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Sex-Based Differences in Clinical Practice and Outcomes
for Japanese Patients With Acute Myocardial Infarction
Undergoing Primary Percutaneous Coronary Intervention
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Background: Limited data are available for sex-based differences in Japanese patients with acute myocardial in-
farction (AMI) undergoing primary percutaneous coronary intervention (PClI).

Methods and Results: The study patients comprised 1,197 women and 3,182 men who underwent primary PCI
for AMI in 2005-2007. Compared with the men, the women were significantly older, and had significantly longer
onset-to-balloon time and lower rate of follow-up coronary angiography. In-hospital mortality was higher among
women than men (8.7% vs. 4.9%, P<0.001). Although the cumulative incidence of all-cause death at 3 years was
also higher for women (17.7% vs. 10.7%, P<0.001), the adjusted risk for all-cause death was comparable [hazard
ratio (HR, women vs. men)=0.94, 95% confidence interval (Cl): 0.71-1.24, P=0.66]. The incidence (12.1% vs.
12.4%, P=0.77) and the adjusted risk (HR=0.99, 95% CI 0.78-1.24, P=0.92) for any clinically-driven coronary revas-
cularization were both comparable. However, regarding any non-clinically-driven coronary revascularization, the
incidence (19.6% vs. 27.8%, P<0.001) and the adjusted risk (HR=0.79, 95% Cl 0.65-0.95, P=0.012) were both lower
in women relative to men.

Conclusions: In current Japanese clinical practice for AMI, onset-to-balloon time was significantly longer in women
than in men. Female sex was associated with lower follow-up coronary angiography rate and lower incidence of any
non-clinically-driven coronary revascularization, whereas the incidence of any clinically-driven coronary revascular-
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ization was comparable between the sexes.

(Circ J 2013; 77: 1508—-1517)
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plications have been demonstrated in female relative
to male patients with acute myocardial infarction
(AMI). However, there remains controversy with respect to
sex differences in adjusted clinical outcomes.' The inconsis-
tency in unadjusted and adjusted results of comparisons of

H igher unadjusted risks for mortality and major com-

clinical outcome between women and men has been often as-
cribed to women’s older age, accumulated comorbidities, and
less frequent application of evidence-based treatments. How-
ever, there are a few studies suggesting that female sex is an
independent predictor of better long-term survival after coro-
nary revascularization.57 In addition, because the low rate of

Received September 24, 2012; revised manuscript received December 21, 2012; accepted January 22, 2013; released online March 5,

2013 Time for primary review: 16 days

Department of Cardiovascular Medicine, Kobe City Medical Center General Hospital, Kobe (T. Toyota, Y.F., N.E., SK.,, A.Y.,, MK,
T. Kitai, K. Kim, T. Tani, A K., T. Kita); Center for General Internal Medicine and Emergency Care, Kinki University School of Medi-
cine, Osaka-Sayama (T.M.); Division of Cardiology, Tenri Hospital, Tenri (Y.N.); Division of Cardiology, Kurashiki Central Hospital,
Kurashiki (K. Kadota); Division of Cardiology, Kokura Memorial Hospital, Kitakyushu (M.L); and Department of Cardiovascular
Medicine (S.F., H.S., T. Kimura), Department of Cardiovascular Surgery (R.S.), Kyoto University Graduate School of Medicine, Kyoto,

Japan

Investigators in the Coronary REvascularization Demonstrating Outcome study in Kyoto (CREDO-Kyoto) percutaneous coronary interven-
tion (PCI)/coronary artery bypass grafting (CABG) registry cohort-2 are listed in Appendix S1,S2.
Mailing address: Yutaka Furukawa, MD, Department of Cardiovascular Medicine, Kobe City Medical Center General Hospital, 2-1-1

Minatojima-minamimachi, Chuo-ku, Kobe 650-0047, Japan.
ISSN-1346-9843  doi:10.1253/circj.CJ-12-1161

E-mail: furukawa@kcho.jp

All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: ¢j@j-circ.or.jp

Circulation Journal Vol.77, June 2013



AMI in Japanese Women

1509

restenosis achieved with drug-eluting stents (DES) has enabled
percutaneous coronary intervention (PCI) for lesions with small-
er reference diameters, female patients benefit more from DES
implantation, partly because of their smaller coronary artery
diameters than in male patients.®® Other factors that could
cause sex-based differences in outcome include differences in
prehospital case fatality,™ access to emergency care and un-
awareness among women of the importance of secondary
prevention for coronary artery diseases (CADs).!11?

The purpose of this study was to clarify sex-based differ-
ences in risk factor profiles, treatments and outcomes among
Japanese patients with AMI undergoing primary PCI in the
DES era.

Methods

Study Subjects

The Coronary REvascularization Demonstrating Outcome study
in Kyoto (CREDO-Kyoto) percutaneous coronary interven-
tion (PCI)/coronary artery bypass grafting (CABG) registry
cohort-2 is a physician-initiated, non-company sponsored mul-
ticenter registry that enrolled patients from 26 centers in Japan
during January 2005 to December 2007 after the approval of
sirolimus-eluting stents.'® The relevant review boards or ethics
committees in all 26 participating centers (Appendix SI) ap-
proved the research protocol. Because of the retrospective
enrollment, written informed consent from the patients was
waived, although we excluded those patients who refused
participation in the study when contacted for follow-up. This
strategy is in accordance with the guidelines for epidemio-
logical studies issued by the Ministry of Health, Labor and
Welfare of Japan.

During the 3 years of the enrollment, 5,486 patients with
AMI were enrolled. After excluding 57 patients who refused
study participation, and patients with malignant disease or prior
PCI/CABG, and those treated with CABG, 4,379 patients were
analyzed in the current study. Baseline characteristics, comor-
bidity, treatments, and in-hospital as well as long-term out-
come measures including death, cardiovascular death, MI,
stroke and any coronary revascularization procedures were
compared between women and men.

Data Collection, Definitions and Follow-up

Clinical and analytical data for the study subjects were col-
lected from hospital charts or databases in each center by in-
dependent clinical research coordinators (Appendix S2). The
baseline data for the patients included: age, sex, smoking habit,
body mass index, systolic blood pressure on admission, heart
rate on admission, and comorbidities such as hypertension,
diabetes mellitus, dyslipidemia (low-density lipoprotein-cho-
lesterol [LDL-C] 2140 mg/dl, triglycerides [TGs] 2150 mg/d],
high-density lipoprotein-cholesterol [HDL-C] <40mg/dl),
chronic kidney disease, high white blood cell (WBC) count
(>11x10°L),* anemia (blood hemoglobin level <11 g/dl), hy-
perglycemia on admission (blood glucose level >198 mg/dl),'s
peripheral arterial disease (PAD: patient being treated for ca-
rotid, aortic and/or other peripheral vascular diseases or sched-
uled for interventions), atrial fibrillation (AF), history of heart
failure (HF), prior ML, prior cerebrovascular accident, Throm-
bolysis In Myocardial Infarction (TIMI) flow grade at initial
coronary angiography (CAG), and whether the index PCI was
successful or not. Diabetes was diagnosed by each physician,
based on the diagnosis and classification of diabetes mellitus
of the expert committee.'s Estimated glomerular filtration rate
(eGFR) was calculated by the Modification of Diet in Renal

Disease formula modified for Japanese patients,!” and chronic
kidney disease was defined as an eGFR <30ml-min-'-1.73m2.
The initial perfusion status of the infarct-related artery was
assessed according to the TIMI study classification.'® Success-
ful PCI was defined as procedural success for the culprit lesion
determined by the physician without slow flow/no reflow phe-
nomenon in the infarct-related artery, equivalent to final TIMI
flow grade 3. The patients were followed up with respect to
mortality for a median of 3.0 years. All deaths were confirmed
by medical records or telephone interviews with the patients’
families, and death was regarded as being cardiovascular in
origin unless obvious non-cardiovascular causes were identi-
fied. MI was defined according to the Arterial Revasculariza-
tion Therapy Study.'” In the present study, major adverse
cardiovascular events (MACE) were defined as a composite
of cardiovascular death, MI and stroke. Bleeding events were
evaluated with respect to intracranial bleeding, severe bleed-
ing as defined by Global Utilization of Streptokinase and Tis-
sue Plasminogen Activator for Occluded Coronary Arteries
(GUSTO) classification, and gastrointestinal bleeding.?® CAG
was not performed routinely, but left to the discretion of the
attending physician. In the current analysis, follow-up CAG
includes both scheduled follow-up CAG and unscheduled clin-
ically-driven CAG. Any coronary revascularization included
any PCI or CABG performed during follow-up. In this regis-
try, clinically-driven coronary revascularizations were distin-
guished from non-clinically-driven revascularizations. Any
clinically-driven coronary revascularizations were defined by
the existence of at least one of the following: angina symp-
toms (chest pain at rest, AMI, unstable angina pectoris, and
stable effort angina) or objective ischemia shown by a stress
test.

Statistical Analysis

Continuous variables are expressed as the meanzstandard
deviation, except for the time from symptom onset to admis-
sion, onset-to-balloon time, door-to-balloon time, and highest
creatinine phosphokinase, expressed as the median (interquar-
tile range). Differences in the baseline clinical characteristics
and treatments between women and men were evaluated by
Pearson chi-square test for categorical variables and Student’s
t-test for continuous variables. Cumulative incidences were
estimated by the Kaplan-Meier method and differences be-
tween women and men were examined by log-rank test. A
Cox proportional hazards model was used to estimate hazard
ratios (HR) of sex, adjusting for baseline differences. We
listed the following 46 clinically relevant factors as potential
independent risk-adjusting variables for clinical outcomes: age
275 years; sex; body mass index >25kg/m?; hypertension;
diabetes on insulin therapy; LDL-C 2140 mg/dl; TG =150 mg/dl;
HDL-C <40mg/dl; current smoking; prior MI; prior stroke;
history of HF; mitral regurgitation >grade 3; AF; dialysis;
eGFR <30ml-min-!-1.73 m2, not on dialysis; anemia; WBC
count >11x10°/L; platelets <100x10°/L; blood glucose level
>198 mg/dl; chronic obstructive pulmonary disease; liver cir-
rhosis; PAD; highest creatinine phosphokinase =3,0001U/L;
cardiogenic shock at presentation; multivessel CAD; target of
left main coronary artery (LMCA); target of proximal left
anterior descending artery; target of chronic total occlusion;
target of bifurcation; TIMI flow grade 0 at initial CAG; suc-
cessful PCT; total stent length =28 mm; minimal stent diameter
<3.0mm; DES use; aspirin; cilostazol; statins; angiotensin-
converting enzyme inhibitors (ACEI)/angiotensin II receptor
blockers (ARB); -adrenergic blockers; calcium-channel block-
ers; nitrates; nicorandil; warfarin; proton-pump inhibitors; and
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No. of patients
Age (years=SD)
Age 275 years (%)
BMI (mean+SD)
BMI =25 kg/m2 (%)
SBP on admission (mmHg)
Heart rate on admission (beats/min)
Hypertension (%)
Diabetes (%)
Oral hypoglycemic medication
Insulin use
No medical treatment
LDL-C 2140mg/di (%)
Triglyceride 2150 mg/d! (%)
HDL-C <40mg/d! (%)
Current smoking (%)
LVEF (mean=SD)
<40% (%)
Prior Ml (%)
Prior stroke (%)
Heart failure (%)
Mitral regurgitation 23 (%)
Atrial fibrillation (%)
Dialysis (%)
eGFR <30ml-min~'-1.73m2, not on dialysis (%)
White blood cell count (mean+SD)
>11x109L (%)
Anemia (hemoglobin <11 g/dl) (%)
Platelets <100x109/L (%)
Blood glucose level (mean+SD)
>198mg/dl (%)
Chronic obstructive pulmonary disease (%)
Liver cirrhosis (%)
Peripheral arterial disease (%)
Time from symptom onset to admission (h)*
Medications before admission (%)
Aspirin
Thienopyridine
Ticlopidine
Clopidogrel
Cilostazol
Statins
Antihypertensive drugs

Women Men P value
1,197 3,182
74.1+10.9 64.5+11.7 <0.001
624 (52.1) 670 (21.1) <0.001
22.9+3.7 23.9+3.4 <0.001
285 (23.8) 993 (31.2) <0.001
134.5+31.7 135.4+29.6 0.38
77.6+20.4 77.7£21.7 0.91
966 (81.0) 2,442 (76.7) 0.005
380 (31.8) 1,046 (32.9) 0.48
237 (19.8) 619 (19.5) 0.80
56 (4.7) 129 (4.1) 0.36
104 (8.7) 341 (10.7) 0.048
272 (27.9) 643 (24.9) 0.068
138 (13.1) - 578 (20.7) <0.001
240 (23.7) 1,012 (37.1) <0.001
175 (14.6) 1,652 (51.9) <0.001
54.6+13.4 53.1x12.5 0.003
153 (16.8) 384 (15.5) 0.36
28 (2.3) 106 (3.3) 0.089
128 (10.7) 270 (8.5) 0.024
44 (3.7) 36 (1.1) <0.001
59 (4.9) 65 (2.0) <0.001
138 (11.5) 261 (8.2) <0.001
22 (1.8) 39 (1.2) 0.12
84 (7.0) 98 (3.1) <0.001
9,493+3,480 10,562+3,682 <0.001
288 (24.8) 1,188 (38.0) <0.001
232 (19.4) 166 (5.2) <0.001
19 (1.6) 52 (1.6) 0.91
182.4+88.4 176.7+88.9 0.059
341 (29.1) 824 (26.4) 0.077
51 (4.3) 90 (2.8) 0.017
25 (2.1) 64 (2.0) 0.87
30 (2.5) 95 (3.0) 0.40
4.0 (1.8-11.4) 3.0 (1.4-9.2) 0.016
161 (13.5) 402 (12.6) 0.47
69 (5.8) 201 (6.3) 0.50
60 (87.0) 187 (93.0) 0.12
9 (13.0) 14 (7.0) 0.12
12 (1.0) 29 (0.9) 0.78
220 (18.4) 361 (11.4) <0.001
669 (69.3) 1,274 (52.2) <0.001

*Data are median (interquartile range).

AMI, acute myocardial infarction; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein-cholesterol;
LDL-C, low-density lipoprotein-cholesterol; LVEF, Left ventricular ejection fraction; MI, myocardial infarction; SD,

standard deviation; SBP, systolic blood pressure.

H2 blockers. We then selected risk-adjusting variables that
showed univariate P-values <0.05 as those to include simulta-
neously in each multivariate model. The continuous variables
were dichotomized by clinically meaningful reference values.
All analyses were conducted using JMP version 5 (SAS Institute
Inc, Cary, NC, USA). All reported P-values are 2-sided and
P<0.05 was considered to indicate statistical significance.

Results

Baseline Characteristics

The baseline clinical characteristics of the women and men are
listed in Table 1. The women were approximately 10 years
older than the men, and 52% of the female patients as com-
pared with 21% of the men were =75 years of age. Compared
with the men, the women more frequently had hypertension,
eGFR <30ml-min-'-1.73 m*? and not on dialysis, prior stroke,
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Onset-to-balloon time (h)*
>180min (%)
Door-to-balloon time (h)*
>90min (%)
Highest creatinine phosphokinase (1U/L)*
>3,0001U/L (%)
Killip class 23 (%)
Cardiogenic shock at presentation (%)
Cardiopulmonary arrest at presentation (%)
Use of intra-aortic balloon counter pulsation (%)
Use of percutaneous cardiopulmonary support (%)
Infarcted region (%)
Anterior wall
Inferior wall
Lateral wall
. Posterior wall
TIMI flow grade 0 at initial CAG (%)
Successful PCI (%)
Major complications (%)
Severe arrhythmia
Ventricular tachycardia
Ventricular fibrillation
Complete atrioventricular block
Other arrhythmia
Right ventricular infarction
Cardiac tamponade
Cardiac rupture
Mitral regurgitation grade =3
Ventricular septal perforation

Women Men P value
6.1 (3.5-15.4) 4.9 (3.1-12.6) 0.030
860 (81.5) 2,159 (75.8) <0.001
1.7 (1.1-2.8) 1.7 (1.1-2.5) 0.80
579 (55.9) 1,503 (53.9) 0.27
1,531 (695-3,173) 2,230 (999-4,212) <0.001
311 (26.3) 1,196 (38.0) <0.001
230 (19.2) 464 (14.6) <0.001
197 (16.5) 410 (12.9) 0.002
29 (2.4) 108 (3.4) 0.100
161 (13.5) 495 (15.6) 0.082
24 (2.0) 95 (3.0) 0.075
537 (44.9) 1,503 (47.2) 0.26
453 (37.8) 1,138 (35.8)
57 (4.8) 123 (3.9)
150 (12.5) 418 (13.1)

666 (55.6) 1,790 (56.3) 0.71
1,054 (88.1) 2,862 (89.9) 0.070
189 (15.8) 567 (17.8) 0.11
93 (7.8) 317 (10.0) 0.026
55 (4.6) 200 (6.3) 0.033
65 (5.4) 163 (5.1) 0.68
15 (1.3) 26 (0.8) 0.18
24 (2.0) 53 (1.7) 0.45
14 (1.2) 14 (0.44) 0.007
20 (1.7) 7(0.22) <0.001
8 (0.67) 11 (0.35) 0.15
5(0.42) 1(0.03) 0.002

*Data are median (interquartile range).

AMI, acute myocardial infarction; CAG, coronary angiography; PCI, percutaneous coronary intervention; TIMI,

Thrombolysis In Myocardial Infarction.

history of HF, AF, and anemia, whereas higher prevalences of
body mass index >25kg/m?, untreated diabetes, TG =2150mg/d],
HDL-C <40mg/dl, current smoking status and WBC count
>11x10%L were seen in the men. There were no significant
differences in the prevalences of diabetes, diabetes on insulin
therapy, diabetes on oral hypoglycemic medication, LDL-C
>140mg/dl, prior MI, hemodialysis, and PAD between the
women and men. The time from symptom onset to admission
was significantly longer in the women than in the men.

Characteristics of Index MI

The characteristics of the index MI are shown in Table 2. The
median time from the onset of MI to balloon was significantly
longer in the women than in the men (6.1 vs. 4.9h), but the
door-to-balloon time was comparable. Distribution of infarct
location was comparable between the sexes, although the men
had larger infarcts estimated by highest creatinine phospho-
kinase level: median highest creatinine phosphokinase was
1,531 IU/L for the women and 2,2301U/L for the men. The
female patients were more likely to be in a higher Killip class
at admission, and had a higher prevalence of cardiogenic
shock than the male patients. However, frequency of the use
of intra-aortic balloon pumping or percutaneous cardiopulmo-
nary support device was not different by sex. The rates of
patients with TIMI flow grade O at initial CAG and those with

successful PCI were comparable between sexes. The severe
acute complications of AMI, such as cardiac tamponade, car-
diac rupture, and ventricular septal perforation, occurred more
frequently in the women than in the men, although the preva-
lence of ventricular tachycardia and ventricular fibrillation was
lower in the women. The prevalences of complete atrioven-
tricular block, right ventricular infarction, and severe mitral
regurgitation were comparable.

Lesion Characteristics and Treatments

Comparisons of the lesion characteristics and of treatments
during hospitalization between the women and men are shown
in Table 3. There were no significant differences in the rates
of multivessel disease, unprotected LMCA, and chronic total
occlusion between the women and men. Regarding the dis-
eased vessel, it was less commonly the proximal left anterior
descending artery in the women than in the men.

The rate of using a stent was lower in the women than in the
men (89.3% vs. 92.3%, P=0.002) and the difference arose from
the significantly lower rate of use of bare metal stents (BMS)
in the women than in the men (68.4% vs. 73.9%, P<0.001);
the rate of DES use was comparable between the women and
men. The success rate of stent implantation was very high in
both the women and the men, although the BMS implantation
success rate was slightly lower in the women than in the men

Circulation Journal Vol77, Juns 2013
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Lesion characteristics (%)
Multivessel disease
Unprotected left main coronary artery
Chronic total occlusion
Revascularization procedures (%)
Target of left anterior descending artery
Target of left main coronary artery
Target of proximal left anterior descending artery
Target of chronic total occlusion
Target of bifurcation
Stent use
BMS (%)
BMS only
DES
SES only
Stent deployment success (%)
BMS
SES
Side-branch stenting (%)
No. of implanted stents (mean+SD)
Total stent length (mm; mean+SD)
>28mm (%)
Minimal stent diameter (mm; mean+SD)
<3.0mm (%)
Medications at discharge (%)
Aspirin
Thienopyridine
Ticlopidine
Clopidogrel
Other thienopyridine
Cilostazol
Statins
ACEI/ARB
B-adrenergic blocker
Calcium-channel blocker
Nitrates
Nicorandil
Warfarin
Proton-pump inhibitor
H2 blocker
Follow-up CAG (%)

Women Men P value
615 (51.4) 1,609 (50.6) 0.63
48 (4.0) 143 (4.5) 0.48
113 (9.4) 347 (10.9) 0.16
669 (55.9) 1,852 (58.2) 0.17
32 (2.7) 122 (3.8) 0.063
622 (52.0) 1,761 (565.3) 0.045
28 (2.3) 128 (4.0) 0.007
317 (26.5) 871 (27.4) 0.56
1,069 (89.3) 2,936 (92.8) 0.002
819 (68.4) 2,350 (73.9) <0.001
691 (64.9) 1,980 (67.5) 0.13
374 (35.1) 955 (32.5) 0.13
223 (24.4) 540 (21.4) 0.064
1,065 (99.6) 2,935 (100) 0.01
815 (99.5) 2,348 (99.9) 0.022
339 (99.7) 887 (99.9) 0.48
37 (3.1) 105 (3.3) 0.73
1.73+0.03 1.72+0.02 0.81
35.4+0.47 36.1x0.79 0.46
457 (42.9) 1,289 (43.9) 0.57
2.91+0.01 3.04+0.008 <0.001
465 (43.7) 945 (32.2) <0.001
1,175 (98.2) 3,142 (98.7) 0.15
1,127 (94.2) 3,063 (96.3) 0.002
1,016 (90.2) 2,798 (91.4) 0.42
109 (9.7) 262 (8.6) 0.42
2(0.18) 3(0.1) 0.42
383 (32.0) 1,131 (35.5) 0.029
624 (52.1) 1,724 (54.2) 0.23
830 (69.3) 2,321 (72.9) 0.018
416 (34.8) 1,334 (41.9) <0.001
265 (22.1) 615 (19.3) 0.039
376 (31.4) 909 (28.6) 0.065
294 (24.6) 915 (28.8) 0.006
121 (10.1) 319 (10.0) 0.93
441 (36.8) 1,058 (33.3) 0.026
373 (31.2) 1,075 (33.8) 0.10
689 (64.2) 2,364 (78.9) <0.001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin |l receptor blocker; BMS, bare metal stent; CAG,
coronary angiography; DES, drug-eluting stent; SES, sirolimus-eluting stent; SD, standard deviation.

(99.5% vs. 99.9%, P=0.022).

With respect to the medications at discharge, there were no
significant differences between the women and men in the
proportions of patients treated with aspirin (98.2% vs. 98.7%),
statins (52.1% vs. 54.2%), nitrates (31.4% vs. 28.6%), and
H2-blockers (31.2% vs. 33.8%). Cardioprotective drugs such
as ACEI/ARB (69.3% vs. 72.9%, P=0.018) and f-adrenergic
blockers (34.8% vs. 41.9%, P=0.001) were less frequently pre-
scribed to women than to men, while calcium-channel block-
ers (22.1% vs. 19.3%, P=0.039) and proton-pump inhibitors
(36.8% vs. 33.3%, P=0.026) were more frequently prescribed
to women.

The rate of follow-up CAG was significantly lower in the

Circulation Journal

women than in the men (64.2% vs. 78.9%, P<0.001).

In-Hospital Mortality and Long-Term Clinical Outcomes

The in-hospital mortality rate was significantly higher in the
women than in the men (8.7% vs. 4.9%, P<0.001) (Tabie 4).
At 3 years, female sex was associated with significantly high-
er unadjusted incidences of all-cause death (17.7% vs. 10.7%,
P<0.001), cardiovascular death (14.4% vs. 7.8%, P<0.001),
and MACE (21.0% vs. 13.9%, P<0.001) (Figure 1). Detailed
analyses of the causes of death revealed that female sex was
associated with higher unadjusted incidences of death by acute
coronary syndrome (9.7% vs. 5.2%, P<0.001) and non-cardiac
death (4.8% vs. 3.3%, P=0.019) relative to male sex. The in-
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In-hospital outcome (%)
All-cause death
MACE
Bleeding (%)
Intracranial bleeding
GUSTO severe
Gastrointestinal bleeding
Long-term outcome (%)
All-cause death
Cardiovascular death
Death by ACS
Non-cardiac death
Sudden death
MACE
Bleeding
"~ Intracranial bleeding
GUSTO severe
Gastrointestinal bleeding
Coronary revascularization
Any
TLR
Non-TLR
Clinibally-driven revascularization
Any
TLR
Non-TLR
Non-clinically-driven revascularization
Any
TLR
Non-TLR

Women Men P value
104 (8.7) 155 (4.9) <0.001
135 (11.3) 220 (6.9) <0.001

4(0.3) 5(0.2) 0.25

34 (2.8) 59 (1.9) 0.044

16 (1.3) 31 (1.0) 0.30
192 (17.7) 313(107) <0.001
159 (14.4) 238 (7.8) <0.001
113 (9.7) 163 (5.2) <0.001

41 (4.8) 82 (3.3) 0.019

8 (1.0) 33 (1.2) 0.22
233 (21.0) 414 (13.9) <0.001

18 (1.9) 26 (1.1) 0.11

51 (4.7) 1100 (3.6) 0.11

31 (3.1) 70 (2.5) 0.32
294 (29.3) 1,039 (36.7) <0.001
199 (19.7) 678 (23.6) 0.033
162 (16.8) 574 (20.9) 0.012
108 (12.1) 203 (12.4) 0.77

70(7.3) 196 (7.5) 0.79

59 (6.6) 157 (6.6) 0.77
186 (19.6) 746 (27.8) <0.001
129 (13.4) 482 (17.4) 0.006
103 (10.9) 417 (15.3) 0.001

MACE was defined as a composite of cardiovascular death, Ml and stroke.

ACS, acute coronary syndrome; AMI, acute myocardial infarction; GUSTO, Global Utilization of Streptokinase and
Tissue Plasminogen Activator for Occluded Coronary Arteries; MACE, major adverse cardiovascular events; PCl,
percutaneous coronary intervention; TLR, target lesion revascularization.

cidence of sudden death was comparable between the women
and the men (Table 4). The multivariate Cox proportional
hazards models indicated no significant differences between
women and men in the long-term adjusted risks of all-cause
death [HR 0.94; 95% confidence interval (CI) 0.71-1.24}, car-
diovascular death (HR 1.06; 95% CI 0.77-1.47), and MACE
(HR 1.06; 95% CI 0.83-1.34). The factors that showed a sig-
nificant effect on long-term all-cause mortality in our analyses
included age =75 years, LDL-C 2140 mg/dl, HDL-C <40 mg/dl,
AF, dialysis, eGFR <30ml-min~'-1.73 m? and not on dialy-
sis, WBC count >11x10%L, platelets <100x10°L, blood glu-
cose level >198 mg/dl, history of PAD, highest creatinine phos-
phokinase 23,000 TU/L, cardiogenic shock on admission, and
multivessel coronary disease (Table S1). The in-hospital inci-
dences of intracranial bleeding and gastrointestinal bleeding
were comparable between the women and the men; however,
GUSTO severe bleeding occurred more frequently in the women
(2.8% vs. 1.8%, P=0.044). The long-term incidences of intra-
cranial, gastrointestinal, and GUSTO severe bleeding at 3 years
were all comparable between the sexes (Table 4).

Coronary Revascularization During Follow-up
The incidence of any coronary revascularization was signifi-

cantly lower in the women than in the men (at 3 years: 29.3%
vs. 36.7%, log-rank P<0.001; Figure 2). There was no sig-
nificant difference in the incidence of any clinically-driven
coronary revascularization, and the difference in the incidence
of any coronary revascularization was derived from the differ-
ence in the incidence of any non-clinically-driven coronary
revascularization (at 3 years: 19.6% in the women vs. 27.8%
in the men, P<0.001). The significantly lower incidence of the
any non-clinically-driven coronary revascularization in the
women was seen both in the setting of target lesion revascu-
larization (TLR) (at 3 years: 13.4% vs. 17.4%, P=0.006) and
in non-TLR (at 3 years: 10.9% vs. 15.3%, P=0.001) (Table 4).

In a multivariate Cox proportional hazards model in all
patients, female sex was associated with significantly lower
incidence of any coronary revascularization (HR 0.83; 95% CI
0.72-0.96, P=0.010). Other factors that had a significant effect
on the incidence of any coronary revascularization were dialy-
sis, multivessel disease, target of unprotected LMCA, total
stent length >28 mm, and minimal stent diameter <3.0mm
(Table S2). Female sex also had significant effect on the inci-
dence of any non-clinically-driven coronary revascularization
(HR 0.79; 95% CI 0.65-0.95, P=0.012), although in the anal-
ysis of any clinically-driven coronary revascularization, the
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Figwre 1. Cumulative incidences of (A) all-cause death, (B)
cardiovascular death, and (€) major adverse cardiovascular
events (MACE) defined as a composite of cardiovascular
death, myocardial infarction and stroke were all significantly
higher in the women than in the men who underwent primary
percutaneous coronary intervention for acute myocardial in-
farction.

Figwre 2. Cumulative incidences of (A) any coronary revas-
cularization, (B) any clinically-driven coronary revasculariza-
tion and (€) any non-clinically-driven coronary revasculariza-
tion were all significantly lower in the women than in the men
who underwent primary percutaneous coronary intervention
for acute myocardial infarction.
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risks were similar between the women and men (Table §3).

Discussion

The main findings of the present study are as follows: (1)
coronary risk factor profiles differed between female and male
Japanese AMI patients undergoing primary PCI in the DES
era: the prevalence of older age, hypertension and chronic
kidney disease were significantly higher in the women, where-
as obesity, high TG and low HDL-C levels, and current smok-
ing were more prevalent in the men; (2) significant differ-
ences in patient treatment/management: the onset-to-balloon
time was longer and the incidence of non-clinically-driven
coronary revascularization was lower in women than in men;
(3) unadjusted incidences of all-cause death, cardiovascular
death, and MACE were all higher in the women, whereas these
outcome measures became comparable between the women
and the men after adjustment.

Differences in Baseline Characteristics Between Female
and Male Patients

In our previous study that analyzed the differences in risk fac-
tor profiles between female and male Japanese patients with
CAD, excluding AMI, the prevalences of diabetes and high
LDL-C level were significantly higher in the women than in
the men, whereas the prevalence of obesity was comparable.?!
However, in the present study of Japanese AMI patients, the
prevalence of obesity was significantly higher in the men
than in the women, and the prevalences of diabetes and high
LDL-C level were comparable. Because the prevalences of
obesity and metabolic syndrome are higher in young AMI
patients, particularly young male patients, than in stable CAD
patients, our study’s distinctive sex-based differences in the
risk factor profiles of AMI and stable CAD patients may be
concordant with the results of previous studies.!~?>%” Greater
difference in age between the two sexes among the AMI pa-
tients (approximately 10 years) than in the more stable CAD
patients (approximately 5 years) may partly account for this
observation.

Despite such differences in the risk factor profiles, no sig-
nificant differences were found between the two sexes in the
severity of CAD assessed as multivessel disease, unprotected
LMCA and chronic total occlusion.

Characteristics Related to Ml and Revascularization
Procedures, and In-Hospital Mortality

It is still uncertain how sex itself affects the in-hospital out-
come of AMI patients. As shown in this study, higher age and
higher prevalence of chronic kidney disease were frequently
found in the female AMI patients, which could be related to
higher in-hospital mortality. In the current study analyzing a
recent AMI cohort treated by primary PCI, in-hospital mortal-
ity was higher among the women than the men, which is in
accordance with a previous study showing higher in-hospital
mortality despite lower peak creatinine phosphokinase levels
in Japanese female patients with ST-elevation MI (STEMI).%
Thus, in-hospital mortality was still higher among the women
in a more recent cohort with more frequent use of cardiopro-
tective agents and higher success rate of PCI.2%-* Contrary to
this, including the current study, a population-based study of
201,114 people in Scotland showed that the 30-day case fatal-
ity rate was lower in women than in men, when deaths from
AMI that occur without hospital admission were taken into
consideration.'® Because the current study could not assess pre-
hospital information, our results should be carefully interpreted.

When the timing of revascularization therapy was compared,
onset-to-balloon time was significantly longer in the women
than in the men, whereas door-to-balloon time was compara-
ble between the sexes. Namely, there was a longer time from
onset to presentation at hospital for women. Several previous
reports have also demonstrated more frequent time delay to
treatment in female AMI patients relative to male. The possi-
ble reasons for this sex-related difference include a higher
prevalence of atypical symptoms in female AMI patients.?6-2%3¢
Although the time to primary PCI could be associated with the
incidence of in-hospital mortality, the relative importance of
onset-to-balloon time and of door-to-balloon time has not been
clarified.’*3?

Previous studies performed outside Japan have suggested
that less intensive treatment for women than for men might be
a possible explanation for the higher mortality rate among
female AMI patients.?*** However, in our study there were no
significant procedural differences between the women and
men in the treatment of AMI, such as in the numbers of stents
used. Thus, it is unlikely that procedural differences in the
index PCI resulted in the worse in-hospital outcomes in the
women.

Sex-Based Differences in Long-Term Qutcomes

Unadjusted survival analyses revealed significantly higher in-
cidences among the female AMI patients with respect to all-
cause death, cardiovascular death, and MACE during long-
term follow-up, which was in sharp contrast to our previous
observation in Japanese stable CAD patients suggesting com-
parable outcomes for these endpoints.?! After adjustment for
possible confounding factors, risks for mortality and MACE
became comparable between the female and male AMI pa-
tients after primary PCIL This is also a distinctive finding
compared with the result that the adjusted risk for mortality
was significantly lower among female than male Japanese
patients with stable CAD.?! The Kaplan-Meier curves indicate
sex-based differences in all-cause and cardiovascular deaths,
and in MACE, which derives from the higher rate of early
mortality among the women. Thus, poorer early outcomes for
women after AMI appear to account for the distinctive sex-
based differences in long-term outcome. There were also sev-
eral differences between the women and men that might have
also affected the long-term outcomes. Consistent with previ-
ous observations, evidence-based medications for patients
after MI such as ACEI/ARB and S-adrenergic blockers were
less frequently prescribed for female patients as compared
with male patients.'%12 The higher age of the women ana-
lyzed in the present study may have affected the prescribing
of ACEI/ARB and p-adrenergic blockers, but better evidence-
based medical treatment may be needed to improve the long-
term outcome for female AMI patients. The difference in the
timing of primary PCI might also affect the long-term out-
come according to sex. We have recently shown that shorter
onset-to-balloon time was associated with better long-term
clinical outcomes in Japanese patients with STEMI.* The sig-
nificantly longer onset-to-balloon time seen in female patients
could lead to deterioration in the outcome for female AMI
patients.

The risk for any coronary revascularization was lower in the
women than in the men, which was a consistent observation
with our previous study in stable CAD patients in the BMS
era.”! In the Kaplan-Meier analyses comparing any clinically-
driven and any non-clinically-driven coronary revasculariza-
tion, TLR and non-TLR between the sexes clearly showed that
the difference in the risk for any coronary revascularization
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was caused by the significantly lower incidences of both non-
clinically-driven TLR and non-clinically-driven non-TLR in
the women. The differences remained significant after adjust-
ment by Cox proportional hazards model. The significantly
lower rate of follow-up CAG in the women could account for
the lower incidence of non-clinically-driven coronary revas-
cularization based on the angiographic findings at follow-up
CAG. Indeed, the divergence in Kaplan-Meier curves for any
coronary revascularization and for any non-clinically-driven
coronary revascularization appeared at the timing of routine
follow-up CAG in this study. It has been previously shown that
routine follow-up CAG significantly increases the incidence
of any non-clinically-driven coronary revascularization.’*-%
Atypical symptoms, difficulty in identifying myocardial isch-
emia, less willingness to undergo invasive investigations, and
physician-based prejudices about female patients could con-
tribute to the lower rate of follow-up CAG in the women.*-#
In addition, although the rate of DES use in the current cohort
was relatively low, the use of DES might have enhanced the
lower risk of any coronary revascularization in the women that
was also shown in the cohort in the BMS era.?! A recent study
showed that DES can be used safely and will effectively re-
duce restenosis and repeat coronary revascularization after
PCL# Because women have coronary arteries with smaller
diameters and thus a potentially high risk of restenosis, female
patients may benefit more than the men from the use of DES.

Study Limitations

Several limitations must be noted in addition to the limitations
that are common to all observational studies caused by differ-
ences in the patients’ background characteristics. Data for blood
tests, smoking habit and medical therapies were only assessed
at 1 time point. Therefore, lifestyle modifications after hospi-
talization and adherence to medical therapies were not consid-
ered in the analyses. For instance, the incidence of current
smoker was remarkably higher in the men relative to the women,
but the rate and effect of discontinuation of smoking were not
taken into consideration in the current study. Our database did
not include detailed information of patients’ clinical histories
such as the presence of pre-infarction angina, which might
affect patients’ in-hospital, as well as long-term, outcomes. In
this observational study, indications for revascularization
therapies were not defined but depended on the decision of
each attending physician. Therefore, a sex-based selection bias
might exist in the indication of treatment strategies.

Conclusions

This observational study revealed sex-related differences in
the management of Japanese AMI patients, such as longer
onset-to-balloon time and lower follow-up CAG rate among
women. Unadjusted long-term clinical outcomes were worse
in female than in male patients, but became comparable after
adjustment. A lower incidence of non-clinically-driven coro-
nary revascularization might account for the lower risk for any
coronary revascularization in the women. The use of cardio-
protective drugs, including ACEI/ARB and $-adrenergic block-
ers, was less prevalent among the women than the men, and
better evidence-based medications may be needed to further
improve the outcomes of female AMI patients after primary
PCL
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Abstract

We describe a redo mitral valve replacement operation in a 7|-year-old man with a tracheostoma and patent bypass
grafts to the coronary arteries. Preoperative investigations revealed that the patent right internal thoracic artery graft
ran directly under the sternum just anterior to the ascending aorta, and a saphenous vein graft was adhering to a surgical
wire. To prevent injury to the patent grafts and cardiac structures, and to avoid communication with the tracheostoma,
the redo procedure was performed via an anterior minithoracotomy combined with a low T-shaped partial sternotomy.
The reoperation was successfully completed without any complications.
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Introduction

Occasionally, patients with a permanent tracheostoma
require cardiac surgery, but possible communication
between the tracheostoma and cardiac structures
increases the risk of sternal wound infection and med-
iastinitis."> In addition, a complete median sternotomy
in reoperative procedures after previous coronary
artery bypass grafting increases the risk of hemorrhage
because of severe adhesion of the bypass grafts as well
as the cardiac chambers and great vessels to the poster-
ior sternal wall.>™

Case report

A 71-year-old man with a permanent tracheostoma was
referred to our institution with worsening of heart fail-
ure due to prosthetic valve endocarditis. He had under-
gone mitral valve replacement and coronary artery
bypass grafting using 4 grafts at another institution
13 months earlier. Postoperatively, a permanent trache-
ostomy was performed following prolonged mechanical
ventilation. Echocardiography 10 months after the sur-
gery revealed a mobile mass on the prosthetic mitral
valve, caused by methicillin-resistant Staphylococcus
aureus. The patient’s condition deteriorated despite
effective medical treatment for methicillin-resistant
Staphylococcus aureus. Therefore, we planned redo

mitral valve replacement. A coronary computed tom-
ography angiogram showed that all bypass grafts were
patent (Figure 1). However, it also revealed that the
right internal thoracic artery graft ran directly under
the sternum just anterior to the ascending aorta, and
the proximal part of the saphenous vein graft was
adhering to a surgical wire that had been fixed during
the previous surgery. To prevent injury to the grafts
and the cardiac structures and to avoid communication
with the tracheostoma, a redo procedure was planned
via an anterior minithoracotomy combined with a low
T-shaped partial sternotomy. Upon induction of gen-
eral anesthesia, the patient was switched from tracheal
to oral intubation. A 6-cm right anterior thoracotomy
was performed in the third intercostal space. The pleura
were opened, a retractor was placed, and the adhesive
tissues on the posterior wall of the manubrium and
sternum were carefully separated from the right pleural
cavity. After visually confirming sufficient space under
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Figure 1. Preoperative computed tomographic images demonstrating the patent saphenous vein grafts adhering to the surgical wire,
and the right internal thoracic artery (RITA) crossing the sternum at the midline. The left internal thoracic artery (LITA) is also patent.

the posterior wall of the sternum, a lower midline skin
incision was made 5Scm caudal to the tracheostomy.
A T-shaped lower sternotomy was completed using an
oscillating saw (Figure 2). During the sternotomy, per-
ipherally inserted cardiopulmonary bypass (CPB) via
the femoral artery and vein was established for a
short period, and after completion of the sternotomy,
the patient was weaned off CPB. Following dissection
of the adhesive tissues surrounding the heart, the super-
ior and inferior venae cavae were taped, and CPB was
resumed with additional superior venous cannulation.
After aortic crossclamping, via a right-sided left atriot-
omy, the infected prosthetic mitral valve and mobile
vegetation were removed, and a porcine tissue valve
was implanted. Although the right internal thoracic
artery graft seemed to be patent, several narrow
points were observed; therefore, additional coronary
artery bypass grafting to the left anterior descending
artery was performed using saphenous vein. The oper-
ation was completed without any injury to the patent
grafts or cardiac structures. The patient was doing well
with no surgical site infection or recurrent endocarditis
at 6 months postoperatively.

Discussion

Several reports have been published on sternotomies in
patients with a tracheostoma.'> Mullenix and col-
leagues® reported the usefulness of a full sternotomy
with a T-shaped skin incision. Although a full sternot-
omy may be required for more complicated surgeries
such as aortic arch reconstruction, a partial sternotomy
is advantageous because the increased distance between
the sternotomy and tracheostoma reduces the chance of

tracheostoma

Figure 2. Right anterior minithoracotomy (dotted arrow) with
a midline skin incision (solid arrow shows the top end of the
incision line) at an adequate distance from the tracheostomy.

contamination, and therefore, the risk of wound
infection.

In redo cases, various strategies have been advocated
to reduce the risk of injury to patent grafts and cardiac
structures.>™ Recently, Abe and colleagues® reported
that sternal dissection with mobilization of a patent
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graft under thoracoscopic support can be conducted
successfully. However, this approach prolongs the
operative time and can be used only in patients with
loose adhesions in the thoracic cavity. At our institu-
tion, we routinely use peripherally placed CPB to
decompress the heart for a short period during a redo
median sternotomy. We have found that this technique
does not increase the procedure time or the amount of
blood transfused, compared to other cases without
CPB support. In addition to this strategy, we some-
times use an anterior minithoracotomy to identify
patent grafts and dissect them directly, as previously
described by Ismail and colleagues.” This technique
can also be applied to prevent massive bleeding in
patients with an ascending aortic aneurysm that
adheres to the posterior wall of the sternum.
Furthermore, unnecessary adhesiolysis on the posterior
wall of the manubrium can be avoided to prevent
potentially dangerous communication with the tra-
cheostoma. Another advantage of our procedure is
that the manubrium-sparing sternotomy will retain
respiratory function in patients with a tracheostoma.
A T-shape sternotomy combined with an anterior mini-
thoracotomy is a safe alternative approach for redo
surgery in patients with a tracheostoma and patent
grafts.
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Abstract

Poly(ADP-ribose) polymerase (PARP)-1 inhibitor has been suggested to attenuate the ischemia-reperfusion injury.
We investigated the protective effect of the cardioplegia with a PARP-1 inhibitor, 4-hydoxyquinazoline (4-HQ),
against myocardial ischemia-reperfusion injury. Isolated rat hearts were perfused on a Langendorff apparatus and
cardioplegically arrested for 90 min by perfusion with St. Thomas’ Hospital solution (ST-solution). In the Group ST
(n=8), the hearts were arrested with the ST- solut|on alone. The Group HQ (n=8) were treated with the ST-solution
containing 4-HQ (10 uM) for cardioplegia. During reperfusion, the Group HQ showed significantly greater functional

recovery of +dp/dt__

. (p=0.005) and lower enzymatic leakage (p <0.01). NAD* levels were also preserved higher in

the Group HQ (p<0 01). Immunohistochemical study revealed lesser extents of oxidative stress and apoptosis, in
the Group HQ. Thus, addition of 4-HQ in the cardioplegia may provide a new intervention for myocardial protection
against ischemia-reperfusion injury by decreasmg NAD* consumption and suppressing oxidative stress.

Keywords: Myocardial protection, cardloplegla PARP [Poly(ADP-ribose) polymerase] inhibitor, ischemic

reperfusion injury, oxidative stress

introduction

In cardiac surgery, cardioplegia provides with a blood-
less and motionless operating field, but it exposes the
cardiomyocytes to the ischemia. Hyperkalemic solu-
tions are conventionally used for rapid electromechani-
cal arrest due to the depolarization of cell membrane,
leading to the reduction of cellular energy expenditure
during the ischemic period. Despite improvements in
cardioplegic techniques, the duration of cardioplegic
arrest and reperfusion is known to be positively cor-
related with the extent of cardiomyocyte damage'. This
procedure generates reactive oxygen species (ROS),

such as hydroxyl radical (OH"), superoxide radical (O,"),
hydrogen peroxide (H,0,), and peroxynitrite (ONOO"),
resulting in the oxidative myocardial injury®.. ROS can
trigger the myocardial apoptosis, that might be involved
in the pathogenesis of persistent myocardial dysfunction
after cardioplegic arrest. Accordingly, it is important to
renovate cardioplegia that can provide greater cardio-
protection against ischemia-reperfusion injury.
Ischemia and reperfusion generate ROS, leading to
lipid peroxidation, protein oxidation and the formation
of DNA single-strand breaks®. Poly(ADP-ribose) poly-
merase (PARP)-1 (EC 2.4.2.30), that is a nuclear enzyme,
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is activated by oxidant-mediated DNA single-strand
breaks. Excessive activation of PARP-1 decreases the
intracellular level of its substrate, i.e. nicotinamide-ade-
nine dinucleotide (NAD*). As NAD" is indispensable for
mitochondrial respiration, the depletion of NAD* leads
to a deficiency of ATP. Depletion of these critical intrac-
ellular energy stores results in cellular dysfunction and,
ultimately, cell death. This “energy crisis” hypothesis
could explain the molecular mechanism of cell death
after oxidative stress’. Recent studies have indicated an
important role of PARP-1 in both apoptosis and necro-
sis®. Especially, it was clarified that activation of PARP-1
induces apoptosis through mitochondrial injury®.

A growing number of studies demonstrated the bene-
ficial effects of PARP-1 inhibition in cell cultures, isolated
hearts and animal models of ischemia-reperfusion injury
and various form of heart failure’. Inhibition of PARP-1
has been shown to decrease infarct size and attenuate
the myocardial dysfunction?. Furthermore, several stud-
ies have shown that the administration of PARP inhibi-
tors improved the recovery of myocardial function after
cardioplegic arrest®.

In our previous study, we showed that cardiople-
gia supplemented with 3-aminobenzamide (3-AB), a
prototypical PARP inhibitor, provides efficient myo-
cardial protection after cardioplegic arrest". In order
to establish the protective effect of PARP inhibitors, on
cardiac performance during early reperfusion period,
we assessed the ability of another type of inhibitor,
4-hydroxyquinazoline (4-HQ), to attenuate myocardial
injury in an isolated rat heart model of cardioplegic
ischemia and reperfusion.

Materials and methods

Animals

Adult male Sprague-Dawley rats (350-450 g body weight)
were used for this study. All animals in this study received
humane care in compliance with the “Principles of
Laboratory Animal Care” formulated by the National
Society for Medical Research and the “Guide for the Care
and Use of Laboratory Animals” prepared by the Institute
of Laboratory Animal Resources and published by the
National Institutes of Health.

Heart isolation and perfusion

The animal was anesthetized by inhalation of diethyl ether
and intraperitoneal injection of sodium pentobarbital
(50mg/kg), and anticoagulated by intravenous injection
of heparin (1,000 [U/kg). Each heart was rapidly excised
and positioned on a Langendorff apparatus of non-recir-
culating circuit. The heart was perfused retrogradely via
the aorta at a constant pressure of 75 mmHg by gravity at
37.5°C. Modified Krebs-Henseleit (K-H) solution (NaCl,
118 mM; KCl, 4.7 mM; MgS04, 1.2mM; NaHCO3, 25 mV;
KH2PO4, 1.2mM; CaCl2, 2.5mM; glucose, 11 mM) bub-
bied with a mixture of 95% oxygen and 5% carbon dioxide
was used for perfusion. After a 20 min of perfusion, each

isolated heartwas arrested with cold St. Thomas’ Hospital
cardioplegic solution (ST-solution: NaCl, 110mM; KCl,
16mM; MgCl, 16 mM; CaCl,, 1.2mM; NaHCO,, 10mM)
(4°C, 20mL/kg). The cardioplegia (10mL/kg) was given
three times at 30 min intervals. After a 90min cardiople-
gic arrest, warmed K-H buffer (37.5°C, 10mL/kg) was
administered as terminal warm cardioplegia, followed
by a 20 min reperfusion with ST-solution. The rats were
classified into two groups; Group ST and Group HQ (n=8
each). In the Group ST, the heart was arrested and rep-
erfused without addition of 4-HQ. In the Group HQ, 10
uM of 4-HQ was added to both the ST-solution and the
terminal warm cardioplegia.

Assessment of left ventricular (LV) function

A latex balloon was inserted through the left atrium
into the LV cavity and connected to a pressure trans-
ducer by using a fluid-filled polyethylene tube. The
end-diastolic pressure was maintained at 10 mmHg by
inflating the balloon. Heart rate and positive maximum
rate of the rise of LV pressure (+dp/dt__, mmHg/s) were
measured and recorded at the end of the perfusion as
baseline measurement, and at 5 and 20 min of reperfu-
sion. The coronary flow was also measured at the same
time-intervals by collecting the coronary effluent buf-
fer from the heart.

Measurement of cardiac enzymes

The released cardiac enzymes were measured in the
coronary effluent buffer to assess myocardial damage.
The samples were collected at the end of the perfusion
as the baseline, and at 5 and 20min of reperfusion.
The concentrations of creatine phosphokinase (CPK),
glutamic-oxaloacetic transaminase (GOT) and lactate
dehydrogenase (LDH) were measured simultaneously by
using an Auto-Analyzer AU550 (Olympus, Tokyo, Japan)
and expressed as international units (IU) per min.

Measurement of NAD* concentration

After 20min of reperfusion, the concentration of NAD*
in the perchloric acid extract of the cardiac muscle was
measured using an alcohol dehydrogenase reaction'.
The reaction mixture contained 1000 pL of buffer-
substrate [0.1M Tris-acetate (pH 8.80) and 0.5M etha-
nol], 100 uL of the neutralized tissue extract and 20 pl
of alcohol dehydrogenase (Wako, Osaka, Japan). The
reaction was initiated by the addition of enzyme, and
the change in absorbance at 340nm was recorded by a
spectrophotometer.

Immunohistochemical assay of 8-hydroxy-2’-
deoxyguanosine (8-OHdG)

Since 8-hydroxy-2’-deoxyguanosine (8-OHdAG) is one
of the major products of oxidative DNA modifications,
8-OHdG was measured as a marker of oxidative stress.
For immunohistochemical analysis of 8-OHdG using
a specific monoclonal antibody (N45.1: Japan Institute
for the Control of Aging (JaICA), Shizuoka, Japan), the
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avidin-biotin complex method was used as described
previously®. After 20 min of reperfusion, we divided each
specimen into three areas-anterior, posterior and septal
walls-and collected six tissue samples from two speci-
mens (two samples for each area).

The level of 8-OHdG (8-OHAG index) was measured
and quantitated as follows!*:

>[(X — threshold) x area (pixels)]
total cell number

8-OHdG index =

where Xis the staining density indicated in gray scale, using
the NIH image 1.61 [Scion Image 3 4.02, PC version of NIH
Image (Scion Corporation, Frederick, MD) and Photoshop
version 6.0 (Adobe Systems Inc, San Jose, CA)].

Detection of apoptotic cardiomyocytes

A TUNEL assay was performed for detection of apop-
totic cells using a commercial kit (apoptosis in situ
detection kit; Wako, Osaka, Japan) according to the
manufacturer’s instructions. Digoxigenin-labeled
dUTP was catalytically in-corporated into the DNA by
terminal deoxynucleotidyl transferase, an enzyme that
catalyzes a template-independent addition of nucle-
otide triphosphate to the 3’-OH ends of double- or
single-strand DNA.

Statistical analysis

Statistical analysis was performed with Statview soft-
ware (version 5.0. SAS Institute Inc., CA). All data were
expressed asthe mean + the standard error of means. Two-
way repeated-measures analysis of variance (ANOVA)
was used to test the effect of cardioplegia group and time
on LV function and cardiac enzymes. When analysis of
variance indicated a significant effect of cardioplegia
group or time (p<0.05), the differences were specified
with the Fisher’s test for groups comparison. Differences
of the concentration of NAD* and 8-OHdG index among
the groups were analyzed by one-way ANOVA followed
by the Fisher’s test. Statistical significance was assumed
as a probability value lower than 0.05.

Results and discussion

Time-dependent changes in LV function

Heart rate did not change significantly both in the
Group HQ and Group ST throughout the reperfusion
(Figure 1A). The Group HQ showed a significantly higher
value of +dp/dtmax than ST group at 5 min of reperfusion
(p=0.001). However, at 20 min, there was no significant
difference between the two groups (Figure 1B). Coronary
flow was increased at 5min of reperfusion and returned
to the baseline value at 20 min in both groups. No signifi-
cant differences were found in the coronary flow between
the two groups (Figure 1C).

Release of cardiac enzymes
There were no significant differences in the cardiac
release of CPK, GOT and LDH between the two groups

© 2011 Informa UK, Ltd.
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Figure 1. Changes of parameters for cardiac function. The cardiac
functions were assessed before cardioplegic ischemia (pre) and
at 5min and 20 min of reperfusion. (A) There were no significant
differences in heart rate between the Group ST(0) and Group HQ
(A). (B) The Group HQ showed a significantly greater +dp/dtmax
(*p<0.01) than the Group ST at 5min of reperfusion. However,
at 20min, there was no significant difference between the two
groups. (C) No significant differences were found in the volume of
coronary flow between the two groups.

before cardioplegic ischemia. Although, in both groups,
large amounts of these three enzymes were released from
the hearts after ischemia, the Group HQ showed a sig-
nificantly lower level of enzyme release than the Group
ST in the early stage of reperfusion (5min) (Figure 2).
The release of enzymes became less abundant in the
later stage of reperfusion (20min), but the releases of
enzymes in the Group HQ were still smaller than those
in the Group ST. :

Changes of intracellular NAD* content

The NAD* content was decreased in the Group ST, while
preserved in the Group HQ, after ischemia and reperfu-
sion; the concentration in the the Group ST (0.21+0.02
pmol/g) was almost one-third level of that in the Group HQ
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Figure 2. Release of cardiac enzymes. The concentrations of GOT,
LDH and CPKinthe coronary effluentbuffer were measured before
cardioplegicischemia (pre) and at 5 min and 20 min of reperfusion.
(A) The Group HQ released a significantly smaller amount of GOT
than the Group ST at 5min of reperfusion (*p <0.01). (B) There was
a significant decrease in LDH release of the Group HQ at 5min in
comparison with the Group ST (“P<0.05). (C) The level of CPK
release was significantly lower in the Group HQ at 5min (*»<0.01)
and 20 min (*p<0.01) than the Group ST.

Anterior

Posterior

Septal

Group ST Group HQ

Figure 3. Oxidative stress on DNA after 20min reperfusion.
Immunohistochemical analysis of 8-OHdG was carried out usinga
specific monoclonal antibody (N45.1). The representative images
of anterior, posterior, septal walls in the Group ST and Group HQ
are shown here. The cells with dark-stained nuclei suffer from
oxidative stress. Addition of 4-HQ in the cardioplegia (Group HQ)
resulted in a less amount of nuclear oxidative DNA damage. Scale
bar=50 pm.

(0.63+0.08 umol/g)(p<0.001). Theseresults clearly indicate
that the addition of 4-HQ in the cardioplegia is effective in
suppression of the energy consumption of NAD*.

Oxidative stress on DNA

Immunochistochemical staining of 8-OHdG was used to
evaluate the oxidative stress on DNA in the cardiac tissue.
After cardioplegic ischemia and reperfusion, the nuclear

Group ST

Group HQ

Figure 4. Induction of apoptosis in cardiomyocytes.
Immunohistochemical analysis of apoptosis was carried out using
the TUNEL method. Representative images of the anterior wall are
shown. The positive cells, as indicated by arrows are considered to
be apoptotic. Apototic cardiomyocytes were more prominent in
the Group ST than in the Group HQ. Scale bar=50 pym.

staining in the cardiomyocytes became positive both in
the Group ST and Group HQ. The staining was appar-
ently more prominent in the Group ST than the Group
HQ (Figure 3). In the quantitative analysis, the 8-OHdG
index of the Group ST (91.2+30.0) was the higher than
that of the Group HQ (22.5+3.4) by more than four times
(p=0.002).

Induction of apoptosis in cardiomyocytes

We then evaluated, by the TUNEL method, the induction
of apoptosis in the cardiomyocytes after cardioplegic
ischemia and reperfusion. While apoptotic cells were
detectable in the whole areas of the heart examined of
both groups, the density of positive cells was much higher
in the Group ST than Group HQ (Figure 4).

Discussion

In this study, a PARP inhibitor, 4-HQ, was shown to
improve postischemic recovery of LV function during
the period of cardioplegic arrest in isolated Langendorff
perfusions of the rat. The PARP inhibitor in St.Thomas
solution decreased myocardial release of enzymes and
inhibited myocardial reduction of NAD". These findings
were associated with a significant decrease in 8-OHdG
index and apoptosis, indicating that 4-HQ also has the
ability to protect the heart from ischemic-reperfusion
injury after cardioplegic arrest.

One of the best characterized mechanisms of tis-
sue injury after PARP activation is related to the dis-
turbance of myocardial energy metabolism. During
reperfusion after ischemia, the extensive activation
of PARP in response to DNA damage causes a tempo-
rary reduction in the cellular NAD* pool. Therefore, it
is considered that preservation of cellular energy is a
mechanism by which PARP inhibition contributes to
the protection of the heart from reperfusion injury.
Under our experimental conditions, it is likely that the
20 min reperfusion was too short for activation of PARP.
However, the PARP inhibitors efficiently decreased
the NAD* depletion at the early stage of reperfusion.
These results suggest that PARP inhibitors preserve the
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cellular energy through not only inhibition of PARP
activation but also other mechanisms.

The ischemia-reperfusion sequence generates free
radicals in the myocardium. Ischemia reduces the activ-
ity of cellular defense enzymes against free radicals®,
and reperfusion, or introduction of oxygen, further dis-
turbs the balance between oxidants and antioxidants
and generates a burst of free radicals in the tissue. We
showed by using immunohistochemistry that the level
of 8-OHdG, that is a major product of oxidative DNA
modifications, increased in cardiomyocytes after myo-
cardial infarction'®. By calculating the 8-OHdG index, we
demonstrated that 3-AB had an ability to protect DNA
against oxidative stress in our previous study'’, and also
4-HQ has the same ability of protection in this study.
These results suggest that the inhibition of PARP may
decrease the DNA damage by suppression of oxidative
stress.

The PARP inhibitor suppressed apoptotic DNA frag-
mentation, as shown in this study. Recently, several stud-
ies provided the evidence that the myocardial apoptosis
is involved in the pathogenesis of persistent myocardial
dysfunction after cardiac surgery'. Several mediators of
apoptosis, including apoptosis-inducing factor (AIF) and
cytochrome c, were activated after 10 to 20min of car-
diopulmonary bypass’’. It had been proposed that PARP
is implicated in various types of cell death by following
mechanisms: (a) PARP could deplete NAD* and ATP of
cells, resulting in an energy crisis; (b) PARP serves as a
main substrates for caspases; and (c) PARP activation
signals AIF release from mitochondria, resulting in a cas-
pase-independent pathway of programmed cell death®?®,
The addition of PARP inhibitors during cardiopulmonary
bypass may contribute to the suppression of cardimyo-
cytic apoptosis and preservation of myocardial function.
We conclude that the cardioplegia with PARP inhibitors
could be a new intervention for cardiac surgery.
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The CREDO-Kyoto Investigators

BMITEEEEICEVTESBPODIEF ALANILOEVHEIIBOhTEY, KAE~OEL - #E
BEREYDP B REBERRFITHON B EH%. CREDO-Kyoto (XFBHOFEIF M1 EE%%@%F@
LYZMYTHY, ChPoBELRIZIETF D AP HBATEIFABTCRLIEFEUI SV EEIS5N 3.
2000~2002 £ CREDO-Kyoto (CEF AN 9,877 DI 4R E R EXTRNBRTEET 56,3274
(PCI/CABG=3,877/2,450) ZX&R& L. PRBEZHEIL3S5FET, PCIDD 5 8% IANT A LT >
FOMER SO JONSS T ZOTHBITTIE, BRETIEPCITERILE W= FHEBXT95% &
X 1.37 [L15~1.63], p<0.01), OHEES PCI T o7 (1.82 [1.34~2.47], p<0.01). BEzEsh .
& PCI THEH -7 (0.75 [0.59~0.96], »=0.02). & 5(Z EuroSCORE ([C& W HEEEY X 7EHMEL on-
pump & off-pump CABG OEEELBRLA-EZH, BUXIE (X7 0~3%), PUXIE 3~6%) T
BREZOLLHLH, BUXTHE (Z6%) Tl onpump CREDEREESEH, >/ (1.80 [1.07~3.02],
5=0.03). ULALETICEBLTIEYRZIChPHOTEELRDLEL >/ SREFLEIEIRRREEZFTTD
BETIE CABG E PCIICEEL TREHEFERICBNATVWA I ENFRENA., EHFICNT Y X7 BEORKIFE
BB C BV T off-pump CABG OFAMPREhE. HONSE 42515 116-22 (2013)
F—7—NK:PCI CABG, #7K>7

Evidence-Based Optimal Myocardial Revascularization : Perspective from the CREDO-Kyoto
Registry
Akira Marui*?, Hitoshi Okabayashi®, Tatsuhiko Komiya!, Ryuzo Sakata' and The CREDO-Kyoto
Investigators (Department of Cardiovascular Surgery’, and Department of Cardiovascular Medicine?,
Kyoto University Graduate School of Medicine, Kyoto, Japan, Department of Cardiovascular Surgery,
Iwate Medical University School of Medicine®, Morioka, Japan, and Department of Cardiovascular
Surgery, Kurashiki Central Hospital*, Kurashiki, Japan)
Although there have been several studies that compared the efficacy of percutaneous coronary
intervention (PCI) and coronary artery bypass grafting (CABG), the impact of offpump CABG
(OPCAB) has not been well elucidated. Among the 9,877 patients undergoing first myocardial
revascularization enrolled in the CREDO-Kyoto Registry (a registry of first-time PCI using bare-metal
stents and CABG patients in Japan), 6,327 patients with multivessel and/or left main disease were
enrolled in the present study (PCI 3,877/CABG 2,450) . Median follow-up was 3.5 years. Propensity-
score-adjusted all-cause mortality after PCI was higher than that of CABG (hazard ratio [95%
confidence interval] : 1.37 [1.15-1.63], p<0.01). The incidence of stroke was lower after PCI than that
after CABG (0.75 [0.59-0.96], p=0.02). The predicted risk of operative mortality (PROM) of each
patient of on-pump/off-pump CABG was calculated by the logistic EuroSCORE. Patients were divided
into tertiles based on their PROM. The hazard ratio of the incidence of stroke in on-pump CABG
compared with off-pump CABG in the high-risk tertile was 1.80 ([1.07-3.02], p=0.03). The adjusted
overall mortality was not significantly different between the two procedures even in the high-risk tertile
(1.44 [0.98-2.11], p=0.06). In patients with multivessel and/or left main disease, CABG was associated
with better survival outcomes than PCI using bare-metal stents. Off-pump CABG as opposed to on-pump
CABG is associated with short-and long-term benefits in stroke prevention in patients with higher risk as
evaluated by the EuroSCORE. No survival benefit of OPCAB was shown, regardless of preoperative risk
level. Jpn. J. Cardiovasc. Surg. 42:16-22 (2013)

Keywords : PCI, CABG, off-pump
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