Heart and Vessels (2022) 37:1679-1688
https://doi.org/10.1007/500380-022-02079-y

ORIGINAL ARTICLE q

Check for
updates

Impact of complete revascularization on long-term clinical outcomes
for patients with diabetes mellitus and coronary chronic total
occlusion lesion

Seung-Woon Rha'® - Hu Li? - Cheol Ung Choi' - Byoung Geol Choi®

Received: 26 August 2021 / Accepted: 15 April 2022 / Published online: 7 May 2022
© Springer Japan KK, part of Springer Nature 2022

Abstract

Diabetes mellitus (DM) is a substantial risk factor in developing coronary artery disease (CAD), coronary chronic total
occlusion (CTO) lesions are discovering 10-35% in patients who underwent coronary angiography. This study compares the
long-term clinical outcomes of two treatment strategies, percutaneous coronary intervention (PCI) with complete recanaliza-
tion versus medication therapy (MT) with CTO lesion in DM patients with CTO. This study is a single-center, prospective,
all-comer registry designed to reflect “real world” practice since 2004. Of a total of 4909 consecutive patients were diagnosed
with significant CAD by coronary angiography (CAG). A total of 372 patients has DM and CTO lesions. Patients were
divided into the PCI group (n=184) and the MT group (n=179). The primary endpoint, defined as the composite of death or
myocardial infarction (MI), was compared between the two groups up to 5 years. In addition, inverse probability weighting
(IPTW) analysis, derived from the logistic regression model, was performed to adjust for potential confounders. Compared
to the MT group, the PCI group was associated with a significantly reduced incidence of the primary endpoint before [hazard
ratio; HR 0.267, 95% confidence interval (CI) 0.116-0.614] and after (HR 0.142, 95% CI 0.032-0.629) adjusting confound-
ing factors by IPTW. Complete revascularization by CTO-PCI with MT in DM patients should be the preferred treatment
strategy compared with the MT alone strategy since it reduces the composite of death or MI up to 5 years.
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Introduction

Many studies reported that successful revascularization
for chronic total occlusion (CTO) lesions could benefit
long-term survival, including improved left ventricular
(LV) function, symptom relief, and quality of life [1-4].
However, a percutaneous coronary intervention (PCI) of
CTO lesions remains one of the most challenging proce-
dural techniques. These coronary CTO lesions were dis-
covered 10 to 35% in patients who underwent coronary
angiography [5-7]. Also, an earlier study showed that
CTO-PCI was failed a total of 20 to 35% [8]. In addi-
tion, the prevalence of diabetes mellitus (DM) showed 10
to 35% of all CTO patients [9-11]. These DM patients
have a higher risk of cardiovascular events and death than
those without DM [12]; furthermore, stenting for coronary
artery lesions in DM patients is known to be associated
with significantly higher in-stent restenosis (ISR) rates of
32-66% [13]. In addition, after coronary stenting, ISR in
DM patients remains a challenging clinical problem [13].
Therefore, medication therapy (MT) could be essential for
DM patients with CTO lesions to reduce PCI recurrence
or prevent de novo progression. Recently, Korean data
reported that patients with CTO-PCI combined with MT
experienced significantly reduced long-term risk of death
or myocardial infarction (MI) and improved LV function
compared with MT alone [14—17]. Based on these results,
patients with CTO and well-developed collateral circu-
lation may be recommended for revascularization as an
initial treatment [15, 18]. However, the long-term prog-
nostic effect of CTO-PCI on cardiovascular events in CTO
patients with DM remains uncertain as compared with MT
alone. Therefore, this study aims to compare the long-term
clinical outcomes of two different treatment strategies: PCI
with complete recanalization versus MT with CTO lesion
in DM patients with CTO.

Methods
Study design

The study data were obtained from Korea University Guro
Hospital (KUGH), Seoul, South Korea [15, 17]. This trial
is a single-center, prospective, all-comer registry designed
to reflect “real world” practice since 2004. Data were col-
lected by trained study coordinators using a standardized
case report form. The participants or their legal guard-
ians received a literal and verbal explanation of the study
procedures before the study. They also gave the written
consent to research investigators to participate in the study.
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The Medical Device Institutional Review Board of KUGH
approved this study protocol. The authors of this manu-
script have certified that the information contained herein
is true and correct, as reflected in the Medical Device
Institutional Review Board (#MD07014).

Study population

A total of 4909 consecutive patients were diagnosed with
significant coronary artery disease (CAD, defined by >70%
coronary artery stenosis) by coronary angiography (CAG).
In this study, 17.1% (840/4909) of patients with CAD had
a CTO lesion, of which 44% (372/840) had type 2 DM.
In patients with CTO and DM, they were stable angina of
33.1%, unstable angina of 45.7%, and MI of 22.2%. Among
these, 214 patients were allocated into the PCI and MT (the
PCI group), and 149 patients were allocated into the MT-
only group (the MT group). In the PCI group, the CTO pro-
cedure was attempted but failed in 10.7% (23/214) of the
patients, while 3.2% (7/214) received a partially successful
PCI, where CTO lesions remained in patients with multi-
vessel CTO. These patients survived at discharge and were
re-allocated into the MT group. Finally, the study popula-
tion was divided into the PCI group with 184 patients and
the MT group with 179 patients (Fig. 1). The exclusion
criteria of this study were one or more of the followings:
(1) no type 2 DM; (2) CTO located in a small vessel (refer-
ence vessel diameter <2.5 mm) and the side branch vessels,
including the acute marginal, diagonal, septal, and obtuse
marginal arteries; or (3) history of coronary artery bypass
graft (CABG) surgery for CTO.

PCl procedure and medical treatments

In the non-CTO lesions, PCI was preferentially performed
for patients with symptoms expected to improve their symp-
toms. However, regarding the CTO lesions, physicians
selected treatment options including MT and/or the PCI
procedure for CTO lesions, because PCI for CTO lesions
is well-known for its relatively low success rate and higher
complication rate, while CTO treatment efficacy remains
controversial. CTO-PCI has performed a general standard
PCI technique by an elective PCI [19]. PCI was performed
through either the femoral or the radial artery after admin-
istration of unfractionated heparin (70-100 U/kg). Before
PCI, all patients received aspirin (200-300 mg) and clopi-
dogrel (300-600 mg). Drug-eluting stents were deployed
after prior balloon angioplasty, and anticoagulation therapy
during PCI was left to the individual operator's discretion.
A successful PCI was defined as achieving residual angio-
graphic stenosis of less than 10% without major adverse car-
diac events (MACE) in the presence of thrombolysis in myo-
cardial infarction (TIMI) blood flow grade 3. The patients
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Fig. 1 Flowchart of study
groups. CTO chronic total
occlusion, KUGH Korea
University Guro Hospital, PCI
percutaneous coronary interven-
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maintained dual antiplatelet therapy for at least 1 year. In
addition, patients received cardiovascular beneficial medica-
tions during the in-hospital period, including beta-blockers,
renin—angiotensin—aldosterone system receptor inhibitors,
calcium channel blockers, and statins. After discharge, the
patients were encouraged to maintain the same medicines
they received in the hospital.

Study definitions

CTO has defined a total occlusion in the main coronary
artery (TIMI grade 0) for longer than 3 months. The main
coronary artery has defined an above 2.5 mm of the refer-
ence vessel diameter, and CTO has located in the main ves-
sel at the left main (LM), left anterior descending (LAD),
left circumflex (LCX), right coronary (RCA), and ramus
arteries. The LV ejection fraction (EF) was assessed by
echocardiography. Preserved LV function has defined above
EF>50% and reduced LV function below EF < 50%. Criteria
for DM is above one of the following: (1) patients diagnosed
with DM prior or who had treatments, including diabetic
medications, diet, and exercise. (2) They received a fasting
blood glucose test and these records above 7 mmol/L at least
two times from doctors. (3) Patients have a use hypoglyce-
mic therapy for diabetic control. MACE has defined a com-
posite of all-cause death, MI, and revascularization, includ-
ing PCI and CABG. Target lesion revascularization (TLR)

has defined repeat revascularization at the same CTO lesion.
Also, a target vessel revascularization (TVR) has defined
repeat revascularization at the same CTO artery. Non-TVR
has defined revascularization for the non-CTO lesion. It
means repeat revascularization at the non-CTO lesions or
performed revascularization at De-novo lesions.

Statistical analysis

The differences between the two groups were evaluated
using the unpaired t test or Mann—Whitney rank test for
continuous variables. These are shown as means + standard
deviations. Also, the discrete variables are shown as counts
and percentages and analyzed with the y2 or Fisher’s exact
test. Inverse probability weighting (IPTW) analysis, derived
from the logistic regression model, was performed to adjust
for potential confounders.

The Kaplan—Meier analysis and the log-rank test esti-
mated the various clinical outcomes for a 5-year follow-up
between the groups. Proportional hazards models assessed
the PCI group's hazard ratio (HR) compared with the MT
group among the IPTW weighted population. The statisti-
cal significance of a two-tailed test has considered below
P value £0.05 for all analyses. All statistical analysis was
performed using SPSS (version 20.0, SPSS-PC, Inc., Chi-
cago, Illinois).
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Study outcomes

The primary endpoint is defined as the composite of death
(regardless of cardiac origin) or MI. Secondary endpoints
were death, MI, revascularization including PCI or CABG,
and MACE. Follow-up on the clinical data of all enrolled
patients was possible through face-to-face interviews at
regular outpatient clinic visits, medical chart reviews, and
telephone calls.

Results

In the initially allocated PCI group, 85.9% (184/214) of
patients had a successful PCI for CTO. The remaining 14.1%
(30/214), who underwent an attempted CTO procedure that
either failed (23 patients) or had remaining CTO lesions
(7 patients), were moved to the MT group. The resulting
179 patients were enrolled in the MT group, finally. Among
these, 83.2% (149/179) had a multi-vessel disease, and

Table 1 Baseline clinical characteristics

53.1% (95/179) underwent a successful PCI for non-CTO
lesions.

The baseline clinical, angiographic, and procedural
characteristics are shown in Tables 1 and 2. The PCI group
had more stable angina (42.9% vs. 22.9%), old MI (19.6%
vs. 7.8%) and a preserved LV ejection fraction (51.2% vs.
47.2%); conversely, the MT group had more unstable angina
(55.3% vs. 36.4%), multi-vessel disease (83.2% vs. 58.2%),
and a more well-developed collateral artery (grade III or
1V, 82.1% vs. 70.1%). Compared to the PCI group, the MT
group had more disease arteries (2.4 +0.8 vs. 1.8 +0.8),
including LCX, RCA, and LM. CTO lesions had more com-
monly located at LAD in the PCI group (37.0% vs. 25.1%)
but more frequently at LCX (73.2% vs. 48.4%) or RCA (57.5
vs. 45.1%) in the MT group. The PCI group received more
calcium channel blockers of the non-dihydropyridine class
(34.2% vs. 23.5%), statins (90.2% vs. 70.4%) than the MT
group at discharge.

Table 3 shows the various clinical outcomes in up to
5-year follow-up by Kaplan—Meier survival analysis and
log-rank test. The primary endpoint occurred more in the

Variables, N (%) Crude population IPTW
PCI group MT group Pvalue  S.diff PCI group MT group Pvalue  S.diff
(n=184 pts) (n=179 pts) (n=344 pts) (n=362 pts)
Sex, male 133 (72.3) 118 (65.9) 0.190 0.77 249 (72.4) 261 (72.1) 0.933 0.03
Age, year 63+10 65+10 0.140 -0.16 63+9 63+10 0.879 0.01
LV ejection fraction, % 512+12.3 472+13.7 0.005 0.31 49.4+13.5 49.8+12.7 0.715 -0.03
Myocardial infarction; MI 38 (20.7) 39 (21.8) 0.791 -0.25 71 (20.6) 78 (21.5) 0.768 -0.20
STEMI 13(7.1) 14 (7.8) 0.784 -0.28 26 (7.6) 32 (8.8) 0.535 -0.45
Non-STEMI 25 (13.6) 25 (14.0) 0.916 -0.10 44 (12.8) 46 (12.7) 0.973 0.02
Old MI 36 (19.6) 14 (7.8) 0.001 3.18 70 (20.3) 41(11.3) 0.001 2.27
Hypertension 127 (69.0) 136 (76.0) 0.138 -0.82 246 (71.5) 261 (72.1) 0.862 -0.07
Dyslipidemia 56 (30.4) 61 (34.1) 0.458 - 0.64 96 (27.9) 100 (27.6) 0.933 0.05
Stroke 19 (10.3) 26 (14.5) 0.225 -1.19 41(11.9) 46 (12.7) 0.750 -0.22
Peripheral artery disease 21 (11.4) 31(17.3) 0.108 - 1.56 55 (15.9) 62 (17.1) 0.672 -0.29
Chronic kidney disease 17(9.2) 24 (13.4) 0.210 -1.24 39 (11.3) 51(14.1) 0.273 -0.77
Heart failure 27 (14.7) 38 (21.2) 0.103 - 1.55 53 (15.4) 62 (17.1) 0.536 -0.43
Current smokers 62 (33.7) 63 (35.2) 0.764 -0.26 116 (33.7) 122 (33.7) 0.996 0.00
Laboratory findings
Serum glucose, mg/dl 164 +70 159+ 69 0.535 0.07 159+70 163+67 0.466 —0.06
Hemoglobin Alc, % 727+1.25 7.41+1.30 0.357 0.11 7.21+1.19 7.45+1.26 0.244 0.19
BNP, pg/mL 3006 +7706 3279 +7492 0.817 0.04 4859+10,479 4090+ 8693 0.458 -0.08
Total cholesterol, mg/dl 159+40 157 +42 0.555 0.07 157+40 155+44 0.527 0.05
Triglyceride, mg/dl 147+89 148 +103 0.950 -0.01 146 + 84 157 +107 0.168 —-0.12
HDL-cholesterol, mg/dl 42+13 41+12 0.448 0.09 40+12 40+11 0.701 0.03
LDL-cholesterol, mg/dl 98 +38 97+36 0.808 0.03 97 +36 95+37 0.714 0.03

Data are presented as N (%) or mean + standard deviation. PCI percutaneous coronary intervention, M7 medical therapy, S.diff standardized dif-
ference, LV left ventricular, MI myocardial infarction, STEMI ST-segment elevation myocardial infarction, BNP B-type natriuretic peptide, HDL

high density lipoprotein, LDL low density lipoprotein
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Table 2 Angiographic, procedural characteristics and medications at discharge

Variables, N (%)

Crude population

IPTW

PCI group (n=184 MT group (n=179 P value

S.diff  PCI group (n=344 MT group (n=362 P value S.diff

pts) pts) pts) pts)
Angiographic and procedural characteristics
PCI procedure 184 (100.0) 95 (53.1) <0.001 5.39 344 (100.0) 197 (54.4) <0.001 5.21
Multi-vessel 107 (58.2) 149 (83.2) <0.001 —2.99 241 (70.1) 263 (72.7) 0.446 —0.31
disease
No. of vessels 1.84+0.81 2.36+0.75 <0.001 —0.67 2.08+0.82 2.10+0.80 0.691 —0.03
Significant coronary lesion
LAD 130 (70.7) 135 (75.4) 0.306 — 0.56 245 (71.0) 255 (70.4) 0.867 0.07
LCX 89 (48.4) 131 (73.2) <0.001 —3.19 210 (61.0) 229 (63.3) 0.544 —0.28
RCA 112 (60.9) 146 (81.6) <0.001 —2.46 247 (71.8) 267 (73.8) 0.560 —0.23
LM 10(5.4) 26 (14.5) 0.004 —2.88 28(8.1) 37 (10.2) 0.339 - 0.69
RAMUS 3 (1.6) 7(3.9) 0.185 — 1.37 5(1.5) 9(2.5) 0.323 - 0.74
Coronary CTO lesion
No. of CTO ves-  1.05+0.22 1.17+0.38 <0.001 —0.40 1.10%0.30 1.11+0.31 0.808 —0.02
sels
LAD 68 (37.0) 45 (25.1) 0.015 2.12 105 (30.5) 105 (29.0) 0.659 0.28
LCX 42 (22.8) 60 (33.5) 0.023 —2.02 103 (29.9) 109 (30.1) 0.961 —0.03
RCA 83 (45.1) 103 (57.5) 0.018 — 1.74 171 (49.7) 184 (51.0) 0.738 — 0.18
Ramus 0(0.0) 2(1.1) 0.150 — 1.49 0(0.0) 2 (0.6) 0.167 — 1.05
CTO location 0.057 0.350
Proximal 73 (39.7) 90 (50.3) —1.58 147 (42.6) 150 (41.4) 0.18
Mid 85 (46.2) 61 (34.1) 1.92 154 (44.6) 152 (42.0) 0.40
Distal 26 (14.1) 28 (15.6) —-0.39 44(12.8) 60 (16.6) - 1.00
Collateral grade 0.007 0.105
I 80 (43.5) 83 (46.4) — 043 161 (46.8) 163 (45.0) 0.26
v 49 (26.6) 64 (35.8) —1.64 94(27.3) 124 (34.3) -1.25
Failed CTO pro- 0 (0.0) 23 (12.8) <0.001 —5.07 0(0.0) 55(15.2) <0.001 —5.52
cedure
Discharge medication
ACEI 61 (33.2) 72 (40.2) 0.162 — 1.17 125(36.2) 130 (35.9) 0.929 0.05
ARB 60 (32.6) 47 (26.3) 0.185 1.17 98(28.5) 104 (28.7) 0.944 —0.05
f-blockers 85 (46.2) 92 (51.4) 0.322 —0.75 170 (49.4) 171 (47.2) 0.562 0.31
Calcium channel blockers
Dihydropyridine 39 (21.2) 31(17.3) 0.349 0.88 64 (18.6) 62 (17.1) 0.608 0.35
Non-dihydropyr- 63 (34.2) 42 (23.5) 0.024 2.01 89(25.9) 97 (26.9) 0.764 —0.19
idine
Diuretics 54 (29.3) 49 (27.4) 0.677 037 87(25.3) 85 (23.5) 0.575 0.37
Nitrates 84 (45.7) 92 (51.4) 0.274 — 0.83 165 (48) 164 (45.4) 0.500 0.37
Statin 166 (90.2) 126 (70.4) 0.000 222 292(84.9) 290 (80.3) 0.111 0.50

Data are presented as N (%) or mean + standard deviation. PCI percutaneous coronary intervention, M7 medical therapy, S.diff standardized
difference, LAD left anterior descending, LCX left circumflex, RCA right coronary artery, LM left main, CTO chronic total occlusion, ACEIl

angiotensin-converting-enzyme inhibitors, ARB angiotensin II type 1 receptor blockers

MT group (14.5%) than in the PCI group (3.8%), as did
all-cause death (10.6% vs. 3.3%). However, as a secondary
endpoint, TVR occurred more in the PCI group than in the
MT group (11.4% vs. 5.6%).

To adjust for confounding factors, IPTW analysis was
used. After IPTW, the baseline clinical and angiographic

characteristics were well-balanced between the two groups
except that the PCI group had more old MI than the MT
group (20.3% vs. 11.3%) [Table 1]. The primary endpoint
still occurred more in the MT group (11.9%) than in the
PCI group (2.6%), as did all-cause death (8.8% vs. 2.3%)
and MI (4.7% vs. 1.5%). Interestingly, non-TVR had lower
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Table 3 Major clinical outcomes in patients with chronic total occlusion lesions at 5 years

Outcomes, N (%)

No. of Events up to 5 years (%)

PCI group MT group P value Hazard Ratio [95% CI[ P value
Crude population N=184 pts N=179 pts
Primary endpoint
Death or myocardial infarction 7(3.8) 26 (14.5) <0.001 0.267 [0.116-0.614] 0.002
Secondary endpoints
Total MACE 36 (19.6) 46 (25.7) 0.162 0.784 [0.507-1.213] 0.275
All-cause of death 6(3.3) 19 (10.6) 0.006 0.316 [0.126-0.791] 0.014
Cardiac death 422) 10 (5.6) 0.091 0.396 [0.124-1.263] 0.118
Myocardial infarction 4(2.2) 11 (6.1) 0.057 0.359 [0.114-1.128] 0.080
Revascularization 31 (16.8) 30 (16.8) 0.982 1.034 [0.626-1.709] 0.895
CABG 1(0.5) 2(1.1) 0.546 0.531 [0.048-5.857] 0.605
Target lesion (CTO vessel) 19 (10.3) 9 (5.0) 0.059 2.158 [0.976-4.772] 0.057
Target vessel (CTO vessel) 21(11.4) 10 (5.6) 0.047 2.174 [1.023-4.617] 0.043
Non-target vessel (Non-CTO vessel) 17 (9.2) 27 (15.1) 0.088 0.601 [0.328-1.103] 0.100
Stroke 3(1.6) 3(1.7) 0.973 0.999 [0.201-4.949] 0.999
IPTW N=344 pts N=362 pts
Primary endpoint
Death or myocardial infarction 9 (2.6) 43 (11.9) <0.001 0.190 [0.090-0.400] <0.001
Secondary endpoints
Total MACE 73 (21.2) 101 (28.0) 0.038 0.697 [0.493-0.985] 0.041
All-cause of death 8(2.3) 32(8.8) <0.001 0.228 [0.101-0.513] <0.001
Cardiac death 5(L5) 18 (5.0) 0.008 0.295 [0.110-0.790] 0.015
Myocardial infarction 5(L5) 17 (4.7) 0.013 0.295 [0.106-0.819] 0.019
Revascularization 67 (19.5) 76 (21.1) 0.603 0.906 [0.628-1.309] 0.601
CABG 1(0.3) 4.1 0.197 0.539 [0.049-5.963] 0.615
Target lesion (CTO vessel) 38 (11.0) 38 (10.5) 0.814 1.045 [0.648-1.684] 0.856
Target vessel (CTO vessel) 45 (13.1) 40 (11.0) 0.407 1.213 [0.770-1.910] 0.404
Non-target vessel (Non-CTO vessel) 34 (9.9) 68 (18.8) 0.001 0.471 [0.303-0.733] 0.001
Stroke 6 (1.7) 5.4 0.697 1.253 [0.384—4.092] 0.708

PCI percutaneous coronary intervention, MT medical therapy, CTO chronic total occlusion

*Major adverse cardiac events (MACE) was defined as the composite of all-cause death, myocardial infarction, stroke, and revascularization;
chronic total coronary lesion (CTO). Primary endpoint: all-cause death and/or MI

in the PCI group (9.9%) than in the MT group (18.8%) after
adjusting potential confounders by IPTW.

The MT group included 30 patients who underwent an
attempted CTO procedure that either failed or had remaining
CTO lesions (as the failed CTO-PCI group). In the primary
endpoint, the PCI group showed better clinical outcomes
when compared to both the MT-only group and the failed
CTO-PCI group before (3.8% vs. 14.7% vs. 13.0%, respec-
tively, P=0.002) and after IPTW (2.6% vs. 11.4% vs. 14.5%,
respectively, P <0.001) (Fig. 2).

Subgroup analyses were performed to evaluate the impact
of successful CTO-PCI on the primary endpoint using Cox-
proportional hazards ratio analysis (Fig. 3). A successful
CTO-PCI resulted in better clinical outcomes in various
subgroups with DM patients, including elderly patients
greater than 65 years old [HR 2.276, 95% confidence

@ Springer

interval (CI) 0.090-0.841, P =0.024], patients without
prior MI (HR: 0.245, 95% CI 0.070-0.859, P =0.028),
patients with >50% preserved LV EF (HR 0.146, 95% CI
0.027-0.771, P=0.023), non-smokers (HR 0.198, 95%
CI 0.048-0.807, P=0.024), patients with multi-vessel
disease (HR 0.151, 95% CI 0.032-0.713, P=0.017), and
patients with CTO at non-LAD arteries (HR 0.130, 95% CI
0.027-0.616, P=0.010).

Discussion

Our study confirmed the benefits of a successful CTO-PCI
in DM and CTO patients. The main findings are as follows:
(1) compared to the MT group, the PCI group was asso-
ciated with significantly reduced incidence of the primary
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Fig.2 Cox-proportional survival curves on death or myocardial infarction at the 5-year follow-up. Survival analysis estimates death and myocar-
dial infarction in the entire population (A) and after IPTW adjustment (B). CTO chronic total occlusion, MT medical therapy
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Sex

Male 251 — 0.323 (0.099 - 1.049) 0.060

Female 112 —— 0.167 (0.027-1.014)  0.052
Age
<65yr 196 + 0.165(0.017-1.586)  0.119

> 65 yr 167 —— 0.276 (0.090 - 0.841)  0.024
Myocardial infarction

Yes 77 + 0.295(0.063 - 1.388)  0.123

No 286 — 0.245 (0.070- 0.859)  0.028
LV ejection fraction

<50% 152 —_— 0.410 (0.122 - 1.378) 0.150

>50% 194 — 0.146 (0.027 - 0.771) 0.023
Hypertension

Yes 263 e S 0.336(0.111-1.017)  0.054

No 100 —+— 0.115(0.012-1.094)  0.060
Smoking

Yes 185 4 0.356 (0.089 - 1.418) 0.143

No 178 —+— 0.198 (0.048 - 0.807)  0.024
Muli-vessel disease

Yes 256 -+ 0.151(0.032-0.713)  0.017

No 107 4 0.445 (0.092 - 2.139) 0.312
CTO at LAD

Yes 113 + 0.505 (0.094 - 2.693)  0.424

No 250 S Emm— 0.130 (0.027-0.616)  0.010
Collateral grade

Oorl 78 — 0.249 (0.058 - 1.067) 0.061

II or I1II 285 ‘ —0‘— . ‘ 0.259 (0.066 - 1.020) 0.053

0I.0 0'.5 1.0 115 210
" PCI Better Medication the'rapy
Better
Fig.3 Subgroups analysis of diabetes, the impact of the percutaneous Cox-proportional hazard ratio analysis adjusted using IPTW score.
coronary intervention (PCI) on death or myocardial infarction com- LV left ventricular, CTO chronic total occlusion, LAD left anterior

pared to the medication therapy (MT) up to the 5-year follow-up by descending
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endpoint, composite of death, or MI at 5-year follow-up
before (HR 0.267, 95% CI 0.116-0.614) and after (HR
0.142, 95% CI 0.032-0.629) adjusting for confounding fac-
tors. (2) A successful complete CTO-PCI was more ben-
eficial to the primary endpoint in the following subgroups:
the elderly (> 65 years); patients with preserved LV ejec-
tion fraction (>50%), or CTO of non-LAD arteries; non-
smokers; and patients with multi-vessel disease or without
a history of ML

DM is a substantial risk factor in the development of
CAD and demonstrates a three-fold increase in cardiovas-
cular morbidity and mortality [19]. Bulugahapitiya et al.
reviewed 13 studies comprising 45,108 patients, with a
follow-up ranging from 5 to 25 years by meta-analysis [20].
DM patients had a 43% higher risk of developing coronary
heart disease events than patients without DM. The patho-
physiology of vascular disease in DM involves abnormalities
in the endothelial, vascular smooth muscle cell, and plate-
let function [21]. Thus, optimal medication therapy may be
one of the important treatment strategies for DM patients
with CTO lesions. Also, the systematic review of a previ-
ous study has shown that a complete PCI could improve
the long-term clinical outcomes of DM patients with CTO
lesions [22]. From the bypass angioplasty revascularization
investigation 2 diabetes trial (BARI2D trial), patients under-
went either revascularization with intensive medical therapy
(IMT) or IMT alone, according to the presence of CTO in
DM patients. The study results have shown that a CTO
lesion might not increase mortality risk if patients treated
with revascularization [23]. In contrast, a randomized trial
showed no significant difference in the incidence of death
and major cardiovascular events between CAD patients with
DM undergoing prompt revascularization and those under-
going medical therapy [12]. Importantly, in CAD patients,
the presence of a CTO has a major impact on clinical man-
agement and is a strong predictor against recommending
PCI, with a preference for MT or CABG [22, 24].

Our study results showed the benefits of a successful
CTO-PCI in DM patients. After adjustment for baseline
confounders by IPTW, successful CTO-PCI reduced the
primary endpoint risk (HR 0.190, 95% CI 0.090-0.400),
including all-cause death (HR 0.697, 95% CI 0.493-0.985)
up to 5 years follow-up. In particular, CTO-PCI was effec-
tive to the primary endpoint in the following subgroups of
DM patients, including elderly (> 65 years), preserved LV
ejection fraction (>50%), CTO of non-LAD arteries, non-
smokers, multi-vessel disease, and patients without a prior
MI. Of particular interest is that the non-TVR had signifi-
cantly lower occurred in the PCI group (HR 0.471, 95% CI
0.303-0.733) than in the MT group. Base on our results,
we carefully assumed that CTO-PCI might prevent further
coronary events via a reduced burden of non-CTO arteries
in DM patients. This is because a myocardium territory on
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the CTO artery has blood supply from self or other coronary
arteries via collateral arteries. As shown in our result, DM-
CTO patients had a multi-vessel disease above minimum
half. Therefore, successful CTO-PCI could reduce the func-
tional burden of non-CTO arteries; also, if those who have
further coronary events, treated CTO artery may support the
event artery functionally.

In the present study, the MT group included patients who
underwent an attempted CTO procedure that either failed
or had remaining CTO lesions. As shown in Fig. 2, the PCI
group showed a better result in the primary endpoint, as
compared to both the MT-only group and the failed CTO-
PCI group. Notably, the failed CTO-PCI group was not dif-
ferent from the MT-only group regarding the primary end-
point. The poor prognosis of the failed CTO-PCI group was
entirely predictable. However, if the long-term outcome of
a failed CTO-PCI survivor is similar to that of the MT-only
group, CTO-PCI might be a good option in DM patients
with CTO.

Another interesting, result of our study is that in the MT
group, the patients in the crude population of 5.6% and the
IPTW cohort of 11.0% received revascularization for CTO
lesions finally during the follow-up period. It means that
these patients are continuously suffering ischemic symp-
toms including chest pain or dyspnea despite the medication
therapy, and further if their doctor had determined that CTO-
PCI could help to improve patient’s clinical symptoms. In
the IPTW cohort during follow-up, the occurrence of TVR
for CTO lesions was no different between the PCI group
and the MT group (13.1% vs. 11.0%, P=0.407). Therefore,
in the MT group, persistent clinical symptoms remained a
problem.

CTO-PClI is a technically challenging procedure in the
cardiovascular intervention field, and procedural success
rates are still limited [25]. However, developments in equip-
ment and techniques have led to the achievement of higher
rates of success and lower rates of complications [26, 27],
which shows as successful guidewires crossing CTO lesions
within 30 min [28]. In the present study, 86.0% of patients
(184/214) received complete CTO-PCI, and 3.2% of patients
(7/214) partially underwent CTO-PCI. Operators seemed to
prefer CTO-PCI in patients with stable angina or preserved
LV function. The PCI group had more patients with stable
angina and preserved LV function. However, the MT group
had more patients with unstable angina, multi-vessel dis-
ease, and a well-developed collateral artery. These patients'
conditions may affect the choice of PCI or medication treat-
ment as the CTO's treatment strategy, but the procedural
success rate and clinical outcomes of CTO-PCI also play
arole in the decision [11, 17]. Our previous study reported
that the elderly, patients with multi-vessel disease, a history
of CABG, a retrograde approach to CTO, and lack of expert
operator are related to procedural failure for CTO [11].
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There are some limitations in this study. First, the present
study was analyzed retrospectively, and an IPTW analysis
was performed to minimize the confounding factors that
might have influenced the results. Second, according to
the clinician's discretion, all participants received adequate
treatment, including PCI in non-CTO lesions. However, it is
likely that the remaining non-CTO lesions in the MT group
are reflected in the study results. For example, in the MT
group, a total of 83.2% (149/179) had a multi-vessel disease,
and 53.1% (95/179) received PCI treatment. Finally, the
KUGH-PCI registry consisted of an all-comer prospective
design since 2004. Thus, we could not adjust for all limiting
factors not identified through medical records or collected
through telephone calls despite data quality control.

In conclusion, our study results showed a complete PCI
with IMT could improve the long-term clinical outcomes
than patients who received IMT alone in DM patients
with CTO lesions. Successful CTO-PCI is associated with
reduced risk of the primary endpoint, composite of all-cause
death, or MI up to a 5-year clinical follow-up, compared
with MT alone strategy in patients with DM. However,
these results are from an observational study, and therefore,
a well-designed, large-scale randomized trial is needed to
confirm these findings.
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