
IJC Heart & Vasculature 33 (2021) 100738
Contents lists available at ScienceDirect

IJC Heart & Vasculature

journa l homepage: www. journals .e lsevier .com/ i j c -hear t -and-vascula ture
Effect of left ventricular ejection fraction on the prognostic impact of
chronic total occlusion in a non-infarct-related artery in patients with
acute myocardial infarction
https://doi.org/10.1016/j.ijcha.2021.100738
2352-9067/� 2021 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Department of Cardiology, Mie Prefectural General
Medical Center, 5450-132 Hinaga, Yokkaichi, Mie, Japan.

E-mail address: jun-masuda@mie-gmc.jp (J. Masuda).
Hiromasa Ito a, Jun Masuda b,⇑, Tairo Kurita a, Mizuki Ida a, Ayato Yamamoto c, Akihiro Takasaki a,
Tetsushiro Takeuchi d, Yuichi Sato e, Takashi Omura f, Toshiki Sawai g, Takashi Tanigawa e, Masaaki Ito a,
Kaoru Dohi a

aDepartment of Cardiology and Nephrology, Mie University Graduate School of Medicine, Tsu, Japan
bDepartment of Cardiology, Mie Prefectural General Medical Center, Yokkaichi, Japan
cDepartment of Cardiology, Suzuka Chuo General Hospital, Suzuka, Japan
dDepartment of Cardiology, Nabari City Hospital, Nabari, Japan
eDepartment of Cardiology, Matsusaka Chuo General Hospital, Matsusaka, Japan
fDepartment of Cardiology, Kuwana City Medical Center, Kuwana, Japan
gDepartment of Cardiology, Mie Heart Center, Meiwa, Japan

a r t i c l e i n f o
Article history:
Received 4 December 2020
Received in revised form 31 January 2021
Accepted 6 February 2021

Keywords:
Left ventricular ejection fraction
Acute myocardial infarction
Chronic total occlusion
Prognosis
a b s t r a c t

Background: Chronic total occlusion (CTO) in a non-infarct-related artery (IRA) in patients with acute
coronary syndrome (ACS) is associated with a poor prognosis. However, whether the prognostic impact
of non-IRA CTO differs according to left ventricular ejection fraction (LVEF) is unclear.
Methods and results: A total of 2060 consecutive acute myocardial infarction (AMI) patients who under-
went primary percutaneous coronary intervention (PCI) were classified into 2 groups according to their
LVEF (reduced EF: LVEF < 50%, preserved EF: LVEF � 50%) and further subdivided according to the pres-
ence of concomitant non-IRA CTO. In the reduced EF group, patients with CTO had a higher 1-year all-
cause death rate (20.3% vs. 34.3%, P = 0.001) and major adverse cardiac event rate (MACE: 19.6% vs.
39.6%, P < 0.001) compared to those without CTO, but they were similar between patients with and with-
out CTO in the preserved EF group. Non-IRA CTO was an independent predictor of all-cause death (HR
1.58, 95% CI 1.06–2.33, P = 0.02) and MACE (HR 1.67, 95% CI 1.14–2.46, P = 0.009) only in the reduced
EF group. In addition, the outcomes of successful CTO-PCI seemed to be similar to those without CTO
in the reduced EF group.
Conclusions: CTO in a non-IRA may contribute to a poor prognosis only in AMI patients with reduced
LVEF.

� 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acute myocardial infarction (AMI) is one of the major causes of
morbidity and mortality through the world. Several recent studies
have highlighted a fall in acute and long-term mortality following
ST-elevation myocardial infarction (STEMI) in parallel with greater
use of reperfusion therapy, primary percutaneous coronary inter-
vention (PCI), modern antithrombotic therapy, and secondary pre-
vention [1,2]. However, the mortality of STEMI has not yet
improved to a satisfactory level, with 1-year mortality of approxi-
mately 7–12% in Western countries and Japanese registries [3–7].
Reduced LVEF is well known to be associated with high AMI mor-
tality, and it is associated with increased cardiovascular risk in the
early and long-term periods [8,9]. On the other hand, chronic total
occlusion (CTO) in a non-infarct-related artery (IRA) in patients
with acute coronary syndrome (ACS) is associated with a poor
prognosis, as reported in several recent studies of ACS [10–14].
However, there are limited data on whether the prognostic impact
of non-IRA CTO differs according to left ventricular ejection frac-
tion (LVEF). Accordingly, the purpose of this study was to clarify
the effect of LVEF on the prognostic impact of non-IRA CTO in
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patients with AMI and to evaluate whether staged PCI of the non-
IRA CTO improves patient outcomes.
2. Methods

2.1. Study population

The Mie ACS Registry is a prospective, ongoing, multicenter reg-
istry in Japan [15,16] (https://upload.umin.ac.jp/cgi-openbin/icdr_
e/ctr_view.cgi?recptno=R000041031 Unique identifier:
UMIN000036020). In principle, all 15 participating centers regis-
tered ACS patients based on the research protocol. Details of partic-
ipating facilities are provided in Supplementary Table 1. A total of
2432 consecutive patients with AMI between January 2013 and
December 2016 were evaluated using the data from the Mie ACS
Registry, and the following subjects were excluded: patients who
did not undergo primary PCI (N = 197, 8.1%); patients with a lack
of data for IRA (N = 2, 0.1%) or for LVEF (N = 146, 6.0%); and patients
who had a previous history of coronary artery bypass grafting
(CABG) (N = 27, 1.1%). Finally, a total of 2060 AMI patients who
underwent primary PCI were included in the current analysis
(Fig. 1).

This registry study conformed to the principles of the Declara-
tion of Helsinki and was approved by the Institutional Review
Board of Mie University Graduate School of Medicine and each par-
ticipating hospital ethics committee (Reference number 2881). All
patients gave their ‘‘opt-out” informed consent.
2.2. Definitions

All patients were classified into 2 groups according to their LVEF
(reduced EF: LVEF < 50%, preserved EF: LVEF � 50%), and then
patients in each group were further divided into 2 subgroups
according to the presence of non-IRA CTO (Fig. 1). The LVEF cut-
off value of 50% was based on the definition of preserved ejection
fraction in the Japanese and ACCF/AHA guidelines for heart failure
[17,18]. The diagnosis of AMI was based on the third universal def-
inition of MI [19]. Non-IRA CTO was defined as complete obstruc-
tion of the non-infarct-related coronary vessel with Thrombolysis
In Myocardial Infarction (TIMI) flow grade of 0 or 1 with an esti-
mated duration of occlusion > 3 months, or presence of collateral
flow with Rentrop grade of 1 or more based on a comprehensive
judgement taking into account various examinations [20]. Only
CTO of major epicardial coronary arteries or a major side branch
with diameter � 2 mm and judged to be subtending significant
Fig. 1. Patient flow chart. ACS: acute coronary syndrome; AMI: acute myocardial
infarction; CAG: coronary angiography; PCI: percutaneous coronary intervention;
IRA: infarct-related artery; CABG: coronary artery bypass grafting; LVEF: left
ventricular ejection fraction; CTO: chronic total occlusion.
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myocardial territory was evaluated. The differentiation between
CTO and subacute or acute occlusions was made based on the mor-
phology of the occlusion (absence of fresh thrombus, presence of
bridge, epicardial, or septal collaterals) and a possible history of
prior MI. Significant coronary artery disease was defined as
� 75% stenosis in a main epicardial coronary artery in at least
one angiographic evaluation view. Coronary flow on angiography
was determined based on the definition of TIMI flow grade [21].
The grading of collateral flow to the CTO segment was determined
according to Rentrop grade [22]. Successful PCI was defined as
residual stenosis < 30% and final TIMI flow grade > 2. As a general
rule, LVEF was measured by transthoracic echocardiography with
the biplane method of discs (i.e., according to the modified Simp-
son’s rule) mostly within a week after the onset of the index
myocardial infarction [23].

2.3. Follow-up and outcomes

Outcome data were collected via patient interviews at the out-
patient clinic, hospital chart reviews, or telephone interviews with
the patient or close relatives, and the clinical events were recorded
in a web-based system. Patients who were lost to follow-up were
censored using data from the last contact. All patients were
followed-up for 1-year for all-cause death and the major adverse
cardiac event (MACE) rate, defined as the rate of the composite
of cardiac death, myocardial infarction, CABG, and re-
hospitalization because of unstable angina or heart failure.

2.4. Statistical analysis

Continuous variables with normal distributions are expressed
as means ± standard deviation (SD) according to the distribution
of the data. Categorical variables are expressed as percentages
(%) unless otherwise indicated. Baseline characteristics were com-
pared with the chi-squared test or Fisher’s exact test for categorical
variables, and with Student’s or Welch’s t-test after testing for a
normal distribution of continuous variables. Event analyses for
all-cause death or MACE are displayed using Kaplan-Meier survival
curves, and they were compared with the log-rank test. Hazard
ratios (HRs) of each clinical outcome were calculated by Cox pro-
portional hazards regression analysis adjusted by age, male sex,
diabetes mellitus, anemia, CKD, and the Killip score. A multivariate
Cox proportional hazards model was also used to investigate the
independent predictors of all-cause death and MACE, which was
constructed by adjusting for clinically relevant factors with P-
values � 0.01 on univariate analysis (Supplementary Table 2).
The following variables were used as adjusted covariates in this
model: CTO in a non-IRA, age, anemia (hemoglobin < 11 g/dL),
CKD (eGFR � 60 mL/min/1.73 m2), previous history of stroke and
Killip classification. Diabetes mellitus was added as adjusted
covariate in this model for 1-year MACE. To reduce the selection
bias in this observation study, we performed 1:3 nearest neighbor
within caliper (= 0.20) matching. The propensity-score was based
on the probability of non-IRA CTO and estimated using a multivari-
able logistic regression model which included the following vari-
ables: age, sex, hypertension, diabetes mellitus, hemoglobin, CKD,
history of MI, prior PCI, history of stroke, LAD as IRA and the Killip
score. Significance was defined as a P-value < 0.05, and all statisti-
cal analyses were performed using EZR (version 1.40), which is a
graphical user interface for R (version 3.5.2).
3. Results

The patients’ average age was 68.5 years, 78.2% were male, and
the mean LVEF was 55.7 ± 12.4%. The median time from the
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diagnosis of the index AMI to echocardiography was 5 days (IQR 2–
15 days). LVEF was determined with the M-mode tracing or the
2D-guided linear measurement method in case the biplane method
of discs was not performed. Non-IRA CTO was seen in 8.3% of all
2060 patients. There were 624 (30.3%) patients with reduced LVEF
(the reduced EF group), and 1436 (69.7%) patients had preserved
LVEF (the preserved EF group). There were 106 patients with CTO
and 518 patients without CTO in the reduced EF group, and 66
patients with CTO and 1370 patients without CTO in the preserved
EF group (Fig. 1). Of the 106 patients with CTO in the reduced EF
group, 37 underwent successful staged PCI for the CTO (CTO-PCI),
and 67 were not attempted or failed CTO-PCI (not attempted PCI:
61 patients, failed PCI: 6 patients) during the follow-up period.
On the other hand, of 66 patients with CTO in the preserved EF
group, 19 underwent successful staged CTO-PCI, and 46 were not
attempted or failed CTO-PCI (not attempted PCI: 43 patients, failed
PCI: 3 patients).
Table 1
Patients’ characteristics.

Reduced EF

With CTO N = 106 Without CTO N

Baseline characteristics
Age, y 68.8 ± 12.1 71.0 ± 13.0
Male, % 85.8 77.8
Body mass index, kg/m2 23.4 ± 3.6 22.9 ± 3.8
Hypertension, % 61.3 62.1
Diabetes, % 46.2 32.5
Dyslipidemia, % 46.2 44.7
Current smoker, % 36.8 28
Hemodialysis, % 3.8 1.9
CKD, % 61.3 45.8
Anemia, % 12.3 14.3
Previous MI, % 17.9 13.2
Previous HF, % 4.7 4.3
Previous PCI, % 15.1 10.8
Previous stroke, % 10.4 6.4
LVDd, mm 54.7 ± 7.0 52.2 ± 6.3
LVDs, mm 44.0 ± 7.6 40.7 ± 6.3
LVEF, % 37.0 ± 8.3 40.8 ± 7.3
eGFR, mL/min/1.73 m2 56.0 ± 23.0 62.1 ± 24.8

Presentation of index AMI
STEMI, % 71.0 83.6
Killip class � III, % 41.3 28.1
Peak creatinine phosphokinase, U/L 4258 ± 5259 3557 ± 3462
Hospital stay, days 24.7 ± 32.0 19.1 ± 17.8
Angiographic and procedural characteristics
Infarct-related artery
RCA/LMT/LAD/LCX 29.2/1.9/55.7/13.2 24.9/4.6/56.4/1
PCI procedure
POBA 6.6 9.3
BMS use 12.3 12.4
DES use 81.1 76.8
Thrombectomy 59.0 67.0
Distal protection 11.7 8.2
ECMO use 14.2 3.9
IABP use 47.2 23.0
Initial TIMI flow grade 0 54.3 63.2
Final TIMI flow grade 3 91.0 82.1
Details of CTO in a non-IRA
Number of CTOs per patients 1.1 ± 0.3 –
Location of CTO
RCA/LAD/LCX 51.9/17.9/40.6 –
Collateral from only IRA 34.0 –
Rentrop grade 3 20.8 –

Categorical variables are expressed as percentages unless otherwise indicated. Continu
occlusion; CKD: chronic kidney disease; MI: myocardial infarction; HF: heart failure; PCI:
LVDs: left ventricular end-systolic diameter; LVEF: left ventricular ejection fraction; eGFR
elevation myocardial infarction; RCA: right coronary artery; LMT: left main trunk; LAD:
balloon angioplasty; BMS: bare metal stent; DES: drug-eluting stent; ECMO: extracorpore
in myocardial infarction; IRA: infarct-related artery; NA: not applicable.
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3.1. Patients’ characteristics

Table 1 shows the patients’ characteristics by with and without
CTO in each LVEF group. In the reduced EF group, patients with
CTO had a significantly higher prevalence of diabetes, CKD, non-
STEMI, and Killip classification 3 or 4, and they had significantly
larger LV dimensions and lower LVEF than those without CTO.
Patients with CTO had a similar IRA distribution, and they were
more likely to undergo mechanical support with intra-aortic bal-
loon pumping (IABP) than those without CTO in both EF groups.
When comparing CTO patients in both EF groups, CTO patients
with reduced EF tended to have a lower prevalence of a well-
developed collateral circulation to the CTO segment (Rentrop grade
3) and a higher prevalence of collaterals only supplied from the IRA
compared with those in CTO patients with preserved EF (20.8% vs.
37.9%, P = 0.39; 34.0% vs. 25.8%, P = 0.02, respectively). Supplemen-
tary Table 3 shows the characteristics of the propensity-score
Preserved EF

= 518 P-value With CTO N = 66 Without CTO N = 1,370 P-value

0.09 70.6 ± 11.5 67.4 ± 12.5 0.03
0.08 77.3 78.0 1.00
0.27 23.7 ± 3.3 23.7 ± 3.6 1.00
0.97 69.7 65.3 0.54
0.01 45.5 29.6 0.01
0.85 54.5 50.9 0.65
0.09 30.3 32.8 0.78
0.27 1.5 1.3 0.59
0.005 37.9 33.7 0.51
0.71 7.6 6.6 0.80
0.26 9.1 5.3 0.29
0.80 4.5 0.7 0.02
0.28 12.1 7.4 0.24
0.21 7.6 4.4 0.36
0.003 49.3 ± 5.8 48.1 ± 5.2 0.10
<0.001 32.6 ± 5.5 31.7 ± 4.9 0.21
<0.001 61.6 ± 7.8 61.9 ± 7.6 0.78
0.02 67.4 ± 26.5 68.1 ± 23.0 0.84

0.005 65.6 79.8 0.01
0.01 10.8 6.0 0.20
0.19 2598 ± 3733 2217 ± 2297 0.41
0.08 17.0 ± 18.1 14.2 ± 12.1 0.22

4.1 0.56 33.3/1.5/43.9/21.2 42.0/0.8/42.8/14.5 0.22

0.49 6.1 6.9 1.00
1.00 1.5 11.8 0.005
0.40 92.4 80.1 0.02
0.15 50.8 68.2 0.005
0.36 6.2 10.6 0.30
<0.001 0.0 0.4 1.00
<0.001 19.7 7.2 <0.001
0.11 41.5 55.5 0.04
0.04 97.0 93.2 0.31

NA 1.1 ± 0.3 – NA

NA 34.8/30.3/45.5 – NA
NA 25.8 – NA
NA 37.9 – NA

ous variables are shown as means ± SD. EF: ejection fraction; CTO: chronic total
percutaneous coronary intervention; LVDd: left ventricular end-diastolic diameter;
: estimated glomerular filtration rate; AMI: acute myocardial infarction; STEMI: ST-
left anterior descending artery; LCX: left circumflex artery; POBA: percutaneous old
al membrane oxygenation; IABP: intra-aortic balloon pumping; TIMI: thrombolysis
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matched patients. Baseline and angiographic characteristics of
patients with CTO were not much different between the no CTO-
PCI and the successful CTO-PCI groups (Supplementary Table 4).

3.2. Outcomes

During the follow-up period, all-cause death occurred in 207
patients (10.0%), and 220 (10.7%) patients experienced a MACE.
Fig. 2 shows the Kaplan-Meier curves for all-cause mortality and
MACE for each EF group. In the reduced EF group, CTO patients
had significantly higher all-cause mortality and MACE rates com-
pared to those without CTO (P = 0.001 and P < 0.001 respectively)
(Fig. 2A, C). On the other hand, there were no significant differ-
ences in both outcomes in the preserved EF group between
patients with and without CTO (P = 0.21 and P = 0.45, respectively)
(Fig. 2B, D). Table 2 summarizes the unadjusted and adjusted
cumulative hazards (covariate variables: age, diabetes, anemia,
CKD, and Killip classification) of the clinical outcomes of patients
with CTO vs. without CTO during the 1-year follow-up period. In
the reduced EF group, crude and adjusted HRs of all-cause death
and cardiovascular death were significantly higher in patients with
than without CTO. The findings of the Kaplan-Meier analysis
showed the same tendency in propensity-score matched patients
(Supplementary Fig. 1). Supplementary Table 5 summarized the
adjusted hazards of the clinical outcomes of patients after
propensity-score matching. The multivariate Cox regression analy-
ses for 1-year all-cause death andMACE are summarized in Table 3.
Anemia and the Killip score were the common prognostic factors
for all-cause death in each EF group. However, CTO in a non-IRA
was one of the independent prognostic factors only in the reduced
EF group, but not in the preserved EF group. Similarly, CTO was also
one of the independent prognostic factors of 1-year MACE only in
the reduced EF group, but not in the preserved EF group.
Fig. 2. Kaplan-Meier curves for the cumulative incidence of 1-year all-cause death (A, B)
EF group; B, D: Comparison in the preserved EF group. MACE: major adverse cardiac ev
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Whether successful staged PCI for the CTO during follow-up
was associated with a better prognosis was also evaluated. Fig. 3
shows the Kaplan-Meier curves for all-cause death and MACE with
comparisons among patients without CTO (without CTO), those
with successful PCI for a CTO (successful CTO-PCI), and those
who were not attempted or received failed PCI for CTO (no CTO-
PCI). In the reduced EF group, successful CTO-PCI patients appeared
to have lower 1-year all-cause death rates (18.9% vs 44.0%, HR 0.37,
95% CI 0.16 to 0.85, P = 0.02) and MACE rates (24.8% vs 47.7%, HR
0.42, 95% CI 0.20 to 0.88, P = 0.04) compared with no CTO-PCI
patients, and similar 1-year mortality and MACE rates compared
with patients without CTO (Fig. 3A, C). On the other hand, in the
preserved EF group, no differences were seen in 1-year all-cause
mortality and MACE rates among the three therapeutic subgroups.
(Fig. 3B, D).

4. Discussion

This study investigated the prognostic relationship between
non-IRA CTO and baseline LVEF in patients with AMI. This study
had three important findings. First, CTO in a non-IRA was asso-
ciated with a poor prognosis only in patients with reduced base-
line EF, but not in those with preserved EF. Second, a CTO in a
non-IRA was an independent prognostic factor for all-cause
death and MACE only in the reduced EF group, but not in the
preserved EF group. Third, successful PCI to a CTO in a non-
IRA CTO was associated with improved prognosis only in
patients with reduced EF. To the best of our knowledge, this is
the first multicenter, observational study that evaluated the
prognostic impact of a CTO in a non-IRA in patients with AMI
stratified by baseline LVEF.

In most recent papers, a CTO in a non-IRA was reported to occur
in approximately 8–12% of AMI patients [12,24], comparable to the
and MACE (C, D) in patients with and without CTO. A, C: Comparison in the reduced
ent; EF: ejection fraction; CTO: chronic total occlusion.



Table 2
Clinical outcomes of patients with and without CTO stratified by LVEF during 1-year follow-up.

Variable With CTO Without CTO Crude HR (95% CI) P-value Adjusted HR (95% CI) P- value

Reduced EF group
All-cause death 36 (34.0) 104 (20.1) 1.84 (1.26–2.68) 0.002 1.63 (1.10–2.41) 0.01
Cardiovascular death 28 (26.4) 69 (13.3) 2.10 (1.35–3.25) <0.001 1.60 (1.01–2.55) 0.04
Non-fatal myocardial infarction 2 (1.9) 5 (1.0) 2.23 (0.43–11.5) 0.34 1.21 (0.22–6.58) 0.82
CABG 6 (5.7) 5 (1.0) 6.34 (1.93–20.8) 0.002 5.66 (1.33–24.0) 0.02
Unstable angina pectoris 2 (1.9) 1 (0.2) 11.7 (1.06–129.1) 0.04 16.8 (1.25–225.9) 0.03
Heart failure 10 (9.4) 24 (4.6) 2.46 (1.18–5.14) 0.02 1.95 (0.90–4.24) 0.09

Preserved EF group
All-cause death 5 (7.6) 62 (4.5) 1.78 (0.71–4.42) 0.22 1.24 (0.49–3.12) 0.65
Cardiovascular death 2 (3.0) 33 (2.4) 1.29 (0.31–5.38) 0.73 0.72 (0.17–3.08) 0.65
Non-fatal myocardial infarction 0 (0.0) 14 (1.0) – – – –
CABG 2 (3.0) 6 (0.4) 7.09 (1.43–35.1) 0.02 2.06 (0.24–18.1) 0.51
Unstable angina pectoris 0 (0.0) 13 (0.9) – – – –
Heart failure 1 (1.5) 24 (1.8) 0.91 (0.12–6.72) 0.93 0.62 (0.08–4.64) 0.64

Adjusted risk was estimated by the multivariate Cox proportional hazards model. The following clinically relevant variables were used as adjusted covariates in this model:
age, male sex, diabetes mellitus, anemia (hemoglobin < 11 g/dL), CKD (eGFR � 60 mL/min/1.73 m2) and Killip classification. CABG: coronary artery bypass grafting; CI:
confidence interval; HR: hazard ratio. Other abbreviations as in Table 1.

Table 3
Multivariate Cox regression analysis for predictors of 1-year all cause death and MACE.

Reduced EF Preserved EF

Variable Adjusted HR 95% CI P-value Adjusted HR 95% CI P-value

(A) 1-year all cause death
CTO in a non-IRA 1.58 1.06–2.33 0.02 1.16 0.46–2.92 0.76
Age 1.02 1.00–1.04 0.03 1.07 1.04–1.10 <0.001
Anemia (Hb < 11 g/dL) 1.77 1.20–2.61 0.004 2.14 1.18–3.87 0.012
CKD 1.64 1.07–2.50 0.02 1.71 0.97–3.00 0.06
Previous stroke 1.10 0.67–1.81 0.71 1.93 0.87–4.27 0.11
Killip classification 2.20 1.88–2.58 <0.001 1.74 1.40–2.16 <0.001

(B) 1-year MACE
CTO in a non-IRA 1.67 1.14–2.46 0.009 0.70 0.26–1.93 0.49
Age 1.00 0.99–1.02 0.83 1.05 1.02–1.07 <0.001
Diabetes mellitus 1.37 0.97–1.95 0.07 1.92 1.22–3.00 0.005
Anemia (Hb < 11 g/dL) 1.26 0.81–1.95 0.31 2.29 1.30–4.03 0.004
CKD 2.05 1.33–3.13 0.001 1.37 0.85–2.22 0.20
Previous stroke 0.86 0.49–1.51 0.60 0.70 0.25–1.95 0.50
Killip classification 2.03 1.74–2.36 <0.001 1.70 1.40–2.08 <0.001

Multivariate Cox regression analysis for 1-year all-cause death was conducted with adjustment by CTO in a non-IRA, age, anemia (hemoglobin < 11 g/dL), CKD (eGFR � 60 mL/
min/1.73 m2), previous history of stroke and Killip classification. Diabetes mellitus was added as adjusted covariate in the model for 1-year MACE. CKD was defined as
estimated GFR (eGFR) � 60 mL/min/1.73 m2. MACE: major adverse cardiac event. Other abbreviations as in Tables 1 and 2.
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present result (8.3% of AMI patients). The prognostic importance of
the presence of non-IRA CTO in patients with AMI is well recog-
nized [10,12]. However, few clinical studies have evaluated the
prognostic relationship between CTO and baseline LVEF in patients
with AMI, except for only one single-center study with a relatively
small sample size [11]. The present results clearly showed that CTO
was associated with a poor prognosis only in patients with reduced
baseline EF, but not in those with preserved EF. Some previous
studies reported that a history of previous MI and a worse Killip
classification on admission were the independent predictors of
mortality in AMI patients with CTO [24]. These results may suggest
that the prognostic effect of CTO may differ depending on the
degree of baseline LV systolic dysfunction. LVEF is a useful non-
invasive index that can be easily obtained at the bedside by
echocardiography during hospitalization, and it is well known to
be an important prognostic factor in AMI patients treated with pri-
mary PCI [25]. Therefore, the present study, which demonstrated
the risk stratification ability of baseline LVEF in AMI patients with
concomitant non-IRA CTO, may have great clinical importance.

CTO patients with reduced EF may have a higher risk profile
associated with a worse clinical outcome when compared to CTO
patients with preserved EF or non-CTO patients. Indeed, these
patients tended to have a higher prevalence of diabetes, history
5

of previous MI, Killip class of 3 or 4 on admission, and CKD com-
pared with patients in other groups. However, after adjustment
for these differences in baseline characteristics, the presence of
CTO remained a strong and independent predictor of all-cause
mortality in the reduced EF group.

Another explanation for the poor prognosis of CTO patients with
reduced EF could be that they are potentially at ‘double jeopardy’
from the AMI. Myocardium normally supplied by the CTO is par-
tially maintained in a hibernating status supplied by collateral
blood flow. Once the IRA occludes, poor collateral filling into CTO
segments indicates broad ischemia, whereas fair collateral filling
indicates ischemia in a single-vessel area of the IRA. A previous
study reported that poor collateral filling of the CTO segment
was an independent predictor of mortality in patients with STEMI
[26]. Moreover, if the territory of CTO depends on collateral blood
flow from the IRA, the acute ischemic area during the index AMI
would be widely extended to a two-vessel area. This could result
in increased infarct size, and decreased LVEF, leading to higher
mortality. Previous research showed that collateral flow from the
IRA was an independent predictor associated with all-cause mor-
tality [27]. In the present study, CTO patients with reduced EF
tended to have lower collateral filling of the CTO segment assessed
by Rentrop grade, a higher prevalence of occluded IRA to supply



Fig. 3. Kaplan-Meier curves for the cumulative incidence of 1-year all-cause death (A, B) and MACE (C, D) among the 3 sub-groups: without CTO, successful CTO-PCI, and no
CTO-PCI. A, C: Comparison in the reduced EF group; B, D: Comparison in the preserved EF group. A: Pair-wise P-values in the post hoc analysis are: successful CTO-PCI vs. no
CTO-PCI, P = 0.02; successful CTO-PCI vs. without CTO, P = 0.83; without CTO vs. no CTO-PCI, P < 0.001. C: Pair-wise P-values in the post hoc analysis are: successful CTO-PCI
vs. no CTO-PCI, P = 0.04; successful CTO-PCI vs. without CTO, P = 0.54; without CTO vs. no CTO-PCI, P < 0.001. MACE: major adverse cardiac event; EF: ejection fraction; CTO:
chronic total occlusion; PCI: percutaneous coronary intervention.
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the myocardium of a CTO, and higher peak creatine phosphokinase
levels compared with those in CTO patients with preserved EF, sup-
porting these hypotheses.

The present study suggested that the prognostic impact of a
successful CTO-PCI concomitant with AMI might differ according
to baseline LVEF. The clinical value of staged PCI for a CTO in
AMI patients is not established due to the paucity of robust
randomized data and conflicting results in several observational
studies. Renato et al. investigated the prognostic effect of staged
CTO-PCI in patients with STEMI treated with successful primary
PCI with a concurrent CTO in an observational study; they showed
that successful CTO-PCI was associated with significantly improved
3-year cardiac survival [28]. In contrast, the data of the CREDO
Kyoto AMI registry showed that successful PCI to a CTO did not
improve the 5-year survival rate [10]. Similarly, some recently
reported randomized, clinical trials, such as the EXPLORE trial
[29], showed no beneficial effect of CTO-PCI on the incidence of
cardiovascular death or MACE.

In the CREDO-Kyoto AMI registry and the EXPLORE trial, the
average LVEF values in patients in the CTO-PCI group were 48%
and 44%, respectively, and the rate of patients with LVEF � 40%
was approximately only 26% and less than 50%, respectively
[10,29]. In contrast, in the study by Renato et al, the average LVEF
was relatively low, at 37%, and more than 60% of all patients had
reduced baseline LVEF of � 40% [28]. Based on the present result,
these differences in the proportion of patients with reduced base-
line LVEF between the previous studies might partially contribute
to the conflicting results. Accurate risk stratification is needed to
select the patients who will potentially benefit from CTO-PCI. From
this point of view, the present findings that suggest the usefulness
6

of LVEF in risk stratification of patients with AMI with a concurrent
CTO in a non-IRA may have important clinical implications.

However, our results do not necessarily recommend non-
specific, LVEF-guided revascularization for a non-IRA CTO with-
out evaluation of myocardial viability and ischemia in the CTO
territory, nor deny the potential prognostic benefit of CTO-PCI
for patients with preserved EF. The adequacy of PCI for CTO
lesions is controversial because these procedures have lower
success and higher complication rates and require longer proce-
dural times, greater contrast volume use, radiation exposure and
cost in comparison with PCI of nonocclusive lesions. Although
there remains some conflicting data, there appears to be several
increasing evidences of the effectiveness of functional evaluation
of lesion significance in terms of ischemia and viability of the
myocardial territory which supplied from CTO vessels, as the
revascularization of non-viable myocardium or of a not relevant
lesion was associated with immediate risk of an invasive proce-
dure and no guarantee of longer-term benefit [30–32]. In the
CTO cases of this study, the indication of revascularization of
non-IRA CTO were decided by the each attending physicians
based on the comprehensive consideration of comorbidities,
myocardial ischemia and viability evaluated by such as stress
nuclear, echocardiography, or magnetic resonance imaging and
complexity of anatomic features of targeted vessels. However,
such detailed information had not been collected in this registry,
which was the limitation of this study.

The optimal revascularization timing of the remaining CTO is
not well established except that multivessel PCI should not be per-
formed in a non-infarct artery at the time of primary PCI in patients
without hemodynamic compromise [33]. In the early acute phase
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of AMI, several problems such as effect of anti-thrombotic drugs,
amount of contrast injected and acute myocardial inflammation
of infarct area, could provoke high rate of vascular and bleeding
complication and decrease recanalization success. The present
study showed that the patients who underwent successful CTO-
PCI within 30 days tended to have higher all-cause mortality com-
pared to those over 30 days in reduced EF group (Supplementary
Fig. 2). However, this comparison is hard to interpret because
patients who have attempted CTO-PCI within 1-month have worse
baseline characteristics and the number of cases were too small for
such comparison (Supplementary Table 6). Large-scale well-
designed trails are needed to confirm these findings.
4.1. Clinical implications

Baseline LVEF is a useful index that can stratify the prognostic
risk of patients with AMI with a concurrent non-IRA CTO. In
such patients, routine CTO-PCI should be avoided due to a lack
of robust evidence. Based on appropriate and careful assessment
of patients to select those who will benefit from CTO-PCI based
on the LVEF, PCI for a non-IRA CTO may improve their clinical
prognosis.
4.2. Limitations

This study has several potential limitations. First, because this
was an observational study, unexpected and unmeasured con-
founders may have affected the outcomes. Second, the decisions
to perform PCI for CTO and other therapeutic strategies were at
the discretion of the attending physicians in each hospital. There-
fore, the potential for selection bias cannot be excluded. Third,
there was no information regarding medications before onset of
the index AMI. Fourth, detailed data of the extent of myocardial
viability and the extent of the ischemic area were not available
in this study. Fifth, the timing of echocardiographic assessment
of LVEF in the present study might have been too early to evaluate
the prognostic association between LVEF and non-IRA CTO, which
might have affected our results due to overestimate the prognostic
risk of CTO. Previous study reported that the LVEF recovery after
culprit lesion revascularization were shown in the nearly half of
patients with AMI and most of such functional recovery occurred
during the first month from index AMI [34]. Therefore, serial
assessment of LVEF at acute phase and 1-month after the index
infarction might be needed to evaluate the true prognostic impor-
tance of non-IRA CTO.

Finally, the sample size of the present study might be relatively
small, and the follow-up duration might be relatively short to eval-
uate long-term outcomes and prognostic factors. When a power
calculation was performed using the 1-year survival rate (56.0%
in no CTO-PCI and 81.1% in successful CTO-PCI) in the reduced EF
group, the statistical power of the survival analysis was slightly
lower, 0.76, with type I error of 0.05 and type II error of 0.20
(CTO-PCI, N = 67; successful CTO-PCI, N = 37) in the present study.
From this calculation, the minimum sample size required to
achieve adequate statistical power would be at least 116 patients
(no CTO-PCI N = 75, successful CTO-PCI N = 41) in the reduced EF
group. Furthermore, in preserved EF group, the statistically differ-
ences for cumulative incidence of all-cause death and MACE may
be small due to small sample sizes and beta error. To reduce these
biases and the effect of confounding, we also performed Kaplan-
Meier analysis comparing patients with or without CTO using the
propensity-score matched data. In the preserved EF group, there
were no significant differences in both outcomes. A well-
designed, large-scale, prospective trial is needed to confirm the
present findings.
7

5. Conclusions

A CTO in a non-IRA concomitant with AMI was associated with
a poor prognosis only in patients with reduced LVEF, but not in
patients with preserved LVEF. Moreover, successful PCI for a con-
current CTO in a non-IRA might be associated with improved all-
cause mortality and MACE rates in the reduced EF group, but not
in the preserved EF group.
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