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Table 2. Baseline Characteristics of Patients When Sub-Grouped by Numbers of Coronary Risk Factors
Coronary risk factors Risk 0 Risk 1 Risk 2 Risk 3 Risk 4
No. of patients 11 25 59 50 18
Charactenstics
Age (years) 52.4£16.5 68.8+11.6 65.9£11.3 68.628.4 65.6+8.0
Gender (M/F) 4/7 10/15 33/26 2123 17/1
Brinkman index 0 91.0£216.9 251.71 369.8 538.8 6294 1.126+521.7
BMI (kg/m?) 22.8%1.8 22,6424 238438 24.0£3.7 24.8+4.2
Waist circumference (cm) 77.818.4 81.649.1 84.3£10.8 87.3£10.6 89.9+11.2
SBP (mmHg) 114.949.0 125.4£15.3 122.2423.5 127.14£21.1 1358134
DBP (mmHg) 65.546.5 68.319.8 67.0£15.1 65.849.4 67.446.3
Blood chemistry
TC (mg/dl) 178.3£20.0 198.8+46.2 206.2442.7 1952444 4 205.3+46.9
TG (mg/dl) 80.8+19.3 110.3142.6 150.9181.9 134.4+60.3 173.7457.2
HDL-C (mg/dl) 67.3£18.1 58.0+£14.2 54.8421.7 51.7£15.6 4424113
LDL-C (mg/dl) 97.6%£17.5 120.1436.6 128.0£32.5 118.8+£32.7 132.54£40.0
HbAc (%) 5.120.2 5.3+03 5.541.0 6.3%1.1 6.940.8
FPG (mg/dl) 86.949.3 93.0+7.6 101.4420.2 114.7432.2 120.7437.6
IRI (¢U/ml) 4.5%1.2 4416 8.448.2 10.7£11.7 8.245.1
HOMA-IR 0.98+0.34 0.98+0.38 2.0642.11 2.94+3.17 2,37+1.59
hs-CRP (mg/dl) 0.66+0.73 0.46+1.09 0.55+0.95 0.64£1.39 0.384+0.78
Left ventricular function
LVEF (%) 62.248.1 60.0£9.3 52441222 56.149.3 51.5¢6.4
Medication (%)
-blockers 9.1 320 373 38.0 61.1
Ca-blockers 9.1 280 39.0 46.0 16.7
ACEI 0 12.0 18.6 14.0 333
ARB 0 320 44.1 56.0 50
Nitrates 0.1 12.0 254 36.0 389
Statins 0 8.0 322 48.0 55.6
Oral antidiabetics and nsulin 0 0 11.9 54.0 88.9
Aspirins 18.2 48.0 47.5 52.0 88.9
Diuretics 18.2 8.0 30.5 34.0 278
Underlining diseases (%)
Coronary artery disease 273 40.0 610 84.0 944
Arrhythmia 63.6 320 119 8.0 36
Valvular disease 9.1 4.0 13.6 0 0
Hypertension 0 24.0 13.6 8.0 0
Risk factors (%)
Hypertension 0 520 64.4 86.0 100
Diabetes mellitus 0 0 18.6 68.0 100
Hyperlipidenua 0 280 80.0 84.0 100
Smoking 0 20.0 37.3 68.0 100

Data are mean+SEM.

IRI, immunoreactive insulin; HOMA-IR, homeostasis model assessment of insulin resistance: hs-CRP, high-sensitive C-reactive
protein: LVEF, left ventricular ejection fraction. Other abbreviations see in Table 1.
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Figure 2. Relationship between the plasma tetrahydrobiopterin/7, 8-
dihydrobiopterin (BH4/BH2) ratio and the total number of coronary
risk factors. A box-and-whisker plot shows the relationship between
the plasma BH4/BH2 ratio and the total number of coronary risk
factors. For each value of the coronary risk factors, the lines within the
boxes represent median values: the upper and lower lines of the boxes
represent the 25 and 75 percentiles, respectively, and the upper and
lower bars outside the boxes represent the 90% and 10" percentiles,
respectively. *P<0.05.

than 2 risk factors showed significant reductions compared
with that in those without risk factors (P<0.05) (Figure 2).
As to the presence of each single risk factor examined. age,
sex, and the Brinkman Index, which represents the severity
of a smoking habit, showed a weak but significant negative
correlation with the plasma BH4/BH2 ratio (2=-0.259,
P=0.0009, 3=-0.207 P=0.0084, and 3=-0.251, P=0.0014,
respectively). In the stepwise regression model, age and sex
showed a significant negative correlation with the plasma
BH4/BH2 ratio. There was no correlation between the
Brinkman Index and the BH4/BH2 ratio. In addition, there
were no correlations between the Log CRP levels and the
BH4/BH2 ratio in the simple and multiple stepwise regres-
sion analyses. We then examined whether the BH4/BH2
ratio was associated with FMD, independently of risk factors.
Multivariate analyses using stepwise regression models
were carried out to analyze the relationships between FMD
and risk factors including age, sex, abdominal circumfer-
ence, BMIL, Brinkman index, BP, HbAic, FPG, HOMA-IR,
TC. LDL-C, HDL-C, Log CRP and/or the BH4/BH2 ratio
and medications such as calcium channel blockers, angio-
tensin converting-enzyme inhibitor (ACEI), angiotensin II
receptor blocker (ARB) and statins. As demonstrated in
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Table 3, Multiple Stepwise Regression Analysis of Variables Significantly Associated With FMD

B SE F P value

Madel |
Age -0.306 0.020 10.539 <0.001
Sex -0.303 0.351 10.670 <0.001
Log CRP -0.235 0.259 6.538 <0.001
HbAIc -0.189 0.161 4.092 <0.001

Multiple R2=0.254

Madel 2
BH4/BH2 rato 0.438 0.157 24.892 <0.001
Age -0.270 0018 9.597 <0.001
Sex -0.220 0.330 6.126 <0.001

Muluple R*=0.357

Model-1 includes age, sex, abdominal circumference, BMI, Bnnkman index. BP, HbAic, FPG, HOMA-IR, TC, LDL-C, HDL-C,
LogCRP and each medication such as Ca-blocker. ACEI, ARB and statin as independent variables.

Model 2 includes age. sex, abdominal circumference. BMI. Brinkman index. BP, HbAic, FPG, HOMA-IR. TC, LDL-C, HDL-C,
LogCRP. each medication such as Ca-blocker, ACEI, ARB, statin and BH4/BH2 as independent variables,

FMD, flow-mediated vasodilatory: 2. standardized regression coefficient; SE. standard error; R, multiple correlation coefficient;
BH4. tetrahydrobiopterin: BH2. 7, 8—dihydrobiopterin: BP. blood pressure, Other abbreviations see in Tables 1.2,

Table 4. Multiple Regression Analysis of the BH4/BH2 Ratio and Numbers of Risk Factors Significantly Associated
With FMD

B SE P value
BH4/BH2 0.558 0.131 <0.001
Risk factor numbers -0.147 0.128 0.0259

Abbreviations see in Table 3.

Table 5.  Comparison of Parameters at the Basal Levels Before Treatment in Stain-Treated and Non-Stain Treated Groups

Statin-treated Non-statin treated P value
No. of patients 23 21
Characteristics
Age (years) 67.146.9 64.3%11.3 NS
Gender (M/F) 15/8 12/9
SBP (mmHg) 127.4%16.3 120.6+18.0 NS
DBP (mmHg) 67.719.8 69.119.5 NS
Blood chemistry
TC (mg/dl) 229.4430.5 226.6+42.5 NS
TG (mg/dl) 146.9+67.9 158.4£101.5 NS
HDL-C (mg/dl) 53.2£20.4 56.0+14.6 NS
LDL-C(mg/dl) 153.4+26.2 1422428 8 NS
HbAIc (%) 5.0+1.3 59+1.3 NS
FPG (mg/dl) 107.8£31.2 109.5£34.0 NS
BH4 (ng/ml) 2.0310.93 1.7540.53 NS
BH2 (ng/ml) 1.15+0.39 1.0540.39 NS
BH4/BH2 1.96+1.06 1.96+0.94 NS
Ultrasonography
FMD (%) 4.71+1.80 4.82+2.18 NS
NMD (%) 16.344.2 16.4£2.6 NS
Underlining diseases (%)
Coronary artery disease 8§7.0 524
Arrhythmia 8.7 143
Valvular discase 0 9.5
Hypertension 43 23.8
Risk factors (%)
Hypertension 65.2 47.6
Diabetes mellitus 304 381
Hyperlipidemia 87.0 71.4
Smoking 39.1 47.6

Data are mean+SEM.
NMD. nitroglycerin-mediated vasodilation. Other abbreviations see in Tables 1,3.

Table 3, the BH4/BH2 ratio was associated with FMD. inde- assigned to the atorvastatin protocol. Before treatment, there
pendently of these risk factors. Furthermore, after adjusting were no differences in blood chemistry including plasma
the number of risk factors, the BH4/BH2 ratio was also pteridine levels and FMD value between the statin-treated
associated with FMD independently (Table 4). and control groups. Stain treatment for 3 months did not

Table 5 shows the basal clinical characteristics of patients change these parameters, the only exception being the
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Table 6. Multiple Stepwise Regression Analysis Between the Change of FMD (AFMD) and the Changes of Parameters

3
3

SE E P value

ABH4/BH2 0.455

0.363 5.468 <0.001
Multiple R2=0.207

Table 6 includes ABP, AHbA e, AFPG. ATC, ATG. ALDL-C. AHDL-C and ABH4/BH2 as independent variables.

Abbreviations see in Tables 1-3.
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Figure 3. Effects of statin treatment on flow-mediated vasodilatation
(FMD, A) and the plasma tetrahydrobiopterin/7. 8—dihydrobiopterin
(BH4/BH2) ratio (B). Statin treatment improved FMD. Along with
these changes, the plasma BH4/BH2 ratio increased in most patients,
with the exception of a few patients in whom improvement of FMD
was minimal. The bars show mean values. *P<0.05.

plasma lipid profiles. TC decreased from 229.4430.5 to
187.3424.3 (mg/dl), and LDL-C from 153.4£26.2 to 109.4=
26.5 (mg/dl) by atorvastatin treatment. In the control group,
there were no significant changes in parameters (as shown
in Table 5) during the 3-month observation period. And as
for FMD, statin treatment improved FMD (6.81+1.80%,
P<0.05) (Figure 3A). Along with these changes, the plasma
BH4/BH2 ratio increased in most patients, with the excep-
tion of a few patients in whom improvement of FMD was
minimal (2.99+1.01, P<0.05) (Figure 3B). In contrast, in
the control group who did not receive statin treatment, both
FMD and the plasma BH4/BH2 ratio remained unchanged
during the 3 months (4.71£1.59% and 1.87+0.78, respec-
tively). We then assessed the relationship between AFMD
and the ABH4/BH2 ratio by using multiple stepwise regres-
sion analysis including ABP, AHbA1c, AFPG, ATC, ATG,

ALDL-C, AHDL-C and ABH4/BH2 as independent vari-
ables. As shown in Table 6. we found a significant correla-
tion between the AFMD and the ABH4/BH2.

Discussion

In the present study, we examined plasma pteridine levels
and endothelial function via the brachial artery FMD in
patients with various cardiovascular disorders including
coronary artery disease. We demonstrated that the extent of
FMD was correlated with plasma pteridine levels. In associa-
tion with a reduction in FMD, plasma BH4 levels decreased,
BH2 levels increased and subsequently the BH4/BH2 ratio
decreased. Particularly, the plasma BH4/BH2 ratio showed
a strong positive correlation with FMD. The plasma BH4/
BH2 ratio was negatively correlated with the total numbers
of coronary risk factors. In addition, we showed that, in
patients with multiple coronary risk factors, treatment with
statins improved FMD in association with an increase in
plasma BH4/BH2 ratio.

Among various factors produced by endothelial cells,
NO produced by eNOS is most important in the control of
endothelial function, and EDR is caused by eNOS-derived
NO. NO is generated from the conversion of L-arginine to
L-citrulline by the enzymatic action of a NADPH-dependent
NO synthase, which requires Ca?*/calmodulin, FAD, FMN,
and BH4 as cofactors. Although recently a catheter-type NO
sensor has been extensively experimented with to measure
NO synthase directly in animal models, it is difficult to
apply in human studies?*-2* EDR has been used to assess
the endothelial function, and clinically is most commonly
evaluated by FMD in the brachial artery. Many experimen-
tal and human studies have demonstrated that coronary risk
factors are associated with impaired endothelial function,
which represents the reduced eNOS-derived NO bioactivity
in vessels.

Among various mechanisms responsible for the impaired
EDR, the increased breakdown of NO by superoxide is
important. In vessels, a variety of enzymes, including
NADPH oxidase and xanthine oxidase, produce superoxide.
Recently, it has been revealed that eNOS itself produces
superoxide when there is a relative deficiency of its essen-
tial cofactor, BH421.25 In the presence of sub-optimal levels
of BH4, electrons flowing from the reductase domain to the
hem is diverted to molecular oxygen rather than to L-argi-
nine, and thereby production of superoxide occurs?® BH4 is
a molecular target for oxidative stress, and ROS such as
peroxynitrite oxidizes BH4 to its oxidative form, BH215:27.28
Under conditions with elevated oxidative stress, it is
assumed that BH4 levels decrease and its oxidative form,
BH2, increases in the endothelium?® Tt is well known that
the presence of atherosclerosis as well as coronary risk
factors is associated with elevated oxidative stress. In the
present study, therefore, oxidative stress is closely linked to
impaired endothelial function, although the precise role of
eNOS-derived superoxide was not elucidated.

— 240 —



Advance Publication by J-STAGE

Plasma Ptendine Levels and Endothelial Funcnion

Before this present study, a few clinical studies examined
plasma levels of pteridine in patients with cardiovascular
disorders!8.29.30 In patients with chronic renal failure, it was
shown that the plasma BH4/BH2 ratio was reduced in asso-
ciation with the severity of renal failure and that there was
a positive correlation between the BH4/BH2 ratio and cre-
atinine clearance!® Shinozaki et al showed that the plasma
BH4/BH2 ratio was reduced in patients with insulin resis-
tance?® They also demonstrated that the maximum coronary
dilation induced by acetylcholine was positively correlated
with insulin sensitivity and the plasma BH4/BH2 ratio. In the
present study, we demonstrated that the plasma BH4/BH2
ratio was positively correlated with FMD in the brachial
artery in patients with varnous cardiovascular disorders. Our
finding is partly in accordance with the study of Shinozaki
et al?? and extended the importance of plasma pteridine mea-
surements on the evaluation of ED. The present finding most
likely indicates that plasma pteridine levels, particularly the
BH4/BH2 ratio, can be used as a biomarker to evaluate ED.

Plasma BH2 levels increased, whereas BH4 levels did not
change. in association with the increment of total numbers
of coronary risk factors. Subsequently, the BH4/BH2 ratio
significantly decreased as the numbers of coronary risk
factors increased. It is very likely that the increased oxida-
tive stress in the presence of coronary risk factors resulted
in the oxidation of BH4 and an increase in BH2. Reduction
of the plasma BH4/BH2 ratio might, therefore, represent the
increased levels of oxidative stress. Although it is widely
accepted that oxidative stress serves (o impair endothelial
function, only a limited numbers of studies have demon-
strated the correlation between the plasma markers of oxi-
dative stress, such as TBARS and oxLLDL, and the extent of
FMD in clinical studies?!?2 In the preliminary study, we
did not find correlations between plasma TBARS or 8-iso
PGF2e levels and the plasma BH4/BH2 ratio or FMD (%)
(data not shown). Although the source of plasma pteridine
has not been clarified yet. it is assumed that plasma levels of
pteridine reflect endothelial pteridine metabolism because
the endothelium is directly in contact with blood and is the
major site for formation of peroxynitrite that oxidizes BH4.
Therefore. it is possible that the plasma BH4/BH2 ratio can
serve as a more sensitive and specific marker of oxidative
stress on the endothelium than commonly used plasma
markers such as TBARS and 8-iso PGF2 , which are markers
of total oxidative stress in a whole body. To prove this
hypothesis, further studies will be required 1o investigate
this.

Our finding is in contrast to that by Antoniades et al. who
found no association between plasma pteridine levels and
endothelial function in isolated vessels (saphenous veins or
internal mammalian arteries) obtained from patients at the
time of bypass surgery3’ They also described that plasma
pteridine levels are linked to systemic inflammation. because
they found the association between plasma total pteridine
levels and plasma CRP levels. The divergent results might
be explained by the difference in patients’ profiles. In our
study, which is different from their study, most patients
were not the subjects for coronary intervention, and CRP
levels were relatively low. In their study, there were wide
variations in plasma total pteridine, BH4 and BH2 levels,
which are likely influenced by systemic inflammation rather
than local vascular redox status. In our study, however, we
did not find such a variation in plasma BH4 or BH2 levels,
although our HPLC methods does not permit us to measure
total pteridine. Therefore, it is likely that the plasma BH4/

BH2 ratio can be used as a marker of endothelial function
in the absence of overt systemic inflammation.

As a limitation of the present study, most patients recruited
were taking various medications that could modify endothe-
lial function and oxidative stress. Although all medications
were stopped at least 12h prior to the study, their influence
on the endothelial function and plasma pteridine metabo-
lism probably did not disappear completely. In addition, we
did not find a correlation between the Brinkman index and
FMD. This might be related to the examinations performed
during hospital admission when patients were not smoking
cigarettes. However, our present study findings represented
the overall relationship between FMD and plasma pteridine
levels, and demonstrated the usefulness of plasma pteridine
measurement Lo assess ED in the clinical situation, where
many subjects were most likely taking medication.

In conclusion, the present study suggested that plasma
pteridine levels. particularly the BH4/BH2 ratio, were asso-
ciated with ED in the absence of recognizable systemic
inflammation. The present study findings were obtained
using a relatively small number of patients with heteroge-
neity, and, therefore, further studies conducted with a larger
population will be needed to ascertain whether BH4/BH2
can be used as a marker of ED. and to address the issue of
whether the measurement of the BH4/BH2 ratio serves as a
useful tool in determining a therapeutic strategy for vascu-
lar disorders based on the improvement of endothelial func-
tion.
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Inoue Stent-Graft Implantation for Thoracoabdominal Aortic
Aneurysm Involving the Visceral Arteries

M. Imai,' T. Kimura,’

“ M. Toma,' N. Saito,' T. Nakanoue,' E. Tadamura,” T. Kita' and K. Inoue®

Departments of 'Cardiovascular Medicine, “Radiology, Graduate School of Medicine, Kyoto University, Japan, and
*Department of Cardiovascular Surgery, Shimabara Hospital, Kyoto, Japan

Purpose. To assess the efficacy of the Inoue stent-graft placement for thoracoabdominal aortic aneurysm (TAAA).
Methods. Patients with TAAA underwent Inoue stent- graft placement with single branched stent-graft in 4 patients,
straight graft in 3 patients and double branched stent-graft in 1 patient. Half the patients required additional open surgical
revascularizations of involved visceral arteries (Hybrid procedures).

Results. Stent-grafts were deployed successfully in all patients. One patient with Hybrid procedure developed major com-
plications, required haemodialysis and died in hospital. In another patient the post-operative CT scan demonstrated a type |

endoleak, but this had resolved by 3 months.

Conclusion. Inoue stent-grafting for TAAA with or without adjunctive open surgical revascularization is feasible.
© 2007 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery.

Keywords: Endvascular repair; Thoracoabdominal aneurysm; Inoue stent-graft.

Introduction

Several centres have described the feasibility of a hy-
brid endovascular approach for TAAA, with surgical
reconstruction of visceral arteries.” Alternatively vis-
ceral perfusion can be preserved using either fenes-
trated or branched stent-grafts.” The purpose of this
study was to assess the feasibility of Inoue stent-graft
placement for TAAA.

Patients and Methods

Between March 2003 and December 2006, endovascu-
lar repair using Inoue stent-grafts, was undertaken in
8 patients with TAAAs at Kyoto University Hospital,
Japan. All patients gave their informed consent in
conformance with protocols approved by the institu-
tional review board of the hospital.

*Corresponding author. T. Kimura, MD, Department of Cardlo\.as-
cular Medicine, Graduate School of Medicine, Kyoto University,
54 Shogoin Kawahara-tyo, Sakyo-ku, Kyoto 606-8507, Japan.

E-mail address: taketaka@kuhp.kyoto-u.ac.jp

Patient characteristics are given in Table 1. Endo-
vascular repair, using Inoue branched stent-grafts,
was achieved in 4 patients (Branched group). How-
ever, the remaining 4 patients required open surgical
revascularization of visceral arteries before stent-graft
placement (Hybrid group).

Each Inoue stent-graft was custom made for the indi-
vidual patient. Three kinds of Inoue stent-grafts were
used in this study, straight, single branched and double
branched stent-grafts (Fig. 1A). The 1mplantat10n tech-
nique has been described previously** (Fig. 1B).

The coeliac artery (CA), superior mesenteric artery
(SMA), and bilateral renal arteries (RAs) were recon-
structed in 3 patients. One further patient underwent
a combination of open surgical reconstruction and
double branched stent-graft implantation (Case 8).
The patient had chronic aortic dissection with a patent
false lumen; the CA and SMA originated from a com-
mon coeliomesenteric trunk (CMT). The origin of the
CMT and left RA was from the true lumen, but the
right RA originated from the false lumen. Since the
insertion of the branched graft to the right RA was
difficult, the right RA was revascularized surgically.

1078-5884/000462 + 04 $34.00/0 © 2007 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery.
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Fig. 1. Three kinds of the Inoue stent-graft for TAAA were used in this study. The straight graft was used in 3 patients (Case
5, 6 and 7), the single branched graft in 4 patients (Case 1—4), the double branched graft in 1 patient (Case 8). A. Single
branched stent-graft implantation technique. 1. The folded stent-graft is delivered to the thoracoabdominal aorta through
the introduction sheath using the carrying wire and traction wire. The (.035-inch guidewire is selectively advanced to the
target visceral artery through the 5F balloon catheters attached to the branched section. 2. The branched section is steered
into the target visceral artery by pulling back the traction wire attached to the distal end of the aortic section. 3. The folded
aortic section and the branched section are unfolded. The branched section is dilated by the 5F balloon catheter. 4. The aortic
section is dilated by the custom made balloon catheter inserted thorough the introduction sheath.

The CMT and left RA were reconstructed using the
Inoue double branched stent-graft. Three patients
underwent deliberate coverage of the CA by the stent-
graft to provide an adequate proximal landing zone
and as prophylaxis against type Il endoleak, as de-
scribed previously.”

Results

The initial and follow-up results are summarized in
Table 1; average follow-up period was 14 4+ 7 months
(rang, 3—24 months).

In the 4 patients requiring surgical revasculariza-
tion of visceral arteries, 13/15 arteries were revascu-
larized using open surgery and 2 arteries were
reconstructed by the double branched stent-graft im-
plantation, initial patency rate of 92% (12/13).

Three patients underwent prophylactic coil emboli-
zation of the CA.” One patient developed multiple

Eur ] Vasc Endovasc Surg Vol 35, April 2008

gastric ulcers 2days after coil embolization (Case 4),
which resolved after treatment with oral proton
pump inhibitors. The procedure time for the coil
embolization was 133 443 minutes (range 95—180
minutes).

All the stent-grafts were deployed successfully.
Average procedure time was 314 4+ 164 minutes (range
130—580 minutes). In one patient (Case 6), the bypass
graft to the right RA occluded and since the patient
developed severe bacterial pneumonia and renal dys-
function, hemodialysis was required resulting in
a prolonged hospital stay of 313 days: this patient
died in hospital due to gastrointestinal bleeding. Me-
dian hospital stay was 40 days (range 11—313 days).
Postoperative CT scans demonstrated an endoleak
from the distal attachment site in one patient (Case
7), but this appeared to have resolved at 3 month
follow up.

Significant sac size shrinkage was achieved in
three patients (38%). Sac enlargement and stent-graft
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Stent-graft Implantation for Thoracoabdominal Aneurysm

migration were not observed. One branched section
to the SMA occluded silently 6 months after the
procedure.

Discussion

Implantation of Inoue branched stent-grafts in the
thoracoabdominal aorta requires the following
conditions. 1) The thoracoabdominal aorta is not
severely tortuous. 2) The visceral artery does not
have severe stenosis, calcification, dissection, mural
thrombus or kinking, with a diameter of more
than 5 mm. 3) The angle between thoracoabdominal
aorta and visceral artery is less than 90°. 4) The vis-
ceral arteries do not originate from the aneurysm. 5)
The procedure is conducted electively, since at 3
days is required for graft construction. In this man-
ner, we have used the Inoue branched stent-graft
only to treat successfully TAAA, either with or
without adjunctive surgical revascularization of vis-
ceral arteries.
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Surgery for Coronary Artery Disease

Long-Term Outcomes of Coronary-Artery Bypass Graft

Surgery Versus Percutaneous Coronary Intervention for

Multivessel Coronary Artery Disease in the Bare-Metal
Stent Era

Takeshi Kimura, MD; Takeshi Morimoto, MD; Yutaka Furukawa, MD; Yoshihisa Nakagawa, MD;
Satoshi Shizuta, MD; Natsuhiko Ehara, MD; Ryoji Taniguchi, MD; Takahiro Doi, MD;

Kei Nishiyama, MD; Neiko Ozasa, MD; Naritatsu Saito, MD; Kozo Hoshino, MD:;
Hirokazu Mitsuoka, MD; Mitsuru Abe, MD; Masanao Toma, MD; Toshihiro Tamura, MD:
Yoshisumi Haruna, MD; Yukiko Imai, MpH: Satoshi Teramukai, PhD;

Masanori Fukushima, MD: Toru Kita, MD

Background—Observational registries comparing coronary artery bypass graft (CABG) surgery and percutaneous
coronary intervention (PCI) have reported long-term survival results that are discordant with those of randomized
trials.

Methods and Results—We conducted a multicenter study in Japan enrolling consecutive patients undergoing first
CABG or PCI between January 2000 and December 2002. Among 9877 patients enrolled, 5420 (PCI: 3712, CABG:
1708) had multivessel disease without left main involvement. Because age is an important determinant when
choosing revascularization strategies, survival analysis was stratified by either age =75 or <75 years. Analyses
were also performed in other relevant subgroups. Median follow-up interval was 1284 days with 95% follow-up
rate at 2 years. At 3 years, unadjusted survival rates were 91.7% and 89.6% in the CABG and PCI groups,
respectively (log rank P=10.26). After adjustment for baseline characteristics, survival outcome tended o be better
after CABG (hazard ratio for death after PCI versus CABG [HR], 95% confidence interval [CI]: 1.23 [0.99-1.53],
P=0.06). Adjusted survival outcomes also tended to be better for CABG among elderly patients (HR [95%CI]:
1.37 [0.98-1.92] P=0.07), but not among nonelderly patients (HR [95% CI]: 1.09 [0.82-1.46]. P=0.55).
Unadjusted and adjusted survival outcome for CABG and PCI were not significantly different in any subgroups
when elderly patients were excluded from analysis.

Conclusions—In the CREDO-Kyoto registry, survival outcomes among patients <75 years of age were similar after
PCI and CABG, a result that is consistent with those of randomized trials. (Circulation. 2008:118[suppl 1]:S199-
§209.)

Key Words: coronary artery disease m percutaneous coronary intervention B coronary stent
m coronary artery bypass graft (CABG) surgery m long-term outcome

andomized controlled trials comparing coronary artery

bypass graft (CABG) surgery and percutaneous coronary
intervention (PCI) in the bare-metal stent era generally
showed similar survival rates up to 5 years.'”7 However, a
recent report from New York's cardiac registries involving
59|314 patients demonstrated higher risk-adjusted survival
rates at three years with CABG in all clinical and anatomic

subgroups studied.® Similarly, an analysis from the Northern
New England Registry revealed better survival with CABG
among patients with triple-vessel disease.”

These conflicting observations between randomized trials
and registries have raised much controversy, and the reasons
for this discrepancy have not yet been well addressed. To
further understand relative survival outcomes of CABG and
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Table 1. List of Participating Centers and Investigators

Table 1. Continued

Centers Investigators Centers Investigators
Fukuroi Municipal Hospital Katsuo Okazaki Mitsubishi Kyoto Hospital Akira Yoshida
Hamamatsu Rosai Hospital Masaaki Takahashi Hiroyuki Nakajima
Teiji Oda Shinji Miki
Hikone Municipal Hospital Shigeo Matsui Nara Hospital, Kinki University School of Ryuichi Hattori
Naohiro Ohashi Medicine
Himeji Medical Center Eiichi Matsuyama Noboru Nishiwaki
Makoto Kadoya Manabu Shirotani
Hyogo Prefectural Amagasaki Hospital Yoshiki Takatsu Nishi-Kobe Medical Center Hiroshi Kato
Shinichi Nomoto Hiroshi Eizawa
Kazuaki Kataoka (Osaka Red Cross Hospital Masaru Tanaka
Japanese Red Cross Society Wakayama Hajime Kotoura Kazuaki Minami
Medical Center Shiga University of Medical Science Minoru Horie
Masaki Aota Hospital
Akira Miura Toru Asai
Juntendo University Shizuoka Hospital Satoru Suwa Hiroyuki Takashima
Kagoshima University Medical and Chuwa Tei Ryuji Higashita

Dental Hospital

Kansai Denryoku Hospital

Kishiwada City Hospital

Kitano Hospital

Kobe City Medical Center General
Hospital

Kokura Memorial Hospital

Koto Memorial Hospital

Kumamoto University Hospital

Kurashiki Central Hospital

Kyoto University Hospital

Maizuru Kyosai Hospital

Ryuzo Sakata
Shuichi Hamasaki
Hiroyuki Yamamaoto

Takeshi Aoyama
Takahiro Sakurai
Mitsuo Matsuda

Masahiko Onoe

Yuzo Takeuchi

Ryuji Nohara

Kimisato Nakano
Shigefumi Marioka

Yukikatsu Okada
Kenichi Shiratori
Nasu Michihiro
Masakiyo Nobuyoshi
Hitoshi Okabayashi
Hitoshi Yasumoto
Jyota Nakano,
Tomoyuki Murakami
Katsuya Ishida
Hisao Ogawa
Michio Kawasuji,
Seigo Sugiyama
Shoichiro Hagiwara
Kazuaki Mitsudo
Tatsuhiko Komiya
Kazushige Kadota
Takeshi Kimura
Masashi Komeda
Ryozo Tatami
Teruaki Ushijima
(Continued)

Mamoru Takahashi
Takafumi Tahata
Yoshiki Matoba
Kiyoshi Doyama
Makoto Araki
Akinori Takizawa

Mitsuomi
Shimamoto

Fumio Yamazaki
Shizuoka General Hospital Osamu Doi
Hirofumi Kambara
Katsuhiko Matsuda
Satoshi Kaburagi
Masafumi Nara
Masaki Kawanami
Takashi Konishi
Kazunobu Nishimura
Seiji Ootani
Takaaki Sugita

Shimabara Hospital

Shimada Municipal Hospital

Shizuoka City Shizuoka Hospital

Takanohara Central Hosipital
Tenri Hosipital

PCI. we evaluated long-term outcomes of patients undergoing
coronary revascularization in a large-scale multicenter regis-
try in Japan.

Methods

Study Population

The CREDO-Kyoto (Coronary REvascularization Demonstrating
Outcome Study in Kyoto) is a multicenter registry in Japan
enrolling consecutive patients undergoing first PCI or CABG and
excluding those patients with acute myocardial infarction within a
week before index procedure. The relevant review boards or ethics
committees in all 30 participating centers (Table 1) approved the
research protocol. Because of retrospective enrollment, written
informed consent was not obtained from the patients; however. 73
patients were excluded because of their refusal to participate in the
study when contacted for follow-up. This strategy is concordant with
the guidelines for epidemiological studies issued by the Ministry of
Health, Labor and Welfare of Japan.
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Between January 2000 and December 2002, 9877 patients were
identified to have undergone either CABG (2999 patients) or PCl
(6878 patients) without prior history of coronary revascularization.
Patients were enrolled from 21 centers for CABG (median number of
patients from each center: 100 [19 to 550, interquartile range 57 to
199]), and from 30 centers for PCI (median number of patients from
each center: 129 [16 to 1760. interquartile range 74 to 237]).
respectively. Four hundred eighty-four patients undergoing concom-
itant valvular, left ventricular. or major vascular operation were
excluded from the current analysis. Patients with disease of the left
main coronary artery (PCI 165 patients, CABG 742 patients) and
with single-vessel disease (PCI 3001 patients. CABG 65 patients)
were excluded. Therefore, the study group comprised 5420 patients
with multivessel coronary artery disease undergoing first coronary
revascularization (PCI: 3712 patients, CABG: 1708 patients).

Data Collection and Definitions

Demographic, angiographic. and procedural data in both groups were
collected from hospital charts or databases in each center by
independent clinical research coordinators (Appendix) according to
prespecified definitions. Follow-up data were obtained from hospital
charts or by contacting patients or referring physicians.

Baseline clinical characteristics, such as myocardial infarction,
heart failure, diabetes, hypertension, current smoker status, atrial
fibrillation, chronic obstructive lung disease, and malignancy were
regarded as present when these diagnoses were recorded in the
hospital charts. Stroke at baseline included asymptomatic stroke
detected by noninvasive imaging modalities. Peripheral vascular
disease was regarded to be present when carotid, aortic, or other
peripheral vascular disease were being treated or scheduled for
surgical or endovascular interventions,

Elderly patients were defined as those patients =75 years of age.
Left ventricular ejection fraction (LVEF) was measured either by
contrast left ventriculography or echocardiography. Patients with
LVEF =40% were regarded as having left ventricular dysfunction.
Chronic kidney disease was regarded as present when creatinine
clearance estimated by Cockcloft-Gould formula was less than 60
mL/min. Anemia was defined as blood hemoglobin level less than
12 g/dL.

An independent clinical events commitiee adjudicated events.
Death was regarded as cardiovascular in origin unless obvious
noncardiovascular causes could be identified. Any death during the
index hospitalization was regarded as cardiovascular death. Myocar-
dial infarction was adjudicated according to the definition in the
Arterial Revascularization Therapy Study.! Within | week of the
index procedure, only Q-wave myocardial infarction was adjudicated
as myocardial infarction. Stroke at follow-up was defined as symp-
tomatic stroke.

Statistical Analyses

After the descriptive statistics, we used Kaplan-Meier estimates to
plot the percentage of patients in each group who died for any
reason: data on patients who lost follow-up were censored. The
log-rank test was used to identify significant differences in unad-
justed survival rates. To determine the baseline risk factors for
mortality, we conducted Log-rank tests for the following 30 potential
variables: age. gender. body mass index, emergency procedure, prior
myocardial infarction, congestive heart failure, stroke, peripheral
arterial disease, atrial fibrillation, chronic obstructive pulmonary
disease, malignancy. hypertension, diabetes without insulin therapy.
diabetes with insulin therapy. hemodialysis. chronic kidney disease.
anemia, current smoker status, LVEF. total occlusion, proximal LAD
disease. triple vessel disease, and use of medications such as statins,
aspirin, thienopyridines, angiotensin converting enzyme inhibitors,
angiotensin receptor blockers. beta blockers, calcium channel block-
ers. and nitrates. All continuous variables were dichotomized for
fitting proportional assumption according to the predetermined
clinical contexts. We plotted log (time) versus log [-log (survival)]
stratified by each significant risk factor and evaluated whether the
plotied lines were parallel.!” Those variables for which probability
values were less than 0.05 in univariate analyses and proportional

Coronary Artery Bypass Surgery Versus Stenting 5201

assumptions were generally fair were included in the multivariable
analysis. We developed multivariable Cox proportional hazard
models that controlled for significant risk factors while testing for
significant differences in long-term survival between the 2 groups of
patients undergoing CABG or PCI.

Analysis of treatment-related differences in long-term survival
was stratified whether or not the patients have 5 prespecified risk
factors, including triple vessel discase, diabetes, left ventricular
dysfunction. proximal LAD disease, and elderly. The same factors
used for analysis of the total cohort were incorporated in the
multivariable models for subgroup analyses.

All analyses were conducted by the 2 physicians (Takeshi Kimura
and Takeshi Morimoto) with the use of SAS software version 9.1
(SAS Institute Inc) and S-Plus version 7.0 (Insightful Corp) and all
reported probability values were 2-sided. The authors had full access
to the data and take responsibility for its integrity. All authors have
read and agreed to the manuscript as written.

Results

Baseline Characteristics

Baseline characteristics of the patients in the 2 groups are
shown in Table 2. The PCI group included more elderly
patients, particularly those =80 years of age. Although
malignancy was more often found in the PCI group, the
CABG group generally included more high-risk patients,
such as those with left ventricular dysfunction, heart failure,
prior myocardial infarction, diabetes, stroke, and anemia.
However, mean EuroSCORE values were similar between the
PCI and the CABG groups.

Regarding the complexity of coronary artery anatomy. the
CABG group included more complex patients. such as those
with triple-vessel disease, involvement of proximal LAD, and
total occlusion. Patients in the CABG group underwent more
complete revascularization as indicated by the number of
vessels revascularized.

In the PCI group, bare-metal stents were used in 85% of
patients. None of the patients received drug-eluting stents.
Directional and rotational coronary atherectomy was used in
2% and 7% of patients, respectively. In the CABG group,
internal mammary artery graft was used in 95% of patients.
Forty-three percent of CABG operations were performed
without cardiopulmonary bypass.

Medications such as statins, aspirin, thienopyridines. an-
giotlensin converting enzyme inhibitors. angiotensin receptor
blockers, beta blockers, and nitrates were more frequently
used in the PCI group than in the CABG group. Blood
pressure and HbAlc level were significantly higher in the
PCI group than in the CABG group.

Survival Outcome

Clinical follow-up were completed in 98% at 1 year, and 95%
at 2 years. The median follow-up interval was 1319 days in
the CABG group (interquartile range, 994 to 1642) and 1266
days in the PCI group (interquartile range, 933 to 1567).

In the total patient population. unadjusted survival out-
comes were not different between the CABG and PCI groups
(hazard ratio for death after PCI versus CABG [HR], 95%
confidence interval [CI]: 1.11 [0.93-1.32], P=0.26; Table 3).
Operative mortality in the CABG group evaluated at 30 days
was only 1.1% as compared with 0.8% in the PCI group. At
3 years, unadjusted survival rates were 91.7% and 89.6% in
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Table 2. Baseline Characteristics

PCl (n=3712) CABG (n=1708) P Value
Age, ¥ 68.1+9.9 (11-96) 66.9+9.4 (11-89) 0.0001
=75 years 27% 1% 0.0001
=80 years 12% 6% 0.0001
Female 30% 29% 017
Body mass index 23.8+33 23632 0.04
Ejection fraction 62.1=136 59.4+14.5 0.0001
<40% 8% 12% 0.0001
Heart failure 15% 25% 0.0001
Functional class 3/4 5% 6% 017
Prior myocardial infarction 26% 38% 0.0001
Atrial fibrillation 6% 5% 0.13
Diabetes 43% 48% 0.0002
Insulin treated 9% 14% 0.0001
Oral drug treated 20% 21% 0.24
HbA1¢C 7315 7.0+13 0.0002
Hypertension 73% 1% 01
Blood pressure
Systolic 138.4+22.2 131.1=19.9 0.0001
Diastolic 756133 714118 0.0001
Current smoker 28% 25% 0.04
Stroke 17% 23% 0.0001
Peripheral vascular disease 6% 8% 0.046
Chronic pulmonary disease 2% 2% 0.86
Malignancy 8% 6% 0.0048
Chronic kidney disease 42% 45% 0.049
Dialysis 4% 5% 0.13
Anemia 25% 35% 0.0001
Emergency procedure 5% 4% 01
EuroSCORE 37x24 3725 0.74
Triple vessel disease 38% 80% 0.0001
Proximal LAD disease 74% 94% 0.0001
Total occlusion 34% 53% 0.0001
Treatment of =2 Vessels 43% 95% 0.0001
No. of target vessels 1.5+0.6 26=05 0.0001
Medication at hospital discharge
Statins 33% 21% 0.0001
Aspirin 89% 81% 0.0001
Thienopyridines 76% 11% 0.0001
ACE-I 27% 12% 0.0001
ARB 16% 10% 0.0001
B-blockers 22% 10% 0.0001
Calcium channel blockers 60% 61% 0.56
Nitrates 72% 46% 0.0001

ACE-I indicates angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers.

the CABG and PCI groups. respectively (log rank P=0.26) EuroSCORE above median (CABG 87.5% versus 83.1%, log

(Figure 1). rank P=0.06).

Survival rates at 3 years were similar in patients with Euro By multivariable analysis, 14 independent predictors of
SCORE below or equal to median (3 points; CABG 96.1% all-cause mortality were identified, including age =75 years,
versus PCI 95.6%, log rank P=0.77). However, survival rates chronic kidney disease, hemodialysis, history of heart failure,
at 3 years tended to be better for CABG in patients with chronic obstructive lung disease, malignancy, anemia, periph-
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Table 3. Hazard Ratios for Death After PCl as Compared With That After CABG in Prespecified Subgroups

No. of Patients

(Event/Total) Hazard Ratio (95% ClI)
Interaction

CABG PCl Unadjusted P Adjusted P P Value
All patients 181/1708  423/3712 1.11 (0.93-1.32) 0.26 1.23 (0.99-1.53) 0.06
Triple vessel disease 153/1366  195/1412 1.29 (1.04-1.59) 0.02 1.09 (0.85-1.41) 0.5 0.7
Double vessels disease 28/342 228/2300 1.23 (0.83-1.83) 0.29 1.37 (0.89-2.12) 0.15
Diabetes 95/824 22711592 1.3 (1.02-1.65) 0.03 1.38 (1.02-1.86) 0.04 0.003
Nondiabetes 86/883 196/2117 0.96 (0.75-1.24) 0.77 1.09 (0.8-1.49) 0.6
Diabetes/Insulin 36/243 61/338 1.28 (0.85-1.94) 0.24 1.18 (0.7-2.0) 0.53 0.57
Diabetes/Noninsulin 59/581 166/1254 1.37 (1.01-1.85) 0.04 1.46 (1.0-2.14) 0.05
Diabetes/Triple vessel disease 83/693 108/667 1.44 (1.08-1.92) 0.01 1.14 (0.8-1.63) 0.46 0.41
Diabetes/Double vessel disease 12131 119/925 1.45 (0.8-2.62) 0.22 1.88 (0.95-3.74) 0.07
LVEF =40% 311195 60/273 1.56 (1.01-2.41) 0.046 1.94 (1.12-3.34) 0.02 0.054
LVEF =>40% 140/1430  286/3050 0.97 (0.8-1.19)0.8 1.16 (0.91-1.47) 0.24
Proximal LAD 173/1608  324//2729 1.14 (0.95-1.37) 0.17 1.21 (0.96-1.52) 0.11 0.8
No proximal LAD 8/100 99/983 1.3(0.63-2.67) 0.48 1.31 (0.58-2.95) 0.51
Age =75 65/367 222/1003 1.29 (0.98-1.7) 0.07 1.37 (0.98-1.92) 0.07 0.61
Age <75 116/1341 201/2709 0.88 (0.7-1.1)0.27 1.09 (0.82-1.46) 0.55

eral vascular disease, stroke, left ventricular dysfunction,
body mass index =25.0, diabetes with insulin, absence of
statin use, and use of angiotensin converting enzyme
inhibitors.

When treatment modalities (CABG/PCI) were incorpo-
rated into this multivariable model, survival outcomes tended
to be better after CABG (HR [95% CI]: 1.23 [0.99-1.53],
P=0.06; Table 3).

Survival outcomes were compared in the prespecified
high-risk subgroups. Even in high-risk patients, such as those
with diabetes or triple-vessel disease, PCI was frequently
chosen in this registry (66% and 51% of patients with

Log rank p=0.26

=
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|
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’ PCI
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Follow-up interval ( Days)
30Days 1Yr 2Yrs 3Yrs 4Yrs
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n 3712 3656 3472 3269 2360 1241
CABG 98.9% 96.1% 93.4% 91.7% 89.8%

n 1708 1672 1605 1519 1155 652

Figure 1. Unadjusted Kaplan-Meier survival curves among all
patients.
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diabetes and triple-vessel disease. respectively). CABG was
associated with significantly better unadjusted-survival out-
comes in patients with triple-vessel disease, diabetes, and left
ventricular dysfunction (Table 3). After adjustment for base-
line characteristics, the CABG group had significantly better
survival outcomes in patients with diabetes, but not in
patients with triple-vessel disease (Table 3).

Influence of Age on the Survival Outcome After
PCI and CABG

Because age is an important determinant in coronary revas-
cularization strategy choice. survival analyses were stratified
by age with a prespecified cut-off value of 75 years.

Survival outcomes favored CABG in patients =75 years of
age (adjusted HR [95% CI]: 1.37 [0.98-1.92], P=0.07), but
not in patients <<75 years of age (adjusted HR [95% CI]: 1.09
10.82-1.46], P=0.55) (Tables 3 and 4 and Figures 2 and 3).
The magnitudes of the differences in survival rates between
the CABG and PCI groups in patients =75 years of age were
greater in the high-risk subgroups of triple-vessel disease.
diabetes and left ventricular dysfunction (Table 4 and Figures
4 and 5).

In patients =75 years of age, unadjusted rates for all-cause
mortality at 3 years were 13.3% and 20.7% in the CABG and
PCI groups, respectively (log rank £=0.07). Rates of noncar-
diovascular and cardiovascular death tended to be higher in
the PCI group. This trend for excessive noncardiovascular
death rates in the PCI group was not observed in patients <75
years of age (Figures 2 and 3).

In patients <75 years of age, no differences between the 2
treatment modalities were apparent in either unadjusted or
adjusted survival outcomes in any of the high-risk subgroups
of triple-vessel disease, diabetes and left ventricular dysfunc-
tion (Table 4 and Figures 4 and 5).
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Table 4. Hazard Ratios for Death After PCl as Compared With That After CABG in Prespecified Subgroups

According to Age

No. of Patients
(Event/Total) Hazard Ratio (95% CI) )
Interaction
CABG PCI Unadjusted P Adjusted P P Value

A Age =75
Triple vessel disease 54/297 119/429 1.6 (1.16-2.21) 0.004 1.29(0.88-1.9)0.2 0.81
Double vessels disease 11770 103/574 1.22 (0.65-2.27) 0.54 1.32 (0.64-2.74) 0.46
Diabetes 27/153 109/383 1.73 (1.13-2.63) 0.01 1.85(1.1-3.12) 0.02 0.002
Nondiabetes 38/214 113/620 1.04 (0.72-1.5) 0.85 1.14(0.72-1.8) 0.59
Diabetes/insulin 6/32 23773 1.58 (0.64-3.88) 0.32 2.16 (0.78-6.01) 0.14 0.82
Diabetes/noninsulin 2112 86/310 1.73(1.07-2.79) 0.03 1.75(0.94-3.24) 0.08
Diabetes/triple vessel disease 24/130 591178 1.84 (1.15-2.96) 0.01 1.36 (0.75-2.46) 0.31 0.18
Diabetes/double vessel disease 3/23 50/205 2.47(0.77-7.95)0.13 7.29 (1.45-36.6) 0.02
LVEF =40% 9/33 38/92 1.9(0.92-3.95) 0.08 2.94 (1.08-7.95) 0.03 0.23
LVEF =>40% 50/309 143/785 1.14 (0.82-1.57) 0.44 1.27 (0.87-1.85) 0.22
B. Age <75
Triple vessel disease 99/1069 76/983 0.86 (0.64-1.16) 0.33 0.92 (0.64-1.32) 0.65 0.27
Double vessels disease 171272 12511726 1.17(0.7-1.94) 0.55 1.37 (0.79-2.37) 0.26
Diabetes 68/671 118/1209  1.00(0.74-1.34)0.99 1.21(0.83-1.78) 0.33 0.26
Nondiabetes 48/669 83/1497  0.79(0.55-1.12)0.18 0.99 (0.64-1.54) 0.97
Diabetes/insulin 3021 38/265 1.06 (0.66-1.72) 0.8 0.89 (0.46-1.72) 0.73 0.56
Diabetes/noninsulin 38/460 80/944 1.07 (0.73-1.59) 0.73 1.36 (0.82-2.24) 0.23
Diabetes/triple vessel disease 59/563 49/489 1.02(0.7-1.48) 0.94 0.98 (0.61-1.59) 0.95 0.45
Diabetes/double vessel disease 9108 69/720 1.11(0.55-2.22) 0.78 1.44 (0.65-3.2) 0.37
LVEF =40% 221162 221181 0.95 (0.52-1.71) 0.86 1.26 (0.58-2.73) 0.56 0.34
LVEF >40% 9021 143/2265 0.8 (0.62-1.04) 01 1.08 (0.79-1.48) 0.61

Other Cardiovascular End Points

Event-free rates from other cardiovascular end points are
shown in Figure 6. The rate of freedom from myocardial
infarction was significantly higher after CABG as compared
with that after PCIL. The incidences of myocardial infarction
were similar at 30 days in the 2 groups. The 2 event-free

curves for myocardial infarction diverged between 30 days
and 1 year (incidences of myocardial infarction: 0.3% and
1.6% in the CABG and PCI groups, respectively). On the
other hand. the incidences of myocardial infarction between 1
year and 3 years were similar in both groups (1.4% and 1.5%
in the CABG and PCI groups. respectively).

All-cause Death Cardiovascular Death Non-cardiovascular Death
03 0.3 0.3
g 025 Log rank p=0.07 £0-257 e PLY 2 0.257 e IRCH
< po— = seonsamenc
g 0.2 - £ 0.2 CABG £ 0.2- CABG
= = =
@ A "50.15+ = 20.154
£o1s P _ﬁ_‘_l Eo 5 Logrankp—O.Zf)su Jp— H Log rank p=0.13
0.1 i 0.1 i 0.1+ e
-~ re | e
L 005 e 0.05- r
e — CABG Pt e
U T T i L T o ¥ T T T T 0 ¥ T T e T T
0 365 730 1095 1460 0 365 730 1095 1460 0 365 730 1095 1460
Follow-up interval ( Days) Follow-up interval ( Days) Follow-up interval ( Days)
30Davs 1Yr 2Yrs 3Yrs 4Yrs 30Days 1Yr 2Y¥Yrs 3Yrs 4Y¥rs 30Days 1Yr 2Yrs 3Yrs 4Y¥rs
PCI L%  9.0% 154% 20.7% 22.7% PCI 1.8% 63% 10.1% 12.8% 143%  PCI 0.0% 2.9% 59% 9.1% 9.9%
n 1003 9;‘,., Hé—i é(is ~17'5 ,;'l n 1003 977 894 806 575 281 n 1003 977 894 R06 575 281
— ; y CABG 22% 56% 82% 9.0% 9.9%  CABG 00% 3.5% 44% 4.7% 6.3%
CAB 22% 88% 122% 13.3% 15.5% 3
n(' W 5% Bk W 58 n 367 357 328 301 222 123 n 367 357 328 301 222 123

Figure 2. Cumulative incidence of all-cause death, cardiovascular death, and noncardiovascular death among patients with age =75.
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Figure 3. Cumulative incidence of all-cause death, cardiovascular death, and noncardiovascular death among patients with age <75.

The rates of freedom from stroke were significantly higher
after PCI versus CABG, a difference driven by a relatively
higher rate of periprocedural stroke in the CABG group
(1.8% and 0.2% in the CABG and PCI groups. respectively,
at 30 days).

The rates of freedom from death, myocardial infarction,
and stroke were similar between the 2 groups (87.8% and
86.8% in the CABG and PCI groups, respectively, at 3 years,
log rank P=0.63).

The rate of freedom {rom any revascularization procedures
was strikingly lower in the PCI group. At 3 years, only 51.7%
of patients in the PCI group were free from any revascular-
ization procedures as compared with 90.2% of patients in the
CABG group. The rates of target-lesion revascularization in
the PCI group were 33.4%. 35.9% and 37% at 1, 2, and 3
years, respectively. The rate of crossover to CABG in the PCI
group was 7.2% at 3 years.

Discussion

The discrepancy in outcomes between randomized con-
trolled trials and registries comparing PC1 with CABG is
commonly ascribed to usual enrollment in the former of
very selected low-risk patients with multi vessel coronary
artery disease who are suitable for PCI, a feature that limits
the ability to generalize conclusions to many high-risk
patient categories in real-world clinical practice.

Our current analysis of CREDO-Kyoto registry data
demonstrated both similar and discrepant results to those
of other large-scale registries.® Although we also ob-
served trends for better survival outcomes after CABG
among overall and diabetic patient populations, in contrast
to prior registries, adjusted survival outcomes were not
significantly different in patients with triple-vessel dis-
ease. Differences in the practice pattern might be related to
this discrepancy. Only 14% and 10% of patients with triple
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0.6 L T T " T 0.6 S s T T ple vessel disease.
Q 365 730 1095 1460 0 365 730 1095 1460
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Follow-up interval ( Days) . d
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vessel disease were treated by PCI in the New York’'s
cardiac registries and the Northern New England registry.
respectively. an observation that is consistent with current
guidelines that generally recommend CABG in patients
with triple-vessel disease.!''? However, when CABG is
the preferred treatment choice for triple-vessel disease
patients, it is possible that the proportion of patients who
have comorbidities that preclude choice of CABG would
increase in the PCI group. Therefore, the practice pattern
in Japan, which is reflected by the choice in the CREDO-
Kyoto registry of PCI in 51% of patients with triple-vessel
disease, may provide a more appropriate environment to
compare PCI with CABG in this subgroup.

Age is an important determinant when considering the
choice between CABG and PCI. We observed better
survival rate in the CABG group in patients =75 years of
age, especially in the high risk subgroups such as triple
vessel disease and diabetes. Excellent outcome could be
achieved by contemporary CABG even in elderly patients.
Complex coronary anatomy in elderly patients might be
more adequately managed by CABG. However, one could
argue this result could be attributable to patient selection
bias. Consistent with the latter argument, although better
survival after CABG in elderly patients was also reported
in the APPROACH registry,'? the AWESOME randomized
trial demonstrated similar survival outcomes in patients
=70 years of age.' In real-world clinical practice, it is
likely that elderly patients with significant comorbidities
tend to be more often referred for PCI because of its less
invasive nature. The trend for excessive noncardiovascular
mortality observed among elderly patients who underwent
PCI in this study is suggestive of patient selection bias.
This trend for excessive noncardiovascular mortality in the
PCI group was not seen in patients <75 years of age.
Considering the potential presence of profound patient
selection bias in the elderly population, it would be
appropriate to exclude elderly patients when attempting
observational comparisons between CABG and PCI. In the

current analyses, unadjusted and adjusted survival rates of
CABG and PCI were not different in any of the anatomic
and clinical subgroups when elderly patients were ex-
cluded from analyses.

In this study. diabetes did not influence survival among
nonelderly patients with triple vessel disease, which is an
important difference with current guideline and prior
studies.®911.12 This finding might relate to the character-
istics of patients with diabetes in our population. Only a
quarter of the diabetic patients in this study were insulin-
treated diabetes. However, we could not find out any
difference in terms of relative survival outcome for CABG
as compared with PCI between diabetic patients with or
without insulin use.

Another important issue regarding comparisons between
CABG and PCI using observational study data are the fact
that patients undergoing CABG are more likely to be
subjected to extensive scrutiny for comorbidities. Under-
estimation of comorbidities in the PCI group could lead to
results favoring CABG when multivariable analysis is
performed to adjust for confounding factors.

Long-term follow-up studies to compare revasculariza-
tion strategies have the inherent limitation that rapid
technical and technological improvements often render the
tested strategies obsolete by the time results are available.
Although in the current study surgical practices and
outcome rates (at least one internal mammary graft in 95%
of patients, 43% off-pump procedures, and a 30-day
survival rate of 98.8%) were comparable to contemporary
ones, contemporary PCI procedures have already shifted
from bare-metal to drug-eluting stenting with variable
penetration rates. The striking efficacy of drug-eluting
stents in preventing both clinical and angiographic reste-
nosis!*! has led to a rapid expansion of PCI use particu-
larly for patients with complex multivessel disease; how-
ever, improvement of survival has not yet been reported
with use of drug-eluting stents.'” In the ARTS-2 study,
survival rates at 3 years were not significantly different
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Figure 6. Unadjusted event-free survival curves for myocardial infarction (panel A), stroke (panel B), cardiovascular death/myocardial
infarction/stroke (panel C), and any coronary revascularization procedure (panel D).

among the 3 groups of ARTS-2. ARTS-1 CABG. and
ARTS-1 PCI, initial advantage with sirolimus-eluting stent
appeared 1o be diminished at 3 years of follow-up (Serruys
PW, MD, unpublished data, 2007). Furthermore, the
pooled analysis of the pivotal randomized trials of the
sirolimus-eluting stents suggested excessive mortality in
diabetic patients treated with the sirolimus-eluting stents
as compared with those treated with bare-metal stents.'®
These observations underscore the need for longer-term
follow-up of patients with multivessel coronary artery
disease treated with drug-eluting stents. When we expand
the indications of PCI to more complex subsets of patients
by using drug-eluting stents, we should at least confirm
that PCI in high risk patients using bare metal stents did
not impair the long-term survival as compared with
CABG.

Results regarding cardiovascular endpoints other than
mortality also deserve some discussion. Although inci-
dences of myocardial infarction were clearly lower alter
CABG versus PCI, the excess of myocardial infarction in
the PCI group was only seen within 1 year after the index
procedure. Besides progression of new lesions, abrupt
closure, stent thrombosis and restenosis are among the
mechanisms of myocardial infarction in this particular
time period. Myocardial infarction secondary to these
causes might be largely preventable by future development
of better drug-eluting stents and improved use and avail-
ability of existing and novel adjunctive pharmacology. It is
noteworthy that the incidences of myocardial infarction
beyond one year were similar in both groups, although
this observation needs confirmation with longer-term
follow-up.
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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 attrib-
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 PCIL.2¢

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.
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