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ORIGINAL RESEARCH

Effect of Timing of Staged Percutaneous 
Coronary Intervention on Clinical Outcomes 
in Patients With Acute Coronary Syndromes
Tatsuhiko Otsuka , MD*; Sarah Bär, MD*; Sylvain Losdat, PhD; Raminta Kavaliauskaite, MD; Yasushi Ueki, MD; 
Christian Zanchin, MD, PhD; Jonas Lanz , MD, MSc; Fabien Praz, MD; Jonas Häner , MD;  
George C. M. Siontis , MD, PhD; Thomas Zanchin, MD; Stefan Stortecky , MD; Thomas Pilgrim , MD, MSc; 
Stephan Windecker , MD; Lorenz Räber , MD, PhD

BACKGROUND: Complete revascularization reduces cardiovascular events in patients with acute coronary syndromes (ACSs) 
and multivessel disease. The optimal time point of non– target- vessel percutaneous coronary intervention (PCI) remains a 
matter of debate. The aim of this study was to investigate the impact of early (<4 weeks) versus late (≥4 weeks) staged PCI of 
non– target- vessels in patients with ACS scheduled for staged PCI after hospital discharge.

METHODS AND RESULTS: All patients with ACS undergoing planned staged PCI from 2009 to 2017 at Bern University Hospital, 
Switzerland, were analyzed. Patients with cardiogenic shock, in- hospital staged PCI, staged cardiac surgery, and multiple 
staged PCIs were excluded. The primary end point was all- cause death, recurrent myocardial infarction and urgent premature 
non– target- vessel PCI. Of 8657 patients with ACS, staged revascularization was planned in 1764 patients, of whom 1432 
patients fulfilled the eligibility criteria. At 1 year, there were no significant differences in the crude or adjusted rates of the pri-
mary end point (7.8% early versus 10.8% late, hazard ratio [HR], 0.72 [95% CI, 0.47– 1.10], P=0.129; adjusted HR, 0.80 [95% 
CI, 0.50– 1.28], P=0.346) and its individual components (all- cause death: 1.5% versus 2.9%, HR, 0.52 [95% CI, 0.20– 1.33], 
P=0.170; adjusted HR, 0.62 [95% CI, 0.23– 1.67], P=0.343; recurrent myocardial infarction: 4.2% versus 4.4%, HR, 0.97 [95% 
CI, 0.475– 1.10], P=0.924; adjusted HR, 1.03 [95% CI, 0.53– 2.01], P=0.935; non– target- vessel PCI, 3.9% versus 5.7%, HR, 
0.97 [95% CI, 0.53– 1.80], P=0.928; adjusted HR, 1.19 [95% CI, 0.61– 2.34], P=0.609).

CONCLUSIONS: In this single- center cohort study of patients with ACS scheduled to undergo staged PCI after hospital dis-
charge, early (<4 weeks) versus late (≥4 weeks) staged PCI was associated with a similar rate of major adverse cardiac events 
at 1 year follow- up.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT02241291.

Key Words: acute coronary syndrome ■ multivessel coronary artery disease ■ staged percutaneous coronary intervention

Multivessel disease (MVD) among patients with 
acute coronary syndromes (ACSs) is associ-
ated with impaired prognosis.1,2 The existing 

evidence on both patients with ST- segment– elevation 
myocardial infarction (STEMI)3– 7 and patients with non– 
ST- segment– elevation ACS (NSTE- ACS)8,9 shows more 

favorable results with complete compared with culprit- 
lesion– only revascularization. Therefore, the European 
Society of Cardiology guidelines10,11 recommend com-
plete revascularization in patients with ACS and MVD.

However, the optimal time point of nonculprit- 
lesion revascularization remains a matter of ongoing 
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debate.10,11 In the randomized controlled trials (RCTs) 
comparing complete versus culprit- lesion– only percu-
taneous coronary intervention (PCI) among patients 
with STEMI, nonculprit- lesion revascularization was 
performed either during the index procedure or before 
hospital discharge,3– 6 translating to a class IIaA rec-
ommendation of these strategies in current European 
Society of Cardiology guidelines.10 Among patients 
with NSTE- ACS, the European Society of Cardiology 
guidelines provide a class IIbB recommendation for im-
mediate complete revascularization11 based on 1 RCT 
showing superior outcomes with immediate complete 
versus staged in- hospital PCI.12 However, more em-
phasis (class IB recommendation) is given to individual 
patient characteristics to select the appropriate time 
point of nonculprit- lesion revascularization (ie, clinical 
presentation, comorbidities, complexity of coronary 
anatomy, functional significance of all stenoses, ven-
tricular function, revascularization modality, and patient 
preference).11

To date, there are no RCTs comparing differ-
ent time intervals of staged PCI among patients with 
ACS. The best available evidence can be derived 
from the COMPLETE (Complete Versus Culprit- Only 

Revascularization to Treat Multi- vessel Disease After 
Early PCI for STEMI) trial7. In the complete revascular-
ization arm of this large scale RCT, staged PCI had 
to be performed either during the index hospitalization 
or after hospital discharge up to 45 days after index 
PCI.7 In a pivotal subanalysis,13 the benefit of complete 
revascularization over culprit- lesion– only PCI was 
maintained (ie, no interaction between the time point of 
staged PCI and primary or key secondary outcomes), 
regardless of whether staged PCI was performed 
during index hospitalization (after median 1 day; inter-
quartile range [IQR], 1– 3 days) or staged after hospital 
discharge (after median 23 days; IQR, 12.5– 33.5 days). 
Further data are limited to small observational studies 
with inconclusive results, and the evidence, especially 
on staged PCIs scheduled after hospital discharge, is 
scarce.14– 17

Therefore, we aimed to investigate the optimal time 
point of staged PCI after hospital discharge by com-
paring early (<4  weeks after index PCI) versus late 
staged PCI (≥4 weeks after index PCI) in patients with 
ACS and MVD within the large, prospective Cardiobase 
Bern PCI registry.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Patient Population
The Cardiobase Bern PCI registry (NCT02241291) is a 
prospective, single- center, observational registry of all 
patients undergoing PCI at Bern University Hospital, 
Switzerland, established in 2009. There are no exclu-
sion criteria other than age <18 years and inability or 
unwillingness to provide written informed consent. 
Baseline, procedural and clinical outcomes are as-
sessed at hospital discharge and 1 year after PCI by 
an independent clinical events committee. The registry 
complies with the Declaration of Helsinki and is ap-
proved by the institutional ethics committee.

For the purpose of the present study (Figure 1), all 
patients with ACS included in the Cardiobase Bern 
PCI registry scheduled to undergo staged PCI within 
6  months after index PCI between 2009 and 2017 
were analyzed. Whether staged PCI was planned, 
and if yes, at which time point after index PCI, was 
derived from the PCI report or discharge letter of the 
index event. Patients with cardiogenic shock were ex-
cluded, as they represent a distinct patient population 
and the results of the CULPRIT SHOCK (Culprit Lesion 
Only PCI Versus Multivessel PCI in Cardiogenic Shock) 
trial18 changed guidelines10,11 and clinical practice. 
Patients undergoing planned in- hospital PCI were also 

CLINICAL PERSPECTIVE

What Is New?
• Among an all- comers acute coronary syndrome 

population scheduled for staged percutaneous 
coronary intervention after hospital discharge, 
similar major adverse cardiac event rates at 
1- year follow- up were observed between pa-
tients scheduled early (<4  weeks) versus late 
(≥4 weeks) after index percutaneous coronary 
intervention.

What Are the Clinical Implications?
• The current study implies, that, if in the judg-

ment of the operator, nonculprit- lesion percu-
taneous coronary intervention can be deferred 
until after hospital discharge, it may be safe and 
effective to perform it early (within <4 weeks) or 
late (≥4 weeks) from index percutaneous coro-
nary intervention.

Nonstandard Abbreviations and Acronyms

DAPT dual antiplatelet therapy
MVD multivessel disease
NSTE- ACS non– ST- segment– elevation acute 

coronary syndrome
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excluded from the analysis, as they usually represent a 
cohort of patients with either severe underlying coro-
nary anatomy requiring urgent intervention or patients 
who are not willing to return for staged PCI procedures 
(ie, advanced age or living far away). Finally, patients 
undergoing staged cardiac surgery or multiple staged 
PCIs and patients with no information on staged PCI 
(ie, time point, vessel) were also excluded from the 
analysis.

Treatment
PCI was performed according to the recommenda-
tions and guidelines10,11,19,20 valid at the time of pres-
entation. Briefly, unfractionated heparin (initial bolus 
of 100 IU per kg body weight) was administered dur-
ing the procedure. Dual antiplatelet therapy (DAPT) 
consisting of acetylsalicylic acid and a potent P2Y12 
inhibitor was initiated before or immediately after the 
procedure. The recommended DAPT duration was 
usually 12 months but was modified among patients 

taking oral anticoagulants. Drug- eluting stents were 
routinely used. In patients with NSTE- ACS, the culprit 
lesion was identified according to operators’ judgment 
based on angiographic characteristics (ie, intraluminal 
filling defects consistent with thrombus, plaque ulcera-
tion, plaque irregularity), ECG changes, and echocar-
diography (if performed).11,19 For the purpose of this 
study, all angiographies of all patients with NSTE- ACS 
were reviewed for culprit- lesion identification by experi-
enced operators from the Corelab (Bern, Switzerland), 
applying the same criteria as mentioned above.

Timing of Staged PCI
Timing of staged PCI was at the discretion of the oper-
ator and defined in the PCI report or hospital discharge 
letter. Generally, staged procedures were recom-
mended to be performed between 2 and 8 weeks fol-
lowing index PCI by internal guidelines, but the exact 
timing was left to the operators’ discretion. It cannot 
be excluded, that patient-  or lesion- related factors may 

Figure 1. Study design.
ACS indicates acute coronary syndrome, CABG, coronary artery bypass grafting, HR, hazard ratio, 
MI, myocardial infarction, NSTE- ACS, non– ST- segment– elevation acute coronary syndrome, PCI, 
percutaneous coronary intervention, and STEMI, ST- segment– elevation myocardial infarction.
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have played a role in the scheduling. In the absence of 
the results of RCTs, we set the comparator groups at a 
threshold of 4 weeks after index PCI; that is, we aimed 
to compare clinical outcomes in patients who under-
went early staged PCI (within <4 weeks) with patients 
who underwent late staged PCI (≥4 weeks after index 
PCI). This time point is supported by a propensity- 
matched study of patients with STEMI, which reported 
a reduction in major adverse cardiac events in patients 
undergoing staged PCI within 1 month as compared 
with patients undergoing staged PCI after 1 month of 
the index PCI procedure.17 Furthermore, we planned 
to search for another deflection point by considering 
time from index to planned staged PCI as continuous 
variable.

Patient Follow- up
Patients were systematically and prospectively fol-
lowed throughout 1  year to assess death, recurrent 
myocardial infarction (MI), stroke, repeat revasculariza-
tion, definite or probable stent thrombosis, and status 
of medical treatment. A health questionnaire was sent 
to all living patients with questions on rehospitalization 
and adverse events, followed by telephone contact in 
case of missing response. General practitioners, re-
ferring cardiologists, and patients were contacted as 
necessary for additional information. For patients who 
underwent treatment for adverse events at other medi-
cal institutions, external medical records, discharge 
letters, and coronary angiography documentation 
were systematically collected and reviewed.

Clinical End Points
A clinical event committee consisting of 2 cardiologists 
(and a third one in case of disagreement) adjudicated 
all events with use of original source documents.

The primary end point was a composite of all- cause 
death, recurrent MI, and urgent premature non– target- 
vessel PCI. Secondary end points were all- cause 
death, cardiac death, MI, target- vessel MI, non– target- 
vessel MI, any revascularization, urgent premature 
non– target- vessel PCI, target- lesion revascularization, 
definite stent thrombosis, and stroke.

Clinical End Point Definitions
Cardiac death was defined as any death attributable to 
an immediate cardiac cause (eg, MI, low- output failure, 
fatal arrhythmia), procedure- related death, or death of 
unknown cause. Recurrent MI was defined according 
to a modified historical definition.21 All MI end points 
include spontaneous MIs and periprocedural MIs (ie, 
within 48  hours of the procedure). Target- vessel MI 
was defined as MI attributed to the culprit vessel in-
tervened at baseline, and non– target- vessel MI was 

defined as MI attributed to nonculprit vessels at base-
line. Urgent premature non– target vessel PCI was de-
fined as urgent PCI in non– target vessels performed 
earlier than planned because of ≥1 of the following: 
(1) recurrent MI,21 (2) unstable angina,11 (3) worsening 
congestive heart failure, (4) cardiogenic shock, or (5) 
symptomatic arrhythmia refractory to medication. This 
event had to be clearly distinguishable from the staged 
PCI procedure scheduled at index presentation. Any 
revascularization was defined as any percutaneous 
revascularization procedure. Target- lesion revasculari-
zation was defined as any clinically indicated revascu-
larization for a stenosis >50% within the stent or the 
5- mm borders adjacent to the stent. Stent thrombosis 
was classified according to the Academic Research 
Consortium criteria.22 Stroke was defined as rapid 
development of clinical signs of focal or global distur-
bance of cerebral function lasting >24 hours with imag-
ing evidence of an acute, clinically relevant brain lesion.

Statistical Analysis
Continuous variables are expressed as mean±SD, and 
categorical variables are expressed as counts with 
percentages. Baseline, procedural, and medication 
variables were compared between early staged PCI 
and late staged PCI using Student’s t tests, chi- square 
tests, or Fischer’s exact tests, as appropriate. For all 
clinical end points, hazard ratios (HRs) with 95% CIs 
were calculated using Cox proportional hazard models 
by comparing early versus late planned staged PCI. 
Patients were censored at the time of an event or end 
of the planned follow- up at 1 year, whichever occurred 
first. For the secondary end point urgent premature 
non– target- vessel PCI, patients were censored at the 
time of an urgent premature non– target- vessel- PCI or 
at the time of the planned staged PCI, whichever oc-
curred first. Unadjusted and adjusted clinical outcome 
analysis was performed. Adjusting covariates were 
year of enrollment, age (>60 versus ≤60  years), sex, 
Killip III (Killip IV were excluded), STEMI, left ventricular 
ejection fraction (≥45% versus <45%), diabetes, and 
renal failure (ie, glomerular filtration rate <60 mL/min) 
based on clinical reasoning. The primary end point 
was also assessed in the following subgroups: STEMI, 
sex, age (>60 versus ≤60 years), left ventricular ejec-
tion fraction (≥45% versus <45%), and diabetes.

The end point urgent premature non– target- vessel 
PCI was unconventional because time at risk differed 
between the early and the late staged PCI groups 
(time at risk=number of days between index PCI and 
date of planned staged PCI). By definition, an urgent 
premature non– target- vessel PCI could occur up to 
6 months after index PCI in the late staged PCI group, 
but it could only occur up to 4 weeks after the index 
PCI in the early staged PCI group. Consequently, the 
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time- to- event analysis of the composite primary end 
point was unusual because, for 1 of the 3 compo-
nents, hazard rates cannot be compared between 
groups beyond 4  weeks of follow- up. Therefore, as 
a sensitivity analysis, we also calculated estimates of 
the risk ratio (RR) for (1) the primary end point across 
the entire follow- up period, (2) urgent premature non– 
target- vessel PCI across the entire follow- up period, 
and (3) urgent premature non– target- vessel PCI 
across the period ranging from baseline to 4 weeks, 
such that time at risk was the same in both groups. 
We used generalized linear models to provide unad-
justed and adjusted RRs.

We subsequently performed univariable Cox pro-
portional hazard analysis to test for an association 
between the primary end point and the variables age 
>60 years, sex, diabetes, hypertension, smoker, Killip 
III, renal failure, STEMI, culprit vessel of ACS, left ven-
tricular ejection fraction, stent type (drug- eluting stent 
versus bare metal stent), previous MI, and early staged 
PCI (<4  weeks), based on previous studies14– 16 and 
clinical reasoning. For the multivariable Cox propor-
tional hazards model, a backward selection procedure 
excluding variables with a P value >0.2 was performed.

In addition to the main comparison (ie, <4 versus 
≥4  weeks), we ran a restricted cubic splines logistic 
regression model to plot the probability of the occur-
rence of the primary end point over time as a continu-
ous variable.

Significance tests were 2- tailed with a significance 
level set to 0.05. All analyses were performed using 
Stata 16 (StataCorp, College Station, TX).

RESULTS
Patient Population
Between January 2009 and December 2017, 8657 pa-
tients with ACS (STEMI and NSTE- ACS) were consec-
utively enrolled into the Cardiobase Bern PCI registry. 
Staged PCI was scheduled in 1764 patients, of whom 
1432 patients fulfilled the eligibility criteria and were in-
cluded in the final analysis. Patients with cardiogenic 
shock (n=70), early in- hospital staged PCI (n=139), 
staged coronary artery bypass grafting (n=70), staged 
cardiac surgery other than coronary artery bypass 
grafting (n=16), multiple staged PCI (n=45), and pa-
tients with no information on staged PCI (ie, scheduled 
time point, vessel) (n=62) were excluded (Figure 2).

Baseline Characteristics
Baseline clinical characteristics (Table  1), procedural 
characteristics (Table 2), and medical treatment were 
well balanced between groups (Table 3, Tables S1 and 
S2). In NSTE- ACS patients, a culprit lesion was identi-
fied in 83.3% (524/629) of patients by the operators 

performing the index PCI. Among the lesions treated 
during index PCI, in 99.8% (628/629) of NSTE- ACS 
patients a presumed culprit lesion was identified by 
Corelab analysts. Procedural characteristics of culprit- 
lesion and nonculprit- lesion treatment (according to 
Corelab adjudication) during index PCI are shown in 
Table 2.

Intracoronary imaging (ie, intravascular ultrasound 
or optical coherence tomography) was used for PCI 
guidance in 0% to 2.4% of patients, depending on the 
year of enrollment.

Scheduled Time Point of Staged PCI
The time point of staged PCIs ranged from 5 to 180 
(median, 28; IQR, 28– 42) days after the index PCI 
with similar distribution among patients with STEMI 
and patients with NSTE- ACS. In 23.3% (n=333) of 
patients, staged PCI was planned early (<4  weeks 
[within 27  days]) and in 76.7% (n=1099) of pa-
tients late (≥4 weeks [≥28 days]) after the index PCI 
(Figure  3). There was a gradual shortening of time 
to staged PCI over the entire study period from 60 
median (IQR, 28– 90) days among patients enrolled 
in 2009 to 28 median (IQR, 21– 28) days among pa-
tients enrolled in 2017 (Figure S1). To account for 
these changes, outcome analyses were adjusted for 
year of enrollment.

Clinical Outcomes
Clinical outcomes throughout 1 year are summarized 
in Table 4. The primary end point all- cause death, re-
current MI, or urgent premature non– target- vessel 
PCI occurred in 7.8% in the early versus 10.8% in the 
late staged PCI group (HR, 0.72 [95% CI, 0.47– 1.10]; 
P=0.129) (Figure  4). There were no significant differ-
ences in the rates of any of the component of the pri-
mary end point (Table  4, Figure  4) or in the rates of 
other secondary end points (Table  4). The incidence 
risk of the primary end point also did not differ between 
late versus early staged PCI groups (unadjusted RR, 
0.72 [95% CI, 0.48– 1.08], P=0.115; adjusted RR, 0.78 
[95% CI, 0.50– 1.22], P=0.285) (Table S3).

Adjusted analyses for year of enrollment, age, sex, 
left ventricular ejection fraction, Killip III, STEMI, diabe-
tes, and renal failure provided similar results (Table 4 
and Table S4).

Results were consistent analyzing patients with 
STEMI or NSTE- ACS, separately, except for crude rates 
of non– target vessel MI among patients with NSTE- 
ACS, which occurred significantly more frequently in 
the early staged PCI group as compared with the late 
staged PCI group (3.7% early versus 1.1% late; HR, 
3.53 [95% CI, 1.08– 11.55], P=0.037). However, this dif-
ference was no longer present after adjustment for the 
covariates mentioned above (Table S5).
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The sensitivity analysis on the incidence risk of urgent 
non– target- vessel PCI showed no significant difference 
between early and late staged PCI groups across the 
entire follow- up period (unadjusted RR, 0.68 [95% CI, 
0.38– 1.22], P=0.198; adjusted RR, 0.86 [95% CI, 0.46– 
1.63], P=0.651). The risk also did not differ when consid-
ering only the period from baseline up to 28 days (early 
staged PCI: 3.9%; late staged PCI group: 4.8%; unad-
justed RR, 0.81 [95% CI, 0.45– 1.47], P=0.486; adjusted 
RR, 1.01 [95% CI, 0.53– 1.93], P=0.967). The incidence 
risk for the group still at risk (late staged PCI group) 
between 29 and 60 days was 2.5% (Figure 4D). After 
60 days, very few patients were still at risk for this end 
point, as most had already received their staged PCI.

Comparing only events up to the date of the planned 
staged PCI, there were also no significant differences 
with respect to the primary end point (4.5% in the early 

versus 6.8% in the late staged PCI group; unadjusted 
HR, 0.89 [95% CI, 0.50– 1.56], P=0.681; adjusted HR, 
1.11 [95% CI, 0.60– 2.05], P=0.739) or all- cause death or 
recurrent MI alone (Table S6). Adjusted variables were 
the same as for all other adjusted outcome analyses.

The results from the sensitivity analysis consider-
ing time as a continuous variable indicate that the ex-
pected probability of the primary end point peaks at 
66 days from the index PCI (Figure S2).

Indication for Urgent Premature  
Non– Target- Vessel PCI
The indications for urgent premature non– target- vessel 
PCI are displayed in Table S7. In the early staged PCI 
group, urgent premature non– target- vessel PCI was 
mainly related to unstable angina (53.8%, n=7) or 

Figure 2. Patient flowchart.
ACS indicates acute coronary syndrome, CABG, coronary artery bypass grafting, NSTE- ACS, non– ST- 
segment– elevation acute coronary syndrome, PCI, percutaneous coronary intervention, and STEMI, ST- 
segment– elevation myocardial infarction.
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recurrent MI (30.8%, n=4), and in the late staged PCI 
group, to unstable angina (54.0%, n=34) or congestive 
heart failure (20.6%, n=13) (P=0.50 for any between- 
group differences).

Multivariable Cox Proportional Hazards 
Models
Following a backward selection procedure excluding 
variables with a P value >0.2 in the univariable Cox 
proportional hazards model, the variables Killip III, 

renal failure, left main, and early staged PCI remained 
for the multivariable analysis. Of these, Killip III (HR, 
2.36 [95% CI,1.23– 4.55], P=0.010) and renal failure (ie, 
glomerular filtration rate <60 mL/min) (HR, 1.91 [95% 
CI, 1.27– 2.87], P=0.002) were significantly associated 
with a higher rate of the primary end point (Table 5).

Subgroup Analyses
The results were consistent across all major clinical 
subgroups, including clinical presentation (STEMI ver-
sus NSTE- ACS), age, sex, and diabetes (Figure 5).

DISCUSSION
In this cohort study, among ACS patients with MVD 
scheduled to undergo staged PCI after hospital dis-
charge, early (<4 weeks after index PCI) as compared 
with late staged PCI (≥4 weeks after index PCI) was 
associated with a similar rate of major adverse car-
diac events and its individual components at 1  year 
follow- up.

Timing of Staged PCI in Patients With 
STEMI
In the complete revascularization arm of the COMPLETE 
trial, where staged PCI had to be performed either 
during the index hospitalization (median, 1  day; IQR 
1– 3  days) or after hospital discharge within 45  days 
(median, 23 days; IQR, 12.5– 33.5 days) from index PCI,7 
the benefit of complete revascularization as compared 
with culprit- lesion– only PCI in terms of cardiovascular 
death/MI and cardiovascular death/MI/ischemia- driven 
revascularization was consistently observed, irrespec-
tive of the timing of staged PCI.13 The results of the 
COMPLETE trial are fully consistent with our results. 
This contrasts the evidence from previous small ob-
servational studies, which suggested that staged PCI 
should preferentially be performed within 30 days,17 2 
weeks,14,15 or even 1 week16 after the index presenta-
tion, as this was associated with better outcomes14,15,17 
or had emerged as an independent predictor of a re-
duced 3- year major adverse cardiac event rate.16 As 
suggested previously,13 the lack of an effect of timing 
of staged PCI on patient outcomes could be explained 
by the following: (1) Early events after STEMI are rather 
related to infarct size, severity, and the outcome of the 
culprit- lesion PCI, and thus, these events may occur 
equally frequently in patients with earlier or later planned 
staged PCI. (2) After this initial phase, a potential impact 
of the time point of staged PCI could emerge; however, 
the use of evidence- based medical therapy including 
DAPT could protect from thrombotic nonculprit- lesion 
events before a planned staged PCI (99% any DAPT 
and 77% potent DAPT with ticagrelor or prasugrel in 
this cohort; in the COMPLETE trial, >99% any DAPT 

Table 1. Clinical Characteristics

Early 
staged PCI  
(n=333)

Late staged 
PCI  
(n=1099)

P 
value

Age, y 65.4±11.9 65.5±11.3 0.921

Female 58 (17.4) 242 (22.0) 0.077

BMI, kg/m2 27.4±4.4 27.3±4.3 0.640

Smoker 123 (36.9) 401 (36.5) 0.948

Hypercholesterolemia 185 (55.6) 569 (51.8) 0.259

Hypertension 192 (57.7) 666 (60.6) 0.339

Diabetes 56 (16.8) 218 (19.8) 0.234

Family history of CAD 92 (27.6) 257 (23.4) 0.126

Previous MI 25 (7.5) 81 (7.4) 0.906

Previous PCI 33 (9.9) 109 (9.9) 1.000

Previous CABG 8 (2.4) 32 (2.9) 0.708

Left ventricular function, % 50.1±12.0 49.8±11.4 0.700

Indication 0.069

Unstable angina 20 (6.0) 51 (4.6)

NSTEMI 144 (43.2) 414 (37.7)

STEMI 169 (50.8) 634 (57.7)

Congestive heart failure 0.599

Killip I 279 (83.8) 941 (85.6)

Killip II 39 (11.7) 119 (10.8)

Killip III 15 (4.5) 39 (3.6)

Renal failure (GFR <60 mL/
min)

52 (15.6) 172 (15.7) 0.931

Renal failure requiring 
dialysis

4 (1.2) 15 (1.4) 1.000

Peripheral arterial disease 8 (2.4) 50 (4.6) 0.083

History of stroke or TIA 9 (2.7) 55 (5.0) 0.095

History of GI bleeding 5 (1.5) 13 (1.2) 0.585

History of malignancy 29 (8.7) 91 (8.3) 0.822

Chronic obstructive 
pulmonary disease (COPD)

18 (5.4) 57 (5.2) 0.889

Anemia* 43 (12.9) 168 (15.3) 0.465

Values are n (%) or mean±standard deviations. ACS indicates acute 
coronary syndrome; BMI, body mass index; CABG, coronary artery bypass 
graft; CAD, coronary artery disease; COPD: chronic obstructive pulmonary 
disease; GFR, glomerular filtration rate; GI, gastrointestinal; IABP, intra- aortic 
balloon pump; NSTEMI, non– ST- segment– elevation myocardial infarction; 
PCI, percutaneous coronary intervention; STEMI, ST- segment– elevation 
myocardial infarction; TIA, transient ischemic attack.

*Anemia was defined as hemoglobin <130 g/L in men and <120 g/L in 
women.
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Table 2. Procedural Characteristics of Index PCI

All patients
Early staged PCI  
(n=333)

Late staged PCI  
(n=1099) P value

Number of vessels 0.253

1 267 (80.2) 911 (82.9)

2– 3 66 (19.8) 188 (17.1)

Number of lesions 0.192

1 170 (51.1) 633 (57.6)

2 113 (33.9) 322 (29.3)

3 42 (12.6) 117 (10.6)

≥4 8 (2.4) 27 (2.5)

Culprit lesions
Early staged PCI  
(n=354)

Late staged PCI  
(n=1167) P value

Target vessel 0.503

Left main 8 (2.3) 14 (1.2)

Left anterior descending 132 (37.3) 413 (35.4)

Left circumflex 82 (23.2) 276 (23.7)

Right coronary artery 129 (36.4) 447 (38.3)

Bypass graft (any) 3 (0.8) 17 (1.5)

Type of intervention 0.400

Implantation of stent(s) 343 (96.9) 1140 (97.7)

Balloon dilatation only 11 (3.1) 27 (2.3)

Baseline TIMI flow 0.159

0 or 1 171 (48.3) 631 (54.1)

2 61 (17.2) 195 (16.7)

3 121 (34.2) 337 (28.9)

Post- TIMI flow 0.604

0 or 1 3 (0.8) 5 (0.4)

2 7 (2.0) 27 (2.3)

3 343 (96.9) 1133 (97.1)

Restenotic lesion 19 (5.4) 50 (4.3) 0.408

Chronic total occlusion 7 (2.0) 25 (2.1) 0.864

Thrombus aspiration 67 (18.9) 271 (23.2) 0.399

Total number of stents implanted 0.257

1 202 (57.1) 710 (60.8)

2 102 (28.8) 327 (28.0)

≥3 50 (14.1) 130 (11.1)

Total stent length, mm 32.0 [23.0, 48.0] 30.0 [22.0, 45.5] 0.094

Mean stent diameter, mm 2.99±0.45 2.99±0.48 0.928

Maximum pressure, atm 14.1±3.6 14.2±3.6 0.713

Treatment of a bifurcation 56 (15.8) 204 (17.5) 0.399

Overlapping stents 139 (39.3) 404 (34.6) 0.093

Nonculprit lesions
Early staged PCI  
(n=205)

Late staged PCI  
(n=582) P value

Target vessel 0.235

Left main 5 (2.4) 13 (2.2)

Left anterior descending 68 (33.2) 204 (35.1)

Left circumflex 62 (30.2) 130 (22.3)

Right coronary artery 69 (33.7) 232 (39.9)

Bypass graft (any) 1 (0.5) 3 (0.5)

 (Continued)
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and 75% potent DAPT). Within the investigated time 
frames, this appears to be equally effective in patients 
with earlier or later planned staged PCI.

Timing of Staged PCI in NSTE- ACS 
Patients
With respect to NSTE- ACS, one propensity- matched 
study showed similar mortality in patients undergo-
ing staged PCI during the index hospitalization versus 
staged PCI within 60 days of hospital discharge.23 Even 
though these results cannot be directly compared with 

our data, since this analysis focused exclusively on pa-
tients with staged PCI after hospital discharge, the ob-
servation of a similar mortality rate in the earlier versus 
the later staged PCI group is consistent. Other data on 
NSTE- ACS patients are limited to studies comparing 
immediate complete revascularization versus staged 
PCI12,24 and reported conflicting results. Whereas in 
a propensity- matched study, staged PCI (within me-
dian 5  days) versus immediate revascularization was 
more favorable with respect to cardiac death/MI,24 in 
the Single- Staged Compared With Multi- Staged PCI 
in Multivessel NSTEMI Patients RCT, a reduced rate of 

Nonculprit lesions
Early staged PCI  
(n=205)

Late staged PCI  
(n=582) P value

Type of intervention 0.810

Implantation of stent(s) 192 (93.7) 547 (94.0)

Balloon dilatation only 13 (6.3) 34 (5.8)

Baseline TIMI flow 0.065

0 or 1 31 (15.1) 108 (18.6)

2 26 (12.7) 113 (19.4)

3 146 (71.2) 356 (61.2)

Post- TIMI flow 0.347

0 or 1 2 (1.0) 5 (0.9)

2 1 (0.5) 13 (2.2)

3 200 (97.6) 560 (96.2)

Restenotic lesion 2 (1.0) 9 (1.6) 0.562

Chronic total occlusion 4 (2.0) 10 (1.7) 0.834

Thrombus aspiration 4 (2.0) 18 (3.1) 0.940

Total number of stents implanted 0.710

1 155 (75.6) 438 (75.3)

2 29 (14.1) 93 (16.0)

≥3 21 (10.2) 51 (8.8)

Total stent length, mm 22.0 [15.0, 31.0] 22.0 [15.0, 31.0] 0.248

Mean stent diameter, mm 2.83±0.54 2.88±0.51 0.259

Maximum pressure, atm 13.3±3.6 13.8±3.4 0.128

Treatment of a bifurcation 27 (13.2) 96 (16.5) 0.940

Overlapping stents, n (%) 42 (20.5) 127 (21.8) 0.721

Values are n (%), mean±standard deviation, or median [interquartile range]. DES indicates drug eluting stent, PCI, percutaneous coronary intervention; and 
TIMI, thrombolysis in myocardial infarction.

Table 2. Continued

Table 3. Medication at Hospital Discharge

Early staged PCI  
(n=333)

Late staged PCI  
(n=1099) P value

Aspirin 330 (99.1) 1084 (98.6) 0.388

Potent P2Y12 inhibitor (prasugrel or ticagrelor) 260 (78.1) 841 (76.5) 0.552

Clopidogrel 72 (21.6) 255 (23.2) 0.602

Any DAPT 330 (99.1) 1082 (98.5) 0.274

Oral anticoagulation (vitamin K antagonists or NOAC) 27 (8.1) 65 (5.9) 0.160

Statin 317 (95.2) 1051 (95.6) 0.878

Values are n (%). DAPT indicates dual antiplatelet therapy; NOAC, novel oral anticoagulant; and PCI, percutaneous coronary intervention.
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Figure 3. Distribution of scheduled duration between index and staged PCI.
A, All patients, (B) patients with STEMI, and (C) patients with NSTE- ACS. NSTE- ACS 
indicates non– ST- segment– elevation acute coronary syndrome; PCI, percutaneous coronary 
intervention; and STEMI, ST- segment– elevation myocardial infarction.
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major adverse cardiac events in favor of immediate com-
plete revascularization as compared with staged PCI 
during index hospitalization was reported.12 The results 

of the Single- Staged Compared With Multi- Staged PCI 
in Multivessel NSTEMI Patients RCT have translated to 
a class IIbB recommendation for immediate complete 

Table 4. Clinical Outcomes at 1 Year

Early staged 
PCI    
(n=333)

Late staged 
PCI  
(n=1099)

HR  
(95% CI) P value

All- cause death, recurrent MI, urgent premature non– target- vessel PCI 26 (7.8) 119 (10.8) 0.72 (0.47– 1.10) 0.129

All- cause death, recurrent MI, urgent premature non– target- vessel PCI, adjusted 26 (7.8) 119 (10.8) 0.80 (0.50– 1.28) 0.346

All- cause death 5 (1.5) 32 (2.9) 0.52 (0.20– 1.33) 0.170

Cardiac death 3 (0.9) 17 (1.6) 0.58 (0.17– 1.99) 0.391

Recurrent MI (any) 14 (4.2) 48 (4.4) 0.97 (0.54– 1.76) 0.924

Cardiac death or MI 15 (4.5) 58 (5.3) 0.86 (0.49– 1.52) 0.605

Target- vessel MI 4 (1.2) 20 (1.8) 0.66 (0.23– 1.93) 0.448

Non– target- vessel MI 7 (2.1) 17 (1.6) 1.37 (0.57– 3.31) 0.480

Revascularization (any) 32 (9.6) 118 (10.7) 0.90 (0.61– 1.33) 0.608

Urgent premature non– target- vessel PCI 13 (3.9) 63 (5.7) 0.97 (0.53– 1.80) 0.928

Target- lesion revascularization 11 (3.3) 47 (4.3) 0.77 (0.40– 1.49) 0.445

Stent thrombosis (definite/probable) 8 (2.4) 29 (2.6) 0.91 (0.42– 2.00) 0.822

Stent thrombosis (definite) 5 (1.5) 16 (1.5) 1.03 (0.38– 2.82) 0.947

Values are n (%) or HR with 95% CI. HR indicates hazard ratio; MI, myocardial infarction, and PCI, percutaneous coronary intervention.
Adjusted covariates are year of inclusion, age (>60 vs ≤60 y), sex, left ventricular ejection fraction (≥45% vs <45%), Killip III, ST- segment– elevation myocardial 

infarction, diabetes, and renal failure (ie, glomerular filtration rate <60 mL/min).

Figure 4. Kaplan- Meier curves of the primary end point and its components.
Kaplan- Meier curves of (A) primary end point, (B) all- cause death, (C) recurrent MI, (D) urgent premature non– target- vessel PCI. 
HR, indicates hazard ratio; MI, myocardial infarction; and PCI, percutaneous coronary intervention.
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revascularization in NSTE- ACS in the current European 
Society of Cardiology guidelines.11 However, RCT data 
for different time intervals of staged PCI are not avail-
able in patients with NSTE- ACS.

Early (<4 Weeks) Versus Late (≥4 Weeks) 
Staged PCI in Patients With ACS
The clinical implications of this cohort study may be 
that if, in the judgment of the operator, nonculprit- lesion 
PCI can be deferred until after hospital discharge, it is 
safe and effective to perform it early (within <4 weeks) 
or late (≥4 weeks from index PCI). However, there was 
only a small number of patients (11.3%, 162/1432) 
who underwent staged PCI beyond a time point of 
8 weeks, so that the results of these late staged PCIs 
are subject to imprecision and should be interpreted 
with caution.

Furthermore, in the late staged PCI group, there 
were 2.5% of patients with an urgent premature non– 
target- vessel PCI occurring between days 29 and 60. 
Aiming at a reduction of urgent recurrent PCIs (beyond 
detecting a statistically significant between- group dif-
ference), this would imply, that, to avoid 1 urgent pre-
mature non– target- vessel PCI in the late staged PCI 
group (ie, ≥4 weeks), 40 additional patients should be 
treated within <4 weeks.

Notably, our results do not pertain to higher- risk pa-
tients with the need for in- hospital staged PCI, as per 
judgment of the operator. In the Cardiobase Bern PCI 
registry, this concerns a minority (7.8%, 139/1764) of 
patients with ACS.

Numerical but statistically nonsignificant differ-
ences were observed between the early and the late 
group with respect to the indications for urgent pre-
mature non– target- vessel PCI. Whereas in the early 

Table 5. Univariable and Multivariable Cox Proportional Hazards Models for the Primary End Point

Univariable analysis Multivariable analysis (n=1262)

HR (95% CI) P value HR (95% CI) P value

Age >60 y 1.35 (0.94– 1.96)   
n=1432

0.105

Sex, female vs male 0.85 (0.56– 1.29)  
n=1432

0.446

Diabetes 1.19 (0.80– 1.76)  
n=1431

0.382

Hypertension 1.23 (0.88– 1.73)  
n=1431

0.231

Smoker 0.75 (0.53– 1.07)  
n=1424

0.109

Killip III 2.63 (1.49– 4.65)  
n=1432

0.001 2.36 (1.23– 4.55) 0.010

Renal failure, GFR <60 mL/min 1.95 (1.34– 2.86)  
n=1326

0.001 1.91 (1.27– 2.87) 0.002

STEMI 0.86 (0.62– 1.20)  
n=1432

0.380

Left main artery 0.24 (0.03– 1.72)  
n=1432

0.156 0.24 (0.03– 1.72) 0.156

Left anterior descending artery 0.88 (0.63– 1.22)  
n=1432

0.437

Left circumflex artery 0.97 (0.68– 1.39)  
n=1432

0.876

Right coronary artery 1.13 (0.81– 1.56)  
n=1432

0.474

Drug eluting stent, any 1.21 (0.39– 3.81)  
n=1420

0.740

LVEF, per 10% increase 0.98 (0.97– 1.00)  
n=1384

0.031

Previous MI 1.01 (0.55– 1.87)  
n=1428

0.966

Early staged PCI  
(<4 weeks)

0.72 (0.47– 1.10)  
n=1432

0.129 0.74 (0.47– 1.17) 0.197

Results of univariable and multivariable Cox proportional hazard models for the primary end point (all- cause death, recurrent MI, urgent premature non- 
target- vessel PCI). The multivariable model was performed following a backward selection procedure excluding variables with P value >0.2. GFR indicates 
glomerular filtration rate, HR, hazard ratio, LVEF, left ventricular ejection fraction, MI, myocardial infarction, PCI, percutaneous coronary intervention, STEMI, 
ST- segment– elevation myocardial infarction.
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staged PCI group, urgent premature non– target- vessel 
PCI was indicated mostly because of recurrent ACS 
(84.6%) (unstable angina, 53.8%; or MI, 30.8%), in the 
late staged PCI group, indications were mainly unsta-
ble angina (54.0%) or congestive heart failure (20.6%).

We are not aware of any RCT to compare different 
time intervals of staged PCI after hospital discharge and 
thus, the current data addresses a knowledge gap that 
is not foreseen to be covered by RCT data in the future.

Limitations
The findings of the present study need to be consid-
ered in the context of several limitations: 

1. It is a single- center, observational, retrospective, 
nonrandomized study with modest sample size, 
limiting generalizability.

2. The follow- up duration of 1  year is relatively short, 
and it is possible that a late benefit of either of the 
strategies was missed by the current study.

3. The observed CIs were wide, and the study might 
be underpowered and could therefore have missed 
existing differences in the end points assessed.

4. Patients with in- hospital staged PCI, staged coro-
nary artery bypass grafting, cardiogenic shock, and 
multiple staged PCI were excluded from the analy-
sis, and therefore, results cannot be applied to these 
higher- risk populations.

5. Between 2009 and 2017, PCI practice was subject to 
relevant improvements, which may affect outcomes. 
However, we have accounted for this by adjusting for 
year of inclusion with no effect on the study results.

6. Even though a culprit lesion was identified and 
treated in 99.8% of patients with NSTE- ACS dur-
ing the index PCI, multiple vulnerable plaques are 
present in up to 40% of patients,11 rendering pos-
sible that the true culprit lesion was left untreated 
during the index PCI in some patients. This could 
result in more early events in patients with NSTE- 
ACS. However, it can be assumed that this potential 
bias was reduced by excluding patients undergoing 
in- hospital staged PCI, as these include the patients 
with the highest- risk lesions, which are the lesions 
most likely to lead to confusion between culprit and 
nonculprit lesion.

7. Within the scope of the present study, we do not 
provide data on angiographic characteristics (eg, 
stenosis diameter, lesion complexity) or functional 
significance of the nonculprit- lesion scheduled for 
staged PCI.

8. We did not assess renal failure related to the staged 
PCI, and thus the impact of the earlier versus the 
later staged PCI strategy with respect to renal failure 
remains unknown.

CONCLUSIONS
In patients with both ACS and MVD scheduled to undergo 
staged PCI after hospital discharge, early (<4  weeks) 
compared with late staged PCI (≥4 weeks) was associ-
ated with a similar rate of the primary end point all- cause 
death, recurrent MI, urgent premature non– target- vessel 
PCI in this single center and all- comer population.

Figure 5. Subgroup analyses for the primary end point.
Reported are numbers of first events and hazard ratios (HR) with 95% CI. LVEF indicates left ventricular ejection fraction; MI, myocardial 
infarction; PCI, percutaneous coronary intervention; and STEMI, ST- segment– elevation myocardial infarction.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 29, 2021



J Am Heart Assoc. 2021;10:e023129. DOI: 10.1161/JAHA.121.023129 14

Otsuka et al Timing of Staged PCI in ACS

ARTICLE INFORMATION
Received July 14, 2021; accepted October 6, 2021.

Affiliations
Department of Cardiology, Bern University Hospital, University of Bern, Bern, 
Switzerland (T.O., S.B., R.K., Y.U., C.Z., J.L., F.P., J.H., G.C.S., T.Z., S.S., T.P., 
S.W., L.R.); and CTU Bern, University of Bern, Bern, Switzerland (S.L.).

Sources of Funding
None.

Disclosures
Dr Bär reports research grants to the institution from Medis Medical Imaging 
Systems, Abbott, and Bangerter- Rhyner Stiftung, outside the submitted 
work. Dr Ueki reports personal fees from Infraredex, outside the submitted 
work. Dr Losdat is employed by CTU Bern, University of Bern, which has a 
staff policy of not accepting honoraria or consultancy fees. However, CTU 
Bern is involved in design, conduct, or analysis of clinical studies funded by 
not- for- profit and for- profit organizations. In particular, pharmaceutical and 
medical device companies provide direct funding to some of these stud-
ies. For an up- to- date list of CTU Bern’s conflicts of interest: http://www.
ctu.unibe.ch/resea rch/decla ration_of_inter est/index_eng.html. Dr Praz has 
received travel expenses from Abbott Vascular, Edwards Lifesciences, and 
Polares Medical. Dr Häner has received a travel grant from Bayer. Dr Stortecky 
reports research grants to the institution from Edwards Lifesciences, 
Medtronic, Abbott Vascular, and Boston Scientific; speaker fees from Boston 
Scientific; and consulting fees from BTG and Teleflex, outside the submit-
ted work. Dr Pilgrim reports research grants to the institution from Boston 
Scientific, Biotronik, and Edwards Lifesciences; speaker fees from Boston 
Scientific and Biotronik; Consultancy for HighLife SAS; and proctoring for 
Boston Scientific and Medtronic. Dr Windecker reports research and edu-
cational grants to the institution from Abbott, Amgen, BMS, Bayer, Boston 
Scientific, Biotronik, Cardinal Health, CardioValve, CSL Behring, Daiichi 
Sankyo, Edwards Lifesciences, Johnson & Johnson, Medtronic, Querbet, 
Polares, Sanofi, Terumo, and Sinomed; serves as unpaid advisory board 
member and/or unpaid member of the steering/executive group of trials 
funded by Abbott, Abiomed, Amgen, Astra Zeneca, BMS, Boston Scientific, 
Biotronik, Cardiovalve, Edwards Lifesciences, MedAlliance, Medtronic, 
Novartis, Polares, Sinomed, V- Wave, and Xeltis, but has not received per-
sonal payments by pharmaceutical companies or device manufacturers; is a 
member of the steering/excecutive committee group of several investigated- 
initiated trials that receive funding by industry without impact on his personal 
remuneration; and is an unpaid member of the Pfizer Research Award selec-
tion committee in Switzerland. Dr Räber reports research grants to the insti-
tution from Abbott Vascular, Biotronik, Boston Scientific, Heartflow, Sanofi, 
Regeneron, Medis Medical Imaging Systems, Bangerter- Rhyner Stiftung; 
and speaker or consultation fees by Abbott Vascular, Amgen, AstraZeneca, 
Canon, Occlutech, Sanofi, Vifor, outside the submitted work. The remaining 
authors have no disclosures to report.

Supplementary Material
Table S1– S7
Figures S1– S2

REFERENCES
 1. Park D- W, Clare RM, Schulte PJ, Pieper KS, Shaw LK, Califf RM, 

Ohman EM, Van de Werf F, Hirji S, Harrington RA, et al. Extent, lo-
cation, and clinical significance of non– infarct- related coronary artery 
disease among patients with ST- elevation myocardial infarction. JAMA. 
2014;312:2019– 2027. doi: 10.1001/jama.2014.15095

 2. Jernberg T, Hasvold P, Henriksson M, Hjelm H, Thuresson M, Janzon 
M. Cardiovascular risk in post- myocardial infarction patients: na-
tionwide real world data demonstrate the importance of a long- term 
perspective. Eur Heart J. 2015;36:1163– 1170. doi: 10.1093/eurhe artj/
ehu505

 3. Wald DS, Morris JK, Wald NJ, Chase AJ, Edwards RJ, Hughes LO, 
Berry C, Oldroyd KG. Randomized trial of preventive angioplasty in 
myocardial infarction. N Engl J Med. 2013;369:1115– 1123. doi: 10.1056/
NEJMo a1305520

 4. Engstrøm T, Kelbæk H, Helqvist S, Høfsten DE, Kløvgaard L, Holmvang 
L, Jørgensen E, Pedersen F, Saunamäki K, Clemmensen P, et al. 
Complete revascularisation versus treatment of the culprit lesion only 
in patients with ST- segment elevation myocardial infarction and mul-
tivessel disease (DANAMI- 3— PRIMULTI): an open- label, randomised 
controlled trial. Lancet. 2015;386:665– 671. doi: 10.1016/S0140 
- 6736(15)60648 - 1

 5. Gershlick AH, Khan JN, Kelly DJ, Greenwood JP, Sasikaran T, Curzen 
N, Blackman DJ, Dalby M, Fairbrother KL, Banya W, et al. Randomized 
trial of complete versus lesion- only revascularization in patients under-
going primary percutaneous coronary intervention for STEMI and mul-
tivessel disease: the CvLPRIT trial. J Am Coll Cardiol. 2015;65:963– 972. 
doi: 10.1016/j.jacc.2014.12.038

 6. Smits PC, Abdel- Wahab M, Neumann F- J, Boxma- de Klerk BM, Lunde 
K, Schotborgh CE, Piroth Z, Horak D, Wlodarczak A, Ong PJ, et al. 
Fractional flow reserve- guided multivessel angioplasty in myocardial 
infarction. N Engl J Med. 2017;376:1234– 1244. doi: 10.1056/NEJMo 
a1701067

 7. Mehta SR, Wood DA, Storey RF, Mehran R, Bainey KR, Nguyen H, 
Meeks B, Di Pasquale G, López- Sendón J, Faxon DP, et al. Complete 
revascularization with multivessel PCI for myocardial infarction. N Engl J 
Med. 2019;381:1411– 1421. doi: 10.1056/NEJMo a1907775

 8. Farooq V, Serruys PW, Bourantas CV, Zhang Y, Muramatsu T, Feldman 
T, Holmes DR, Mack M, Morice MC, Ståhle E, et al. Quantification of 
incomplete revascularization and its association with five- year mortal-
ity in the synergy between percutaneous coronary intervention with 
taxus and cardiac surgery (SYNTAX) trial validation of the residual 
SYNTAX score. Circulation. 2013;128:141– 151. doi: 10.1161/CIRCU LATIO 
NAHA.113.001803

 9. Rathod KS, Koganti S, Jain AK, Astroulakis Z, Lim P, Rakhit R, Kalra 
SS, Dalby MC, O’Mahony C, Malik IS, et al. complete versus culprit- only 
lesion intervention in patients with acute coronary syndromes. J Am 
Coll Cardiol. 2018;72:1989– 1999. doi: 10.1016/j.jacc.2018.07.089

 10. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli- Ducci C, Bueno 
H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen S, et al. 2017 ESC 
Guidelines for the management of acute myocardial infarction in pa-
tients presenting with ST- segment elevation. Eur Heart J. 2018;39:119– 
177. doi: 10.1093/eurhe artj/ehx393

 11. Collet J- P, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt 
DL, Dendale P, Dorobantu M, Edvardsen T, Folliguet T, et al. 2020 ESC 
Guidelines for the management of acute coronary syndromes in pa-
tients presenting without persistent ST- segment elevation. Eur Heart J. 
2020;42:1289– 1367. doi: 10.1093/eurhe artj/ehaa575

 12. Sardella G, Lucisano L, Garbo R, Pennacchi M, Cavallo E, Stio 
RE, Calcagno S, Ugo F, Boccuzzi G, Fedele F, et al. Single- staged 
compared with multi- staged PCI in multivessel NSTEMI patients: 
the SMILE trial. J Am Coll Cardiol. 2016;67:264– 272. doi: 10.1016/j.
jacc.2015.10.082

 13. Wood DA, Cairns JA, Wang J, Mehran R, Storey RF, Nguyen H, Meeks 
B, Kunadian V, Tanguay J- F, Kim H- H, et al. Timing of staged nonculprit 
artery revascularization in patients with ST- segment elevation myocar-
dial infarction. J Am Coll Cardiol. 2019;74:2713– 2723. doi: 10.1016/j.
jacc.2019.09.051

 14. Zhao X- D, Zhao G- Q, Wang X, Shi S- T, Zheng W, Guo R- F, Nie S- P. 
Optimal timing of staged percutaneous coronary intervention in ST- 
segment elevation myocardial infarction patients with multivessel 
disease. J Geriatr Cardiol. 2018;15:356– 362. doi: 10.11909/ j.issn.167
1- 5411.2018.05.005

 15. Fukutomi M, Toriumi S, Ogoyama Y, Oba Y, Takahashi M, Funayama H, 
Kario K. Outcome of staged percutaneous coronary intervention within 
two weeks from admission in patients with ST- segment elevation myo-
cardial infarction with multivessel disease. Catheter Cardiovasc Interv. 
2019;93:E262– E268. doi: 10.1002/ccd.27896

 16. Kim I, Kim MC, Jeong HC, Park KH, Sim DS, Hong YJ, Kim JH, Jeong 
MH, Cho JG, Park JC, et al. Optimal timing of percutaneous coro-
nary intervention for nonculprit vessel in patients with ST- segment el-
evation myocardial infarction and multivessel disease. Korean Circ J. 
2017;47:36– 43. doi: 10.4070/kcj.2015.0358

 17. Marino M, Crimi G, Leonardi S, Ferlini M, Repetto A, Camporotondo 
R, Demarchi A, De Pascali I, Falcinella F, Oltrona Visconti L, et al. 
Comparison of outcomes of staged complete revascularization ver-
sus culprit lesion- only revascularization for ST- elevation myocardial 
infarction and multivessel coronary artery disease. Am J Cardiol. 
2017;119:508– 514. doi: 10.1016/j.amjca rd.2016.10.040

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 29, 2021

http://www.ctu.unibe.ch/research/declaration_of_interest/index_eng.html
http://www.ctu.unibe.ch/research/declaration_of_interest/index_eng.html
https://doi.org/10.1001/jama.2014.15095
https://doi.org/10.1093/eurheartj/ehu505
https://doi.org/10.1093/eurheartj/ehu505
https://doi.org/10.1056/NEJMoa1305520
https://doi.org/10.1056/NEJMoa1305520
https://doi.org/10.1016/S0140-6736(15)60648-1
https://doi.org/10.1016/S0140-6736(15)60648-1
https://doi.org/10.1016/j.jacc.2014.12.038
https://doi.org/10.1056/NEJMoa1701067
https://doi.org/10.1056/NEJMoa1701067
https://doi.org/10.1056/NEJMoa1907775
https://doi.org/10.1161/CIRCULATIONAHA.113.001803
https://doi.org/10.1161/CIRCULATIONAHA.113.001803
https://doi.org/10.1016/j.jacc.2018.07.089
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehaa575
https://doi.org/10.1016/j.jacc.2015.10.082
https://doi.org/10.1016/j.jacc.2015.10.082
https://doi.org/10.1016/j.jacc.2019.09.051
https://doi.org/10.1016/j.jacc.2019.09.051
https://doi.org/10.11909/j.issn.1671-5411.2018.05.005
https://doi.org/10.11909/j.issn.1671-5411.2018.05.005
https://doi.org/10.1002/ccd.27896
https://doi.org/10.4070/kcj.2015.0358
https://doi.org/10.1016/j.amjcard.2016.10.040


J Am Heart Assoc. 2021;10:e023129. DOI: 10.1161/JAHA.121.023129 15

Otsuka et al Timing of Staged PCI in ACS

 18. Thiele H, Akin I, Sandri M, Fuernau G, de Waha S, Meyer- Saraei R, 
Nordbeck P, Geisler T, Landmesser U, Skurk C, et al. PCI Strategies in 
patients with acute myocardial infarction and cardiogenic shock. N Engl 
J Med. 2017;377:2419– 2432. doi: 10.1056/NEJMo a1710261

 19. Roffi M, Patrono C, Collet J- P, Mueller C, Valgimigli M, Andreotti F, Bax 
JJ, Borger MA, Brotons C, Chew DP, et al. 2015 ESC guidelines for the 
management of acute coronary syndromes in patients presenting with-
out persistent ST- segment elevation: task force for the management 
of acute coronary syndromes in patients presenting without persistent 
ST- segment elevation of the European Society of Cardiology (ESC). Eur 
Heart J. 2016;37:267– 315. doi: 10.1093/eurhe artj/ehv320

 20. Steg PG, James SK, Atar D, Badano LP, Lundqvist CB, Borger MA, Di 
Mario C, Dickstein K, Ducrocq G, Fernandez- Aviles F, et al. ESC guide-
lines for the management of acute myocardial infarction in patients pre-
senting with ST- segment elevation. Eur Heart J. 2012;33:2569– 2619. 
doi: 10.1093/eurhe artj/ehs215

 21. Vranckx P, Cutlip DE, Mehran R, Kint P- P, Silber S, Windecker S, Serruys 
PW. Myocardial infarction adjudication in contemporary all- comer stent 

trials: balancing sensitivity and specificity. Addendum to the historical 
MI definitions used in stent studies. EuroIntervention. 2010;5:871– 874. 
doi: 10.4244/EIJV5 I7A146

 22. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es 
G- A, Gabriel Steg P, Morel M, Mauri L, Vranckx P, et al. Clinical 
end points in coronary stent trials: a case for standardized defini-
tions. Circulation. 2007;115:2344– 2351. doi: 10.1161/CIRCU LATIO 
NAHA.106.685313

 23. Hannan EL, Samadashvili Z, Walford G, Jacobs AK, Stamato NJ, 
Venditti FJ, Holmes DR, Sharma S, King SB. Staged versus one- time 
complete revascularization with percutaneous coronary intervention for 
multivessel coronary artery disease patients without ST- elevation myo-
cardial infarction. Circ Cardiovasc Interv. 2013;6:12– 20. doi: 10.1161/
CIRCI NTERV ENTIO NS.112.974485

 24. Yu X, Li Y, Wang Q, Liang M, Xu K, Han Y. “One- time” versus staged 
multivessel intervention in intermediate to very high- risk patients with 
non- ST- segment elevation acute coronary syndromes. Korean Circ J. 
2016;46:774. doi: 10.4070/kcj.2016.46.6.774

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 29, 2021

https://doi.org/10.1056/NEJMoa1710261
https://doi.org/10.1093/eurheartj/ehv320
https://doi.org/10.1093/eurheartj/ehs215
https://doi.org/10.4244/EIJV5I7A146
https://doi.org/10.1161/CIRCULATIONAHA.106.685313
https://doi.org/10.1161/CIRCULATIONAHA.106.685313
https://doi.org/10.1161/CIRCINTERVENTIONS.112.974485
https://doi.org/10.1161/CIRCINTERVENTIONS.112.974485
https://doi.org/10.4070/kcj.2016.46.6.774


 

 

 

 

 

 

 

SUPPLEMENTAL MATERIAL 
 

 

 

  

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 29, 2021



Table S1. Medication During Index PCI. 

 Early staged PCI 

(n=333) 

Late staged PCI 

(n=1099) 

P value 

Aspirin, n (%)    0.757 

    Loading dose 269 (80.8) 894 (81.3)  

    Already on Aspirin 63 (18.9) 196 (17.8)  

Potent P2Y12 inhibitor 

(Prasugrel/Ticagrelor), n (%) 

  

1.000 

 

    Loading dose 259 (77.8) 831 (75.6)  

    Already on potent P2Y12 inhibitor 1 (0.3) 4 (0.4)   

Clopidogrel, n (%)   0.128 

    Loading dose 93 (27.9) 408 (37.1)  

    Already on any P2Y12 inhibitor 11 (3.3) 26 (2.4)   

GP IIb/IIIa inhibitor, n (%) 172 (15.7) 46 (13.8) 0.434 

Unfractionated Heparin, n (%) 329 (98.8) 1084 (98.6) 1.000 

Values are n (%).  GP IIb/IIIa = glycoprotein IIb/IIIa, PCI = percutaneous coronary intervention. 
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Table S2. Medication at 1 Year after Index PCI. 

 

Early staged PCI 

(n=333) 

Late staged PCI 

(n=1099) 

P Value 

Aspirin, n (%) 271 (81.4) 935 (85.1) 0.031 

Potent P2Y12 inhibitor 

(Prasugrel or Ticagrelor), n (%) 

208 (62.5) 660 (60.1) 0.443 

Clopidogrel, n (%) 59 (17.7) 219 (19.9) 0.423 

Any DAPT, n (%) 240 (72.1) 823 (74.9) 0.270 

Oral anticoagulation (vitamin 

K antagonists or NOAC), n (%) 

30 (9.0) 82 (7.5) 0.350 

Statin, n (%) 266 (79.9) 907 (82.5) 0.149 

Values are n (%). DAPT = dual antiplatelet therapy. NOAC = novel oral anticoagulant. 

PCI = percutaneous coronary intervention.
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Table S3. Risk Ratios for the Primary Endpoint and Urgent Premature Non-target-vessel PCI. 

 

Risk Ratio 

(95% CI) 

P value Risk Ratioadj 

95% CI 

P value 

All-cause death, recurrent MI, 

urgent premature non-target-

vessel PCI, n (%) 

0.72 (0.48-1.08) 

 

0.115 

 

0.78 (0.50-1.22) 0.285 

Urgent premature non-target-

vessel PCI, n (%) 

0.68 (0.38-1.22) 

 

0.198 

 

0.86 (0.46-1.63) 0.651 

Risk ratios from generalized linear models (GLMs). Adjusted covariates are: year of inclusion, age 

(>60 vs. ≤60 years), sex, left ventricular ejection fraction (≥45% vs. <45%), Killip III, STEMI, 

diabetes mellitus, and renal failure (i.e. glomerular filtration rate <60 ml/min). Adj = adjusted, CI = 

confidence interval, MI = myocardial infarction, PCI = percutaneous coronary intervention. STEMI 

= ST-segment-elevation myocardial infarction. 
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Table S4. Adjusted and Unadjusted Clinical Outcomes at 1 Year. 

 Early staged PCI 

(n=333) 

Late staged PCI 

(n=1099) 

HR 

(95% CI) 

P value HRadj 

(95% CI) 

P valueadj 

All-cause death, recurrent MI, urgent 

premature non-target-vessel PCI, 

n (%) 

26 (7.8) 119 (10.8) 0.72 (0.47-1.10) 0.129 0.80 (0.50-1.28) 0.346 

All-cause death, n (%) 5 (1.5) 32 (2.9) 0.52 (0.20-1.33) 0.170 0.62 (0.23-1.67) 0.343 

Cardiac death, n (%) 3 (0.9) 17 (1.6) 0.58 (0.17-1.99) 0.391 0.79 (0.21-2.91) 0.723 

Recurrent MI (any), n (%) 14 (4.2) 48 (4.4) 0.97 (0.54-1.76) 0.924 1.03 (0.53-2.01) 0.935 

Cardiac death or MI, n (%) 15 (4.5) 58 (5.3) 0.86 (0.49-1.52) 0.605 0.89 (0.47-1.67) 0.707 

Target-vessel MI, n (%) 4 (1.2) 20 (1.8) 0.66 (0.23-1.93) 0.448 0.90 (0.29-2.77) 0.857 

Non-target-vessel MI, n (%) 7 (2.1) 17 (1.6) 1.37 (0.57-3.31) 0.480 0.97 (0.33-2.81) 0.950 

Revascularization (any), n (%) 32 (9.6) 118 (10.7) 0.90 (0.61-1.33) 0.608 1.04 (0.68-1.60) 0.842 
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Urgent premature non-target-vessel 

PCI, n (%) 

13 (3.9) 63 (5.7) 0.97 (0.53-1.80) 0.928 1.19 (0.61-2.34) 0.609 

Target-lesion revascularization, n (%) 11 (3.3) 47 (4.3) 0.77 (0.40-1.49) 0.445 1.03 (0.50-2.11) 0.944 

Stent thrombosis (definite/probable), n (%) 8 (2.4) 29 (2.6) 0.91 (0.42-2.00) 0.822 0.92 (0.37-2.33) 0.866 

Stent thrombosis (definite), n (%) 5 (1.5) 16 (1.5) 1.03 (0.38-2.82) 0.947 0.76 (0.21-2.75) 0.670 

Values are n (%) or hazard ratio (HR) with 95% confidence intervals (CI). Adjusted covariates are: year of inclusion, age (>60 vs. ≤60 

years), sex, left ventricular ejection fraction (≥45% vs. <45%), Killip III, STEMI, diabetes mellitus, and renal failure (i.e. glomerular 

filtration rate <60 ml/min). adj= adjusted, MI = myocardial infarction, PCI = percutaneous coronary intervention. 
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Table S5. Clinical Outcomes at 1 Year among STEMI and NSTE-ACS. 

STEMI patients (n=803) Early staged PCI 

(n=169) 

Late staged PCI 

(n=634) 

HR 

(95% CI) 

P value HRadj 

(95% CI) 

P valueadj 

All-cause death, recurrent MI, urgent 

premature non-target-vessel PCI, n (%) 

11 (6.5) 65 (10.3) 0.63 (0.33-1.19)   0.153 0.70 (0.35-1.42) 0.327 

All-cause death, n (%) 1 (0.6) 14 (2.2) 0.26 (0.03-2.00) 0.196 0.30 (0.04-2.51) 0.266 

Cardiac death, n (%) 1 (0.6) 10 (1.6) 0.37 (0.05-2.87) 0.340 0.34 (0.04-2.92) 0.324 

Recurrent MI (any), n (%) 2 (1.2) 28 (4.4) 0.26 (0.06-1.10) 0.068 0.35 (0.08-1.53) 0.165 

Cardiac death or MI, n (%) 3 (1.8) 34 (5.4) 0.32 (0.10-1.05) 0.060 0.38 (0.11-1.29) 0.122 

Target-vessel MI, n (%) 0 (0.0) 9 (1.4)     

Non-target-vessel MI, n (%) 1 (0.6) 12 (1.9) 0.31 (0.04-2.37) 0.258 0.41 (0.05-3.35) 0.404 

Revascularization (any), n (%) 15 (8.9) 65 (10.3) 0.86 (0.49-1.50) 0.590 0.98 (0.54-1.80) 0.959 

       

Urgent premature non-target-vessel 8 (4.7) 35 (5.5) 1.16 (0.53-2.54) 0.714 1.19 (0.49-2.87) 0.699 
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PCI, n (%) 

Target-lesion revascularization, n (%) 5 (3.0) 22 (3.5) 0.84 (0.32-2.22) 0.728 0.93 (0.30-2.87) 0.895 

Stent thrombosis (definite/probable), 

n (%) 

2 (1.2) 16 (2.5) 0.46 (0.11-2.02) 0.307 0.31 (0.04-2.43) 0.263 

Stent thrombosis (definite), n (%) 2 (1.2) 12 (1.9) 0.62 (0.14-2.77) 0.532 0.40 (0.05-3.36) 0.401 

NSTE-ACS patients (n=629) Early staged PCI 

(n=164) 

Late staged PCI 

(n=465) 

HR 

(95% CI) 

P value HRadj 

(95% CI) 

P valueadj 

All-cause death, recurrent MI, urgent 

premature non-target-vessel PCI, n (%) 

15 (9.2) 54 (11.6) 0.80 (0.45-1.41) 0.439 0.84 (0.44-1.61) 0.607 

All-cause death, n (%) 4 (2.4) 18 (3.9) 0.65 (0.22-1.92) 0.434 0.79 (0.24-2.58) 0.693 

Cardiac death, n (%) 2 (1.2) 7 (1.5) 0.83 (0.17-4.00) 0.817 1.23 (0.20-7.62) 0.821 

Recurrent MI (any), n (%) 12 (7.3) 20 (4.3) 1.76 (0.86-3.61) 0.121 1.91 (0.82-4.43) 0.134 

Cardiac death or MI, n (%) 12 (7.3) 24 (5.2) 1.47 (0.74-2.95) 0.273 1.51 (0.68-3.37) 0.314 

Target-vessel MI, n (%) 4 (2.4) 11 (2.4) 1.04 (0.33-3.28) 0.942 1.56 (0.44-5.50) 0.486 
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Non-target-vessel MI, n (%) 6 (3.7) 5 (1.1) 3.53 (1.08-11.55) 0.037 3.24 (0.64-16.29) 0.154 

Revascularization (any), n (%) 17 (10.4) 53 (11.4) 0.94 (0.54-1.62) 0.813 1.03 (0.56-1.89) 0.931 

Urgent premature non-target-vessel 

PCI, n (%) 

5 (3.1) 28 (6.0) 0.78 (0.29-2.07) 0.614 1.22 (0.42-3.57) 0.713 

Target-lesion revascularization, n (%) 6 (3.7) 25 (5.4) 0.69 (0.28-1.69) 0.422 0.98 (0.37-2.57) 0.964 

Stent thrombosis (definite/probable), 

n (%) 

6 (3.7) 13 (2.8) 1.33 (0.51-3.50) 0.562 1.67 (0.54-5.18) 0.373 

Stent thrombosis (definite), n (%) 3 (1.8) 4 (0.9) 2.15 (0.48-9.59) 0.318 2.03 (0.26-15.69) 0.498 

Values are n (%) or hazard ratio (HR) with 95% confidence intervals (CI). Adjusted covariates are: year of inclusion, age (>60 vs. ≤60 years), sex, 

left ventricular ejection fraction (≥45% vs. <45%), Killip III, STEMI, diabetes mellitus, and renal failure (i.e. glomerular filtration rate <60 ml/min). 

adj= adjusted, NSTE-ACS = Non-ST-elevation acute coronary syndrome, MI = myocardial infarction, PCI = percutaneous coronary intervention, 

STEMI = ST-elevation myocardial infarction.
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Table S6. Clinical Events up to Planned Staged PCI. 

 Early staged 

PCI 

(n=333) 

Late staged 

PCI 

(n=1099) 

HR 

(95% CI) 

P value HRadj 

(95% CI) 

P valueadj 

All-cause death, recurrent MI, 

urgent premature non-target-

vessel PCI, n (%) 

15 (4.5%) 

 

75 (6.8%) 

 

0.89 (0.50-1.56) 0.681 1.11 (0.60-2.05) 

 

0.739 

 

All-cause death, n (%) 0 (0.0%) 

 

8 (0.7%) 

 

- - - - 

Recurrent MI (any), n (%) 6 (1.8%) 

 

24 (2.2%) 

 

1.01 (0.41-2.51) 

 

0.983 

 

1.29 (0.49-3.37) 

 

0.606 

 

Values are n (%) or hazard ratio (HR) with 95% confidence intervals (CI) from Cox proportional hazards models considering only 

events up to the date of the planned staged PCI. Adjusted covariates are: year of inclusion, age (>60 vs. ≤60 years), sex, left 

ventricular ejection fraction (≥45% vs. <45%), Killip III, STEMI, diabetes mellitus, and renal failure (i.e. glomerular filtration rate 

<60 ml/min). adj= adjusted, MI = myocardial infarction, PCI = percutaneous coronary intervention, STEMI = ST-segment-

elevation myocardial infarction.
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Table S7. Indication for Urgent Premature Non-target-vessel PCI. 

Indication for urgent premature 

non-target-vessel PCI 

Early staged PCI 

(n=13) 

Late staged PCI 

(n=63) 

P value 

   0.50 

Recurrent MI, n (%) 4 (30.8) 10 (15.9)  

Unstable angina, n (%) 7 (53.8) 34 (54.0)  

Congestive heart failure, n (%) 1 (7.7) 13 (20.6)  

Cardiogenic shock, n (%) 0 (0.0) 3 (4.8)  

Arrhythmia, n (%) 1 (7.7) 3 (4.8)  

Values are n (%). MI = myocardial infarction, PCI = percutaneous coronary intervention.  

 

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 29, 2021



  
 

 

Figure S1. Time from Index to Planned Staged PCI per Year of Enrolment. 

 

Distribution of time (in weeks) from index to planned staged PCI per year of enrolment. PCI = 

percutaneous coronary intervention.  
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Figure S2. Expected Probability of the Primary Endpoint over Time. 

 

The red line shows the expected probability of occurrence of the primary endpoint in relation 

to the number of days between index PCI and planned staged PCI, based on a restricted cubic 

splines logistic regression. The associated 95% confidence intervals are displayed in gray. The 

blue line shows the number of patients according to the number of days between index PCI and 

planned staged PCI. MI = myocardial infarction, PCI = percutaneous coronary intervention. 
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