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Background-—There are limited data regarding the prognostic impact of angiographic complete revascularization (CR) in patients
with chronic kidney disease (CKD). We sought to investigate the differential prognostic impact of angiographic CR over incomplete
revascularization (IR), according to the presence of CKD in the drug-eluting stent era.

Methods and Results-—Between 2003 and 2011 at Samsung Medical Center, consecutive patients with multivessel disease were
stratified by the presence of CKD (estimated glomerular filtration rate <60 mL/min per 1.73 m2) and classified according to
angiographic CR (residual SYNTAX score=0) or IR. Clinical outcomes were compared between angiographic CR and IR, stratified by
the presence of CKD. Primary outcome was patient-oriented composite outcomes (POCO, a composite of all-cause death, myocardial
infarction, any revascularization) at 3 years. Inverse probability weighting was performed between the CR and IR groups. A total of
3224 patients were eligible for analysis: 2295 without CKD; 929 with CKD. Among non-CKD patients, angiographic CR showed a
significantly lower risk of POCO than IR (17.2% versus 21.7%, adjusted hazard ratio 0.76, 95% confidence interval, 0.62–0.95,
P=0.014), mainly driven by a significantly lower risk of any revascularization. Among CKD patients, however, angiographic CR was
associated with a significantly higher risk of POCO than IR (37.7% versus 28.4%, adjusted hazard ratio 1.42, 95% confidence interval,
1.08%–1.85%, P=0.011), mainly driven by a significantly higher risk of nonfatal target vessel myocardial infarction.

Conclusions-—Angiographic CR was associated with reduced risk of POCO than IR in patients without CKD; however, it was
associated with a significantly higher risk of POCO and nonfatal myocardial infarction in CKD patients. ( J Am Heart Assoc.
2018;7:e007962. DOI: 10.1161/JAHA.117.007962.)
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P ercutaneous coronary intervention (PCI) has become an
important option in treating patients with coronary artery

disease (CAD). However, PCI may be accompanied by
inevitable complications such as stent thrombosis and
restenosis, especially in patients with high-risk comorbidities,
even in the drug-eluting stent (DES) era. Among the high-risk
comorbidities, chronic kidney disease (CKD) is an increasing

major health problem and a significant prognostic factor in
patients with CAD.1,2 Previous studies have shown that
patients with CKD showed worse clinical outcomes after PCI
than those without CKD, even with the use of DES.1 Moreover,
patients with CKD are often excluded from randomized
controlled trials evaluating treatment of CAD, resulting in
limited data regarding this patient subset.
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Despite the development of physiologic indices to guide
treatment decision-making, the majority of PCI is often
performed based on angiography-only-based decisions, and
the clinical relevance of angiographic completeness of
revascularization in patients with multivessel coronary artery
disease remains a long-standing issue. Although previous
studies suggested that angiographic complete revasculariza-
tion (CR) was more advantageous than incomplete revascu-
larization (IR) and residual disease was associated with
adverse clinical outcome after PCI,3–8 the evidence regarding
the benefit of angiographic CR over IR has been limited in
CKD patients with multivessel CAD. Given the increasing
prevalence of CKD, it would be an important issue to clarify
the safety and efficacy of angiographic CR in this high-risk
population.1,9 Therefore, we sought to evaluate the prognostic
impact of angiographic CR on clinical outcomes according to
the presence of CKD in the DES era.

Methods
The data, analytic methods, and study materials will be made
available to other researchers for purposes of reproducing
the results or replicating the procedure upon reasonable
request.

Study Population
A total of 6129 consecutive patients who underwent PCI with
DES implantation were prospectively enrolled at Samsung

Medical Center between 2003 and 2011 as a prospective
institutional registry without exclusions. Patients were eligible
for the present analysis if they had multivessel CAD with
information of serum creatinine and measurable Synergy
between Percutaneous Coronary Intervention with Taxus and
Cardiac Surgery (SYNTAX) score. After excluding patients
without multivessel CAD, available SYNTAX score and serum
creatinine values, 3224 patients were enrolled in the current
analysis (Figure 1). The study protocol was approved by the
ethics committee and all patients signed a consent form
before enrollment.

Data Collection and Management
Clinical, angiographic, and procedural data were recorded
prospectively at the index procedure by an independent
research panel. Follow-up information was obtained by clinic
visit, telephone interview yearly from index PCI, and medical
records of other hospitals, if necessary. Confirmation of death
was also collected from the National Insurance data by the
Korean National Statistical Office. Follow-up was considered
complete if the mortality was confirmed from the National
Population Registry of the Korean National Statistical Office,
using a unique personal identification number or if the patient
was successfully contacted at the scheduled follow-up
interval. Only 15 patients did not have follow-up information
in this institutional registry, and were therefore excluded from
the analysis.

Definition of Complete Revascularization
SYNTAX score and residual SYNTAX score, widely used
standard scoring systems to describe the complexity and
extent of CAD,10 were used to define angiographic CR. The
scores were measured by 2 independent experienced per-
sonnel. Angiographic CR was defined when residual SYNTAX
score was equal to 0. All other cases of residual SYNTAX >0
were defined as angiographic IR. The interobserver variability
of SYNTAX score was 0.81 (0.73–0.87) and intraobserver
variability was 0.97 (0.97–0.98).

Definition and Classification of CKD
CKD was defined as an estimated glomerular filtration rate
(eGFR) <60 mL/min per 1.73 m2, calculated by the 4-
component Modification of Diet in Renal Disease equation in-
corporating age, ethnicity, sex, and serum creatinine.11 The
serum creatinine measured at index admission was used to
calculate eGFR. CKD was further classified into 4 groups as
mild (45≤ eGFR <60), moderate (30≤ eGFR <45), severe
(eGFR <30, not on dialysis), and end-stage renal disease on
dialysis.1

Clinical Perspective

What Is New?

• Angiographic complete revascularization was associated
with a lower risk of patient-oriented outcome than angio-
graphic incomplete revascularization in patients without
chronic kidney disease.

• However, angiographic complete revascularization was
associated with a significantly higher risk of patient-oriented
outcome, all-cause mortality, and nonfatal target vessel
myocardial infarction in patients with chronic kidney
disease.

What Are the Clinical Implications?

• Our findings suggest that an angiography-only based
complete coronary revascularization may have limited
efficacy in the chronic kidney disease population and
underscore the importance of appropriate selection of
revascularization methods, reasonable deferral of lesions
not related with inducible ischemia, and meticulous sec-
ondary prevention after percutaneous coronary intervention
even in the drug-eluting stent era.
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Definition of Clinical Outcomes
The primary outcome was POCO, which was a composite of
all-cause death, any nonfatal myocardial infarction (MI), and
any revascularization at 3 years from the index procedure.
The secondary outcome was stent-oriented composite out-
comes (SOCO), which included cardiac death, nonfatal target
vessel MI (not clearly attributed to nontarget vessel), and
target lesion revascularization at 3 years after index PCI. All
individual components of POCO and SOCO were also defined
as secondary outcomes. Nonfatal target vessel MI was
further adjudicated into MI occurring in the stented segment
at index procedure, or MI-related with de novo lesions at the
index procedure. All deaths without undisputed noncardiac
cause were considered cardiac. MI was defined as elevated
cardiac enzymes, including troponin and myocardial band
fraction of creatine kinase, with ischemic symptoms or
electrocardiographic findings indicative of ischemia not
related to index PCI. Periprocedural MI was not included as

a clinical event. Revascularization was considered clinically
indicated in the presence of stenosis with ≥50% diameter
stenosis and if 1 of the following occurred: (1) Recurrence
of angina symptoms; (2) Positive noninvasive test;
(3) Positive invasive physiologic test; or (4) presence of
stenosis with ≥70% diameter stenosis, even in the absence
of other criteria. Staged PCI was not considered as an
outcome of any revascularization. All clinical outcomes were
defined in keeping with the Academic Research Consortium
criteria,12 and an independent clinical events committee,
unaware of clinical and angiographic data, adjudicated all
events.

Statistical Analysis
Continuous variables were presented as mean�SD and
analyzed using Student t test or Mann–Whitney U test as
appropriate. Categorical variables were analyzed using the
v2 test. The clinical outcomes were compared between

Figure 1. Study flow chart. Flow chart of the current study is presented. CABG indicates coronary artery bypass graft; CKD, chronic kidney
disease; CR, complete revascularization; DES, drug-eluting stent; eGFR, estimated glomerular filtration rate; IR, incomplete revascularization;
SYNTAX, Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery.
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angiographic CR versus IR groups, stratified according to
the presence of CKD. Event rates were calculated based on
Kaplan–Meier censoring estimates and log-rank test was
used to compare survival curves between groups.

In order to adjust for differences in baseline characteristics
and potential confounding variables, adjusted analysis with
inverse probability of treatment weighting (IPTW) was per-
formed. Propensity score was the probability that any patient
would be selected for angiographic CR or IR, and was estimated
bymultivariate logistic regression analysis using entire baseline
covariables, except procedural profiles (number, diameter, and
total length of used stent). Each patient was weighted by the
inverse of the propensity score, then weighting was stabilized
by multiplying the marginal probability for receiving angio-
graphic CR or IR. Variables were considered as balanced
between angiographic CR and IR groups after stabilized IPTW if
the standardized mean difference of variables was < �10%.13

Outcome analyses were performed with weighted sample.
Comparison of clinical outcomes between angiographic CR

and IR was performed with IPTW adjusted multivariate Cox
proportional hazard model with further incorporation of
clinically relevant covariables including age, sex, hyperten-
sion, diabetes mellitus, clinical diagnosis, and type of stent
inserted. IPTW adjusted multivariate Cox proportional hazard
model was also used for exploratory subgroup analysis,
estimating the effects of interaction terms between groups
and treatment effects on clinical outcomes, and defining
independent predictor of POCO. All probability values were 2-
sided and P<0.05 was considered statistically significant. R
software version 3.4.0 (R Foundation for Statistical Comput-
ing) was used for statistical analysis.

Results

Patients and Lesion Characteristics
A total of 3224 patients with multivessel CAD were eligible for
analysis and 95.3% of total patients completed their 3-year
follow-up (median follow-up 1095 days). Of the 3224
patients, 929 had CKD (28.8%) and 2295 (71.2%) had
preserved renal function (non-CKD). Among the total popula-
tion, 43.5% of patients presented with acute coronary
syndrome, and the remaining 56.5% of patients presented
with stable angina. Angiographic CR (residual SYNTAX
score=0) was achieved in 20.8% of CKD patients (193 of
929 patients), and 28.2% of non-CKD patients (647 of 2295
patients) (Figure 1). Among the total population, 2.3% of
patients underwent intended staged PCI during the same
hospitalization or different hospitalization, maximally within
1 month from the index PCI. The CKD population showed
significantly lower rates of achieving angiographic CR com-
pared with the non-CKD population (P<0.001).

Table 1 presents the comparison of baseline characteris-
tics between the angiographic CR and IR groups, according to
the presence of CKD. Regardless of the presence of CKD, the
angiographic IR group showed a higher proportion of cardio-
vascular comorbidities and a lower proportion of patients with
low SYNTAX score (<12). All patients underwent PCI using
DES and 46.0% of them (1482 of 3224 patients) received
second-generation DES only. After IPTW adjustment, most
baseline characteristics were well balanced between the
angiographic CR and IR groups (Table S1). For the procedural
profiles, the angiographic CR group showed a significantly
higher number of stents used and longer total stent length
compared with the IR group, in both the CKD and non-CKD
populations (Table 2).

Clinical Outcomes Between Angiographic CR and
IR Groups, According to the Presence of CKD
Figure 2 presents the cumulative incidence of POCO and
SOCO between the angiographic CR and IR groups according
to the presence of CKD. Among the non-CKD population, the
angiographic CR group showed a significantly lower incidence
of POCO than the IR group (17.2% versus 21.7%, adjusted
hazard ratio [HR] 0.76, 95% confidence interval [CI], 0.62%–
0.95%, P=0.014), mainly driven by a significantly lower risk of
any revascularization (12.0% versus 16.8%, adjusted HR 0.69,
95% CI, 0.54%–0.89%, P=0.005). The incidence of SOCO was
comparable between the angiographic CR and IR groups
(Figure 2 and Table 3).

Conversely, among the CKD population, the angiographic
CR group showed a significantly higher incidence of POCO
(37.7% versus 28.4%, adjusted HR 1.42, 95% CI, 1.08%–
1.85%, P=0.011), mainly driven by a significantly higher risk
of all-cause death (29.0% versus 16.5%, adjusted HR 1.88,
95% CI, 1.37%–2.59%, P<0.001) and nonfatal MI (4.5% versus
1.8%, adjusted HR 2.75, 95% CI, 1.10%–6.87%, P=0.030).
Although the risk of SOCO was not significantly different
between the angiographic CR and IR groups, the risk of
nonfatal target vessel MI was significantly higher in the
angiographic CR group than in the IR group (4.2% versus
1.4%, adjusted HR 3.08, 95% CI, 1.16%–8.17%, P=0.024) in
the CKD population (Figure 2 and Table 3). Most cases of
nonfatal target vessel MI in the CKD population (70.6%, 12 of
17 events) occurred in the stented segment implanted at the
index procedure (Table S2). Figure 3 summarizes the differ-
ential prognostic impact of angiographic CR, according to the
presence of CKD. There was significant interaction between
angiographic CR and the presence of CKD for the risk of
POCO (interaction P<0.001).

Of the 463 events of any revascularization among the
total study population, 30.3% were because of acute
coronary syndrome, and others with stable ischemic heart
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Table 1. Baseline Characteristics According to Completeness of Revascularization, Stratified by the Presence of CKD

CKD Group (929 Patients) Non-CKD Group (2295 Patients)

IR (N=736) CR (N=193) P Value SMD (%) IR (N=1648) CR (N=647) P Value SMD (%)

Demographics

Age, y 68.9�9.8 68.5�9.8 0.640 �3.8 62.3�10.5 61.7�10.4 0.251 �5.3

Male 64.7% 65.3% 0.941 1.3 77.5% 78.5% 0.633 2.5

Coexisting condition

Diabetes mellitus 21.3% 26.4% 0.157 12.0 19.7% 22.3% 0.194 6.2

Hypertension 76.5% 76.7% 1.000 0.4 55.3% 54.9% 0.896 �0.8

Dyslipidemia 28.8% 28.5% 1.000 �0.7 28.2% 31.2% 0.169 6.6

Peripheral vascular disease 4.3% 5.7% 0.546 6.2 1.4% 0.8% 0.312 �6.0

Renal function

Creatinine, mg/dL 2.1�1.9 2.1�2.2 0.758 2.6 0.9�0.2 0.9�0.2 0.562 �2.7

eGFR, mL/min per 1.73 m2 41.7�15.9 43.7�16.7 0.125 12.3 81.3�16.6 82.6�19.7 0.144 7.0

CKD stage* 0.005 29.9 NA NA

Mild 54.1% 65.3% NA NA

Moderate 23.0% 13.5% NA NA

Severe 19.3% 15.5% NA NA

ESRD 3.7% 5.7% NA NA

Cardiac risk factors

Current smoker 14.1% 10.9% 0.290 �9.8 19.3% 23.2% 0.043 9.5

Previous CVA 10.3% 9.8% 0.950 �1.6 4.2% 4.8% 0.647 2.6

Previous MI 28.4% 18.7% 0.008 �23.1 21.7% 19.8% 0.334 �4.8

Previous PCI 17.5% 15.0% 0.474 �6.8 12.6% 9.9% 0.087 �8.5

LVEF†, % 55.1�14.0 57.2�13.1 0.061 15.9 59.3�11.1 60.4�10.2 0.089 10.1

Clinical diagnosis 0.070 19.2 0.232 8.0

AMI 29.5% 21.2% 24.0% 21.0%

Unstable angina 17.1% 20.2% 19.7% 19.2%

Stable angina 53.4% 58.5% 56.2% 59.8%

Complexity of CAD

SYNTAX score <12 18.2% 54.9% <0.001 82.3 18.8% 58.6% <0.001 89.6

Treatment of CAD

Left main coronary artery 6.5% 12.4% 0.010 20.3 6.3% 13.1% <0.001 23.2

At least 1 bifurcation lesion 21.9% 29.5% 0.032 17.6 25.8% 32.8% 0.001 15.4

At least 1 ostial lesion 8.8% 12.4% 0.169 11.7 9.8% 17.8% <0.001 23.2

At least 1 CTO lesion 14.4% 10.9% 0.250 �10.6 17.7% 14.1% 0.044 �9.8

At least 1 type B2/C lesion 64.7% 74.1% 0.017 20.5 66.6% 69.6% 0.186 6.4

Type of inserted stent‡ 0.325 12.0 0.001 17.5

First-generation stent only 61.7% 56.5% 47.4% 38.8%

Second-generation stent only 32.6% 38.3% 48.5% 56.9%

Other 5.7% 5.2% 4.1% 4.3%

Values are mean�SD or n/N%. AMI indicates acute myocardial infarction; CAD, coronary artery disease; CKD, chronic kidney disease; CR, complete revascularization; CTO, chronic total
occlusion; CVA, cerebrovascular accident; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; IR, incomplete revascularization; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; NA, not applicable; PCI, percutaneous coronary intervention; SMD, standardized mean difference; SYNTAX, Synergy between Percutaneous Coronary
Intervention with Taxus and Cardiac Surgery.
*CKD was divided into 4 stages using MDRD (Modification of Diet in Renal Disease) study equation; mild (45≤ eGFR <60); moderate (30≤ eGFR <45); severe (eGFR <30, not on dialysis);
ESRD, on dialysis.
†Echocardiographic data were available in 2863 patients (88.8%).
‡Type of inserted stent included first-generation (paclitaxel-eluting stent, sirolimus-eluting stent), second-generation (everolimus-eluting stent, zotarolimus-eluting stent, biolimus-eluting
stent), and other (simultaneous use of first-generation stent, second-generation stent, or bare-metal stent).
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disease were because of intractable symptoms with the
findings of noninvasive stress tests (40.7%) or angiographic
progression of de novo disease (59.3%) during 3-year follow-
up. The mean percent diameter stenosis of the target lesions

at the time of any revascularization events was 86.6�10.4%,
implying the progression of epicardial coronary stenosis as
the main cause of recurring anginal symptoms and revas-
cularization events.

Table 2. Comparison of Procedural Profiles According to Completeness of Revascularization, Stratified by the Presence of CKD

CKD Group (929 Patients) Non-CKD Group (2295 Patients)

IR (N=736) CR (N=193) P Value SMD IR (N=1648) CR (N=647) P Value SMD

Residual SYNTAX score 10.98�8.8 0 <0.001 �177.0 9.51�7.5 0 <0.001 �175.6

Number of inserted stents 1.78�1.0 2.04�1.0 0.004 29.9 1.80�1.0 2.11�1.0 <0.001 31.0

Mean stent diameter, cm 3.11�0.4 3.07�0.4 0.246 �11.4 3.06�0.4 3.08�0.4 0.211 6.7

Total stent length, cm 43.00�26.0 50.78�27.9 0.002 32.2 43.39�25.7 50.38�26.5 <0.001 26.7

Values are mean�SD. SMD ≥ �10% represents significant between group difference. CKD indicates chronic kidney disease; CR, complete revascularization; IR, incomplete
revascularization; SMD, standardized mean difference; SYNTAX, Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery.

Figure 2. Clinical outcomes according to completeness of revascularization, stratified by the presence of chronic kidney disease. The
comparison of POCO and SOCO are presented stratified by the presence of CKD, as (A) POCO in non-CKD, (B) POCO in CKD, (C) SOCO in non-
CKD, and (D) SOCO in CKD. Multivariable adjusted hazard ratio (HR) with 95% confidence intervals (95% CI) and P values are presented. CKD
indicates chronic kidney disease; CR, complete revascularization; IR, incomplete revascularization; POCO, patient-oriented composite outcomes;
SOCO, stent-oriented composite outcomes.
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Among the population with moderate to severe CKD (eGFR
<45 mL/min per 1.73 m2), the angiographic CR group showed
further increased risk of POCO, all-causemortality, and nonfatal
target vessel MI compared with the IR group (Figure S1 and
Table S3). The sensitivity analysis among patients who were
revascularized using only second-generation DES showed
trends similar to the original one; however, statistical signifi-
cance was not reached (Figure S2 and Table S4).

Exploratory Subgroup Analysis
Figure 4 presents the results of exploratory subgroup anal-
ysis. The lower incidence of POCO in the angiographic CR
group than in the IR group among non-CKD population was
consistently observed in various subgroups without significant
interaction P value. Similarly, the significantly higher risk of
POCO in the angiographic CR group among the CKD
population was also consistent (Figure 4).

Independent Predictors of POCO
Table 4 presents the independent predictors of POCO by
IPTW adjusted multivariable Cox regression analysis. Among

non-CKD patients, angiographic CR and the use of second-
generation DES were independently associated with a lower
risk of POCO. Conversely, angiographic CR was independently
associated with the occurrence of POCO and the use of
second-generation DES was the only protective factor for
POCO in the CKD population.

Discussion
In the present study, we analyzed 3224 patients who had
multivessel CAD and who underwent PCI using DES to
evaluate the differential prognostic impact of angiographic
CR, according to the presence of CKD. The main findings were
as follows. First, among the non-CKD population, the angio-
graphic CR group showed a significantly lower risk of POCO
than the IR group, mainly driven by a significantly lower risk of
any revascularization. Second, angiographic CR and the use of
second-generation DES were independently associated with a
lower risk of POCO among the non-CKD population. Third, in
contrast with the non-CKD population, there was no clinical
benefit of angiographic CR compared with IR among the CKD
population. Rather, the risk of POCO was significantly higher
in the angiographic CR group compared with the IR group.

Table 3. Comparison of Clinical Outcomes at 3 Years, According to Completeness of Revascularization, Stratified by the Presence
of CKD

(A) Non-CKD Group Total (N=2295) CR (N=647) IR (N=1648) Unadjusted HR Adjusted HR* P Value

POCO 465 (20.4%) 110 (17.2%) 355 (21.7%) 0.77 (0.63–0.96) 0.76 (0.62–0.95) 0.014

All-cause death 123 (5.5%) 32 (5.1%) 91 (5.6%) 0.90 (0.61–1.34) 0.92 (0.62–1.38) 0.694

Nonfatal MI 32 (1.4%) 9 (1.5%) 23 (1.4%) 1.05 (0.49–2.25) 1.04 (0.48–2.22) 0.927

Any revascularization 345 (15.4%) 76 (12.0%) 269 (16.8%) 0.70 (0.55–0.91) 0.69 (0.54–0.89) 0.005

SOCO 205 (9.1%) 53 (8.4%) 152 (9.4%) 0.90 (0.66–1.22) 0.89 (0.65–1.22) 0.467

Cardiac death 60 (2.7%) 14 (2.4%) 46 (2.9%) 0.83 (0.47–1.48) 0.84 (0.47–1.50) 0.562

Nonfatal target vessel MI 25 (1.1%) 8 (1.3%) 17 (1.1%) 1.23 (0.54–2.80) 1.22 (0.53–2.77) 0.640

TLR 137 (6.1%) 36 (5.7%) 101 (6.3%) 0.91 (0.62–1.33) 0.90 (0.62–1.32) 0.605

(B) CKD Group Total (N=929) CR (N=193) IR (N=736) Unadjusted HR Adjusted HR* P Value

POCO 277 (30.4%) 72 (37.7%) 205 (28.4%) 1.40 (1.07–1.83) 1.42 (1.08–1.85) 0.011

All-cause death 172 (19.1%) 56 (29.0%) 116 (16.5%) 1.87 (1.36–2.56) 1.88 (1.37–2.59) <0.001

Nonfatal MI 20 (2.4%) 8 (4.5%) 12 (1.8%) 2.56 (1.04–6.31) 2.75 (1.10–6.87) 0.030

Any revascularization 118 (14.0%) 22 (13.0%) 96 (14.2%) 0.93 (0.58–1.47) 0.94 (0.59–1.50) 0.801

SOCO 137 (15.7%) 37 (20.5%) 100 (14.6%) 1.42 (0.98–2.08) 1.40 (0.96–2.04) 0.082

Cardiac death 95 (11.1%) 27 (15.4%) 68 (10.1%) 1.51 (0.97–2.35) 1.47 (0.95–2.29) 0.086

Nonfatal target vessel MI 17 (2.0%) 7 (4.2%) 10 (1.4%) 3.02 (1.15–7.93) 3.08 (1.16–8.17) 0.024

TLR 33 (3.9%) 6 (3.7%) 27 (4.0%) 0.98 (0.42–2.32) 0.94 (0.40–2.22) 0.884

Values are n/N% or hazard ratio (95% confidence interval). The cumulative incidence of clinical outcomes is presented as Kaplan–Meier estimates at 3 years with IPTW adjusted sample.
The P values are for adjusted HR and 95% confidence interval. CKD indicates chronic kidney disease; CR, complete revascularization; HR, hazard ratio; IPTW, inverse probability of
treatment weighting; IR, incomplete revascularization; MI, myocardial infarction; POCO, patient-oriented composite outcomes; SOCO, stent-oriented composite outcomes; TLR, target
lesion revascularization.
*Adjusted HR was calculated by additional multivariate Cox regression analyses with clinically relevant covariables including age, sex, hypertension, diabetes mellitus, type of inserted
stent, and clinical diagnosis.
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Fourth, the excess risk of POCO in the angiographic CR group
was mainly driven by a higher risk of all-cause mortality and
nonfatal target vessel MI, which occurred mostly in the
stented segment implanted at the index procedure. Further-
more, angiographic CR was independently associated with the
occurrence of POCO among the CKD population.

Debate on Angiographic CR for Future Clinical
Outcome
In the treatment of patients with CAD, PCI has been an
important option to relieve angina and reduce the extent of
myocardial ischemia.14 Along with selection of the

appropriate candidate, determining the extent of revascular-
ization has been a major concern when performing PCI.
Regarding the clinical relevance of angiographic CR, previous
studies have shown conflicting results. Some reports in the
pre-DES era showed the clear benefit of angiographic CR
rather than IR, and adverse clinical events related to the
residual disease after PCI.3–8 However, other studies reported
unclear benefit of angiographic CR over IR.15–17 Along with
the constant refinement of revascularization techniques and
devices, especially DES, which showed improved clinical
outcomes over bare-metal stents,18 later studies indicated
that angiographic CR with DES implantation showed better
clinical outcomes than IR.19–21 However, even in the second-
generation DES era, with enhanced safety and efficacy, high-
risk patients, such as those with diabetes mellitus or CKD,
have shown significantly worse clinical outcomes than
patients without high-risk comorbidities.1,22 Furthermore,
there are limited data focused on the prognostic implications
of angiographic CR for patients with high-risk comorbidities,
especially CKD. In this regard, the current study evaluated the
differential prognostic impact of angiographic CR, according
to the presence of CKD.

Angiographic CR in Patients Without CKD
In the current study, angiographic CR was associated with a
significantly lower risk of POCO than the IR group in the non-
CKD population, mainly driven by reduced rates of any
revascularization in the angiographic CR group. These results
are in line with the substudy of the SYNTAX trial, which
demonstrated that higher residual SYNTAX score was asso-
ciated with higher rates of any revascularization.7 Interest-
ingly, the risk of target lesion revascularization was
comparable between the angiographic CR and IR groups,
and most revascularization events in the IR group were
because of progression of residual disease. In addition, the
better outcomes seen in the angiographic CR group were
similarly observed in various subgroups, especially in patients
with younger age (<65 years), acute coronary syndrome, and
left ventricular dysfunction. These results are also in line with
previous studies that evaluated the prognostic implication of
angiographic CR in patients with acute ST-segment elevation
MI or left ventricular dysfunction.23–25

Angiographic CR in Patients With CKD
Unlike the non-CKD population, angiographic CR in the CKD
population consistently showed a significantly higher risk of
POCO, all-cause mortality, and nonfatal MI, especially in the
initially stented segment. Even with the extensive adjustment
for baseline differences using IPTW, angiographic CR showed
a differential prognostic impact, according to the presence of

Figure 3. Differential prognostic impact of angiographic complete
revascularization on clinical outcomes according to the presence of
chronic kidneydisease. Thecomposite outcomes and their individual
components were compared between angiographic CR vs IR,
according to the presence of CKD. Hazard ratio (HR) and 95%
confidence intervals (95% CI) were adjusted for clinically relevant
variables including age, sex, hypertension, diabetes mellitus, clinical
diagnosis, and type of stent inserted. CI indicates confidence
interval; CKD, chronic kidney disease; CR, complete revasculariza-
tion; eGFR, estimated glomerular filtration rate (mL/min per
1.73 m2); IR, incomplete revascularization; MI, myocardial infarc-
tion; POCO, patient-oriented composite outcomes; SOCO, stent-
oriented composite outcomes; TLR, target lesion revascularization.
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CKD, with significant interaction. Considering that CKD has an
intrinsic nature including accelerated atherosclerosis,
impaired platelet function profiles during antiplatelet agent
therapy, and multiple comorbidities other than the cardiovas-
cular system,1,26,27 some explanations might be possible for
these results.

First, CKD accompanies accelerated and extensive
atherosclerosis.28 Extensive subclinical coronary atheroscle-
rosis in CKD patients might cause unpredictable progression
of lesions that were not detected on angiography alone at the
index procedure, and may affect the incidence of any
revascularization, irrespective of angiographic CR and IR. In
the current results, the CKD population showed a higher risk
of non–target lesion-related events than stent-related or
target lesion–related events, suggesting the intimate associ-
ation between impaired renal function and progression of
atherosclerosis.29 Recent intravascular imaging studies
demonstrated higher plaque vulnerability and possibility of
lesion progression in CKD patients.30,31 Kato et al compared
the plaque characteristics of non–target vessel stenosis

measured by optical coherence tomography between CKD
and non-CKD patients. They showed that non–target vessel
plaques in CKD patients showed a significantly higher lipid
index (mean lipid arc 9 lipid length), a higher prevalence of
calcification, cholesterol crystal, and plaque disruption, com-
pared with non-CKD patients.30 Kashiyama et al also pre-
sented serial changes of coronary plaques using integrated
backscatter intravascular ultrasound, according to the sever-
ity of CKD. In their results, patients with CKD stages 3 to 5
showed the serial increases of plaque burden, plaque volume,
and lipid and fibrous plaque volumes, despite optimal medical
treatment.31 Consequently, this suggests that DES implanta-
tion, based on angiography alone, would neither predict nor
prevent repeat revascularization in this population and
emphasizes the importance of secondary prevention for
systemic atherosclerosis and comorbidities in CKD patients.

Second, higher mortality of CKD patients (19.1% versus
5.5% of patients without CKD) might offset the benefit of
angiographic CR. Considering the higher incidence of multiple
comorbidities in the CKD population, a large portion of the

Figure 4. Exploratory subgroup analysis for patient-oriented composite outcomes. Exploratory subgroup analyses for comparison between
angiographic CR vs IR, according to the presence of CKD are presented, as (A) Non-CKD, (B) CKD. Hazard ratio (HR) with 95% confidence
intervals (95% CI) and P values were adjusted for clinically relevant variables including age, sex, hypertension, diabetes mellitus, clinical
diagnosis, and type of stent inserted. ACS indicates acute coronary syndrome; CKD, chronic kidney disease; CR, complete revascularization; DM,
diabetes mellitus; HTN, hypertension; IR, incomplete revascularization; LV, left ventricular; LVEF, left ventricular ejection fraction; MI, myocardial
infarction; POCO, patient-oriented composite outcomes.
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patients had died earlier because of underlying disease
associated with CKD, before realizing the potential benefit of
CR.

Third, the angiographic CR group showed a higher
incidence of nonfatal target vessel MI than the IR group.
The recently published post hoc analysis of the ADAPT-DES
trial found a significantly higher prevalence of high platelet
reactivity in CKD patients who were treated with clopido-
grel.32 The higher prevalence of high platelet reactivity in the
CKD population might be another potential explanation for the
higher incidence of nonfatal target vessel MI in the CR group
than in the IR group among CKD patients. This finding
suggests that excessive PCI with DES implantation might be
associated with procedure-related or stent-related long-term
adverse outcomes rather than the benefit of revascularization
as previous studies have suggested.1,33,34

Considering the intrinsic nature of CKD as a high-risk
comorbidity of CAD, appropriate selection of revascularization
methods (coronary artery bypass grafting versus PCI), careful
selection of target lesion for PCI with reasonable deferral of
lesions not related to inducible ischemia, and meticulous

secondary prevention for noncardiovascular comorbidities
might be crucial for this high-risk population.

Limitations
The present study has several limitations. First, it has an
inherent limitation of not being a randomized study. Although
baseline variables were balanced between the CR and IR
groups after stabilized IPTW adjustment, unmeasured con-
founders should be considered. Second, the decision of
angiographic CR and IR was mainly based on the operator’s
discretion, according to clinical judgment. Among patients
with stable angina, about 38.0% were revascularized based on
the findings of noninvasive stress tests findings, while the
remaining patients were revascularized based on symptoms
and angiographically significant stenosis. However, low diag-
nostic yield and limited use of noninvasive stress test before
elective PCI was not much different from practice in other
countries.35,36 Third, coronary physiologic assessment was
not documented in the present study and the definition of
angiographic CR was solely based on the residual SYNTAX
score, without accounting for post-PCI fractional flow reserve
or instantaneous wave-free ratio. Therefore, the possibility of
residual flow limitation, even after successful angiographic
CR, could not be completely excluded. In this regard, future
study evaluating the prognostic impact of CR is warranted to
use the concept of functionally complete revascularization.
Nevertheless, angiographic completeness of coronary revas-
cularization might also carry a certain clinical importance,
considering the limited adoption rates of invasive physiologic
assessment globally.37 Fourth, as the current study mainly
focused on the comparison of clinical outcomes between
angiographic CR and IR groups, the lack of an appropriate
comparator, such as medical treatment or coronary artery
bypass grafting, makes inferences incomplete. Fifth, the
proportion of acute kidney injury after the index procedure
could not be evaluated. Last, the proportion of patients
treated only with second-generation DES was relatively small.
Although there was no significant difference in clinical
outcomes between the CR and IR groups, even among the
CKD population, any confirmatory statement cannot be made
because of the limited sample size of patients treated with
second-generation DES. Further study is warranted to clarify
the clinical relevance of CR using only second-generation DES
among the CKD population.

Conclusion
The prognostic impact of angiographic CR was significantly
different in patients with multivessel disease, according to the
presence of CKD. Angiographic CR was associated with
reduced risk of POCO compared with IR in patients without

Table 4. Independent Predictors of POCO in Weighted
Sample

Adjusted HR* 95% CI P Value

Non-CKD group

Complete revascularization 0.77 0.62 to 0.95 0.015

Age (each 1 y) 1.01 1.01 to 1.02 0.003

Previous CVA 1.87 1.27 to 2.76 0.002

Previous PCI 1.32 1.01 to 1.73 0.044

Acute MI 1.35 1.06 to 1.71 0.015

Second-generation stent 0.69 0.57 to 0.85 <0.001

CKD group

Complete revascularization 1.39 1.06 to 1.82 0.018

Male 1.41 1.08 to 1.84 0.013

Hypertension 1.48 1.08 to 2.03 0.014

Acute MI 2.80 2.09 to 3.76 <0.001

PCI to CTO lesion 1.46 1.04 to 2.06 0.031

Second-generation stent 0.68 0.51 to 0.92 0.011

The C-index of the models were 0.618 (95% CI, 0.605%–0.631%) and 0.655 (95% CI,
0.638%–0.672%) for non-CKD and CKD population, respectively. CI indicates confidence
interval; CKD, chronic kidney disease; CTO, chronic total occlusion; CVA, cerebrovascular
accident; HR, hazard ratio; IPTW, inverse probability of treatment weighting; MI,
myocardial infarction; PCI, percutaneous coronary intervention; POCO, patient-oriented
composite outcomes; SYNTAX, Synergy between Percutaneous Coronary Intervention
with Taxus and Cardiac Surgery.
*Adjusted HR was calculated using IPTW adjusted multivariate Cox regression analyses.
The included covariables were complete revascularization, age, sex, hypertension,
diabetes mellitus, smoking, previous CVA, previous peripheral vascular disease,
dyslipidemia, previous MI, previous PCI, clinical diagnosis, type of inserted stent, SYNTAX
score, PCI for left main coronary artery, bifurcation, ostial, CTO, and type B2/C lesion.
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CKD; however, it was associated with a significantly higher
risk of POCO and nonfatal MI in the CKD population.
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Supplementary Table 1. Baseline Characteristics According to Complete Revascularization and Chronic 

Kidney Disease, After Adjustment with Using Stabilized Inverse Probability of Treatment Weight 

 

 

CKD group 

(929 patients) 

Non-CKD group 

(2295 patients) 

IR 

(N=736) 

CR 

(N=193) 

P value 

SMD 

(%) 

IR 

(N=1648) 

CR 

(N=647) 

P value 

SMD 

(%) 

Demographics         

Age, yrs 68.7 ± 9.6 67.8 ± 9.4 0.397 -8.4 62.1 ± 10.5 61.6 ± 10.5 0.674 -2.3 

Male 65.0 % 67.0 % 0.698 4.1 77.8 % 76.6 % 0.614 -2.9 

Coexisting condition         

Diabetes mellitus 22.0 % 22.4 % 0.924 1.0 19.8 % 20.0 % 0.934 0.5 

Hypertension 76.6 % 77.6 % 0.827 2.2 55.1 % 53.9 % 0.672 -2.4 

Dyslipidemia 28.6 % 28.8 % 0.962 0.5 29.1 % 28.5 % 0.829 -1.2 

Peripheral vascular disease 4.5 % 4.2 % 0.881 -1.3 1.2 % 0.7 % 0.346 -4.8 

Renal function         

Creatinine, mg/dl 2.1 ± 2.0 2.2 ± 2.1 0.559 5.7 0.9 ± 0.2 0.9 ± 0.2 0.987 -0.1 

eGFR, ml/min/1.73m2 42.0 ± 16.2 41.6 ± 17.4 0.749 -3.5 81.0 ± 16.6 81.1 ± 20.2 0.869 0.9 

CKD stage*   0.766 11.0   NA NA 

Mild 56.7 % 56.4 %   NA NA   

Moderate 20.9 % 17.5 %   NA NA   

Severe 18.5 % 22.1 %   NA NA   

ESRD 3.9 % 4.0 %   NA NA   

Cardiac risk factors         

Current smoker 13.5 % 12.7 % 0.817 -2.5 20.5 % 21.8 % 0.557 3.2 

Previous CVA 10.1 % 9.2 % 0.759 -3.1 4.1 % 3.7 % 0.684 -2.0 

Previous MI 26.3 % 28.7 % 0.627 5.6 20.7 % 20.2 % 0.835 -1.2 

Previous PCI 16.9 % 16.0 % 0.835 -2.2 11.8 % 11.3 % 0.777 -1.6 

LVEF†, % 56.3 ± 13.4 55.1 ± 14.4 0.966 -0.5 60.1 ± 10.7 60.4 ± 10.4 0.890 0.9 

Clinical diagnosis   0.499 11.6   0.957 1.7 

AMI 28.2 % 33.5 %   23.1 % 23.8 %   

Unstable angina 17.7 % 15.8 %   19.6 % 19.1 %   

Stable angina 54.1 % 50.7 %   57.3 % 57.1 %   

Complexity of CAD         

SYNTAX score < 12 25.7 % 26.2 % 0.902 1.0 30.0 % 30.4 % 86.3 0.9 

Treatment of CAD         

Left main coronary artery 7.5 % 7.5 % 0.997 0.1 8.3 % 8.7 % 0.773 1.4 



At least 1 bifurcation lesion 23.1 % 21.0 % 0.571 -5.1 28.2 % 28.7 % 0.837 1.1 

At least 1 ostial lesion 10.0 % 10.0 % 0.990 0.1 12.5 % 12.6 % 0.933 0.4 

At least 1 CTO lesion 14.0 % 17.7 % 0.355 10.2 17.2 % 17.8 % 0.787 1.5 

At least 1 type B2/C lesion 66.4 % 68.0 % 0.750 3.4 67.8 % 68.7 % 0.736 1.9 

Type of inserted stent‡   0.879 5.0   0.886 2.8 

  1st generation stent only 60.2% 59.6%   44.9 46.0   

  2nd generation stent only 34.3% 35.9%   50.7 49.3   

  Other 5.5% 4.6%   4.4 4.7   

Values are mean ± SD or n/N% adjusted by stabilized IPTW (inverse probability of treatment weight) using entire variables in 

supplementary table 1. 

* CKD was divided into 4 stages using MDRD (Modification of Diet in Renal Disease) study equation; mild (45 ≤ eGFR < 60); moderate 

(30 ≤ eGFR < 45); severe (eGFR < 30, not on dialysis); ESRD: on dialysis.  

† Echocardiographic data were available in 2863 patients (88.8%). 

‡ Type of inserted stent included 1st generation (paclitaxel-eluting stent, sirolimus-eluting stent), 2nd generation (everolimus-eluting stent, 

zotarolimus-eluting stent, biolimus-eluting stent) and other (simultaneous use of 1st generation stent, 2nd generation stent or bare-metal stent). 

AMI=acute myocardial infarction; CAD=coronary artery disease; CKD=chronic kidney disease; CR=complete revascularization; 

CTO=chronic total occlusion; CVA=cerebrovascular accident; eGFR=estimated glomerular filtration rate; ESRD=end stage renal disease; 

IR=incomplete revascularization; MI=myocardial infarction; NA, not applicable; LVEF=left ventricular ejection fraction; PCI=percutaneous 

coronary intervention; SMD=standardized mean difference.  



Supplementary Table 2. Details of Nonfatal Target-Vessel Myocardial Infarction at 3 Years According to 

Complete Revascularization and Chronic Kidney Disease. 

Values are n/N%. The cumulative incidence of clinical outcomes are presented as Kaplan-Meier estimates at 3 years with IPTW adjusted 

sample, and p values are presented with Log-rank test. 

CKD=chronic kidney disease; CR=complete revascularization; IR=incomplete revascularization; MI=myocardial infarction; NA, not 

applicable. 

  

Non-CKD group 

Total patients 

(N=2295) 

CR 

(N=647) 

IR 

(N=1648) 

P value 

Nonfatal target vessel MI 25 (1.1%) 8 (1.3%) 17 (1.1%) 0.620 

Stented segment 17 (0.8%) 5 (0.9%) 12(0.8%) 0.846 

Denovo segment 8 (0.3%) 3 (0.5%) 5 (0.3%) 0.540 

Unclassified 0 0 0 NA 

CKD group 

Total patients 

(N=929) 

CR 

(N=193) 

IR 

(N=736) 

 

Nonfatal target vessel MI 17 (2.0%) 7 (4.2%) 10 (1.4%) 0.018 

Stented segment 12 (1.4%) 6 (3.2%) 6 (1.0%) 0.020 

Denovo segment 2 (0.3%) 0  2 (0.3%) 0.914 

  Unclassified 3 (0.3%) 1 (0.9%) 2 (0.2%) 0.376 



Supplementary Table 3. Clinical Outcomes At 3 Years, According to Completeness of Revascularization in 

Patients with eGFR < 45 ml/min/1.73 m2. 

 

Total patients 

(N=403) 

CR 

(N=84) 

IR 

(N=319) 

Unadjusted HR Adjusted HR* P value 

POCO 171 (43.3%) 48 (57.8%) 123 (39.5%) 1.67 (1.20-2.33) 1.57 (1.11-2.22) 0.010 

All-cause death 122 (31.2%) 38 (45.9%) 84 (27.3%) 1.84 (1.26-2.70) 1.61 (1.09-2.38) 0.017 

Nonfatal MI 17 (5.0%) 6 (9.6%) 11 (3.9%) 2.60 (0.97-7.00) 3.49 (1.20-10.16) 0.022 

Any revascularization 58 (17.0%) 15 (21.5%) 43 (15.8%) 1.49 (0.83-2.63) 1.62 (0.88-2.98) 0.124 

SOCO 96 (26.0%) 26 (35.5%) 70 (23.8%) 1.54 (0.98-2.41) 1.38 (0.87-2.18) 0.174 

Cardiac death 69 (18.8%) 19 (25.6%) 50 (17.2%) 1.48 (0.87-2.49) 1.18 (0.69-2.03) 0.540 

Nonfatal target vessel MI 14 (4.2%) 6 (9.6%) 8 (2.9%) 3.43 (1.20-9.79) 4.65 (1.48-14.60) 0.008 

TLR 21 (6.1%) 5 (7.7%) 16 (5.7%) 2.13 (0.85-5.34) 1.63 (0.58-4.55) 0.350 

Values are n/N% or hazard ratio (95% confidential interval). The cumulative incidence of clinical outcomes are presented as Kaplan-Meier 

estimates at 3 years with IPTW adjusted sample. The p values are for adjusted HR and 95% confidence interval. 

* Adjusted HR was calculated by additional multivariate Cox regression analyses with clinically relevant covariates including age, sex, 

hypertension, diabetes mellitus, type of inserted stent, and clinical diagnosis.  

CKD=chronic kidney disease; CR=complete revascularization; eGFR=estimated glomerular filtration rate; HR=hazard ratio; IR=incomplete 

revascularization; MI=myocardial infarction; POCO=patient-oriented composite outcome; SOCO=stent-oriented composite outcome; 

TLR=target lesion revascularization.  

  



Supplementary Table 4. Clinical Outcomes At 3 Years, According to Completeness of Revascularization in 

Patients with Chronic Kidney Disease and Treated Using Only 2nd Generation Drug-Eluting Stents. 

 

Total patients 

(N=321) 

CR 

(N=69) 

IR 

(N=252) 

Unadjusted HR Adjusted HR* P value 

POCO 87 (27.0%) 20 (29.0%) 67 (26.5%) 1.11 (0.67-1.83) 1.07 (0.64-1.77) 0.800 

All-cause death 57 (17.8%) 16 (23.2%) 41 (16.4%) 1.45 (0.81-2.60) 1.30 (0.73-2.34) 0.377 

Nonfatal MI 6 (2.1%) 2 (3.9%) 4 (1.6%) 2.49 (0.47-13.27) 2.96 (0.52-16.73) 0.220 

Any revascularization 30 (10.4%) 4 (6.2%) 26 (11.5%) 0.51 (0.17-1.53) 0.52 (0.17-1.58) 0.250 

SOCO 42 (13.5%) 10 (15.2%) 32 (13.1%) 1.19 (0.58-2.43) 1.14 (0.55-2.33) 0.729 

Cardiac death 31 (10.1%) 6 (9.3%) 25 (10.3%) 0.93 (0.39-2.24) 0.85 (0.35-2.05) 0.712 

Nonfatal target vessel MI 5 (1.8%) 2 (3.9%) 3 (1.2%) 3.3 (0.56-19.62) 3.34 (0.55-20.33) 0.190 

TLR 7 (2.2%) 2 (3.4%) 5 (3.2%) 1.08 (0.17-6.96) 1.16 (0.17-7.66) 0.880 

Values are n/N% or hazard ratio (95% confidential interval). The cumulative incidence of clinical outcome are presented as Kaplan-Meier 

estimates at 3 years with IPTW adjusted sample. The p values are for adjusted HR and 95% confidence interval.  

* Adjusted HR was calculated by additional multivariate Cox regression analyses with clinically relevant covariates including age, sex, 

hypertension, diabetes mellitus, type of inserted stent and clinical diagnosis. 

CKD=chronic kidney disease; CR=complete revascularization; eGFR=estimated glomerular filtration rate; HR=hazard ratio; IR=incomplete 

revascularization; MI=myocardial infarction; POCO=patient-oriented composite outcome; SOCO=stent-oriented composite outcome; 

TLR=target lesion revascularization. 

 

  



Supplementary Figure Legends 

Supplementary Figure 1. Clinical Outcomes According to Completeness of 

Revascularization in Patients with eGFR (ml/min/1.73m2) < 45.  

Among the patients with more advanced CKD, defined as eGFR (ml/min/1.73 m2) < 45, the 

significant hazard of angiographic CR was similar to the total CKD population. (A) Patient-

oriented composite outcomes in more advanced CKD, and (B) stent-oriented composite 

outcomes in more advanced CKD. Multivariate adjusted hazard ratio (HR) with 95% 

confidence intervals (95% CI) and p values are presented. 

CKD=chronic kidney disease; CR=complete revascularization; IR=incomplete 

revascularization. 

 

Supplementary Figure 2. According to Completeness of Revascularization in Patients 

with Chronic Kidney Disease and Treated Using Only 2nd Generation Drug-Eluting 

Stents. 

The sensitivity analysis among patients who were revascularized using only 2nd generation 

drug-eluting stent showed similar trends with the original one, however, statistical 

significance was not reached. (A) Patient-oriented composite outcomes in CKD, and (B) 

stent-oriented composite outcomes in CKD. Multivariate adjusted hazard ratio (HR) with 95% 

confidence intervals (CI) and p values are presented. 

CKD=chronic kidney disease; CR=complete revascularization; IR=incomplete 

revascularization. 





 


