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Abstract

The therapeutic effects of reperfusion strategies with complete revascularization (CR) or incomplete revascularization
(IR) in non-ST segment myocardial infarction (NSTEMI) patients with multivessel disease (MVD) are controversial. In
such patients, whether utilization of different generations of drug-eluting stents (DES) for IR or CR affect long-term major
adverse cardiovascular events (MACE) is unknown. This study included 702 NSTEMI patients with MVD who received
first-generation (1G) or second-generation (2G) DES. In multivariable analysis, chronic kidney disease, chronic total, 1G
DES and IR were independent predictors of long-term MACE. In patients receiving 1G DES, no significant differences of
MACE were observed between the IR and CR groups (39.1% vs. 36.2%, p=0.854). However, in patients receiving 2G DES,
significantly fewer MACE were observed in the CR group than in the IR group (3.7% vs. 10.2%, p=0.002). Compared with
patients receiving 1G DES for IR, those receiving 2G DES for IR and CR exhibited significantly lower risk of MACE (59%
and 83% lower, respectively). CR could not provide clinical benefits over IR in NSTEMI patients with MVD receiving 1G
DES. However, in patients receiving 2G DES, compared with IR, CR was associated with a lower risk of long-term MACE,
which was mainly caused by low rates of non-TLR and any revascularization.

Keywords Complete revascularization - First generation - Second generation - Drug-eluting stents - Non-ST segment
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Introduction

Multivessel disease (MVD) is present in about half of
patients with non-ST segment elevation myocardial infarc-
tion (NSTEMI) [1]. According to clinical guidelines, coro-
nary artery bypass grafting (CABG) is recommended for
coronary revascularization in MVD [2, 3]. However, patients
with NSTEMI often present with high-risk factors for sur-
gery such as old age and left ventricular dysfunction. Moreo-
ver, with advancements in techniques and designs of devices
for percutaneous coronary intervention (PCI), the propor-
tion of NSTEMI patients with MVD undergoing PCI has
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increased in the recent years, whereas the proportion of such
patients undergoing CABG has decreased [4]. The main
advantage of CABG over PCl is extensive revascularization
[5]. Therefore, in NSTEMI patients with MVD undergoing
PCI, it is reasonable to pursue complete revascularization
(CR) rather than culprit-only or incomplete revasculariza-
tion (IR).

However, randomized studies addressing optimal PCI
reperfusion strategies (CR or IR) in NSTEMI patients with
MYVD are scant. Some observational studies have concluded
that CR yields more favorable clinical outcomes than IR;
however, some studies have not obtained such a finding
[6-11]. Kim et al. showed that NSTEMI patients with MVD
receiving CR have significantly lower risk of death, myocar-
dial infarction (MI), and non-target lesion revascularization
(non-TLR) than those receiving IR [8]. However, a recent
meta-analysis demonstrated that in NSTEMI patients with
MVD, routine multivessel CR did not appear to provide a
clinical benefit over culprit-only IR [12]. In most related
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studies, bare-metal stent (BMS) or first-generation (1G)
drug-eluting stent (DES) has been used for analysis. How-
ever, it is well known that second-generation (2G) DES,
which possesses new metal and polymer designs, yields
more favorable clinical outcomes than do BMS and 1G DES
[13—15]. Therefore, in this study, we analyzed the long-term
clinical outcomes of different generations of DES (1G and
2G) and reperfusion strategies (IR and CR) in NSTEMI
patients with MVD.

Materials and methods
Study population

This study analyzed NSTEMI patients with MVD who
underwent DES implantations between April 2005 and April
2016 from the Cardiovascular Atherosclerosis and Percu-
taneous TrAnsluminal INterventions (CAPTAIN) registry.
The inclusion criteria for stenting were as follows: evidence
of myocardial ischemia or infarction and > 50% stenosis in
a native coronary artery suitable for stenting. The exclusion
criteria were as follows: STEMI, receipt of BMS for revascu-
larization, receipt of mixed 1G and 2G DES, MVD patients
who received bypass surgery, intolerance to dual antiplatelet
therapy, and inability to follow the study protocol. Dual anti-
platelet therapy (DAPT) with aspirin and a P2Y 12 inhibitor
(clopidogrel or ticagrelor) was administered to all enrolled
patients for at least 9 months. Ethical approval for this study
was obtained from the Institutional Review Board of Chang
Gung Medical Foundation. In addition to providing consent
to publish case details, all patients provided informed con-
sent to undergo PCI and the follow-up protocol.

Interventional procedures, definitions, and clinical
follow-up

All stent implantations were performed using the radial or
femoral artery approach according to standard techniques.
For lesions with very narrow diameters (>70% stenosis),
predilations were performed using undersized balloons.
Selection of stent type was left to the operator’s discretion
and primarily based on available stent sizes. The 1G DESs
used in the present study are outlined as follows: Cypher
(Johnson and Johnson, Warren, NJ, USA) or TAXUS (Bos-
ton Scientific, Natick, MA, USA). The 2G DESs used in
the present study were Promus (Boston Scientific, Natick,
MA, USA), Endeavor and Resolute (Medtronic, Minne-
apolis, MD, USA), Xience (Abbott Vascular, Santa Clara,
CA, USA), Biomatrix (Biosensor, Singapore), and Nobori
(TERUMO, Tokyo, Japan). A review of medical records was
conducted to obtain information on clinical status, medical
management, and occurrence of any adverse event for all
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patients. The patients were clinically followed up through
outpatient visits or telephone contact; follow-up was sched-
uled at 1, 2, 3, 6, 9, and 12 months after the procedure and
every 3 months thereafter.

Angiographic MVD was defined as the presence of > 50%
stenosis in at least two major coronary vessels or their major
branches. Angiographic CR was defined as >50% stenosis
in a segment of at least 2.25-mm diameter that was success-
fully treated during index hospitalization or staged electively
within 30 days after discharge from index hospitalization.
To define CR, the cutoff value of the segment diameter was
determined based on the smallest diameter of the currently
available DESs. Long-term major adverse cardiovascular
events (MACE) during follow-up included cardiac death,
recurrent MI, and any revascularization, including TLR and
non-TLR. Recurrent MI was diagnosed if a patient experi-
enced prolonged chest pain for more than 30 min, ST seg-
ment elevation or depression of at least 0.2 mV in at least
two contiguous electrocardiogram leads, and significantly
elevated levels of cardiac enzymes.

Statistical analysis

All results are presented as means + standard deviations or
percentages, and categorical data are presented as numbers.
The normality of all variables was analyzed. For continuous
data, the groups were compared using a ¢ test or Wilcoxon
rank-sum test based on the distribution. Categorical vari-
ables were compared using the Chi-squared test. A multi-
variable logistic regression model was used to identify the
independent predictors of MACE. Survival curves for all
groups were generated and compared using an adjusted Cox
regression model. All statistical analyses were performed
using SPSS 17.0 for Windows.

Results
Baseline characteristics

A total of 702 NSTEMI patients with MVD receiving either
1G or 2G DES were enrolled in this study. The baseline
characteristics of the study population are shown in Table 1.
The mean age was 64.2 +11.8 years. Moreover, 77.2% of
the patients were men, 40.2% had diabetes mellitus (DM),
20.4% had chronic kidney disease (CKD), 49.1% had triple-
vessel disease, and 10.5% had chronic total occlusion (CTO)
lesions; 575 (82%) patients received 2G DES and 358 (51%)
patients achieved CR. The patients were divided into IR and
CR groups; for almost all clinical characteristics, no signifi-
cant differences were observed between the IR and CR groups,
except that the IR group had a lower left ventricular ejection
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Table.1 Baseline Fharacteristics Total IR CR p value
of patients according to
revascularization strategy Patient number, 7 702 344 358
Risk factors and medical history
Age, years old 642+ 11.8 64.6 +11.9 63.7+11.6 0.319
Male, n (%) 542 (77.2) 262 (76.2) 280 (78.2) 0.530
Diabetes mellitus, 1 (%) 282 (40.2) 139 (40.4) 143 (39.9) 0.939
Hypertension, n (%) 483 (68.8) 243 (70.6) 240 (67.0) 0.328
Dyslipidemia, n (%) 304 (43.3) 157 (45.6) 147 (41.1) 0.224
Smoking, n (%) 218 (31.1) 111 (32.3) 107 (29.9) 0.515
Family history of CAD, n (%) 13 (1.9) 4(1.2) 9(2.5) 0.264
Previous ML, n (%) 8(1.1) 2 (0.6) 6(1.7) 0.287
Previous stroke, n (%) 52(7.4) 31 (9.0) 21 (5.9) 0.116
CKD, n (%) 143 (20.4) 87 (25.3) 56 (15.6) 0.002
Cardiogenic shock, n (%) 28 (4.0) 19 (5.5) 9(2.5) 0.053
LVEF, % 58.9 +13.2 57.6 +12.3 60.0 +11.8 0.013
Angiographic finding
Triple-vessel disease, n (%) 345 (49.1) 215 (62.5) 130 (36.3) < 0.001
Calcified lesion, n (%) 203 (28.9) 102 (27.9) 101 (28.2) 0.678
Ostial lesion, n (%) 100 (14.2) 47 (13.7) 53 (14.8) 0.746
Bifurcation lesion, n (%) 86 (12.3) 44 (12.8) 42 (11.7) 0.730
CTO, n (%) 74 (10.5) 36 (10.5) 38 (10.8) 1.000
DES generation
1G/2G DES, n/n 127/575 69/275 58/300 0.203

1G first generation, 2G second generation, CAD coronary artery disease, CKD chronic kidney disease, CR
complete revascularization, CTO chronic total occlusion, DES drug-eluting stent, /R incomplete revascu-
larization, LVEF left ventricular ejection fraction, MI myocardial infarction

fraction (LVEF) and more cases of CKD and triple-vessel dis-
ease than did the CR group.

Independent predictors of MACE

The multivariable logistic regression model revealed that the
following 19 potential covariates were independent predictors
of long-term outcomes: age > 65 years, sex, hypertension, DM,
smoking, dyslipidemia, family history of coronary artery dis-
ease (CAD), CKD, previous MI, previous stroke, triple- versus
two-vessel CAD, cardiogenic shock, LVEF <40%, 1G DES
versus 2G DES, IR versus CR, a calcified lesion, a bifurcation
lesion, an ostial lesion, and a CTO lesion. The independent
prognostic predictors of long-term MACE were CKD [Odds
ratio (OR): 2.48; 95% confidence interval (CI): 1.59-3.88;
p<0.001], CTO (OR 1.91; 95% CI 1.01-3.60; p=0.048), 1G
DES (OR 3.35; 95% CI 2.14-5.24; p<0.001), and IR (OR
1.75;95% CI 1.10-2.79; p=0.019) (Table 2).

Subgroup analysis stratified based on clinical
characteristics

As shown in Table 3, all patients receiving 1G or 2G DES
were further divided into four subgroups: IR combined with

Table 2 Multivariate analysis to predict long-term MACE using a
logistic regression model

Odds ratio 95% CI p value

Risk factors and medical history

CKD 2.48 1.59-3.88 < 0.001
Angiographic finding

CTO 1.91 1.01-3.60 0.048
Treatment strategy

1G vs. 2G DES 3.35 2.14-5.24 < 0.001

IR vs. CR 1.75 1.10-2.79 0.019

1G first generation, 2G second generation, CI confidence interval,
CKD chronic kidney disease, CR complete revascularization, CTO
chronic total occlusion, DES drug-eluting stent, /R incomplete revas-
cularization, MACE major adverse cardiovascular events

1G DES (n=69), CR combined with 1G DES (n=58), IR
combined with 2G DES (n=275), and CR combined with
2G DES (n=300). The IR and CR subgroups receiving
1G DES did not differ significantly in terms of age, sex,
DM, hypertension, dyslipidemia, smoking, family history
of CAD, previous MI, previous stroke, CKD, cardiogenic
shock, LVEEF, a calcified lesion, an ostial lesion, a bifurca-
tion lesion, a CTO lesion or DAPT. More patients in the IR
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Table 3 Subgroups stratified

. . 1G DES 2G DES

according to DES generation

and reperfusion strategy IR CR pvalue IR CR p value
Patient number, n 69 58 275 300
Age, years old 63.6+12.1 61.3+12.1 0290 649+119 642+11.5 0489
Male, n (%) 53(76.8) 44 (75.9) 1.000 209 (76.0) 236 (78.7) 0.485
Diabetes, n (%) 30 (43.5)  25(43.1) 1.000 109 (39.6) 118 (39.3) 1.000
Hypertension, n (%) 46 (66.7) 42 (72.4) 0.564 197 (71.6) 198 (66.0) 0.151
Dyslipidemia, n (%) 35(50.7)  33(56.9) 0.592 122 (44.4) 114(38.0) 0.127
Smoking, n (%) 35(50.7)  22(37.9) 0.157 76 (27.6) 85(28.3) 0.926
Family history of CAD, n (%) 2(2.9) 2(3.4) 1.000 2(0.7) 7(2.3) 0.180
Previous ML, n (%) 2(2.9) 2(3.4) 1.000 0 (0.0) 4(1.3) 0.125
Previous stroke, n (%) 5(7.2) 3(5.2) 0.726 26 (9.5) 18 (6.0) 0.157
CKD, n (%) 16 (23.2) 11 (19.0) 0.665 71(25.8) 45(15.0) 0.002
Cardiogenic shock, n (%) 4(5.8) 4(6.9) 1.000 15(5.5) 5(L.7) 0.021
Triple vessel, n (%) 47 (68.1) 19 (32.8) <0.001 168 (61.1) 111(37.0) <0.001
LVEF, % 534+10.7 548+124 0503 58.8+125 61.1+114  0.035
Calcified, n (%) 13 (18.8) 12 (20.7) 0.826 89(324) 89(29.7) 0.528
Ostial, n (%) 7(10.1) 7(12.1) 0.781 40(14.5) 46 (15.3) 0.816
Bifurcation, n (%) 8 (11.6) 5(8.6) 0.770 36 (13.1) 37 (12.3) 0.803
CTO, n (%) 3(4.3) 5(8.6) 0468 33(12.0) 33(11.0) 0.794
DAPT 1.000 0.510

Aspirin and clopidogrel, n (%) 69 (100) 58 (100) 247 (89.8) 264 (88.0)
Aspirin and ticagrelor, n (%) 0 (0.0) 0(0.0) 28 (10.2) 36 (12.0)

1G first generation, 2G second generation, CAD coronary artery disease, CKD chronic kidney disease, CR
complete revascularization, CTO chronic total occlusion, DAPT dual antiplatelet therapy, DES drug-eluting
stent, /R incomplete revascularization, LVEF left ventricular ejection fraction, MI myocardial infarction

combined with 1G DES subgroup had triple-vessel disease
(68.1% vs. 32.8%, p<0.001) than in the CR combined with
1G DES subgroup. The IR and CR subgroups receiving
2G DES did not differ significantly in terms of age, sex,
DM, hypertension, dyslipidemia, smoking, family history
of CAD, previous MI, previous stroke, a calcified lesion, an
ostial lesion, a bifurcation lesion, a CTO lesion or DAPT.
More patients in the IR combined with 2G DES subgroup
had CKD (25.8% vs. 15.0%, p=0.002), cardiogenic shock
(5.5% vs. 1.7%, p=0.021), triple-vessel disease (61.1% vs.
37.0%, p<0.001), and decreased LVEF (58.8 +12.5% vs.
61.1+11.4%, p=0.035) than in the CR combined with 2G
DES subgroup.

Long-term outcomes

During a follow-up period of 37 +31 months, 87 (12.4%)
patients experienced MACE. In general, patients receiv-
ing 2G DES had lower rates of MACE (6.8% vs. 37.8%,
p<0.001), cardiac death (1.7% vs. 15%, p<0.001), recurrent
MI (1.0% vs. 11.0%, p<0.001), any revascularization (5.2%
vs. 19.7%, p<0.001), non-TLR (3.1% vs. 8.7%, p=0.011),
and TLR (2.8% vs. 13.4%, p<0.001) than those receiving
1G DES. The clinical outcomes of the four subgroups are
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shown in Fig. 1. In patients receiving 1G DES, the long-
term risk of TLR was significantly higher in the CR group
than in the IR group (20.2% vs. 7.2%, p=0.036), and no
significant differences were observed for non-TLR (11.6%
vs. 5.2%, p=0.226), any revascularization (18.8% vs. 20.7%,
p=0.826), recurrent MI (13% vs. 8.6%, p=0.572), cardiac
death (18.8% vs. 10.3%, p=0.218), or total MACE (39.1%
vs. 36.2%, p=0.854) between the IR and CR subgroups. In
patients receiving 2G DES, no significant differences were
observed for TLR (3.3% vs. 2.3%, p=0.614), recurrent MI
(1.1% vs. 1%, p=1.000), or cardiac death (2.5% vs. 1%,
p=0.206) between the IR and CR subgroups. However, the
patients receiving 2G DES in the CR subgroup had more
favorable outcomes for non-TLR (0.7% vs. 5.8%, p <0.001)
and any revascularization (2.7% vs. 8.0%, p=0.005) than
those in the IR subgroup; this translated to a lower rate of
total MACE (3.7% vs. 10.2%, p=0.002) in patients receiv-
ing 2G DES in the CR subgroup than in those receiving 2G
DES in the IR subgroup.

As shown in Fig. 2, to eliminate the confounding effects
of clinical covariates in the four subgroups, potential clinical
covariates, namely age > 65 years, sex, hypertension, DM,
smoking, dyslipidemia, family history of CAD, previous MI,
previous stroke, CKD, cardiogenic shock, and triple-vessel
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Fig.2 Survival curves for NSTEMI patients with MVD from a Cox
proportional hazard model for four subgroups. /G first generation, 2G
second generation, CR complete revascularization, DES drug-eluting
stent, HR hazard ratio, /R incomplete revascularization, MVD multi-
vessel disease, NSTEMI non-ST segment elevation myocardial infarc-
tion

The major findings of this study are as follows: (1) NSTEMI
patients with MVD receiving 2G DES for revasculariza-
tion had more favorable long-term outcomes than did those
receiving 1G DES for revascularization. (2) In NSTEMI
patients with MVD receiving 1G DES for revascularization,
CR did not result in significantly better clinical outcomes
than did IR after long-term follow-up. (3) In NSTEMI,
patients receiving 2G DES, CR was associated with a lower
risk of long-term non-TLR, any revascularization, and
MACE than was IR. To the best of our knowledge, this was
the first study to compare 1G and 2G DES implantation in
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NSTEMI patients with MVD. In addition, the current study
had a longer follow-up period than those in previous related
studies, and thus the clinical outcomes of 2G DES for CR
were verified.

It is known that compared with 2G DES treatment, 1G
DES treatment has unfavorable outcomes such as late stent
thrombosis, in-stent restenosis, and late catch up, particu-
larly in patients with acute coronary syndrome, complex
lesions, and diabetes and elderly patients [16—19]. One study
showed that over a 10-year follow-up, the annual MACE rate
in patients receiving 1G DES was consistent and did not
decrease over time as has been observed in patients receiv-
ing 2G DES [20, 21]. A recent optical coherence tomog-
raphy study showed that compared with patients receiving
2G DES, those receiving 1G DES had a longer lipid length,
larger lipid arc, greater prevalence of the 360° lipid arc,
and thinner fibrous cap, resulting in more unstable neoath-
erosclerosis over time [22]. These results have been con-
firmed by previous reports that 1G DES use is associated
with greater atherosclerosis progression than is 2G DES use
after long-term follow-up [16—19]. Therefore, in NSTEMI
patients with MVD, the clinical efficacy of 2G DES is better
than that of 1G DES in terms of TLR, non-TLR, recurrent
MI, cardiovascular death, and MACE.

Most studies addressing the issue of CR and IR in
NSTEMI patients with MVD are observational studies, and
most of their follow-up durations are approximately 1 year
[6-11]. Hassanin et al. utilized the Acute Catheterisation
and Urgent Intervention Triage StrategY (ACUITY) ran-
domized study database to analyze the outcomes of 2255
patients with MVD who underwent single-vessel PCI (IR)
and 609 patients who underwent MV PCI (CR) in the set-
ting of NSTEMI [11]. Compared with IR, a negative benefit
of CR was found. In the ACUITY trial, selection of stent
type was dependent on the operator’s choice, and 65% of
the patients received DES [23]. Because the ACUITY trial
was performed from August 2003 to December 2005, it is
reasonable to speculate that BMS or 1G DES was used. To
achieve CR, patients may receive more and longer stent
implantation. Theoretically, patients receiving CR have
a higher risk of TLR than those receiving IR because the
stents used in angioplasty are associated with a high event
rate. The findings of the current study proved this hypoth-
esis and showed that patients who received 1G DES had a
significantly higher risk of TLR in those who achieved CR
than those who achieved IR (20.2% vs. 7.2%, p=0.036) after
more than 3 years of follow-up. However, because of the
progression of residual coronary lesions, patients with IR
have a higher risk of non-TLR than do those with CR; there-
fore, use of old generations of stents may result in a higher
TLR rate, which would negate the benefits of CR. This may
explain why CR did not have clear clinical benefits over IR
in Hassanin’s post hoc analysis [11].
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The clinical efficacy of different generations of DES
applied for different reperfusion strategies (CR or IR)
has not been discussed in detail in previous studies. Kim
et al. conducted a nationwide registry-based study of
patients who received mixed BMS, 1G DES, and 2G DES
from November 2005 to January 2008. The researchers
only reported that DES was used in more than 90% of
the patients and that CR could reduce the occurrences of
non-TLR, recurrent MI, death, and MACE after 1-year of
follow-up [8]. Lee et al. conducted a single-center obser-
vational study of patients who received both 1G and 2G
DES from April 2003 to December 2006 and compared
the clinical outcomes of IR and CR in NSTEMI patients
with MVD during a median follow-up of 36 months [9].
The researchers reported that the CR group had lower 1G
DES use than did the IR group (76% vs. 92.5%, p=0.01)
and found that the CR group had a lower incidence of
revascularization after a 3-year follow-up period than did
the IR group. The present study had a long (mean) follow-
up period of 37 + 31 months, and the results demonstrated
that 2G DES, with a more effective stent design, used in
both the IR and CR groups resulted in very low incidences
of TLR; no significant difference was observed between
the two groups (3.3% vs. 2.3%, p=0.614). However,
because of the progression of residual coronary lesions,
patients receiving 2G DES in the IR group had a higher
risk of non-TLR than did those in the CR group (5.8% vs.
0.7%, p <0.001); therefore, patients receiving 2G DES in
the CR group had a lower risk of stent-related TLR and
fewer residual lesions with lower non-TLR, which trans-
lated to lower risks of any revascularization (2.7% vs.
8.0%, p=0.005) and MACE (3.7% vs. 10.2%, p=0.002)
in these patients than in those receiving 2G DES in the
IR group.

This prospective observational study had several limita-
tions. First, the definition of CR in this study was determined
based on anatomic criteria instead of functional criteria
(such as fractional flow reserve). Second, DAPT with aspi-
rin and a P2Y12 inhibitor has been the standard therapy for
acute coronary syndrome. Using new generation of P2Y 12
inhibitors such as ticagrelor or prasugrel had more favorable
clinical outcomes than clopidogrel for acute coronary syn-
drome patients in clinical trials [24, 25]. However, in our
hospital, ticagrelor launched since April 2014 and prasugrel
is not yet available. Therefore, DAPT with aspirin and clopi-
dogrel was used in most patients in this study. In addition, no
data risk factor control, and patient compliance were avail-
able; these may have influenced the present results. Third,
this study used a real-world registry. Although adjustment
for confounding factors was performed, confounding effects
may have resulted in bias in the study results. Additional
large, prospective, randomized trials are warranted to con-
firm the benefits of CR in similar clinical settings.
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Conclusions

CR could not provide clinical benefits over IR in NSTEMI
patients with MVD receiving 1G DES. In patients receiving
2G DES, compared with IR, CR was associated with a lower
risk of long-term MACE, which was mainly caused by low
rates of non-TLR and any revascularization.
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