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ommend a routine invasive strategy for most patients with 
NSTE-ACS.4–6 However, the optimal timing of an invasive 
strategy in NSTE-ACS remains unclear. Meta-analyses 
have failed to show any overall benefit of an early invasive 
strategy for mortality or non-fatal myocardial infarction 

S everal meta-analyses indicate that a routine invasive 
strategy with coronary angiography and revascular-
ization for patients with non-ST-elevation acute 

coronary syndrome (NSTE-ACS) reduces the risk of car-
diovascular events.1–3 Accordingly, current guidelines rec-
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Background:  Congestive heart failure (CHF) is associated with worse clinical outcomes in patients with non-ST-elevation acute 
coronary syndrome (NSTE-ACS); however, the optimal timing of invasive intervention in NSTE-ACS with CHF remains unclear. In 
this study, we assessed the impact of early vs. delayed invasive strategies on mortality and cardiac events by synthesizing a 
systematic review of randomized controlled trials of patients with NSTE-ACS.

Methods and Results:  We searched MEDLINE, CENTRAL, and the Web of Science for randomized controlled trials comparing 
early and delayed invasive strategies in patients with NSTE-ACS and CHF, published before February 2023. Observational studies 
were excluded. The primary endpoint was a composite of all-cause mortality and myocardial infarction at 2 years. Two eligible stud-
ies, including 310 participants, were identified. The primary endpoint occurred in 40 (24.5%) of 163 patients in the early invasive 
strategy group, compared with 39 (26.5%) of 147 patients in the delayed invasive strategy group, and the effect of an early invasive 
strategy on the primary outcome was uncertain (risk ratio 0.95 [95% confidence interval 0.66–1.37]). The certainty of the evidence 
was rated very low.

Conclusions:  The effects of an early invasive strategy in patients with NSTE-ACS and CHF remains uncertain, with no clear reduc-
tion in composite outcome of mortality and myocardial infarction at 2 years compared with delayed intervention.
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accordance with the Declaration of Helsinki.

Search Strategies
Literature search strategies were developed using medical 
subject headings and key words related to NSTE-ACS and 
(heart failure or high risk). The full search strategy is 
described in the Supplementary Appendix. A systematic 
search of published reports was conducted in MEDLINE, 
the Cochrane Central Register of Controlled Trials 
(CENTRAL) and Web of Science databases to retrieve 
relevant articles published from their inception to February 
14, 2023. We searched for full-text manuscripts of human 
studies published before February 14, 2023.

Study Selection and Inclusion Criteria
The study population included adult patients with NSTE-
ACS and CHF admitted in an emergency setting. We did 
not restrict our analysis by country. However, only studies 
published in English were included. Eligible studies met the 
following criteria: (1) RCT; (2) included patients diagnosed 
with NSTE-ACS; (3) compared early vs. delayed invasive 
strategies (an invasive strategy was defined as coronary 
angiography and percutaneous coronary intervention 
[PCI]); and (4) whether patients had CHF at hospital 
admission. CHF was defined as follows: (1) Killip class 2 
or 3; or (2) elevated serum B-type natriuretic peptide 
(BNP), proBNP, or N-terminal pro BNP (NT-proBNP) 
levels.23,24 Studies were ineligible if they were: (1) observa-
tional trials; (2) ongoing trials; (3) pilot or single-arm stud-
ies and studies with irretrievable full-text reports; or (4) 
trials that compared a routine invasive strategy with a 
conservative strategy. If there were no RCTs focusing on 
patients with NSTE-ACS complicated by CHF, we 
included the RCTs of patients with NSTE-ACS and exam-
ined the impact of complicated CHF on prognosis in a 
subanalysis.

Data Extraction and Management
We extracted the following data: author name(s), title, 
journal name, publication year, website (URL), and 
abstract. Once duplicates were removed, full study titles 
and abstracts were independently screened by 2 authors 
(K. Hao, T.T.) according to the study inclusion criteria. In 
instances of uncertainty, full-text articles were screened 
independently (K. Hao, T.T.). Any disagreements regard-
ing inclusion or exclusion were resolved through discussion 
and final adjudication by a third independent author 
(S.K.).

Assessment of the Risk of Bias
The biases of each study and outcome were evaluated 

(MI) among patients with NSTE-ACS,7–9 whereas there is 
some evidence of reduced cardiovascular events among 
high-risk patients.8,10 Therefore, current guidelines recom-
mend an early invasive strategy within 24 h of hospital 
admission for patients at high-risk, such as those with a 
Global Registry of Acute Coronary Events (GRACE) risk 
score >140, dynamic ST-segment or T-wave changes, or 
transient ST-segment elevation.4–6,11,12

In patients with NSTE-ACS, the presence of congestive 
heart failure (CHF) is commonly observed and is strongly 
associated with worse short- and long-term outcomes.13–19 
The presence of CHF evaluated by Killip class on hospital 
admission is one of the components of the GRACE risk 
score, as well as 7 other factors (i.e., age, heart rate, systolic 
blood pressure, serum creatinine concentration, cardiac 
arrest, presence of ST-segment deviation, and elevated 
cardiac enzymes/markers).4,6,20 Despite its prognostic sig-
nificance, the optimal timing of an invasive strategy in 
patients with NSTE-ACS and CHF remains unclear. In 
this study, we performed a systematic review to investigate 
the effect of an early invasive strategy in patients with 
NSTE-ACS and CHF.

Methods
The Japan Resuscitation Council (JRC) ACS Task Force 
for the 2025 JRC Guidelines was established by the Japanese 
Circulation Society, the Japanese Association of Acute 
Medicine, and the Japanese Society of Internal Medicine. 
The JRC ACS Task Force formulated 10 clinically rele-
vant questions. After discussion between the JRC ACS 
Task Force and the Guidelines Editorial Committee, the 
population intervention comparator outcome study design 
and time frame (PICOST) were used to guide the system-
atic review as follows: P (population) – patients admitted 
to the hospital with NSTE-ACS complicated by heart fail-
ure; I (interventions) – early invasive strategy, including 
invasive coronary angiography with or without further 
revascularization; C (comparators, controls) – strategies 
other than an early invasive strategy; O (outcomes) – com-
posite of all-cause mortality and recurrent MI at 2 years; S 
(study design) – randomized control trials (RCTs) pub-
lished in English, excluding review papers; T (timeframe) 
– all literature published until February 14, 2023.

This systematic review and meta-analysis was reported 
in accordance with the Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) state-
ment, registered with the International Prospective 
Register of Systematic Reviews (PROSPERO ID: 
CRD42023399585), and performed according to the 
PRISMA guidelines.21,22 The procedures followed were in 
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explained and the I2 value was ≥50%. We generated a fun-
nel plot to investigate potential publication bias. All analy-
ses were performed using Review Manager software 
(RevMan 5.4).

Difference Between the Protocol and Review
After selecting 2 eligible studies,29,30 to evaluate the effect 
of an early invasive strategy on the outcome during the 
same follow-up period from the 2 trials, the number of 
events at 2 years was provided by the Very Early Versus 
Deferred Invasive Evaluation Using Computerized 
Tomography (VERDICT) trial investigators,29 and the 
composite outcome of all-cause death and recurrent MI at 
2-years in this systematic review. However, several out-
comes such as all-cause death, cardiovascular death, and 
MI could not be evaluated because of data unavailability.

Results
Literature Search
Figure 1 shows a flow diagram of the study adapted from 
the PRISMA statement.21,22 We identified 6,027 studies in 
the PubMed, Web of Science, and Cochrane Library data-
bases. In total, 105 studies were assessed for eligibility 
based on title and abstract screening. The full-text review 
excluded 103 studies because of incorrect comparators 
(n=7), study designs (n=65), and outcomes (n=31). Two 
RCTs met the inclusion criteria and reported outcomes for 
patients with NSTE-ACS complicated by CHF.29,30

Study Characteristics
The characteristics of the included studies are summarized 

using the Cochrane Risk of Bias 2 (RoB2) tool.25 RoB2 
assesses biases across 5 domains: randomization process, 
deviations from intended interventions, missing outcome 
data, measurement of the outcome, and selection of the 
reported result. Each identified bias is then categorized as 
‘low risk’, ‘high risk’, or ‘some concerns’. Two reviewers 
(K. Hao, T.T.) independently appraised the risk of bias in 
all the included studies. Studies were categorized as having 
a ‘low’, ‘unclear’, or ‘high’ risk of bias in each domain. The 
risk of bias for each element was considered ‘high’ when 
bias was present and likely to affect the outcomes, and 
‘low’ when bias was not present or present but unlikely to 
affect the outcomes.

Rating Certainty of Evidence
We used the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) tool to rate the 
certainty of the evidence as to whether an early invasive 
strategy is effective for patients with NSTE-ACS and 
CHF.26,27 The certainty of evidence was assessed as ‘high’, 
‘moderate’, ‘low’, or ‘very low’ according to the risk of 
bias, inconsistency, indirectness, imprecision, and publica-
tion bias.

Statistical Analysis
Results were summarized using a random-effects model to 
facilitate pooling of the estimated treatment effects. 
Dichotomous outcomes are described as risk ratios (RRs) 
and 95% confidence intervals (CIs). Heterogeneity between 
trials for each outcome was evaluated using the I2 statistic 
to quantify inconsistencies,28 which were considered sig-
nificant if the reason for heterogeneity could not be 

Figure 1.    Flow diagram summarizing the 
evidence search and study selection.
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delayed strategy groups, respectively.

Risk of Bias
The risks of bias, namely, the randomization process, devi-
ation from intended interventions, missing outcome data, 
measurement of the outcome, selection of the reported 
result, and overall outcome, were evaluated for each study 
(Figure 2). The out-of-balance protocol deviation in the 
ELISA-3 trial was considered to have a high risk of bias 
due to concerns regarding deviations from the intended 
interventions. In the VERDICT trial, we obtained a 2-year 
outcome that was not predefined to match other studies. 
Therefore, bias in the selection of the reported results was 
considered a concern.

Outcomes
To evaluate the effect of an early invasive strategy on the 
outcome during the same follow-up period in the 2 trials, 
the 2-year composite outcome of all-cause death and recur-
rent MI were examined in this systematic review. Figure 2 

in Table 1. In the ELISA-3 trial,30 patients with NSTE-
ACS were randomized to receive an early invasive strategy 
within 12 h or a delayed invasive strategy after 48 h, 
whereas in the VERDICT trial,29 patients were random-
ized to receive an early invasive strategy within 12 h or a 
delayed invasive strategy within 48–72 h. Two hundred and 
twenty-two patients with NSTE-ACS and serum proBNP 
≥659pg/mL among a total of 534 patients from the study 
of the ELISA-3 trial, and 88 patients with NSTE-ACS and 
Killip 2 or 3 among a total of 2,147 patients from the study 
of the VERDICT trial were included in this meta-analysis. 
Patients with cardiac shock were excluded from both stud-
ies. In the ELISA-3 trial, the median timing of invasive 
coronary angiography (ICA) were 2.6 h and 54.9 h in the 
early and delayed strategy groups, respectively, whereas in 
the VERDICT trial, those were 4.7 h and 61.6 h in the early 
and delayed strategy groups, respectively. PCI rates in the 
ELISA-3 trial were 66.7% and 61.9% in the early and 
delayed strategy groups, respectively, whereas PCI rates in 
the VERDICT trial were 46.3% and 41.2% in the early and 

Table 1.  Characteristics of the Included Study

Study Study design
Overall patients,  

Early vs.  
Delayed (n)

Timing of ICA,  
Early vs. Delayed,  

median (h)

Mode of revascularization,  
Early vs. Delayed, n (%)

�ELISA-3  
(Badings et al. 2017)30

Multicenter RCT 269 vs. 265 2.6 vs. 54.9 PCI: 180 (66.7) vs. 164 (61.9)
CABG: 62 (23.2) vs. 68 (12.4)

�VERDICT  
(Butt et al. 2021)29

Multicenter RCT 1,075 vs. 1,072 4.7 vs. 61.6 PCI: 498 (46.3) vs. 442 (41.2)
CABG: 132 (12.2) vs. 132 (12.3)

Study Definition of  
CHF

Patients with CHF,  
Early vs.  

Delayed (n)
Primary endpoint Follow up

�ELISA-3  
(Badings et al. 2017)30

ProBNP  
≥659 pg/mL

119 vs. 103 Death, MI, or recurrent ischemia 2 years

�VERDICT  
(Butt et al. 2021)29

Killip class 2 or 3 Killip 2: 33 vs. 37
Killip 3: 11 vs. 7

Death, MI, admission for heart failure,  
or admission for refractory ischemia

Median  
4.3 years

CABG, coronary artery bypass graft; CHF, congestive heart failure; ICA, invasive coronary angiography; MI, myocardial infarction; PCI, percu-
taneous coronary intervention; RCT, randomized control trial; VERDICT, Very Early Versus Deferred Invasive Evaluation Using Computerized 
Tomography.

Figure 2.    Forest plots of the incidence of 2-year composite outcome of all-cause death and recurrent myocardial infarction and 
risk of bias summaries in patients with non-ST-elevation acute coronary syndrome and congestive heart failure. CI, confidence 
interval.
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admission for refractory myocardial ischemia, or hospital 
admission for heart failure, compared with the delayed 
invasive treatment. Moreover, a recent meta-analysis com-
paring early and delayed invasive strategies observed no 
difference in mortality of the overall population, but a 
survival benefit in high-risk patients, including those with 
a GRACE risk score >140 and those with positive tropo-
nin, although tests for interaction were inconclusive.8

The concomitant CHF evaluated by Killip class is one 
of the variables in the GRACE risk score,4,6 and is com-
monly observed in patients with NSTE-ACS.13–18,31–33 The 
presence of CHF is strongly associated with worse short- 
and long-term outcomes in patients with ACS;13–18,32–34 
however, revascularization is less likely to be performed in 
patients with ACS complicated by CHF compared with 
other patients with ACS.15–17,35,36 In the GRACE registry, 
only 20% of patients with ACS and CHF were revascular-
ized, compared with 35% of those without CHF, despite 
that early revascularization remaining as one of the best 
strategies in this population.36 Therefore, it remains to be 
elucidated whether an early invasive strategy is superior to 
a delayed invasive strategy in patients with NSTE-ACS 
complicated with CHF. Several retrospective studies have 
addressed this issue. In the CRUSADE (Can Rapid Risk 

shows a forest plot of the primary outcomes. The primary 
endpoint, all-cause death or recurrent MI, occurred in 40 
(24.5%) of 163 patients in the early invasive strategy group 
compared with 39 (26.5%) of 147 patients in the delayed 
invasive strategy group. The effect of an invasive strategy 
on the incidence of the primary endpoint compared with a 
delayed invasive strategy remains unclear (RR 0.95 [95% 
CI 0.66–1.37]; 10 fewer per 1,000 [95% CI 110 fewer to 80 
more]; Table 2).

Publication Bias and Quality of Evidence 
Statistical testing for publication bias could not be per-
formed because only 2 RCTs were included in the analysis. 
Visual inspection of the funnel plot revealed no asymmetry 
in the primary endpoint (Figure 3).

The certainty of the evidence for outcome was assessed, 
and a summary of the evidence profile is provided in 
Table 2. Last, we judged the level of evidence to be very 
low.

Discussion
This meta-analysis found that it remained uncertain 
whether an early invasive strategy reduces all-cause mor-
tality or MI compared with a delayed strategy in patients 
with NSTE-ACS complicated by CHF.

A routine invasive strategy with coronary angiography 
and PCI, if needed for patients with NSTE-ACS, reduced 
death and MI compared with a selective invasive or con-
servative strategy.1–3 Nevertheless, the optimal timing of an 
invasive strategy is uncertain. Several meta-analyses from 
RCTs with different timing intervals of invasive angiogra-
phy among patients with NSTE-ACS have not demon-
strated a significant advantage of an early invasive strategy 
over routine invasive strategies in terms of death or non-
fatal MI, although early invasive strategies were associated 
with reduced recurrent ischemia and shorter hospital 
stays.7–9 However, some evidence does suggest a benefit for 
an early invasive strategy among high-risk patients with 
NSTE-ACS.8,10 The VERDICT trial, in which a total of 
2,147 patients with NSTE-ACS were randomized to an 
early invasive strategy within 12 h or a delayed invasive 
strategy within 48–72 h, demonstrated that among patients 
with NSTE-ACS with a GRACE risk score >140, an early 
invasive treatment strategy improved the composite out-
come of all-cause death, non-fatal recurrent MI, hospital 

Table 2.  Evidence Profile

No. studies Study  
design

Certainty assessment

Risk of bias Inconsistency Indirectness Imprecision Other  
considerations

�2-year all-cause death  
and recurrent MI, 2 

RCT SeriousA Not serious SeriousB SeriousC None

No. studies
No. patients Effect

Certainty ImportanceEarly  
invasive

Delayed  
invasive

Relative  
(95% CI)

Absolute  
(95% CI)

�2-year all-cause death  
and recurrent MI, 2 

40/163  
(24.5%)

39/147  
(26.5%)

RR 0.95  
(0.66–1.37)

10 fewer per 1,000  
(from 110 fewer to 80 more)

Very low Critical

ABias due to deviations from intended interventions was serious. BDefinition of CHF was different between the studies. CThe risk ratio (RR) 
varies widely. CI, confidence interval. Other abbreviations as in Table 1.

Figure 3.    Funnel plots for the incidence of 2-year composite 
outcome of all-cause death and recurrent myocardial infarc-
tion.
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trials,29 and >48 h in the ELISA-3 trial30). Moreover, this 
systematic review did not examine the impact of an imme-
diate invasive strategy in patients with NSTE-ACS con-
comitant with CHF. Second, the definition of CHF varied 
between the trials. In the VERDICT trial, the presence of 
CHF was evaluated using the Killip class,29 whereas in the 
ELISA-3 trial, patients with higher proBNP levels when 
divided by the median value were enrolled as those with 
CHF.30 ProBNP is well known as a useful biomarker for 
CHF;23,24 however, the median value of 659 pg/mL in the 
ELISA-3 trials may be lower as a cut-off value of CHF 
compared with other studies.41,42 In several studies for 
NSTE-ACS, including the VERDICT trial, approximately 
5–14% patients with NSTE-ACS had coexisting CHF.13–15,29 
Third, PCI rates may affect the results. Approximately 
65% of patients who underwent PCI were in the ELISA-3 
trial and 45% were in the VERDICT trial.25,26 Despite dif-
ferences between the trials, a few patients did not undergo 
reperfusion therapy in either trial, which could influence 
the effect of an early invasive strategy. Fourth, only 2 
RCTs with a small number of patients with CHF were 
included in this systematic review,29,30 which may not have 
been sufficient for a meta-analysis. Fifth, we evaluated 
only the composite endpoints of all-cause death and MI as 
outcomes, despite some RCTs demonstrating that early 
invasive strategies for patients with NSTE-ACS were asso-
ciated with a lower risk of recurrent ischemia and a shorter 
hospital stay.7–9

Conclusions
This meta-analysis demonstrated that it remains uncertain 
whether an early invasive strategy for NSTE-ACS compli-
cated with CHF reduces the risk of a composite of all-
cause mortality and MI within 2 years compared with a 
delayed invasive strategy. While current evidence does not 
demonstrate a clear advantage over delayed intervention, 
the lack of adequately powered RCTs focusing on CHF 
limits definitive conclusions. Further large-scale trials are 
needed to determine the optimal timing of intervention in 
this high-risk population.

Acknowledgments
This work was supported by the Japan Resuscitation Council, Japan 
Circulation Society, and JSPS KAKENHI (grant no. JP23K08454). 
The authors thank Mr. Shunya Suzuki and Ms. Tomoko Nagaoka, 
librarians at Dokkyo Medical University, Tochigi, Japan, for their 
assistance in searching for articles. The authors also thank Dr. Jawad 
H. Butt for providing the 2-year outcome data in the VERDICT 
trial,25 which were included in this meta-analysis.

Disclosures
T. Matoba is a member of the Editorial Team for Circulation Reports 
and received research grants from Amgen. T. Mano received research 
grants from Abbott Medical Japan. The other authors declare no 
conflicts of interest with regard to this article.

Data Availability
All data used in this analysis are available from PubMed, Web of 
Science Core Collection (Science Citation Index – Expanded Since 
1973), and Cochrane Library (CENTRAL) databases.

References
  1.	 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 

Stratification of Unstable Angina Patients Suppress 
Adverse Outcomes with Early Implementation of the 
ACC/AHA Guidelines) registry that enrolled 3,172 
patients with NSTEMI and CHF, an early invasive strat-
egy within 12 h was not associated with reduced 1-year 
mortality.37 KAMIR-NIH (Korea Acute Myocardial 
Infarction Registry–National Institutes of Health) demon-
strated that among 1,027 patients with NSTEMI compli-
cated with acute CHF who underwent successful PCI, 
early PCI within 2 h after admission was not associated 
with any significant differences in mortality, non-fatal MI, 
target-vessel revascularization, or re-hospitalization for 
CHF during the 12-month follow up.38 In contrast, a 
Japanese single center study demonstrated that among 160 
patients with NSTE-ACS and concomitant CHF who 
underwent coronary angiography, the early invasive strat-
egy within 24 h was associated with a lower incidence of 
composite outcome of cardiac mortality, life-threatening 
arrhythmia, and non-fatal MI during the median follow up 
of 1,236 days and those findings were confirmed even after 
propensity matching.39

To date, no RCT has specifically focused on patients 
with both NSTE-ACS and CHF. Our meta-analysis 
included 2 RCTs of patients with NSTE-ACS in which a 
subgroup analysis was performed according to the presence 
of CHF on admission. Consequently, we did not demon-
strate superiority of an early invasive strategy for NSTE-
ACS complicated with CHF over a delayed invasive 
strategy. These findings suggest that CHF is not an impor-
tant factor in deriving benefits from an early invasive strat-
egy in high-risk patients with NSTE-ACS. The VERDICT 
trials demonstrated a trend toward a decreased risk of 
cardiovascular events with the early invasive strategy in 
patients with new signs of myocardial ischemia on the 
electrocardiogram, a high heart rate, and low systolic 
blood pressure, although these trends were not docu-
mented in patients with CHF of Killip class 2 and 3.25 
Therefore, hemodynamic and ischemic instabilities might 
be more important factors than the presence of CHF itself 
when deciding whether to select the early invasive strategy 
for NSTE-ACS. Current guidelines recommend an imme-
diate invasive strategy for patients with NSTE-ACS with 
very high-risk criteria, such as hemodynamic instability, 
cardiogenic shock, or acute heart failure presumed second-
ary to ongoing myocardial ischemia. However, it remains 
unclear whether an immediate invasive strategy improves 
the outcome of patients with NSTE-ACS with a very high-
risk profile or CHF. We could not find a study on an 
immediate invasive strategy for patients with NSTE-ACS 
with high-risk profiles, including CHF, in this systematic 
review, which we wanted to know as a clinical question. To 
address this important issue, there is the ongoing random-
ized trial in Korea (KCT0006035)40 that aims to compare 
immediate coronary angiography (CAG <2 h after admis-
sion) and delayed CAG after stabilization of acute CHF in 
patients with NSTE-ACS complicated by acute CHF, 
which may provide a clue.

Study Limitations
This study has some limitations. First, timing of invasive 
angiography differed between the trials. While invasive 
angiography was performed within 12 h of randomization 
in the early invasive strategy groups in both studies, the 
time from randomization to angiography was different in 
the delayed invasive groups (48–72 h in the VERDICTS 



Circulation Reports  Vol.7,  September  2025

703Early Invasive Strategy in NSTE-ACS With CHF

myocardial infarction: Timing and time trends: A national anal-
ysis including 78,814 Danish patients during 2000–2009. Scand J 
Public Health 2020; 48: 294 – 302.

20.	 Fox KA, Eagle KA, Gore JM, Steg PG, Anderson FA. The 
Global Registry of Acute Coronary Events, 1999 to 2009--
GRACE. Heart 2010; 96: 1095 – 1101.

21.	 Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. PRISMA 2020 explanation and elaboration: 
Updated guidance and exemplars for reporting systematic 
reviews. BMJ 2021; 372: n160.

22.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, 
Ioannidis JP, et al. The PRISMA statement for reporting system-
atic reviews and meta-analyses of studies that evaluate health 
care interventions: Explanation and elaboration. J Clin Epidemiol 
2009; 62: e1 – e34.

23.	 Cristo-Ropero MJ, Garcia-Rubira JC, Rivera-Rabanal FJ, 
Seoane-García T, Madrona-Jiménez L, Izquierdo-Bajo Á, et al. 
N-terminal pro-B-type natriuretic peptide and pulmonary echog-
raphy are predictors of acute heart failure needing early mechan-
ical ventilation in acute coronary syndrome. Coron Artery Dis 
2024; 35: 556 – 563.

24.	 Hollenberg SM, Stevenson LW, Ahmad T, Bozkurt B, Butler J, 
Davis LL, et al. 2024 ACC expert consensus decision pathway on 
clinical assessment, management, and trajectory of patients hos-
pitalized with heart failure focused update: A report of the 
American College of Cardiology Solution Set Oversight Com-
mittee. J Am Coll Cardiol 2024; 84: 1241 – 1267.

25.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, 
Boutron I, et al. RoB 2: A revised tool for assessing risk of bias 
in randomised trials. BMJ 2019; 366: l4898.

26.	 Atkins D, Eccles M, Flottorp S, Guyatt GH, Henry D, Hill S, et 
al.; The GRADE Working Group. Systems for grading the qual-
ity of evidence and the strength of recommendations I: Critical 
appraisal of existing approaches The GRADE Working Group. 
BMC Health Serv Res 2004; 4: 38.

27.	 Guyatt GH, Oxman AD, Schünemann HJ, Tugwell P, 
Knottnerus A. GRADE guidelines: A new series of articles in the 
Journal of Clinical Epidemiology. J Clin Epidemiol 2011; 64: 
380 – 382.

28.	 Huedo-Medina TB, Sánchez-Meca J, Marín-Martínez F, Botella 
J. Assessing heterogeneity in meta-analysis: Q statistic or I2 
index? Psychol Methods 2006; 11: 193 – 206.

29.	 Butt JH, Kofoed KF, Kelbæk H, Hansen PR, Torp-Pedersen C, 
Høfsten D, et al. Importance of risk assessment in timing of 
invasive coronary evaluation and treatment of patients with non-
ST-segment-elevation acute coronary syndrome: Insights from 
the VERDICT trial. J Am Heart Assoc 2021; 10: e022333.

30.	 Badings EA, Remkes WS, The SH, Dambrink JE, Tjeerdsma G, 
Rasoul S, et al. Two-year outcome after early or late intervention 
in non-ST elevation acute coronary syndrome. Open Heart 2017; 
4: e000538.

31.	 Noma S, Kato K, Otsuka T, Nakao YM, Aoyama R, Nakayama 
A, et al. Sex differences in cardiovascular disease-related hospi-
talization and mortality in Japan: Analysis of health records 
from a nationwide claim-based database, the Japanese Registry 
of All Cardiac and Vascular Disease (JROAD). Circ J 2024; 88: 
1332 – 1342.

32.	 Kawamoto T, Otsuki H, Arashi H, Jujo K, Oka T, Mori F, et al. 
Adverse clinical events after percutaneous coronary intervention 
in very elderly patients with acute coronary syndrome. Cardiovasc 
Interv Ther 2024; 39: 438 – 447.

33.	 Takeji Y, Morimoto T, Shiomi H, Kato ET, Imada K, 
Yoshikawa Y, et al. Sex differences in clinical outcomes after 
percutaneous coronary intervention. Circ J 2023; 87: 277 – 286.

34.	 Ninomiya R, Koeda Y, Nasu T, Ishida M, Yoshizawa R, 
Ishikawa Y, et al. Effect of patient’s symptom interpretation on 
in-hospital mortality in acute coronary syndrome. Circ J 2024; 
88: 1225 – 1234.

35.	 Vaur L, Danchin N, Genès N, Dubroca I, Etienne S, Ferrières J, 
et al. Epidemiology of myocardial infarction in France: 
Therapeutic and prognostic implications of heart failure during 
the acute phase. Am Heart J 1999; 137: 49 – 58.

36.	 Steg PG, Kerner A, Van de Werf F, López-Sendón J, Gore JM, 
Fitzgerald G, et al. Impact of in-hospital revascularization on 
survival in patients with non-ST-elevation acute coronary syn-
drome and congestive heart failure. Circulation 2008; 118: 
1163 – 1171.

37.	 Shen L, Xian Y, Chen AY, Thomas L, Roe MT, Peterson ED, 
et al. Effect of intervention timing on one-year mortality in 
elderly non-ST-segment elevation myocardial infarction patients. 

acute coronary syndrome a meta-analysis of individual patient 
data. J Am Coll Cardiol 2010; 55: 2435 – 2445.

  2.	 Fanning JP, Nyong J, Scott IA, Aroney CN, Walters DL. Routine 
invasive strategies versus selective invasive strategies for unstable 
angina and non-ST elevation myocardial infarction in the stent 
era. Cochrane Database Syst Rev 2016; 2016: CD004815.

  3.	 Kotanidis CP, Mills GB, Bendz B, Berg ES, Hildick-Smith D, 
Hirlekar G, et al. Invasive vs. conservative management of older 
patients with non-ST-elevation acute coronary syndrome: 
Individual patient data meta-analysis. Eur Heart J 2024; 45: 
2052 – 2062.

  4.	 Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo 
A, et al. 2023 ESC guidelines for the management of acute coro-
nary syndromes. Eur Heart J 2023; 44: 3720 – 3826.

  5.	 Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats 
TG, Holmes DR Jr, et al. 2014 AHA/ACC guideline for the 
management of patients with non-ST-elevation acute coronary 
syndromes: Executive summary: A report of the American College 
of Cardiology/American Heart Association Task Force on 
Practice Guidelines. Circulation 2014; 130: 2354 – 2394.

  6.	 Kimura K, Kimura T, Ishihara M, Nakagawa Y, Nakao K, 
Miyauchi K, et al. JCS 2018 guideline on diagnosis and treat-
ment of acute coronary syndrome. Circ J 2019; 83: 1085 – 1196.

  7.	 Navarese EP, Gurbel PA, Andreotti F, Tantry U, Jeong YH, 
Kozinski M, et al. Optimal timing of coronary invasive strategy 
in non-ST-segment elevation acute coronary syndromes: A sys-
tematic review and meta-analysis. Ann Intern Med 2013; 158: 
261 – 270.

  8.	 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 randomised trials. Lancet 2017; 390: 737 – 746.

  9.	 Kite TA, Kurmani SA, Bountziouka V, Cooper NJ, Lock ST, 
Gale CP, et al. Timing of invasive strategy in non-ST-elevation 
acute coronary syndrome: A meta-analysis of randomized con-
trolled trials. Eur Heart J 2022; 43: 3148 – 3161.

10.	 Kofoed KF, Kelbæk H, Hansen PR, Torp-Pedersen C, Høfsten 
D, Kløvgaard L, et al. Early versus standard care invasive exam-
ination and treatment of patients with non-ST-segment elevation 
acute coronary syndrome. Circulation 2018; 138: 2741 – 2750.

11.	 Ozaki Y, Tobe A, Onuma Y, Kobayashi Y, Amano T, 
Muramatsu T, et al. CVIT expert consensus document on pri-
mary percutaneous coronary intervention (PCI) for acute coro-
nary syndromes (ACS) in 2024. Cardiovasc Interv Ther 2024; 39: 
335 – 375.

12.	 Kikuchi M, Tahara Y, Yamaguchi J, Nakashima T, Nomura O, 
Tanaka A, et al. Executive summary: Acute coronary syndrome 
in the Japan Resuscitation Council guidelines for resuscitation 
2020. Circ J 2023; 87: 866 – 878.

13.	 Steg PG, Dabbous OH, Feldman LJ, Cohen-Solal A, Aumont 
MC, López-Sendón J, et al. Determinants and prognostic impact 
of heart failure complicating acute coronary syndromes: 
Observations from the Global Registry of Acute Coronary 
Events (GRACE). Circulation 2004; 109: 494 – 499.

14.	 Bahit MC, Lopes RD, Clare RM, Newby LK, Pieper KS, Van 
de Werf F, et al. Heart failure complicating non-ST-segment 
elevation acute coronary syndrome: Timing, predictors, and 
clinical outcomes. JACC Heart Fail 2013; 1: 223 – 229.

15.	 Kueh SH, Devlin G, Lee M, Doughty RN, Kerr AJ. Management 
and long-term outcome of acute coronary syndrome patients 
presenting with heart failure in a contemporary New Zealand 
cohort (ANZACS-QI 4). Heart, Lung Circ 2016; 25: 837 – 846.

16.	 Alsheikh-Ali AA, Al-Mallah MH, Al-Mahmeed W, Albustani 
N, Al Suwaidi J, Sulaiman K, et al. Heart failure in patients 
hospitalized with acute coronary syndromes: Observations from 
the Gulf Registry of Acute Coronary Events (Gulf RACE). Eur 
J Heart Fail 2009; 11: 1135 – 1142.

17.	 Wu AH, Parsons L, Every NR, Bates ER. Hospital outcomes in 
patients presenting with congestive heart failure complicating 
acute myocardial infarction: A report from the Second National 
Registry of Myocardial Infarction (NRMI-2). J Am Coll Cardiol 
2002; 40: 1389 – 1394.

18.	 Adams KF Jr, Fonarow GC, Emerman CL, LeJemtel TH, 
Costanzo MR, Abraham WT, et al. Characteristics and out-
comes of patients hospitalized for heart failure in the United 
States: Rationale, design, and preliminary observations from the 
first 100,000 cases in the Acute Decompensated Heart Failure 
National Registry (ADHERE). Am Heart J 2005; 149: 209 – 216.

19.	 Sulo G, Sulo E, Jørgensen T, Linnenberg A, Prescott E, Tell GS, 
et al. Ischemic heart failure as a complication of incident acute 



Circulation Reports  Vol.7,  September  2025

704 HAO K et al.

41.	 Cordero A, Martínez Rey-Rañal E, Moreno MJ, Escribano D, 
Moreno-Arribas J, Quintanilla MA, et al. Predictive value of 
Pro-BNP for heart failure readmission after an acute coronary 
syndrome. J Clin Med 2021; 10: 1653.

42.	 Bhatia MS, Sharda SC, Attri R, Pannu AK, Dahiya N. 
Correlation of mortality with Pro-BNP and precipitating factors 
of acute heart failure in patients presenting to a medical emer-
gency of tertiary care hospital: An observational study from 
north India. Eur Rev Med Pharmacol Sci 2022; 26: 6459 – 6468.

Supplementary Files
Please find supplementary file(s);
https://doi.org/10.1253/circrep.CR-25-0104

Coron Artery Dis 2021; 32: 138 – 144.
38.	 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]). Am J Cardiol 2018; 121: 1285 – 1292.

39.	 Yoshida R, Ishii H, Morishima I, Tanaka A, Morita Y, Takagi 
K, et al. Early versus delayed invasive strategy in patients with 
non-ST-elevation acute coronary syndrome and concomitant 
congestive heart failure. J Cardiol 2019; 74: 320 – 327.

40.	 World Health Organization. International Clinical Trials Registry 
Platform. https://trialsearch.who.int/Trial2.aspx?TrialID=KCT 
0006035 (accessed May, 2025).

https://trialsearch.who.int/Trial2.aspx?TrialID=KCT0006035
https://trialsearch.who.int/Trial2.aspx?TrialID=KCT0006035

