated
groups have not been considered in the analyses. The lipid
profiles of the patients before statin therapy are also uncer-
tain, and the cholesterol levels without statin therapy might
have been higher in the statin-treated group. Thus, the possi-
bility that the results have been influenced by these factors
cannot be eliminated.

Conclusion
In the present study of Jupanese patients undergoing their
first coronary revascularization therapy, starting medical
treatment with statins by hospital discharge was associated

FURUKAWA Y et al,

with lower all-cause as well as cardiovascular mortality. The
results can be seen as a rationale for the comprehensive use
of statins for secondary prevention in patients with CAD.
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Evaluation of the Antiplatelet Effects of Cilostazol,
a Phosphodiesterase 3 Inhibitor, by VASP Phosphorylation
and Platelet Aggregation

Hiromi Yamamoto, MD; Kanako Takahashi, MT: Haruyo Watanabe, MT; Yuka Yoshikawa, MT:
Ryutaro Shirakawa, PhD; Tomohito Higashi, PhD; Mitsunori Kawato, MD; Tomoyuki Ikeda, MD;
Arata Tabuchi, MD**; Takeshi Morimoto, MD*; Toru Kita, MD; Hisanori Horiuchi, MD

Background Cilostazol, a phosphodiesterase 3 inhibitor, is an antiplatelet drug that is widely used for prevent-
ing cardiovascular events, although, to date, there are few methods for evaluating its effects.

Methods and Results  Blood samples were taken at baseline and at 3 and 12h in 10 healthy male subjects after
100 mg cilostazol intake. Each sample was examined by Western blot for phosphorylation levels of vasodilator-
stimulated phosphoprotein (VASP), an abundant cAMP-dependent kinase substrate in platelets, and by the optical
aggregometer for ADP- and collagen-induced aggregation, before and after 8 nmol/L. prostaglandin Ei (PGE1)
treatment. Cilostazol intake did not affect VASP phosphorylation levels or the maximal aggregation rates without
PGE1 treatment. However, cilostazol intake apparently enhanced PGEi-induced VASP phosphorylation and PGE:-
mediated reduction of ADP- and collagen-induced maximal aggregation rates. Levels of VASP phosphorylated
at Serl57 were correlated and the maximal aggregation rates induced by ADP were inversely correlated with
cilostazol concentrations in the plasma.

Conclusion The antiplatelet effects of cilostazol intake could be evaluated by measuring VASP phosphorylation
levels and maximal aggregation rates in platelets by ex vivo treatment with a low concentration of PGE1.  (Circ J

2008; 72: 1844—1851)

Key Words: Antiplatelet; Cilostazol; Platelets; Prostaglandins; Signal transduction

cilostazol is widely used in clinical practice for pre-

vention of stent thrombosis and stent restenosis>
It also reduces the risk of stroke by approximately 40%] and
prevents recurrence of cerebral infarction® Furthermore,
cilostazol has been recommended in the intemnational guide-
line, TASCII?'" as a first-line therapy for peripheral arterial
disease because it improves the symploms!!

Some agonists, including prostacyclin, a well established
antiplatelet agent!? and adenosine!? increase cAMP via Gas-
coupled receptors. A synthetic compound, prostaglandin E1
(PGE1) also increases cAMP levels in platelets via the
prostacyclin receptor'® and is used in the climcal setting for
its antiplatelet and vasodilating effects!® Thus, increased
cAMP levels inhibit platelet activation. Cilostazol, a phos-
phodiesterase 3 inhibitor, blocks cAMP degradation and i1s
thus expected to have an antiplatelet function.

Vasodilator-stimulated phosphoprotein (VASP), which
is a regulator of actin-cytoskeletal reorgamization, is abun-

Bceuusc of its antiplatelet and vasodilating effects!?
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dantly expressed in platelets'® and plays an important role in
their aggregation!” VASP is phosphorylated at serine 157
(Ser157) and serme 239 (Ser239) by both cAMP-dependent
protein kinase (A-kinase) and ¢GMP-dependent protein
kinase (G-kinase). Therefore, VASP phosphorylation levels
are considered to reflect levels of cAMP and ¢cGMP in plate-
lets!®!Y Recently, VASP phosphorylation levels were used
1o monitor the effects of Gar-coupled P2Y 12 ADP recepror
inhibitors (ie, thicnopyridine derivatives such as ticlopidine
and clopidogrel)* because these drugs inhibit the reduction
of cAMP levels induced by ADP in platelets.

Although the effectiveness of antiplatelet drugs such as
aspirin and thienopyridine have been evaluated, evaluation
of cilostazol's effectiveness is limited to a few reports?!-??
because there are few methods available for monitoring its
antiplatelet effect. In this report, we show that the effects of
cilostazol intake can be monitored by analyzing the VASP
phosphorylation levels and the ADP- and collagen-induced
maximal aggregation rates (MARS) of platelets under PGE!
treatment. Because VASP phosphorylation can not be de-
tected without PGEi stimulation, our data suggest that the
function of cilostazol 15 o enhance the platelet-inactivating
¢AMP signals downstream of Geas-coupled receptors stim-
ulated by agonists such as prostacyclin and adenosine

Methods

Cilostazol Intake and Plateler-Rich Plasma ( PRP)
Preparation

This study was approved by the Ethics Committee, Fac-
ulty of Medicine, Kyoto University, Ten healthy male
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Cilostazol intake

tﬂh]l {3h) (12h)
Blood collection Blood collection Blood collection
B PGE1 stimulation to PRP
(Oh) l (0.5h) {1h} {3h)
Each collected blood ren 1 I '[
Platelet aggregation @ &
VASP phosphorylation @@ & =]

Figl. Study protacols for (A) blood sampling after cilostazol intuke and (B) analysis of platelet aggregation and vaso-
dilator-stimulated phosphoprotein (VASP) phosphorylation after blood sampling. At the 12-h time point post-cilostazol
intake, only VASP phosphorylation was examined. PGE\, prostaglandin Ei; PRP, platelet-rich plasma

i Anti-VASP-P239 antibody En
50kDa — — e EERETS a
46kDa — - —— e —— b
Anti-pan-VASP antibody
AT Sl SERSS® -
VASP 46kDa —~ TGS -—
Time after cilostazol (h) 0 312 0 3 12 0 3 12
Time after PGE1 stimulation (h) 0 0.5 3
B Cc D
60 14 1.3[ t
= " g 16
5 500 w8 12 I s
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E 10 7 3h after cilostazol g L4 - i
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% 1 2 3 % 1 2 3 T + 2 3

Time after PGE1 stimulation (h)  Time after PGE1 stimulation (h) Time after PGE1 stimulation (h)

Fig2. Effects of cilostazol intake on vasodilator-stimulated phosphoprotein (VASP) phosphorylation of platelets under
prostaglandin Ei (PGE1) treatment. (A) VASP phosphorylation in platelets at baseline, and at 3 and 12 h after cilostazol
intake, were examined under PGE1 treatment for 0.5 and 3h by immunoblotting with anti-pan-VASP and anti-VASP-P239
antibodies as described in the Methods. (B~ D] Qu.muln.itmn of phosphorylated VASP shown in (A) (n=10) using Image J
1.33u software (NTH), The signals in the * “c¢ and “d"" bands in (A) are VASP-P157/239, VASP-P239, VASP-P157,
and non-phosphorylated VASP, respectively, as described in the Methods. (B) VASP-P157 levels expressed as ¢f{c+d)x
100% are shown, (C) The level of phosphorylation of Ser239 was quantified by measuring a+b. The signal of a+b (* in
Fig 2A) was defined as the standard (1.0) and other signuls were expressed as ratios of the standard (D) The level of
VASP-P157/239 was quantified by measuring “a”. The signal of “a" (* in Fig 2A) was defined as the standard (1.0) and
other signals were expressed as ratios of the standard, 'p<0.05 and p<0.01 vs before cilostazol, The dati are mean=SE

in=10}
physicians, aged 3248 years old, from Kyoto University tant medicanon for 7 days prior to and during the study
Hospital, who understood the significance of this investga- period. Each subject took a single dose of 100mg cilostazol
tion and possible adverse side-effects of cilostazol, volun- (Otsuka Pharmaceunical Co Lid, Tokushima, Japan) after
tarily participated in this study, and gave wnitten informed breakfast. A blood sample, containing 1.79-2.53=1(° (2.31+

consent. Subjects were not permitted to take any concomi- 0.23x 105, mean = SE) platelets/zl, was collected at baseline
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Table | Clinical and Biochemical Characteristics of the Study
Subjects

Age. years 36.826.12
RBC= 0L 5.04=00 18
Hemuoglobinx 1F g/l 1552006
WRC=1# A 584078
Plateletsx 10V 4L, 231027
Fibrinugen, g/l 2.29:0.22
PT{INR) 1.05£0.06
uPTT. & 32.2+3.11
Fasting glucose, g/l 0.9420.07
HbAIL T 4.74=0.24
AST. IU/L 19.7:2.5

ALT, TUAL 2022520
Cramma GTF, 1UAL 13.1224.7
Tenal chelesteral, g/l 24021
HOL-cholexternl, g/L 051009
Triglveenide, g/l 1.18:0.63
CK. 1AL 11232

UA. mg/L 584811
BUN, me/L 131£25.3
Creannine, mg/L 7.92:0.69
Na, mmol/L 140£2.12
K. mmal/L 4.2=0.14

Data are mean=SE; n=10 males

RBC. erythrocyte; WBC, leukocyte; PT(INR), prothrombin time {inter !
normalized ratio); aPTT, activated partial thromboplastin time; HbA 1., hemar
globin Ar. AST, aspartate aminotrunsferase; ALT, alanine ammnotransferase;
garima GTP, gamma glatamyl transpeplidase; HDL high-density lipapmitein,
CK, creatine kinuse, UA, uric acid; BUN, blood urea nitrogen.

and at 3 and 12h after cilostazol intake (Fig 1). using a 21G
needle with tourniquet, into a glass tube containing sodium
citrate at a final concentration of 0,313%. PRP was prepared
by centrifugation of the blood sample at 200g at 25°C for
L0 min, and platelet-poor plasma was prepared by centrifu-
gation at 2,000 g at 25°C for 10 min.

Analvsis of VASP Phosphorylation

The PRPs prepared from blood samples taken at base-
line, and at 3 and 12h after 100mg cilostazol intake, were
treated with or without PGE1 (Sigma, St Louis, MO, USA)
at 8 nmol/L for 0.5 and 3 h at 30°C. Platelets were collected
by cemrifugation at 700g at 4°C for Smin and added to
sodium dodecylsulfate (SDS)-containing Lacmmli buffer?
followed by incubation at 95°C for 10min. The samples
were subjected to SDS-polyacrylamide gel electrophoresis
(PAGE) and immunoblotted with anti-pan-VASP (M4,
Alexis, San Diego, CA. USA) and anti-phospho (239)-
VASP (16C2, Nano Tools Antikorpertecnik, Tiningen,
Germany) mouse monoclonal antibodies as primary anti-
bodies and horseradish peroxidase-conjugated anti-mouse
IgG polyclonal sheep antibody (GE Healtheare) as the sec-
ondary antibody, followed by visualization with ECL
chemiluminescent material (GE Healthcare). A typical
result is shown in Fig2A. It has been reported that VASP
phosphorylated at Serl57 (VASP-P157) migrates 1o a
50kD position in SDS-PAGE analysis, whereas VASP
phosphorylated at Ser239 (VASP-P239) migrates to a
46kD position similar to the non-phosphorylated form?
Therefore, the “a”. “b", “c” and “d" bands shown in Fig 2A
were VASP phosphorylated at both Serl57 and Ser239
(VASP-P157/239), VASP-P239, VASP-P157 imespective
of phosphorylation at Ser239, and non-phosphorylated
VASP, respectively. These bands were quanufied using
Image J 1.33u software (NITH). VASP-P157 levels were
expressed as c/(c+d)x100%. The level of VASP-P239 was

YAMAMOTO H etal

quantified by measuring a+b. The a+b level at 3h post-
cilostazol intake with PGEi treatment for 3h (* in Fig2A)
was defined as the standard (1.0) and other signals were
expressed as ratios of the standard. The level of VASP-
P157/239 was quantified by measuring “a”. The “a” level
at 3h post-cilostazol imake, with PGE treatment for 3h
(* in Fig2A), was defined as the standard (1.0) and other
signals were expressed as ratios of the standard

Analysis of Aggregation of PRP

The PRPs, with or without 8 nmol/L. PGE treatment for
1 'h at 30°C, prepared from blood samples taken at baseline
and at 3 h after 100mg cilostazol intake were individually
stimulated by 5 and 20umol/l. ADP (Sigma) and | pg/ml
collagen (Horm, Germany) at 30°C, and the aggregations
were analyzed under stirring using a light transmission
aggregometer, MCM HEMA TRACER 313 (MC Medical,
Tokyo, Japan), where the degree of light transmission of
PRP was defined as 0% of the aggregation rate, and the cog-
nitive platelet-poor plasma as 100%%* The MAR of platelets
and the rate of inhibition of platelet aggregation (IPA) were
used for data analysis. TPA was calculated using the fol-
lowing formula: IPA (%)=[(MARo—MAR3)/MAR¢] x 100,
where MARo is the MAR at baseline and MAR1 is the
MAR at 3h after cilostazol intake.

Laboratory Testing and Analysis of the Concentration
of Cilostazol

General serum values were measured by the SRL Labo-
ratory (Tokyo, Japan). Plasma concentrations of cilostazol
at baseline and at 3 and 12h after 100mg cilostazol intake
were measured by BML, Inc (Tokyo, Japan),

Statistical Analyses

Data are expressed as mean=SE (n=10). Paired t-test
was used for comparison of continuous variables over time.
Correlation between cilostazol plasma concentrations and
IPA (%) was assessed by Spearman’s rank test. Correlation
between cilostazol plasma concentrations and VASP-P157
levels was assessed by longidinal analysis methods be-
cause the cilostazol concentrations changed over time. We
used the PROC MIXED command of SAS, with serine 157
phosphorylation of VASP of platelets as a dependent varia-
ble, and cilostazol concentration and time as independent
variables. Correlation between cilostazol plasma concen-
trations and MARs was assessed in the same way, As for
VASP-P157, the linearity of time was evaluated by the Log
likelihood method. If the linearity of time was appropriate,
then longitudinal analysis was conducted with the time as
linear. Otherwise, we conducted it using the profile method.
We used SAS software version 9.1 (SAS Institute Inc, Cary,
NC, USA); p values less than 0.05 were defined as signifi-
cant.

Results

Effects of Cilostazol Intake on Platelet Aggregation and
VASP Phosphorylation

Baseline laboratory parameter values were within normal
limits for all subjects (Table 1). It has been shown that, fol-
lowing administration. the maximum plasma concentration
of cilostazol is reached in approximately 3 h, and that it has
a half-life of approximately 12h2® Therefore, we analyzed
platelet functions at baseline and at 3 and 12h after 100 mg
cilostazol intake. Compared with the baseline data, no reduc-
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tion was detected in ADP- or collagen-induced aggregation bility induced by collagen or ADP
of platelets after cilostazol imake (Figs 3A-D). Because
cilostazol is an inhibitor of phosphodiesterase 3, which de- Cilostazol Enhanced VASP Phosphorylation Levels Induced
grades cAMP, it would be expected to cause an increase in by PGE)
the cAMP level in platelets, and also 1o raise phosphorylated Although cilostazol intake did not induce VASP phospho-
VASP levels through the activation of A-kinase. As shown rylation, we considered that it might have an effect on VASP
in Fig 2A, however. phosphorylated VASP was not detected phosphorylation, if ¢cAMP was produced in response to
in the platelets prepared from samples collected at baseline, stumuli, Therefore, VASP phosphorylation in isoluted plate-
or at 3 or 12h post-cilostazol intake. Thus, cilostazol failed lets under treatment of Snmol/l. PGE was analyzed by
to increase cAMP to a level adequate enough to increase Western blot with anti-pin-VASP and anti-phospho (239)-
VASP phosphorylation levels or to reduce platelet aggrega- VASP anubodies. We evaluated VASP. VASP-P157, VASP-
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P239 and VASP-P157/239 individually (see Methods).
Treatment with PGE1 induced VASP phosphorylation at
Ser157 and Ser239 in a time-dependent manner (Fig2). Al-
though VASP-P157 per total VASP was 29.243.4% before
cilostazol intake at 0.5 h after PGE treatment, the ratio was
increased at 3h after cilostazol intake to 44.7+3.17% (p=
0.001) (Fig 2B). At 0.5h after PGE: treatment, VASP-P239
before cilostazol intake was 0.19+0.02 (arbitrary units),
while at 3h after cilostazol intake it was 0.82+0.22 (p<
0.001) (Fig2C). Similarly, at 0.5h after PGE: treatment,
VASP-P157/239 before cilostazol intake was 0.05+0.03
(arbitrary units), while at 3h after cilostazol intake it was
0.93£0.19 (p<0.001) (Fig 2D). The effect of cilostazol intake
on VASP phosphorylation under PGE treatment lasted for
12h (Figs 2B-D). Although VASP-P157/239 under 8 nmol/L.
PGE! for 0.5h was barely detectable (0.05£0.01 arbitrary
units) without cilostazol intake (Figs2A,D), at 3 and 12h
after cilostazol intake it increased 18.6-fold (0.9320.19,
p=0.001) and 15.4-fold (0.7720.24, p=0.016), respectively
(Fig2D). Therefore, the effects of cilostazol were most
clearly detected in the evaluation of VASP phosphorylated
at both Ser157 and Ser239, so the effect of cilostazol intake
could be clearly detected by analyzing VASP phosphoryla-
ton under PGE: treatment.

Cilostazol Intake Reduced Aggregability of PGE)-Treated
Platelets

We next examuned platelet aggregability under PGE:
treatment. Without cilostazol intake, the 3xmol/l. ADP-
induced MAR without PGE: treatment was 76.7+2.12%
and at | h after 8nmol/L. PGEi treatment was 52.4+5 56%
(p<0.001) (Fig4A}. On the other hand. for platelets at 3h
after cilostazol intake, the 5amol/l. ADP-induced MAR
without PGE:! treatment was 76.9¢1.13% and that at 1h
after 8nmol/L. PGE! treatment was drastically decreased to
22.0£2.60% (p<0.001) (Fig4A) Without PGE1 treatment,
cilostazol intake did not decrease the MAR (76.7% vs 76.9%.
p=0.932). Under PGE treatment, however, cilostazol intake

significantly decreased the 5umol/l. ADP-induced MAR
(52.4% vs 22.3%, p<0.001) (Fig4B). When the stimulus was
20umol/L. ADP (data not shown), without cilostazol intake
the MAR without PGE1 treatment was 81.7+2.3% and that
at | h after 8nmol/L. PGE1 reaiment was 69.8+3.59% (p=
0.004), whereas for platelets at 3h after cilostazol intake,
the MAR without PGE treatment was 82.2+1.61% and
that at 1 h after 8 amol/L. PGE: treatment was 48.7+5.58%
(p<0.001). As with 5zmol/L. ADP, cilostazol intake signifi-
camly decreased the 20 mol/l. ADP-induced MAR under
PGE! treatment (69.8% vs 48.7%, p=0.001). Similar results
were obtained with 1 #g/ml collagen as the stimulus, where
without cilostazol intake the MAR without PGE! treatment
was 83.0+1.35% and that at 1h after §nmol/L PGE: treat-
ment was 57.4+8.22% (p=0.009) (Fig 5A), whereas the MAR
without PGE1 treatment was 82.4+1.16% and that at | h
after 8nmol/L. PGE1 treatment was 13.7+2.41% (p<0.001)
for platelets 3 h after cilostazol intake (Fig SA). Under PGE:
treatment, cilostazol intake significantly decreased the
MAR (57.4% vs 13.7%, p<0.001) (Fig5B). Thus. we could
clearly detect the effect of cilostazol intake by analyzing
ADP- and collagen-induced platelet aggregation under
PGE! treatment,

Correlation of Cilostazol Levels in the Plasma With VASP
Phosphorviation and Aggregation of Platelets

The plasma concentrations of cilostazol in all subjects
were below the limit of detection (<20ng/ml) at baseline, but
were 732+899ng/ml and 192422 7ng/ml at 3h and 12h,
respectively, after 100mg cilostazol intake (Fig6A); these
findings were similar (o those reported previously™®

Individual plots of cilostazol levels and VASP-P157
levels are shown in Fig 6B. Assessed by longitudinal analy-
sis, considering change of cilostazol plasma concentration
over time, VASP-P157 levels induced with 8 nmol/LL PGE
for 3h strongly correlated with the plasma concentration of
cilostazol (p=0.001) (Fig 6A). Because the values related to
VASP-P239 and VASP-P157/239 were expressed as rela-
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