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Comparison of 12-month clinical outcomes in diabetic and
nondiabetic patients with chronic total occlusion lesions:
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Objective This study aimed to compare 1-year clinical
outcomes in diabetic and nondiabetic patients with chronic
total occlusion (CTO) lesions.

Methods A total of 2865 patients (age 62.82 + 10.64 years;
74.0% men) undergoing percutaneous coronary intervention
for CTO were analyzed. The patients were classified as
diabetic (n=977) or nondiabetic (n =1888). One-year
clinical outcomes were compared between the two groups.

Results One year after percutaneous coronary intervention,
241 (8.4%) patients developed major adverse cardiac
events (MACEs). Target lesion revascularization (TLR),
target vessel revascularization (TVR), TLR-MACEs, and total
MACEs were more common in diabetics than in
nondiabetics (6.1 vs. 3.9%, P=0.021; 7.2 vs. 4.8%, P=0.023;
7.7 vs. 5.5%, P=0.017; and 10.3 vs. 7.7%, P=0.011;
respectively). In multivariate analysis, diabetes mellitus was
an independent predictor for 1-year TLR (odds ratio: 2.201,
P=0.001) and total MACEs (odds ratio: 1.677, P=0.002).
Among diabetic patients, total death, TLR, TVR, TLR-MACEs,
TVR-MACEs, and total MACEs were more common in
patients who used insulin than in those who did not (6.1 vs.
1.9%, P=0.018; 11.3 vs. 4.6%, P=0.007; 12.2 vs. 5.9%,
P=0.025; 14.8 vs. 5.9%, P=0.003; 16.5 vs. 8.0%, P=0.008;

Introduction

Among the coronary lesion subsets, a chronic total
occlusion (CTO) is a type of lesion with a high risk of
reocclusion or procedural complications, such as distal
embolization, side-branch occlusion, coronary dissection,
and disruption of collateral flow. However, a recent meta-
analysis and a large prospective multinational CTO
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and 174 vs. 9.2%, P= 0.012, respectively). Insulin use was an
independent predictor for total death, 12-month TLR, TVR,
TLR-MACEs, TVR-MACEs, and total MACEs.

Conclusion This study identified diabetes mellitus as an
independent risk factor for 1-year TLR and total MACEs in
patients with CTO lesions. Coron Artery Dis 26:699-705
Copyright © 2015 Wolters Kluwer Health, Inc. All rights
reserved.
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registry study suggested that the use of drug-eluting
stents (DES) in C'TO recanalization is associated with a
significantly lower incidence of major adverse cardiac
events (MACEs) [1-3].

Diabetes mellitus (DM) is a complex inflammatory,
atherothrombotic, insulin-resistance syndrome that
involves endothelial dysfunction [4]. Cardiovascular risk
in diabetic patients is particularly high, and diabetes is a
predictor of mortality, myocardial infarction (MI), and
restenosis after a percutaneous coronary intervention
(PCI) [5-7]. However, there is a paucity of data on the
impact of DM on the prognosis of patients undergoing
PCI with DES for CTO lesions. The aim of this study
was to investigate this question.
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mailto:wmagpie@korea.com
http://www.coronary-artery.com

700 Coronary Artery Disease 2015, Vol 26 No 8

Patients and methods

Korean multicenter CTO registry

The Korean CTO Registry is an online Korean multi-
center retrospective registry that has been investigating
the risk factors for mortality in patients with C'TO since
March 2007 with the support of the Korean Circulation
Society. CTO cases from 26 PCI centers and hospitals
have been registered online. The study protocol was
approved by the ethics committee at each participating
institution. Data were registered and submitted from
individual institutions through password-protected
Internet-based electronic case report forms.

Study sample

From January 2007 to December 2009, a total of 2934
patients underwent PCI for C'TO in 26 Korean centers
and were entered into the Korean C'TO registry. Among
these, a total of 2865 patients with true CTO who
underwent PCI with DES and fulfilled the criteria below
were enrolled in this study. CTO was defined as an
obstruction of a native coronary artery with thrombolysis
in myocardial infarction flow 0 and an estimated duration
of occlusion of at least 3 months on the basis of the
patient’s clinical history or a previous coronary angiogram
[8,9]. The duration of CTO was defined as the time
elapsed since the patient’s last episode of angina symp-
toms consistent with the location of the occlusion. If
there were no definite symptoms of total occlusion, at
least two experienced interventional cardiologists diag-
nosed CTO on the basis of angiographic morphology.
Those treated in the setting of acute myocardial infarc-
tion were not eligible for this study and both ST-segment
clevation and non-ST-segment elevation acute myo-
cardial infarction were excluded. Other exclusion
criteria were as follows: (a) only bare-metal stent (BMS)
implantation or balloon angioplasty without DES
implantation; (b) CTO lesions with DES restenosis or
graft vessel occlusion; (c) severe hepatic dysfunction (>3
times upper normal limit); (d) pregnancy or absence of a
negative pregnancy test result in women of childbearing
age; (e) an estimated life expectancy of less than 3 years;
or (f) a recognized hypersensitivity to antiplatelet drugs
[aspirin (ASA) and all thienopyridines]. The patients
included in the analysis were divided into two groups: a
non-DM group (#=1888) and a DM group (z=977). All
patients provided written informed consent.

Study definitions

Target lesion revascularization (TLR) was defined as
repeat revascularization in the target lesion and included
any emergency or elective coronary artery bypass graft
(CABG) or repeat PCI. Because this study was a multi-
center registry using only retrospective data, there were
two types of TLR, clinically driven and angiographically
driven TLR, according to the physician’s discretion.
Target vessel revascularization (TVR) was defined as
repeat revascularization in the target vessel and included

any emergency or elective CABG or repeat PCI. MI was
defined as the presence of clinical symptoms, ECG
changes, or abnormal imaging findings indicative of MI,
combined with a creatine kinase myocardial band iso-
enzyme level elevated to greater than three times the
upper limit of the normal value, or troponin-T/troponin-I
levels higher than the 99th percentile of the upper nor-
mal limit, unrelated to an interventional procedure. All
deaths were considered cardiac deaths unless a definite
noncardiac cause could be established. TLR-associated
MACEs were defined as cardiac death, MI, and TLR.
T'VR-associated MACEs were defined as cardiac death,
MI, and TVR. Total MACEs were defined as TVR-
MACEs or non-TVR-MACEs and CABG.

Patients who were currently taking diabetes medications
(oral hypoglycemic agent or insulin), or had elevated
levels (>126 mg/dl) of fasting and nonstressed blood
glucose on at least two separate occasions during their
hospital stay, were defined as having DM [10].
Cardiovascular risk factors and medical history [hyper-
tension (H'T'N), dyslipidemia, smoking habits, history of
coronary heart disease, previous M1, chronic heart failure,
and previous cerebrovascular disease] were determined
primarily by reference to medical records. The final
records were left to the physician’s discretion after he or
she comprehensively considered medical records and the
in-hospital examination results.

PCI procedure

PCI was performed in accordance with current guidelines
and using conventional techniques. Before DES
implantation, patients were pretreated with a dual anti-
platelet regimen of 200 mg ASA and 300-600 mg clopi-
dogrel (Plavix; Bristol-Myers Squibb, New York, New
York, USA and Sanofi-Aventis, Paris, France). The clo-
pidogrel loading dose was decided by the physician. After
implantation, patients were prescribed 100 mg ASA per
day indefinitely and 75 mg clopidogrel per day for at least
12 months. Notably, for index PCI stent selection, phy-
sicians were strongly encouraged to select devices ran-
domly, irrespective of lesion characteristics and clinical
setting, to reflect real-world clinical practice. Any sub-
sequent use of intravascular ultrasound, glycoprotein IIb/
IIIa inhibitors, postadjuvant balloon dilation, or addi-
tional approaches or devices to treat C'TO was left to the
physician’s discretion to obtain an optimal outcome. A
successful PCI procedure was defined as a reduction in
angiographic minimum diameter stenosis to less than
30% in the presence of thrombolysis in myocardial
infarction grade II flow.

Clinical follow-up

T'welve months after the index PCI, follow-up data were
obtained by reviewing medical records and/or by tele-
phone interviews with patients. All data were entered
into an electronic Internet-based case report form.



Statistical analysis

For continuous variables, differences between groups
were evaluated using Student’s #-test. All continuous
variables are expressed as mean+ SD. Categorical vari-
ables are presented as frequencies (percent) and were
analyzed using either a y*-test or Fisher’s exact test
depending on the data distribution. Multiple logistic
regression analysis was carried out to identify indepen-
dent predictors of TLLR and total MACEs at 12 months,
with adjustment for risk factors such as age, sex, history of
previous PCI, DM, HTN, history of previous MI,
smoking habits, dyslipidemia, history of heart failure,
stent type, and stent length. Propensity score matching, a
method of adjusting for the observed characteristics of
patients nonrandomly assigned to different treatments
[11], was used to correct for selection bias and con-
founding in the statistical analysis of observational data;
patients in the DM and the non-DM groups were mat-
ched by propensity score. Propensity score matching
analysis was used for any variable that could be a con-
founding factor according to the baseline characteristics.
A logistic regression model of the DM group was fitted to
pretreatment patient characteristics to test variables for
relevance, including age, sex, history of previous PCI,
HTN, and current smoking habits. A 95% confidence
interval was calculated for each odds ratio (OR), and all
P-value calculations assumed a two-tailed model. All
statistical analyses were carried out using the SPSS sta-
tistical software, version 13.0 (SPSS Inc., Chicago,
Illinois, USA), and statistical significance was set at P up
to 0.05 in two-sided tests.

Results

Baseline demographic and procedural characteristics
The mean age of the patients was 62.82+10.64 years,
with men accounting for 74% of all individuals enrolled.
As shown in Table 1, baseline clinical characteristics
differed between the two groups with respect to age, sex,

Table 1 Baseline demographic characteristics of the two groups
DM (=) (h=1888) DM (+) (n=977) P
Age® 62.16+11.18 64.09+9.38 <0.001
Male® 1445 (76.5) 675 (69.1) <0.001
Diagnosis® 0.698
Stable angina 875 (46.3) 450 (46.1)
Unstable angina 734 (38.9) 386 (39.5)
Asymptomatic IHD 279 (14.8) 141 (14.4)
History of MIP 294 (15.7) 123 (12.6) 0.088
History of PCIP 531 (28.1) 316 (32.3) <0.001
History of CABGP 48 (2.5) 31 (3.2) 0.229
HTNP 1047 (55.5) 743 (76.0) <0.001
Current smoker® 587 (31.9) 256 (26.8) 0.027
HFP 108 (5.7) 72 (7.4) 0.161
Dyslipidemia® 630 (33.6) 341 (35.0) 0.579

CABG, coronary artery bypass graft; DM, diabetes mellitus; HF, heart failure; HTN,
hypertension; IHD, ischemic heart disease; MI, myocardial infarction; PCI, per-
cutaneous coronary intervention.

P <0.05 was considered statistically significant.

*Mean+ SD.

PN (%).
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Table 2 Baseline lesion and angiographical characteristics of the
two groups

DM (=) (n=1977 M (+) (n=1042
lesions) lesions) P
Lesion number® 0.683
1 1883 (95.2) 999 (95.9)
2 89 (4.5) 40 (3.8)
3 5 (0.3) 3 (0.3)
Lesion characteristics
Lesion length® (mm) 33.58+23.43 33.44+22.50 0913
Blunt stump? 244 (8.1) 299 (9.9) 0.108
Occlusion of side 377 (12.5) 413 (18.7) 0.378
branch®
Bridging collateral® 272 (9.0) 299 (9.9) 0.415
Wire approach 0.601
Antegrade 1936 (97.9) 1017 (97.6)
Retrograde 41 (2.1) 25 (2.4)
Target vessel® 0.568
LM 7 (0.4) 5 (0.4)
LAD 748 (37.8) 424 (40.7)
LCX 400 (20.2) 213 (20.4)
RCA 822 (41.6) 400 (38.4)
Procedure success® 1611 (82.2) 839 (81.2) 0.55
Contrast amount® (ml) 330.93+154.90 337.72+180.63 0.426
IvVus® 413 (25.2) 231 (27.4) 0.404
Stent type® 0.77
SES 504 (35.3) 261 (35.4)
ZES sprint 154 (10.8) 0 (12.2)
ZES resolute 108 (7.6) 3 (7.2)
PES 408 (28.3) 21 7 (29.4)
EES 257 (18.0) 117 (15.8)
Stent Iengthb (mm) 42.67+22.35 4410+22.37 0.169
Average stent 2.87+0.36 2.86+0.36 0.581

diameter® (mm)

DM, diabetes mellitus; EES, everolimus-eluting stents; IVUS, intravascular ultra-
sound; LAD, left anterior descending coronary artery; LCX, left circumflex cor-
onary artery; LM, left main; PES, paclitaxel-eluting stents; RCA, right coronary
artery; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting stents.

P <0.05 was considered statistically significant.

N (%).

PMean+ SD.

history of previous PCI, HT'N, and current smoking
habits. Specifically, patients in the DM group were more
likely to be older and to have a history of PCI and HTN
than patients in the non-DM group. Men and current
smokers were more common in the non-DM group
compared with the DM group. Baseline lesion and
angiographic characteristics are described in Table 2. A
total of 3019 lesions (2865 patients) were analyzed. There
were no significant differences in lesion, angiographic, or
procedural findings between the two groups.

Twelve-month clinical outcomes

We analyzed 12-month clinical outcomes for patients
who underwent a successful initial PCI (7=2388
patients). Twelve months after the index PCI, 205
patients (8.8%) had developed total MACEs. TLR,
TVR, TLR-MACEs, and total MACEs were more com-
mon in the diabetic group than the nondiabetic group
(6.1 vs. 3.9%, P=0.021; 7.2 vs. 4.8%, P=0.023; 7.7 vs.
5.2%, P=0.017; and 10.3 vs. 7.7%, P=0.011, respec-
tively) (Fig. 1).
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Fig. 1
300 %
aDM(-) oDM (+)
25.0 |
200l P=0.011
P=0.062
15.0 P=0.017
P=0.023
P=1.000 p=0021 o
100 ©— % P=0.856
| 2.4
5.0 24 1415
oo M 1 s
bég\\ b@(g@
@ &
<9 &
O%&

Clinical outcomes at 12 months in the DM group and the non-DM group. P< 0.05 was considered statistically significant. DM, diabetes mellitus;
MACEs, major adverse cardiac events; MI, myocardial infarction; TLR, target lesion revascularization; TVR, target vessel revascularization.

Independent predictors of 12-month TLR and total
MACEs

To investigate the independent predictors for 12-month
TLR and total MACEs, we carried out a multivariate
analysis after adjusting for age, sex, history of previous
PCI, HTN, history of previous MI, smoking habits,
dyslipidemia, history of heart failure, stent type, and
stent length. DM was an independent predictor of
12-month TLR (OR: 2.201, P=0.001) and total MACEs
(OR: 1.677, P=0.002) (Table 3).

Table 3 Independent predictors of 12-month TLR and total MACEs
in multivariate analysis

TLR Total MACEs
OR 95% CI P OR 95% CI P

Age 0.992 0.970-1.015 0.477 0.993 0.977-1.009 0.364
Male 0.989 0.576-1.700 0.969 0.871 0.587-1.292 0.492
History of PCI  0.945 0.541-1.649 0.841 1.043 0.693-1.570 0.841
HTN 1.108 0.684-1.794 0.677 0.928 0.658-1.309 0.670
DM 2.201 1.407-3.442 0.001 1.677 1.207-2.330 0.002
History of MI 1446 0.764-2.736 0.257 0.837 0.494-1.419 0.837
Current smoker 0.991 0.603-1.629 0.972 1.033 0.723-1.476 0.860
Dyslipidemia 1111 0.688-1.797 0.285 0.785 0.551-1.120 0.182
HF 0.962 0.371-2.495 0.936 1.004 0.506-1.991 0.990
SES vs. PES 0.815 0.408-1.627 0562 1.041 0.634-1.710 0.872
ZES sprinter vs.  1.394 0.841-2.311 0.198 1.413 0.952-2.097 0.087

PES
ZESresolutevs. 1.021 0.572-1.823 0.944 1.021 0.572-1.823 0.944

PES
EES vs. PES 1.128 0.377-3.370 0.829 1.144 0.493-2.656 0.755
Stent length 0.999 0.988-1.010 0.853 1.002 0.994-1.010 0.614

Cl, confidence interval; DM, diabetes mellitus; EES, everolimus-eluting stents; HF,
heart failure; HTN, hypertension; MACEs, major adverse cardiac events; M,
myocardial infarction; OR, odds ratio; PCI, percutaneous coronary intervention;
PES, paclitaxel-eluting stents; SES, sirolimus-eluting stents; TLR, target lesion
revascularization; ZES, zotarolimus-eluting stents.

P <0.05 was considered statistically significant.

Propensity score-matched patients’ results

In total, 1840 matched pairs were identified, with 920 in
each group. Baseline demographic and lesion character-
istics were similar between the two groups (Appendix 1
and 2, Supplemental digital content 1, Azp://links.low.
com/MCA[A55). The results of the propensity score-
matched analysis were similar to those of the main ana-
lysis of the full cohort. Twelve-month TLR and the
incidence of total MACEs were higher in the DM group
than the non-DM group (Fig. 2), and DM was an inde-
pendent predictor of 12-month TLR (OR: 2.232,
P=0.002) and total MACE (OR: 1.736, P=0.007)
(Table 4).

Relation between insulin use and 12-month clinical
outcomes in diabetic patients

Among diabetic patients, total death, TLR, TVR, TLR-
MACEs, TVR-MACEs, and total MACEs were more
common in the group that used insulin than in the group
that did not (6.1 vs. 1.9%, P=0.018; 11.3 vs. 4.6%,
P=0.007; 12.2 vs. 59%, P=0.025; 14.8 vs. 5.9%,
P=0.010; 16.5 vs. 8.0%, P=0.008; and 17.4 vs. 9.2%,
P=0.012, respectively) (Fig. 3). Among diabetic patients,
insulin use was an independent predictor of total death
(OR: 3.193, P=0.041), 12-month TLR (OR: 2.929,
P=0.005), 12-month TVR (OR: 2.444, P=0.015),
12-month TLR-MACEs (OR: 2.908, P=0.003),
12-month TVR-MACEs (OR: 2.352, P=0.009), and
12-month total MACEs (OR: 2.205, P=0.013), after
adjustment for age, sex, history of PCI, HT'N, history of
MI, smoking habits, dyslipidemia, history of heart failure,
stent type, stent length, and number of stents (Table 5).
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Clinical outcomes at 12 months in the DM group and the non-DM group among propensity-matched patients. P< 0.05 was considered statistically
significant. DM, diabetes mellitus; MACEs, major adverse cardiac events; MI, myocardial infarction; TLR, target lesion revascularization; TVR, target

vessel revascularization.

Table 4 Independent predictors of 12-month TLR and total MACEs
in multivariate analysis among propensity-matched patients
(n=1840)

TLR Total MACEs
OR 95% CI P OR 95% CI P
Age 1.014 0.987-1.042 0.318 1.007 0.986-1.030 0.507
Male 0.965 0.549-1.696 0.901 0.656 0.413-1.041 0.073
History of PCI  0.967 0.514-1.819 0.918 0.888 0.519-1.522 0.667
HTN 0.979 0.554-1.728 0.940 0.908 0.574-1.437 0.681
DM 2,232 1.337-8.727 0.002 1.736 1.159-2.598 0.007

History of Ml 0.902 0.390-2.084 0.809 0.816 0.399-1.667 0.576

Current smoker 0.684 0.391-1.197 0.183 1.155 0.736-1.813 0.530

Dyslipidemia 1.004 0.597-1.690 0.988 0.808 0.528-1.237 0.326

HF 1.309 0.561-3.052 0.533 0.918 0.423-1.992 0.828

SES vs. PES 0.630 0.290-1.366 0.241 0.794 0.412-1.529 0.490

ZES sprinter vs.  1.107 0.633-1.938 0.721 1.361 0.838-2.212 0.213
PES

ZES resolute 0.396 0.133-1.182 0.097 1.180 0.597-2.331 0.634
vs. PES

EES vs. PES 0.956 0.313-2.925 0.938 1.462 0.601-3.558 0.402

Stent length 0.993 0.980-1.006 0.278 0.999 0.990-1.009 0.906

Cl, confidence interval; DM, diabetes mellitus; EES, everolimus-eluting stents; HF,
heart failure; HTN, hypertension; MACEs, major adverse cardiac events; M,
myocardial infarction; OR, odds ratio; PCI, percutaneous coronary intervention;
PES, paclitaxel-eluting stents; SES, sirolimus-eluting stents; TLR, target lesion
revascularization; ZES, zotarolimus-eluting stents.

P <0.05 was considered statistically significant.

Discussion

The major findings of the present study are as follows: (a)
in patients undergoing PCI with DES for C'TO Iesions,
12-month TLR and total MACEs were more common in
the DM group than in the non-DM group; (b) DM was
identified as an independent predictor of TLR and total
MACEs at 12 months; (¢) among diabetic patients, total
death, TLR, TVR, TLR-MACEs, TVR-MACEs, and
total MACEs were more common in the group that used

insulin than in the group that did not; (d) insulin-
dependent diabetes was an independent predictor of
total death, 12-month TLR, TVR, TLR-MACEs, TVR-
MACEs, and total MACE:s.

The present study supports previous reports that rest-
enosis and adverse clinical outcome rates after PCI are
higher in diabetics. A substudy of the SIRIUS trial
(SIRolImUS-coated Bx Velocity balloon-expandable
stent in the treatment of patients with de novo cor-
onary artery lesions) showed that DM was an indepen-
dent predictor of the need for revascularization [12].
Other studies also showed that, in patients with smaller
vessels and longer lesions, DM remains an independent
risk factor for restenosis, need for revascularization, and
MACE:s [4]. In addition, Kandzari ¢ @/. [13] showed that,
in CTO patients who underwent PCI with sirolimus-
cluting stents, those who were diabetic had higher rates
of restenosis compared with those who were nondiabetic
(22 vs. 4.7%). Liee et al. [14] reported that DM in patients
with CTO undergoing PCI with DES is a predictor of
TLR (hazard ratio 2.07, P=0.04). The exact mechanisms
of the less favorable outcomes in patients with DM are
unclear, but possibilities include more intimal hyperpla-
sia after PCI; a prothrombotic milieu; increased levels of
fibrinogen, factor VII, and plasminogen activator inhi-
bitor; decreased biological activity of antithrombin III;
and platelet dysfunction [15-20].

The impact of diabetes in C'TO patients undergoing PCI
with BMS is not consistent across studies. The TOSCA
(Total Occlusion Study of Canada) report showed that
DM did not increase the risk of restenosis and TVR of
nonacute coronary occlusions after PCI [21]. However,
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Clinical outcomes at 12 months in the insulin-using and the noninsulin-using group among diabetic patients. P< 0.05 was considered statistically
significant. MACEs, major adverse cardiac events; MI, myocardial infarction; TLR, target lesion revascularization; TVR, target vessel revascularization.

Table 5 Odds ratio of insulin use on 12-month clinical outcomes in
multivariate analysis among diabetic patients

Clinical outcomes OR 95% CI P

12-month total death 3.193 1.049-9.716 0.041
12-month TLR 2.929 1.374-6.244 0.005
12-month TVR 2444 1.186-5.0369 0.015
12-month TLR-MACEs 2.908 1.453-5.821 0.003
12-month TVR-MACEs 2.352 1.234-4.485 0.009
12-month total MACEs 2.208 1.183-4.121 0.013

Cl, confidence interval; MACEs, major adverse cardiac events; OR, odds ratio;
TLR, target lesion revascularization; TVR, target vessel revascularization.
P <0.05 was considered statistically significant.

another study showed that DM was a significant predictor
of MACE:s after PCI in CTO lesions in the BMS era [22].

De Felice et al. [23] suggested that DES should be a
preferred treatment strategy for CTO because DES
reduced TLR by 60% 3 years after the index PCI. In
addition, the same investigators showed that the benefits
of DES over BMS were maintained up to the 5-year
follow-up in patients with C'TO [24]. Several other stu-
dies also suggested that first-generation DES improved
long-term angiographic and clinical outcomes compared
with BMS in CTO patients [3,13,25]. In a large number
of unselected diabetic patients undergoing PCI, the use
of DES was associated with significantly lower rates of
MACEs compared with BMS [26]. Similarly, in diabetic
CTO patients, DES showed a lower TVR rate than
BMS [27].

Recent data from an Asian study showed that DM is a
predictive factor for MACEs in CTO patients treated
with PCI [28], which is consistent with the findings of the
present study. However, the Asian study did have some
differences from the present study. First, the patients

enrolled in the Asian study were elderly (age >65 years).
Second, the study evaluated both BMS and DES,
whereas the present study analyzed only patients with
DES. In the present study, a high incidence of TLR in
diabetic patients contributed toward the high total
MACESs - results that are also consistent with data of
previous studies [5-7].

As shown Fig. 3 and Table 5, insulin-dependent diabetic
patients were more likely to have worse clinical outcomes
in terms of death, TLR, TVR, TLR-MACEs, TVR-
MACEsS, and total MACEs. These results suggest that
patients with more severe or uncontrolled diabetes could
have worse clinical outcomes, supporting earlier findings
[2] that insulin-dependent diabetes in C'TO was related
to MACEs. In addition, George er a/. [2] showed that
renal disease in C'TO was also related to more frequent
MACEs after PCI; thus, these results could be influ-
enced by complications of DM, such as chronic kidney
disease (CKD) and hemodialysis (HD). However, the
present study had no data on CKD or HD.

To the best of the authors’ knowledge, there is a paucity
of data on the impact of DM on the prognosis of patients
undergoing PCI with DES for CTO lesions. This is the
first large-scale study to compare DM and non-DM CTO
patients undergoing PCI in the DES era. Nevertheless,
this study has several limitations. First, this was not a
randomized-controlled study, but a retrospective analysis
using data from a dedicated registry. However, the
influence of any confounding factors was minimized by
the use of propensity score matching. Second, there were
no detailed quantitative coronary angiography data such
as reference diameter and minimal luminal diameter
during PCI. However, we have included information on



stent diameter in Table 2. We believe that stent diameter
can be a reasonable surrogate for vessel diameter. Third,
because these were multicenter registry data using only
retrospective data, there was a lack of detailed laboratory
and clinical data, such as creatinine levels, CKD, and
HD. Although CKD and HD can influence the outcome
of DM, we could not assess these aspects. Fourth, for the
same reason, TLLR could not be classified prospectively
as clinically indicated or indicated by angiography;
therefore, there were two types of TLLR definition.

Conclusion

In patients undergoing PCI with DES for CTO Iesions,
12-month TLR, TVR, TLR-MACEs, and total MACEs
were more frequent in diabetics than in nondiabetics.
DM was identified as an independent predictor of TLR
and total MACEs at 12 months. In addition, insulin-
dependent diabetes was an independent predictor of
worse clinical outcomes. Future randomized prospective
studies are needed to evaluate the impact of DM on long-
term clinical outcomes in CTO patients undergoing PCI
in the DES era.
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