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Abstract

Background: Considering the nature of diabetes mellitus (DM) in coronary artery disease, it is unclear whether com-
plete revascularization is beneficial or not in patients with DM. We investigated the clinical impact of angiographic
complete revascularization in patients with DM.

Methods: A total of 5516 consecutive patients (2003 patients with DM) who underwent coronary stenting with 2nd
generation drug-eluting stent were analyzed. Angiographic complete revascularization was defined as a residual SYN-
TAX (SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery) score of 0. The patient-
oriented composite outcome (POCO, including all-cause death, any myocardial infarction, and any revascularization)
and target lesion failure (TLF) at three years were analyzed.

Results: Complete revascularization was associated with a reduced risk of POCO in DM population [adjusted hazard
ratio (HR) 0.70, 95% confidence interval (Cl) 0.52-0.93, p=0.016], but not in non-DM population (adjusted HR 0.90,
95% C10.69-1.17, p=0.423). The risk of TLF was comparable between the complete and incomplete revascularization
groups in both DM (adjusted HR 0.75, 95% Cl 0.49-1.16, p=0.195) and non-DM populations (adjusted HR 1.11, 95% Cl
0.75-1.63, p=0.611).The independent predictors of POCO were incomplete revascularization, multivessel disease, left
main disease and low ejection fraction in the DM population, and old age, peripheral vessel disease, and low ejection
fraction in the non-DM population.

Conclusions: The clinical benefit of angiographic complete revascularization is more prominent in patients with
DM than those without DM after three years of follow-up. Relieving residual disease might be more critical in the DM
population than the non-DM population.

Trial registration The Grand Drug-Eluting Stent registry NCT03507205.
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Introduction

Diabetes mellitus (DM) is one of the major cardiovascular

risk factors, which has been considered as a risk-equiv-

alent to coronary artery disease (CAD) [1]. DM popula-
*Correspondence: hanname@hanmall.net tion is prone to have a h.1gher preval.ence of’CAD, which
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DM who underwent percutaneous coronary intervention
(PCI) tend to be associated with a worse prognosis than
those without DM due to an increased risk of stent reste-
nosis and thrombotic obstruction [4—7]. All of these lead
to more challenging PCI in the DM population.

Coronary revascularization by PCI is one of the stand-
ard treatment strategies of CAD [8]. Routine invasive
therapy has been shown to reduce adverse events in acute
coronary syndrome patients [9]. Recent Bayesian analyses
demonstrated that coronary revascularization was asso-
ciated with a lower probability of future cardiac events
and relief of angina compared to medical therapy [10, 11].
In clinical practice, completeness of coronary revascular-
ization after PCI is generally of interest as it was reported
to be associated with better cardiovascular outcomes
[12-16]. Recent studies reported the benefits of complete
revascularization in diverse population groups, includ-
ing ST-segment elevation myocardial infarction [17, 18].
However, the benefit of complete revascularization for
CAD in the DM population has not been fully verified
in the contemporary drug-eluting stent (DES) era. Con-
sidering the nature of DM in CAD, it is unclear whether
complete revascularization, relieving all visible lesions by
PCI, is beneficial or not in the DM population. Therefore,
we sought to evaluate the clinical impact of angiographic
complete revascularization among patients with DM who
underwent PCI with contemporary DES.

Methods

Study population

The study population was from the Grand Drug-
Eluting Stent registry (ClinicalTrials.gov Identifier:
NCT03507205), a composite of five different multicenter
nationwide registries in Korea. The EXCELLENT and
RESOLUTE-Korea registry were registries for everoli-
mus-eluting stents (EES; Xience V/Promus) and zotaroli-
mus-eluting Resolute stents (ZES-R; Endeavor Resolute),
respectively, and they enrolled all-comers with at least
one of EES or ZES-R from 2008 to 2010. The HOST-
PRIME and HOST-RESOLINTE registries were dedi-
cated registries for the next generation of EES (Xience
Prime, 2010-2012) and ZES-R (Resolute Integrity,
2010-2014), respectively. Lastly, the HOST-BIOLIMUS
registry was a registry for the biodegradable polymer-
coated biolimus-eluting stents (BD-BES; Biomatrix, Bio-
matrix Flex, or Nobori) and enrolled all patients with at
least one BD-DES from 2011 to 2014. These registries did
not have exclusion criteria, except for the patient’s with-
drawal. Finally, the Grand Drug-Eluting Stent registry
enrolled 17,286 patients from 55 participating centers in
Korea (Additional file 1: Table S1). We excluded patients
with acute myocardial infarction (MI), and this study was
limited to patients with unstable angina or stable CAD.
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We analyzed patients who underwent PCI using 2nd
generation DES and were available with SYNTAX (SYN-
ergy between percutaneous coronary intervention With
TAXus and cardiac surgery) score. As the quantitative
coronary analysis data was not available in the HOST-
BIOLIMUS registry, we excluded this registry from the
analysis. We also excluded the patients with a previous
history of revascularization. We defined DM patients
with a history of DM under medication or fasting blood
glucose>126 mg/dL. All patients were diagnosed
with Type 2 DM in our study. The study protocol was
approved by the ethics committee at each participating
center and followed the principles of the Declaration of
Helsinki. All patients provided written informed consent.

Definition of angiographic complete revascularization
SYNTAX score has been used to identify high-risk CAD
patients by evaluating the anatomical complexity of CAD,
such as lesion location, severity, and complexity [19, 20].
The residual SYNTAX score was calculated from resid-
ual obstructive coronary lesions after PCI, reflecting the
residual anatomic disease burden [15]. Previous studies
reported the prognostic value of residual SYNTAX score
and the usefulness in defining angiographic complete
revascularization [15, 18, 21]. We defined angiographic
complete revascularization as the residual SYNTAX
score of 0. All SYNTAX score was calculated in the core
laboratory at Seoul National University Hospital by expe-
rienced independent analysts.

Interventional procedure and medications

PCI was performed based on standard techniques. A
loading dose of aspirin (300 mg) and clopidogrel (300—
600 mg) was prescribed to all patients before PCI accord-
ing to their previous medication. After PCI, aspirin
(100 mg) was prescribed indefinitely, and P2Y12 inhibi-
tors and other medications, such as beta-blockers, angi-
otensin-converting enzyme inhibitors, or angiotensin
receptor blockers, statins, and calcium-channel block-
ers, were prescribed according to the physician’s discre-
tion. All procedural decision was also at the physician’s
discretion, including the type of stents, coronary imaging
usage, procedural techniques, and the use of glycoprotein
IIb/IIIa inhibitors.

Clinical outcomes and follow-up of patients

The primary outcome was the patient-oriented com-
posite outcome (POCO) at 3 years, a composite of all-
cause death, any myocardial infarction, and any clinically
driven revascularization. The secondary outcome was
the stent-oriented composite outcome, target lesion fail-
ure (TLF) at three years, including cardiac death, tar-
get-vessel related MI, and clinically driven target lesion
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revascularization (TLR). All deaths were considered of
cardiac origin unless definite non-cardiac causes were
proven. All clinical outcomes followed the definitions of
the Academic Research Consortium [22].

Clinical follow-up was performed at 1, 3, 9, 12, 24,
and 36 months by outpatient clinic visit or telephone
call. The vital status was cross-checked in all patients by
the patient unique identification number of the Korean
health care system. The median follow-up duration of all
patients was 1125 days with an interquartile range (IQR)
of 1093-1140 days.

Statistical analysis

Categorical variables were summarized by counts and
percentages, with comparisons by the Chi-squared test,
while continuous variables were summarized by means
and standard deviations, with comparisons by the Stu-
dent’s t-test. The cumulative incidence of each clinical
outcome was calculated using Kaplan—Meier estimates at
three years, and the Log-rank test was used to estimate
the group differences. Cox proportional hazard regres-
sion model, stratified by the including centers, was used
to estimate the hazard ratio (HR) and 95% confidence
interval (CI). Multivariate adjusted HR and its 95% CI
was derived from the multivariate Cox proportional haz-
ard regression model, including the following patient risk
factors: age, sex, body mass index, hypertension, hyper-
cholesterolemia, heart failure, chronic kidney disease,
family history of CAD, previous cerebrovascular disease,
previous peripheral vascular disease, previous MI, ejec-
tion fraction, disease extent, lesion characteristics (left
main disease, bifurcation, long lesion, small diameter),
total stent number, total stent length, and clinical diagno-
sis. To determine a reasonable level of revascularization,
the cut-off value of the residual SYNTAX score maxi-
mizing the difference of log-rank statistics for POCO
was estimated. Additionally, the locally weighted scat-
terplot smoothing (LOWESS) regression line was used
to analyze the association between the estimated risk of
POCO and the degree of reduction in anatomical bur-
den, defined by percent change of SYNTAX score [100
x (baseline SYNTAX score-residual SYNTAX score)/
baseline SYNTAX score]. All p values were 2-sided, and
p<0.05 was considered statistically significant. The sta-
tistical package R, version 3.4.3 (R Foundation for Statis-
tical Computing), was used for statistical analysis.

Results

Baseline patient and lesion characteristics

Among a total of 5516 patients, 2003 patients (36.3%)
were DM population and 3513 patients (63.7%) were
non-DM population (Additional file 1: Fig. S1). Patients
and lesion characteristics between the DM and the

Page 3 of 11

non-DM populations are described in Additional file 1:
Table S2. Compared to the non-DM population, the DM
population was older and had higher prevalences of car-
diovascular risk factors, including hypertension, dyslipi-
demia, chronic kidney disease, peripheral vessel disease,
prior stroke, and current smoking. The DM population
was more likely to be presented as stable angina or silent
ischemia than the non-DM population. Regarding the
lesion complexity, the DM population had a higher rate
of multivessel disease, long lesion, and small vessel dis-
ease, resulting in a higher baseline SYNTAX score than
the non-DM population. Complete revascularization
was achieved in 44.6% in the DM population and 52.2%
in the non-DM population (p <0.001). Patient and lesion
characteristics according to the achievement of com-
plete revascularization are described in Table 1. In the
DM population, the incomplete revascularization group
was more likely to have multivessel disease, long lesions,
and small vessel disease than the complete revasculariza-
tion group. In the non-DM population, the incomplete
revascularization group was older and more likely to have
chronic kidney disease, previous MI, previous stroke, and
complex disease features (multivessel disease, bifurca-
tion lesion, long lesions, and small vessel disease) than
the complete revascularization group. The baseline SYN-
TAX score was higher in the incomplete revasculariza-
tion group than in the complete revascularization group,
regardless of the presence of DM (18.5 £+ 8.8 vs.10.8 + 8.0,
p<0.001 in DM population; 17.44+10.1 vs. 9.5+7.0,
p<0.001 in non-DM population).

Comparisons of patient-oriented and stent-oriented
outcomes

The DM population showed a higher risk of POCO at
three years than the non-DM population (15.7% vs.
11.0%; adjusted HR 1.31, 95% CI 1.10-1.57, p=0.003)
(Additional file 1: Fig. S2). In the DM population, the
complete revascularization group showed a lower cumu-
lative incidence of POCO at three years than the incom-
plete revascularization group (12.6% vs. 18.3%, p<0.001),
and complete revascularization was associated with a
lower risk of POCO at three years (adjusted HR 0.70, 95%
CI 0.52-0.93, p=0.016) (Fig. 1 and Table 2). This result
was mainly driven by a lower risk of any revascularization
in the complete revascularization group (Table 2). In the
non-DM population, the cumulative incidence of POCO
was lower in the complete revascularization group than
in the incomplete revascularization group (13.9% vs.
8.4%, p<0.001). However, after adjustment of covari-
ates, no difference was observed in the risk of POCO at
three years between the complete and incomplete revas-
cularization groups (adjusted HR 0.90, 95% CI 0.69-1.17,
p=0.423) (Fig. 1 and Table 2).
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Table 1 Baseline characteristics

DM population pvalue Non-DM population p value
Complete Incomplete Complete Incomplete
revascularization revascularization revascularization revascularization
(N=2893) (N=1110) (n=1833) (N=1680)
Age, years 65.1+94 652+94 0.797 623+£106 65.1+£104 <0.001
Male 572 (64.1%) 725 (65.3%) 0.589 1265 (69.0%) 1179 (70.2%) 0476
Body mass index, kg/m? 250£31 249434 0.465 247%30 247430 0.687
Hypertension 654 (73.2%) 848 (76.4%) 0.116 1070 (58.4%) 1051 (62.6%) 0.012
Dyslipidemia 538 (60.2%) 652 (58.7%) 0.524 965 (52.6%) 924 (55.0%) 0.173
Chronic kidney disease 310 (34.7%) 427 (38.5%) 0.092 422 (23.0%) 530 (31.5%) <0.001
Peripheral vessel disease 15 (1.7%) 34 (3.0%) 0.065 19 (1.0%) 28 (1.7%) 0.140
Current smoker 181 (20.3%) 278 (25.0%) 0.140 496 (27.1%) 456 (27.1%) 0.986
Prior myocardial infarction 12 (1.3%) 22 (2.0%) 0.355 30 (1.6%) 49 (2.9%) 0.015
Prior stroke 93 (10.4%) 131 (11.8%) 0.364 111 (6.1%) 155 (9.2%) <0.001
Family history of CAD 41 (4.6%) 71 (6.4%) 0.099 100 (5.5%) 112 (6.7%) 0.151
LVEF, % 609105 595+11.1 0.006 62.2+89 60.6+£102 <0.001
HbA1C, % 75£16 75415 0449 - - -
Presenting with cardiogenic shock 0 (0.0%) 7 (0.6%) 0.046 1(0.1%) 4(0.2%) 0.320
Presentations
Unstable angina 431 (48.3%) 480 (43.2%) 0.118 925 (50.5%) 850 (50.6%) 0.069
Stable angina 398 (44.6%) 530 (47.7%) 820 (44.7%) 719 (42.8%)
Silent ischemia 64 (7.1%) 100 (9.1%) 88 (4.8%) 111 (6.6%)
Complexity of disease
Left main disease 60 (6.7%) 86 (7.7%) 0427 20 (6.5%) 133 (7.9%) 0.133
Multivessel disease 447 (50.1%) 836 (75.3%) <0.001 703 (384%) 1133 (67.4%) <0.001
At least 1 bifurcation 367 (41.1%) 500 (45.0%) 0.084 648 (35.4%) 774 (46.1%) <0.001
At least 1 long lesion 297 (33 3%) 465 (41.9%) <0.001  438(23.9%) 646 (38.5%) <0.001
At least 1 small vessel 473 (53.0%) 644 (58.0%) 0.027 684 (37.3%) 841 (50.1%) <0.001
Stent number per person 1.7+10 1.8+1.0 0.014 1.5£08 1.8£1.0 <0.001
Total stent length, mm 420+£284 4584281 0.003 3514234 4334£275 <0.001
Baseline SYNTAX score 108+£80 185+88 <0001 95£70 174+£10.1 <0.001
Residual SYNTAX score 00+£00 85462 <0001 00+00 76+6.0 <0.001
Medication at discharge
Statin 763 (85.4%) 929 (83.7%) 0312 1615 (88.1%) 1472 (87.6%) 0.696
ACE-I/ARB 574 (64.3%) 701 (63.2%) 0.636 1016 (55.4%) 981 (58.4%) 0.082
Beta-blocker 467 (52.3%) 654 (58.9%) 0.003 939 (51.2%) 986 (58.7%) <0.001
Calcium-channel blocker 295 (33.0%) 336 (30.3%) 0.202 554 (30.2%) 493 (29.3%) 0.595
DM medication at discharge
Insulin 128 (14.3%) 81 (16.3%) 0.249 - - -
Sulfonylurea 245 (27.4%) 311 (28.0%) 0.811 - - -
Metformin 298 (33.3%) 372 (33.5%) 0.984 - - -
DPP4 inhibitor 6 (13.0%) 135 (12.2%) 0.625 - - -
Alpha-glucosidase inhibitor 35 (39%) 57 (5.1%) 0.236 - - -
TZD 21 (2.3%) 22 (2.0%) 0.680 - - -

ACE-I/ARB, angiotensin converting enzyme inhibitor or angiotensin receptor blocker; CAD, coronary artery disease; DM, diabetes mellitus; DPP4, dipeptidyl peptidase
4; HbA1c, glycated hemoglobin; LVEF; left ventricular ejection fraction; SYNTAX, Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac
Surgery; TZD, thiazolidinedione

Even though the DM population showed a higher risk  p=0.034) (Figure S2 in Additional file 1), the risks of
of stent-oriented outcomes than the non-DM population  TLF at three years were not different in the complete and
(TLE, 7.2% vs. 5.0%; adjusted HR 1.33, 95% CI 1.02-1.74,  incomplete revascularization groups, regardless of the
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A. DM population
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B. Non-DM population
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Fig. 1 Cumulative incidence of clinical outcomes after complete and incomplete revascularization according to the presence of DM. In the DM
population, the complete revascularization group was associated with a lower risk of POCO at three years, but a comparable risk of TLF at three
years, compared with the incomplete revascularization group. In the non-DM population, the cumulative incidence of POCO was lower in the
complete revascularization group. However, there were no significant differences in the POCO and TLF at three years after covariate adjustment. Cl,
confidence interval; DM, diabetes mellitus; HR, hazard ratio; POCO, patient-oriented composite outcome; TLF, target lesion failure

25.0% Target lesion failure
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o Adjusted HR 1.11, 95% CI 0.75-1.63, p=0.611
i
| |
15.0% i
0.0 0.5 1.0 1.5 2.0
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Number at risk
RSS of >0i 1680 1658 1640 1620 1605 1594 1587 1568 1549 1398
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0 120 240 360 480 600 720 840 960 1080

presence of DM (adjusted HR 0.75, 95% CI 0.49-1.16,
p=0.195 in DM population; adjusted HR 1.11, 95% CI
0.75-1.63, p=0.611 in non-DM population) (Fig. 1 and
Table 2).

Subgroup analysis in DM population

The clinical benefit of complete revascularization was
consistently found in various subgroups regarding POCO
at three years, without significant interactions (Addi-
tional file 1: Fig. S3 and Table S3). However, the risks of
TLF at three years were comparable between the com-
plete and incomplete revascularization groups across the
subgroups (Additional file 1: Fig. S3 and Table S4).

Independent predictors for clinical outcomes according

to the presence of DM

In the DM population, the achievement of complete
revascularization was independently associated with a
lower risk of POCO at three years (adjusted HR 0.68, 95%

CI 0.51-0.91, p=0.009) (Table 3). In addition, multives-
sel disease, left main disease, and low ejection fraction
were independent predictors of POCO in the DM popu-
lation. In contrast, complete revascularization was not an
independent predictor of POCO in the non-DM popula-
tion. Instead, old age, peripheral vessel disease, and low
ejection fraction were independent predictors of POCO
in the non-DM population (Table 3).

Clinical outcomes according to the level

of revascularization in DM population

For the evaluation of a reasonable level of revasculari-
zation, the cut-off value of the residual SYNTAX score
was calculated in the DM population. The reasonable
levels of revascularization were residual SYNTAX score
below 7.5 in the DM population (Additional file 1: Fig.
S4). When the incomplete revascularization group was
further categorized by the cut-off value, the cumulative
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Table 2 Comparison of clinical outcomes between complete and incomplete revascularization according to the presence of DM

DM population Complete Incomplete HR (95% Cl) pvalue Adjusted HR* (95%Cl)  pvalue
revascularization revascularization
(N=893) (N=1110)

POCO 112 (12.6%) 202 (18.3%) 0.65 (0.52-0.83) <0.001  0.70(0.52-0.93) 0.016
All-cause death 51 (5.7%) 85 (7.7%) 0.77 (0.54-1.09) 0.142  0.80(0.51-1.24) 0322
Any MI 5(0.6%) 3(1.2%) 0.56 (0.20-1.61) 0285 094 (0.26-3.33) 0.922
Any revascularization 63 (7.3%) 21 (11.3%) 0.60 (0.44— 083) 0.002  0.62(042-091) 0.016

TLF 58 (6.6%) 83 (7.6%) 0.82(0.58-1.16) 0265 0.75(0.49-1.16) 0.195
Cardiac death 31 (3.5%) 46 (4.2%) 0.81(0.51-1.30) 0390 069 (0.38-1.26) 0.227
Target-vessel Ml 2(0.2%) 7 (0.7%) 048 (0.10-2. 35) 0361 045(0.03-6.27) 0.552
Clinically driven TLR 27 (3.1%) 8 (3.6%) 0.81(0.49-1.35) 0414  0.77(041-1.45) 0418

Non-DM population Complete Incomplete HR (95% ClI) pvalue Adjusted HR* (95% Cl)  p value

revascularization revascularization
(N=1833) (N=1680)

POCO 153 (8.4%) 233 (13.9%) 0.62 (0.50-0.76) <0.001  0.90(0.69-1.17) 0423
All-cause death 53 (2.9%) 89 (5.3%) 0.59 (0.42-0.84) 0.003  1.07(0.68-1.70) 0.757
Any myocardial infarction 7 (0.4%) 4 (0.8%) 0.36 (0.14-0.90) 0028 0.76(0.21-2.75) 0.677
Any revascularization 98 (5.4%) 46 (8.8%) 0.63 (0.49-0.81) <0.001 084(0.61-1.16) 0.284

TLF 75 (4.1%) 99 (6.0%) 0.76 (0.56-1.03) 0.081 1.11 (0.75-1.63) 0.611
Cardiac death 30 (1.7%) 54 (3.3%) 0.53 (O 34-0. 84) 0.006 094 (0.51-1.73) 0.847
Target-vessel Ml 4 (0.2%) 0(0.6%) 0.35(0.1 16) 0.085  0.29 (0.04-2.00) 0213
Clinically driven TLR 44 (2.4%) 43 (2.6%) (O 70-1.64) 0.750  1.28(0.73-2.23) 0.393

2The following patient risk factors were included in the multivariate adjusted Cox proportional hazard regression model: age, sex, body mass index, hypertension,
hypercholesterolemia, heart failure, chronic kidney disease, family history of CAD, previous cerebrovascular disease, previous peripheral vascular disease, previous Ml,
ejection fraction, disease extent, lesion characteristics (left main disease, bifurcation, long lesion, small diameter), total stent number, total stent length, and clinical

diagnosis

Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio; MI, myocardial infarction; POCO, patient-oriented composite outcome; TLF, target lesion failure; TLR,

target lesion revascularization

Table 3 Independent predictors of patient-oriented composite

outcomes
Adjusted HR®  95% CI p value
DM population
Complete revascularization ~ 0.68 0.51-0.91 0.009
Multivessel disease 1.80 1.25-2.59 0.001
LM disease 1.65 1.07-2.56 0.024
LV ejection fraction <40% 2.14 1.18-3.89 0.012
Non-DM population
Age, per 1 year increase 1.03 1.01-1.04 <0.001
Perpheral vessel disease 2.65 1.50-4.66 <0.001
LV ejection fraction <40% 2.36 1.18-4.72 0.015

2The following patient risk factors were included in the multivariate adjusted
Cox proportional hazard regression model: age, sex, body mass index,
hypertension, hypercholesterolemia, heart failure, chronic kidney disease, family
history of CAD, previous cerebrovascular disease, previous peripheral vascular
disease, previous MI, ejection fraction, disease extent, lesion characteristics (left
main disease, bifurcation, long lesion, small diameter), total stent number, total
stent length, and clinical diagnosis

Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio; LM, left main; LV,
left ventricular

incidence of POCO was higher in patients with residual
SYNTAX score over the cut-off value (definite incom-
plete revascularization group) than those with residual
SYNTAX score under the cut-off value (reasonable
incomplete revascularization group) (Fig. 2 and Addi-
tional file 1: Table S5). Definite incomplete revascu-
larization group was associated with a higher risk of
POCO at 3 years compared with the complete revascu-
larization group (adjusted HR 1.93, 95% CI 1.40-2.68,
p<0.001). However, there was no significant difference
in the risk of POCO at 3 years between the reasonable
incomplete and complete revascularization groups. The
risk of TLF at three years was not significantly changed
along with the increase of residual SYNTAX score
(Fig. 2 and Additional file 1: Table S5). Additionally,
the risk of POCO increased as the percent change of
SYNTAX score decreased below 50% in the DM popu-
lation. However, this trend was prominent with the per-
cent change of SYNTAX score below around 30% in the
non-DM population (Fig. 3).
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Fig. 2 Cumulative incidence of clinical outcomes according to the levels of revascularization in DM population. The cumulative incidence of POCO
at three years increased in proportion to the increase of residual SYNTAX score. Patients who had a residual SYNTAX score over a cut-off value of

7.5 was associated with a significantly higher risk of POCO at 3 years compared with those with a residual score of 0. However, this trend was not
prominent for TLF at 3 years. Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio; POCO, patient-oriented composite outcome; SYNTAX,
Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery; TLF, target lesion failure
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Discussions
The current study evaluated the clinical impact of angio-
graphic complete revascularization in the DM population
who underwent PCI using contemporary DES. The major
findings were as follows: First, complete revasculariza-
tion was associated with a lower risk of POCO at 3 years
in the DM population, mainly driven by a lower risk of
any revascularization. However, this association was
not prominent in the non-DM population. Second, the
risks of TLF at three years were not significantly differ-
ent between the complete and incomplete revasculariza-
tion groups regardless of the presence of DM. Third, the
cumulative incidence of POCO at three years increased
along with the increase of residual SYNTAX score in the
DM population. However, a significantly higher risk of
POCO at three years was only observed in patients with a
residual SYNTAX score over 7.5 as compared to patients
with complete revascularization. Fourth, the independent
predictors of POCO were incomplete revascularization,
multivessel disease, left main disease and low ejection
fraction in the DM population, and old age, peripheral
vessel disease, and low ejection fraction in the non-DM
population.

The DM population carries a significantly higher risk
of CAD, and its prevalence is still growing globally [23].

It has been demonstrated that CAD in the DM popula-
tion was more likely to be diffuse disease and multives-
sel disease [24], and was associated with more significant
plaque burden and lipid-rich plaque, prone to rupture
[2], which lead to a procedural complexity in reperfusion
therapy. DM is also associated with adverse stent-related
outcomes after PCI, increasing the risk of stent resteno-
sis or thrombotic obstructions [4-7]. A pooled analysis
of BIO-RESOR and BIONYX trials demonstrated that
patients with DM had higher risks of target lesion failure
than patients without DM after PCI [7]. Furthermore,
a recent study by Kim et al. reported a greater plaque
progression in the DM population using serial coronary
computed tomographic angiography data [25]. All of
these findings might lead to worse cardiovascular out-
comes and make coronary revascularization more chal-
lenging in the DM population [1, 26, 27]. Consistent with
the previous studies, the current study showed higher
risks of POCO (adjusted HR 1.31, 95% HR 1.10-1.57,
p=0.003) and TLF (adjusted HR 1.33, 95% CI 1.02-1.74,
p=0.034) in the DM than non-DM population. The
higher risk of both adverse patient-related and stent-
related outcomes raises concerns about whether aggres-
sive revascularization would be beneficial in the DM
population. Recent real-world data, including patients
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Fig. 3 Effect of reduction of anatomical burden on POCO at three years in patients after incomplete revascularization. The association between the
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with three-vessel CAD, showed that PCI and coronary
bypass grafting lowered risks of death and major adverse
cardiac and cerebrovascular events compared to medical
therapy in CAD patients with DM [28]. Coronary bypass
grafting, more complete revascularization, further low-
ered the risk of major adverse cardiac and cerebrovascu-
lar events but did not reduce the risk of death compared
to PCI [28]. Although the revascularization strategy
in the DM population is still controversial, the current
guideline applies the same principles in revascularization
strategy irrespective of diabetic status and recommends
the placement of new-generation DES [29].

The clinical benefits of complete revascularization in
patients with DM have been evaluated in several studies.
In a single-center study that included over 500 patients,
the DM subgroup with complete revascularization
showed a lower risk of cardiac death, myocardial infarc-
tion, and revascularization than those with incomplete
revascularization [30]. In the post hoc analysis of BARI

2D (Bypass Angioplasty Revascularization Investiga-
tion 2 Diabetes) trial, complete revascularization by PCI
was associated with a lower risk of a composite of death,
myocardial infarction, or stroke, and repeat revasculari-
zation compared with incomplete revascularization [31].
However, these studies are limited to apply in the con-
temporary reperfusion era in that the results were from
small study populations, did not specify the stent-related
outcomes, and were performed in the 1% generation DES
era. The current study evaluated the clinical impact of
angiographic complete revascularization in the DM pop-
ulation who underwent PCI using contemporary DES.
Among the DM population, the complete revasculari-
zation group was associated with a lower risk of POCO
at three years but a comparable risk of TLF, compared
with the incomplete revascularization group. From this
registry-based data, the complexity and extent of coro-
nary disease were more severe in the incomplete revas-
cularization group, and these findings infer potential
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difficulties in achieving complete revascularization in the
incomplete revascularization group. However, the stent-
related outcome, TLF, was comparable regardless of the
completeness of revascularization and the lesion and
procedural complexity in the DM population. Compared
with 1st generation drug-eluting stent or bare-metal
stent, the superior efficacy and safety of contemporary
stents may explain these results [32, 33]. The difference
shown for the risk of POCO was mainly contributed by
a higher risk of any revascularization in the incomplete
revascularization group. These results would suggest the
clinical importance of targeting complete revasculariza-
tion in the DM population as the progression of resid-
ual disease in the non-stented segment remained after
incomplete revascularization may result in an increased
burden of subsequent revascularization.

Interestingly, a significantly higher risk of POCO at
three years was only observed in patients with a residual
SYNTAX score of over 7.5 but not in those with a resid-
ual score below 7.5 compared with the complete revas-
cularization group. Additionally, in the DM population,
the risk of POCO at three years decreased as the per-
cent change of the SYNTAX score (the parameter which
reflects the extent of reducing residual disease) increased
up to 50%, which, however, remained similar beyond
50%. These results would implicate an existence of a rea-
sonable degree of revascularization where the additional
benefits could not be expected by more aggressive revas-
cularization. In contrast, no significant differences were
observed regarding the patient- and stent-oriented out-
comes between the complete and incomplete revasculari-
zation groups in the non-DM population. Additionally,
we observed that the risk of POCO was similar when the
percent change of the SYNTAX score increased more
than around 30% in the non-DM population. In sum,
these results suggest that relieving residual disease would
be more critical in the DM population than the non-DM
population.

The current study results are consistent with the find-
ings from previous studies demonstrating the clinical
benefit of complete revascularization in CAD patients
with DM [30, 31]. However, our results further pro-
vided the profile of clinical events after PCI with 2nd
generation DES in that the difference of the clinical
events between complete and incomplete revasculari-
zation groups was caused by the residual disease in the
non-stented segments in patients with DM. Further-
more, not all residual diseases after PCI were associated
with worse clinical outcomes, and the disease burden
of residual disease was important for deciding the
patients’ prognosis. However, coronary stenting at all
visible lesions is not always reasonable and sometimes
not possible. Our results also suggest that there might
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be a reasonable level of revascularization in patients
with DM. Considering the nature of CAD in DM, not
only the residual disease burden but also plaque vulner-
ability or physiologic status can also be associated with
the clinical outcomes [2, 24, 34]. Recently, the detailed
characteristics of geometry and vulnerable features
of plaques in patients with DM have been reported in
various studies with advanced intracoronary imag-
ing techniques and physiologic parameters [11, 34,
35]. Therefore, a comprehensive approach combining
various modalities based on the understanding of the
nature of DM in CAD would lead to an optimal level of
revascularization in the DM population by defining the
clinical significance of residual disease after PCI.

Study limitations

There are several limitations to be concerned. First,
this study was from an observational registry, not from
a randomized controlled study. The achievement of
complete revascularization depended upon the com-
plexity of the disease and the physician’s discretion.
Therefore, the study results have to be considered as
hypothesis-generating. Second, the complexity and
extent of coronary disease were more severe in the
incomplete revascularization group than in the com-
plete revascularization group. Although we tried to
adjust these differences between the two groups, these
results suggest potential difficulties in achieving com-
plete revascularization in the incomplete revasculariza-
tion group. In these regards, further prospective studies
are warranted. Third, the current study focused on
the residual anatomical disease burden after PCI and
did not evaluate the hemodynamic significance of the
lesions or lesion vulnerability by intracoronary imag-
ing. Therefore, the effects of these factors cannot be
explained in this study. Fourth, the data for the timing
of revascularization was lacking. However, most of the
patients underwent elective PCI in our study, except for
the small number of patients presenting with cardio-
genic shock (0.2%). Finally, strict glucose level control
was not achieved in the DM population in our study.
Therefore, there could be a potential confounding effect
related to the glucose level affecting the clinical out-
comes. However, we observed a significant trend for
the improvement in HbAlc (%) level during follow-up
after PCI in the DM population (p for trend <0.001)
(Additional file 1: Fig. S5). Furthermore, this trend
was consistent in both complete (p for trend 0.002)
and incomplete revascularization (p for trend <0.001)
groups (Additional file 1: Fig. S5). No significant differ-
ences were observed in HbAlc (%) levels between the
two groups at baseline and annual follow-up periods.
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Conclusions

The clinical benefit of angiographic complete revasculari-
zation is more prominent in patients with DM than with-
out DM after three years of follow-up. Relieving residual
disease might be more critical in the DM population than
the non-DM population.

Abbreviations

CAD: Coronary artery disease; DES: Drug-eluting stent; DM: Diabetes mellitus;
MI: Myocardial infarction; PCl: Percutaneous coronary intervention; POCO:
Patient-oriented composite outcome; SYNTAX score: SYNergy between per-
cutaneous coronary intervention with TAXus and cardiac surgery score; TLF:
Target lesion failure.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512933-022-01488-7.

Additional file 1: Table S1. List of investigators and participating cent-
ers of the Grand Drug-Eluting Stent registry. Table $2. Comparison of
baseline characteristics between DM and non-DM population. Table S3.
Subgroup analysis for the risk of patient-oriented composite outcome
after complete revascularization compared to incomplete revasculari-
zation in the DM population. Table S4. Subgroup analysis for the risk

of target lesion failure after complete revascularization compared to
incomplete revascularization in the DM population. Table S5. Clinical
outcomes according to the residual SYNTAX score in DM population.
Figure S1. Study flow. Figure S2. Comparisons of clinical outcomes
between DM and non-DM populations. Figure S3. Subgroup analysis for
the risk of clinical outcomes after complete revascularization compared
to incomplete revascularization in DM population. Figure S4. Reasonable
level of revascularization in DM population. Figure S5. Annual trends of
HbA1c (%) level among DM population.

Acknowledgements
We thank all the investigators and participating centers of the Grand Drug-
Eluting Stent registry for their enthusiastic collaboration.

Author contributions

DH, JP, and HMY designed the study, and HMY, JK, JKH, KWP, HJK, BKK, and HSK
collected the data. DH and JP contributed to the analysis and interpretation of
data and wrote the main manuscript. HMY, SY, JK, JKH, KWP, HJK, BKK, and HSK
substantively revised it. HMY takes responsibility for the integrity of the data
analysis. All authors read and approved the final manuscript.

Funding

This work was supported by grants from Seoul National University Hospital
(Grant No. 06-2011-3680, 06-2011-3680, 06-2010-1560) and The National
Research Foundation of Korea (NRF) (No. 2020R1A2C1011311) funded by the
Korea Government.

Availability of data and materials

Due to ethical restrictions by the ethics committees of each participating
center, the data underlying this study cannot be made publicly available, as
public availability would compromise patient confidentiality and participant
privacy. Therefore, access to aggregated data will be granted after review

by the GRAND-DES steering committee; the access requests can be sent to
hyosoo@snu.ac.kr.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the ethics committee at each participat-
ing center and followed the principles of the Declaration of Helsinki.

Page 10 of 11

Consent for publication
The current manuscript did not contain any individual person’s data in any
form.

Competing interests
The authors declare no competing interests.

Received: 20 February 2022 Accepted: 26 March 2022
Published online: 19 April 2022

References

1.

Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from
coronary heart disease in subjects with type 2 diabetes and in nondia-
betic subjects with and without prior myocardial infarction. N Engl J Med.
1998;339(4):229-34.

Moreno PR, Murcia AM, Palacios IF, Leon MN, Bernardi VH, Fuster V, Fallon
JT. Coronary composition and macrophage infiltration in atherec-

tomy specimens from patients with diabetes mellitus. Circulation.
2000;102(18):2180-4.

Ledru F, Ducimetiere P, Battaglia S, Courbon D, Beverelli F, Guize L, Guer-
monprez J-L, Ledru F, Diébold B. New diagnostic criteria for diabetes and
coronary artery disease: insights from an angiographic study. J Am Coll
Cardiol. 2001;37(6):1543-50.

Hong SJ, Kim MH, Ahn TH, Ahn YK, Bae JH, Shim WJ, Ro YM, Lim DS. Multi-
ple predictors of coronary restenosis after drug-eluting stent implanta-
tion in patients with diabetes. Heart. 2006,92(8):1119-24.

Machecourt J, Danchin N, Lablanche JM, Fauvel JM, Bonnet JL, Marliere S,
Foote A, Quesada JL, Eltchaninoff H, Vanzetto G, et al. Risk factors for stent
thrombosis after implantation of sirolimus-eluting stents in diabetic and
nondiabetic patients: the EVASTENT matched-cohort registry. J Am Coll
Cardiol. 2007;50(6):501-8.

Holmes DR Jr, Kereiakes DJ, Garg S, Serruys PW, Dehmer GJ, Ellis SG,
Williams DO, Kimura T, Moliterno DJ. Stent thrombosis. J Am Coll Cardiol.
2010;56(17):1357-65.

Ploumen EH, Pinxterhuis TH, Zocca P, Roguin A, Anthonio RL, Schot-
borgh CE, Benit E, Aminian A, Danse PW, Doggen CJM, et al. Impact of
prediabetes and diabetes on 3-year outcome of patients treated with
new-generation drug-eluting stents in two large-scale randomized clini-
cal trials. Cardiovasc Diabetol. 2021;20(1):217.

Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto
U, Byrne RA, Collet JP, Falk V, Head SJ et al: 2018 ESC/EACTS Guidelines on
myocardial revascularization. Eur Heart J 2018.

Bavry AA, Kumbhani DJ, Rassi AN, Bhatt DL, Askari AT. Benefit of

early invasive therapy in acute coronary syndromes: a meta-anal-

ysis of contemporary randomized clinical trials. J Am Coll Cardiol.
2006;48(7):1319-25.

Kumar A, Doshi R, Khan SU, Shariff M, Baby J, Majmundar M, Kanaa

NA, Hedrick DP, Puri R, Reed G, et al. Revascularization or opti-

mal medical therapy for stable ischemic heart disease: a Bayes-

ian meta-analysis of contemporary trials. Cardiovasc Revasc Med.
2021,51553-8389(21):00778-88.

. Van Belle E, Cosenza A, Baptista SB, Vincent F, Henderson J, Santos L,

Ramos R, Pouillot C, Calé R, Cuisset T, et al. Usefulness of routine fractional
flow reserve for clinical management of coronary artery disease in
patients with diabetes. JAMA Cardiol. 2020;5(3):272-81.

Hannan EL, Racz M, Holmes DR, King SB 3rd, Walford G, Ambrose JA,
Sharma S, Katz S, Clark LT, Jones RH. Impact of completeness of percuta-
neous coronary intervention revascularization on long-term outcomes in
the stent era. Circulation. 2006;113(20):2406-12.

Ong AT, Serruys PW. Complete revascularization: coronary artery bypass
graft surgery versus percutaneous coronary intervention. Circulation.
2006;114(3):249-55.

Rosner GF, Kirtane AJ, Genereux P, Lansky AJ, Cristea E, Gersh BJ, Weisz G,
Parise H, Fahy M, Mehran R, et al. Impact of the presence and extent of
incomplete angiographic revascularization after percutaneous coronary
intervention in acute coronary syndromes: the Acute Catheterization
and Urgent Intervention Triage Strategy (ACUITY) trial. Circulation.
2012;125(21):2613-20.


https://doi.org/10.1186/s12933-022-01488-7
https://doi.org/10.1186/s12933-022-01488-7

Hwang et al. Cardiovascular Diabetology

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

(2022) 21:56

FarooqV, Serruys PW, Bourantas CV, Zhang Y, Muramatsu T, Feldman T,
Holmes DR, Mack M, Morice MC, Stahle E, et al. Quantification of incom-
plete revascularization and its association with five-year mortality in the
synergy between percutaneous coronary intervention with taxus and
cardiac surgery (SYNTAX) trial validation of the residual SYNTAX score.
Circulation. 2013;128(2):141-51.

FarooqV, Serruys PW, Garcia-Garcia HM, Zhang Y, Bourantas CV, Holmes
DR, Mack M, Feldman T, Morice MC, Stahle E, et al. The negative impact of
incomplete angiographic revascularization on clinical outcomes and its
association with total occlusions: the SYNTAX (synergy between percu-
taneous coronary intervention with taxus and cardiac surgery) trial. J Am
Coll Cardiol. 2013;61(3):282-94.

Bainey KR, Engstrgm T, Smits PC, Gershlick AH, James SK, Storey RF, Wood
DA, Mehran R, Cairns JA, Mehta SR. Complete vs culprit-lesion-only revas-
cularization for ST-segment elevation myocardial infarction: a systematic
review and meta-analysis. JAMA Cardiol. 2020;5(8):1-9.

Hwang D, Kang J, Yang HM, Yang S, Park J, Han JK, Kang HJ, Koo BK, Kim
HS. Better prognosis after complete revascularization using contem-
porary coronary stents in patients with chronic kidney disease. Circ
Cardiovasc Interv. 2019;12(8):e007907.

FarooqV, Brugaletta S, Serruys PW. Contemporary and evolving risk
scoring algorithms for percutaneous coronary intervention. Heart.
2011,97(23):1902-13.

Head SJ, Farooq V, Serruys PW, Kappetein AP. The SYNTAX score and its
clinical implications. Heart. 2014;100(2):169-77.

Pi SH, Rhee TM, Lee JM, Hwang D, Park J, Park TK, Yang JH, Song YB,

Choi JH, Hahn JY, et al. Outcomes in patients with diabetes mellitus
according to insulin treatment after percutaneous coronary interven-
tion in the second-generation drug-eluting stent era. Am J Cardiol.
2018;121(12):1505-11.

Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es GA,

Steg PG, Morel MA, Mauri L, Vranckx P, et al. Clinical end points in
coronary stent trials: a case for standardized definitions. Circulation.
2007;115(17):2344-51.

Beckman JA, Paneni F, Cosentino F, Creager MA. Diabetes and vascular
disease: pathophysiology, clinical consequences, and medical therapy:
part II. Eur Heart J. 2013;34(31):2444-52.

Ledru F, Ducimetiere P, Battaglia S, Courbon D, Beverelli F, Guize L, Guer-
monprez JL, Diebold B. New diagnostic criteria for diabetes and coronary
artery disease: insights from an angiographic study. J Am Coll Cardiol.
2001;37(6):1543-50.

Kim U, Leipsic JA, Sellers SL, Shao M, Blanke P, Hadamitzky M, Kim YJ,
Conte E, Andreini D, Pontone G, et al. Natural history of diabetic coronary
atherosclerosis by quantitative measurement of serial coronary com-
puted tomographic angiography: results of the PARADIGM study. JACC
Cardiovasc Imaging. 2018;11(10):1461-71.

Schramm TK, Gislason GH, Kober L, Rasmussen S, Rasmussen JN, Abild-
strom SZ, Hansen ML, Folke F, Buch P, Madsen M, et al. Diabetes patients
requiring glucose-lowering therapy and nondiabetics with a prior myo-
cardial infarction carry the same cardiovascular risk: a population study of
3.3 million people. Circulation. 2008;117(15):1945-54.

Bulugahapitiya U, Siyambalapitiya S, Sithole J, Idris I. Is diabetes a coro-
nary risk equivalent? Systematic review and meta-analysis. Diabet Med.
2009,26(2):142-8.

Zhao X, Xu L, Jiang L, Tian J, Zhang Y, Wang D, Sun K, Xu B, Zhao W, Hui R,
et al. Real-world outcomes of different treatment strategies in patients
with diabetes and three-vessel coronary disease: a mean follow-up 6.3
years study from China. Cardiovasc Diabetol. 2021,20(1):16.

Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto
U, Byrne RA, Collet JP, Falk V, Head SJ, et al. 2018 ESC/EACTS guidelines on
myocardial revascularization. Eur Heart J. 2019;40(2):87-165.

Tamburino C, Angiolillo DJ, Capranzano P, Dimopoulos K, La Manna A,
Barbagallo R, Tagliareni F, Mangiafico S, Guzman LA, Galassi AR, et al.
Complete versus incomplete revascularization in patients with multives-
sel disease undergoing percutaneous coronary intervention with drug-
eluting stents. Catheter Cardiovasc Interv. 2008;72(4):448-56.

Schwartz L, Bertolet M, Feit F, Fuentes F, Sako EY, Toosi MS, Davidson CJ,
Ikeno F, King SB 3rd. Impact of completeness of revascularization on
long-term cardiovascular outcomes in patients with type 2 diabetes mel-
litus: results from the bypass angioplasty revascularization investigation 2
diabetes (BARI 2D). Circ Cardiovasc Interv. 2012;5(2):166-73.

32

33.

34.

35.

Page 11 of 11

Palmerini T, Biondi-Zoccai G, Della Riva D, Stettler C, Sangiorgi D,
D'Ascenzo F, Kimura T, Briguori C, Sabate M, Kim HS, et al. Stent thrombo-
sis with drug-eluting and bare-metal stents: evidence from a comprehen-
sive network meta-analysis. Lancet. 2012;379(9824):1393-402.

Baber U, Stone GW, Weisz G, Moreno P, Dangas G, Maehara A, Mintz GS,
Cristea E, Fahy M, Xu K, et al. Coronary plague composition, morphol-
ogy, and outcomes in patients with and without chronic kidney disease
presenting with acute coronary syndromes. JACC Cardiovasc Imaging.
2012;5(3 Suppl):S53-61.

Hwang D, Zhang J, Lee JM, Doh JH, Nam CW, Shin ES, Hoshino M, Murai
T, Yonetsu T, Mejia-Renteria H, et al. Prognostic implications of coronary
physiological indices in patients with diabetes mellitus. Rev Esp Cardiol.
2021;74(8):682-90.

Milzi A, Burgmaier M, Burgmaier K, Hellmich M, Marx N, Reith S. Type 2
diabetes mellitus is associated with a lower fibrous cap thickness but has
no impact on calcification morphology: an intracoronary optical coher-
ence tomography study. Cardiovasc Diabetol. 2017;16(1):152.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Angiographic complete revascularization versus incomplete revascularization in patients with diabetes mellitus
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study population
	Definition of angiographic complete revascularization
	Interventional procedure and medications
	Clinical outcomes and follow-up of patients
	Statistical analysis

	Results
	Baseline patient and lesion characteristics
	Comparisons of patient-oriented and stent-oriented outcomes
	Subgroup analysis  in DM population
	Independent predictors for clinical outcomes according to the presence of DM
	Clinical outcomes according to the level of revascularization in DM population

	Discussions
	Study limitations
	Conclusions
	Acknowledgements
	References




