










non-statistically significant, was seen among patients with
NSTEMI, and the interaction P value was not significant at
0.20 (Table SI). Readmission risk at 1 year was not signifi-
cantly different between multivessel and culprit-only PCI,
regardless of STEMI (adjusted HR, 0.91; 95% CI, 0.75–1.11)
versus NSTEMI (adjusted HR, 0.95; 95% CI, 0.83–1.08;
interaction P=0.73).

Quality-of-Life Outcomes at 6 Weeks and 1 Year
Scores for the Seattle Angina Questionnaire angina frequency
scale, as well as the EQ-5D visual analogue scale, values are
shown in Table 4. There were no significant differences in the
Seattle Angina Questionnaire angina frequency score between
the multivessel PCI and culprit-only PCI groups at 6 weeks,

Figure 2. Cumulative incidence of major adverse cardiovascular events (MACEs) within
1 year of index percutaneous coronary intervention (PCI). HR indicates hazard ratio.

Figure 1. Cumulative incidence of major adverse cardiovascular events (MACEs) within
6 weeks of index percutaneous coronary intervention (PCI). HR indicates hazard ratio.
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with an unadjusted proportional odds ratio (OR) of 0.91 (95%
CI, 0.78–1.06) and an IPW-adjusted proportional OR of 0.91
(95% CI, 0.76–1.10). At 1 year, angina frequency rates were
also similar in the 2 groups, with unadjusted reported angina
rates of 78% versus 80% no angina, 18% versus 16% monthly,
and 5% versus 5% daily/weekly for multivessel PCI versus
culprit-only PCI, respectively (P=0.33), yielding an IPW-
adjusted proportional OR of 1.01 (95% CI, 0.82–1.24).
EQ-5D scores were also similar in both the multivessel and
culprit-only PCI groups at 6 weeks, with a median EQ-5D
score (with US weights) of 0.84 (Q1–Q3, 0.78–1.00), and at
1 year, with a median EQ-5D score of 0.84 (Q1–Q3, 0.80–
1.00). The IPW-adjusted linear regression estimate was
0.0104 (P=0.16) at 6 weeks and �0.0041 (P=0.58) at
1 year. Furthermore, EQ-5D visual analogue scale scores
were similar in both groups at 6 weeks, with a median EQ-5D
score of 75 (Q1–Q3, 60–85), and at 1 year, with a median EQ-
5D score of 75 (Q1–Q3, 65–88). When patients with STEMI or
NSTEMI were analyzed separately, there was no significant
difference in angina frequency at 1 year between multivessel
and culprit-only PCI strategies (adjusted OR, 1.05 [95% CI,

0.74–1.49] for patients with STEMI; adjusted OR, 0.98 [95%
CI, 0.79–1.20] for patients with NSTEMI).

Discussion
Our study examined the association between revasculariza-
tion strategy (multivessel versus culprit-only PCI) and clinical
outcomes, as well as quality of life, in patients with acute MI.
Several key findings can be ascertained from the results. In
this contemporary study, 26% of patients with NSTEMI and
13% of patients with STEMI underwent multivessel PCI during
the index procedure. Consistent with recent randomized trials,
multivessel PCI was associated with a lower risk of short- and
long-term MACEs, which was largely driven by a lower risk of
symptom-driven unplanned coronary revascularization. Our
study also showed multivessel PCI to be associated with a
lower risk of unplanned rehospitalizations within 6 weeks of
hospital discharge compared with culprit-only PCI. Nonethe-
less, there were no significant differences in short- or long-
term angina frequency and quality of life between patients
treated with multivessel versus culprit-only PCI.

The rate of multivessel PCI in this all-age patient population
is concordant with recently published data from the National
Cardiovascular Data Registry,22 showing that 1 in 10 patients
with STEMI and 1 in 4 patients with NSTEMI with multivessel
disease received multivessel PCI.22 The higher rate of
multivessel PCI in patients with NSTEMI may be because of
the perceived harm of multivessel PCI in patients with STEMI
during the study period (2010–2012). Recent randomized
trials showed a reduction in unplanned revascularization and
adverse cardiovascular events, including death from cardiac
causes, nonfatal MI, and refractory angina, with a multivessel
PCI strategy during the index event among patients seen with
STEMI. In the PRAMI (Preventative Angioplasty in Acute
Myocardial Infarction)14 study, patients who underwent
multivessel PCI had lower rates of MACEs (HR, 0.35; 95%
CI, 0.21–0.58). Although not included as a primary outcome,
the hazard for repeated revascularization was lower in the
multivessel PCI group, as well (HR, 0.30; 95% CI, 0.17–
0.56).14 Similarly, the CvLPRIT (Complete Versus Lesion-Only
Primary PCI) trial investigators showed that patients with
STEMI who underwent multivessel PCI had a significant
reduction in MACE rates (composite of all-cause mortality,
recurrent MI, heart failure, and ischemic-driven revasculariza-
tion by PCI/coronary artery bypass graft surgery, 10% versus
21%; P=0.009).13 The DANAMI3-PRIMULTI (Third Danish
Study of Optimal Acute Treatment of Patients With
ST-Segment Elevation Myocardial Infarction Primary PCI in
Multivessel Disease) showed that fractional flow reserve-
guided complete revascularization strategy during the index
procedure in patients with STEMI resulted in lower risk for
unplanned revascularization (HR, 0.31; 95% CI, 0.18–0.53;

Table 3. Reasons for Unplanned Revascularization and
Antianginal Medication Use

Variable
Multivessel
PCI Group

Culprit-Only
PCI Group P Value

Reason for revascularization at follow-up 0.27

STEMI 13 (9) 57 (7)

NSTEMI 31 (22) 159 (21)

Unstable angina 68 (49) 327 (43)

Stable angina 17 (12) 117 (15)

Other 10 (6) 101 (14)

Antianginal medications

At 6 wks

b Blockers 1012 (83) 4117 (84) 0.36

CCB 161 (13) 522 (11) 0.01

Nitrates 113 (9) 434 (9) 0.66

Ranolazine 11 (0.9) 64 (1) 0.25

At 1 y

b Blockers 835 (69) 3468 (71) 0.11

CCB 143 (12) 516 (11) 0.20

Nitrates 107 (9) 413 (9) 0.70

Ranolazine 17 (1) 74 (2) 0.76

Any CCB, b blocker,
nitrate, or ranolazine
through 1 y

1103 (91) 4411 (91) 0.65

Data are given as number (percentage). CCB indicates calcium channel blocker; NSTEMI,
non–ST-segment elevation myocardial infarction; PCI, percutaneous coronary
intervention; STEMI, ST-segment elevation myocardial infarction.
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P<0.001). These randomized clinical trials have been criti-
cized for their small sample sizes and event rates.13–15 Prior
observational studies have reported conflicting results, with
some showing better/similar4,11,23 or worse2,22 outcomes
with multivessel PCI. Our study demonstrated lower compos-
ite risk of death, MI, stroke, or unplanned revascularization
associated with multivessel PCI compared with culprit-only
PCI. The improvement in outcomes was driven by unplanned
revascularization. Some physicians who perform culprit-only
PCI in patients with multivessel disease may plan for patients

to return soon after the index hospital discharge for staged
revascularizations even when the patients are asymptomatic;
other physicians may not intend to further revascularize
unless symptoms of ischemia persist or recur. Although we
did not detect any difference in hard end points (death, MI,
and stroke), most unplanned revascularizations were per-
formed for acute coronary syndrome indications (STEMI,
NSTEMI, or unstable angina). Therefore, a multivessel PCI
strategy appears to be associated with lower risk of ischemia-
driven unplanned revascularization.

A

B

Figure 3. Unplanned readmissions. Cumulative incidence of unplanned readmissions at
6 weeks (A) and 1 year (B) after discharge. HR indicates hazard ratio; PCI, percutaneous
coronary intervention.
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When patients with NSTEMI and STEMI were examined
separately, the association of multivessel PCI with lower
short-term MACE risk was particularly observed in patients
with STEMI, although the interaction P value did not reach
statistical significance. There was no association between
multivessel PCI and long-term MACE outcomes in each of
these groups separately. Although ongoing randomized trials
may shed more light on the best revascularization strategy in
patients with STEMI, future randomized studies are needed for
patients with NSTEMI.

Patients in the multivessel PCI group also had a lower risk
of unplanned rehospitalization at 6 weeks compared with
those who underwent culprit-only PCI. Our results expand on
a prior small randomized clinical trial24 in which patients with
STEMI and multivessel disease were randomized to 1 of 3
arms during the index procedure: culprit-only PCI, staged PCI,
or complete revascularization. Unplanned rehospitalization

rates at a mean follow-up of 2.5 years were 35% (culprit-only
PCI), 14% (staged PCI), and 12% (complete revascularization)
(P<0.001). Possibly, the knowledge of coronary anatomy and
the residual stenosis lower the threshold for rehospitalization
and/or revascularization for patients who are treated with
culprit-only PCI.

Interestingly, patients who underwent multivessel PCI did
not report lower angina frequency or improved quality of life
than those who received culprit-only PCI either at 6 weeks or
with prolonged follow-up at 1 year. In the PRAMI trial, a lower
hazard of refractory angina (HR, 0.35; 95% CI, 0.18–0.69) was
observed in patients undergoing multivessel versus culprit-
only PCI.14 One possible explanation for the divergent results
between our study and PRAMI is that angina definitions and
reporting differed between the 2 studies. We reported angina
scores based on a patient-reported questionnaire that inves-
tigated angina status in a cross-sectional manner (ie, during
the month that preceded the telephone interview), whereas
PRAMI defined refractory angina as any angina episode not
controlled by medical therapy in patients with objective
evidence of ischemia at any time during the 23-month follow-
up period. Patients in the culprit-only PCI group may be more
likely to develop angina with longer follow-up.

Our study further assessed the association between
multivessel PCI and quality of life after acute MI. Although
several studies have shown gains in quality of life with PCI
compared with medical management in patients with acute
coronary syndrome,25,26 we observed similar EQ-5D index and
EQ-5D visual analogue scale scores between patients who
underwent multivessel versus culprit-only PCI. These quality-
of-life findings parallel the lack of significant difference in
angina frequency associated with multivessel PCI. Further-
more, these findings became manifest in the context of
similar antianginal medication use in the 2 study groups.

Clinical Implications
Our study adds important findings to smaller randomized
studies and other observational studies that demonstrated
reduced MACEs, including cardiac death, MI, and recurrent
angina, as well as repeated revascularization, in patients with
STEMI.13,14,24 These studies did not evaluate patients’ quality
of life after discharge, nor did they evaluate patients seen with
NSTEMI. In addition, observational studies that evaluated
clinical outcomes in patients with NSTEMI only included older
patients (mean age, 75 years) and the primary outcome only
consisted of all-cause death.22 We have shown that among
patients seen with acute MI and multivessel disease,
performing multivessel PCI is associated with lower risk of
unplanned readmissions in the short-term after discharge, but
similar angina and quality-of-life scores. Additional random-
ized clinical trials are warranted.

Table 4. Patient-Reported Quality-of-Life Outcomes Among
Patients Undergoing Multivessel Versus Culprit-Only PCI at
6 Weeks and 1 Year After Discharge

Quality-of-Life Outcomes
Multivessel
PCI Group

Culprit-Only
PCI Group P Value

At 6 wks

Seattle Angina Questionnaire

Angina frequency
score, %

0.62

No angina 72 71

Monthly angina 22 23

Daily/weekly
angina

6 7

EQ-5D VAS
score (1–100)*

75 (60–85) 75 (60–85) 0.35

EQ-5D score
with US weights*

0.84 (0.78–1.00) 0.84 (0.78–1.00) 0.60

At 1 y

Seattle Angina Questionnaire

Angina frequency
score, %

0.33

No angina 78 80

Monthly angina 18 16

Daily/weekly
angina

5 5

EQ-5D VAS
score (1–100)*

75 (63–85) 77 (65–89) 0.19

EQ-5D score
with US weights*

0.84 (0.80–1.00) 0.84 (0.80–1.00) 0.28

EQ-5D indicates European Quality of Life-5 Dimensions; PCI, percutaneous coronary
intervention; VAS, visual analogue scale.
*Data are given as median (25th–75th percentile).
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Limitations
Our results should be viewed in the context of several important
limitations. First, the nonrandomized nature of the study limited
our ability to account for unmeasured confounding factors.
Although statistical adjustments were used, residual selection
bias may still exist, along with unmeasured confounding
variables. Second, TRANSLATE-ACS did not capture physician
rationale for selection of multivessel versus culprit-only PCI,
specifically the selection of multivessel intervention in patients
with STEMI during an era when multivessel PCI for STEMI was
assigned a class III recommendation by the American College of
Cardiology/American Heart Association guidelines. Third,
angiographic analysis was physician dependent rather than
core laboratory adjudicated. Fourth, the multivessel PCI
definition only included the index procedure and did not include
staged PCI during the index hospitalization. We believe that the
timing of PCI in multivessel PCI is best addressed in a
randomized manner with intention-to-treat analysis rather than
in the setting of observational data, because of the possibility of
introducing survival bias in observational studies. Furthermore,
the cumulative incidence of staged revascularization without
new symptoms was relatively low. Fifth, we did not have
information with respect to completeness of revascularization
in the multivessel PCI group; however, 15% of multivessel PCI
procedures were deemed partially successful revasculariza-
tions, suggesting there were residual stenoses that were unable
to be treated in this group. Nevertheless, multivessel PCI was
still associated with fewer downstream unplanned revascular-
ization procedures. Finally, site participation was voluntary, and
longitudinal follow-up required informed consent; therefore,
results may not be generalizable to the broader US population.

Conclusions
In patients with acute MI and multivessel disease treated with
PCI in a contemporary real-world setting, multivessel PCI is
associated with a lower MACE rate in both the short- and
long-term, compared with culprit vessel PCI. Moreover,
multivessel PCI was associated with lower readmission risk
at 6 weeks, but not at 1 year. Interestingly, there were no
differences in short- or long-term angina and quality-of-life
outcomes between multivessel PCI and culprit vessel PCI
strategies. Well-powered, prospective, randomized, clinical
trials are needed to confirm these findings, particularly for
patients with NSTEMI.
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Table S1. Clinical Outcomes Stratified by Patient Presentation STEMI vs. NSTEMI 

Outcome Time STEMI vs. 

NSTEMI 

Adjusted 

HR 

95% CI Interaction  

p-value 

MACE  

 

6 weeks STEMI 0.56 0.35-0.89  

0.20 NSTEMI 0.81 0.59-1.11 

1 year STEMI 0.82 0.62-1.08 0.78 

 NSTEMI 0.86 0.72-1.03 

All-cause readmission 

 

6 weeks STEMI 0.77 0.56-1.07 0.62 

NSTEMI 0.85 0.68-1.07 

1 year STEMI 0.91 0.75-1.11 0.73 

NSTEMI 0.95 0.83-1.08 

MACE = major adverse cardiovascular events; NSTEMI = non–ST-segment elevation 

myocardial infarction; STEMI = ST segment elevation myocardial infarction. 
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Figure S1. Distribution of Propensity Scores 

 

 

 

The distribution of the propensity scores for multivessel and culprit-only PCI groups. 

PCI = percutaneous coronary intervention 
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