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currence of cardiac death was observed after PSM. The analysis based on the per-
protocol population demonstrated significantly higher cardiac death-free survival in
the successful CTO PCI group (n=166) compared with the occluded CTO group
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1 | INTRODUCTION

In the contemporary practice, among patients with acute myocardial
infarction (AMI) undergoing percutaneous coronary intervention
(PCI), around 50%-60% present with multivessel disease (MVD)"?
and 8%-13% have concurrent chronic total occlusion (CTO) lesion.**
Previous studies have shown that AMI with MVD was associated
with worse clinical outcomes and complete revascularization in these
patients will lead to reduced adverse cardiovascular events.>* MVD
with a coexisting CTO lesion in a noninfarct-related artery(non-IRA) is
an independent predictor for long-term mortality in AMI patients,>*¢
and one study even reported that the presence of CTO alone but not
MVD is associated with long-term mortality,” indicating the strong
association of CTO lesion with cardiac mortality in these patients.®
However, whether revascularization of CTO lesion in non-IRA will
lead to improved clinical outcomes is still controversial. Observational
2712 and meta-analysis'®** favor CTO-PCI; however, the only
randomized trial in this field, EXPLORE (Evaluating Xience and Left
Ventricular Function in Percutaneous Coronary Intervention on Oc-

studies

clusions After ST-Elevation Myocardial Infarction) trial failed to
confirm the benefit of staged PCl of non-IRA CTO in terms of major
adverse cardiovascular events (MACEs).'®> Therefore, this study
aimed to evaluate the long-term impact of CTO revascularization in
AMI patients after IRA PCl in the real world.

2 | METHODS

2.1 | Patient population

All consecutive patients diagnosed as AMI (including STEMI and non-
ST segment elevation myocardial infarction [NSTEMI]) and who un-
derwent coronary artery angiography (CAG) in Zhongshan Hospital,
Shanghai, China, between July 2011 and July 2019 were retro-
spectively included in this study. Patients with prior coronary artery
bypass graft (CABG) were excluded. We then identified patients
treated by successful PCl in IRA and had at least one coexisting non-
IRA CTO in the major epicardial coronary arteries. Patients who died
during hospital stay after IRA PCl and patients treated by CABG after
PCl were excluded from the study. The study was approved by the
institutional review board of Zhongshan Hospital, Fudan University

and all patients signed a general informed consent form.

2.2 | Study definitions and endpoints

AMI was diagnosed according to characteristic clinical symptoms,
ECGs changes, cardiac enzyme elevations (Fourth Universal De-
finition®), and was also confirmed by CAG. Periprocedural Mls

were not included in the study. IRA was defined as a major cor-
onary artery perfusing an area compatible with the distribution of
ST-segment elevation or depression in the 12-lead ECG and the
typical angiographic image. CTO was defined as thrombolysis
in myocardial infarction (TIMI) Grade O flow and duration of cor-
onary occlusion 23 months. In addition, the typical appearance of
a CTO includes angiographically visible mature collaterals and the
absence of thrombus or staining at the proximal cap.’” Only CTOs
of major epicardial coronary arteries (CTO in left anterior des-
cending [LAD], left circumflex coronary artery [LCX], or right
coronary artery [RCA]) with estimated vessel diameter = 2.5 mm
were included in the study. Technical success was defined as an
antegrade TIMI flow grade =2 2 in the CTO target vessel with re-
sidual stenosis < 30%. After PCI, patients were treated with dual
antiplatelet therapy (aspirin and clopidogrel or ticagrelor) and
maintained for at least 12 months. The primary clinical endpoint
on follow-up was cardiac death. The secondary clinical endpoint
was a major adverse cardiovascular and cerebrovascular event
(MACCE), defined as the composite of all-cause death, stroke,
nonfatal MI, and any revascularization. All deaths were considered
cardiac unless otherwise documented. Stroke was defined as a
new focal neurological deficit lasting >24 h, which was confirmed
by neurologists based on both clinical and radiographic criteria.’?
Any revascularization was defined as a repeat PCl or CABG ex-
cluding the planned staged PCls of any segment of the coronary

artery.

2.3 | Procedures

All patients were treated with 300 mg aspirin and a loading dose of
300 mg of clopidogrel or 180 mg of ticagrelor before the procedure.
During the procedure, unfractionated heparin was administered in-
travenously to achieve a target activated clotting time of 250-350s.
GPIIb/llla inhibitors were administered at the operator's discretion.
IRA stenting was performed using a drug-eluting stent (DES). Suc-
cessful IRA PCl was defined as residual stenosis of the culprit lesion
<30% and a TIMI flow grade = 2. When to perform PCI in non-IRA
vessels (CTO or non-CTO lesion) was left to the operator's discretion,
usually within 1 year after IRA PCl. For CTO PCI, the choices of
antegrade or retrograde approach and devices used were up to the
discretion of the operator. DES was used in successfully recanalized
CTO vessels.

2.4 | Data collection

Demographic, angiographic, procedural, and outcome data were ob-
tained from a review of the catheterization laboratory database and
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medical chart. Clinical follow-up data were collected through out-

patient visits, telephone interviews, and medical chart reviews.

2.5 | Statistical analysis

The primary analysis is based on the intention-to-treat (ITT) po-
pulation. All continuous variables were presented as meant
standard deviation or the median with interquartile range and
were compared by Student's t test or the Mann-Whitney U test,
respectively. Categorical variables were presented as counts and
percentages and were compared by x? test (or Fisher's exact test
when appropriate). To adjust for any potential confounders,
propensity score matching (PSM) analysis was performed using
the logistic regression model. Variables that could be of potential
relevance to the endpoints, including age, male, hypertension,
diabetes, dyslipidemia, current smoking, previous MI, previous
PCI, IRA, location of CTO, and left ventricular ejection fraction
(LVEF), were used. Matching was performed via a 1:1 matching
protocol using the nearest neighbor matching algorithm, with a
caliper width equal to 0.05 of the standard deviation of the
propensity score. The covariate balance of the matched cohort
was assessed using the standardized mean difference (SMD).*®
The C-statistics for PSM was 0.757 in the ITT population. Survival
curves were plotted using the Kaplan-Meier method, and com-
parisons between groups were done using the log-rank test. The
Cox proportional hazards model was used to identify the in-
dependent predictors of cardiac death. The candidate variables
for the model were selected based on significant univariate
analysis. Prespecified subgroup analyses were performed for the
primary endpoint according to the following variables: age, gen-
der, diagnosis, diabetes, LVEF, IRA, and CTO location. All analyses
were performed using SPSS, Version 20.0 (IBM Corporation), and
a p <.05 was considered statistically significant.

[ 4372 AMI patients treated by PCI |

——| 4020 patients without CTO |

[ 362 patients with non-IRACTO |

—'I 9 patients with side branch CTO I

—-I 8 patients treated by CABG |

3 | RESULTS

3.1 | Baseline characteristics in ITT population
Among 4372 patients who were diagnosed with AMI and treated by
IRA PCI during the study period, we identified 362 eligible patients
who had non-IRA CTOs. Of these patients, eight were excluded as
the CTO lesions were treated by CABG, 15 patients were excluded
because they died during hospital stay after IRA PCI, and nine pa-
tients were excluded because the CTO lesions were not located in
major epicardial coronary arteries. Finally, 330 patients who were
treated by either PCl (n=198) or MT (n=132) for non-IRA CTOs
were included in the study (Figure 1).

The baseline, angiographic, and procedural characteristics of
patients during IRA PCI are listed in Table 1. The patients in the MT
group were older, more likely to be diagnosed as STEMI, had lower
estimated glomerular filtration rate (eGFR), higher peak troponin T,
and creatinine kinase (CK)-MB level during AMI compared with pa-
tients in the PCI group. Furthermore, in MT group, the involvement of
LAD coronary artery as IRA (53.8% vs. 38.4%, p =.006) and LCX as
CTO vessel (45.5% vs. 29.8%, p =.004) was more frequent than in
PCI group, and thus the involvement of LAD as CTO vessel was less
frequent (14.4% vs. 39.4%, p < .001). The baseline, angiographic, and
procedural characteristics of the two groups were balanced after
PSM (108 pairs).

3.2 | Long-term clinical outcomes in ITT population
Clinical outcomes in the entire cohort and PSM groups are presented
in Table 2 and Figure 2A,B. During a median follow-up duration of
946 days (interquartile range: 562-1678 days), patients who under-
went PCl had significantly higher cardiac death-free survival (96.6%
vs. 82.8%, p=.004) compared with patients in the MT group.

—-I 15 patients died during hospital stay after AMI PCI

[ 330 eligible patients |

CTO PCI attempted in
198 patients

! |

Successful CTO PClin || Failed CTO PClin || CTO PCI not attempted in
166 patients 32 patients 132 patients

| | |

Intention-to-treat population Intention-to-treat population
CTO PCI group, n=198 Medical therapy group, n=132

Per-protocol population
166 Successful CTO PCI vs. 164 occluded CTO

FIGURE 1 Flow chart of the study. AMI,
acute myocardial infarction; CABG, coronary
artery bypass graft; CTO, chronic total occlusion;
non-IRA, non-infarct related artery; PCl,
percutaneous coronary intervention
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QIN ET AL
TABLE 1 Baseline and procedural characteristics during AMI PCI in the intention-to-treat population
All patients Standardized PSM patients
PCl (n=198) MT (n=132) p value difference PCI (n=108)
Male (%) 180 (90.9) 117 (88.6) .500 0.076 97 (89.8)
Age (years) 60.9+11.8 644+124 .011 -0.293 61.7+124
Hypertension (%) 135 (68.2) 86 (65.2) 566 0.064 73 (67.6)
Diabetes (%) 79 (39.9) 40 (30.3) .075 0.202 37 (34.3)
Insulin (%) 14 (7.1) 12 (9.1) .505 -0.073 4 (3.7)
Dyslipidemia (%) 16 (8.1) 11 (8.3) 935 -0.007 12 (11.1)
Current smoking (%) 65 (32.8) 53 (40.2) 174 -0.154 40 (37.0)
Previous MI (%) 47 (23.7) 21 (15.9) .085 0.197 23 (21.3)
Previous PCI (%) 39 (19.7) 24 (18.2) 732 0.038 20 (18.5)
Diagnosis
STEMI (%) 82 (41.4) 72 (54.5) .019 -0.262 46 (42.6)
Lab test
TC (mmol/L) 44+1.1 45+1.2 .384 -0.087 45+12
TG (mmol/L) 20+1.4 1.8+1.3 269 0.148 20+1.3
LDL-C (mmol/L) 25+11 27+11 214 -0.182 27+11
HDL-C (mmol/L) 1.0+0.3 1.0+0.3 .286 <0.001 1.0+0.3
eGFR (ml/min/1.73 m2) 85.3+24.2 78.7 £30.5 .029 0.240 85.3+26.7
HbA1c (%) 6.8+1.6 6.8+1.8 .949 <0.001 6.7+1.6
LVEF (%) 52.9+10.0 51.6+10.6 .239 0.126 53.4+9.5
LVEF < 50% 69 (36.5) 54 (40.9) 425 -0.090 36 (33.3)
Infarct-related artery
LM (%) 1(0.5) 0 >.999 - 0
LAD (%) 76 (38.4) 71 (53.8) .006 -0.313 53 (49.1)
LCX (%) 48 (24.2) 23 (17.4) .140 0.168 19 (17.6)
RCA (%) 74 (37.4) 42 (31.8) .300 0.118 36 (33.3)
In stent thrombosis (%) 5 (2.5) 6 (4.5) .358 -0.109 4 (3.7)
Location of CTO
LAD (%) 78 (39.4) 19 (14.4) <.001 0.596 21 (19.4)
LCX (%) 59 (29.8) 60 (45.5) .004 -0.326 40 (37.0)
RCA (%) 72 (36.4) 54 (40.9) 405 -0.093 47 (43.5)
In stent CTO (%) 7 (3.5) 8 (6.1) 281 -0.122 5 (4.6)
IABP use (%) 3(1.5) 1(0.8) .652 0.066 1(0.9)
Peak troponin T (ng/ml) 0.58 1.29 .003 -0.320 0.62
(0.18-2.23) (0.26-5.23) (0.1-2.67)
Peak creatinine kinase (U/L) 23 (15-66) 34 (18-144) .023 -0.254 23 (14-71)
Stents/patient 1.6 +0.7 1.5+0.7 267 0.143 14+0.7

14+0.7

p value

>.999
.636
.884
773
.095
.230
>.999
492
.862

.339

.730
747
946
483
191
.540
420
.568

496
.857
.558
>.999

475
486
>.999
757
>.999
.050

105

>.999
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Standardized
difference

<0.001
-0.066
-0.019
0.040
-0.258
0.163
<0.001
0.094

-0.022

-0.131

0.083
0.074
<0.001
<0.001
0.179
-0.059
0.111
-0.078

-0.092
0.024
0.080

-0.045

0.097
-0.096
<0.001
-0.045
<0.001
-0.236

-0.224

<0.001

(Continues)
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TABLE 1 (Continued)

All patients Standardized PSM patients Standardized
PCl (n=198) MT (n=132) p value difference PCl (n=108) MT (hn=108) p value difference
Average stent diameter (mm) 3.1+0.4 3.0x04 468 0.250 3.1+04 3.1+04 .850 <0.001
Total stent length (mm) 46.5+24.6 43.2+23.2 236 0.138 42.3+224 42.4+22.0 .982 -0.005

Abbreviations: AMI, acute myocardial infarction; CTO, chronic total occlusion; eGFR, estimated glomerular filtration rate; HbAlc, hemoglobin Alc;
HDL-C, high-density lipoprotein cholesterol; IABP, intra-aortic balloon pump; LAD, left anterior descending coronary artery; LCX, left circumflex coronary
artery; LDL-C, low-density lipoprotein cholesterol; LM, left main coronary artery; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MT,
medical therapy; NSTEMI, non-ST segment elevation myocardial infarction; PCI, percutaneous coronary intervention; PSM, propensity score matching;
RCA, right coronary artery; STEMI, ST-segment elevation myocardial infarction; TC, total cholesterol; TG, triglyceride.

TABLE 2 Long-term clinical outcomes in the intention-to-treat population

All patients PSM patients
PCl (n=198) MT (h=132) p value PCI (n = 108) MT (n=108) p value
All-cause death (%) 10 (5.1) 22 (16.7) .003 6 (5.6) 14 (13.0) 111
Cardiac death (%) 6 (3.0) 16 (12.1) .004 4 (3.7) 8 (7.4) 297
MI (%) 9 (4.5) 11 (8.3) .363 4 (3.7) 7 (6.4) .840
Stroke (%) 3(1.5) 7 (5.3) .070 1(0.9) 6 (5.6) .073
Revascularization (%) 32 (16.2) 22 (16.7) .642 19 (17.6) 20 (18.5) 765
CTO vessel (%) 16 (8.1) 7 (5.3) - 9 (8.3) 5 (4.6) -
Infarct-related artery (%) 9 (4.5) 10 (7.6) - 6 (5.6) 9 (8.3) -
Other (%) 13 (6.6) 12 (9.1) - 7 (6.5) 10 (9.3) -
MACCE (%) 44 (22.2) 49 (37.1) .055 25 (23.1) 37 (34.3) 292

Abbreviations: CTO, chronic total occlusion; MACCE, major adverse cardiovascular and cerebrovascular events; MI, myocardial infarction; MT, medical
therapy; PCI, percutaneous coronary intervention; PSM, propensity score matching.
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However, after PSM, there was no significant difference in the rate of
cardiac death-free survival (95.9% vs. 88.7%, p =.297) between PCI
and MT groups. The incidence of MI, stroke, revascularization, and
MACCE was not significantly different between the two groups both
before and after PSM.

3.3 | Subgroup analysis in ITT population

In subgroup analysis, PCl was associated with less cardiac death in
patients over 65 years old, without diabetes, with LVEF < 50%, LAD
IRA, and non-LAD CTO lesion compared with MT (Figure S1). In
patients with LVEF < 50%, the long-term cardiac death-free survival
is higher in the PCI group compared with the MT group (Figure 2C).
However, there was no significant difference in cardiac death after
PSM (Figure 2D). In patients with LVEF = 50%, no difference in car-
diac death was observed between two groups (p =.990).

3.4 | Per-protocol analysis (successful CTO PCI
vs. MT/failed PCI)

As shown in Figure 1, technical success was achieved in 166 patients,
who were classified into the successful PCI (s-PCl) group (n=166).

Thirty-two patients failed in the PCl procedure and 132 patients

z
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receiving MT constituted the occluded CTO (o-CTO) group (n = 164).
The baseline characteristics in per-protocol analysis before and after
PSM are shown in Table S1. The results of per-protocol analysis
showed a significantly higher incidence of cardiac death-free survival
in the s-PClI group both before (96.6% vs. 84.8%, p =.017) and after
PSM (97.3% vs. 86.4%, p =.040) when compared with those in the
0-CTO group (Table S2 and Figure 3A,B).

In subgroup analysis in the per-protocol population, the long-
term cardiac death-free survival is higher in the s-PCl group com-
pared with the 0-CTO group in patients with LVEF < 50% before and
after PSM (Figure 3C,D). Similarly, no significant difference was noted
between the two groups in the occurrence of cardiac death in pa-
tients with LVEF = 50% (p =.70).

3.5 | Independent predictors of cardiac death

By univariate analysis, age (hazard ratio [HR]: 1.08, 95% confidence
interval [CI]: 1.04-1.21, p<.001), LVEF <50% (HR: 5.87, 95% CI:
2.16-15.91, p <.001), and LAD IRA (HR: 2.59, 95% CI: 1.06-6.36,
p =.038) were positively associated with long-term cardiac death,
while successful CTO PCI (HR: 0.31, 95% CI: 0.12-0.85, p =.023) was
negatively associated with cardiac death. By multivariate analysis, age
(HR: 1.06, 95% CI: 1.02-1.10, p =.003) and LVEF < 50% (HR: 4.71,
95% Cl: 1.7-12.90, p =.003) remained significantly correlated with
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FIGURE 3 Kaplan-Meier analysis of primary endpoints in PP population. (A) in overall population. (B) after PSM. (C) in patients with
LVEF < 50%. (D) in patients with LVEF < 50% after PSM. LVEF, left ventricular ejection fraction; o-CTO, occluded chronic total occlusion;
PP, per-protocol; PSM, propensity score matching; s-PCl, successful percutaneous coronary intervention
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ey

long-term cardiac death; however, successful CTO PCl showed bor-
derline significance (HR: 0.42, 95% Cl: 0.15-1.16, p =.095) and LAD
IRA become insignificant (Table S3).

3.6 | Successful versus failed CTO PCI

The procedural characteristics and in-hospital results of CTO PCI are
listed inTable S4. In this study, most patients (86.9%) underwent CTO
PCl within three months after AMI. More contrast volume
(273.5+119.2ml vs. 205.0+107.0ml, p=.003) and longer proce-
dural time (109.4+61.4min vs. 79.2+42.4 min, p=.015) was ob-
served in successful compared with failed CTO PCI group. There was
no significant difference in in-hospital complications between the

two groups.

4 | DISCUSSION

The main findings of the current study were as follows. (1) PCI of
CTO in non-IRA was associated with a higher cardiac death-free
survival during long-term follow-up compared with MT. (2) PCI was
beneficial in patients over 65 years old, with LVEF < 50%, LAD IRA,
and non-LAD CTO lesion after IRA PCI. (3) Age and LVEF < 50% were
independent predictors of long-term cardiac death, while successful
CTO PCI only showed borderline significance. (4) Patients with
LVEF < 50% who underwent successful PCl in non-IRA CTO le-
sion had a significantly lower risk of cardiac death than those with
occluded CTO lesion. (5) In-hospital complications were not different
between successful and failed CTO PCI groups.

The adequacy of revascularization of CTO remains controversial
in consideration of the procedural complexity, low success rate, and
frequent complications. In this study, the success rate of CTO-PCl is
83.8% (166/198). The in-hospital complication rate is comparable
between successful (1.2%) and failed (6.2%) CTO PCI groups. Al-
though observational studies and meta-analysis have reported better
clinical outcomes for CTO-PCl in patients with stable coronary artery
disease (CAD),'”?° none of the randomized clinical trials showed a
difference in MACE at long-term follow-up for CTO-PCl compared
with optimal medical therapy, which makes the treatment strategy
for CTO still controversial.>* %

In patients with AMI, the presence of concurrent CTO is as-
sociated with increased mortality.>® The pathological mechan-
isms involved include aggravated ischemia caused by occlusion of
IRA and subsequent interruption of collateral supply to non-IRA
CTO, microvascular ischemia, reperfusion injury, and electrical
instability, which may lead to poorer outcomes in these patients
compared with patients who suffered from CTO and stable
CAD.?® Theoretically, revascularization of non-IRA CTO after IRA
PCI might yield more clinical benefits, as the recovery of blood
supply in both the CTO territory and overlapping border of the
infarct zone may reduce left ventricular remodeling and improve

contractile function.

Based on this theory, several observational studies have been per-
formed in patients with AMI (including STEMI and NSTEMI) and con-
current non-IRA CTO. Park et al,'® identified 422 patients from the
Korean CTO registry and showed a lower incidence of MACE (12.5% vs.
17.8%) and cardiac death (4.0% vs. 9.9%) in the successful CTO-PCI
group compared with failed CTO-PCl group at one-year follow-
up. Similarly, Choi et al.,” enrolled 324 patients from COREA-AMI Reg-
istry and demonstrated a reduced prevalence of MACE (21.9% vs. 55.2%)
and cardiac death (7.6% vs. 20.1%) in successful CTO-PCI group com-
pared with occluded CTO group at 5-year follow up. In our study, the
analysis based on the per-protocol population demonstrated that patients
who underwent successful CTO PCl exhibited lower rates of cardiac
death compared to patients with occluded CTO lesion both before and
after PSM. Of note, successful CTO PCl showed borderline significance
(0.095) as a predictor of cardiac death in multivariate analysis. Therefore,
we cautiously suggest that s-PCl in non-IRA CTO has a beneficial effect
after AMI. Although similar clinical benefits were demonstrated in the PCI
group according to ITT analysis, no significant difference was found in the
rate of cardiac death between PCl and MT groups after PSM. As failed
CTO-PCl is associated with a higher incidence of MACE compared with
successful CTO-PCI,?® the ITT analysis may lead to underestimation of
the actual effect of successful CTO-PCI. Also, patients in failed CTO-PCI
group usually had higher baseline clinical risks,>” which contributed to
poor prognosis in these patients. Therefore, a prospective, randomized
trial would be necessary to investigate the beneficial effect of successful
CTO PCl.

The subgroup analysis from the Korean CTO registry, COREA-AMI
Registry, and a retrospective study from Teng et al.” demonstrated a
lower incidence of all-cause mortality in NSTEMI patients undergoing
successful CTO-PCI during 1- to 5-year follow-up.'>?® However, in the
NSTEMI subgroup of this study, the prevalence of cardiac death was not
significantly different between the s-PCl and the o-CTO groups
(Figure S2). Potential explanations for the different results in these studies
might be the non-randomized design and small sample size, which war-
rant further randomized trials in this subgroup of patients.

Previous observational studies indicated that STEMI patients with
non-IRA CTO also benefit from CTO-PCI. The 1-year clinical outcomes
demonstrated reduced MACE (19.5% vs. 34.6%) and cardiac death
(1.7%-3.6% vs. 12.0%-15.4%) in CTO-PCl compared with MT (in-
cluding failed or non-attempted CTO).'*?’ During the long-term
follow-up (mean period between 4 and 6 years), patients treated with
staged CTO-PCl still showed lower MACE (18.9%-22.0% vs.
46.9%-48.4%) and cardiac death (4.0%-4.4% vs. 15.0%-16.8%).""%3°
However, except for relieving angina in the CTO-PCI group (94% vs.
87%, p =.03), the only randomized trial EXPLORE failed to find any
difference in MACE (7.4% vs. 6.5%) and cardiac death (2.7% vs. 0%)
between CTO-PClI and CTO-No PCl group at 1-year follow-up.
Moreover, at 4-year follow-up, cardiac death was significantly higher
in the CTO-PCI group (6.0% vs. 1.0%, p =.02), while no difference in
MACE was observed.>" The high cardiac death at the CTO-PCl group in
this study may be explained by the short time interval (5+2 days)
between IRA PCl and CTO-PCI, during which inflammation plays an
important role and lead to larger infarct size and adverse left ventricular
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remodeling. In the current study, almost half of patients completed
CTO-PCI within 1 week and most patients completed CTO-PCI within
3 months after IRA PCI. By univariate analysis, CTO-PCI within 1 week
is not identified as an independent predictor of cardiac death. Thus, the
appropriate timing of staged CTO-PCI after IRA PCI for AMI is still
unknown.

Recently, Ito et al.>? demonstrated that non-IRA CTO was an
independent prognostic factor for all-cause death and MACE only in
the reduced EF group (LVEF < 50%), but not in the preserved EF
group(LVEF = 50%). Similarly, we identified LVEF <50% as an in-
dependent predictor of long-term cardiac death in patients with AMI
and concurrent CTO, which is consistent with a retrospective study
by Yoshida et al.,*° implying a close relationship between CTO with
reduced LVEF and worse clinical outcomes. The subgroup analysis of
the current study showed that successful CTO-PCl is associated with
better clinical outcomes in patients with LVEF < 50%, which is con-
sistent with recently published data showing that only patients with
reduced EF benefit from successful staged CTO-PCI after AMI.>?
However, this group of patients usually has high cardiovascular risks
and are excluded from randomized trials related to CTO-PCI. This
may partially explain why none of the conducted randomized studies
showed significant benefit of CTO-PCl in clinical outcomes compared
with MT.

In contrast with previous reports showing improved LVEF and
long-term survival in PCI for LAD CTO lesion,*>*® the subgroup
analysis in our study demonstrated that PCl was associated with less
cardiac death in non-LAD CTO lesion. Recently, Choi et al.** also
reported in a retrospective study that the 5-year cumulative in-
cidence of the composite of total death or myocardial infarction was
significantly lower in patients who underwent non-LAD CTO PCI
than patients receiving MT. To our knowledge, myocardial viability is
associated with long-term outcomes after CTO PCI,>> and the
prognosis of CTO-PCI may differ due to the amount of myocardium
at risk, which is supplied by the CTO vessel. As myocardial viability
data was not available in retrospective studies, the benefit of CTO
revascularization in a single vessel would be difficult to determine.

5 | CONCLUSION

In conclusion, patients undergoing successful revascularization of
non-IRA CTO after AMI might have a better long-term prognosis
compared with patients with o-CTO. LVEF < 50% is an independent
predictor of cardiac death and patients with LVEF < 50% may benefit
from successful CTO-PCI after AMI.

6 | LIMITATIONS

There are several limitations to this study. First, this is a retrospective
observational study in a single center. Therefore, a limited number of
patients were included. Second, the selection of CTO-PCI or not and
the timing of CTO-PCI after IRA PCl is left to the preferences of
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patients and doctors. Therefore, the potential for selection bias
cannot be excluded. Third, the myocardial viability test was not
routinely performed, and potential imbalances of the amount of vi-

able myocardium may influence the clinical outcomes.
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