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In patients with multivessel (MV) coronary artery disease 
(CAD) (MV-CAD) except for acute myocardial infarction 
(acute MI, AMI) [including acute ST-segment elevation 
MI (STEMI)], the clinical impact of completeness of 
revascularization (RV) in percutaneous coronary intervention 
(PCI) with drug-eluting stents (DES) (DES-PCI) on major 
adverse cardiac (and cerebrovascular) events [MAC(C)E] 
remains unclear. Recently, Chang et al. (1) compared the 
outcomes in patients with MV-CAD achieving complete 
versus incomplete RV (C-RV vs. IC-RV) at the time of 
PCI. This analysis included consecutive 3,901 patients with 
MV-CAD undergoing DES-PCI, and the primary and 
secondary outcomes were all-cause death; and the rates of 
MI, stroke, and repeat RV (R-RV), respectively. Propensity-
score matching was used, and 1,402 pairs of similar baseline 
characteristics in each group of C-RV and IC-RV were 
identified. As compared with C-RV at a median follow-up  
of 4.9 (interquartile range, 2.4 to 7.5) years, IC-RV was 
associated with similar risks of all-cause death [hazard ratio 
(HR), 1.03; 95% confidence interval (CI), 0.80 to 1.32; 
P=0.83], stroke (HR, 1.26; 95% CI, 0.76 to 2.09; P=0.37), 
and R-RV (HR, 1.15; 95% CI, 0.93 to 1.41; P=0.19); but a 
higher risk of MI (HR, 1.86; 95% CI, 1.08 to 3.19; P=0.024). 
As compared with C-RV in patients with MV-CAD  
(except for STEMI) treated with DES-PCI, the authors (1) 
concluded that IC-RV was associated with a similar risk of 
all-cause death but a higher risk of MI during follow-up.

A number of meta-analyses (2-4) have been performed 

to focus C-RV versus IC-RV in PCI or coronary artery bypass 
grafting (CABG) in patients with MVD (except for AMI). In 
unrestricted PCI, the first meta-analysis by Garcia et al. (2) of 
35 studies including 89,883 patients with 4.6±4 years follow-up  
showed that C-RV was associated with lower all-cause 
death [risk ratio (RR), 0.73; 95% CI, 0.65 to 0.82; 
P<0.001], MI (RR, 0.80; 95% CI, 0.71 to 0.91; P=0.001), 
and R-RV (RR, 0.72; 95% CI, 0.63 to 0.81; P<0.001) 
relative to IC-R. In unlimited CABG, however, C-RV 
was associated with lower all-cause death (RR 0.70; 95% 
CI, 0.62 to 0.80; P<0.001); but with neither MI (RR, 
0.69, 95% CI, 0.44 to 1.10; P=0.12) nor R-RV (RR, 0.92; 
95% CI, 0.67 to 1.28; P=0.64) (2). In PCI with stents 
(including not only DES but also bare-metal stents), a 
recent meta-analysis by Zimarino et al. (3) of 28 studies  
including 83,695 patients with 4.7±4.3 years follow-up  
confirmed that C-RV conferred clinical benefits in all-cause 
death (RR, 0.73; 95% CI, 0.64 to 0.82), MI (RR, 0.69; 95% 
CI, 0.59 to 0.82), and R-RV (RR, 0.74; 95% CI, 0.63 to 0.86) 
as compared with IC-R. In CABG with arterial graft(s) in 
≥80% of cases, however, C-RV was associated with reduced 
all-cause death (RR, 0.76; 95% CI, 0.63 to 0.90); but with 
neither MI (RR, 0.89; 95% CI, 0.67 to 1.18) nor R-RV 
(RR, 0.94; 95% CI, 0.65 to 1.36) (3). Another recent meta-
analysis (4) of exclusive adjusted-risk estimates from 14 
studies enrolling 30,389 patients demonstrated a statistically 
significant reduction in follow-up mortality with C-RV 
relative to IC-RV CABG (HR, 0.63; 95% CI, 0.53 to 0.75; 
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P<0.00001).
For MV-CAD (except for AMI), despite evidence from 

the meta-analyses (2-4) regarding impacts of C-RV versus 
IC-RV in PCI (including DES-PCI) and CABG, findings 
concerning effects of RV completeness in exclusive DES-
PCI are limited. Our systematic search using keywords 
including “complete” or “completeness”; “incomplete” or 
“culprit”; “revascularization”; and “drug-eluting” identified 
14 studies (1,5-17) summarized in Tables 1,2. The design of 
all studies was a non-randomized observational study, and 
all but one (13) studies reported adjusted HRs for outcomes 

of interest in “C-RV vs. IC-RV” or “IC-RV vs. C-RV”. 
Nine (1,5-7,9,11,13-15), 5 (6,8,9,16,17), 3 (1,6,11), 2 (1,6), 
5 (1,6,11,13,16), and 11 studies (1,6,8-16) provided HRs 
for all-cause death, cardiac death, MI, stroke, R-RV, and 
MAC(C)E, respectively. In 5 (5-7,14,15) of the 9 studies, 
C-RV was associated with reduced all-cause death. In all 
but one (9) of the 5 studies, C-RV was associated with 
reduced cardiac death. In one (1) of the 3 studies, C-RV 
was associated with reduced MI. Only two studies (1,6) 
reported no association of C-RV with stroke. In 3 (11,13,16) 
of the 5 studies, C-RV was associated with reduced R-RV.  

Table 1 Design of major studies of complete versus incomplete revascularization (C-RV versus IC-RV) in percutaneous coronary intervention (PCI) with drug-eluting 
stents (DES) for multivessel coronary artery disease (MV-CAD)

Study (reference) Inclusion Exclusion Adjustment Patient number Follow-up

Chang 2016 (1) Unselected, real-world 
population

Acute STEMI  
within 24 hours

PSM 2,804 Median,  
4.9 (IQR, 2.4–7.5) years

Toma 2016 (5) Elective and successful PCI 
for CTO

– MCPHR 1,662 (MV-CAD,  
80.1%; DES, 95.4%)

Median, 2.6 (IQR, 1.1–3.1) years 
(2,002 original-cohort patients)

Sohn 2014 (6) Chronic LV systolic 
dysfunction

Acute MI WCPHR with 
IPTW

263 Median,  
40 (IQR, 20–66) months

Wu 2013 (7) PCI with DES or BMS Acute MI within  
24 hours

PSM 13,022 (BMS only, 5.6%) Median,  
3.9 (IQR, 3.4–4.6) years

Gao 2013 (8) PCI with DES or BMS Acute MI within  
24 hours

MCPHR 7,065 (BMS only, 12.3%) Mean, 16 months

Chung 2012 (9) Successful PCI Acute STEMI PSM + MCPHR 550 Median,  
3.9 (IQR, 3.1–4.8) years 

SYNTAX (Head)  
2012 (10)

De novo LMD and/or TVD Acute MI MCPHR 896 (LMD only or  
LMD + SVD, 11.9%)

3 years

Song 2012 (11) (PCI with DES for MV-CAD) STEMI PSM + MCPHR 510 Median,  
35 (IQR, 29–42) months

Kim 2011 (12) (PCI with DES for MV-CAD) Acute MI within  
24 hours

WCPHR with 
IPTW

1,400 5 years

ARTS-II (Sarno)  
2010 (13)

Stable angina, unstable 
angina, or silent ischemia

Transmural MI in the 
preceding week

None 588 5 years

AUTAX (Gyöngyösi) 
2009 (14)

Stable angina, unstable 
angina or non–STEMI

STEMI within  
48 hours

MCPHR 441 2 years

Hannan 2009 (15) (PCI for MV-CAD) Acute MI within  
24 hours

MCPHR 11,294 (BMS only, 
12.0%)

18 months

9,936 (at least one DES)

Tamburino 2008 (16) (PCI with DES for MV-CAD) – PSM + MCPHR 273 (acute MI within  
24 hours, 12.6% of 508 
original-cohort patients)

Median,  
26.2 (IQR, 22.2–36.3) months

Valenti 2008 (17) PCI with DES for at least one 
CTO

– MCPHR 486 (MV-CAD, 85.6%; 
acute STEMI, 10.7%)

Median,  
2.0 (IQR, 1.1–2.8) years 

ARTS-II, part-II Arterial Revascularisation Therapies; AUTAX, Austrian Multivessel TAXUS-Stent; BMS, bare-metal stent; CPHR, Cox proportional hazards 
regression; CTO, chronic total occlusion; IPTW, inverse-probability-of-treatment weighting; IQR, interquartile range; LMD, left main disease; LV, left ventricular; MI, 
myocardial infarction; MCPHR, multivariable CPHR; PSM, propensity-score matching; STEMI, ST-segment elevation MI; SVD, single-vessel disease; SYNTAX, 
Synergy between PCI with TAXUS and Cardiac Surgery; TVD, triple-vessel disease; WMCPHR, Weighted CPHR.
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Figure 1 Important subgroup analyses in studies of complete versus incomplete revascularization in percutaneous coronary intervention 
with drug-eluting stents for multivessel coronary artery disease (except for acute myocardial infarction).

In 8 (6,9-11,13-16) of the 11 studies, C-RV was associated 
with reduced MAC(C)E.

There were a number of important issues, however, in 
the aforementioned studies (1,5-17) of C-RV versus IC-RV  
in DES-PCI for MV-CAD (except for AMI) (Figure 1).  
First, “angiographic” (successful angioplasty of all diseased 
lesions in the major epicardial coronary vessels and 
their first degree side branches) and “proximal” C-RV 
definitions (successful angioplasty of all diseased proximal 
arteries) according to a study by Kim et al. (18) are more 
accurate and clinically relevant. In a study by Gao et al. (8), 
although angiographic IC-RV (not meeting the definition 
of angiographic C-RV) was associated with a higher rate of 
cardiac death (P=0.04), proximal IC-RV (not meeting the 
definition of proximal C-RV) was not (P=0.08).

Second, although the angiographic Synergy between PCI 
with Taxus and Cardiac Surgery (SYNTAX) score (19) is 
used to assess the complexity of CAD, the Alberta Provincial 
Project for Outcome Assessment in Coronary Heart Disease 

(APPROACH) lesion score (20) is calculated to assess the 
amount of myocardium at risk. In a study by Song et al. (11),  
the incidence of MACE was significantly lower in the 
C-RV group than in the IC-RV group for patients with an 
APPROACH lesion score ≥60 points (HR for C-RV vs.  
IC-RV, 0.41; 95% CI, 0.26 to 0.63); but not for those with 
that <60 points (HR, 0.67; 95% CI, 0.42 to 1.08).

Third, the impact of the completeness of PCI may be 
based on presence of proximal left anterior descending artery 
(LAD) stenosis. In the study by Chang et al. (1), the group 
without proximal LAD stenosis suggests better survival 
with C-RV (HR for IC-RV versus C-RV, 2.08; 95% CI,  
1.20 to 3.59) than that with proximal LAD stenosis 
(HR, 1.66; 95% CI, 0.79 to 3.51) (1). Also in a study by  
Wu et al. (7), IC-RV was associated with significantly 
greater risk of death than C-RV in the group without 
proximal LAD stenosis (P=0.003); but not in that with 
proximal LAD stenosis (P=0.30).

Fourth, persistent chronic total occlusion (CTO) 
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lesions are associated with significantly worse survival than 
persistent non-occlusive coronary lesions. Within the group 
of IC-RV in a study by Toma et al. (5), mortality differed 
significantly depending on whether the IC-RV involved 
CTO (HR for IC-RV with succeed versus failed CTO, 
0.67; 95% CI, 0.50 to 0.92; P=0.012). Whereas, in the study 
by Wu et al. (7), IC-RV was associated with significantly 
greater risk of death than C-RV in the group without CTO 
(P=0.004); but not in that with CTO (P=0.24).

Fifth, IC-RV may sometimes be justified in patients with 
CTO (in danger of having worse longer-term outcomes) 
when there is no viable myocardium to be preserved. In 
a study by Hannan et al. (15), IC-RV was associated with 
significantly higher mortality in patients with single-vessel 
(SV) IC-RV without CTO (P=0.03) and those with MV 
IC-RV with CTO (P=0.002); but in neither those with SV 
IC-RV with CTO (P=0.39) nor those with MV IC-RV 
without CTO (P=0.26). IC-RV was also associated with 
significantly higher mortality/MI rates in patients with 
SV IC-RV without CTO (P=0.02), those with MV IC-RV 
without CTO (P=0.03), and those with MV IC-RV with 
CTO (P<0.001); but not in those with SV IC-RV with 
CTO (P=0.24). These results suggest that although the 
benefit of C-RV is highest for patients with MV IC-RV and 
CTO, those with SV IC-RV and no CTO have significantly 
higher mortality and mortality/MI than C-RV patients do, 
and those with MV IC-RV and no CTO have significantly 
higher mortality/MI than C-RV ones do (18). Meanwhile, 
in the study by Gao et al. (8), angiographic IC-RV patients 
had significantly higher rates of cardiac death for SV IC-RV 
with CTO (P=0.04) and MV IC-RV with CTO (P=0.007); 
but for neither SV IC-RV without CTO (P=0.20) nor MV 
IC-RV without CTO (P=0.38). Whereas, proximal IC-RV  
was associated with significantly higher rates of cardiac 
death only for MV IC-RV with CTO (P=0.005); but not for 
SV IC-RV without CTO (P=0.47), SV IC-RV with CTO 
(P=0.09), and MV IC-RV without CTO (P=0.70) (8).

Sixth, improvement of left ventricular (LV) ejection 
fraction (LVEF) by reduction of ischemic burden after C-RV 
could possibly contribute to the decline of mortality in 
long-term follow up. In a study by Sohn et al. (6), although 
the rate of MACCE for patients with LVEF <35% was 
significantly lower in the C-RV group (HR, 0.51; 95% CI, 
0.27 to 0.96), that for those with LVEF ≥35% (and <50% 
of inclusion criteria) was not (HR, 0.84; 95% CI, 0.51 
to 1.38). Meanwhile, in the study by Song et al. (11), the 
incidence of MACE was significantly lower in the C-RV 
group than in the IC-RV group for patients with LVEF 

≥50% (HR for C-RV versus IC-RV, 0.47; 95% CI, 0.32 to 
0.68); but not for those with LVEF <50% (HR, 0.77; 95% 
CI, 0.38 to 1.58). Silent ischemia might mask the need for 
RV in ischemia-driven PCI, which is a possible explanation 
for the attenuation of the C-RV effect in patients with LV 
dysfunction.

Last, diabetes mellitus (DM) is an independent predictor 
of target-vessel RV after DES-PCI (21), which may 
attenuate the benefit of C-RV. In the study by Sohn et al. (6), 
although the rate of MACCE for patients without DM was 
significantly lower in the C-RV group (HR for C-RV vs. 
IC-RV, 0.56; 95% CI, 0.32 to 0.99), that for those with DM 
was not (HR, 0.80; 95% CI, 0.47 to 1.35). Also in the study 
by Song et al. (11), the incidence of MACE was significantly 
lower in the C-RV group than in the IC-RV group for 
patients without DM (HR for C-RV vs. IC-RV, 0.46; 95% 
CI, 0.30 to 0.69); but not for those with DM (HR, 0.66; 
95% CI, 0.39 to 1.12).

To investigate aforementioned important issues, further 
studies of C-RV versus IC-RV in DES-PCI for MV-CAD 
(except for AMI) should be required. Furthermore, to 
determine whether C-RV is associated with reduced all-cause 
death, cardiac death, MI, stroke, R-RV, or MAC(C)E, a meta-
analysis of currently available studies would be performed.
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