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Abstract

Aims The optimal timing of an invasive strategy (IS) in non-ST-elevation acute coronary syndrome (NSTE-ACS) is controver-
sial. Recent randomized controlled trials (RCTs) and long-term follow-up data have yet to be included in a contemporary
meta-analysis.

Methods A systematic review of RCTs that compared an early IS vs. delayed IS for NSTE-ACS was conducted by searching

and results MEDLINE, Embase, and Cochrane Central Register of Controlled Trials. A meta-analysis was performed by pooling rela-
tive risks (RRs) using a random-effects model. The primary outcome was all-cause mortality. Secondary outcomes in-
cluded myocardial infarction (MI), recurrent ischaemia, admission for heart failure (HF), repeat re-vascularization,
major bleeding, stroke, and length of hospital stay. This study was registered with PROSPERO (CRD42021246131).
Seventeen RCTs with outcome data from 10209 patients were included. No significant differences in risk for all-cause
mortality [RR: 0.90, 95% confidence interval (Cl): 0.78-1.04], Ml (RR: 0.86, 95% ClI: 0.63—1.16), admission for HF (RR:
0.66, 95% Cl: 0.43-1.03), repeat re-vascularization (RR: 1.04, 95% ClI: 0.88-1.23), major bleeding (RR: 0.86, 95% Cl:
0.68-1.09), or stroke (RR: 0.95, 95% Cl: 0.59-1.54) were observed. Recurrent ischaemia (RR: 0.57, 95% ClI: 0.40—
0.81) and length of stay (median difference: —22 h, 95% Cl: —36.7 to —7.5 h) were reduced with an early IS.

Conclusion In all-comers with NSTE-ACS, an early IS does not reduce all-cause mortality, MI, admission for HF, repeat re-vascular-
ization, or increase major bleeding or stroke when compared with a delayed IS. Risk of recurrent ischaemia and length of
stay are significantly reduced with an early IS.
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Structured Graphical Abstract

Key Question

Is there evidence of a benefit in clinical outcomes of early versus delayed invasive coronary angiography strategies in patients with

NSTE-ACS?

Key Finding

A meta-analysis of 17 randomised trials, including 10,209 patients, revealed no significant difference in all-cause mortality, Ml, admission
for HF, repeat revascularisation, major bleeding, or stroke. Recurrent ischaemia and length of stay were reduced in patients undergoing

an early invasive strategy.

Take Home Message

In all comers with NSTE-ACS there is no benefit in hard clinical outcomes of an early invasive approach compared with standard care.
Length of stay and risk of recurrent ischaemia are reduced by an early invasive strategy.

In patients with NSTE-ACS, does an early invasive strategy improve clinical

outcomes when compared with a delayed invasive strategy?

@ Meta-analysis of 17 randomised trials
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Left: Time to invasive coronary angiography in the included randomized controlled trials. The bars represent median time and interquartile ranges
in the early invasive strategy group (red) and the delayed invasive strategy group (blue). The Tekin et al."” and Liu et al.'® studies are not displayed
as medians were not reported. Interquartile ranges were not reported in the OPTIMA and Zhang et al."* trials. Right: Summary relative risks for
all-cause mortality, myocardial infarction, recurrent ischaemia, admission for heart failure, repeat revascularization, major bleeding, and stroke.

Keywords

Introduction

International guidelines recommend a routine invasive strategy (IS)
for most patients with non-ST-elevation acute coronary syndrome
(NSTE-ACS)," supported by evidence of improved composite is-
chaemic outcomes when compared with a selective IS.> However,
the optimal timing of a routine IS is unclear.

Plaque passivation with anti-thrombotic agents and statins was ini-
tially proposed as a therapeutic approach to permit optimal condi-
tions for deferred percutaneous coronary intervention (PCI).* In
contrast, an early IS with re-vascularization may attenuate ongoing

Non-ST-elevation acute coronary syndrome ¢ Invasive * Timing * Percutaneous coronary intervention * Mortality

or subclinical ischaemia and reduce the risk of abrupt vessel occlu-
sion. International guidelines recommend that the timing of an IS
for NSTE-ACS is determined by patient characteristics that include
factors such as the risk of future ischaemic events."

Prior meta-analyses include an aggregate study-level investigation
of 6397 patients from 10 randomized controlled trials (RCTs), and a
patient-level data analysis of 8 RCTs totalling 5324 patients. Both
studies found no difference in hard clinical endpoints when an early
IS was compared with a delayed IS in all-comers with NSTE-ACS.>®
However, a further four RCTs that investigated the optimal timing of
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IS in NSTE-ACS have since reported, while long-term outcomes of
patients enrolled in earlier studies have been published. The aim of
the present study was to produce an updated meta-analysis to
best inform contemporary clinical practice.

Methods

We performed a systematic review and updated meta-analysis of RCTs
that compared the efficacy and safety of early vs. delayed invasive coron-
ary angiography strategies in patients with NSTE-ACS. The study was re-
ported in accordance with the Preferred Reporting ltems of Systematic
Reviews and Meta-analyses statement and registered with the
International Prospective Register of Systematic Reviews (PROSPERO
ID: CRD42021246131).

Search strategy

Literature search strategies were developed using medical subject head-
ings and keywords related to NSTE-ACS. Keywords used included ‘myo-
cardial infarction’, ‘non-ST-elevation acute coronary syndrome’,
‘NSTE-ACS’, ‘non-ST-elevation myocardial infarction’, ‘NSTEMI’, ‘early’,
‘immediate’, ‘delayed’, ‘deferred’, ‘invasive’, ‘timing’, ‘strategy’, ‘interven-
tion’, ‘angiography’, ‘angioplasty’, ‘approach’, and ‘treatment’. The RCTs
were identified using recognized search strategies with support fromare-
search librarian (STL) with expertise in systematic review methodology.”
We searched MEDLINE (Ovid interface, 1948 onwards), Embase (Ovid
interface, 1980 onwards), and the Cochrane Central Register for
Clinical Trials without language restrictions up to 20 April 2021. The elec-
tronic database search was supplemented by using clinical trial registries
(ClinicalTrials.gov and metaRegister of Controlled Trials) to identify any
other relevant studies. Furthermore, references of included trials were as-
sessed for other appropriate trials. Once duplicates had been removed,
full study titles and abstracts were independently screened by two
authors (T.AK. and S.A.K.) according to the study inclusion criteria. In in-
stances of uncertainty, full text articles were also independently screened
(T.AK. and S.AK.). Any disagreement regarding inclusion or exclusion
was resolved through discussion and final adjudication by a third inde-
pendent author (A.L.). The MEDLINE search strategy used is described
in see Supplementary material online, Appendix S1. A flow chart detailing
the literature search and screening process is provided in Figure 1.

| 2525 articles identified |

Inclusion criteria

To be eligible for inclusion, studies were required to be RCTs that com-
pared an early vs. delayed IS in patients with NSTE-ACS and reported
all-cause mortality for a minimum follow-up period of 30 days following
randomization (Table 1).2** The RCTs that compared a routine invasive
vs. selective IS or conservative management were excluded. Accordingly,
for the three-arm LIPSIA-NSTEMI trial that compared immediate, early,
and selective invasive strategies, we excluded the selective invasive
group.”® That is, data from the immediate arm (median 1.1 h) were
included in the early IS group and data from the early arm (median
18.3 h) were included in the delayed IS group of the meta-analysis. The tim-
ings used were from randomization to receipt of invasive coronary angiog-
raphy, except in the OPTIMA trial that randomized patients at the time of
invasive coronary angiography (the reported time interval was from ran-
domization to receipt of PCI),"" and the Sciahbasi et al."* and OPTIMA-2
trials in which the reported interval was from admission to angiography.*
The Tekin et al."” and Liu et al."® studies did not provide median timing to
angiography data, rather target thresholds for each group.

Data extraction

Baseline demographic and clinical outcome data were extracted from the
main study reports (see Supplementary material online, Appendix S2).
Any supplementary material or appendices were also reviewed.
Long-term follow-up data in the case of the OPTIMA, ELISA-3, and
RIDDLE-NSTEMI trials were obtained from subsequent publica-
tions.*>%” Since both ELISA and ISAR-COOL trials provided only
30-day outcomes in their primary reports, 12-month outcomes for these
studies were extracted from the Katritsis et al?® study-level data
meta-analysis published in 2011. Data available from the Zhang et al."*
study were limited.

We systematically recorded study baseline characteristics as mean and
standard deviation, or median and interquartile range (IQR) if these were
not normally distributed. Frequencies and percentages were used to
summarize categorical variables. Clinical outcome data were extracted
on an intention-to-treat basis. For studies with multiple follow-up peri-
ods, we included data from the longest follow-up period reported for
each individual endpoint.

Two independent authors (T.AK. and S.AK.) assessed the methodo-
logical quality of the included trials according to the Cochrane tool for

| 1944 titles and abstracts screened |

{ 581 duplicates removed |

| 32 randomised trials |

1912 excluded (not RCT of interest) |

15 excluded

* 13 RCTs compared routine versus selective

17 randomised trials met study
inclusion criteria

invasive or conservative strategies
® 2 withdrawn/nol actively recruiting

Figure 1 Flow diagram outlining the process of article screening and trial inclusion for the present meta-analysis.
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Figure 2 Time to invasive coronary angiography in the included randomized controlled trials. The bars represent median time and interquartile
ranges in the early invasive strategy group (left) and the delayed invasive strategy group (right). The Tekin et al. and Liu et al. studies are not displayed
as medians were not reported. Interquartile ranges were not reported in the OPTIMA and Zhang et al.' trials.

assessing risk of bias in RCTs.2” Any disagreement was resolved through
discussion and final adjudication by a third independent author (A.L).
These assessments are provided in see Supplementary material online,
Appendix S3.

Study endpoints

The primary outcome of the study was all-cause mortality. Secondary
outcomes included myocardial infarction (M), recurrent ischaemia, ad-
mission for heart failure (HF), repeat re-vascularization, major bleeding,
stroke, and length of hospital stay. Individual study endpoint definitions
are detailed in see Supplementary material online, Appendix $4.

Statistical analysis
For binary outcomes, we extracted the number of events and total num-
ber of patients for both the early and delayed IS groups in the included
RCTs. The number of patients without events was calculated by sub-
tracting the number of events from the total number of patients. The
number of patients with, and without, events in each group was then
used to calculate the individual and the pooled relative risks (RRs) with
corresponding 95% confidence intervals (Cls) using the DerSimonian
and Laird random-effects model.*® For the continuous outcome of
length of hospital stay, the median length of hospitalization (in hours)
from each study, alongside the first and third quartiles, was extracted
and the pooled effect calculated using the quantile estimation method
which also employed a DerSimonian and Laird random-effects model.’
Following Cochrane recommendations, between study heterogeneity
was assessed using Cochran’s Q statistic (with the significance level set at
0.10) and quantified using the I* statistic.” Heterogeneity was classified as
no important, moderate, substantial, and considerable if the 2 percent-
age was <25, 25-50, 51-75, and >75%, respectively.>? Publication

bias was estimated, when meta-analyses included 10 or more studies,>
through Egger’s linear regression test,>* while funnel plots were in-
spected to evaluate the presence or absence of asymmetry. To evaluate
stability of results, sensitivity analyses were performed by removing one
study at a time (i.e. leave-one-out meta-analysis) and re-calculating the
pooled effect size.

Statistical analyses for the binary outcomes were performed using
STATA (Version 17.0; StataCorp, College Station, TX, USA). Statistical
analysis for the length of hospital stay was performed in R (version
4.0.3, https:/iwww.R-project.org/) using the package ‘metamedian’.®®
All tests were two-sided and the significance level was set at 0.05.

Results

The literature searches returned 2525 studies, of which 581 were
duplicates. After independent screening of titles and abstracts, 32
RCTs were scrutinized in detail. Of these, 17 met the inclusion cri-
teria and were included in this meta-analysis (Figure 1). For the pri-
mary outcome, the study by Sciahbasi et al’® was excluded
because no mortality events in either the early IS or delayed IS groups
were reported. Therefore, the present meta-analysis includes a fur-
ther six RCTs and a total of 10 155 patients with all-cause mortality
data, almost 4000 additional patients when compared with the last
major aggregate data meta-analysis published in 2016.%

Trial characteristics are displayed in Table 1. Additional tables that
summarize patient demographics, inclusion criteria, and endpoint de-
finitions across studies are included in see Supplementary material
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All-cause mortality

Early Delayed Relative risk Weight
Study Yes No Yes No (95% CI) (%)
ELISA 3 106 6 105 — 0.51 [0.13, 1.98] 1.14
ISAR-COOL 1 192 10 197 — 1.12 [0.49, 2.58] 3.04
ABOARD 5 170 2 175 ; 2,53 [0.50, 12.86] 0.80
OPTIMA 6 67 6 63 41* 095 [0.32, 2.79] 1.81
TIMACS 76 1,517 85 1,353 B 0.81 [0.60, 1.09] 23.37
Zhang et al 16 430 12 357 —— 1.10 [0.53, 2.30] 3.92
LIPSIA-NSTEMI 9 191 12 188 —ab 0.75 [0.32, 1.74] 2.99
ELISA-3 16 246 23 236 —al 0.69 [0.37, 1.27] 5.61
Tekin et al 0 69 3 59 : 0.13 [0.01, 2.44] 0.24
Liu et al 0 22 5 15 i 0.08 [0.00, 1.41] 0.26
SISCA 13 70 14 72 -3 0.96 [0.48, 1.92] 4.42
RIDDLE-NSTEMI 15 147 16 145 —— 0.93 [0.48, 1.82] 472
VERDICT 131 944 135 937 [ | 0.97 [0.77, 1.21] 41.85
NON-STEMI 14 231 14 236 N 102 [050, 210] 4.09
EARLY 2 344 4 358 l 0.52 [0.10, 2.84] 0.74
OPTIMA-2 4 121 3 121 1.32 [0.30, 5.79] 0.97

Overall
Heterogeneity: I1> = 0.0%

0.90 [0.78, 1.04]
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Figure 3 Individual and summary relative risks for all-cause mortality in randomized controlled trials that compared early vs. delayed invasive

strategies.

online, Appendices S2 and S4. These data were available for all trials
except Zhang et al."*

Of the 17 included articles, in total 5215 patients received an early
IS, while 4994 received a delayed IS. The pooled medians timings to
angiography across the included trials were 3.43 h (1.47-5.40 h) in
the early IS group and 41.3 h (29.3-53.2 h) in the delayed IS group.
Four studies totalling 1130 patients were excluded from this analysis
because IQR data were not reported (Figure 2)."""*'”""® Baseline
demographics across trials were well balanced (see Supplementary
material online, Appendix S2). There was heterogeneity of inclusion
criteria and endpoint definitions across the included trials, in particu-
lar with respect to Ml and recurrent ischaemia (see Supplementary
material online, Appendix S4). All patients received either PCI, coron-
ary artery bypass grafting, or optimal medical therapy except four
studies in which all patients underwent PCI.'""37'8 A|l patients
were treated with dual anti-platelet therapy prior to invasive coron-
ary angiography, except in the EARLY trial where this was only given
if re-vascularization was undertaken.”* The median follow-up period
across all trials was 12 months (IQR 6—24 months).

Risk of bias

Risk of bias assessments are displayed in see Supplementary material
online, Appendix S3. In general, there was a low risk of bias across the

included trials. However, several studies did not provide sufficient in-
formation regarding their process of randomization, allocation con-
cealment, and blinded adjudication of outcomes, thus they were
graded as ‘unclear risk of bias’. Three studies, Zhang et al."*, Tekin
et al'’, and Liu et al,'® were considered to be at high risk of bias
due to concerns regarding the method of randomization and the
blinding of outcome assessment. Very few patients (<5%) were
lost to follow-up across the included trials, with any such cases re-
ported appropriately. Study participants and personnel were not
blinded to their treatment allocation and timing of the IS, as is con-
vention in pragmatic strategy trials that investigate timing of IS in
NSTE-ACS.

All-cause mortality

All 17 studies reported the effect of timing of an IS on all-cause mor-
tality. Excluding the Sciahbasi et al."® trial (as no mortality events
were reported), data from 10 155 patients in 16 RCTs were included
in the primary analysis. No difference was demonstrated when an
early IS was compared with a delayed IS (RR: 0.90, 95% CI: 0.78-
1.04; Figure 3). No important heterogeneity across the trials was
identified (I2 =0.0%). The associated funnel plot was relatively sym-
metrical and did not suggest evidence of significant publication bias,
supported by Egger’s test for small-study effects (P=0.37, see
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Myocardial infarction

Early Delayed Relative risk Weight
Study Yes No Yes No (95% CI) (%)
ELISA 8 101 7 104 # . 1.16 [0.44, 3.10] 5.20
ISAR-COOL 16 187 27 180 0.60 [0.34, 1.09] 8.02
ABOARD 16 159 8 169 —il 2.02 [0.89, 4.60] 6.20
OPTIMA 52 21 28 41 ‘ . 1.76 [1.27, 2.42] 10.21
TIMACS 76 1,517 82 1,356 0.84 [0.62, 1.13] 10.33
Zhang et al 23 423 40 329 = | 0.48 [0.29, 0.78] 8.81
LIPSIA-NSTEMI 33 167 20 180 r = 1.65 [0.98, 2.77] 8.59
ELISA-3 17 245 14 245 —l— 1.20 [0.60, 2.38] 7.22
Tekin et al 2 67 9 53 L \ 0.20 [0.04, 0.89] 3.01
SISCA 1 82 10 76 = ! 0.10 [0.01, 0.79] 1.84
RIDDLE-NSTEMI 11 151 24 137 *P'} 0.46 [0.23, 0.90] 7.27
VERDICT 90 985 120 952 ‘ 0.75 [0.58, 0.97] 10.64
NON-STEMI 7 238 10 240 i 0.71 [0.28, 1.85] 5.37
EARLY 4 342 3 359 —Hm— 130 [0.31, 6.19] 3.02
OPTIMA-2 5 120 6 118 0.83 [0.26, 2.64] 4.25

Overall
Heterogeneity: |12 = 72.6%

Favours early

0.86 [0.63, 1.16]

Favours delayed

Figure 4 Individual and summary relative risks for myocardial infarction in randomized controlled trials that compared early vs. delayed invasive

strategies.

Supplementary material online, Appendix S5). A leave-one-out
meta-analysis did not change the statistical significance of the results.
Sensitivity analyses that excluded six trials in which the median time
to angiography in the delayed IS arm was <24 h did not alter the
point estimate or significance of the results (RR: 0.90, 95% CI
0.77-1.05). Subgroup analyses stratified by length of follow-up did
not alter the results significantly: short term (30 days) including three
RCTs, RR: 1.17 (95% ClI: 0.25-5.48); medium term (>30 days to 12
months) including 11 RCTs, RR: 0.85 (95% Cl: 0.68—-1.06); long-term
(>12 months) including 5 RCTs, RR: 0.93 (95% ClI: 0.77-1.13).

Myocardial infarction

The effect of an early IS vs. a delayed IS on MI was reported in 16
trials. Again, the Sciahbasi et al.’s study reported no events in either
group. The total number of patients included in the analysis of 15
RCTs was 10113. An early IS did not reduce the risk for Ml (RR:
0.86, 95% Cl: 0.63—1.16; Figure 4). Although several studies lay out-
side the 95% ClIs, the associated funnel plot appears symmetrical.
Moreover, there was no evidence of publication bias when excluding
estimates for smaller studies compared with larger studies (Egger’s
test, P=0.16, see Supplementary material online, Appendix S5).
Substantial evidence of heterogeneity between the studies was ob-
served (I” = 72.6%), yet a leave-one-out meta-analysis did not change
the statistical significance of the results.

Recurrent ischaemia

The effect of an early IS vs. a delayed IS on recurrent ischaemia was
reported in 13 trials (n = 8845). An early IS was associated with a re-
duced risk for recurrent ischaemia (RR: 0.57, 95% Cl: 0.40-0.81;
Figure 5). However, substantial heterogeneity across the trials was
noted (I* = 73.2%), while there are some evidence of small-study ef-
fects (Egger’s test P=0.08; see Supplementary material online,
Appendix S5). A leave-one-out meta-analysis did not markedly change
the pooled point estimate nor alter the statistical significance of the
results.

Admission for heart failure

Only three RCTs reported the effect of an early IS vs. a delayed IS on
admission with HF (n=2684). No difference was demonstrated
when the two strategies were compared (RR: 0.66, 95% CI: 0.43—
1.03; Figure 6). Heterogeneity across the studies was classified as
no important (> = 26.9%). Publication bias testing was inappropriate
due to the small (<10) number of included studies.>* When a
leave-one-out meta-analysis was performed the pooled estimates
differed and met significance, indicating that some studies were
more influential than others. Individual removal of the Liu et dl,
VERDICT, and non-STEM I trials from the analysis resulted in pooled
RR estimates of 0.77 (95% Cl: 0.60-0.98), 0.46 (95% ClI: 0.22-0.94),
and 0.58 (95% Cl: 0.24-1.38), respectively.
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Recurrent ischaemia

Early Delayed

Relative risk Weight

Study Yes No Yes No (95% CI) (%)
ELISA 13 96 14 97 - 095 [0.47, 192] 8.20
ISAR-COOL 27 176 39 168 q 0.71 [0.45, 1.11] 10.19
ABOARD 21 154 33 144 ‘." 0.64 [0.39, 1.07] 9.77
OPTIMA 7 66 9 60 —— 0.74 [0.29, 1.87] 6.60
TIMACS 16 1,577 47 1,391 i | 0.31 [0.18, 0.54] 9.32
Sciahbasi et al 0 27 1 26 — 033 [0.01, 7.84] 1.13
LIPSIA-NSTEMI 0 200 13 187 = + 0.04 [0.00, 062] 1.39
ELISA-3 20 242 33 226 -.—} 0.60 [0.35, 1.02] 9.59
Liu et al 3 19 10 10 +‘ 0.27 [0.09, 0.85] 5.37
RIDDLE-NSTEMI 16 146 27 134 i 059 [0.33, 1.05] 9.20
VERDICT 64 1,011 49 1,023 | 1.30 [0.91, 1.87] 10.82
NON-STEMI 19 226 20 230 0.97 [0.53, 1.77] 9.01
EARLY 14 332 75 287 - ‘ 0.20 [0.11, 034] 9.41
Overall | 0.57 [0.40, 0.81]
Heterogeneity: 1> = 73.2% }
|
: : L
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Figure 5 Individual and summary relative risks for recurrent ischaemia in randomized controlled trials that compared early vs. delayed invasive

strategies.

Admission for heart failure

Early Delayed Relative risk Weight
Study Yes No Yes No (95% Cl) (%)
I
Liu et al 3 19 9 1N = : 0.30 [0.10, 0.96] 12.15
VERDICT 99 976 126 946 oL 0.78 [0.61, 1.01] 69.86
NON-STEMI 7 238 12 238 ———®—L— 060 [0.24, 149] 17.99
Overall 0.66 [0.43, 1.03]

Heterogeneity: |12 = 26.9%

0.1

Favours early

05 1
Favours delayed

Figure 6 Individual and summary relative risks for admission for heart failure in randomized controlled trials that compared early vs. delayed in-

vasive strategies.

Repeat re-vascularization

The effect of an early IS vs. a delayed IS on repeat re-vascularization
was reported in 9 studies with n=7100 in the final analysis. There
was no significant difference between the two groups (RR: 1.04,
95% Cl: 0.88-1.23; Figure 7). No important heterogeneity of the in-
cluded trials was identified according to the I* statistic (0.0%).
Publication bias testing was inappropriate due to the small (<10)
number of included studies.>® Sensitivity analyses conducted via a

leave-one-out meta-analysis did not change the statistical significance
of the results.

Major bleeding

The effect of an early IS vs. a delayed IS on major bleeding was re-
ported in 13 studies (n = 7835). Moreover, the VERDICT trial was
excluded as the investigators reported all bleeding events and did
not categorize these according to accepted major or minor bleeding
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Repeat revascularisation

Early Delayed Relative risk Weight
Study Yes No Yes No (95% ClI) (%)
ELISA 12 97 6 105 }—'— 2.04 [0.79, 5.23] 3.06
ISAR-COOL 15 188 22 185 —at 0.70 [0.37, 1.30] 6.93
ABOARD 6 169 10 167 - } 0.61 [0.23, 1.83] 278
OPTIMA 9 64 9 60 —a— 0.95 [0.40, 224] 365
TIMACS 139 1,454 122 1,316 * 1.03 [0.82, 1.30] 50.40
Sciahbasi et al 0o 27 1 26 | 0.33 [0.01, 7.84] 0.27
VERDICT 86 989 70 1,002 h 1.23 [0.90, 1.66] 29.48
NON-STEMI 3 242 10 240 - L 0.31 [0.09, 1.10] 1.67
OPTIMA-2 6 119 4 120 I 1.49 [0.43, 5.14] 1.77

Overall
Heterogeneity: I2 = 0.0%

1.04 [0.88, 1.23]

Favours early

|
0.1 1 5

Favours delayed

Figure 7 Individual and summary relative risks for repeat re-vascularization in randomized controlled trials that compared early vs. delayed invasive

strategies.

criteria. No significant difference between the two groups was ob-
served (RR: 0.86, 95% ClI: 0.68—1.09; Figure 8) and no important het-
erogeneity was identified (> = 0.0%). The associated funnel plot did
not suggest evidence of significant publication bias, while Egger’s test
for small-study effects was non-significant at the 5% level (P=0.55,
see Supplementary material online, Appendix S5). A leave-one-out
meta-analysis did not markedly change the pooled RR estimate nor
alter the statistical significance of the results.

Stroke

Six studies reported the effect of an early IS vs. a delayed IS on stroke
(n=6703). There was no significant difference between groups (RR:
0.95, 95% Cl: 0.59-1.54; Figure 9). No evidence of important hetero-
geneity across the included studies was found (I = 0.0%). Publication
bias testing was inappropriate due to the small (<10) number of in-
cluded studies.®® Sensitivity analyses conducted via a leave-one-out
meta-analysis did not change the statistical significance of the results.

Length of stay

Eight studies reported the effect of an early IS vs. a delayed IS on
length of hospital stay (n=3029). An early IS was associated with
a reduction in length of stay (median difference: —22 h, 95% ClI:
—37 hto —8 h; P=0.003). Pooled medians for the early IS and de-
layed IS groups were 86 h (95% CI: 60-111 h) and 111 h (95% ClI:
74-148 h), respectively.

Discussion

This study, to our knowledge the largest and most contemporary
meta-analysis in this field, found that an early IS does not reduce all-

cause mortality, MI, admission for HF, or repeat re-vascularization
when compared with a delayed IS. However, an early IS reduces
risk of recurrent ischaemia, albeit there is potential of publication
bias regarding this outcome, and length of hospital stay. Safety out-
comes of major bleeding and stroke were no different between
strategies (Structured Graphical abstract).

Prior meta-analyses have demonstrated a reduction in death and
MI when a routine IS was compared with a selective invasive or con-
servative strategy in patients with NSTE-ACS.>**” Nevertheless, the
optimal timing of an invasive approach and follow-on re-
vascularization is uncertain. International guidelines recommend
that decision processes concerning timing of an IS are informed by
risk stratification. Unstable or very high-risk patients with a clinical
indication to undergo an immediate IS (<2 h) have largely been ex-
cluded from prior RCTs. Thereafter, The European Society of
Cardiology (ESC) guidelines recommend, as a Class |A recommenda-
tion, an early IS (<24 h) is recommended in clinically stabilized high-
risk NSTE-ACS patients which exhibits either (i) temporal change in
troponin or (i) Global Registry of Acute Coronary Events (GRACE)
score >140."? The guidelines additionally recommend that such an
approach be undertaken in patients with dynamic ST-T segment
electrocardiogram changes or transient ST-segment elevation." A se-
lective invasive or ischaemia-guided strategy is reserved for the re-
maining cohort who do not meet the above criteria and are
therefore deemed to be of low baseline risk.

Previous RCTs and meta-analyses of those trials have sequentially
failed to demonstrate a significant difference in death or Ml between
an early IS and delayed IS in patients with NSTE-ACS.>4%538 |n the
present study, these findings have been replicated in a larger data
set and provide firmer evidence that there is no survival benefit
with an early IS in NSTE-ACS all-comers. Moreover, the study
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Major bleeding

Early Delayed Relative risk Weight
Study Yes No Yes No (95% ClI) (%)
ELISA 8 101 14 97 7[,% 0.58 [0.25, 1.33] 7.94
ISAR-COOL 6 197 8 199 —I-I— 0.76 [0.27, 2.17] 5.02
ABOARD 7 168 12 165 —a 0.59 [0.24, 1.46] 6.59
OPTIMA 3 70 6 63 - 0.47 [0.12, 1.82] 3.00
TIMACS 49 1,544 50 1,388 ‘ 0.88 [0.60, 1.30] 36.20
Zhang et al 3 443 2 367 — 124 [0.21, 7.39] 1.71
LIPSIA-NSTEMI 1 199 1 199 + 1.00 [0.06, 15.88] 0.71
ELISA-3 32 230 29 230 ‘** 1.09 [0.68, 1.75] 24.37
SISCA 2 81 1 85 — 1 2.07 [0.19, 22.42] 0.96
RIDDLE-NSTEMI 3 159 7 154 =— 0.43 [0.11, 1.62] 3.05
NON-STEMI 8 237 8 242 —+— 1.02 [0.39, 268] 585
EARLY 1 345 3 359 0.35 [0.04, 3.34] 1.07
OPTIMA-2 6 119 4 120 = 1.49 [0.43, 5.14] 3.53
Overall 0.86 [0.68, 1.09]

Heterogeneity: 12 = 0.0%
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Figure 8 Individual and summary relative risks for major bleeding in randomized controlled trials that compared early vs. delayed invasive

strategies.

Stroke
Early Delayed Relative risk Weight
Study Yes No Yes No (95% ClI) (%)
|
ELISA 0 109 2 109 0.20 [0.01, 4.19] 252
ISAR-COOL 1 202 3 204 —-—'ﬁ 0.34 [0.04, 3.24] 454
TIMACS 21 1572 20 1,418 * 095 [0.52, 1.74] 62.36
LIPSIA-NSTEMI 2 198 0 200 | 5.00 [0.24, 103.49] 251
VERDICT 6 1,089 4 1,068 1 1.50 [0.42, 5.29] 14.48
|
NON-STEMI 4 241 5 245 —a— 0.82 [0.22, 3.00] 13.59
|
Overall 1 0.95 [0.59, 1.54]
Heterogeneity: I2 = 0.0% :
|
|
T ! T
0.1 1 10
Favours early Favours delayed

Figure 9 Individual and summary relative risks for stroke in randomized controlled trials that compared early vs. delayed invasive strategies.

demonstrates that no significant risk reduction for Ml is associated not translate into a lower rate of either Ml or repeat re-
with either strategy, although heterogeneity in endpoint definitions :  vascularization in this population. This counterintuitive result may
across the included RCTs must be acknowledged. The present ana-  :  be due to the inconsistent definitions of recurrent ischaemia which
lysis does show an approximate 50% reduction in risk of recurrent . were used across the trials, with often a single episode of ischaemic

ischaemia in those patients who received an early IS, yet this does : chest pain meeting such endpoint criteria. Of note, the non-STEMI
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and SISCA trials found that 17% and 21% of patients randomized to a
delayed IS required accelerated angiography due to clinical deterior-
ation, respectively.19’2° As presented, however, these results in total-
ity imply that recurrent ischaemia as defined in these studies is not a
direct risk factor for, or predictor of, subsequent spontaneous Ml or
greater need for re-vascularization.

Importantly, to the best of our knowledge this is the first
meta-analysis to evaluate timing of IS on admission for HF in patient
with NSTE-ACS. Although the initial findings demonstrated a non-
statistically significant trend to reduced HF hospitalization, it is note-
worthy that a sensitivity analysis excluding the 42 patients from the
Liu et al. trial, which is of poor methodological quality with very high
risk of bias, narrowed the Cls, and resulted in a significant reduction
in admission for HF with use of an early IS. Therefore, pooling of RRs
from the VERDICT and non-STEMI RCTs suggests that an early IS
reduces future risk of HF hospitalization. However, given that only
three RCTs reported hospitalization with HF as an endpoint with
a total of 256 events, and that this finding was not linked to a reduc-
tion in Ml in the early IS group, this finding may only be considered
hypothesis generating. Admission with HF as a reported outcome
is recognized to be of growing significance because of a documented
association with morbidity and as a predictor of poor outcomes.*
Future ACS RCTs should aim to capture HF hospitalization as a
key secondary outcome.

Guideline recommendations for an early IS in high-risk NSTE-ACS
are predominantly based on a priori subgroup analyses of GRACE
score >140 patients from the TIMACS and VERDICT trials.'>?’
These demonstrated a reduction in composite ischaemic outcomes
in patients that underwent an early IS, but the findings have yet to be
confirmed in a RCT that specifically investigates this high-risk sub-
group. The Jobs et al.® individual patient data meta-analysis also sug-
gested an early IS may benefit patient subgroups with elevated
biomarkers at baseline, diabetes mellitus, and age >75 years, al-
though statistical test for interaction were inconclusive. The
RAPID NSTEMI trial set out to answer this question but lower
than expected event rates and slow recruitment due to the corona-
virus disease 2019 pandemic resulted in early termination of the
study.40 This question may only be definitively answered by a future
patient-level meta-analysis of this subgroup.

If current ESC guidelines definitions are applied in a real-world set-
ting," of 137000 NSTE-ACS patients who underwent an IS in
England and Wales between 2010 and 2015, 94% would have met
the ‘high-risk’ NSTE-ACS criteria. However, in this report only
16% of the high-risk cohort received an IS within the guideline re-
commended 24 h of hospital admission.*’ Delivery of an early IS
will likely be unachievable for many healthcare systems without sig-
nificant and potentially costly restructuring of ACS pathways. It could
be argued that the most recent ESC guidelines have moved ahead of
the currently available evidence—and the current Class IA recom-
mendations questioned. An early IS for all patients with
NSTE-ACS and a temporal change in troponin may be unnecessary,
since there are no randomized trial data that support that such an
approach reduces death, M|, or repeat re-vascularization in this spe-
cific patient group. Perhaps more in line with current evidence, the
recently published ACC/AHA guidelines on myocardial re-
vascularization recommend that in initially stabilized patients consid-
ered to be of high risk of clinical events (defined as those with a

GRACE score of >140), it is reasonable to choose an early IS (within
24 h) over a delayed IS to improve outcomes (strength of recom-
mendation lla, level of evidence B-R). They do not recommend this
approach for all patients with NSTE-ACS and a temporal change in
tr‘oponin.42 This meta-analysis has shown that in all-comers with
NSTE-ACS, an early IS results in shorter length of stay and less recur-
rent ischaemia, which is not associated with a higher rate of death or
MI. Our results themselves do not directly challenge the ESC recom-
mendation for an early IS for all patients with NSTE-ACS and a tem-
poral change in troponin. However, aside from those with a GRACE
score of >140, the benefit from randomized trials of an early IS is lim-
ited to a shorter length of stay and less recurrent ischaemia. It is
questionable whether these benefits would be sufficient for a major
restructuring of care pathways for all patients with NSTE-ACS and a
temporal change in troponin.

Furthermore, safety and cost-efficacy must be rigorously consid-
ered for the routine use of an early IS to be widely recommended
in clinical guidelines. This meta-analysis found that no excess risk
for major bleeding or stroke was associated with an early IS. In add-
ition, patients who underwent an early IS experienced significantly
shorter length of hospital stay, with these differences likely to be ex-
aggerated in countries where the wait for standard of care angiog-
raphy is longer than the delayed IS group timings of the included
RCTs. In a post hoc analysis of the TIMACS trial participants, health-
care cost savings were indeed associated with an early IS,* yet there
are few additional data that provide robust insights as to the eco-
nomic benefits of this approach in patients with NSTE-ACS.

Despite advances in NSTE-ACS care over recent years, timing of
an IS remains a contentious issue to be resolved for higher risk pa-
tients in particular. Future clinical research studies that focus on iden-
tifying those higher risk NSTE-ACS patients who may benefit most
from an early IS are required. Moreover, means of better selecting
appropriate individuals with obstructive coronary disease that re-
quire re-vascularization is also necessary. Research initiatives direc-
ted at investigating these strategies may yield results that relieve
pressure on catheter laboratories, and thus obviate the need for
widespread NSTE-ACS pathway and service re-configuration.

This study has limitations. First, as this is an aggregate study-level
data meta-analysis, our results are limited by a lack of individual
patient-level data that affords closer examination of subgroups and
specific treatment effects. However, it is considered that a robustly
conducted aggregate data meta-analysis produces comparable re-
sults to individual patient data studies, and that similar conclusions
are often drawn.** Second, substantial heterogeneity across the in-
cluded RCTs with respect to inclusion criteria, timing of IS, endpoint
definitions, and follow-up periods may have impacted on the validity
of our results. Perhaps the most important difference is the timing of
IS across trials. In 30% of studies, the delayed arm was in fact quite
early (median <24 h), with any potential treatment effect of an early
IS possibly diluted by the limited time separation between groups.
Third, the included trials span a 20-year time period during which
diagnostic, pharmacological, and invasive strategies for NSTE-ACS
have evolved significantly. For example, many trials used highly vari-
able diagnostic criteria for Ml and enrolled patients prior to the wide-
spread use of high-sensitivity troponin, meaning ascertainment of
early re-Ml (spontaneous or peri-procedural) was not robust.
Importantly, approximately 25% of patients across the included trials

220z aunp G| uo 1s8nb Ag 8811 8G9/ | Zorys/ueayina/ce0 L "0 /Iop/ajonie-aoueApe/fieayina/wod dno-olwapese//:sdny woJl papeojumoq



Timing of invasive strategy in NSTE-ACS

13

were biomarker negative and thus could be classified as unstable an-
gina. This could dilute any potential treatment effect from an early IS
in higher risk patients with myocardial injury and limits the conclu-
sions that can be drawn. However, it should also be noted that all
but one of the included trials were conducted using conventional
troponin assays. The reduced sensitivity of these assays when com-
pared with contemporary high-sensitivity troponin assay is import-
ant to acknowledge since a proportion of the patients labelled as
‘unstable angina’ may have in fact have had smaller degrees of myo-
cardial injury and infarction and met current diagnostic criteria for
NSTEML.*

Conclusion

In conclusion, an early IS was not associated with a reduction in risk
of all-cause mortality, M|, admission for HF, and repeat re-
vascularization compared with a delayed IS in an all-comer
NSTE-ACS population. An early IS resulted in risk reduction for re-
current ischaemia and length of hospital stay. Safety outcomes con-
sisting of major bleeding and stroke were no different between
strategies. International guideline recommendations require greater
scrutiny since data that support an early IS in NSTE-ACS patients
are limited. Future RCTs ought to focus on identification of pre-
defined high-risk subgroups that may benefit from an early IS.

Supplementary material

Supplementary material is available at European Heart Journal online.
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