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Abstract
Aim: Emergency coronary artery bypass grafting (CABG) is a critical intervention for patients with acute coronary 
syndrome (ACS), particularly in high-risk cases where rapid revascularization is necessary. Despite advancements 
in surgical techniques, early mortality rates remain high. This study aims to identify predictors of short-term 
mortality in patients undergoing emergency CABG for ACS through a comprehensive systematic review and meta-
analysis.

Methods: A PRISMA-based systematic review was performed using major databases up to May 2024. Inclusion 
criteria focused on studies reporting short-term mortality outcomes and associated predictors in patients 
undergoing emergency CABG for ACS. Data extraction and quality assessment were performed independently by 
multiple reviewers. Statistical analysis included pooled odds ratios (OR) and confidence intervals (CI) for identified 
predictors using random-effects models.

Results: A total of 20 studies encompassing 4,777 patients met the inclusion criteria. Key predictors of short-term 
mortality include advanced age (OR 1.40, 95%CI: 1.07-1.82), cardiogenic shock (OR 5.35, 95%CI: 3.27-8.74), 
chronic kidney disease (OR 3.55, 95%CI: 1.30-9.71), and preoperative use of an intra-aortic balloon pump (OR 
2.46, 95%CI: 1.00-6.04). Timing of surgery within the first 48 h post-ACS was also associated with higher 
mortality rates.
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Conclusion: This systematic review and meta-analysis highlight important predictors of short-term mortality in 
patients undergoing emergency CABG for ACS. These findings underscore the importance of tailored perioperative 
management strategies to improve outcomes in this high-risk patient population.

Keywords: Acute coronary syndrome, CABG, factor risks

INTRODUCTION
Acute coronary syndrome (ACS) represents a spectrum of urgent cardiac conditions that require immediate 
and specialized management[1]. Treatment strategies for ACS are tailored to the specific presentation, with 
distinct protocols for ST-Elevation Myocardial Infarction (STEMI) and Non-ST-Elevation Myocardial 
Infarction (NSTEMI)[2]. For STEMI, rapid reperfusion via Primary Percutaneous Coronary Intervention 
(PCI) is the primary goal, with fibrinolytic therapy as an alternative when PCI is unavailable[3]. Alternatively, 
the guidelines for managing NSTEMI advise implementing an early invasive approach within 24 h for 
patients identified as high-risk, which includes those with elevated cardiac biomarkers, diabetes, high 
GRACE scores, or older age. This approach is designed to reduce recurrent ischemia and potentially 
decrease mortality[4].

The decision between PCI and coronary artery bypass grafting (CABG) for revascularization in ACS 
patients is influenced by various factors, such as the patient’s clinical condition, comorbidities, and the 
extent and complexity of coronary artery disease (CAD), which is frequently evaluated using the SYNTAX 
score[5]. CABG is essential for patients with complex coronary diseases, such as multivessel or left main 
disease[6]. While extensive research has compared PCI to CABG, there is a notable gap in studies specifically 
analyzing the outcomes and predictors of mortality for patients undergoing emergency CABG, particularly 
within the first 30 days post-surgery.

Emergency CABG is often performed in critical situations where immediate revascularization is necessary 
due to ongoing ischemia, angiographic complications, or the presence of complex multivessel disease 
unsuitable for PCI[7]. Despite improvements in surgical techniques and perioperative care, early mortality 
rates for emergency CABG remain high[8], emphasizing the need to identify predictors of short-term 
mortality to enhance patient outcomes and tailor perioperative management strategies effectively.

This systematic review and meta-analysis aim to address the current literature gap by identifying predictors 
of short-term mortality in patients undergoing emergency CABG for ACS. By consolidating existing data, 
this study strives to offer a thorough understanding of the risk factors linked to early mortality, providing 
valuable insights to guide clinical practice, enhance risk stratification, and optimize perioperative care.

METHODS
Search strategy
We performed a systematic literature review following the PRISMA guidelines[9]. Extensive searches were 
carried out in OVID MEDLINE®, EMBASE, SCOPUS, and PUBMED from the inception until May 2024. 
The search terms included (“Acute Coronary Syndrome”[Mesh] OR “ACS” OR “Acute Coronary 
Syndromes” OR “Non-ST-Elevation Myocardial Infarction”[Mesh] OR “NSTEMI” OR “Non-ST-Elevation 
Myocardial Infarctions”) AND (“Coronary Artery Bypass”[Mesh] OR “CABG” OR “Coronary Artery 
Bypass Grafting” OR “Coronary Artery Bypass Surgery”) AND (“Off-Pump Coronary Artery 
Bypass”[Mesh] OR “Off-Pump CABG” OR “OPCAB” OR “Off-Pump Coronary Artery Bypass Grafting” 
OR “On-Pump Coronary Artery Bypass”[Mesh] OR “On-Pump CABG” OR “ONCAB” OR “On-Pump 
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Coronary Artery Bypass Grafting”).

Study selection
The studies located through the search strategy were assessed for inclusion according to predefined criteria. 
The criteria for inclusion were: 1) human subjects; 2) retrospective, prospective studies, or randomized 
control trials (RCTs); 3) reporting short-term (≤ 30 days) mortality in patients undergoing emergency 
CABG (< 72 h) for ACS; 4) studies employing univariate or multivariate regression analysis to analyze the 
identified risk factors; 5) results presented as odds ratio (OR) with 95% confidence interval (CI), or 
providing data necessary to calculate OR. Exclusion criteria included: 1) studies conducted on animals; 2) 
non-English studies; 3) studies reporting mid- or long-term mortality (> 30 days).

Two reviewers independently (MC, BN) screened the titles and abstracts of the identified studies, and then 
conducted a full-text review to verify eligibility. Any discrepancies were addressed through discussion or by 
consulting a third reviewer (SGR), ensuring an accurate and unbiased selection of studies. The study 
selection process followed strict PRISMA guidelines to ensure transparency and minimize selection bias. A 
detailed PRISMA flow diagram illustrating this process is shown in Figure 1.

Data extraction and quality assessment
Two independent reviewers extracted data, which encompassed details such as publication year, authorship, 
patient demographics, inclusion/exclusion criteria, cardiac risk factors, descriptions of interventions, and 
outcome definitions and events [Table 1]. The Revised Cochrane risk-of-bias 2 (RoB 2) tool was employed 
to assess bias in randomized studies[10]. For observational studies, the Risk of Bias In Non-randomized 
Studies of Interventions (ROBINS-I) scale was utilized[11].

Data analysis
All analyses were executed using Review Manager (RevMan) Version 5.4.1, developed by The Nordic 
Cochrane Centre in Copenhagen, Denmark. The combined effect size was denoted by the OR and its 
95%CI. To account for inter-study variability and ensure more cautious CIs given heterogeneity, random-
effects models were applied[12]. Statistical heterogeneity across studies was evaluated using the I² statistic, 
which reflects the proportion of overall variability attributed to differences between studies rather than 
random variation. We adhered to standard guidelines for interpreting heterogeneity: low (I2 = 25% to 49%), 
moderate (I2 = 50% to 74%) and high (I2 ≥ 75%) heterogeneity[13].

Subgroup analysis
A subgroup analysis was conducted to compare the predictors of early mortality based on the time interval 
between ACS onset and surgery. Specifically, studies were grouped into those where surgeries were 
performed within 24 h and those where surgeries were performed more than 24 h after ACS onset. Separate 
meta-analyses were conducted for each subgroup to identify and compare the predictors of early mortality. 
The same statistical methods used in the overall meta-analysis were applied to each subgroup.

Sensitivity analysis
To ensure the robustness of our findings, we performed a sensitivity analysis using the leave-one-out 
method for one of the risk factors. This analysis was carried out only for factors that included five or more 
studies. The goal of this analysis was to assess whether excluding a single study would significantly alter the 
overall results.

RESULTS
Search results and study characteristics
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The initial search strategy identified 63 studies, of which 20 met the inclusion criteria and were incorporated 
into this meta-analysis [Table 1]. Five studies were prospective studies, while the rest of the studies were 
retrospective and observational in nature. The studies were conducted in various countries, including Israel, 
Japan, USA, Italy, Germany, Turkey, Singapore, and Vietnam. The types of acute coronary syndrome (ACS) 
included in these studies were STEMI, NSTEMI, and unstable angina (UA), with time to surgery ranging 
from ≤ 6 h to ≤ 72 h. All the studies included showed a low to moderate risk of bias, confirming the 
reliability of the combined data [Supplementary Table 1 and Supplementary Figure 1].

Patient demographics and baseline characteristics
The studies collectively included 4,777 patients who underwent emergency CABG within 72 h for ACS. The 
average age of patients ranged from 58 to 72 years, with a male predominance in all studies. Common 
comorbidities included hypertension (63%), diabetes mellitus (36%), hyperlipidemia (55%), and previous 
myocardial infarction (28%). The severity of coronary artery disease was quantified using the SYNTAX 
score, with most patients presenting with scores indicative of complex, multivessel disease.

Predictors of short-term mortality
The primary predictors of short-term mortality identified across the studies were advanced age, cardiogenic 
shock, chronic kidney disease, and preoperative intra-aortic balloon pump (IABP) [Table 2]. Pooled 
analysis showed that advanced age was significantly associated with increased short-term mortality (OR 
1.40, 95%CI: 1.07-1.82, P = 0.01). Chronic kidney disease was another significant predictor, tripling the risk 
of short-term mortality (OR 3.19, 95%CI: 1.59-6.42, P = 0.001).

Patients with preoperative IABP were found to have a significantly higher risk of mortality (OR 3.55, 95%CI: 
1.30-9.71, P = 0.01). Cardiogenic shock was the strongest predictor of short-term mortality, with an OR of 
5.35 (95%CI: 3.15-9.09, P < 0.00001). Male gender was identified as a protective factor against short-term 
mortality (OR 0.46, 95%CI: 0.22-0.94, P = 0.03).

Other factors such as female gender, diabetes, dyslipidemia, hypertension, obesity, neurological disease, 
chronic obstructive pulmonary disease, peripheral vascular disease, left main stem involvement, left 
ventricular ejection fraction < 30%, surgical approach (off-pump and on-pump) were also evaluated but did 
not reach statistical significance [Supplementary Figures 2-16].

Subgroup analysis
A subgroup analysis was conducted to assess predictors of early mortality in patients undergoing surgery for 
ACS based on the time interval between ACS onset and surgery. The analysis categorized studies into two 
groups: surgeries performed within 24 h of ACS onset and surgeries performed more than 24 h after ACS 
onset [Supplementary Table 2].

Age showed a consistent association with early mortality across all studies, with an overall odds ratio (OR) 
of 1.40 (95%CI: 1.07-1.82). Within subgroup analyses, the ORs for age were 1.62 (95%CI: 0.52-5.04) for 
surgeries within 24 h and 1.66 (95%CI: 0.86-3.23) for surgeries performed more than 24 h after ACS onset.

Gender analysis indicated that female gender did not exhibit a significant association with early mortality in 
either subgroup, with combined ORs of 1.55 (95%CI: 0.61-3.91), 2.93 (95%CI: 0.81-10.56) for surgeries 
within 24 h, and 0.77 (95%CI: 0.20-2.94) for surgeries performed more than 24 h after ACS onset. In 
contrast, male gender showed a protective effect overall (OR 0.46, 95%CI: 0.22-0.94), particularly 
pronounced within 24 h (OR 0.36, 95%CI: 0.13-0.97).

vp08032-SupplementaryMaterials.pdf
vp08032-SupplementaryMaterials.pdf
vp08032-SupplementaryMaterials.pdf
vp08032-SupplementaryMaterials.pdf


Page 5 of Comanici et al. Vessel Plus 2024;8:32 https://dx.doi.org/10.20517/2574-1209.2024.32 10

Table 1. Studies characteristics

Study Study design Country Study period Type of ACS Time to surgery Number of patients

Locker et al., 2000[23] Retrospective Israel 1992-1998 NSTEMI, STEMI ≤ 48 h 77

Hirose et al., 2002[24] Retrospective Japan 1991-2001 NSTEMI, STEMI ≤ 48 h 159

Ochi et al., 2003[25] Retrospective Japan 1998-2001 UA, NSTEMI, STEMI ≤ 24 h 72

Kerendi et al., 2005[26] Retrospective USA 1996-2003 NSTEMI, STEMI ≤ 24 h 614

Onorati et al., 2005[27] Prospective Italy 2002-2004 UA, NSTEMI NR 262

Thielmann et al., 2006[28] Prospective Germany 2000-2005 NSTEMI, STEMI ≤ 24 h 254

Darwazah et al., 2009[29] Retrospective Israel 1999-2005 NR ≤ 24 h 79

Kaya et al., 2010[30] Prospective Turkey 2006-2008 UA, NSTEMI, STEMI ≤ 6 h 198

Joskowiak et al., 2010[31] Retrospective Germany 2002-2008 NSTEMI, STEMI ≤ 48 h 158

Martinez et al., 2010[32] Retrospective Singapore 2002-2007 UA, NSTEMI, STEMI ≤ 24 h 136

Fattouch et al., 2011[33] Retrospective Italy 2002-2007 STEMI ≤ 72 h 207

Sezai et al., 2012[34] Retrospective Japan 1996-2009 NSTEMI, STEMI ≤ 24 h 105

Khaladj et al., 2013[35] Prospective Germany 2009-2010 NSTEMI, STEMI ≤ 6 h 127

Hata et al., 2014[36] Retrospective Japan 1994-2004 UA, NSTEMI, STEMI ≤ 48 h 104

Gaudino et al., 2015[37] Prospective Italy, Belgium 2000-2011 NSTEMI, STEMI ≤ 72 h 67

Davierwala et al., 2016[38] Retrospective Germany 2000-2014 NSTEMI, STEMI NR 508

Grothusen et al., 2017[19] Retrospective Germany 2001-2015 NSTEMI, STEMI ≤ 48 h 766

Hung et al., 2021[39] Retrospective Vietnam 2017-2019 NSTEMI, STEMI ≤ 48 h 71

Bianchi et al., 2022[40] Retrospective Italy 2009-2020 NSTEMI, STEMI NR 430

Tekin et al., 2023[41] Retrospective Turkey 2010-2020 NR ≤ 12 h 383

ACS: Acute coronary syndrome; NR: not reported; NSTEMI: non-ST segment elevation myocardial infarction; STEMI: ST-segment elevation 
myocardial infarction; UA: unstable angina.

Table 2. Meta-analysis of predictors of early mortality in ACS patients undergoing CABG

Outcome Studies Participants 
(n = 4,777) Statistical method Effect estimate

Age 6 1,255 OR (IV, Random, 95%CI) 1.40 [1.07, 1.82]

    ·Female gender 4 464 OR (IV, Random, 95%CI) 1.55 [0.61, 3.91]

Male gender 4 674 OR (IV, Random, 95%CI) 0.46 [0.22, 0.94]

Cardiogenic shock 7 1,099 OR (IV, Random, 95%CI) 5.35 [3.15, 9.09]

    ·Diabetes 5 569 OR (IV, Random, 95%CI) 1.66 [0.91, 3.06]

    ·Dyslipidemia 4 497 OR (IV, Random, 95%CI) 1.13 [0.40, 3.19]

    ·Hypertension 3 426 OR (IV, Random, 95%CI) 0.74 [0.34, 1.58]

    ·Obesity 2 359 OR (IV, Random, 95%CI) 1.03 [0.36, 2.95]

    ·Neurological disease 5 1,169 OR (IV, Random, 95%CI) 2.31 [0.92, 5.79]

CKD 5 657 OR (IV, Random, 95%CI) 3.19 [1.59, 6.42]

    ·COPD 5 657 OR (IV, Random, 95%CI) 1.91 [0.57, 6.37]

    ·PVD 2 837 OR (IV, Random, 95%CI) 1.88 [0.29, 11.98]

IABP 3 431 OR (IV, Random, 95%CI) 3.55 [1.30, 9.71]

    ·LMS disease 4 498 OR (IV, Random, 95%CI) 1.48 [0.75, 2.93]

    ·LVEF < 30% 3 684 OR (IV, Random, 95%CI) 2.46 [1.00, 6.04]

    ·OPCAB 11 2,254 OR (IV, Random, 95%CI) 0.72 [0.42, 1.25]

ACS: Acute coronary syndrome; CABG: coronary artery bypass grafting; CI: confidence interval; CHF: congestive heart failure; CKD: chronic 
kidney disease; COPD: chronic obstructive pulmonary disease; IABP: intra-aortic balloon pump; IV: inverse variance; LMS: left main stem; LVEF: 
left ventricular ejection fraction; ONCAB: on-pump coronary artery bypass grafting; OPCAB: off-pump coronary artery bypass grafting; OR: odds 
ratio; PVD: peripheral vascular disease.
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Figure 1. Flow diagram demonstrating assessment of the available literature using CEBM criteria. CEBM: Center for Evidence-Based 
Medicin.

The presence of cardiogenic shock was consistently associated with higher mortality risk, with an overall 
OR of 5.35 (95%CI: 3.15-9.09). Subgroup analyses showed ORs of 6.21 (95%CI: 1.74-22.15) for surgeries 
within 24 h and 5.93 (95%CI: 3.14-11.19) for surgeries performed more than 24 h after ACS onset.

Diabetes, neurological disease, chronic kidney disease (CKD), chronic obstructive pulmonary disease 
(COPD), and other factors exhibited varying degrees of association with early mortality across subgroups. 
For instance, CKD demonstrated an OR of 3.19 (95%CI: 1.59-6.42) overall, with ORs of 1.88 (95%CI: 0.73-
4.90) for surgeries within 24 h and 5.87 (95%CI: 2.10-16.38) for surgeries performed more than 24 h after 
ACS onset.

Off-pump coronary artery bypass (OPCAB) surgery showed an overall OR of 0.72 (95%CI: 0.42-1.25), with 
consistent findings across subgroups (ORs 0.78 within 24 h and 0.97 for surgeries performed more than 24 h 
after ACS onset).

These findings underscore the importance of considering the timing of surgery relative to ACS onset when 
assessing predictors of early mortality, highlighting differences in risk profiles and clinical outcomes based 
on this interval.

Sensitivity analysis
To assess the robustness of our findings, we conducted a Leave-One-Out Analysis, systematically excluding 
each study one at a time and re-running the meta-analysis [Supplementary Table 3]. The overall effect sizes 
and 95% confidence intervals remained mainly consistent across all iterations, apart from two notable 
changes in the CKD and OPCAB analyses. Excluding the Hirose study for CKD resulted in an overall effect 
size (OR) of 2.24 (95%CI: 0.99-5.09), indicating a reduction in the estimated risk compared to the initial 
analysis, which had an overall effect size of 3.19 (95%CI: 1.59-6.42). This suggests that the Hirose study had 
a significant impact on the higher initial risk estimation.

In the OPCAB analysis, removing the Locker study resulted in an overall effect size (OR) of 0.57 (95%CI: 
0.36-0.90), demonstrating a more pronounced protective effect compared to the initial overall effect size of 
0.72 (95%CI: 0.42-1.25). This indicates that the Locker study contributed to a more conservative estimation 

vp08032-SupplementaryMaterials.pdf
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of the protective effect of OPCAB.

Excluding these studies provided a more robust and reliable estimation of the true effect size.

DISCUSSION
This systematic review and meta-analysis investigated predictors of short-term mortality in patients 
undergoing emergency CABG for ACS. The findings underscore several critical factors associated with early 
mortality, offering insights into risk stratification and perioperative management strategies.

Currently, PCI is the primary approach for managing patients with ACS, while CABG is mainly employed 
as a secondary treatment following initial medical and interventional management of myocardial infarction 
(MI)[14]. Approximately 5% of MI patients initially undergo CABG, with another 5% requiring salvage 
CABG due to failed angioplasty[15]. Emergency cardiac surgery in these cases is linked to high rates of 
morbidity and mortality, primarily due to infarcted area enlargement and hemorrhage[16].

Despite the undeniable significance of PCI in managing ACS, CABG remains crucial for a smaller subset of 
patients. Hwang et al. examined different CABG techniques - OPCAB, ONCAB, and on-pump beating 
heart CABG - in ACS patients[17]. The study noted OPCAB’s benefits in reducing risks such as stroke, renal 
failure, and prolonged ventilation compared to ONCAB, especially in emergency settings. The success of 
OPCAB, however, depends highly on surgical expertise and patient selection, with hemodynamic instability 
and technical challenges being significant predictors of short-term mortality.

Several studies have identified predictors of early mortality after emergency CABG. The timing of surgery 
post-MI is a significant predictor, with mortality rates reaching 15%-20% for patients operated on within the 
first 48 h post-MI, compared to 4%-5% for those who undergo surgery after 48 h[14,16].

Debate persists regarding the optimal timing for surgery after ACS. Myocardial revascularization aims to 
maintain myocardial function, prevent functional decline, and activate hibernating myocardium to boost 
ventricular function. These objectives advocate for timely revascularization. However, the study findings are 
heterogeneous. Bernard et al. recommended bypass grafting within a few days post-MI[18]. Conversely, 
Grothusen et al. suggested that 48 h is optimal for NSTEMI, noting no significant differences in mortality, 
ischemic recurrence, heart failure, or cardiogenic shock between the early and delayed intervention 
groups[19]. Daviewrwala et al. suggested a 24-h period for STEMI, while Assman et al. advocated a three-day 
delay for stable patients (both STEMI and NSTEMI)[20,21]. Parikh et al. reported high-risk patients 
revascularized within 48 h had similar mortality rates to those who waited longer[22]. A 2014 meta-analysis 
described a “U”-shaped curve for postoperative mortality, indicating low-risk patients benefit from early 
surgery, whereas high-risk patients should delay surgery to optimize recovery[16]. This evidence supports 
tailoring surgery timing based on individual risk profiles.

Our study identified advanced age, cardiogenic shock, CKD, and preoperative IABP as significant predictors 
of short-term mortality following emergency CABG. Advanced age emerged as a consistent predictor across 
all analyses, reinforcing its role as a crucial determinant of postoperative outcomes. This finding 
underscores the importance of careful patient selection and risk assessment, particularly in elderly ACS 
patients requiring urgent revascularization.
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The presence of cardiogenic shock was identified as the strongest predictor of early mortality, with patients 
experiencing a five-fold increase in mortality risk compared to those without this complication. This 
underscores the critical need for rapid intervention and optimized hemodynamic management in these 
high-risk patients. Similarly, CKD was associated with a three-fold increase in mortality risk, highlighting 
the impact of renal function on perioperative outcomes in ACS patients undergoing emergency CABG. 
Conversely, male gender was found to have a protective effect against short-term mortality.

The identification of these predictors has significant clinical implications for risk stratification and 
perioperative management in ACS patients undergoing emergency CABG. Tailoring interventions based on 
individual risk profiles, such as optimizing preoperative renal function and managing cardiogenic shock, 
could potentially improve outcomes and reduce mortality rates.

Strengths and limitations
The strengths of our study include a comprehensive search strategy that adheres to PRISMA guidelines, 
rigorous quality assessment of included studies, and robust meta-analytical techniques to synthesize data 
across heterogeneous studies. Sensitivity and subgroup analyses further strengthened the robustness of our 
findings, demonstrating consistency across different patient cohorts and surgical timing intervals.

Limitations include inherent biases associated with retrospective and observational study designs, variations 
in study methodologies, and potential confounding factors not adjusted for in individual studies. 
Additionally, the exclusion of non-English studies may have introduced language bias, although efforts were 
made to minimize this through comprehensive database searches.

In conclusion, this systematic review and meta-analysis represent the first comprehensive analysis of 
predictors of short-term mortality following emergency CABG in patients with ACS. Our findings 
underscore the critical role of advanced age, cardiogenic shock, chronic kidney disease, and preoperative 
intra-aortic balloon pump as significant determinants of early mortality in this high-risk cohort. These 
results provide valuable insights into risk stratification and emphasize the need for tailored perioperative 
management strategies to enhance outcomes. Moving forward, continued research is essential to validate 
these findings across diverse patient populations and refine clinical guidelines for optimizing emergency 
CABG outcomes in ACS patients.
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