
Timing of Complete Reva
scularization Stratified by
aThorax Ce

lar Institute, R

Medicine, Uni

Cardiology De

lona, Spain; an

sity of Naples

2024; revised m

Funding: T

Medical Cente

Berlin, German

See page 7

*Correspo

54.

E-mail add

0002-9149/© 2

(http://creative

https://doi.org/
Index Presentation During On- and Off-Hours
Jacob J. Elscot, BSca, Hala Kakar, MDa, Wijnand K. den Dekker, MD, PhDa, Johan Bennett, MD, PhDb,
Manel Sabat�e, MD, PhDc, Giovanni Esposito, MD, PhDd, Eric Boersma, PhDa,

Nicolas M. Van Mieghem, MD, PhDa, and Roberto Diletti, MD, PhDa,*, on behalf of the
BIOVASC Investigators
nte

otte

vers

par

d d

Fe

anu

he

r, Ro

y

9 fo

ndin

res

024

com

10.
Recent trials suggested immediate complete revascularization (ICR) as a safe alternative
to staged complete revascularization (SCR), but the impact of the respective percutane-
ous coronary intervention strategies between on- versus off-hours is unclear. On-hours
was defined as an index revascularization performed between 8:00 A.M. and 6:00 P.M.,
Monday to Friday, or else the procedure was defined as performed during off-hours.
The primary end point consisted of a composite of all-cause mortality, myocardial
infarction, unplanned ischemia-driven revascularization, and cerebrovascular events at
1-year follow-up. We used Cox regression models to relate randomized treatment with
study end points. We evaluated multiplicative and additive interactions between on- ver-
sus off-hours and randomized treatment. The BIOVASC (Percutaneous Complete Revas-
cularization Strategies Using Sirolimus Eluting Biodegradable Polymer Coated Stents in
Patients Presenting With Acute Coronary Syndromes and Multivessel Disease) trial
enrolled 1,097 and 428 patients during on- and off-hours, respectively. Patients random-
ized during off-hours were more likely to present with ST-segment elevation myocardial
infarction (66.4% vs 29.5%, p <0.001). The composite primary outcome occurred in
8.4% and 10.1% of patients randomized to ICR and SCR, respectively, during on-hours
(hazard ratio 0.80, 95% confidence interval 0.54 to 1.19). During off-hours, the primary
composite outcome occurred in 5.4% and 7.7% in ICR and SCR (0.69, 95% confidence
interval 0.32 to 1.46) with no evidence of a differential effect (interaction pmultiplica-

tive = 0.70, padditive = 0.56). No differential effect was found between treatment allocation
and on- versus off-hours in any of the secondary outcomes. In conclusion, no differential
treatment effect was found when comparing ICR versus SCR in patients presenting with
acute coronary syndrome and multivessel disease during on- or off-hours. © 2024 The
Authors. Published by Elsevier Inc. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/) (Am J Cardiol 2024;223:73−80)
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Percutaneous coronary intervention (PCI) is the current
guideline recommended therapy for patients presenting
with acute coronary syndrome (ACS), and complete revas-
cularization should be considered when multivessel disease
(MVD) is present.1 The recent BIOVASC and MULTI-
STARS-AMI trials demonstrated non-inferiority at 1-year
follow-up of complete revascularization during index PCI
compared with revascularization of non-culprit-related
arteries in a staged setting, which indicates that immediate
complete revascularization (ICR) is a safe alternative to
staged complete revascularization (SCR).2,3 In the BIO-
VASC trial, 28.1% of the patients underwent index PCI out-
side of office hours.2 Previous studies have found no
significant difference in the rate of complications and mor-
tality between PCI during and outside of office hours. How-
ever, these studies mainly analyzed ST-segment elevation
myocardial infarction (STEMI) patients with single-vessel
coronary disease.4−12 In addition to the complexity of a
multivessel PCI, clinical outcomes and procedure-related
complications could be influenced by operator fatigue and
reduced availability of resources, especially in the setting
of complete revascularization. Therefore, an operator might
opt for reperfusion of the culprit lesion only, followed by
delayed PCI of the non-culprit arteries, which could lead to
fewer complications and early events.13 Thus, this prespeci-
fied sub-analysis of the BIOVASC trial aimed to compare
patients who underwent PCI during office hours with PCI
outside office hours. In addition, ICR was compared with
SCR, stratified by the timing of the index procedure during
or outside office hours.
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Methods

The BIOVASC trial enrolled 1,525 patients present-
ing with ACS and MVD eligible for PCI in 29 centers
in the Netherlands, Belgium, Italy, and Spain to com-
pare ICR with culprit-only revascularization followed by
staged PCI within 6 weeks (SCR).2 Details of the
study’s design have been previously published.14 Eligi-
ble patients presented with ACS and MVD, defined as
≥1 significant non-culprit artery-related lesion in a ves-
sel with ≥2.5 mm in diameter. A significant lesion was
defined as at least 70% stenosis by visual estimation or
positive coronary physiology testing. Utility of imaging
and/or physiology was at the decision of the operator.
Exclusion criteria included presence of an unclear cul-
prit, previous coronary artery bypass grafting, presenta-
tion with cardiogenic shock, and a chronic total
occlusion in a dominant vessel with ≥2.5 mm in diame-
ter. The study was conducted according to the Declara-
tion of Helsinki, and the Erasmus MC Medical Ethics
Review Committee granted ethical approval.

This substudy’s aim was to determine possible interac-
tions between treatment allocation and timing of index PCI.
Timing of index PCI was stratified in on-hours and off-
hours. On-hours was defined as an index PCI performed
between 8:00 A.M. and 6:00 P.M. on Monday to Friday. Index
PCI outside this interval was defined as off-hours. This
analysis was prespecified in the BIOVASC trial’s protocol,
but parameters regarding the timing intervals defining on-
or off-hours were classified post-hoc.

Primary end points include a composite of all-cause
mortality, myocardial infarction, unplanned ischemia-
driven revascularization, or cerebrovascular events, which-
ever occurred first. Secondary end points have previously
been described in detail.14 In short, revascularization had to
be both classified as unplanned and ischemia driven to be
counted as an end point. A revascularization was considered
unplanned if a revascularization was performed before the
staged due to a new ACS (with dynamic electrocardiogram
changes and/or a new elevation of cardiac enzymes). After
the staged procedure or in the ICR arm, any ischemia-
driven revascularization was considered unplanned. Ische-
mia driven was considered if one of the following criteria
was met: (1) the treated lesion had a stenosis >70% or posi-
tive physiology testing. (2) The treated lesion was identified
as the culprit of a new ACS. The end point myocardial
infarction consisted of a modification for the ACS setting,
namely, for patients whose cardiac troponin values were
already elevated or were recently elevated, new ischemic
symptoms of at least 20 minutes and either new ST-segment
elevation of at least 1 mm in 2 adjacent limb leads or 2 mm
in 2 adjacent precordial leads had to be present. These elec-
trocardiogram changes had to be distinct from the original
myocardial infarction. Furthermore, due to a potential bias
in the detection of procedure-related myocardial infarctions
favoring ICR, outcomes including myocardial infarction
have also been explored excluding type 4a related to the
index or staged procedure. Complete revascularization was
investigator reported and considered if all lesions with at
least 70% stenosis or positive physiology testing were
treated successfully. Successful treatment was defined as
<20% residual stenosis and thrombolysis in myocardial
infarction grade 3 coronary flow.

All patients randomized in the BIOVASC trial were
included in the analysis as per an intention-to-treat
principle. Continuous variables were presented as medians
(first and third quartiles), and comparisons of on- versus
off-hours and ICR versus SCR were made using the Man-
n-Whitney U test. Categorical data were presented as
counts and percentages and tested by the chi-square or Fish-
er’s exact test when appropriate. The cumulative incidence
of study end points over time was estimated with the use of
the Kaplan-Meier method. Censoring occurred at the first
event or at the last follow-up date if end point-free. Differ-
ences in the incidence of study end points between patients
randomized to ICR versus SCR were studied using Cox-
proportional hazard (PH) regression. The regression models
included treatment allocation, index PCI timing, and an
index PCI timing £ treatment allocation interaction to
study effect modification by timing of index PCI. We tested
multiplicative and additive interaction. The statistical sig-
nificance of multiplicative interaction was tested on the null
hypothesis that the beta of the interaction term equals 0.
The statistical significance of the additive interaction was
tested on the null hypothesis that the relative excess due to
interaction equals 0 with the lowest joint category as refer-
ence. In addition, multivariable Cox models that included
baseline characteristics that were associated with clinical
outcomes (p <0.10) were used (Supplementary Table 1 for
more details). One variable per 10 events was taken into
account to avoid overfitting of the model.

Results of Cox regression analyses were presented as
hazard ratio (HR) with 95% confidence intervals (CIs).
Regarding the PH assumption, assessment of the log-minus
log survival plot demonstrated no suspicion of a violated
PH assumption. A two-sided p <0.05 was considered signif-
icant. p values were not adjusted for multiple testing. All
analyses were performed using R Version 4.2.1 (R Core
Team, Vienna, Austria. Packages used: data.table, dplyr,
ggplot2, ggpubr, graphics, lubridate, stats, survival, surv-
miner, tidycmprsk).
Results

The BIOVASC trial enrolled 1,097 patients during on-
hours (557 to ICR and 540 to SCR) and 428 patients during
off-hours (207 to ICR and 221 to SCR). In terms of baseline
and procedural characteristics, patients randomized during
off-hours were 63.6 (55.7 to 71.5) years old, and patients
randomized during on-hours were 66.2 (58.6 to 72.5) years
old (p <0.001). Patients randomized during on-hours had
more often renal insufficiency (5.8% vs 3.3%, p = 0.041),
hypertension (55.8% vs 48.1%, p = 0.0071), and hypercho-
lesterolemia (54.8% vs 43.1%, p <0.001). The prevalence
of STEMI was higher during off-hours (66.4% vs 29.5%,
p <0.001). In addition, the total use of contrast (230 vs 202
ml, p = 0.0022) and radiation (5,562 cGycm2 vs 4,663
cGycm2 p = 0.0024) was higher when the index PCI
occurred during on-hours. No significant differences in
terms of periprocedural complications were found between
ICR and SCR during both on- and off-hours. Baseline and
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Table 1

Baseline and procedural characteristics

Characteristic On-hours Off-hours Pinteraction*

ICR (n = 557) SCR (n = 540) P Value ICR (n = 207) SCR (n = 221) P Value

Age, years 66.8 (57.7-73.9) 65.7 (59.3-73.2) 0.83 62.7 (56.0-70.9) 63.9 (55.3-72.2) 0.59 0.80

BMI 27.3 (24.7-30.2) 27.3 (24.8-29.7) 0.77 27.2 (24.5-29.8) 27.1 (24.6-30.1) 0.73 0.64

Previous PCI 67 (12.0%) 86 (15.9%) 0.063 16 (7.7%) 35 (15.8%) 0.010 0.18

Previous MI 53/556 (9.5%) 69/540 (12.8%) 0.088 16/207 (7.7%) 20/221 (9.1%) 0.62 0.69

Peripheral artery disease 31/557 (5.6%) 21/540 (3.9%) 0.19 4/206 (1.9%) 12/221 (5.4%) 0.058 0.027

Valve disease 18/555 (3.2%) 14/538 (2.6%) 0.53 7/207 (3.4%) 3/221 (1.4%) 0.17 0.37

COPD 46/557 (8.3%) 33/540 (6.1%) 0.17 8/206 (3.9%) 13/221 (5.9%) 0.34 0.14

Atrial fibrillation or flutter 25 (4.5%) 20 (3.7%) 0.51 8 (3.9%) 2 (0.9%) 0.043 0.13

Renal insufficiency 36 (6.5%) 28 (5.2%) 0.37 5 (2.4%) 9 (4.1%) 0.34 0.21

History of stroke 26/557 (4.7%) 19/540 (3.5%) 0.34 11/206 (5.3%) 8/221 (3.6%) 0.39 0.84

Hypertension 324 (58.2%) 288 (53.3%) 0.11 99 (47.8%) 107 (48.4%) 0.90 0.34

Diabetes 122 (21.9%) 120 (22.2%) 0.90 36 (17.4%) 43 (19.5%) 0.58 0.68

Hypercholesterolemia 297 (53.4%) 303 (56.2%) 0.35 88 (42.7%) 96 (43.4%) 0.88 0.72

Family history of CVD 169 (30.4%) 175 (32.8%) 0.40 68 (33.0%) 75 (34.1%) 0.81 0.80

Systolic blood pressure, mmHg 125 (110-140) 125 (110-140) 0.72 124 (109-140) 121 (110-140) 0.83 0.62

Diastolic blood pressure, mmHg 71 (63-80) 70 (62-80) 0.37 74 (65-84) 71 (62-79) 0.061 0.20

Radial access 537/556 (96.6%) 519/540 (96.1%) 0.68 202/207 (97.6%) 217/221 (98.2%) 0.66 0.57

STEMI at presentation 165 (29.6%) 159 (29.4%) >0.99 140 (67.6%) 144 (65.2%) 0.66 0.68

LAD culprit vessel 209/550 (38.0%) 187/539 (34.7%) 0.26 76/207 (36.7%) 82/221 (37.1%) 0.93 0.50

Three vessel disease 78 (14.0%) 100 (18.5%) 0.043 39 (18.8%) 48 (21.7%) 0.46 0.60

Complete revascularization 540/557 (96.9%) 516/539 (95.7%) 0.28 200/207 (96.6%) 210/221 (95.0%) 0.41 0.93

FFR/iFR 93 (16.7%) 128 (23.7%) 0.0038 25 (12.1) 49 (22.2%) 0.0059 0.34

IVUS/OCT 37 (6.6%) 70 (13.0%) <0.001 8 (3.9%) 41 (18.6%) <0.001 0.028

Total hospital stay, days 3 (2-5) 4 (3-6) <0.001 3 (2-5) 4 (3-6) <0.001 0.50

Time to staged procedure, days 15 (4-28) 15 (3-28)

No. of stents used per patient

Index procedure 3 (2-4) 1 (1-2) <0.001 3 (2-4) 1 (1-2) <0.001 0.020

Index + staged procedure 3 (2-4) 3 (2-4) 0.024 3 (2-4) 3 (2-4) 0.36 0.39

Length of stents, mm

Index procedure 60 (43-83) 30 (22-46) <0.001 65 (48-89) 30 (22-48) <0.001 0.070

Index + staged procedure 60 (43-83) 66 (46-91) 0.011 65 (48-89) 69 (45-98) 0.50 0.60

Procedure duration, minutes

Index procedure 66 (47-85) 46 (34-61) <0.001 60 (46-84) 44 (34-60) <0.001 0.47

Index + staged procedure 66 (47-85) 90 (62-120) <0.001 60 (46-84) 90 (68-118) <0.001 0.33

Contrast use, mL

Index procedure 210 (160-270) 145 (108-197) <0.001 191 (144-230) 120 (100-160) <0.001 0.55

Index + staged procedure 210 (160-270) 251 (200-330) <0.001 191 (144-230) 250 (190-320) <0.001 0.93

Total area dose, cGycm2

Index procedure 4905 (2564-11757) 3248 (2564-11757) <0.001 4365 (2494-7800) 2354 (1568-4192) <0.001 0.59

Index + staged procedure 4905 (2564-11757) 6348 (3512-16402) <0.001 4365 (2494-7800) 5191 (3134-8840) 0.068 0.35

P2Y12 at discharge 0.78 0.94 0.69

Ticagrelor 393/556 (70.7%) 389/538 (72.3%) 139/205 (67.8%) 147/221 (66.5%)

Prasugrel 61/556 (11.0%) 59/538 (11.0%) 44/205 (21.5%) 48/221 (21.7%)

Clopidogrel 102/556 (18.3%) 90/538 (16.7%) 22/205 (10.7%) 26/221 (11.8%)

Procedure-related complications 38 (6.8%) 32 (5.9%) 0.54 18 (8.7%) 13 (5.9%) 0.26 0.55

* Pinteraction indicates the p value considering the null-hypothesis that the beta of the multiplicative interaction term of timing of index PCI and treatment

allocation equals 0.

BMI = body mass index; COPD = chronic obstructive pulmonary disease; CVD = cardiovascular disease; FFR = fractional flow reserve;

iFR = instantaneous wave-free ratio; IVUS = intravascular ultrasound; LAD = left anterior descending artery; OCT = optical coherence tomography;

PCI = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction.
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procedural characteristics are tabulated in Table 1 and Sup-
plementary Table 2.

Follow-up at 1 year was complete for 425/428 (99.3%)
patients randomized during off-hours and for 1,081/1,097
(98.5%) patients randomized during on-hours. At 1 year,
the primary composite outcome occurred in 9.3% and 6.6%
of the patients in the on-hours and off-hours group, respec-
tively (adjusted HR 1.36, 95% CI 0.89 to 2.07, p = 0.16).
The cumulative incidence of myocardial infarction was
2.6% and 3.4% in the off-hours and on-hours groups,
respectively (adjusted HR 1.33, 95% CI 0.68 to 2.62,
p = 0.41). The Kaplan-Meier curves of the primary compos-
ite outcome and myocardial infarction for the off-hours and
on-hours groups are shown in Figure 1. Mortality occurred
in 1.9% and 0.5% of the patients treated during on- and off-
hours, respectively (adjusted HR 4.08, 95% CI 0.96 to
17.38, p = 0.058). There were no significant differences in
terms of the secondary outcomes between on- and off-



Figure 1. Primary composite outcome in on- versus off-hours. On-hours was defined as an index PCI performed between 8:00 A.M. and 6:00 P.M. on Monday

to Friday. Index PCI outside this interval was defined as off-hours.
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hours. Comparisons of the primary and secondary outcomes
comparing on- and off-hours are tabulated in Table 2.

In patients with index PCI during on-hours, ICR and
SCR were associated with an incidence of 8.4% and 10.1%,
respectively, in terms of the primary composite outcome
Table 2

Clinical outcomes between on- and off-hours

Outcome On-hours

N=1097

No. events (%)

All-cause mortality, myocardial infarction, unplanned ischemia

driven revascularisation or cerebrovascular event

100 (9.3%)

All-cause mortality, myocardial infarction excluding type 4a

during index or staged procedure, unplanned ischemia driven

revascularization or cerebrovascular event

96 (8.9%)

All-cause mortality 21 (1.9%)

Cardiovascular mortality 15 (1.4%)

Any myocardial infarction 37 (3.4%)

Any myocardial infarction excluding type 4a during index or

staged PCI

30 (2.8%)

Unplanned ischemia driven revascularisation 61 (5.7%)

Cerebrovascular event 19 (1.8%)

Probable or definite stent thrombosis 10 (0.9%)

Target vessel revascularisation 55 (5.1%)

Target lesion revascularisation 48 (4.5%)

Major bleeding (BARC 3 or 5) 25 (2.3%)

*Adjusted for randomization arm. Additional covariates potentially included in

PCI, previous MI, peripheral artery disease, valve disease, chronic obstructive p

stroke, hypertension, diabetes mellitus, hypercholesterolemia, family history of ca

disease.
(HR 0.80, 95% CI 0.54 to 1.19, p = 0.27). In the off-hours
group, the primary composite outcome occurred in 5.4%
and 7.7% of the patients randomized to ICR and SCR,
respectively (HR 0.69, 95% CI 0.32 to 1.46, p = 0.33). No
significant multiplicative or additive interactions between
Off-hours Univariable hazard

ratio (95% CI)

P value Adjusted hazard

ratio (95% CI)*

P value

N=428

No. events (%)

28 (6.6%) 1.41 (0.92, 2.14) 0.11 1.36 (0.89, 2.07) 0.16

26 (6.1%) 1.45 (0.94, 2.24) 0.090 1.40 (0.91, 2.17) 0.13

2 (0.5%) 4.12 (0.97, 17.58) 0.056 4.08 (0.96, 17.38) 0.058

2 (0.5%) 2.94 (0.67, 12.87) 0.15 2.92 (0.67, 12.76) 0.16

11 (2.6%) 1.32 (0.67, 2.59) 0.42 1.33 (0.68, 2.62) 0.41

8 (1.9%) 1.48 (0.68, 3.21) 0.33 1.42 (0.65, 3.10) 0.38

20 (4.7%) 1.20 (0.72, 1.99) 0.48 1.22 (0.74, 2.03) 0.44

4 (0.9%) 1.87 (0.64, 5.49) 0.26 1.87 (0.64, 5.51) 0.25

4 (0.9%) 0.98 (0.31, 3.12) 0.97 0.98 (0.31, 3.14) 0.98

17 (4.0%) 1.27 (0.74, 2.19) 0.39 1.28 (0.74, 2.22) 0.37

15 (3.5%) 1.26 (0.70, 2.25) 0.44 1.26 (0.70, 2.26) 0.44

8 (1.9%) 1.23 (0.55, 2.73) 0.61 1.16 (0.52, 2.58) 0.71

the model (taking into account 10 events per covariate): age, BMI, previous

ulmonary disease, atrial fibrillation or flutter, renal insufficiency, previous

rdiovascular disease, STEMI at presentation, LAD culprit and three vessel
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Figure 2. Primary composite outcome and myocardial infarction in ICR and SCR, stratified by on- and off-hours. The primary composite is a composite of

all-cause mortality, myocardial infarction, unplanned ischemia-driven revascularization, and cerebrovascular events.
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the timing of index PCI and treatment allocation were found
in the primary and secondary outcomes. The incidence
curves of the primary composite outcome and myocardial
infarction for the off-hours and on-hours groups, stratified
by treatment allocation to ICR or SCR, are shown in
Figure 2. Comparisons of the primary and secondary out-
comes comparing ICR and SCR between off- and on-hours
are tabulated in Table 3.
Discussion

This prespecified study of the BIOVASC trial did not
establish a significant difference in clinical end point
between index PCI during on- versus off-hours. In addition,
no significant interaction was found between timing of
index PCI and treatment allocation in terms of the primary
and secondary outcomes. Overall, the risk comparisons
between ICR and SCR were comparable in the on- and off-
hours populations.

In terms of procedural characteristics, patients treated
during on-hours received more total contrast and radiation.
These data contradict a previous study comparing on- ver-
sus off-hours, which report more contrast and radiation
when patients were treated during off-hours.15 However,
this study did not focus primarily on MVD, and only
patients with STEMI were analyzed, which could explain
the different results compared with our study. Namely, a
higher prevalence of non-ST-segment elevation (NSTE)-
ACS was observed in our study during on-hours, and
NSTE-ACS is known to involve a higher use of contrast
and radiation compared with STEMI.16

After adjustment for potential confounders, our study did
not find a significant difference in the primary and second-
ary outcomes when comparing on- with off-hours. Previous
observations in literature are conflicting, with most studies
supporting our finding suggesting no difference in clinical
outcomes when comparing on- with off-hours.4−12 How-
ever, some studies reported a higher incidence of mortality
during off-hours, especially in high-risk patients.17,18

Rashid et al6 reported a higher door-to-balloon time in
patients presenting during off-hours, which was also found
to be an independent predictor for mortality in this study. A
study by Rodr�ıguez-Arias et al19 aimed to also observe
potential delays attributed to off-hours presentation of
STEMI and found a significantly higher delay between time
from symptom onset to first medical contact, which was



Table 3

Clinical outcomes in ICR versus SCR, stratified by timing of presentation

Outcome Immediate Complete

Revascularisation

Staged Complete

Revascularisation

Hazard ratio

(95% CI)

P for multiplicative

interaction*

P for additive

interactiony

On-hours, N = 557

Off-hours, N = 207

On-hours, N = 540

Off-hours, N = 221

No. events (%) No. events (%)

All-cause mortality, myocardial infarction, unplanned

ischemia driven revascularization or cerebrovascular

event

0.70 0.56

On-hours 46 (8.4%) 54 (10.1%) 0.80 (0.54, 1.19)

Off-hours 11 (5.4%) 17 (7.7%) 0.69 (0.32, 1.46)

All-cause mortality, myocardial infarction excluding type

4a during index or staged procedure, unplanned ischemia

driven revascularization or cerebrovascular event

0.87 0.49

On-hours 45 (8.2%) 51 (9.6%) 0.83 (0.56, 1.25)

Off-hours 11 (5.4%) 15 (6.8%) 0.78 (0.36, 1.70)

All-cause mortality 0.97 0.50

On-hours 12 (2.2%) 9 (1.7%) 1.29 (0.55, 3.07)

Off-hours 2 (1.0%) 0 (0.0%) NA

Cardiovascular mortality 0.97 0.50

On-hours 8 (1.5%) 7 (1.3%) 1.11 (0.40, 3.06)

Off-hours 2 (1.0%) 0 (0.0%) NA

Any myocardial infarction 0.43 0.61

On-hours 12 (2.2%) 25 (4.7%) 0.46 (0.23, 0.91)

Off-hours 2 (1.0%) 9 (4.1%) 0.24 (0.05, 1.10)

Any myocardial infarction excluding type 4a during index

or staged PCI

0.62 0.54

On-hours 11 (2.0%) 19 (3.6%) 0.56 (0.26, 1.17)

Off-hours 2 (1.0%) 6 (2.7%) 0.36 (0.07, 1.78)

Unplanned ischemia driven revascularization 0.70 0.27

On-hours 23 (4.3%) 38 (7.2%) 0.58 (0.34, 0.97)

Off-hours 8 (3.9%) 12 (5.4%) 0.71 (0.29, 1.74)

Cerebrovascular event 0.84 0.59

On-hours 9 (1.7%) 10 (1.9%) 0.87 (0.35, 2.14)

Off-hours 2 (1.0%) 2 (0.9%) 1.07 (0.15, 7.62)

Probable or definite stent thrombosis 0.67 0.65

On-hours 4 (0.7%) 6 (1.1%) 0.65 (0.18, 2.29)

Off-hours 2 (1.0%) 2 (0.9%) 1.08 (0.15, 7.65)

Target vessel revascularization 0.92 0.34

On-hours 20 (3.7%) 35 (6.6%) 0.54 (0.31, 0.94)

Off-hours 6 (2.9%) 11 (5.0%) 0.58 (0.21, 1.57)

Target lesion revascularization 0.42 0.83

On-hours 15 (2.8%) 33 (6.2%) 0.43 (0.24, 0.80)

Off-hours 6 (2.9%) 9 (4.1%) 0.71 (0.25, 2.00)

Major bleeding (BARC 3 or 5) 0.40 0.74

On-hours 12 (2.2%) 13 (2.5%) 0.90 (0.41, 1.97)

Off-hours 5 (2.5%) 3 (1.4%) 1.81 (0.43, 7.57)

* Pinteraction indicates the p value considering the null-hypothesis that the beta of the multiplicative interaction-term of index revascularization timing (on- or

off-hours) and treatment allocation equals 0.
y Pinteraction indicates the p value considering the null-hypothesis that the relative excess due to interaction equals 0 with the lowest joint category as

reference.

78 The American Journal of Cardiology (www.ajconline.org)
compensated by a significantly lower door-to-balloon time.
Therefore, this study found no significant difference in total
ischemic time between on- and off-hours. These contradict-
ing observations could be attributed to the difference in
study end points. Namely, Rashid et al6 defined door-to-bal-
loon time as the time of first hospital encounter to the time
of the first balloon inflation or device usage, whereas
Rodr�ıguez-Arias et al19 defined door-to-balloon time as the
time from first medical contact to reperfusion therapy,
including fibrinolysis.

Operator fatigue and understaffing could be more com-
mon during off-hours and could therefore impact clinical
outcomes, favoring a less complex culprit-only procedure.13

Still, in our study, we did not find a significant interaction
between on- versus off-hours and ICR versus SCR. This
could be ascribed to the population size of the study, which
was powered to establish non-inferiority between ICR and
SCR and could therefore be considered limited for tests of
interaction.20 However, when comparing the results of the
risk comparisons between ICR and SCR, a similar treatment
effect was found in almost all end points. Specifically, the
results favored an ICR strategy in terms of myocardial
infarction and unplanned ischemia-driven revascularization
during on-hours, but this was not statistically significant in
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the off-hours population. Yet, the negative interaction tests
and similar risk comparisons of ICR versus SCR between
the on- and off-hours populations might suggest that the
treatment effect of performing ICR was irrespective of the
timing of the index procedure, but adequately powered
studies are required to fully investigate the treatment
effect of ICR versus SCR stratified by the timing of revas-
cularization.

Our study has limitations that should be acknowledged.
First, this is a post-hoc analysis of a randomized non-inferi-
ority trial and therefore not sufficiently powered for interac-
tion tests between the on- and off-hours populations.
Second, presentation with NSTE-ACS was less prevalent
during off-hours, which is expected since STEMI requires
emergent primary PCI whereas NSTE-ACS does not.
Nevertheless, this could limit the interpretation of the
results in the context of ACS in general, considering that
the population differs between on- and off-hours. Third,
there may have been meaningful selection bias to enroll
patients in the BIOVASC trial, more so during off-hours.
Fourth, MVD was not diagnosed using intravascular physi-
ology testing in the majority of cases. It must be acknowl-
edged that use of angiography-only has significant
limitation in the diagnosis of MVD. Fifth, one type of stent
was primarily used in this population (Orsiro stent platform;
Biotronik SE & Co. KG, Berlin, Germany), which could
have an impact on the generalizability of the results. At
last, use of invasive imaging differed between ICR and
SCR during both on- and off-hours, which could have
impacted clinical outcomes. The results of this study should
be considered exploratory and hypothesis generating.

In conclusion, no differential treatment effect was found
when comparing ICR versus SCR in patients presenting
with ACS and MVD during on- or off-hours.
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