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ABSTRACT

BACKGROUND In patients with acute coronary syndromes (ACS) and multivessel coronary disease, immediate com-
plete revascularization was noninferior to staged complete revascularization for the primary composite outcome at 1 year.
The authors report clinical outcomes at 2 years of follow-up.

METHODS Patients with ACS and multivessel coronary disease were randomly assigned to immediate complete
revascularization or to staged complete revascularization at 29 sites in Europe. The primary outcome was the composite
of all-cause mortality, myocardial infarction, any unplanned ischemia-driven revascularization, and cerebrovascular
event.

RESULTS In total, 764 patients were enrolled and randomly allocated to the immediate complete revascularization arm
and 761 to the staged complete revascularization arm. Two-year follow-up was complete for 97.6% of patients. At 2
years, the primary outcome had occurred in 12.5% of patients in the immediate complete revascularization group and
12.4% of patients in the staged complete revascularization group (HR: 0.98; 95% Cl: 0.73-1.30; P = 0.88). Myocardial
infarction occurred more frequently in the staged complete revascularization group (6.2% vs 3.8%; HR: 0.60; 95% Cl:
0.37-0.96; P = 0.032). In the immediate complete revascularization and staged complete revascularization groups, the
rates of all-cause mortality (3.3% vs 2.0%; HR: 1.67; 95% Cl: 0.88-3.16; P = 0.12), any unplanned ischemia-driven
revascularization (7.0% vs 7.9%; HR: 0.87; 95% Cl: 0.60-1.26; P = 0.57), and cerebrovascular event (2.5% vs 1.7%; HR:
1.39; 95% Cl: 0.68-2.83; P = 0.37) were not significantly different.

CONCLUSIONS In patients with ACS and multivessel disease, there was no significant difference between immediate
complete revascularization and staged complete revascularization with respect to the composite outcome of all-cause
mortality, myocardial infarction, any unplanned ischemia-driven revascularization, and cerebrovascular event at 2 years.
Immediate complete revascularization was associated with a significant reduction in myocardial infarction, mainly due to
fewer early events. (Direct Complete Versus Staged Complete Revascularization in Patients Presenting With Acute
Coronary Syndromes and Multivessel Disease [BioVasc]; NCT03621501) (JACC Cardiovasc Interv. 2024;17:2866-2874)
© 2024 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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omplete revascularization in patients with

acute coronary syndromes (ACS) and multi-

vessel disease without cardiogenic shock is
superior to culprit-only revascularization in terms of
myocardial infarction and the composite endpoint
of myocardial infarction and cardiovascular mortal-
ity." However, the optimal timing of complete
revascularization is still under debate. The BIOVASC
(Direct Complete Versus Staged Complete Revascu-
larization in Patients Presenting With Acute Coro-
nary Syndromes and Multivessel Disease) trial was
the first study to investigate the timing of complete
revascularization in patients with ACS and multi-
vessel disease.” The BIOVASC study showed that
immediate complete revascularization was noninfe-
rior to staged complete revascularization for the
composite endpoint of all-cause mortality, myocar-
dial infarction, any wunplanned ischemia-driven
revascularization, and cerebrovascular event at 1
year follow-up. In the MULTISTARS AMI (Multives-
sel Immediate Versus Staged Revascularization in
Acute Myocardial Infarction) study,” immediate
multivessel percutaneous coronary intervention
(PCI) was noninferior to staged multivessel PCI for
the composite clinical endpoint of death of any
cause, nonfatal myocardial infarction, stroke, un-
planned ischemia-driven revascularization, or hos-
pitalization for heart failure at 1 year in patients
with ST-segment elevation myocardial infarction
(STEMI). Numerous meta-analyses have been pub-
lished since BIOVASC and MULTISTARS AMI, con-
firming the main results with no difference in
major adverse cardiac events and fewer myocardial
infarctions in the immediate complete revasculari-
zation group.®> Longer term results of immediate
complete revascularization compared with staged
complete revascularization are unknown. In the
present study, we report the prespecified 2-year
clinical outcomes of the BIOVASC study.

den Dekker et al
Treatment of Multivessel Disease in ACS

METHODS

STUDY DESIGN AND PATIENT POPULATION.
BIOVASC is an international, investigator-
initiated, multicenter, prospective, random-

ducted at 29 sites in 4 European countries.
The rationale and design of the study as well
as the results at 12-month follow-up have been pre-
viously published.® Briefly, patients with ACS and
multivessel coronary disease (defined as the presence
of 2 or more coronary arteries with diameter =2.5 mm
and =70% stenosis by visual estimation or positive
coronary physiology testing) were randomly allocated

to immediate complete revascularization or staged
complete revascularization. In the staged complete
revascularization group, the staged procedure was
performed after the index procedure during the same
hospitalization or a second hospitalization, but
within 6 weeks after the index procedure. Patients
had to be between 18 and 85 years of age, had to have
clear culprit lesions, and had to be able to provide
written informed consent. The main exclusion
criteria were single-vessel disease, a history of coro-
nary artery bypass graft, chronic total occlusion in a
vessel with a diameter =2.5 mm, no clear culprit
lesion, and the presence of cardiogenic shock. A
detailed list of inclusion and exclusion criteria is
provided in Supplemental Table 1.

Randomization was performed using a web-based
randomization module, using random block size
randomization with lower boundary of 4 and an up-
per boundary of 8 and stratification according to
study site. Because of the nature of the study, pa-
tients, treating physicians, and investigators were
unblinded for study group assignment. Clinical
follow-up, which is ongoing, is to be performed at
30 days, 1 year, 2 years, and 5 years after the index
procedure. The study was conducted in accordance
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with the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Hu-
man Use and the Declaration of Helsinki. Ethics
committees at each participating site approved the
study protocol, and all patients provided written
informed consent.

DATA MANAGEMENT. An independent clinical event
committee adjudicated all serious adverse events that
were possible primary or secondary endpoints. All
sites were monitored at least twice for adherence to
the protocol and completeness of essential study
related data. Two independent researchers, trained
by a core laboratory, analyzed all angiograms. A data
and safety monitoring board periodically reviewed
the study data for patient safety and efficacy. The
Erasmus University Medical Center in Rotterdam is
the sponsor of the trial. Biotronik provided an unre-
stricted research grant to the sponsor. Biotronik was
not involved in trial design and had no role in the
collection, analysis, and interpretation of data or in
manuscript preparation.

STUDY ENDPOINTS. The present prespecified anal-
ysis reports 2-year clinical outcomes, including the
patient-oriented composite of all-cause mortality,
myocardial infarction, any unplanned ischemia-
driven revascularization, and cerebrovascular event;
its individual components; probable and definite
stent thrombosis; Bleeding Academic Research Con-
sortium types 3 and 5 major bleeding events; and
landmark analyses between 1 and 2 years.

Myocardial infarction was defined according to the
third universal definition.” To detect periprocedural
myocardial infarction in patients whose cardiac
troponin values were already elevated or wererecently
elevated, new ischemic symptoms for at least 20 mi-
nutes and evidence of unequivocally new ischemic
electrocardiographic changes were required.' Staged
procedures that were performed before the planned
date of the staged intervention were considered un-
planned ischemia-driven revascularizations only if
there were objective signs of ischemia, documented by
dynamic electrocardiographic changes and/or new
cardiacenzymeincrease. A detailed list and definitions
of all outcomes are provided in Supplemental
Appendix.

STATISTICAL ANALYSIS. The BIOVASC trial was
powered for the noninferiority of immediate com-
plete revascularization compared with staged com-
plete revascularization with respect to the composite
primary outcome at 1-year follow-up. With an abso-
lute noninferiority margin of 4.0% and an attrition
rate of 2.5%, enrollment of 1,525 patients (1:1
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randomization) would provide the trial with 80%
power to show noninferiority at a 1-sided alpha level
of 2.5%. We based the noninferiority margin on a
previously published noninferiority randomized trial
with patients with multivessel disease and a compa-
rable composite endpoint.®

All analyses were performed in the intention-to-
treat population, which consisted of all patients who
underwent randomization, regardless of the received
treatment. Categorical variables are reported as
counts and percentages and were compared using the
chi-square test or Fisher exact test if the expected cell
count was <5. Continuous variables are expressed as
median (Q1-Q3) and were compared using the Mann-
Whitney U test. The cumulative incidences of pri-
mary and secondary outcomes over time were
assessed according to the Kaplan-Meier method. If an
endpoint had not occurred, patients were censored at
the time at which they were last known to be alive.
HRs and corresponding 95% CIs were determined us-
ing Cox proportional hazards regression analysis. We
performed landmark analyses of the primary endpoint
and myocardial infarction using the 1-year landmark.
A 2-sided P value <0.05 was considered to indicate
statistical significance. All statistical analyses were
performed using SAS version 9.4 (SAS Institute).

RESULTS

Between June 2018 and October 2021, a total of 1,525
patients underwent randomization at 29 centers in
the Netherlands, Belgium, Spain, and Italy; 764 pa-
tients were randomly allocated to the immediate
complete revascularization arm and 761 to the staged
complete revascularization arm. A total of 1,488 pa-
tients (97.6%) completed 2-year follow-up or had
reached the primary composite outcome. Twenty-two
patients (1.4%) were lost to follow-up, and 14 patients
(0.9%) withdrew consent (Supplemental Figure 1).
The median duration of follow-up was 737 days
(Q1-Q3: 727-755 days) in the immediate complete
revascularization group and 736 days (Q1-Q3: 728-
756 days) in the staged complete revascularization
group (P = 0.74). As reported previously, baseline
clinical characteristics were similar between the 2
groups.” Angiographic analysis revealed that 62.5% of
culprit lesions were classified as type B2 or C (Table 1).
The median baseline SYNTAX (Synergy Between PCI
With Taxus and Cardiac Surgery) score was 14 (Q1-Q3:
10-20) for both the immediate complete revasculari-
zation group and the staged complete revasculariza-
tion group. A total of 380 of 758 patients (50.1%) in
the immediate complete revascularization group and
385 of 751 patients (51.3%) in the staged complete


https://doi.org/10.1016/j.jcin.2024.09.058
https://doi.org/10.1016/j.jcin.2024.09.058
https://doi.org/10.1016/j.jcin.2024.09.058

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 17, NO. 24, 2024
DECEMBER 23, 2024:2866-2874

revascularization group had residual SYNTAX scores
of 0, while residual SYNTAX scores of =8 were ob-
tained in 92.7% of patients in the immediate complete
group and 90.3% in staged complete group
(P = 0.086).

PRIMARY AND SECONDARY OUTCOMES. At 2-year
follow-up, there was no difference in the primary
composite outcome, which occurred in 93 patients
(12.5%) in the immediate complete group and in 93
patients (12.4%) in the staged complete group
(HR: 0.98; 95% CI: 0.73-1.30; P = 0.88) (Table 2,
Central Illustration). The adjusted comparisons of im-
mediate versus staged complete revascularization did
not show different results (Supplemental Table 2).
Similarly, no significant difference was observed be-
tween the groups the groups in the analysis accounting
for competing risk events (Supplemental Table 3).

There was also no difference in all-cause mortality,
which occurred in 25 patients (3.3%) in the immediate
complete revascularization group and in 15 patients
(2.0%) in the staged complete revascularization group
(HR: 1.67; 95% CI: 0.88-3.16; P = 0.12), unplanned
ischemia-driven revascularization, which occurred in
52 patients (7.0%) in the immediate complete revas-
cularization group and in 59 patients (7.9%) in the
staged complete revascularization group (HR: 0.87;
95% CI: 0.60-1.26; P = 0.45), and cerebrovascular
event, which occurred in 18 patients (2.5%) and 13 pa-
tients (1.7%), respectively (HR: 1.39; 95% CI: 0.68-2.83;
P =0.37) (Table 2). Myocardial infarction occurred less
frequently in the immediate complete revasculariza-
tion group compared with the staged complete revas-
cularization group (3.8% vs 6.2%; HR: 0.60; 95% CI:
0.37-0.96; P = 0.032) (Table 2, Central Illustration).
Myocardial infarction (excluding procedure-related
myocardial infarction) occurred in 28 patients (3.8%)
in the immediate complete revascularization group
and in 37 patients (5.0%) in the staged complete
revascularization group (HR: 0.75; 95% CI: 0.46-1.23;
P = 0.25) (Supplemental Table 4). Landmark analysis
between 1- and 2-year follow-up showed no statistical
difference for both the primary composite outcome
and myocardial infarction (Central Illustration).

Prespecified subgroup analyses did not show sig-
nificant interactions for the effect of immediate or
staged complete revascularization on the primary
composite outcome (Figure 1).

DISCUSSION

This prespecified analysis of the BIOVASC study,
which involved patients with ACS and multivessel
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TABLE 1 Procedural Characteristics
diate Compl ged Compl
Revascularization Revascularization
(n =764) (n =761) P Value
Systolic blood pressure, mm Hg 125 (110-140) 125 (110-140) 0.90
Diastolic blood pressure, mm Hg 72 (63-81) 71 (62-80) 0.082
Radial access 738 (96.6) 731 (96.1) 0.31
Location of culprit lesion® 0.57
Left main coronary artery 3/757 (0.4) 5/760 (0.7)
Left anterior descending coronary 285/757 (37.6) 269/760 (35.4)
artery
Circumflex coronary artery 209/757 (27.6) 203/760 (26.7)
Right coronary artery 260/757 (34.3) 283/760 (37.2)
Number of vessels with nonculprit 0.86
lesions”
1 312/749 (41.7) 312/741 (42.1)
=2 437/749 (58.3) 429/741 (57.9)
Number of lesions 3(2-4) 3(2-4) 0.90
Culprit lesion complexity® 0.84
Type A 18/752 (2.4) 17/752 (2.3)
Type B1 270/752 (35.9) 259/752 (34.4)
Type B2 281/752 (37.4) 298/752 (39.6)
Type C 183/752 (24.3) 178/752 (23.7)
Procedure during off hours® 207 (27.1) 221 (29.0) 0.40
SYNTAX score at baseline 14 (10-20) 14 (10-20) 0.79
Residual SYNTAX score 0 (0-4) 0 (0-4) 0.85
Residual SYNTAX score =8 703/758 (92.7) 678/751 (90.3) 0.086
FFR/iFR 118 (15.4) 177 (23.3) <0.001
IVUS/OCT 45 (5.9) 111 (14.6) <0.001
Total hospital stay, d 3(2-5) 4 (3-6) <0.001
Time to staged procedure, d NA 15 (4-28)
Number of stents used per patient
Index procedure 3(2-4) 1(1-2) <0.001
Index plus staged procedure 3(2-4) 3(2-4) 0.014
Length of stents, mm
Index procedure 61 (44-85) 30 (22-47) <0.001
Index plus staged procedure 61 (44-85) 67 (45-93) 0.015
Procedure duration, min
Index procedure 64 (47-84) 45 (34-61) <0.001
Index plus staged procedure 64 (47-84) 90 (64-120) <0.001
Contrast use, mL
Index procedure 200 (150-260) 140 (100-183) <0.001
Index plus staged procedure 200 (150-260) 240 (180-320) <0.001
Total area dose, cGy - cm?
Index procedure 4,676 (2,542-10,177) 2,812 (1,485-5,880) <0.001
Index plus staged procedure 4,676 (2,542-10,177) 5,402 (2,846-11,403) 0.087
P2Y;; inhibitor at discharge® 0.86

Ticagrelor
Prasugrel
Clopidogrel

532/761 (69.9)
105/761 (13.8)
124/761 (16.3)

536/759 (70.6)
107/759 (14.1)
116/759 (15.3)

Values are median (Q1-Q3), n (%), or n/N (%). ®In 7 patients, the culprit was unclear, and 1 patient was ran-
domized but had no coronary artery disease. °Nonculprit vessels were identified using the SYNTAX criteria.
“According to the modified American College of Cardiology/American Heart Association (ACC/AHA) lesion
morphology classification. 90n hours was defined as a procedure performed from Monday to Friday between 8 am
and 6 pm. A procedure outside this interval was considered off hours. Three patients died before discharge, so no
medications were prescribed, 1 patient was discharged with single antiplatelet therapy and anticoagulation
(aspirin and warfarin), and 1 patient did not have coronary artery disease and was not treated with antiplatelet

therapy.

FFR = fractional flow reserve; iFR = instantaneous wave-free ratio; IVUS = intravascular ultrasound; NA = not
applicable; OCT = optical coherence tomography; SYNTAX = Synergy Between PCl With Taxus and Cardiac

Surgery.
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TABLE 2 Primary and Secondary Outcomes at 2 Years
Immediate Complete Staged Complete
Revascularization Revascularization
(n = 764)" (n =761)* HR (95% CI) P Value
Primary outcome
All-cause mortality, any myocardial infarction, 93 (12.5) 93 (12.4) 0.98 (0.73-1.30) 0.88
unplanned ischemia-driven revascularization, or
cerebrovascular event
Secondary outcomes
Cardiovascular mortality or myocardial infarction 42 (5.6) 54 (7.2) 0.76 (0.51-1.14) 0.19
All-cause mortality 25 (3.3) 15 (2.0) 1.67 (0.88-3.16) 0.12
Cardiovascular mortality 17 (2.3) 11 (1.5) 1.55 (0.72-3.30) 0.26
Myocardial infarction 28 (3.8) 46 (6.2) 0.60 (0.37-0.96) 0.032
Unplanned ischemia-driven revascularization 52 (7.0) 59 (7.9) 0.87 (0.60-1.26) 0.45
Cerebrovascular event 18 (2.5) 13(1.7) 1.39 (0.68-2.83) 0.37
Probable or definite stent thrombosis 9(1.2) 10 (1.2) 0.90 (0.37-2.21) 0.82
Target vessel revascularization 46 (6.2) 53 (7.1) 0.85 (0.58-1.27) 0.43
Target lesion revascularization 38 (5.2) 49 (6.5) 0.76 (0.50-1.17) 0.21
Any revascularization 53(7.2) 86 (11.4) 0.59 (0.42-0.83)  0.0025
All-cause mortality, any myocardial infarction, any 94 (12.6) 115 (15.3) 0.78 (0.59-1.02) 0.072
revascularization, or cerebrovascular event
All-cause mortality, myocardial infarction, stroke, or 78 (10.5) 79 (10.5) 0.97 (0.71-1.32) 0.84
major bleeding (BARC type 3 or 5)
Major bleeding (BARC type 3 or 5) 21(2.8) 18 (2.4) 1.17 (0.62-2.19) 0.63
2Cumulative incidence at 365 days according to the Kaplan-Meier method.
BARC = Bleeding Academic Research Consortium.

disease, shows that at 2 years, there was no difference
between immediate complete revascularization and
staged complete revascularization for the composite
outcome of all-cause mortality, myocardial infarc-
tion, any unplanned ischemia-driven revasculariza-
tion, and cerebrovascular event. This result was
consistent across all prespecified subgroups.
Furthermore, there were fewer myocardial in-
farctions in the immediate complete group.

The BIOVASC study was the first large randomized
controlled trial to investigate timing for complete
revascularization in patients with ACS and multi-
vessel disease.” The study was powered to show
noninferiority for immediate complete revasculari-
zation compared with staged complete revasculari-
zation at 1-year follow-up. This hypothesis of
noninferiority at 1 year was met, and the present
analysis suggests that immediate complete revascu-
larization is comparable with staged complete revas-
cularization up to 2-year follow-up. A theoretical
downside of immediate complete revascularization is
less optimal PCI, especially in case of complex non-
culprit lesions when the index procedure is per-
formed during off hours. This could translate into less
favorable clinical outcomes, especially in the long
term. Interestingly, the immediate complete revas-
cularization group had shorter procedural duration

time, less contrast use, and less use of intravascular
imaging and physiological testing compared with
the staged strategy, which indeed could be associ-
ated with less optimal results. These differences
could not be attributed to less complex coronary
artery disease in the immediate complete group, as
the distribution of patients with 2- or 3-vessel dis-
ease, baseline SYNTAX score, and culprit lesion type
were comparable between the 2 groups. However,
angiographic outcomes in both groups seemed
comparable, as the median residual SYNTAX score
was similar, as well as the number of patients with
residual SYNTAX scores =8. The residual SYNTAX
score is a tool to assess angiographic completeness
of revascularization. A residual SYNTAX score of =8
was considered to indicate reasonably complete
revascularization in a post hoc analysis of the
ACUITY (Comparison of Angiomax Versus Heparin
in Acute Coronary Syndromes) trial.° This was also
associated with lower mortality rates and ischemic
events in moderate- to high-risk patients with ACS.
The concept that immediate complete revasculari-
zation is noninferior on long-term follow-up was
also supported by the landmark analysis between 1
and 2 years for the composite primary endpoint,
which showed no difference in the primary
endpoint.
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CENTRAL ILLUSTRATION Immediate vs Staged Complete Revascularization in Patients With ACS and
Multivessel Coronary Disease

2-Year Outcomes for Immediate Versus Staged Complete Revascularization in
Patients With ACS and Multivessel Coronary Disease, N = 1,525

Primary Composite Outcome

15.0% 4 . R o .p=
o HR: 0.98 (95% Cl: 0.73-1.30); P = 0.88 365-730 Day Interval
2 12.5%
5] Staged complete 10.0%
2 10.0% revascularization : HR: 1.57 (95% Cl: 0.92-2.67); P = 0.099
£ 7.5%
g 75% ’
E 50% 5.0%
=
E 259 Immediate complete 2.5%
o revascularization
0% 0%
0 90 180 270 360 450 540 630 720 400 440 480 520 560 600 640 680 72
Days Since Index Procedure
No. at Risk:

—ICR 764 729 724 711 697 673 661 655 582
—SCR 761 703 696 690 682 660 653 643 595

Myocardial Infarction

15.0% + . . - .p=
o ° HR: 0.60 (95% ClI: 0.37-0.96); P = 0.032 365-730 Day Interval
g 12.5% - .
2 10.0% - 3% HR:1.06 (95% Cl: 0.48-2.32); P = 014
[=4
L 75% Staged complete 2%
K 5.0% - revascularization
3 0,
E o 1%
3 2.5% A Immediate complete
0% - revascularization 0%
(o] 90 180 270 360 450 540 630 720 400 440 480 520 560 600 640 680 72
Days Since Index Procedure
No. at Risk:

—ICR 764 743 739 736 727 708 698 694 616
—SCR 761 723 720 717 711 692 685 677 629

* At 2 years, the composite endpoint off all-cause mortality, myocardial infarction, any unplanned ischemia-driven
revascularization and cerebrovascular event did not differ significantly for immediate versus staged complete
revascularization

» Immediate complete revascularization was associated with a significant reduction in myocardial infarction,
mainly due to fewer early events

den Dekker WK, et al. JACC Cardiovasc Interv. 2024;17(24):2866-2874.

(Top) The primary outcome, a composite of all-cause mortality, myocardial infarction, unplanned ischemia-driven revascularization, or cerebrovascular
event at 730 days. (Bottom) Myocardial infarction at 730 days. Insets show a landmark analysis of the corresponding outcomes between 1 and 2 years.
ACS = acute coronary syndrome(s); ICR = immediate complete revascularization; MVD = multivessel disease; SCR = staged complete revascularization.

The difference in myocardial infarctions was due thromboses and without a difference in type 4a in-
mainly to more early events in the staged complete farctions.” After excluding all type 4a myocardial in-
group, as 15 myocardial infarctions occurred in the farctions occurring during the index and staged
time window between the index and staged proced- procedures, there were still numerically more
ures. We already showed that these myocardial in- myocardial infarctions in the staged complete group,
farctions were type 1 myocardial infarctions and stent  but this was no longer statistically significant. After 1
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FIGURE 1 Subgroup Analysis of the Primary Outcome

Subgroup

Age
<70yr
270yr

Woman
Man

Presentation
STEMI
NSTE-ACS

Diabetes
No
Yes

Renal insufficiency
No
Yes

Contrast used
<220mL
2220 mL

Body Mass Index
<25
225

Culprit lesion
LAD or LM
RCA or LCX

Vessel disease
2
3

Randomisation time

Office hours
Off hours

All

ICR SCR
Events/N (%) Events/N (%) HR (95% CI) Interaction P-value

0.90
49/498  10.1 a7/487 98 1.00 (0.67-1.49) —_—
44/266  17.0 46/274 169 0.97 (0.64-1.46) —_— .

031
21/166  13.0 27/172 159 0.76(0.43-1.34) =
72/598 123 66/589 114 1.07(0.76-1.49) —_—

074
32/305 109 35/303 117 0.91(0.57-1.48) -
61/459 135 58/458  12.8 1.01(0.71-1.45) — .

0.07
74/606 125 63/598 107 1.15(0.82-1.61) —_—
19/158 122 30/163 187 0.62(0.35-1.10) -

022
80/723 113 86/724 120 0.91(0.67-1.24) I —
13/41 324 7/37 192 1.67(0.67-4.18) -

0,071
39/412 9.7 37/29% 12.7 0.73 (0.46-1.14) —_———
47/318 153 54/a62 118 1.26 (0.85-1.87) — .

032
30/208 147 24/208 116 1.24(0.73-2.13) L
59/528 115 65/532 124 0.90 (0.63-1.28) — .-

023
29/288 103 35274 129 0.76 (0.46-1.24) =
62/469 135 58/486 121 1.10(0.77-1.58) — .

033
45/437 107 38/429 9.0 1.15(0.75-1.77) —_——
48/312 156 54/312 175 0.86 (0.58-1.27) —_— .

0.82
73/557 134 70/540 132 0.9 (0.71-1.37) —_
20/207 9.9 23221 105 092 (0.50-1.67)
93/764 125 93/761 12.4 0.98 (0.73-1.30) —

Immediate complete revascularisation better

1.00 2.00 4.00

Staged complete revascularization better

ICR = immediate complete revascularization; LAD = left anterior descending coronary artery; LCX = left circumflex coronary artery; LM = left main coronary artery;
NSTE-ACS = non-ST-segment elevation acute coronary syndromes(s); RCA = right coronary artery; SCR = staged complete revascularization; STEMI = ST-segment

elevation myocardial infarction.

year, the rate of myocardial infarctions was compa-
rable between the 2 groups, as reported in the land-
mark analysis between 1- and 2-year follow-up.
Apart from the present BIOVASC study, long-term
randomized data on this topic are lacking. In an
observational cohort study in patient with STEMI and
multivessel disease, using propensity score matching,
staged complete revascularization was associated
with lower mortality rate but similar repeat revascu-
larization rate compared with immediate complete
revascularization at 2-year follow-up.’® In a retro-
spective study with patients with non-ST-segment
elevation myocardial infarction, after propensity
score matching, there was no difference in major
adverse cardiac events, whereas the composite
endpoint of cardiac death and myocardial infarction
was significantly lower in the staged PCI group after
follow-up of 3.4 years." In our study, we found no
difference in secondary endpoints, including

all-cause and cardiovascular mortality, between the 2
groups.

Recently, the MULTISTARS AMI trial also investi-
gated the timing of revascularization in patients with
STEMI with multivessel disease.> That study showed
that immediate complete revascularization was non-
inferior to staged complete revascularization for the
composite primary endpoint at 1-year follow-up,
while there were fewer myocardial infarctions and
unplanned ischemia-driven revascularizations in the
immediate complete group. Although both studies
investigated the timing of complete revasculariza-
tion, there are some important differences between
the 2 studies. First, the BIOVASC study included pa-
tients with both STEMI and non-ST-segment eleva-
tion ACS, while the MULTISTARS AMI trial included
only patients with STEMI. Second, the composite
primary endpoint in the MULTISTARS AMI trial also
included hospitalization for heart failure. Third,
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ischemia-driven revascularization was defined in the
MULTISTARS AMI trial as revascularization triggered
by angina symptoms, ischemic changes on electro-
cardiography, or signs of reversible myocardial
ischemia on noninvasive imaging. Thus, no objective
sign of ischemia was necessary to trigger an event in
the time window between the index and staged pro-
cedure when the staged procedure was performed
earlier than planned. In the BIOVASC study, revas-
cularization performed before the staged procedure
was considered unplanned ischemia-driven revascu-
larization only when there was an objective sign of
ischemia by dynamic electrocardiographic changes, a
new increase in cardiac enzymes, or both.”? This is
also recommended in a position statement on
defining staged procedures in the context of PCI.'?
Finally, follow-up of the MULTISTARS AMI trial is
limited to 1 year, so long-term follow-up for this study
will most probably not be available.

STUDY LIMITATIONS. This study was powered to
show noninferiority for immediate complete revas-
cularization compared with staged complete revas-
cularization for the composite primary endpoint at 1
year. Therefore, the present analysis might be un-
derpowered to detect any differences between the 2
groups at 2 years for both the primary and second-
ary endpoints.

CONCLUSIONS

In patients with ACS and multivessel disease, there
was no significant difference between immediate
complete revascularization and staged complete
revascularization with respect to the composite
outcome of all-cause mortality, myocardial infarc-
tion, any unplanned ischemia-driven revasculariza-
tion, and cerebrovascular event at 2 years. Immediate

den Dekker et al
Treatment of Multivessel Disease in ACS

complete revascularization was associated with a
significant reduction in myocardial infarctions, due
mainly to fewer early events.
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