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Coronary heart disease is a major risk factor for left ventricular (LV) systolic dysfunction.
However, limited data are available regarding long-term benefits of percutaneous coronary
intervention (PCI) in the era of drug-eluting stent or coronary artery bypass grafting (CABG)
in patients with LV systolic dysfunction with severe coronary artery disease. We identified
3,584 patients with 3-vessel and/or left main disease of 15,939 patients undergoing first
myocardial revascularization enrolled in the CREDO-Kyoto PCI/CABG Registry Cohort-2.
Of them, 2,676 patients had preserved LV systolic function, defined as an LV ejection frac-
tion (LVEF) of >50% and 908 had impaired LV systolic function (LVEF <50%). In patients
with preserved LV function, 5-year outcomes were not different between PCI and CABG
regarding propensity score—adjusted risk of all-cause and cardiac deaths. In contrast, in
patients with impaired LV systolic function, the risks of all-cause and cardiac deaths after PCI
were significantly greater than those after CABG (hazard ratio 1.49, 95% confidence interval
1.04 to 2.14, p = 0.03 and hazard ratio 2.39, 95% confidence interval 1.43 to 3.98, p <0.01). In
both patients with moderate (35% < LVEF < 50%) and severe (LVEF <35%) LV systolic
dysfunction, the risk of cardiac death after PCI was significantly greater than that after
CABG (hazard ratio 2.25, 95% confidence interval 1.15 to 4.40, p = 0.02 and hazard ratio
4.42, 95% confidence interval 1.48 to 13.24, p = 0.01). Similarly, the risk of all-cause death
tended to be greater after PCI than after CABG in both patients with moderate and severe LV
systolic dysfunction without significant interaction (hazard ratio 1.57, 95% confidence interval
0.96 to 2.56, p = 0.07 and hazard ratio 1.42, 95% confidence interval 0.71 to 2.82, p = 0.32;
interaction p = 0.91). CABG was associated with better 5-year survival outcomes than PClin
patients with impaired LV systolic function (LVEF <50%) with complex coronary disease in
the era of drug-eluting stents. In both patients with moderate (35% < LVEF < 50%) and severe
(LVEF <35%) LV systolic dysfunction, CABG tended to have better survival outcomes than

PCIL. © 2014 Elsevier Inc. All rights reserved. (Am J Cardiol 2014;m:2—m)

Coronary artery disease is the most common cause
of left ventricular (LV) systolic dysfunction and has
increased with the growing incidence of associated
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mortality. ™ Several studies have shown improved out-
comes after coronary artery bypass grafting (CABG) in
patients with low LV ejection fraction (LVEF).** How-
ever, limited reports are available regarding the benefits of
percutaneous coronary intervention (PCI) in patients with
LV systolic dysfunction. Furthermore, in the drug-eluting
stent (DES) era, few reports have compared the clinical
outcomes of CABG and DES implantation in patients with
LV systolic dysfunction, particularly in more complex
coronary lesions such as 3-vessel or left main disease.
In the present study, therefore, we mainly compared the
5-year outcomes between PCI and CABG in patients with
preserved LV systolic function (LVEF >50%) or impaired
LV systolic function (LVEF <50%) accompanying with
3-vessel and/or left main disease using a large observa-
tional database in Japan. As a subanalysis, we compared
the outcomes between PCI and CABG in patients with
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moderate (35% < LVEF < 50%) and severe (LVEF
<35%) LV systolic dysfunction.

Methods

The Coronary REvascularization Demonstrating Outcome
Study in Kyoto (CREDO-Kyoto) PCI/CABG Registry Cohort-
2 is a physician-initiated, noncompany-sponsored, multicenter
registry that enrolled consecutive patients undergoing first
coronary revascularization in the 26 centers in Japan from
January 2005 through December 2007.° The relevant ethics
committees in all 26 participating centers (see Supplementary
Data A) approved the research protocol. Because of retro-
spective enrollment, written informed consent from the pa-
tients was waived. However, patients who refused participation
in the study when contacted for follow-up were excluded.

The study design and patient enrollment in the registry have
been described in detail previously.® Of the 15,939 patients
enrolled in the registry, patients who refused study participa-
tion, who had concomitant noncoronary surgery, who had
acute myocardial infarction (MI), and who had single- or
double-vessel disease were excluded. For the comparison of
PCI with CABG, we selected 3,982 patients with 3-vessel and/
or left main disease. Excluding 298 patients (10%) without
LVEF data, the present study population consisted of 3,584
patients with 3-vessel and/or left main disease with known
LVEF. There were 2,676 patients with preserved LV systolic
function, defined as an LVEF of >50%, and 908 patients with
impaired LV systolic function (LVEF <50%).

LVEF was measured by echocardiography or LV cine
angiography. M-mode and/or 2-dimensional echocardiogra-
phy was performed by experienced operators in each insti-
tution. M-mode LVEF was calculated using the Teichholz
correction.® Two-dimensional echocardiographic LVEF was
also evaluated by the Simpson biplane method of discs with
manual planimetry of the endocardial border in end-diastolic
(largest) and end-systolic (smallest) frames.’ LV cine angi-
ography was obtained in either a single-plane right anterior
oblique view or biplane right and left anterior oblique views.
LVEF was calculated using the built-in programs.

Demographic, angiographic, and procedural data were
collected from hospital charts according to the prespecified
definitions by experienced research coordinators in an inde-
pendent research organization (Research Institute for Pro-
duction Development, Kyoto, Japan; see Supplementary Data
B). Definitions for clinical characteristics are presented in the
Supplementary Data C.

The Synergy between Percutaneous Coronary Interven-
tion with Taxus and Cardiac Surgery (SYNTAX) score was
calculated using the SYNTAX score calculator (available at:
hitp:/fwww.syntaxscore.com) by a dedicated SYNTAX score
committee (see Supplementary Data D) in a blinded fashion to
the clinical data. Intraobserver and interobserver variabilities
of the SYNTAX score calculation in our group were previ-
ously reported.'” Cut-off values for SYNTAX score tertiles
(low <23, intermediate 23 to 33, and high >33) were defined
according to the analysis in the SYNTAX trial.''-'

Collection of follow-up information was conducted
mainly through review of inpatient and outpatient hospital
charts by clinical research coordinators in the independent
research organization. Additional follow-up information
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was collected through contact with patients, relatives, and/or
referring physicians by sending mail with questions on vital
status and additional hospitalizations. Death, MI, stent
thrombosis, and stroke were adjudicated by the clinical
event committee (see Supplementary Data E).

The primary outcome measure for the present analysis was
death from any cause. Other prespecified end points included
cardiac death, sudden death, stroke, MI, and any coronary
revascularization. Death was regarded as cardiac in origin
unless obvious noncardiac causes could be identified. Any
death during the index hospitalization for coronary revascu-
larization was regarded as cardiac death. Sudden death was
defined as an unexpected death in previously stable patients.
MI was defined according to the definition in the Arterial
Revascularization Therapy Study. "3 Stroke during follow-up
was defined as an ischemic or a hemorrhagic stroke requiring
hospitalization with symptoms lasting >24 hours. Scheduled
staged coronary revascularization procedures performed
within 3 months of the initial procedure were not regarded as
follow-up events but were included in the index procedure.

All continuous variables are expressed as the mean + SD.
Differences in baseline characteristics between the 2 groups
were examined by the unpaired 7 test and Fisher’s exact test.
Cumulative incidence was estimated by the Kaplan-Meier
method, and differences were assessed using the log-rank
test. Propensity scores, which were the probabilities that a pa-
tient would undergo PCIL, were estimated with multivariate
logistic regression analyses including age, gender, body mass
index, hypertension, dyslipidemia, diabetes mellitus, current
smoker, heart failure, mitral regurgitation grade 3 or 4, previous
M], previous stroke, peripheral arterial disease, atrial fibrilla-
tion, chronic kidney disease, hemodialysis, anemia, platelet
count, chronic obstructive lung disease, liver cirrhosis, malig-
nancy, emergency procedure, number of diseased vessels, left
main disease, target chronic total occlusion, target proximal left
anterior descending coronary artery, and SYNTAX score as the
covariates. These variables were consistent with previous re-
ports from the present registry.”'* Continuous variables,
except age, were dichotomized using clinically meaningful
reference values or median values. We incorporated the 26
participating centers in the propensity score estimation as the
stratification variable. The hazard ratios of PCI compared with
those of CABG were estimated by the stratified Cox propor-
tional hazard models; the models included PCI or CABG as the
covariate and were stratified by the quartiles of propensity score
and institute to adjust for confounding. Effects of PCI
compared with those of CABG for individual end points are
expressed as hazard ratios with 95% confidence intervals. All
reported p values were 2-sided, and p values <0.05 were
regarded as statistically significant.

All analyses were conducted by a statistician using SAS
software, version 9.3 (SAS Institute Inc, Cary, NC), and S-
Plus, version 7.0 (Insightful Corp, Seattle, Washington). The
investigators had full access to the data and take responsibility
for its integrity. All the investigators have read and agreed to
the manuscript as written.

Results

Baseline clinical characteristics comparing the PCI
with CABG groups in patients with preserved and impaired
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Table 1
Baseline characteristics in patients with three-vessel and/or left main disease with preserved left ventricular systolic function (left ventricular ejection fraction
>50%)
Variable PCl CABG p Value
n = 1432 n = 1244
Age (years) 69.7 £ 9.7 68.5 4= 8.7 <0.001
>75 495 (35%) 338 (27%) <0.001
Men 998 (70%) 914 (73%) 0.03
Ejection fraction (%) 65.0 + 7.8 65.0 4 8.5 0.89
Previous myocardial infarction 152 (11%) 178 (14%) 0.004
Heart failure 137 (10%) 135 (11%) 0.27
Atrial fibrillation 94 (7%) 229 (18%) <0.001
Mitral regurgitation grade 3/4 52 (4%) 24 (2%) 0.08
Body mass index (kg/m?) 24.0 +3.5 23.6 + 3.1 0.02
>25 498 (35%) 390 31%) 0.06
Hypertension 1236 (86%) 1057 (85%) 0.32
Diabetes mellitus 660 (46%) 627 (50%) 0.03
On insulin therapy 170 (12%) 197 (16%) 0.003
Current smoker 342 (24%) 280 (23%) 0.40
Previous stroke 207 (14%) 159 (13%) 0.21
Peripheral artery disease 170 (12%) 151 (12%) 0.83
Estimated glomerular filtration rate (ml/min/1.73 m?) 623 +21.8 58.1 + 23.7 <0.001
Hemodialysis 50 (3%) 67 (5%) 0.02
Anemia (hemoglobin <11.0 g/dl) 182 (13%) 220 (18%) <0.001
Platelet count <100 x 10°/L 22 (2%) 28 (2%) 0.17
Chronic obstructive pulmonary disease 40 (3%) 26 (2%) 0.24
Liver cirrhosis 47 (3%) 38 (3%) 0.74
Malignancy 178 (12%) 139 (11%) 0.32
Procedural characteristics
Number of target coronary narrowings or anastomoses 2.0+ 1.0 334+ 1.1 <0.001
Emergency procedure 42 (3%) 40 3%) 0.67
Percutaneous coronary intervention
Stent use 1370 (96%) — n/a
Drug-eluting stent use 1039 (73%) — n/a
Coronary artery bypass grafting
Left internal thoracic artery use — 1202 (97%) n/a
Bilateral internal thoracic artery use — 381 (31%) n/a
Off-pump coronary artery bypass grafting — 832 (67%) n/a
Number of coronary arteries narrowed:
3 (Without left main disease) 1220 (85%) 783 (63%) <0.001
Left main 212 (15%) 461 (37%) <0.001
Proximal left anterior descending artery 879 (61%) 1073 (86%) <0.001
Chronic total occlusion 251 (18%) 460 (37%) <0.001
SYNTAX score 233+93 29.6 + 11.6 <0.001
Low (<23) 708 (50%) 318 (29%) <0.001
Intermediate (23—32) 485 (35%) 401 (36%)
High (>33) 211 (15%) 384 (35%)

Data are presented as mean + SD or number of patients and percentage.

LV systolic functions are listed in Tables 1 and 2. LVEF
was not different between PCI and CABG in both patients
with preserved and impaired LV systolic functions. The
SYNTAX score was higher in the CABG group in both
patients with preserved and impaired LV systolic functions.
The mean follow-up period was 4.74 years (median
5.12 years). Completeness of the follow-up for 3, 4, and
5 years was 95.8%, 94.4%, and 70.9%, respectively.
Kaplan-Meier analysis showed that cumulative incidence
of all-cause death at 5 years was not different between PCI
and CABG in patients with preserved LV systolic function
(Figure 1). However, in patients with impaired LV systolic
function, the cumulative incidence of all-cause death after

PCI was significantly greater than that after CABG. Simi-
larly, cumulative incidences of cardiac death and read-
mission for heat failure were not different between PCI and
CABG in patients with preserved LV systolic function but
were significantly greater after PCI in patients with impaired
LV systolic function (Figure 1).

In patients with preserved LV systolic function, pro-
pensity score—adjusted risk of all-cause death, cardiac
death, sudden death, readmission for heart failure, and
stroke was not different between PCI and CABG (Table 3).
The risk of MI and repeat revascularization after PCI was
greater than that after CABG. In contrast, in patients with
impaired LV systolic function, all-cause mortality after PCI
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Table 2
Baseline characteristics in patients with three-vessel and/or left main disease with impaired left ventricular systolic function (left ventricular ejection fraction
<50%)
Variable PCI CABG p Value
n = 464 n = 444

Age (years) 70.1 £ 104 67.8 + 9.7 <0.001

>75 186 (40%) 128 (29%) <0.001
Men 354 (76%) 347 (78%) 0.50
Ejection fraction (%) 38.7 £8.7 392 +83 0.40
Previous myocardial infarction 202 (44%) 201 (45%) 0.60
Heart failure 251 (54%) 224 (50%) 0.27
Atrial fibrillation 57 (12%) 77 (17%) 0.02
Mitral regurgitation grade 3/4 66 (14%) 27 (6%) <0.001
Body mass index (kg/m?) 234 + 3.5 227 + 33 <0.001

>25 141 (30%) 100 (23%) 0.007
Hypertension 415 (89%) 378 (85%) 0.05
Diabetes mellitus 264 (57%) 249 (56%) 0.80

On insulin therapy 75 (16%) 94 (21%) 0.04
Current smoker 122 (26%) 134 (30%) 0.19
Previous stroke 84 (18%) 71 (16%) 040
Peripheral artery disease 60 (13%) 73 (16%) 0.13
Estimated glomerular filtration rate (ml/min/1.73 m?) 52.6 £253 51.2 £ 24.6 0.40
Hemodialysis 51 (11%) 43 (10%) 0.52
Anemia (hemoglobin <11.0 g/dl) 104 (22%) 98 (22%) 0.90
Platelet count <100 x 10%L 7 (2%) 10 2%) 041
Chronic obstructive pulmonary disease 17 (4%) 12 (3%) 0.41
Liver cirrhosis 12 (3%) 12 (3%) 0.91
Malignancy 38 (8%) 39 (9%) 0.75
Procedural characteristics
Number of target coronary narrowings or anastomoses 21 +1.0 344+1.0 <0.001
Emergency procedure 12 3%) 17 (4%) 0.29
Percutaneous coronary intervention

Stent use 420 91%) — n/a

Drug-eluting stent use 347 (75%) — n/a
Coronary artery bypass grafting

Left internal thoracic artery use e 430 (97%) n/a

Bilateral internal thoracic artery use — 116 (26%) n/a

Off-pump coronary artery bypass grafting — 236 (53%) n/a
Number of coronary artery narrowed:

3 (Without left main disease) 389 (84%) 318 (72%) <0.001

Left main 75 (16%) 126 (28%) <0.001

Proximal left anterior descending artery 298 (64%) 403 (91%) <0.001

Chronic total occlusion 147 (32%) 261 (59%) <0.001
SYNTAX score 26.6 9.8 32.5 £ 107 <0.001

Low (<23) 165 (36%) 80 (20%) <0.001

Intermediate (23—32) 177 (39%) 133 (33%)

High (>33) 111 (25%) 187 (47%)

Data presented as mean + SD or number of patients and percentage.
was significantly greater than that after CABG. Similarly, Discussion

the risk of cardiac death and sudden death after PCI was
significantly higher after PCI than after CABG. The risk of
stroke and MI was not different between the groups.

In both patients with moderate (35% < LVEF < 50%)
and severe LV systolic dysfunction (LVEF <35%), the risk
of cardiac death was significantly greater after PCI than after
CABG (Table 4). Similarly, the risk of all-cause death
tended to be greater after PCI than after CABG in both
patients with moderate and severe LV systolic dysfunctions
without significant interaction. The risk of stroke and MI
was not different between the groups in both patients with
moderate and severe LV systolic dysfunctions.
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Although our study involved retrospective analyses, it is
one of a few studies to report the clinical outcomes of pa-
tients with LV systolic dysfunction treated with PCI versus
CABG in the DES era. In the present study, we compared
the S-year outcomes between PCI and CABG in Japanese
patients with LV systolic dysfunction accompanying with
3-vessel and/or left main disease. We have reported the
midterm outcomes of PCI versus CABG with a history of
heart failure.'” However, the study was insufficient because
the study population included both patients with systolic and
diastolic dysfunctions with less-complex coronary disease.
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Figure 1. Five-year Kaplan-Meier curves comparing PCI with CABG in patients with preserved (LV ejection fraction >50%) and impaired (<50%) LV systolic
function. (A) All-cause death. (B) Cardiac death. (C) Readmission for heart failure.
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Table 3

Propensity score—adjusted hazard ratios stratified by left ventricular ejection fraction in patients with three-vessel and/or left main disease

Variable Number of Patients (Event/Total) Comparison of PCI vs. CABG
PCI CABG Hazard Ratio™* 95% Confidence Interval p Interaction p
Death
LVEF >50% 24 (17%) 197 (16%) 0.98 0.76 1.28 0.91 0.12
LVEF <50% 155 (33%) 113 (25%) 1.49 1.04 2.14 0.03
Cardiac death
LVEF >50% 86 (6%) 72 (6%) 0.85 0.55 1.32 0.47 0.06
LVEF <50% 87 (19%) 53 (12%) 2.39 1.43 3.98 <0.01
Sudden death
LVEF >50% 37 (3%) 22 (2%) 1.77 0.87 3.61 0.12 0.61
LVEF <50% 28 (6%) 15 3%) 245 1.01 5.95 0.05
Readmission for heart failure
LVEF >50% 108 (8%) 80 (6%) 1.39 0.92 2.09 0.11 0.24
LVEF <50% 113 (24%) 65 (15%) 222 142 3.46 <0.01
Stroke
LVEF >50% 113 (8%) 102 (8%) 0.78 0.54 1.14 0.20 0.23
LVEF <50% 37 (8%) 46 (10%) 0.75 0.41 1.38 0.36
Myocardial infarction
LVEF >50% 94 (7%) 30 (2%) 2.31 1.34 3.97 <0.01 0.32
LVEF <50% 36 (8%) 19 (4%) 220 0.96 5.04 0.06
Any revascularization
LVEF >50% 663 (46%) 182 (15%) 3.69 2.96 4.60 <0.01 0.07
LVEF <50% 189 (41%) 45 (10%) 4.42 2.87 6.81 <0.01

Number of patients: ejection fraction >50%: PCI = 1,432, CABG = 1,244; ejection fraction <50%: PCI = 464, CABG = 444.

CABG = coronary artery bypass grafting; LVEF = left ventricular ejection fraction; PCI = percutaneous coronary intervention.

* Adjusted for age, gender, body mass index, hypertension, dyslipidemia, diabetes mellitus, current smoker, heart failure, mitral regurgitation grade 3 or 4,
previous myocardial infarction, previous stroke, peripheral vascular disease, atrial fibrillation, chronic kidney disease, hemodialysis, anemia, platelet count,
chronic obstructive lung disease, liver cirrhosis, malignancy, emergency procedure, number of diseased vessels, left main disease, target of chronic total
occlusion, target of proximal left anterior descending coronary artery, SYNTAX score, and institute.

Thus, about 1/2 of the study population had normal LV
systolic function. It is very important to obtain more
consistent study population and to elucidate the long-term
evidence limited to LV systolic dysfunction with more
complex coronary disease; therefore, we conducted the
present study.

Large observational studies demonstrated the benefit of
CABG relative to PCI in patients with LV systolic dys-
function'®"® (Table 5). Hannan et al'® reported from the New
York Registry database that CABG relative to PCI reduced the
risk of death and Ml in patients with LVEF <40%. Hlatky et al
revealed that the risk of 5-year death after CABG was signifi-
cantly less than that after PCI (51.7% vs 44.6%; hazard ratio
0.84, 95% confidence ingewal 0.79 t0 0.88, p < 0.001) in pa-
tients with heart failure.'” The subanalysis of the APPROACH
database also demonstrated the survival benefits of CABG in
patients with LVEF <35%."% In contrast, an observational
study by Yang etal'’ comparing DES versus CABG in patients
with LV dysfunction demonstrated that DES implantation
provides comparable long-term clinical outcomes, except for
repeat revascularization, to CABG (Table 5). Similarly, meta-
analyses of Hlatky et al’’ and Kunadian et al’’ could not
demonstrate the long-term survival benefits of CABG
compared with PCL. However, their study included less-
complex coronary lesions such as single- or double-vessel
disease. As shown in the final 5-year outcomes of SYNTAX
trial,” the advantage of CABG is more evident in more com-
plex lesions such as 3-vessel and left main disease. Therefore,
when analyzing registry data comparing PCI with CABG, it
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may be important to target patients with LV dysfunction with
complex coronary lesions to minimize patient variations.

There is a lack of strong evidence regarding revascular-
ization treatment options in patients with moderate-to-severe
LV dysfunction secondary to coronary ischemia.”® The
current American Heart Association guidelines state that
CABG is reasonable (class Ila, level B) in patients with
moderate LV dysfunction (LVEF 35% to 50%) and may be
considered (class ITb, level B) for patients with severe LV
dysfunction (LVEF <35%) without significant left main
disease. There are insufficient data to make a recommen-
dation regarding the role of PCI in patients with LV
dysfunction.”* The European guidelines state that for pa-
tients having LVEF of <35% with anginal or heart failure
symptoms, CABG is beneficial in the presence of left main
or multivessel coronary artery disease (class I, level B).25
There is conflicting and less well-established evidence for
PCI, if anatomy is suitable (class IIb, level C).

In the present study, there is a markedly increased rate of
MI and repeat revascularization with the PCI group, which
may influence the overall cost after revascularization. Fanari
et al”® reported that despite greater initial costs, CABG is a
highly cost-effective revascularization strategy compared
with PCI using DES for patients with diabetes mellitus and
multivessel coronary artery disease owing to more frequent
repeat revascularization and greater outpatient medication
costs. Similarly, the Future Revascularization Evaluation in
Patients with Diabetes Mellitus: Optimal Management of
Multivessel Disease trial concluded that compared with PCI,
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Table 4
Propensity score—adjusted hazard ratios in patients with impaired left ventricular systolic dysfunction with three-vessel and/or left main disease
Variable Number of Patients (Event/Total) Comparison of PCI vs. CABG
PCI CABG Hazard Ratio* 95% Confidence Interval p Interaction p
Death
35% < LVEF < 50% 101 (33%) 79 (26%) 1.57 0.96 2.56 0.07 0.91
LVEF <35% 54 (34%) 34 (25%) 142 0.71 2.82 0.32
Cardiac death
35% < LVEF < 50% 54 (18%) 37 (12%) 225 1.15 4.40 0.02 0.43
LVEF <35% 33 (21%) 16 (12%) 4.42 1.48 13.24 0.01
Sudden death
35% < LVEF < 50% 17 (6%) 11 (4%) 2.47 0.71 8.56 0.16 0.6
LVEF <35% 11 (7%) 4 (3%) 4.94 0.53 46.28 0.16
Readmission for heart failure
35% < LVEF < 50% 62 (20%) 39 (13%) 272 1.39 5.34 <0.01 1
LVEF <35% 51 (32%) 26 (19%) 1.77 0.88 3.55 0.11
Stroke
35% < LVEF < 50% 25 (8%) 35 (11%) 0.71 0.32 1.57 0.40 0.37
LVEF <35% 12 (8%) 11 (8%) 0.93 0.30 2.85 0.89
Myocardial infarction
35% < LVEF < 50% 25 (8%) 17 (6%) 2.31 0.87 6.15 0.09 0.21
LVEF <35% 11 (7%) 2 (1%) 243 0.40 14.74 0.34
Any revascularization
35% < LVEF < 50% 129 (42%) 27 (9%) 5.42 3.00 9.80 <0.01 0.21
LVEF <35% 60 (38%) 18 (13%) 1.73 0.76 3.95 0.20

Number of patients: 35% < LVEF < 50%: PCI = 306, CABG = 306; LVEF <35%: PCI = 158, CABG = 138.

CABG = coronary artery bypass grafting; LVEF = left ventricular ejection fraction; PCI = percutaneous coronary intervention.

* Adjusted for age, gender, body mass index, hypertension, dyslipidemia, diabetes mellitus, current smoker, heart failure, mitral regurgitation grade 3 or 4,
previous myocardial infarction, previous stroke, peripheral vascular disease, atrial fibrillation, chronic kidney disease, hemodialysis, anemia, platelet count,
chronic obstructive lung disease, liver cirrhosis, malignancy, emergency procedure, number of diseased vessels, left main disease, target of chronic total
occlusion, target of proximal left anterior descending coronary artery, SYNTAX score, and institute.

Table 5
Reports of coronary revascularization in patients with left ventricular systolic dysfunction (PCI vs CABG)
Year LVEF Number of Patients Stent Type Follow-Up Main Outcomes
PCI CABG
Observational study
Hannan (subanalysis)'® 2008 <40% 1059 1614 DES 18 months High mortality in PCI
Hiatky (subanalysis)'’ 2013 n/a 6940 6572 n/a 5 years High mortality in PCI
Nagendran'* 2013 <35% 718 718 BMS/DES 5 years High mortality in PCI
Yang'® 2013 <50% 141 141 DES 3 years No difference in mortality
Meta analysis (subanalysis)
Hiatky™" 2009 n/a 615 551 BMS 8 years No difference in mortality
Kunadian®’ 2012 <40% 455 502 n/a >1 year No difference in mortality

BMS = bare-metal stent; CABG = coronary artery bypass grafting; DES = drug-eluting stent; LVEF = left ventricular ejection fraction; PCI = percu-
taneous coronary intervention.

CABG is associated with less repeat revascularization, better enrolled was still small, particularly in patients with moderate
quality of life, and improved survival rate in high-risk pa- and severe LV systolic dysfunctions because only patients
tients.”” Although CABG is associated with greater costs, it is with 3-vessel and/or left main disease were selected to ho-
probably associated with a reasonable cost per quality- mogenize the patients’ background. Third, we did not have
adjusted life year gained in many patients. Therefore, data regarding the extent of myocardial ischemia, presence
CABG will often be a cost-effective strategy, especially in of hibernated myocardium, application of implantable
patients with high angiographic complexity and/or diabetes.”’ cardioverter-defibrillator, and cardiac resynchronization

There are several important limitations to this study. First therapy, which might influence the long-term outcomes of
and the most importantly, the observational study design patient with LV systolic dysfunction.

precluded definitive conclusions regarding the superiority of
PCI or CABG because of selection bias and unmeasured
confounders. Propensity score analysis may not adequately
adjust for these biases. Second, the number of patients The authors have no conflicts of interest to disclose.
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Abstract

OBJECTIVES: Ischaemic heart disease is a major risk factor for heart failure. However, long-term benefit of percutaneous coronary inter-
vention (PCl) or coronary artery bypass grafting (CABG) in those patients has not been well elucidated.

METHODS: Of the 15 939 patients undergoing first myocardial revascularization enrolled in the CREDO-Kyoto PCI/CABG Registry Cohort-
2, we identified 1064 patients with multivessel and/or left main disease with a history of heart failure (ACC/AHA Stage C or D).

RESULTS: There were 672 patients undergoing PCl and 392 CABG. Preprocedural left ventricular ejection fraction was not different
between PCl and CABG (46.6 = 15.1 vs 46.6 + 14.6%, P = 0.89), but the CABG group included more patients with triple-vessel and left main
disease (P < 0.07 each). Three-year outcomes revealed that the risk of hospital readmission for heart failure was higher after PCI than after
CABG (hazard ratio [95% confidence interval]; 1.90 [1.18-3.05], P=0.01). More importantly, adjusted mortality after PCI was significantly
higher than after CABG (1.79 [1.13-2.82], P=0.01). The risk of cardiac death after PCl was also higher than after CABG (1.98 [1.10-3.55],
P =0.02). Stratified analysis using the SYNTAX score demonstrated that risk of death was not different between PCl and CABG in patients
with low (<23) and intermediate (23-32) SYNTAX scores (2.10 [0.57-7.68], P=0.26 and 1.43 [0.63-3.21], P=0.39, respectively), whereas
those with a high (233) SYNTAX score, the risk of death was far higher after PCI than after CABG (4.83 [1.46-16.0], P=0.01).

CONCLUSIONS: In patients with heart failure with advanced coronary artery disease, CABG was a better option than PCl because CABG
was associated with better survival benefit, particularly in more complex coronary lesions stratified by the SYNTAX score.

Keywords: Coronary artery bypass grafting < Percutaneous coronary intervention « SYNTAX score « Heart failure - Left ventricular
dysfunction

INTRODUCTION dysfunction [3-5]. However, limited reports have been available
regarding the benefit of percutaneous coronary intervention
Coronary artery disease is the most common cause of heart failure (PCI), in patients with heart failure, particularly with drug-eluting
and has increased with the growing incidence of associated mor- stent (DES). In addition, 5-year outcomes of SYNTAX trial revealed
tality [1, 2]. Therefore, it is important to understand the clinical that patients with more complex coronary lesions benefit more
outcomes following myocardial revascularization in patients with from CABG than from PCI [6]. Thus, it is desirable to investigate the
heart failure with advanced coronary artery disease. Several impact of CABG compared with PCl on early and late outcomes in
studies have shown improved outcomes following coronary artery patients with heart failure with advanced coronary artery disease.
bypass grafting (CABG) in patients with left ventricular (LV) The CREDO-Kyoto (Coronary REvascularization Demonstrating

Outcome Study in Kyoto) is a large multicentre registry in Japan

‘Presented at the 27th Annual Meeting of the European Association for Cardio- enrolling over 25 OQO patients undergoing first PCl or CABG. In the
Thoracic Surgery, Vienna, Austria, 5-9 October 2013. CREDO-Kyoto Registry Cohort-1, we have reported the outcomes

© The Author 2014. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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comparing PCl with CABG in the era of bare-metal stent [7, 8]. The
CREDO-Kyoto Registry Cohort-2 included patients undergoing
PCl with DES [9, 10]. In the present study, therefore, we sought to
investigate 3-year outcomes comparing PCl with CABG in patients
with heart failure accompanied by multivessel and/or left main
disease using the data from the CREDO-Kyoto registry Cohort-2.

PATIENTS AND METHODS
Study population

The CREDO-Kyoto PCI/CABG Registry Cohort-2 is a physician-
initiated, non-company-sponsored, multicentre registry that enrolled
consecutive patients undergoing first coronary revascularization
in 26 centres in Japan from January 2005 through December
2007. The relevant ethics committees in all 26 participating
centres (see Supplementary material 5TA) approved the research
protocol. Because of the retrospective enrollment, written
informed consent from the patients was waived. However,
patients who refused participation in the study when contacted
for follow-up were excluded.

The study design and patient enrollment in the registry have
been described in detail previously [11]. In the present study, we
focused on patients with a history of heart failure (ACC/AHA Stage
C or D) [2] with multivessel and/or left main disease. ACC/AHA
heart failure Stage C denotes patients with current or past symp-
toms of heart failure associated with underlying structural heart
disease (the bulk of patients with heart failure) and Stage D desig-
nates patients with truly refractory heart failure who might be
eligible for specialized, advanced treatment strategies, such as
mechanical circulatory support, procedures to facilitate fluid
removal, continuous inotropic infusions or cardiac transplantation
or other innovative or experimental surgical procedures, or for
end-of-life care, such as hospice.

Of the 15 939 patients enrolled in the registry, we excluded those
patients who refused study enroliment (n = 67), those with concomi-
tant non-coronary surgery (n = 609), acute myocardial infarction (M,
n =4900), single-vessel disease (n = 3440), those without a history of
heart failure (n=5690) and moderate-to-severe mitral regurgita-
tion (n =169). Subsequently, the study population for the present
subanalysis of the registry consisted of 1064 patients with a history
of heart failure accompanied by stable multivessel and/or left
main disease without moderate-to-severe mitral regurgitation.

Data collection and definitions

Demographic, angiographic and procedural data were collected
from hospital charts according to prespecified definitions by ex-
perienced research coordinators in an independent research or-
ganization (Research Institute for Production Development, Kyoto,
Japan; see Supplementary material S1B). Definitions for clinical
characteristics are presented in the Supplementary material S1C.

The SYNTAX score was calculated using the SYNTAX score cal-
culator (available at: http://www.syntaxscore.com) by a dedicated
SYNTAX score committee (see Supplementary material S1D)
blinded to the clinical data. Intra- and interobserver variabilities of
the SYNTAX score calculation in our group were previously
reported [12]. Cut-off values for SYNTAX score tertiles (low <23,
intermediate 23-33 and high 233) were defined according to ana-
lysis in the SYNTAX trial [13, 14].
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Collection of follow-up information was conducted mainly
through review of inpatient and outpatient hospital charts by clin-
ical research coordinators in the independent research organiza-
tion. Additional follow-up information was collected through
contact with patients, relatives and/or referring physicians by
sending mail with questions on vital status and additional hospita-
lizations, Death, M, stent thrombosis and stroke were adjudicated
by the clinical event committee (see Supplementary material S1E).
Because final data collection for follow-up events was initiated on
1 July 2009, follow-up events were censored on this date.

End points

The primary outcome measurements for the present analysis were
death from any cause. Other prespecified end points included
cardiac death, readmission for heart failure, stroke, Ml and repeat
revascularization. Death was regarded as cardiac in origin unless
obvious non-cardiac causes could be identified. Any death during
the index hospitalization for myocardial revascularization was
regarded as cardiac death. Ml was defined according to the defin-
ition in the Arterial Revascularization Therapy Study [15]. Stroke
was defined as ischaemic or haemorrhagic stroke requiring hospi-
talization with symptoms lasting >24 h. Repeat revascularization
was defined as revascularization performed because of ischaemic
symptoms, electrocardiographic changes at rest or positive stress
test results. Scheduled-staged coronary revascularization proce-
dures performed within 3 months of the initial procedure were
not regarded as follow-up events but were included in the index
procedure.

Statistical analyses

All continuous variables are expressed as the mean + standard de-
viation. Differences in baseline characteristics across the two
groups were examined by z* test. Effects of PCI compared with
CABG for individual end points were expressed as hazard ratios
(HRs) with 95% confidence intervals (Cls). Propensity scores,
which were the probabilities that a patient would undergo PCl,
were calculated for each patient. The propensity scores were esti-
mated with multivariable logistic regression. We used a non-
parsimonious model, that is, all of the following confounding
factors were included in the model age, sex, body mass index,
hypertension, diabetes mellitus, current smoker, prior Ml, prior
stroke, peripheral arterial disease, atrial fibrillation, chronic kidney
disease, haemodialysis, anaemia, platelet count, chronic obstruct-
ive lung disease, liver cirrhosis, malignancy, emergency procedure,
number of diseased vessels, left main disease, target chronic total
occlusion and target proximal left anterior descending coronary
artery. These variables were consistent with previous reports from
the current registry. Continuous variables except age were dichot-
omized using clinically meaningful reference values or median
values. Harrell's C-statistic of the logistic regression for estimating
propensity scores was 0.858. Outcomes after PCl and CABG were
compared by Cox proportional hazard models. To adjust for con-
founding, these models were stratified to the tertiles of propensity
scores and institutes. Propensity-score-adjusted HRs, 95% Cls and
P-values are reported. All reported P-values were two-sided. We
also performed subgroup analysis by tertiles of SYNTAX score and
P-values for the interaction term between treatment and tertiles
of SYNTAX score were reported additionally.
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All analyses were conducted by a statistician (S.T.) with the use
of the SAS version 9.2 (SAS Institute, Inc.) software and S-Plus
version 7.0 (Insightful Corp). The authors had full access to the
data and take responsibility for its integrity.

RESULTS

Among the 1064 patients with multivessel and/or left main
disease with heart failure, 672 patients (63.2%) received PCl and
392 CABG. Baseline characteristics of the patients in the two
groups are given in Table 1. Regarding the complexity of coronary
artery anatomy, the CABG group included more patients with
triple-vessel disease, left main disease, involvement of target of
proximal left anterior descending artery and target of total occlu-
sion. SYNTAX scores were available in patients with triple-vessel
and/or left main disease (n =678, 63.7%). The SYNTAX score was
significantly higher in the CABG group (P < 0.01). Stent was used in
94.8% of patients in the PCl group and >1 DES was used in 75.1%
patients. Left internal thoracic artery was used in 93.6% of patients
in the CABG group. Prevalence of off-pump CABG was 58.4%.
Median follow-up duration for surviving patients was 978 days.

Unadjusted 30-day and in-hospital mortality was not different
between PCl and CABG (1.3 vs 2.0%, P=0.39 and 3.0 vs 2.8%,
P =0.87, respectively). Similarly, 30-day incidences of stroke and
Mi were not different between the groups (1.0 vs 1.5%, P=0.48
and 1.3 vs 1.0%, P = 0.65, respectively). Three-year follow-up rates
were 87.0% in the CABG group and 80.2% in the PCl group.

Propensity score analysis showed that all-cause mortality
adjusted for confounders was higher after PCl than after CABG
(HR[95% Cl}: 1.79[1.13-2.82], P=0.01, Table 2). The risk of cardiac
death was also higher after PCl (1.98 [1.1-3.55], P=0.02). The risk
of repeat revascularization after PCl was much higher than after
CABG (9.42 [4.35-20.4], P < 0.01). The risk of stroke was not differ-
ent between PCl and CABG (1.44[0.68-3.08], P=0.34).

SYNTAX score was available in patients with triple-vessel and/or
left main disease (Table 3). Clinical outcomes were compared
between PCl and CABG among the three categories of coronary
anatomical complexities stratified by the SYNTAX score. All-cause
mortality was not different between PCl and CABG in patients
with low and intermediate SYNTAX scores (2.1 [0.57-7.68],
P=0.26 and 1.43 [0.63-3.21], P=0.39, respectively). However, all-
cause mortality after PCl was far higher than after CABG in patients
with a high SYNTAX score (4.83 [1.46-16.0], P=0.01).

Table 1: Baseline characteristics
PCl(n=672) CABG (n=392) P-values
Age (median) 713+106 (73.0) 69.2£95 (70.0) <0.01
Age >75 296 44.0% 127 32.4% <0.01
Male gender 448 66.7% 270 68.9% 0.46
Body mass index 233+4.1 (23.0) 226+33 (22.2) <0.01
Body mass index 225 199 29.6% 90 23.0% 0.02
Hypertension 625 93.0% 351 89.5% 0.05
Diabetes mellitus 384 57.1% 234 59.7% 0.42
On insulin therapy 158 23.5% 101 25.8% 0.20
Current smoking 140 20.8% 95 24.2% 0.89
Ejection fraction 46.6+15.1 (46.0) 46.6+14.6 (46.0) 0.98
Previous myocardial infarction 257 38.2% 161 41.1% 0.36
Atrial fibrillation 108 16.1% 72 18.4% 0.34
Previous stroke 124 18.5% 60 15.3% 0.19
Peripheral artery disease 63 9.4% 42 10.7% 0.48
eGFR (ml/min/1.73 m?) (median) 49.5+251 (51.6) 4731244 (49.7) 0.21
~ eGFR <30 ml/min/1.73 m? without hemodialysis 81 12.1% 60 153% 0.16
Haemodialysis 72 10.7% 38 9.7% 0.60
Anaemia (haemoglobin <11.0 g/dl) 192 28.6% 125 31.9% 0.25
Platelet count <100 x 10%/1) 20 3.0% 11 2.8% 0.87
Chronic obstructive pulmonary disease 32 4.8% 9 2.3% 0.04
Liver cirrhosis 19 2.8% 13 3.3% 0.65
Malignancy 61 9.1% 42 10.7% 038
Procedural characteristics
Number of target lesions or anastomoses (median) 1.8+£09 (2.0) 32x10 (3.0) <0.01
Extent of coronary artery disease
Triple-vessel disease 312 46.4% 238 60.7% <0.01
Left main disease 56 8.3% 122 31.1% <0.01
Target of proximal left anterior descending artery 431 64.1% 357 91.1% <0.01
Target of chronic total occlusion 7 25.4% 205 52.3% <0.01
Stent use 637 94.8% - n/a
Drug-eluting stent use 515 76.6% - n/a
Left internal thoracic artery use (-) 367 93.6% n/a
Off-pump CABG -) 229 58.4% n/a
Emergency procedure 39 5.8% 30 7.7% 0.24
SYNTAX score (median) 26.8+10.0 (26.0) 32.2+105 (31.0) <0.01

Mean # standard deviation, or number of patients and percentage.
eGFR: estimated glomerular filtration rate.
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o T able 2 Three-year outcomes after PCl and CABG in patients with heart failure

Comparison of PCl vs CABG

PCl (n=672) CABG (n=392) HR 95% Cl P-values
Death 143 21% 61 16% 179 113 282 0.01
Cardiac death 91 14% 34 9% 1.98 1.1 3.55 0.02
Readmission for heart failure 146 22% 46 12% 1.9 1.18 3.05 0.01
Stroke 45 7% 24 6% 1.44 0.68 3.08 034
Mpyocardial infarction 27 4% 12 3% 295 1 871 0.05
127 14 4% 9.42 435 2041

Repeat revascularization 19%

<0.01

: Adjusfed for age, sex, Body mass index, hypertension; dyslipidaemia, diabetes mellitus, current smoker, heart failure, mitral regurgitation grade 3/4, prior
. myocardial infarction, prior stroke, peripheral vascular disease, atrial fibrillation, chronic kidney. disease, haemodialysis, anaemia, platelet count, COPD, liver

'dlngcoronaryanery, msmute e

_cirrhosis, mahgnancy, emergency. procedure number of dlseased vessels, left main disease, target of chronlc total occlusnon target of prox&mal left antenor G

 Table3: Three-year mortality after PCi,an‘d, CABG in patients with heértfailyurei stratified by tertiles of SYNTAX score

Number of patients (event/total)

Comparison of PCl vs. CABG

PCl {n = 435) CABG (n=343) HR 95% Cl P-value
Low (<23) 28 21% 9 16% 2.1 0.57 7.68 0.26
g Intermediate (23-32) 35 23% 21 18% 1.43 0.63 3.21 0.39
[ High (233) 20 25% 19 13% 4.83 1.46 16.03 0.01

SYNTAX scores were available in patnents thh triple-vessel and/or left main dlsease (n=678,63.7%).

Adjusted forage, sex, Body mass index, hypertension, dyslipidaemia, diabetes mellitus, current smoker, heart failure, mitral regurgitation grade 3/4, prior
myocardial infarction, prior stroke, peripheral vascular disease, atrial fibrillation, chronic kidney disease, haemodialysis, anaemia, platelet count, COPD, liver
cirrhosis, malignancy, emergency procedure, number of diseased vessels, left main disease, target of chronic total occlusion, target of proximal left anterior:

descending coronary artery, institute:

DISCUSSION
Main findings

In the present study, we investigated the impact of CABG on early
and 3-year outcomes after PCl with DES in Japanese patients with
heart failure accompanied by multivessel and/or left main disease.
Thirty-day outcomes were not different between PCI and CABG
regarding the incidence of death, stroke and Ml. Three-year out-
comes revealed that CABG reduced the risk of all-cause death
compared with PCl. Similarly, the risk of cardiac death was higher
after PCL. The risks of MI and repeat revascularization after PCl
were also much higher than after PCl. The risk of stroke was not
different between PCl and CABG.

The survival benefit was more prominent in patients with more
complex coronary lesions stratified by the SYNTAX score.
Importantly, the risk of death was not different between PCl and
CABG in patients with low and intermediate SYNTAX scores;
however, the risk was far higher after PCI in patients with a high
SYNTAX score. These outcomes indicate that in patients with
heart failure with advanced coronary artery disease, CABG was
better option than PCl because CABG was associated with better
survival benefit, particularly in more complex coronary lesions
stratified by the SYNTAX score.

Previously, CABG has been the preferred revascularization strat-
egy for patients with LV dysfunction [16]. In the bare-metal stent era,
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a few previous studies have compared the clinical outcomes after
PCl or CABG in patients with LV dysfunction [17, 18]. These studies
demonstrated that the survival benefits of PCl were not inferior to
those of CABG, despite the high incidence of repeat revasculariza-
tion. The recent introduction of DES has broadened the indications
for PCI to high-risk patients and complex lesions. In the DES era,
few studies have compared the clinical outcomes of PCl and CABG
in patients with LV dysfunction. Recently, however, subclass analyses
of several large studies demonstrated the benefit of CABG in
patients with heart failure with more complex coronary lesions.

FREEDOM trial randomized 1900 patients with diabetes and
multivessel coronary disease to undergo either PCl with DES or
CABG [19]. At 5 years, the primary composite end point of death/
stroke/MI occurred more often in patients treated with PCl re-
gardless of the SYNTAX score. In addition, CABG proved more
beneficial than PCl in all prespecified subgroups such as those
with renal insufficiency. Specifically, in patients with an LV ejection
fraction of <40%, 5-year risk of composite of death/stroke/MI was
significantly lower than that of PCI (62 vs 31%).

Large observational studies also demonstrated the benefit of
CABG than PCl in patients with LV dysfunction [20, 21]. Hlatky et al.
[20] revealed that the CABG advantage is strongest in patients with
certain clinical characteristics, such as diabetes and heart failure.
Five-year outcomes revealed that CABG reduced the adjusted risk
of all-cause mortality compared with PCl (0.92 [0.90-0.95],
P < 0.001). In patients with heart failure, the risk of 5-year mortality
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was significantly lower than that with PCI (51.7 vs 44.6%; 0.84
[0.79-0.88], P<0.001). Significant interaction P-value (<0.001)
indicated the benefit of CABG was more prominent in patients
with heart failure compared to those without heart failure.

The American College of Cardiology Foundation (ACCF) and the
Society for Thoracic Surgery (STS) have established important na-
tional data registries for PCl and CABG [21]. The ASCERT study
linked hospital data from the two registries collected from 2004
through 2007 to analyse long-term mortality, rehospitalization and
resource utilization outcomes. Among patients older than 64 years
with multivessel disease, 86244 underwent CABG and 103549
underwent PCl. At 4 years, there was lower mortality with CABG
than with PCI (16.4 vs 20.8%; 0.79 [0.76-0.82]). Similar results were
noted in multiple subgroups such as sex, age, presence or absence
of diabetes, body mass index, presence or absence of chronic lung
disease, ejection, fraction and glomerular filtration rate. In patients
with an LV ejection fraction of <30%, 4-year mortality was signifi-
cantly lower in the CABG group (0.70 [0.63-0.77]). These results in-
dicate that CABG has greater long-term survival advantage than PCl
in patients with heart failure with advanced coronary disease.

In the preset study, both the risks of all-cause and cardiac death
after PCl were higher than after CABG. Several studies have repor-
ted that incomplete revascularization was associated with a
greater risk of major cardiac events after PCl [22-24]. The clinical
impact of angiographic complete and incomplete revasculariza-
tion after PCI or CABG was evaluated in the ‘all-comers’ SYNTAX
trial [23]. As a result, within the PCl and CABG arms of the all-
comers SYNTAX trial, angiographically determined incomplete
revascularization has a detrimental impact on long-term clinical
outcomes, including mortality. A systematic review and meta-
analysis of studies comparing complete revascularization versus
incomplete revascularization in 89 883 patients with multivessel
disease reported that incomplete revascularization was more
common after PCl than after CABG (56 vs 25%), and that complete
revascularization was associated with lower long-term mortality
(0.71 [0.65-0.77], P < 0.001), MI (0.78 [0.68-0.90], P=0.001) and
repeat revascularization (0.74 [0.65-0.83], P <0.001) [24]. In the
preset study, the numbers of target/anastomotic sites were signifi-
cantly lower in the PCl group. In addition, the risk of repeat revas-
cularization after PCI was far higher than after CABG, which means
that incomplete revascularization after PCl was seriously asso-
ciated with cardiac mortality. Thus, complete revascularization
should be obtained in patients with heart failure irrespective of
the selection of PCl or CABG.

In the present study, the mean left ventricular ejection fraction
(LVEF) preprocedure was not so bad possibly because we selected
patients with a history of heart failure caused by both systolic and
diastolic dysfunction. There are two types of heart failure. Systolic
LV dysfunction (or systolic heart failure) occurs when the LV heart
muscle does not contract with enough force (low LVEF). On the
other hand, heart failure with preserved LV function (diastolic
heart failure) occurs when the heart contracts normally, but the
ventricles do not relax properly or are stiff and less blood enters
the heart during normal filling. In this case, LVEF is often normal.
In the current clinical practice, approximately half of patients with
over congestive heart failure have diastolic dysfunction without
reduced LVEF. Clinically, diastolic heart failure of ischaemic
disease is associated with hypertension or atrial fibrillation.
Although we did not have detailed data regarding diastolic failure
in this registry, we believe that it is important to elucidate the
impact of CABG in patients not only with systolic but also with dia-
stolic heart failure.
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The prevalence of diabetes mellitus in the present study was
high compared with previous reports. In the overall population of
our registry (both with and without heart failure), rate of diabetes
was 40.2 for PCI and 50.6% for CABG. These values are not so dif-
ferent from those of previously reported studies that investigated
myocardial revascularization in Japan. However, these values may
be high compared with those from countries other than Japan.
The reasons for high rate of diabetes in Asians including Japanese
are unclear; however, several studies have reported high rates of
diabetes in Asians including Japanese because of poor insulin
secretion and sensitivity in Asians compared with Western
Europeans [25].

There are several important limitations in this study. First and
most importantly, the observational study design precluded de-
finitive conclusions regarding the superiority of PCl or CABG
because of selection bias and unmeasured confounders. Propensity-
score analysis may not adequately adjust for these biases. Secondly,
the number of patients enrolled was still small and SYNTAX score
data were not available for all patients. Thirdly, the duration of
follow-up might not be sufficient to evaluate the long-term out-
comes of coronary revascularization.

CONCLUSIONS

In patients with heart failure accompanied by multivessel and/or
left main disease, CABG is associated with better 3-year survival
than PCl using DES, particularly in patients with higher SYNTAX
score. CABG may be a favourable myocardial revascularization
strategy in those patients. Further study with longer follow-up is
necessary.
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APPENDIX: CONFERENCE DISCUSSION

Dr M. Poullis (Liverpool, UK): 1 just picked up from your talk that LIMA usage is
just 59%; that's quite low | think. | have really two questions.

First of all, if all the patients were in heart failure, why was the mean ejection
fraction 46%, which is quite good? | think that is an issue. | think the second
question | wanted to ask partly aliudes to that. 17.2% of people had grade 3 or
4 mitral regurgitation in the PCl group and 6.9% in the CABG group. Surely it
would be better to eliminate all the people with mitral regurgitation grade 3 or
4 and then do your analysis. The end of the bed test | think is what's going on
here: people who look bad have the PCl, people who look good have the
surgery, and | think it is a major confounding issue.

Dr Marui: Regarding your first question, we didn't use the ejection fraction
value in the present study. | should have used a cut-off point for ejection frac-
tion of 30% or 40% in the present study, but we didn't do that because of the
problem of sample size. So we used the history of heart failure instead of the
value of ejection fraction. So as you say, 46% mean EF is much higher than in
previous reports of heart failure comparing PCl with CABG. So it should be con-
sidered as a limitation of the present study.

Regarding the second question, the mitral regurgitation rate is higher in the
PCI group, and the CABG group has approximately 7% of patients with mitral
regurgitation. As you said, the high ratio of mitral regurgitation may affect the
outcomes of the present study. Although we adjusted the ratio of mitral regur-
gitation, we should re-analyze the data excluding patients with mitral regurgita-
tion and could adjust the difference of mitral regurgitation.

Dr D. Bonneau (Toronto, ON, Canada): This is a fantastic study and the
message should be loud and clear, but recently we also know that stents were
suboptimal for diabetic people. | wonder, and it's hindsight, of course, but if
you removed the diabetics from the PCl series, would it affect the statistics? In
other words, what we are seeing, is it due to congestive heart failure or the fact
that diabetics were treated with stents?

Dr Marui: As you said, in the patients with diabetes, the outcome of CABG is
better than in the non-diabetic population. So if we exclude the diabetic
patients in the PCI group, there may be no difference between the PCl and
CABG in the results. However, we did not compare the outcomes of the
patients with or without diabetes in the present study. | would like to try the
analysis in a future study.
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A, SYNTAX RV ZIRD & T2 KRBT v 741k
B (RCT) R RHABBIENI - A 57 F) VAL D
ez €7 v AdEL LESh, RESFMECHT
% PCI #7214 CABG 20 W T OB FERERRoa v v
FRAFIBEERENEFD S, L Less Bkl
FEREATABBAEUMRALRVAIEATERHOZ LS
{, €D LX) BERFEFHEOBHEEALD PCI vs CABG OH
I T VAPBREERoTVAS,

FERAICH LT 2012 2 KRBBLRCT @ FREEDOM
HEICL Y, BMBRETFTAMRAEFIIBITS
CABG DEMBEBMMFREINICE L. L2 LEE
ODEBEEREIIOWTH, WELETGZIEF Y A4D
BERBEVHLL, EE BAEREFSOMEELAL
WA A P94 ¥ Q010 FUETH) PlcBwTd, mimik
DIEIRE AP L2 O BE T A8 0E R - RInAT
BRIIOVWTEBI LAZEF Y ARERE LRy, &8
nTBY, S%ETETERLT 2 EFRENDIAHED
B RO BB T, EACEBREE ST S
Frhri¥F v ARBIEL T S e GIBIcEE L B
bhz., ZITREZEMASEZRNE(LVERNET]
WDk AR DEBRBZICOWT, BMATHRICBT A8
EIFTOIVYFVARHRITA.

I AEAEDERERIC S 3 BMTBREOBANDIET VX

1. CABG vs E¥iRHE

R LB EICBIT A CABG L BHEFOLEICD
WTIEHEL EVELOEENTD S, 1994412 Yusuf &
i3, 7TOORCT HHORERIERE 2604 BEHRE L
F2AZTF) Y AR, CABG IBEMAME LTS

HH AP RSEREEPIERL LB IIE AF (F 606-8507 FEBHFHE
W E TR E IR AT 54)
doi: 10.7793/jcoron.20.007

FULOBHTEMGTRUENRERL, EERTHE
PEEDEREE DY AV RTFASVEFIIE CABG D
ANy FHREREGI E 2R LY.

F B E LTI, 1983 4E 1T Alderman 5 1,
LVEF 36 %O BE 0t S\ HYEH T S 242054 &
CABG 2MiAT L7z 231 BA MR LA L 2 A CABGIZETE
WCAEGTHEUEL (p0.05), 2D0ZFOHHEIL LVEF 26%
RBOBETINVHEETH -2 L 2WME LG E45F
H 43% vs 63%)%. 2002 4ELZ O’Connor & id LVEF 40% %
WD 1052 BOTEWAFEZ & 339 B0 CABG BH % L
L, I0EHBOEFREI 13% vs 42% (p<0.0001) &£ CABG
TRIFTH A Z L 2WE L0,

Lo L2 h b oo I a3 BT - 359

BREDICREICHEELTBY, 9% ¥F T
HBHEERENd ol FOBKEBRCTTH 5

STICH BERDHFEAME S N2, STICH BBk, €K
DR LR L UCHEYEHR - CABG Bl - CABG +
EEBEAMZ LB LZRCT TH Y, 20094 CABG I
Ik CABG + EEERMOLEFERIRE I LY, FOR
2011 FEICEEMIAFE & B CABG O A S o,
LVEF 35% VT 0 B35 1212 ZBA%3EiBH & CABGIZ T~
FAIZHE DAY S, intension-to-treat & X— 22 5 48
WA bRz SEBHICIAETER, BWHHF
41%, CABG 36%THYH, CABG OEMEERT I LIS
TERP -7 (p=0.12). LA L% 6 8RR R 2 35iA
FEHED 1004 (17%) 25 CABG # 2 THB Y (cross over),
EBRIZZVT B L A8, Wb 5 “as-treated” THE
WEfTo72 25, BYIEIHIZI~T CABG DIETE
AECZ EFHPH LAY A7 (95%ERXE) : 0.70
(0.58~0.84) 1 p<0.001). F 725 FEBH T TOFRTROHN
ERAE, BohAEMBMTIAAED intension-to-treat
12X BATCH CABG BB TH W REEN B ENT
BY, BIEHERBHSAITONTWS,
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Table 1 MEMAECEER % A5 AEAE AT ¥ 5B MAT R DI (PCLvs CABG)
B ik
SR $4E LVER o # - Stent I (PC%\% fiiG)

RCT (% 7 #47)
Berger'” 2001 50% 3kl 94 2 (-) 7 4F IEMERE. AEERL
%S
O'Kecfe' 1993 40%LLTF 100 100 ) 54 PCl TR HATE WIS b
Brener™ 2004 30%ETF 54 573 BMS 5 4F PCL TREEFBVEIED Y
Sedlis™ 2004 35% K 152 140 R 6HH  FETHEERL
Gioia™” 2007 33%ETF 128 92 DES 24 WETHEREERL
Hannan'” 2008 40%3KiH 1059 1614 DES 187 A PCITHREE, JET/ LHIEENE
Nagendran'” 2013 35%:3RW  1599(718)"  1326(718)° BMS/DES 54F PCI TRETHEAG W
Yang*™ 2013 S0%kiE 402(141)°  551(141)° DES 34E FEETHEERL
Hlatky"" 2013 RICHK 6940 6572 FFLHR 54 PCI CIETH AT
AETFULA
Hiatky"”’ 2009 RA 615 551 BMS 84 FEETHEERL
Kunadian'™ 2012 40% LT 455 502 FACHL TEEDLE BT THFEERL

Oy YT Ly FIRER

2. PClvs ¥#iaH

Bl R R R T A A LRSI T B Pl
SR O I Do T, BT OGRS
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Table 2 ESC/EACTS 2010 Guideline: Recommendations for patients with chronic heart failure and systolic left ventricular dysfunction

(ejection fraction €35%), presenting predominantly with anginal symptoms

13

Recommendations COR LOE Ref.

CABG is recommended for:

« Significant LM stenosis 1 B 22)

¢ LM equivalent {proximal stenosis of both LAD and LCx)

« Proximal LAD stenosis with 2- or 3- vessel disease.

CABG with SVR may be considered in patients with LVESV index >60 mi/m® and scarred LAD territory. b B 7,36)
PCI may be considered if anatomy is suitable, in the presence of viable myocardium. b C -

COR: Class of Recommendation, LOE: Level of evidence, CABG: coronary artery bypass grafting, LAD: left anterior descending, LCx: left
circumflex, LM: left main, LVESV: left ventricular end-systolic volume, PCI: percutaneous coronary intervention, SVR: surgical ventricular

reconstruction, Ref.: references

Table 3 ESC/EACTS 2010 Guideline: Recommendations for patients with chronic heart failure and systolic left ventricular dysfunction (gjection

fraction £35%), presenting predominantly with heart failure symptoms (no or mild angina: Canadian Cardiovascular Society 1-2)

13)

Recommendations COR LOE Ref.
LV ancurysmectomy during CABG is indicated in patients with a large LV aneurysm I C -
CABG should be considered in the presence of viable myocardium, irrespective of LVESV. Ha B 37
CABG with SVR may be considered in patients with a scarred LAD territory. 1a B 7,36)
PCI may be considered if anatomy is suitable, in the presence of viable myocardium. Iib C -
Revascularization in the absence of evidence of myocardial viability is not recommended. i1 B 37)

COR: Class of Recommendation, LOE: Level of evidence, CABG: coronary artery bypass grafting, LAD: left anterior descending, LCx: left
circumflex, LM: left main, LVESV: left ventricular end-systolic volume, PCI: percutaneous coronary intervention, SVR: surgical ventricular

reconstruction, Ref.: References
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Tabled ESC 2012 Guideline: Recommendations for myocardial revascularization in patients with chronic HF and systolic LV dysfunction™

Recommendations

CABG is recommended for patients with angina and significant left main stenosis, who are otherwise
suitable for surgery and expected to survive >1 year with good functional status, to reduce the risk of
premature death.

CABG is recommended for patients with angina and two- or three-vessel coronary disease, including a left
anterior descending stenosis, who are otherwise suitable for surgery and expected to survive >1 year with

good functional status, to reduce the risk of hospitalization for cardiovascular causes and the risk of
premature death from cardiovascular causes.

Alternative to CABG:

PCI may be considered as an alternative to CABG in the above categories of patients unsuitable for surgery.

CABG and PCI are NOT recommended in patients without angina AND without viable myocardium.

COR  LOE  Ref.
1 c -
i B 9)
b e -
1 C -

CABG: coronary artery bypass graft, EF: ejection fraction, HF: heart failure, LV: left ventricular, PCI: percutaneous coronary intervention,

COR: Class of recommendation, LOE: Level of evidence, Ref.: References

Table 5 ACCF/AHA 2013 Guideline: Recommendations for surgical/percutancous/transcatheter interventional treatments of HF (selected)

Recommendations

COR

LOE

Ref.

Coronary artery revascularization via CABG or percutaneous intervention is indicated for patients
(HFpEF and HFEF) on GDMT with angina and suitable coronary anatomy, especially for a left main
stenosis (>50%) or left main equivalent disease.

CABG to improve survival is reasonable in patients with mild to moderate LV systolic dysfunction
(EF 35% to 50%) and significant (270% diamelter stenosis) multivessel CAD or proximal left anterior
descending coronary artery stenosis when viable myocardium is present in the region of intended
revascularization,

CABG or medical therapy is reasonable to improve morbidity and cardiovascular mortality for patients
with severe LV dysfunction (EF <35%), HF, and significant CAD

CABG may be considered with the intent of improving survival in patients with ischemic heart disease
with severe LV systolic dysfunction (EF <35%) and operable coronary anatomy whether or not viable

1

Ia

1la

Ib

C

25-27,38)

38-40)

9,41)

5.9,42)

myocardium is present.

Surgical reverse remodeling or LV ancurysmectomy may be considered in carefully selected patients b B 7
with HFrEF for specific indications, including intractable HF and ventricular arrthythmias.

CABG indicates coronary artery bypass graft, CAD: coronary artery disease, COR: Class of Recommendation, EF: gjection fraction, GDMT:
guideline-directed medical therapy, HF: heart failure, HFpEF: heart failure with preserved ejection fraction, HFrEF: heart failure with reduced
gjection fraction, LAD: left anterior descending, LOE: Level of Evidence, LV: left ventricular, Ref.: references
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Table 6 Baseline characteristics of patients with heart failure (CREDO-Kyoto Registry Cohort-2)

PC1 CABG

n=812 n=421 p value
Age 71.8+10.7 69.319.5 <0.01
Male gender 522 64.3% 286 67.9% 0.2
Hypertension 754 92.9% 375 89.1% 0.02
Diabetes mellitus 457 56.3% 254 60.3% 0.17
Ejection fraction 46.0+15.2 46.1£14.7 0.89
Previous myocardial infarction 321 39.5% 172 40.9% 0.65
Atrial fibrillation 136 16.7% 79 18.8% 0.38
Previous stroke 156 19.2% 64 15.2% 0.08
Hemodialysis 89 11.0% 43 10.2% 0.69
Chronic obstructive pulmonary discase 40 4.9% 10 2.4% 0.03
Malignancy 77 9.5% 47 11.2% 0.35
Number of target lesions or anastomoses 1.8+0.9 3.24+1.0 <0.01
Extent of coronary artery disease
Triple-vessel disease 410 50.5% 331 78.6% <0.01
Left main disease 76 9.4% 131 31.1% <0.01
Target of proximal left anterior descending artery 519 63.9% 385 91.4% <0.01
Target of chronic total occlusion 210 259% 223 53.0% <0.01
Stent use 768 94.6% n/a
Drug-eluting stent use 610 75.1% n/a
Off-pump CABG nfa 247 58.7%
Emergency procedure 46 5.7% 33 7.8% 0.14
SYNTAX score 26.8+10.2 32.2+10.5 <0.01

Meantstandard deviation, or number of patients and percentage

A. All-cause death B. Death/Stroke/MI
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Fig. 1 Kaplan-Meier analyses comparing PCI with CABG in patients with heart failure.
Az All-cause death.

B: Composite of death, stroke, or myocardial infarction.

MI: myocardial infarction

A|B

v BETERE Table 6 IR L7, MO LVEF 1324 7% 72(29.0% vs 21.1%, p<0.01) (Fig. 1A, B). ZERENRO
Hro 72H5 (p=0.89), CABGE®DIZH D, 3P EEHEL MEDL, BT -BAIY FRAVMELBRPCITHEER
EOBHMBRERENS {, SYNTAX A2 T HHRBICH & 2 o 7201.68(1.10~256), p=0.02 8 X TF1.82(1.25~
o 72 (p<0.01). Kaplan-Meier 12 X 5 3 EFRTSIE PCL B 2.66), p<0.01, Table 7]. 2 SIZLBEIET, AEEARMIMEIE
THEIZE(234% vs 167%, p=0.02), BT/ BER/ TROREAR  OHEE - BNOTERIBYTH PCI
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