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Abstract

Background and objectives

An invasive approach is recommended as the treatment of patients with non-ST elevated
acute coronary syndromes (NSTE-ACS). However, it remains unclear that the optimal time
of angiography and intervention for patients with NSTE-ACS at present. This study was
designed to compare the effect of early and delayed invasive strategies on short-medium
term prognosis in patients with those.

Methods

Pubmed, Cochrane Library and Embase were searched up to Dec-30-2018. Randomized
clinical trials comparing an early versus a delayed invasive strategy in patients with NSTE-
ACS were included. The primary endpoint (all-cause death and recurrent myocardial infarc-
tion) and secondary endpoint (major bleeding and recurrent revascularization), as well as
composite endpoint were assessed by random or fixed effected meta-analysis with software
RevMan 5.3 version after short-medium term follow up.

Result

A total of six randomized clinical trials involving 4,277 early or delayed invasive strategies
patients with NSTE-ACS were included in the meta-analysis. Time to coronary angiography
varied from 0.5 to 24 h in the early invasive strategy and from 18.6 to 72 h in the delayed
invasive strategy. There was a statistical difference in the primary endpoint of all-cause
death among patients with NSTE-ACS between early and delayed invasive strategies
(4.6% vs 6%; OR:0.76; 95% CI:0.58 to 1.00; P=0.05; F = 0%), but not for recurrent myocar-
dial infarction (6.0% vs 6.3%; OR: 0.94; 95% Cl: 0.55t0 1.61; P=0.82; P= 60%). The major
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bleeding in patients with NSTE-ACS was similar between both invasive strategies (2.7% vs
3.1%; OR:0.88; 95% Cl:0.59 to 1.31; P=0.54; P = 0%). However, the composite endpoint
in the early invasive strategy patients with NSTE-ACS was significantly lower than that of
the delayed invasive strategy (10.9% vs 13.9%; OR:0.76; 95% CI:0.63 to 0.92; P = 0.006;
= 0%), and the recurrent revascularization between both strategies was just the opposite
(8.7% vs 5.9%; OR:1.5; 95%Cl:1.15 to 1.97; P=0.003; ¥ = 0%).

Conclusion

The systematic review and meta-analysis demonstrated that the early invasive strategy had
a beneficial trend on all-cause death and significantly reduced the composite endpoint in
patients with NSTE-ACS, but increased the rate of revascularization. These data could pro-
vide a solution for patients with those.

Introduction

Acute coronary syndrome (ACS) is mainly caused by atherosclerotic plaque rupture or intra-
luminal thrombus in one or more coronary arteries decreasing the infusion flow and leading
to myocardial necrosis [1]. Non-ST segment elevation myocardial infarction (NSTEMI) and
unstable angina were included in the non-ST elevated acute coronary syndromes
(NSTE-ACS). The incidence of NSTEMI has slightly increased compared with ST segment ele-
vation myocardial infarction (STEMI) over the last decade due to new risk factors and demo-
graphic changes [2]. The mortality caused by NSTE-ACS was twice as much as that of ST-
segment elevation myocardial infarction [3]. The quality of life and mental health for patients
with NSTE-ACS were seriously affected by mortality and heart-related complications.

An invasive approach was superior to a conservative or a selective invasive approach in pre-
venting death and myocardial infarction among patient with NSTE-ACS [4]. Timely interven-
tion therapy is essential to improve prognosis of patients with NSTE-ACS. However, the
optimal timing of routine intervention is still unclear in long-term follow up. Previous meta-
analysis indicated that the incidence of recurrent myocardial ischemia could be reduced and
shorten days of hospitalization patients with NSTE-ACS by early intervention with 1 month
follow up, but there was no significant difference in death and re-infarction rate in patients
with those between early and delayed invasive strategies [5,6]. The delayed invasive strategy
showed that the unstable coronary plaques could be passivated by the optimal drugs during
the waiting period of delayed invasive treatment, which could prevent the recurrence of myo-
cardial ischemia caused by plaque shedding during the intervention [7]. Therefore, it was not
advocated to intervene prematurely or to delay too much [8]. In addition, the invasive inter-
vention time recommended by the current guideline was mainly based on expert opinion or
primarily a pre-specified subgroup analysis [5].

This study was designed to obtain optimal time for routine invasive treatment and long-
term evidence to all-cause death by comparing adverse cardiovascular events in patients with
NSTE-ACS with early and delayed invasive treatment after short-medium term follow-up.
Simultaneously, this study hypothesized that early invasive strategy could benefit from all-
cause death and other clinical endpoints and will provide evidences for the development of the
guideline.
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Methods

Data source and search strategy

PubMed, Cochrane Library and Embase database were searched from building to Dec-30-2018.
All retrieval was not restricted by language and date of publication. Search strategies included
Medical Subject Heading (MeSH) terms and keywords. The MeSH terms were non-ST-elevated
myocardial infarction and percutaneous coronary intervention, randomized controlled trial. The
keywords included acute coronary syndrome, ACS, non-ST-elevation acute coronary syndromes,
NSTE-ACS, non-ST-elevated myocardial infarction, NSTEMI, percutaneous coronary interven-
tion (PCI), PCI, percutaneous coronary revascularization, early or delayed intervention, invasive
intervention, coronary invasive strategy, randomized controlled trials (RCTs) and RCTs. Clinical
trial registries (ClinicalTrials.gov and www.controlled-trials.com) and the web for relevant
abstract or presentation from major cardiovascular meetings was researched for published and
unpublished studies. Additionally, the references of relevant articles and reviews were also
scanned. The combined mode of MeSH or keywords was also retrieved. The titles and abstracts
of the relevant publications were manually reviewed to exclude unrelated and duplicated articles
(Zhang MB, Guo C, Lv YH and Li M). The report of the methods in this article was in accord
with this principle that the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) consensus statement for the randomized controlled trials [9]. All analyses were based
on previous published some studies, thus no ethical approval and patient consent are required.

Study eligibility

Patient and outcome data were retrieved by two independent investigators (Li M, Lv YH).
Unrelated articles were excluded by reading titles and abstracts of literatures. If articles were
relevant to the research topic, the full text was retrieved for reference. The full text was carefully
read and determined that whether the article was included or excluded according to the inclu-
sion and exclusion criterion by two investigators (Li M, Lv YH). In the process of full text filter-
ing, if the relevant information was not complete, the corresponding author was contacted via
email to acquire. Discrepancy in the inclusion were resolved by discussion (Li M, Lv YH, Guo
C, and Zhang MB) or consulted with the third parties (Wang ZHL, and Fan YD). Studies were
eligible for inclusions if they met all of the following criterion: (1) enrolled patients >18 years
of age; (2) the included patients diagnosed with NSTE-ACS; (3) comparing early versus
delayed invasive strategies; (4) a randomized control trial; (5) the definition of early and
delayed time was based on the time of coronary angiography: the strategies included all early
intervention and all delayed intervention in relevant trials; (6) the strategy of invasive treat-
ment was defined as coronary angiography, and percutaneous coronary intervention or coro-
nary artery bypass grafting (CABG) according to the results of coronary angiography; (7) the
durations of follow-up was at least 3 months. Studies were excluded to reduce bias if they met
one of the following criterion: (1) observational studies; (2) ongoing randomized controlled
trials; (3) patients diagnosed with ST-elevation myocardial infarction; (4) comparing a routine
invasive strategy versus conservative or selected strategy; (5) the duration of follow-up was less
than 3 months; (6) no relevant information on this research was provided. The studies includ-
ing the reported incidence of all-cause death, recurrent myocardial infarction, myocardial
ischemia, major bleeding and recurrent revascularization were eligible for the meta-analysis.

Clinical endpoints

Primary endpoints were composed of all-cause death and recurrent myocardial infarction.
Secondary endpoints included a composite endpoint (all cause death, recurrent myocardial
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infarction, myocardial ischemia), major bleeding and recurrent revascularization. The defini-
tion of myocardial infarction was consistent with each original trial. The definitions of myo-
cardial infarction from 6 randomized controlled trials were shown in Table 1. The major
bleeding was defined as shock, the need of the transfusion of >2 unite red blood cells, intracra-
nial hemorrhage, a fall of hemoglobin >5 g/dl, or vascular surgery for bleeding complications.
The definitions of the endpoint for the trials were not described in detail for other studies
[10,11].

Data extraction and quality assessment

Data extraction and quality assessment were performed independently by two reviewers
(Zhang MB, Guo C). A standard data extraction form was established and two reviewers were
trained according to the rules of data extraction before data collection. Missing data were
requested by the correspondence authors providing information on the published studies and
trials. During the process of the data extraction, extractor was blind to the relevant information
on included trials to reduce the bias. Disagreements were resolved by consensus or a third par-
ties (Wang ZHL and Fan YD). Relevant information was extracted from each trial: the first
author, study characteristics, the publication date of studies, the method of design, the dura-
tion of follow-up, baseline characteristics, procedural characteristics, medicinal therapy and
clinic outcomes. The general quality of each selected randomized controlled trial was evaluated
using the validated criteria proposed by Cochrane Collaboration’s tool [12].

Statistical analysis

Data were analyzed by statistical software RevMan 5.3 version according to the intention-to-
treat. The data about the outcome were dichotomous. Odds ratio (OR) and 95% confidence
intervals (CI) were calculated. The OR was defined as the ratio of the odds of the studied event
(all-cause death, recurrent myocardial infraction, composite endpoint, major bleeding, recur-
rent revascularization). Each outcome was analyzed with OR between the early and the delayed
invasive strategies. A fixed or random effects model was applied to accommodate for heteroge-
neity between both strategies. The heterogeneity was assessed by the I statistic, which repre-
sented the percentage of variance due to the factors of the included studies rather than the
sampling error. If I was more than 50%, which meant there was a large of heterogeneity and
the random effects model (Mantel-Haenszel method) was performed. Otherwise, the fixed
effected model was adopted. Funnel plots were used to estimate the risk of publication bias.
Sensitivity analysis was performed to address the impact of each study on the combined effect,
by testing whether removing one study at the same time would alter the results of the meta-
analysis to find potential sources of heterogeneity. All P values were two sided, a P value less
than or equal to 0.05 was considered statistically significance.

Results
Search results and study characteristics

The results of searching progress are illustrated (Fig 1). A total of 27 articles were included, 21
of which were removed by previewing full text with reason: editorials, literature reviews, obser-
vational studies, routine invasive versus conservative strategies, systemic reviews, ongoing tri-
als. The final six randomized controlled trials contained 4,277 patients with NSTE-ACS were
eligible for inclusion in the meta-analysis. Among them, the early invasive strategy was per-
formed for 2,224 patients and the delayed invasive strategy was performed for 2,053 patients.
The baseline characteristics of the patient included in the study are presented in Table 2. All
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Table 1. The definitions of myocardial infarction including recurrent MI in the meta-analysis.

ELISA3 2016

Early reinfarction

. With CK-MB > ULN: A
decrease in CKMB of at least
50% of ULN from a prior peak
level to a valley followed by a
new increase with a value above
the sum of the preceding valley
and three times the ULN.

2. The development of new Q-
waves in> 2 contiguous leads.

—

Early reinfarction with normal

CKBM

As a peak CKMB greater than

three times the ULN with the

exception of cases where the

CKMB release curve was

unequivocally related to the chest

pain episode before
randomization and not to the
chest pain episodes after
randomization or development of
new Q-waves in>2 contiguous
leads.

Late reinfarction with CKMB

returning to normal:

1. As peak CKMB greater than
three times the ULN or the
development of new Q-waves in
>2 contiguous leads.

2. MI in patients who underwent
CABG was defined as the new
Q-waves in>2 contiguous leads.

Abbreviations: ULN: Upper limit of normal; CKMB: Creatine kinase myocardial isoenzyme.

LIPSIA 2012

Re-MI in hospital defined
by the occurrence of any
of the following:

1. New Q waves in 2
contiguous leads plus
ischemic symptoms
>20 minutes

2. New ST-segment
elevation in 2
contiguous leads plus
ischemic symptoms
>20 minutes OR

3. CK-MB >5 times ULN
(An increase>50% was
required if CKMB was
>5 ULN at
randomization)

Post discharge re-MI:
Ischemic symptoms and
troponin > 99th
percentile ULN

https://doi.org/10.1371/journal.pone.0220847.t001

OPTIMA 2016

MI during
hospitalization: any rise
in CKMB >ULN.
Outpatient follow-up:
>2 of
1. Chest pain >20 min.
2. New pathological Q
waves or New ST-
segment elevation of
>1 mm in two
contiguous leads.

Sciahbasi
2010
No
definition
given

Tekin 2013

Elevation of cardiac markers
during the post
hospitalization period, along
with chest pain relevant to
ischemia or ischemic ECG
changes.

TIMACS 2009

MI within 24 h:

1.
2.

Symptoms >20 min and
New ST-elevation or
depression >0.1 mV in >2
contiguous leads

MI within 24 h-7 days:

1.
2.

Symptoms >20 min and
CKMB >2 ULN or >50%
above previous valley level
with already elevated
biomarkers or dynamic ST
change in two or more
contiguous leads.

No biomarker elevation
baseline:

Any increase in biomarkers
>2 ULN plus >1 of the
following:

—

w

[N

. Ischemic symptoms
. Development of

pathological Q waves

. ECG changes indicative of

ischemia

. Coronary intervention

. Pathological findings of an

MI

>7 days: similar to no
biomarker elevation at
baseline

After PCI:

-

W

'S

. CKMB >3 ULN or

. Increase >50% from pre-

procedural valley level and

. >3 ULN with already

elevated enzymes or

. New ST-elevation or

development of significant
Q waves in >2 contiguous
leads.

patients in trials were assigned to the early and delayed invasive strategies, except for the LIP-
SIA trials [10]. Patients in the LIPSIA trial were assigned to either an immediate, early, or
selective invasive strategy. The selective group to keep in line with the included criteria was
excluded. Each trial was well-matched between both strategies.
The average age of these included patient was 64.1+5.3 years in two invasive strategies. The
included patients with diabetes, hypertension accounted for 27.7% and 18.4% respectively.
The patients with diabetes had a similar proportion (28.2% vs 27.3%) between two invasive
strategies (P = 0.73). The patients with hypertension in the early invasive strategy were 17.9%,
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(meta-analysis)
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Fig 1. Summary of literature searching process.

https://doi.org/10.1371/journal.pone.0220847.9001

Table 2. Baseline characteristic for patient included study.

Follow-up (m) 24 6 60 12 3 6
TTA (h) 2.6 54.9 1.1 18.3 0.5 25 5 24 <24 24-72 14 50
Age (years) 72.1 71.8 68 70 63 62 58.8 59.7 58.1 55.6 65 65.7
Male (%) 69.5 67.5 66 70 70 74 81.5 88.9 59.4 71.2 65.2 65.4
Diabetes (%) 23.8 20.4 39 43 19 20 26 18.5 31.9 45.2 26.5 27.4
HPL (%) NP NP 40 42 38 32 51.9 55.6 62.3 50.1 NP NP
HTN (%) 54.3 58.1 82 82 53 33 48.2 66.7 55.1 50.2 NP NP
Smoking (%) 21.2 26.4 29 25 38 39 59.3 44.4 60.9 48.4 NP NP
Pre MI (%) 17.8 19.6 18 24 21 26 NP NP NP NP 19.7 20.9
PreStroke (%) 33 4.5 5 6 NP NP NP NP NP NP 7.2 7.5
PreCABG (%) 13.8 12.1 5 8 11 1 NP NP NP NP 7 7.3
Pre PCI (%) 18.2 20.8 16 16 27 19 NP NP NP NP 13.9 14.2

Abbreviations: TTA: time to angiography; HPL: Hyperlipemia; HTN: Hypertension; Pre: Perious; MI: myocardial infarction; CABG: coronary artery bypass grafting;

PCI: percutaneous coronary intervention; NP: Not provided.

https://doi.org/10.1371/journal.pone.0220847.t002
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and less than 18.8% in the delayed invasive strategy (P = 0.96). The history of previous myocar-
dial infarction, previous PCI and previous CABG accounted for 19.3%, 14.0% and 7.4% respec-
tively. There was no significant difference on previous cardiovascular history (0.07<P<0.67).
The relevant history of cardiovascular disease was not supplied in Sciahbasi and Tekin trial
[13,14]. No significant difference in ages, hypertension, hyperlipemia, diabetes, and history of
cardiovascular disease were found by one-way analysis of variance between early and delayed
invasive strategies (one-way ANOVA) (P>0.05). Average follow up period was 18.5 months,
ranging from 3 months in Tekin to 60 months in OPTIMA [14,15].

The procedural characteristics for patient included study are shown in Table 3. The average
time of randomization in in the early invasive strategy was significantly lower than that of the
delayed invasive strategy [3.8h, (IQR 1.475-11.75) vs 24.5 h, (IQR 24-43.75)]. Most of patients
in each study underwent coronary angiography. The PCI, CABG were definitively included
into the both invasive strategies. Only patients undergoing PCI were included in the OPTIMA
trial. The time to intervene for the early invasive strategy varied from 0.5 h to 24 h, while that
of the delayed invasive strategy ranged from 18.3 h to 54.9 h. The proportion for PCI in the
early invasive strategy was from 59.6% to 100%, while that of the delayed invasive strategy was
from 55.1% to 99%. A loading dose of 300 mg clopidogrel was taken in the three trials
[13,16,17], the loading dose for the remaining studies was 600 mg [10,16,18].

Quality assessment and risk of bias

The quality of most randomized controlled trials was higher according to the Cochrane quality
assessment criteria (S1 Fig). The weight of studies was not affected by the quality of studies
that could be used as an indicator of validity.

Clinical outcomes

The primary endpoints analysis showed that the all-cause death accounted for 4.6% (102/2224)
of the early invasive strategy and 6% (123/2053) of the delayed invasive strategy (Fig 2A).
There was a significant difference in all-cause death between both invasive strategies (OR:0.76,
95%CI:0.58-1.00, I = 0%, P = 0.05). Meanwhile, the recurrent myocardial infarction
accounted for 6% (130/2179) of the early invasive strategy, and 6.3% (128/2026) of the delayed
invasive strategy. However, substantial heterogeneity is observed among studies for the recur-
rent myocardial infarction (OR: 0.94, 95% CI:0.55-1.61, P = 0.82, P =60%) (Fig 2B). A signifi-
cant heterogeneity was shown among studies for the recurrent myocardial infarction, but the
pooled results were still not statistically significance when the LIPSIA trial was removed from
the forest plots of the recurrent myocardial infarction by sensitivity analysis. The result of het-
erogeneity was significantly decreased to 39% (OR: 0.81, 95% CI:0.61-1.08, P = 0.15, I’ =
39%), but the pooled result was not affected by the significant heterogeneity (Fig 3A).

The results of the secondary endpoint analysis demonstrated that the incidence of the com-
posite endpoint was 10.9% (224/2055) for the early invasive strategy and 13.9% (263/1895) for
the delayed invasive strategy in the three trials [10,17,19]. The composite endpoint of the for-
mer is slightly lower than that of the latter (OR: 0.76, 95%CI:0.63-0.92; P = 0.006, I = 0%) (Fig
2C). There is no significant difference in the incidence of major bleeding in patients with
NSTE-ACS between early and delayed invasive strategies (2.7% (50/1,820) vs 3.1% (51/1,663);
OR: 0.88, 95%CI: 0.59-1.31; P = 0.54, I = 0%) (Fig 2D). The recurrent revascularization is sig-
nificantly higher in the early invasive strategy than that of the delayed invasive strategy (8.7%
(148/1,693) vs 0.6% (92/1,534); OR:1.50, 95%CI:1.15-1.97; P = 0.003, I = 0%) (Fig 2E).
Because the immediate and early invasive strategies in the LIPSIA trial were considered as the
early and delayed invasive strategies in other trials respectively, the overlapping definitions of
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Table 3. Procedural characteristics and medicinal therapy for patient included study.

ELISA3 LIPSIA OPTIMA Sciahbasi Tekin TIMACS
Early Delayed Early Delayed Early Delayed Early Delayed Early Delayed Early Delayed

MTA(h) 2.6 54.9 1.1 18.3 0.5 25 5 24 <24 24-72 14 50

NCV 1 (%) 27.7 26.2 32 53/198 41 54 63 63 13 17.7 31.6 31.1
NCV2 (%) 29 35.5 30 64/198 45 32 33 30 58.1 25.8 24.5 23.4
NCV3 (%) 33 26.6 30 54/198 95 93 4 7 58.1 56.5 17.1 15.8
LAD (%) 37.7 34.7 32 66/198 NP NP 33 33 55.1 54.8 NP NP
RCA (%) 16.5 25.3 24 38/198 NP NP 26 22 15.9 19.4 NP NP
LCX (%) 22.2 22.2 32 46/198 NP NP 41 45 29 25.8 NP NP
LM (%) 0.4 3.1 2 6/198 NP NP NP NP 0 0 10 9.5

Graft (%) 9.7 6.7 1 2/198 NP NP NP NP NP NP NP NP
PCI (%) 66.7 61.9 76 71 100 99 78 59 NP NP 59.6 55.1
CABG (%) 23.2 25.7 8 13 NP NP NP NP NP NP 14.8 13.6
B-Blocker (%) 81.2 83.1 99 99 96 96 NP NP NP NP 86.8 86.9
ACEI/ARB (%) 55.5 49.4 99 99 49 48 NP NP NP NP 74.2 73.6
Statin (%) 85.3 81.9 99 97 97 96 NP NP NP NP 85.1 84.3
Aspirin (%) 78.8 75.1 100 100 100 97 NP NP NP NP 98 98.1

Abbreviations: MTA: median time angiography; NCV: number of culprit vessel; LAD: left anterior descending artery; RCA: right coronary artery; LCX: left circumflex
artery; LM: left main; PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; B-Blocker: beta receptor blocker; ACEI: angiotensin-converting
enzyme inhibitors; ARB: angiotensin receptor blocker.

https://doi.org/10.1371/journal.pone.0220847.t003

invasive strategy might potentially lead to bias in results. Therefore, sensitivity analysis was
performed for the relevant endpoints, which showed no significant difference in other end-
points compared with removing the forest plot before the LIPSIA trial except for all-cause
death. There is no statistical difference among the pooed results after removing the LIPSIA
trial from the forest plot of the all-cause death group (Fig 3B-3D). The funnel plot of the meta-
analysis was not performed due to less than 10 trials in the included trials. Age and gender
were the risk factors for coronary artery disease, which might have potential impact on each
trial. However, the meta-regression analysis is performed and showed no significant heteroge-
neity (Fig 4).

Discussion

The principal results of the present meta-analysis are: (1) there was a significant reduction in
all-cause death in patients with NSTE-ACS in the early invasive strategy. (2) the incidence of
recurrent myocardial infarction in the primary and secondary endpoints excluding recurrent
revascularization in the early invasive strategy patients with those were not less than those of
the delayed invasive strategy during short-medium follow up. However, the recurrent revascu-
larization was significantly higher in the early invasive strategy.

The ESC guideline recommended the invasive coronary strategy for patients with
NSTE-ACS according to different risk stratification of patients with those (Class I; Level of
Evidence A) [20]. Meanwhile, the subgroup analysis of TIMACS study showed that the early
invasive strategy (<24 h) was performed for the high-risk patients with NSTE-ACS [21],
which could improve the composite endpoint of myocardial ischemia and death. There was a
contradiction with the previous publish results of meta-analysis [19,22,23]. Significant differ-
ences regarding death were not detected in the previous studies. However, this meta-analysis
found that the early invasive strategy had reduced significantly the all-cause death comparing
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Early invasive strategy  Delayed invasive stratogy Odds Ratio Odds Ratio

om OS%C1
ELISA3 2016 1% 262 2 250 16.7% 067 [0.34, 1.29) —
LIPSIA 2012 9 200 12 198 9.3% 0.73(0.30.1.77) s
OPTIMA 2016 1 3 0 69 0.7% 2.88(0.12, 71.80)
Sciahbasi 2010 0 27 0 27 Not estimable
Tekin 2013 0 69 3 62 08% 0.1210.01,242) —
TIMACS 2009 76 1583 85 1438 725% 080058, 1.10] =
Total (95% CI) 2224 2053 100.0% 0.76 [0.58, 1.00) L
Total events 102 123

Heterogeneity: Tau® = 0.00; Ch#* = 234, df = 4 (P = 0.67): F=0%
Test for overall effect: Z = 1.96 (P = 0.05)
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E. Comparison of recurrent revascularization between early and delayed invasive strategies.

Fig 2. Forest plots of related endpoints between early and delayed invasive strategies.

https://doi.org/10.1371/journal.pone.0220847.9002

with the delayed invasive strategy during at least three months of follow up. Because the P
value was equal to 0.05 in our study, which was located at the marginal value with statistical
significance. The marginal P value might be associated with few participants in our study and
inconsistent results attributing to the shorter follow-up duration of previous studies. For
example, death toll in a previous study by Sciahbasi et al was not detected due to the low partic-
ipants and short follow up [13]. In the SWEDEHEART study, an early invasive treatment
reduced all-cause mortality compared with delayed invasive treatment, which was mainly tar-
geted at those with severe heart failure, refractory angina, fatal arrhythmia. The conclusions of
the TIMACS trial was confirmed in the SWEDEHEART study [24], but the conclusions of the
KAMIR-NIH study were reversed [25]. In the TIMACS trial, the early PCI could obtain bene-
fits on death from the high risk patients, such as the elderly, GRACE scores>140 [19]. The
GRACE score based on risk factors in this study were only used for the assessment of deaths
within six months of follow-up [26,27], while the results of death predictions for follow-up
over six months were inconclusive. When the LIPSIA trial was removed from the forest plot of
the all-cause death group, previous statistic difference was not shown in the pooled result. The
reason for no statistical difference in sensitivity analysis might be earlier time of invasive
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Fig 3. The sensitive analysis excluding the LIPSIA trial on related endpoints between early and delayed invasive strategies.

https://doi.org/10.1371/journal.pone.0220847.9003

strategy in the LIPSIA than that of the other trials. Since the numbers of most deaths in the
meta-analysis originated from the TIMACS trial, which concluded that the early and delayed
invasive strategies did not differ from death within six months of follow-up [19]. The weight of
the study in the meta-analysis was significantly higher than that of other included studies, and
a higher impact was showed on the synthesis results of the meta-analysis. The conclusion of
obtaining all-cause death benefit with the early invasive strategy in the meta-analysis should be
cautiously explained due to the results of the meta-analysis synthesis were opposite to that of
the TIMACS trial. Therefore, it is necessary to implement large sample size and long-term fol-
low up randomized controlled trials to be confirmed further.

There was no significant difference in recurrent myocardial infarction between the two
strategies, but a heterogeneity was illustrated in the result of recurrent myocardial infarction.
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A. Meta-regression for male and age among the included trials.
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B. Meta-regression for female and age among the included trials.

Fig 4. Meta-regression for gender and age.

https://doi.org/10.1371/journal.pone.0220847.9004

The reason for heterogeneity change was attributed to the selective bias. For example, three
strategies were included in the LIPSIA-NSTEMI trial [10]: immediate group, early group and
selective group, but pooled results were only found in the immediate and early groups. The
potential benefits of the early invasive strategy for the recurrent myocardial infarction were
covered by the different definition in the included studies [6]. Because the definition of myo-
cardial infarction was various in each study, previous studies included spontaneous and peri-
operative myocardial infarction. The impact of two invasive strategies on spontaneous
myocardial infarction was assessed, but the perioperative myocardial infarction could not be
excluded from the included trials. In addition, it was difficult to evaluate the recurrent myocar-
dial infarction in clinical trials when myocardial biomarkers fail to return normal or were at a
declining phase. Therefore, increased number of myocardial infarction and ischemic compli-
cations had led to the insignificant outcome [28]. For this reason, the recurrent myocardial
infarction should also be further studied in patients with NSTE-ACS according to the universal
definition of myocardial infarction.

The early invasive strategy was also supported by the composite endpoints (all-cause death,
myocardial infraction, myocardial ischemia) in the meta-analysis. However, the target popula-
tion of very high-risk patients could not be included in the trials, which might affect the sec-
ondary endpoints. Meanwhile, the results of previous trials were mainly the results of short-
term follow up. In a word, the early invasive strategy had significant benefit on the composite
endpoints during short-medium follow up.

There was no statistical difference in major bleeding between early and delayed invasive
strategies, and this meta-analysis also showed no heterogeneity of major bleeding. However,
the meta-analysis by Yanda Li et al showed that the incidence of major bleeding was lower
among early adopters of invasive strategy [29]. Therefore, it is suggested that the early invasive
strategy should be applied to prevent major bleeding for patients with high risk of bleeding,
such as the elderly, hepatic and renal insufficiency.

This study showed that the number of recurrent revascularization could be reduced by the
delayed invasive strategy in short-medium term follow up, which was consistent with previous
study by Rajpurohit [22]. The TIMACS trial reported recurrent ischemia and repeat revascu-
larization separately [19], only ischemia events required additional intervention considering as
episodes of recurrent ischemia [30]. The rate of recurrent revascularization in patients under-
went early PCI was higher in the ACUITY trial, which could be attributed to the high forma-
tion of thrombus due to a high rate of abrupt closure [23], and repeat revascularization was
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ascribed to extensive vascular disease requiring early intervention or severe systemic inflam-
mation in patients with NSTE-ACS from the PURSUIT trial [31]. Meanwhile, it is not clear
why the delayed invasive strategy could decrease the frequency of recurrent revascularization.

Given the potential impact of age and gender in each trial, a meta-regression analysis was
performed and showed no significant heterogeneities, which might be related to younger age
of the patients, male dominance and different surgical styles in the included trials.

Limitations

This study was limited by certain factors. Firstly, the number of RCTs included was small with
only six. The included population of this study was smaller comparing to the previous meta-
analysis. Secondly, there was the heterogeneity in the aspect of recurrent myocardial infarc-
tion, a random effects model might reduce the impact of the heterogeneity on the result.
Thirdly, some studies less than three months follow-up period did not include to assess the
short-medium term outcome of the early and delayed invasive strategies. Fourthly, the time
overlap of the early and delayed invasive strategies in the included trials could easily result in
the bias of results. Fifthly, other endpoints related to invasive strategies (e.g., left ventricular
ejection fraction, antithrombotic treatments, the style of procedures) were not assessed due to
the different purpose of the meta-analysis. Sixthly, since most of the weight of each endpoint
were based on the TIMACS trial, the results were mainly related to the TIMACS trial.
Seventhly, the present study is a meta-analysis of aggregate data rather than an individual par-
ticipant data meta-analysis without decreasing the limitations in the meta-analysis. Lastly, the
incomplete revascularization of coronary artery was adopted in the included trials, which
might lead to differences in the relevant endpoints.

Conclusion

The systematic review and meta-analysis demonstrated that the early invasive strategy had a
beneficial trend on all-cause death and significantly reduced the composite endpoint in
patients with NSTE-ACS, but increased the rate of revascularization. These data could provide
a solution for patients with those.

Supporting information

S1 Fig. The quality assessment of the included trials.
(TIF)

S1 Table. PRISMA checKlist.
(DOC)

Author Contributions

Conceptualization: Zhi-Lu Wang.

Data curation: Ming-Bo Zhang.

Formal analysis: Ming-Bo Zhang, Chen Guo, Min Li, Yong-Hui Lv.
Investigation: Ming-Bo Zhang, Chen Guo, Min Li.

Methodology: Ming-Bo Zhang, Chen Guo, Min Li, Yong-Hui Lv.
Resources: Ming-Bo Zhang.

Software: Ming-Bo Zhang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0220847  August 12, 2019 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220847.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220847.s002
https://doi.org/10.1371/journal.pone.0220847

@ PLOS|ONE

Comparison of early and delayed invasive strategies

Supervision: Yu-Dong Fan, Zhi-Lu Wang.
Validation: Yu-Dong Fan, Zhi-Lu Wang.

Writing - original draft: Ming-Bo Zhang.

Writing - review & editing: Ming-Bo Zhang.

References

1.

10.

11.

12.

13.

14.

15.

Badimon L, Bugiardini R, Cubedo J. Pathophysiology of acute coronary syndromes in the elderly. Inter-
national journal of cardiology. 2016 Nov 1; 222:1105-9. https://doi.org/10.1016/j.ijcard.2016.07.205
PMID: 27499220

McManus DD, Gore J, Yarzebski J, Spencer F, Lessard D, Goldberg RJ. Recent trends in the inci-
dence, treatment, and outcomes of patients with STEMI and NSTEMI. The American journal of medi-
cine. 2011 Jan; 124(1):40-7. https://doi.org/10.1016/j.amjmed.2010.07.023 PMID: 21187184

Terkelsen CJ, Lassen JF, Norgaard BL, Gerdes JC, Jensen T, Gotzsche LB, et al. Mortality rates in
patients with ST-elevation vs. non-ST-elevation acute myocardial infarction: observations from an unse-
lected cohort. European heart journal. 2005 Jan; 26(1):18-26. https://doi.org/10.1093/eurheartj/ehi002
PMID: 15615795

Fox KA, Clayton TC, Damman P, Pocock SJ, de Winter RJ, Tijssen JG, et al. Long-term outcome of a
routine versus selective invasive strategy in patients with non-ST-segment elevation acute coronary
syndrome a meta-analysis of individual patient data. Journal of the American College of Cardiology.
2010 Jun 1; 55(22):2435-45. https://doi.org/10.1016/j.jacc.2010.03.007 PMID: 20359842

Jobs A, Mehta SR, Montalescot G, Vicaut E, Van't Hof AWJ, Badings EA, et al. Optimal timing of an
invasive strategy in patients with non-ST-elevation acute coronary syndrome: a meta-analysis of rando-
mised trials. Lancet (London, England). 2017 Aug 19; 390(10096):737—46. https://doi.org/10.1016/
s0140-6736(17)31490-3

Katritsis DG, Siontis GC, Kastrati A, van't Hof AW, Neumann FJ, Siontis KC, et al. Optimal timing of cor-
onary angiography and potential intervention in non-ST-elevation acute coronary syndromes. European
heart journal. 2011 Jan; 32(1):32—40. https://doi.org/10.1093/eurheartj/ehq276 PMID: 20709722

Fuster V, Badimon L, Badimon JJ, Chesebro JH. The pathogenesis of coronary artery disease and the
acute coronary syndromes (2). The New England journal of medicine. 1992 Jan 30; 326(5):310-8.
https://doi.org/10.1056/NEJM199201303260506 PMID: 1728735

Mahmoud KD, Hillege HL, Lennon RJ, Gersh BJ, Holmes DR Jr. Timing of intervention and outcome in
non-ST-elevation acute coronary syndromes: there is risk on both sides of the curve. International jour-
nal of cardiology. 2014 Nov 15; 177(1):23—4. https://doi.org/10.1016/}.ijcard.2014.09.057 PMID:
25499327

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ
(Clinical research ed). 2015 Jan 2; 350:97647. https://doi.org/10.1136/bmj.g7647 PMID: 25555855

Thiele H, Rach J, Klein N, Pfeiffer D, Hartmann A, Hambrecht R, et al. Optimal timing of invasive angi-
ography in stable non-ST-elevation myocardial infarction: the Leipzig Immediate versus early and late
PercutaneousS coronary Intervention triAl in NSTEMI (LIPSIA-NSTEMI Trial). European heart journal.
2012 Aug; 33(16):2035-43. https://doi.org/10.1093/eurheartj/ehr418 PMID: 22108830

Reuter PG, Rouchy C, Cattan S, Benamer H, Jullien T, Beruben A, et al. Early invasive strategy in high-
risk acute coronary syndrome without ST-segment elevation. The Sisca randomized trial. International
journal of cardiology. 2015 Mar 1; 182:414-8. https://doi.org/10.1016/j.ijcard.2014.12.089 PMID:
25596468

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane Collabora-
tion’s tool for assessing risk of bias in randomised trials. BMJ (Clinical research ed). 2011 Oct 18; 343:
d5928. https://doi.org/10.1136/bmj.d5928 PMID: 22008217

Sciahbasi A, Madonna M, De Vita M, Agati L, Scioli R, Summaria F, et al. Comparison of immediate vs
early invasive strategy in patients with first acute non-ST-elevation myocardial infarction. Clinical cardi-
ology. 2010 Oct; 33(10):650-5. https://doi.org/10.1002/clc.20785 PMID: 20960541

Tekin K, Cagliyan CE, Tanboga IH, Balli M, Uysal OK, Ozkan B, et al. Influence of the Timing of Percu-
taneous Coronary Intervention on Clinical Outcomes in Non-ST-Elevation Myocardial Infarction. Korean
circulation journal. 2013 Nov; 43(11):725-30. https://doi.org/10.4070/kcj.2013.43.11.725 PMID:
24363747

Oosterwerff EF, Fagel ND, Slagboom T, Tijssen JG, Herrman JP, Smits PC, et al. Impact of percutane-
ous coronary intervention timing on 5-year outcome in patients with non-ST-segment elevation acute

PLOS ONE | https://doi.org/10.1371/journal.pone.0220847  August 12, 2019 13/15


https://doi.org/10.1016/j.ijcard.2016.07.205
http://www.ncbi.nlm.nih.gov/pubmed/27499220
https://doi.org/10.1016/j.amjmed.2010.07.023
http://www.ncbi.nlm.nih.gov/pubmed/21187184
https://doi.org/10.1093/eurheartj/ehi002
http://www.ncbi.nlm.nih.gov/pubmed/15615795
https://doi.org/10.1016/j.jacc.2010.03.007
http://www.ncbi.nlm.nih.gov/pubmed/20359842
https://doi.org/10.1016/s0140-6736(17)31490-3
https://doi.org/10.1016/s0140-6736(17)31490-3
https://doi.org/10.1093/eurheartj/ehq276
http://www.ncbi.nlm.nih.gov/pubmed/20709722
https://doi.org/10.1056/NEJM199201303260506
http://www.ncbi.nlm.nih.gov/pubmed/1728735
https://doi.org/10.1016/j.ijcard.2014.09.057
http://www.ncbi.nlm.nih.gov/pubmed/25499327
https://doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/pubmed/25555855
https://doi.org/10.1093/eurheartj/ehr418
http://www.ncbi.nlm.nih.gov/pubmed/22108830
https://doi.org/10.1016/j.ijcard.2014.12.089
http://www.ncbi.nlm.nih.gov/pubmed/25596468
https://doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
https://doi.org/10.1002/clc.20785
http://www.ncbi.nlm.nih.gov/pubmed/20960541
https://doi.org/10.4070/kcj.2013.43.11.725
http://www.ncbi.nlm.nih.gov/pubmed/24363747
https://doi.org/10.1371/journal.pone.0220847

@ PLOS|ONE

Comparison of early and delayed invasive strategies

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

coronary syndromes. The ‘wait a day’ approach might be safer. Netherlands heart journal: monthly jour-
nal of the Netherlands Society of Cardiology and the Netherlands Heart Foundation. 2016 Mar; 24
(3):173-80. https://doi.org/10.1007/s12471-016-0803-0 PMID: 26860709

Riezebos RK, Ronner E, Ter Bals E, Slagboom T, Smits PC, ten Berg JM, et al. Inmediate versus
deferred coronary angioplasty in non-ST-segment elevation acute coronary syndromes. Heart (British
Cardiac Society). 2009 May; 95(10):807—12. https://doi.org/10.1136/hrt.2008.154815 PMID: 19098058

Badings EA, The SH, Dambrink JH, van Wijngaarden J, Tjeerdsma G, Rasoul S, et al. Early or late inter-
vention in high-risk non-ST-elevation acute coronary syndromes: results of the ELISA-3 trial. Eurolnter-
vention: journal of EuroPCR in collaboration with the Working Group on Interventional Cardiology of the
European Society of Cardiology. 2013 May 20; 9(1):54—61. https://doi.org/10.4244/eijv9i1a9 PMID:
23685295

Milasinovic D, Milosevic A, Marinkovic J, Vukcevic V, Ristic A, Asanin M, et al. Timing of invasive strat-
egy in NSTE-ACS patients and effect on clinical outcomes: A systematic review and meta-analysis of
randomized controlled trials. Atherosclerosis. 2015 Jul; 241(1):48-54. https://doi.org/10.1016/j.
atherosclerosis.2015.04.808 PMID: 25966439

Mehta SR, Granger CB, Boden WE, Steg PG, Bassand JP, Faxon DP, et al. Early versus delayed inva-
sive intervention in acute coronary syndromes. The New England journal of medicine. 2009 May 21;
360(21):2165-75. https://doi.org/10.1056/NEJM0a0807986 PMID: 19458363

Hochholzer W, Neumann FJ. [The new 2015 ESC Guidelines for the management of acute coronary
syndromes in patients presenting without persistent ST-segment elevation]. Deutsche medizinische
Wochenschrift (1946). 2016 Jun; 141(11):782-5. https://doi.org/10.1055/s-0042-107115 PMID:
27254627

Damman P, de Winter RJ. Timing of revascularisation for acute coronary syndrome. Lancet (London,
England). 2017 Aug 19; 390(10096):717-8. https://doi.org/10.1016/s0140-6736(17)31632-x

Rajpurohit N, Garg N, Garg R, Choudhary A, Fresen J, Boren S, et al. Early versus delayed percutane-
ous coronary intervention for patients with non-ST segment elevation acute coronary syndrome: a
meta-analysis of randomized controlled clinical trials. Catheterization and cardiovascular interventions:
official journal of the Society for Cardiac Angiography & Interventions. 2013 Feb; 81(2):223-31. https://
doi.org/10.1002/ccd.25067 PMID: 23765522

Stone GW, Bertrand M, Colombo A, Dangas G, Farkouh ME, Feit F, et al. Acute Catheterization and
Urgent Intervention Triage strategY (ACUITY) trial: study design and rationale. American heart journal.
2004 Nov; 148(5):764—75. https://doi.org/10.1016/j.ahj.2004.04.036 PMID: 15523305

Lindholm D, Alfredsson J, Angeras O, Bohm F, Calais F, Koul S, et al. Timing of percutaneous coronary
intervention in patients with non-ST-elevation myocardial infarction: a SWEDEHEART study. European
heart journal Quality of care & clinical outcomes. 2017 Jan 1; 3(1):53-60. https://doi.org/10.1093/
ehjgcco/qcw044 PMID: 28927193

Kim MC, Jeong MH, Sim DS, Hong YJ, Kim JH, Ahn Y, et al. Optimal Timing of Percutaneous Coronary
Intervention in Patients With Non-ST-Segment Elevation Myocardial Infarction Complicated by Acute
Decompensated Heart Failure (from the Korea Acute Myocardial Infarction Registry-National Institutes
of Health [KAMIR-NIH]). The American journal of cardiology. 2018 Jun 1; 121(11):1285-92. https://doi.
org/10.1016/j.amjcard.2018.01.051 PMID: 29680172

Eagle KA, Lim MJ, Dabbous OH, Pieper KS, Goldberg RJ, Van de Werf F, et al. A validated prediction
model for all forms of acute coronary syndrome: estimating the risk of 6-month postdischarge death in
an international registry. Jama. 2004 Jun 9; 291(22):2727-33. https://doi.org/10.1001/jama.291.22.
2727 PMID: 15187054

Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP, et al. Predictors of hospital
mortality in the global registry of acute coronary events. Archives of internal medicine. 2003 Oct 27; 163
(19):2345-53. https://doi.org/10.1001/archinte.163.19.2345 PMID: 14581255

Testa L, Latini RA, Agostoni P, Banning AP, Bedogni F. Prognostic significance of small troponin | rise
after a successful elective percutaneous coronary intervention of a native artery. The American journal
of cardiology. 2009 Jun 1; 103(11):1622-3. https://doi.org/10.1016/j.amjcard.2009.03.008 PMID:
19463526

Li Y, Zhang Z, Xiong X, Cho WC, Hu D, Gao Y, et al. Immediate/Early vs. Delayed Invasive Strategy for
Patients with Non-ST-Segment Elevation Acute Coronary Syndromes: A Systematic Review and Meta-
Analysis. Frontiers in physiology. 2017; 8:952. https://doi.org/10.3389/fphys.2017.00952 PMID:
29230180

Bonello L, Laine M, Puymirat E, Lemesle G, Thuny F, Paganelli F, et al. Timing of Coronary Invasive
Strategy in Non-ST-Segment Elevation Acute Coronary Syndromes and Clinical Outcomes: An
Updated Meta-Analysis. JACC Cardiovascular interventions. 2016 Nov 28; 9(22):2267-76. https://doi.
org/10.1016/).jcin.2016.09.017 PMID: 27884352

PLOS ONE | https://doi.org/10.1371/journal.pone.0220847  August 12, 2019 14/15


https://doi.org/10.1007/s12471-016-0803-0
http://www.ncbi.nlm.nih.gov/pubmed/26860709
https://doi.org/10.1136/hrt.2008.154815
http://www.ncbi.nlm.nih.gov/pubmed/19098058
https://doi.org/10.4244/eijv9i1a9
http://www.ncbi.nlm.nih.gov/pubmed/23685295
https://doi.org/10.1016/j.atherosclerosis.2015.04.808
https://doi.org/10.1016/j.atherosclerosis.2015.04.808
http://www.ncbi.nlm.nih.gov/pubmed/25966439
https://doi.org/10.1056/NEJMoa0807986
http://www.ncbi.nlm.nih.gov/pubmed/19458363
https://doi.org/10.1055/s-0042-107115
http://www.ncbi.nlm.nih.gov/pubmed/27254627
https://doi.org/10.1016/s0140-6736(17)31632-x
https://doi.org/10.1002/ccd.25067
https://doi.org/10.1002/ccd.25067
http://www.ncbi.nlm.nih.gov/pubmed/23765522
https://doi.org/10.1016/j.ahj.2004.04.036
http://www.ncbi.nlm.nih.gov/pubmed/15523305
https://doi.org/10.1093/ehjqcco/qcw044
https://doi.org/10.1093/ehjqcco/qcw044
http://www.ncbi.nlm.nih.gov/pubmed/28927193
https://doi.org/10.1016/j.amjcard.2018.01.051
https://doi.org/10.1016/j.amjcard.2018.01.051
http://www.ncbi.nlm.nih.gov/pubmed/29680172
https://doi.org/10.1001/jama.291.22.2727
https://doi.org/10.1001/jama.291.22.2727
http://www.ncbi.nlm.nih.gov/pubmed/15187054
https://doi.org/10.1001/archinte.163.19.2345
http://www.ncbi.nlm.nih.gov/pubmed/14581255
https://doi.org/10.1016/j.amjcard.2009.03.008
http://www.ncbi.nlm.nih.gov/pubmed/19463526
https://doi.org/10.3389/fphys.2017.00952
http://www.ncbi.nlm.nih.gov/pubmed/29230180
https://doi.org/10.1016/j.jcin.2016.09.017
https://doi.org/10.1016/j.jcin.2016.09.017
http://www.ncbi.nlm.nih.gov/pubmed/27884352
https://doi.org/10.1371/journal.pone.0220847

@ PLOS | O N E Comparison of early and delayed invasive strategies

31. RonnerE, Boersma E, Laarman GJ, Somsen GA, Harrington RA, Deckers JW, et al. Early angioplasty
in acute coronary syndromes without persistent ST-segment elevation improves outcome but increases
the need for six-month repeat revascularization: an analysis of the PURSUIT Trial. Platelet glycoprotein
1IB/IIIA in Unstable angina: Receptor Suppression Using Integrilin Therapy. Journal of the American
College of Cardiology. 2002 Jun 19; 39(12):1924-9. https://doi.org/10.1016/s0735-1097(02)01897-1
PMID: 12084589

PLOS ONE | https://doi.org/10.1371/journal.pone.0220847  August 12, 2019 15/15


https://doi.org/10.1016/s0735-1097(02)01897-1
http://www.ncbi.nlm.nih.gov/pubmed/12084589
https://doi.org/10.1371/journal.pone.0220847

