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Abstract

Background and A routine invasive strategy is recommended in the management of higher risk patients with non-ST-elevation acute coronary
Aims syndromes (NSTE-ACSs). However, patients with previous coronary artery bypass graft (CABG) surgery were excluded from
key trials that informed these guidelines. Thus, the benefit of a routine invasive strategy is less certain in this specific subgroup.

Methods A systematic review and meta-analysis of randomized controlled trials (RCTs) was conducted. A comprehensive search was
performed of PubMed, EMBASE, Cochrane, and ClinicalTrials.gov. Eligible studies were RCTs of routine invasive vs. a con-
servative or selective invasive strategy in patients presenting with NSTE-ACS that included patients with previous CABG.
Summary data were collected from the authors of each trial if not previously published. Outcomes assessed were all-cause
mortality, cardiac mortality, myocardial infarction, and cardiac-related hospitalization. Using a random-effects model, risk
ratios (RRs) with 95% confidence intervals (Cls) were calculated.

Results Summary data were obtained from 11 RCTs, including previously unpublished subgroup outcomes of nine trials, comprising
897 patients with previous CABG (477 routine invasive, 420 conservative/selective invasive) followed up for a weighted
mean of 2.0 (range 0.5-10) years. A routine invasive strategy did not reduce all-cause mortality (RR 1.12, 95% Cl 0.97—
1.29), cardiac mortality (RR 1.05, 95% CI 0.70-1.58), myocardial infarction (RR 0.90, 95% Cl 0.65—1.23), or cardiac-related
hospitalization (RR 1.05, 95% CI 0.78-1.40).
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Conclusions

This is the first meta-analysis assessing the effect of a routine invasive strategy in patients with prior CABG who present with
NSTE-ACS. The results confirm the under-representation of this patient group in RCTs of invasive management in NSTE-
ACS and suggest that there is no benefit to a routine invasive strategy compared to a conservative approach with regard to
major adverse cardiac events. These findings should be validated in an adequately powered RCT.

Structured Graphical Abstract

Key Question
What is the effect of a routine invasive strategy in patients with prior coronary artery bypass grafting (CABG) presenting with non-ST
elevation acute coronary syndrome (NSTE-ACS)?

Key Finding

In this meta-analysis of eleven randomised controlled trials including 897 patients with previous CABG, a routine invasive strategy did not

reduce major adverse cardiac events (MACE).

Take Home Message

Patients with prior CABG present commonly with NSTE-ACS and represent a high-risk subgroup, however this meta-analysis suggests
there is no benefit to a routine invasive strategy with regard to MACE. An adequately powered randomised control trial appears

warranted.

Routine invasive versus conservative management of CABG patients with NSTE-ACS
11 randomised controlled trials, 897 patients
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Summary of trials included and effect on major adverse cardiac events of a routine invasive vs. conservative approach to non-ST-elevation acute
coronary syndrome (NSTE-ACS) in patients with prior coronary artery bypass grafting (CABG). Cl, confidence interval; RR, risk ratio.
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Introduction

A routine invasive strategy is recommended in the management of
higher risk patients with non-ST-elevation acute coronary syn-
drome (NSTE-ACS)." This is based on the results of multiple ran-
domized controlled trials (RCTs) that have compared a routine
invasive with a conservative or selective invasive strategy, including

over 11 000 patients, pooled in several meta-analyses.>™ Patients
with previous coronary artery bypass graft (CABG) surgery re-
present ~10% of patients presenting with NSTE-ACS and re-
present a high-risk subgroup as they are older, with more
comorbidities, and increased mortality compared to those without
prior CABG.” Of note, patients with previous CABG were ex-
cluded from some of the pivotal trials that informed NSTE-ACS
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guidelines (TIMI B, FRISC II, RITA 3), thus the benefit of a routine
invasive strategy is less certain in this group.g’10

Observational data consistently report that patients with prior
CABG who present with ACS are less likely to undergo angiography
or subsequent percutaneous coronary intervention (PCI).""™"3 This
likely reflects the higher rate of comorbidity, but also the risk of coron-
ary angiography is greater in patients with previous CABG due to in-
creased number of vessels to engage, variable location of bypass graft
ostia, and often incomplete information available regarding the number
and type of grafts placed." In addition, decisions regarding target vessel
revascularization are more complex in CABG patients due to advanced
atherosclerotic disease in native vessels and increased risk of distal em-
bolization with vein graft PCL."®

The effect of a routine invasive approach in other high-risk subgroups
of NSTE-ACS patients, such as older adults or those with chronic kid-
ney disease, has been assessed in meta-analyses highlighting that the
benefit of a routine invasive approach for NSTE-ACS may not apply
in these groups and require dedicated RCTs."®" To our knowledge,
the benefit of a routine invasive strategy in NSTE-ACS in patients
with prior CABG has not been assessed. We therefore performed a
systematic review and meta-analysis of RCTs to determine whether a
routine invasive approach was superior to a selective invasive or con-
servative strategy in patients with prior CABG presenting with
NSTE-ACS.

Methods

Search strategy and selection criteria

The systematic review was prospectively registered on the Prospero regis-
try (CRD42022332048) and reported in accordance with the Preferred
Reporting ltems for Systematic Reviews and Meta-analyses guidelines.®
The Medline and EMBASE (Excerpta Medica database) databases were
searched via National Institute for Health and Care Excellence’s
Healthcare Database Advanced Search tool using a broad/sensitive ap-
proach, an identical strategy was used to search the Cochrane Library.
Free-text searches for ‘acute coronary syndrome’ or ‘non ST elevation
myocardial infarction’ or ‘unstable angina’ and ‘treat’ or ‘invasive’ or ‘conser-
vative’ (plus synonyms) within the titles and abstracts of all records were
combined with the appropriate Medical Subject Headings or EMBASE sub-
ject headings terms. Keywords using Medical Subject Headings/EMBASE
subject headings where available included ‘Acute Coronary Syndrome’,
‘Non-ST Elevated Myocardial Infarction’, and ‘Angina, Unstable’. Results
were limited to RCTs published from 1992 to May 2022 in English language.
A search of all articles within ClinicalTrials.gov was conducted and in add-
ition, a search was made of the PROSPERO registry for related
meta-analysis. Reference lists of eligible articles were reviewed for further
potential citations. Results were de-duplicated in EndNote (Thompson
Reuters) reference management software and manually screened. The
search strategy is detailed in the supplementary data.

Studies were deemed eligible if they met the following criteria: (i) RCTs
assessing a routine invasive vs. conservative/selective invasive approach in
NSTE-ACS; (i) included patients with previous CABG; and (iii) patients
with CABG were randomized to both arms. We excluded trials that in-
cluded patients with ST-elevation myocardial infarction or excluded pa-
tients with prior CABG. The outcomes of interest were (i) all-cause
mortality; (i) cardiac mortality; (i) myocardial infarction (MI); and
(iv) cardiac-related hospitalization. Myocardial infarction and cardiac hospi-
talization events used the definition per respective RCT. Events at longest
available follow-up were abstracted. As a post hoc analysis outcomes
were assessed for non-CABG patients from the included trials.

Two investigators (M.K. and R.V.) independently assessed the eligibility of
the studies for inclusion, any discrepancies were resolved by consensus

after discussion with the senior investigator (D.AJ.). From the included
studies, two reviewers (M.K. and D.A.) extracted demographic data and
clinical outcomes using pre-specified data extraction forms. In cases where
trials included patients with previous CABG but subgroup analysis was not
published (either in the original publication or subsequent subgroup analysis
publication), the trial corresponding author was contacted to request sum-
mary data for CABG patients (M.K. and D.AJ.). For each trial, risk of bias
was independently assessed by two investigators (K.R. and R.R.) using the
revised Cochrane RoB2 tool."

Data synthesis

Baseline categorical data from the included trials are summarized using
weighted means and percentages. Trial-level data were analysed according
to the intention-to-treat principle. We calculated pooled risk ratios (RRs)
with 95% confidence intervals (Cls) for the outcomes of interest using
the DerSimonian and Laird random-effects model with heterogeneity esti-
mated from the Mantel-Haenszel method. Visual assessment of the forest
plot and the I statistic were used to assess heterogeneity. Fixed-effects
models (Mantel-Haenszel method) were performed as sensitivity analyses
in the absence of high heterogeneity. In addition, further sensitivity analyses
were conducted: excluding trials that only recruited older patients and con-
versely only including trials of older patients; of trials published prior to and
post-2012. Publication bias was assessed with visual inspection of funnel
plots and Egger’s test. For summary estimates, a P <.05 (two-tailed) was
considered significant. Analysis was conducted in Review Manager 5.4.

Results

Study selection and patient population

A total of 19 trials assessing the effect of a routine invasive approach in
NSTE-ACS were identified, with the full PRISMA flow diagram shown
in Figure 1. Four trials (including 5871 patients) excluded patients with
prior CABG2"%2% whilst three (including 1209 patients) included
patients with ST-segment elevation®' > leaving 12 eligible studies. Of
these 12 trials (n = 5894 patients), 905 patients (15.4%) had a history
of previous CABG. Data were obtained from 11 trials involving a total
of 897 patients with NSTE-ACS randomly allocated to a routine inva-
sive strategy (n=477) or conservative/selective invasive (n=420)
strategy.”** One trial (CABG-ACS) had involved only patients with
previous CABG, whilst TACTICS-TIMI 18 had published subgroup ana-
lysis of CABG patients.”®3> The remaining individual trial data for pa-
tients with prior CABG were obtained by contacting the trial
corresponding author. The characteristics of the included trials and
their overall results are presented in Table 1. In LIPSIA-NSTEMI, pa-
tients were randomized 1:1:1 between immediate invasive, early inva-
sive, or selective invasive strategies; for the purpose of this
meta-analysis, the immediate and early invasive group outcomes
were pooled and compared to selective invasive. The baseline demo-
graphics and invasive management strategies for CABG patients from
the trials are presented in Table 2. Six trials included elderly patients
only with a mean age across the trials for CABG patients of 69.3 years.
Inpatient angiography was performed in 97.4% of patients managed
with a routine invasive strategy compared to 41.3% of patients allo-
cated to a conservative/selective invasive strategy with percutaneous
coronary intervention in 45.4% and 19.3%, respectively. The indications
for angiography in the conservative/selective invasive group are high-
lighted in Table 1. CABG patient outcomes were available from a
weighted mean of 2.0 (range 0.5-10) years follow-up. All trials were as-
sessed as low risk of bias in all domains for the all-cause mortality out-
come, with some concerns for the potentially subjective endpoints in
MOSCA as these were not assessed by a blinded endpoint committee.
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Figure 1 Study selection

The risk of bias assessments are reported in Supplementary data online,
Tables S1 and S2.

Mortality

All trials reported all-cause mortality as an endpoint. The total mortality
follow-up varied from 6 months to 10 years. Heterogeneity was as-
sessed as low (> = 0%). Overall, 89 of 477 patients (18.7%) randomized
to a routine invasive strategy died during follow-up vs. 54 of 420 pa-
tients (12.9%) randomized to a conservative strategy. A routine invasive
strategy did not reduce all-cause mortality compared with a conserva-
tive strategy: RR 1.12 (95% CI 0.97-1.29), P=.12 (random-effects
model, Figure 2), although a fixed-effect model suggested a reduction
in mortality with a conservative approach: RR 1.28 (95% Cl 1.01-
1.63), P =.04 (see Supplementary data online, Figure S1). Sensitivity ana-
lysis excluding older patient-only trials [RR 1.25 (0.72-2.15), P = .42] or
trials only including older patients [RR 1.57 (0.76-3.25), P=.23]
produced similar results (see Supplementary data online, Table S3), as
did sensitivity analysis of trials published pre- [RR 1.24 (0.7-2.21),
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e
©
2
=
S Records after duplicate removed
(n =5,002)
v
Records screened Records excluded after title and
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el'glb'l'ty »|  Full-text articles excluded with
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for CABG contacted for No response
patients CABG pts (n=1)
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© Studies included in review
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P=.45] and post-2012 [RR 147 (0.78-2.76),
Supplementary data online, Table $4).

P=.24] (see

Cardiac mortality

Seven trials, involving 257 patients, contributed to the analysis of car-
diac mortality (definitions Supplementary data online, Table S5).
Heterogeneity was assessed as low (/> = 0%). Overall 36 of 143 patients
(25.2%) managed with a routine invasive strategy vs. 22 of 114 (19.3%)
managed with a conservative strategy were adjudged to have died of a
cardiac condition. The risk of cardiac mortality did not differ significantly
between strategies: RR 1.05 (95% Cl 0.70-1.58), P=.81
(random-effects model, Supplementary data online, Figure S2). A
fixed-effects model yielded comparable results: RR 1.22 (0.80-1.86),
P =.36 (see Supplementary data online, Figure S3). Sensitivity analysis
of excluding older patient-only trials [RR 2.29 (0.39-13.34), P=.36]
or trials only including elderly patients [RR 1.14 (0.74-1.75), P =.55]
produced similar results (see Supplementary data online, Table S3) as
did sensitivity analysis of trials published pre- [RR 1.68 (0.35-8.09),
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Routine Invasive

Study or Subgroup Events

Total Events

Conservative

Risk Ratio

Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

Cannon 2001 (TACTICS-TIMI 18) 9 243 9 241 2.4%
De Belder 2021 (RINCAL) 3 12 2 10 0.8%
De Winter 2005 (ICTUS) 12 62 6 43 2.4%
Hirlekar 2020 (80+) 3 19 1 14 0.4%
Lee 2019 (CABG-ACS) 5 31 3 29 1.1%
Michalis 2000 (TRUCS) 1 10 1 8 0.3%
Sanchis 2016 (MOSCA) 7 10 0 4 0.3%
Sanchis 2023 (MOSCA-FRAIL) 2 5 2 11 0.7%
Savonitto 2012 (Italian Elderly ACS) 3 17 1 12 0.4%
Tegn 2016 (After Eighty) 41 43 28 32 90.8%
Thiele 2012 (LIPSIA-NSTEMI) 3 25 1 16 0.4%
Total (95% ClI) 477 420 100.0%
Total events 89 54

Heterogeneity: Tau? = 0.00; Chi? = 7.77, df = 10 (P = 0.65); I = 0%

Test for overall effect: Z = 1.57 (P = 0.12)

0.99 [0.40, 2.46]
1.25[0.26, 6.07]
1.39 [0.56, 3.41]
2.21[0.26, 19.08]
1.56 [0.41, 5.95]
0.80 [0.06, 10.89]
6.82[0.48, 97.51]
2.20[0.42, 11.46]
2.12[0.25, 17.98]

1.09 [0.94, 1.26] [ |
1.92 [0.22, 16.89]
1.12 [0.97, 1.29] "y
' ; " |
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Favours routine invasive Favours conservative

Figure 2 Effect on mortality of routine invasive vs. conservative strategy in CABG patients presenting with NSTE-ACS, random-effects model

Routine Invasive  Conservative Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Cannon 2001 (TACTICS-TIMI 18) 11 243 24 241 18.0% 0.45[0.23, 0.91] —_—
De Belder 2021 (RINCAL) 2 12 2 10 3.1% 0.83 [0.14, 4.90] —
De Winter 2005 (ICTUS) 20 62 9 43 18.4% 1.54[0.78, 3.05] T
Hirlekar 2020 (80+) 6 19 4 14 8.3% 1.11[0.38, 3.19] T
Lee 2019 (CABG-ACS) 9 31 13 29  18.4% 0.65 [0.33, 1.28] —
Michalis 2000 (TRUCS) 1 10 0 8 1.0% 2.45[0.11, 53.25]
Sanchis 2016 (MOSCA) 2 10 1 4 2.2% 0.80 [0.10, 6.54]
Sanchis 2023 (MOSCA-FRAIL) 2 5 1 11 2.1% 4.40[0.51, 37.97]
Savonitto 2012 (ltalian Elderly ACS) 1 17 1 12 1.4% 0.71[0.05, 10.21]
Tegn 2016 (After Eighty) 16 43 13 32 24.9% 0.92 [0.52, 1.62] —a
Thiele 2012 (LIPSIA-NSTEMI) 4 25 1 16 2.2% 2.56 [0.31, 20.90]
Total (95% CI) 477 420 100.0% 0.90 [0.65, 1.23] &
Total events 74 69

ity 2 . i2 L2 ! 1 1 i
Heterogeneity: Tau? = 0.02; Chi*> = 10.66, df = 10 (P = 0.38); I> = 6% v0_01 011 1'0 100'

Test for overall effect: Z = 0.69 (P = 0.49)

Favours routine invasive Favours conservative

Figure 3 Effect on myocardial infarction of routine invasive vs. conservative strategy in CABG patients presenting with NSTE-ACS, random-effects

model

P=.52] and post-2012 [RR 1.02 (0.67-1.55),
Supplementary data online, Table $4).

P=.94] (see

Myocardial infarction
All trials reported Ml as an endpoint, with slight variation of the contem-
porary definition between studies (see Supplementary data online,
Table $6).328 Overall, 74 of 477 patients (15.5%) managed with a rou-
tine invasive strategy vs. 69 of 420 (16.4%) managed with a conservative
strategy experienced an MI. Heterogeneity was assessed as low (IZ=
6%). The risk of MI did not differ between groups: RR 0.90 (95% ClI
0.65-1.23), P=.49 (random-effects model, Figure 3). A fixed-effects
model yielded comparable results: RR 0.88 (0.66-1.17), P=.38 (see
Supplementary data online, Figure $4). Sensitivity analysis excluding older
patient-only trials [RR 0.88 (0.47-1.66), P =.70] or trials only including
older patients [RR 1.00 (0.63—1.57), P=.99] produced similar results
(see Supplementary data online, Table S3) as did sensitivity analysis of
trials published pre- [RR 1.00 (0.45-2.25), P=.99] and post-2012 [RR
0.88 (0.60-1.28), P = .50] (see Supplementary data online, Table $4).
Death or Ml was assessed as a combined endpoint and was present in
143 (30%) patients managed with a routine invasive strategy vs. 106
(25.2%) patients with a conservative strategy. Heterogeneity was low
(*=27%). The risk did not differ between groups with a random-effects

[RR 1.12 (0.89-1.40), P = .35, Supplementary data online, Figure S5] or
fixed-effects model [RR 1.08 (0.90-1.30), P =.39].

Cardiac hospitalizations

Nine trials, comprising 717 patients, reported outcomes for cardiac
hospitalizations. The definition of cardiac hospitalization varied be-
tween studies (see Supplementary data online, Table S7). Overall,
74 of 372 patients (19.2%) managed with a routine invasive strategy
vs. 61 of 345 (17.7%) managed with a conservative strategy had a fur-
ther reported cardiac hospitalization following the index event dur-
ing trial follow-up. Heterogeneity was assessed as low (I*=0%).
The risk of cardiac hospitalization did not differ between groups:
RR 1.05 (95% Cl 0.78-1.40), P=.77 (random-effects model,
Supplementary data online, Figure S6) with comparable results using
[RR 1.08 (0.80-1.45), P=.61] (see
Supplementary data online, Figure S7). Sensitivity analysis excluding
older patient-only trials [RR 0.98 (0.69-1.40), P =.91] or trials only
including older patients [RR 1.45 (0.85-2.47), P = .17] produced simi-
lar results (see Supplementary data online, Table $3) as did sensitivity
analysis of trials published pre- [RR 1.01 (0.70-1.44), P=.97] and
post-2012 [RR 1.31 (0.78-2.19), P=.31] (see Supplementary data
online, Table $4).

a fixed-effects model
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Post hoc analysis

To address the treatment effect with presence or absence of prior
CABG, pooled risk ratios were calculated for all-cause mortality and
M, as the outcomes consistently reported, for non-CABG patients in
the studies included (n=4810) (see Supplementary data online,
Table S8). For both outcomes, the RRs are lower (i.e. favouring a rou-
tine invasive strategy) when CABG patients are excluded compared to
the CABG patient outcomes. When the outcomes of trials that ex-
cluded patients with prior CABG (TIMI llIB, FRISC II, RITA 3, VINO)
are also included (n =10 681), these reduce further 8102

Discussion

This is the first meta-analysis of randomized trials assessing the effect of a
routine invasive strategy in patients with prior CABG who present with
NSTE-ACS. This confirms the under-representation of patients with pre-
vious CABG in RCTs of invasive management in NSTE-ACS, comprising
only 7.7% of patients due to exclusion from the largest trials. Combining
the outcomes data from 11 RCTs including 897 patients, there was no
benefit to a routine invasive strategy with regard to all-cause or cardiac
mortality, Ml, or cardiac hospitalization in patients with previous CABG.
In fact, all endpoints aside from recurrent Ml were more frequent in the
routine invasive arm (Structured Graphical Abstract). This directly calls into
question the current recommendations of a routine invasive strategy in
this patient cohort.

The results of this meta-analysis of RCT data differs from the body of
observational evidence that appears to be in support of a routine invasive
strategy in patients with prior CABG. In a cohort of over 10 000 patients
with a history of CABG younger than 80 years old admitted with
NSTE-ACS to coronary care units in Sweden between 1995 and 2004,
revascularization (PCl or CABG) within 14 days of admission was asso-
ciated with a marked reduction in 1-year mortality (RR 0.67, 95% ClI
0.56-0.81).3 In the US National Inpatient Sample database of all Ml ad-
missions 2004—15, which included almost 450 000 prior CABG patients,
lower adjusted in hospital all-cause mortality [odds ratio (OR) 0.45, 95%
Cl1 0.38-0.53] and MACE were observed (OR 0.64, 95% CI 0.57-0.72) in
prior CABG patients who underwent PCl compared with those managed
medically."" Similar results were observed in the UK from the Myocardial
Infarction National Audit Project database, including over 25 000 patients
with prior CABG between 2010 and 2017, with lower adjusted risk of in-
patient mortality (OR 0.67, 95% CI 0.46-0.98), although similar rates of
re-infarction (OR 1.13, 95% CI 0.81-1.57), observed in patients who
underwent PCI compared to those managed medically.'* Although con-
versely, a subgroup analysis of patients with prior CABG from the
ACUITY trial (n =2475) reported significantly higher 30-day and 1-year
MACE rates in ACS patients who underwent PC| compared to medical
management40 An important caveat to this observational data is that it
compares patients who underwent revascularization compared to med-
ical management rather than those who underwent a routine invasive
strategy compared to a conservative/selective invasive approach as in
the RCTs. Multiple factors will influence the clinical decision for both angi-
ography and then subsequent revascularization including frailty, co-
morbidity, and lesion complexity. Whilst observational studies will
attempt to adjust for some of these factors, namely age and comorbidity,
there are likely unmeasured confounders that will influence outcomes.
Included in this meta-analysis is the only previously published randomized
evidence of the effect of a routine invasive strategy, which came from the
TACTICS-TIMI 18 and CABG-ACS trials. TACTICS-TIMI 18 is the largest
relevant trial and reported a significant reduction in Ml at 6 months in

those randomized to an early invasive strategy, whereas the
CABG-ACS pilot study reported similar 2-year MACE outcomes.?®3°

The lack of observed benefit for a routine invasive strategy amongst
CABG patients with NSTE-ACS in this meta-analysis is likely multifactorial.
Firstly, current guidelines recognize that a routine invasive approach is not
proved by the current evidence to reduce all-cause mortality in the overall
population of NSTE-ACS patients, therefore it is logical that a benefit in
mortality is not seen in a smaller subset of patients.” Of interest, when a
fixed-effect model is used, there appears to be reduced mortality with a
conservative approach. However, whilst heterogeneity was assessed as
low by the ? statistic, the populations of each study varied in age, time-
frame, and demographics and one would expect the true effect size may
vary study to study, therefore a random-effects model is preferable.
Secondly, the trials included recruited patients over a period of 24 years,
with 607/897 (68%) of patients enrolled prior to 2004.2*2* in which
time there have been multiple improvements in invasive management
such as radial access and drug eluting stents, although medical secondary
prevention has also improved with respect to modern dual-antiplatelet
therapy and intensive lipid lowering. Finally, six trials recruited older pa-
tients only, which may have contributed to reduced benefit from an inva-
sive strategy, although we performed sensitivity analysis of the endpoints
only including non-older patients’ trials with similar results. Our post hoc
analysis assessing the outcomes of non-CABG patients from the included
trials, and including NSTE-ACS trials that excluded CABG patients, sup-
ports our overall findings that the benefits of a routine invasive strategy
may not apply to CABG patients as they do to non-CABG patients.

The benefit seen in observational studies of PCl in CABG patients com-
pared to medical management will be subject to unmeasured confounders.
In addition, in a routine invasive strategy, patients are exposed to the po-
tential harm of performing angiography without necessarily receiving the
benefit of having PCl (either because not felt to be required or not tech-
nically feasible in the setting of advanced and often calcific atherosclerotic
disease). The rates of PCl in the routine invasive group are lower in CABG
patients compared to the non-CABG patients of the included trials (45%
vs. 53%, P =.002). Invasive angiography in patients with prior CABG takes
longer, with higher radiation and contrast exposure and is known to be
higher risk, particularly with regard to neurological complications and
risk of contrast induced nephr‘opa‘chy.M"”'42 When revascularization is
felt to be required in patients post-CABG, redo CABG is associated
with two-four-fold increased mortality compared to first-time CABG
and PCl to vein grafts is associated with an increased risk of distal embol-
ization and periprocedural MI.">*® Therefore, PCl to native vessels is re-
commended but not always possible to be performed.” Our results
highlight that even when managed with a routine invasive strategy, only
45% of patients receive PCl compared to 19% in the selective invasive
arm, with this relatively small difference possibly explaining the divergence
from the outcomes of observational data that compare those who have
received PCl with those who have not. One potential consideration is
the use of computed tomography coronary angiography (CTCA), which
is known to have excellent sensitivity and specificity to assess bypass grafts,
as the first line test in patients with prior CABG presenting with
NSTE-ACS.*** In that situation, if grafts are found to be patent, then
the higher risks of invasive angiography can be avoided, or it can help target
the use of PCl, an approach which has recently been demonstrated to re-
duce MACE in the BYPASS-CTCA trial.*®

Limitations

Our meta-analysis includes outcomes data from 99% (897/905) of pa-
tients with prior CABG in trials that assessed a routine invasive approach
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in NSTE-ACS, with data not obtained from only one study including eight
CABG patients.*” Despite obtaining outcomes data for the vast majority
of CABG patients in relevant trials, this still only constitutes 897 patients
across 11 trials. Therefore, our findings may simply reflect RCT data of
CABG NSTE-ACS patients lacking statistical power to detect differences
in MACE, with sensitivity analysis especially underpowered. In particular,
the number of patients included in the analysis of cardiac mortality and
cardiac hospitalization (the definition of which varied from study to study)
limits the conclusions that can be drawn from them. As randomization in
the individual studies was not stratified by CABG status, there may be dif-
ferences in baseline risk profile that could impact on outcomes. Despite
similar protocol indications for invasive angiography in the conservative/
selective invasive groups of each study, predominantly recurrent ischae-
mia, there were wide variations in the incidence of inpatient angiography
in this arm across the studies. This will have impacted our results com-
pared to assessing outcomes of purely invasive vs. medical management.
In addition, the majority of patients were enrolled over 20 years ago, since
which both invasive management and medical secondary prevention have
been refined and therefore outcomes may differ in a contemporary trial.
Changes in CABG technique in this time may also influence outcomes, for
example increased use of bilateral internal mammary arteries would have
improved patency and are easier to evaluate with invasive angiography
than multiple vein grafts. As discussed above, the more recent trials (ex-
cluding CABG-ACS) compared outcomes in older patients only, whose
findings may not reflect the entire post-CABG patient population.
Assessment of publication bias with funnel plots and Egger’s test (see
Supplementary data online, Figures S8-S11, Supplementary data online,
Table S9) suggested that publication bias was possible for the Ml outcome
(P=.057), although of note the overall number of trials was small and only
two trials previously published CABG patient outcomes, thus formal as-
sessment of publication bias was less relevant. For this meta-analysis, we
did not obtain individual patient data (IPD) in order to perform an IPD
meta-analysis, which may have enhanced our findings as would allow per-
protocol analysis and assessment of impact of risk factors such as age.
Finally, we reported outcomes of total events at the longest available
follow-up time point, whilst there may be clinically meaningful benefits
in short- or long-term reduction of ischaemic events not demonstrated
with our analysis but which would be available if longer term follow-up
(with events at different time points) was available.

Conclusions

Patients with prior CABG present commonly with NSTE-ACS and re-
present a high-risk subgroup. Despite prior observational study evi-
dence suggesting that there is a benefit of early revascularization, and
TACTICS-TIMI 18 reporting a reduction in Ml with a routine invasive
approach, this meta-analysis of randomized trials suggests that there
is no benefit to a routine invasive strategy compared to a conservative
approach in this group. An adequately powered RCT appears war-
ranted to further explore this finding.
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