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Abstract

Background: Emergency and salvage coronary artery by-
pass grafting (CABG) is a high-risk procedure often per-
formed on critically ill patients where percutaneous coro-
nary intervention is unsuitable or has been unsuccessful.
Despite advancements in surgical techniques, the optimal
approach between on-pump CABG (ONCAB) and off-
pump CABG (OPCAB) in these settings remains debated,
particularly concerning their impact on in-hospital mortal-
ity and long-term outcomes. This study aimed to com-
pare the effects of ONCAB and OPCAB on in-hospital out-
comes and long-term survival of patients undergoing emer-
gency and salvage CABG and determine the predictors of
in-hospital mortality for this high-risk cohort of patients.
Method: A retrospective analysis was conducted on data
from 459 patients who underwent emergency or salvage
CABG between January 1996 and September 2023. Of
these, 246 underwent ONCAB, and 213 underwent OP-
CAB. Propensity score matching (PSM) was applied to cre-
ate a balanced cohort of 181 patients in each group, adjust-
ing for preoperative characteristics. Univariate and multi-
variate logistic regression analyses were performed to iden-
tify predictors of in-hospital mortality, and Kaplan–Meier
survival curves were generated to assess long-term survival.
Results: In the matched cohort, in-hospital mortality was
11.6% for ONCAB and 6.6% for OPCAB (p = 0.100). In-
dependent predictors of in-hospital mortality included ad-
vanced age (p = 0.042), high New York Heart Association
classification (p = 0.002), diabetes (p = 0.042), and salvage
procedures (p< 0.001). OPCABwas not independently as-
sociated with in-hospital mortality (p = 0.189). Long-term
survival at 20 years was similar between ONCAB and OP-
CAB (p = 0.6263). Conclusions: Despite a relatively high
in-hospital mortality, emergency and salvage CABG pa-
tients have acceptable short-term outcomes and long-term
survival. The choice of surgical strategy does not impact
outcomes. Emergency and salvage CABG remains viable
and should be offered to suitable candidates.
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Introduction

Patients with acute coronary syndrome (ACS) having
threatening anatomy, ongoing ischemia, or hemodynamic
compromise are best served by revascularization [1]. His-
torically, these critically ill patients were revascularized
by coronary artery bypass grafting (CABG). However, ad-
vances in percutaneous coronary intervention (PCI) in re-
cent years have made PCI as the preferred revascularization
strategy for ACS patients resulting in a significant decline in
emergency and salvage CABG procedures [2]. In the cur-
rent era, emergency and salvage CABG are indicated for
patients with a history of failed PCI or an anatomy unsuit-
able for PCI, ongoing ischemia despite maximal nonsurgi-
cal therapy, procedural mishap during PCI, or cardiogenic
shock with unsuitability for PCI [2,3].

Owing to a low occurrence of emergency and salvage
CABG, the published literature on the subject is limited
and predominantly focuses on immediate postoperative out-
comes [2–9]. Similarly, there is a paucity of publications
on the choice of surgical strategy, on-pump CABG (ON-
CAB) or off-pump CABG (OPCAB), for revascularization
in these high-risk settings [10–12]. Lastly, not much is re-
ported on long-term survival following emergency and sal-
vage CABG [3].

This study aimed to compare the impact of ONCAB
and OPCAB on in-hospital outcomes and long-term sur-
vival of patients undergoing emergency and salvage CABG
as well as determine the predictors of in-hospital mortality
for this high-risk cohort of patients.
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Methods

Study Design and Patients

We retrospectively analyzed data of all patients who
had emergency and salvage CABG at our institution from
January 1996 to September 2023. The definitions of
emergency and salvage CABG were in line with the
EuroSCORE-II criteria [13]. Patients were further strati-
fied into ONCAB and OPCAB groups and propensity score
matching (PSM)was used to reduce treatment selection bias
and potential confounding factors. Predictors of in-hospital
mortality were determined and survival curves were gen-
erated to assess long-term survival. The study was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki. The local audit committee approved the
study, and the requirement for individual patient consent
was waived due to the retrospective nature of the study.

Interventions

Over the study period, ONCAB and OPCAB proce-
dures were performed by surgeons with exclusive on-pump
and off-pump practice, respectively. We had previously de-
scribed our operative technique in detail [14]. All interven-
tions were performed via a midline sternotomy. The choice
of conduits was based on the surgeon’s preference as well
as dictated by patient characteristics.

Data Collection and Variables

The data was prospectively collected in a cardiac
surgery database (PATS; Dendrite Clinical Systems, Ltd.,
Oxford, UK). The PATS database captures detailed infor-
mation on a wide range of preoperative, intraoperative and
hospital postoperative variables (including complications
and mortality) for all patients undergoing cardiac surgery
at our institution. Reproducible cleaning algorithms were
applied to the database, which are regularly updated as re-
quired. Briefly, duplicate records were removed, transcrip-
tional discrepancies were harmonized, and clinical conflicts
and extreme values were corrected or removed. The data
are validated and also submitted to the National Institute for
Cardiovascular Outcomes Research (National Adult Car-
diac Surgery Audit registry) annually.

Preoperative variables of interest included age, gen-
der, New York Heart Association class, congestive heart
failure (never, past, now), number of previous myocar-
dial infarction (MI), timing of last MI, diabetes, hyperc-
holesterolemia, hypertension, smoking history (never, ex-
smoker, current), renal impairment, dialysis, chronic ob-
structive pulmonary disease/asthma, cerebrovascular dis-
ease, peripheral vascular disease, atrial fibrillation, extent
of coronary artery disease (CAD), left main stem (LMS)
disease, left ventricular ejection fraction (good >50%; fair

30–50%; poor <30%), urgency (emergency, salvage), car-
diogenic shock, and logistic EuroSCORE.

Intraoperative variables of interest included left inter-
nal mammary artery (LIMA) use, grafts per patient, car-
diopulmonary bypass (CPB) time, single arterial grafting,
multiple arterial grafting, total arterial grafting, aortic cross-
clamp time, conversion to CPB, and index of complete-
ness of revascularization (ICOR). The ICOR was defined
as the total number of distal grafts constructed divided by
the number of the affected coronary vessels reported on the
preoperative coronary angiogram [15]. Complete revascu-
larization was assumed when the ICOR was 1 or greater.

Postoperative variables of interest included reoper-
ation for bleeding, tracheostomy, neurological complica-
tions (stroke or transient ischaemic attack), deep sternal
wound infection, postoperative renal replacement therapy,
and in-hospital mortality.

The long-term outcome of interest was all-cause mor-
tality beyond 30 days. Information about death was ob-
tained from the institutional database and NHS Spine for all
patients. Data regarding postoperative complications and
survival were available for all patients in the study.

Statistical Analysis

Continuous variables are expressed as mean ± stan-
dard deviation if normally distributed and as median and
interquartile range for the numerical variables not nor-
mally distributed. Categorical variables are shown as count
and percentages. The Lilliefors (Kolmogorov–Smirnov)
test was used for normality assessment. Comparison be-
tween continuous variables has been conducted using un-
paired Student’s t-test if normally distributed and Mann–
Whitney U-test if not normally distributed. Categorical
variables have been compared using Pearson Chi-square
test or Fisher’s exact test as appropriate.

A multiple logistic regression model has been used
to identify predictors of in-hospital mortality. After con-
ducting univariable analysis, the final multivariable mod-
els were obtained using a stepwise approach, with p-values
serving as the criteria for variable inclusion. The statisti-
cal model focused on selecting relevant predictors based on
their significance in explaining in-hospital mortality. While
propensity score matching helped control for known con-
founders, the logistic regression model allowed us to assess
the influence of multiple variables simultaneously, thereby
providing insight into the independent contribution of each
factor to in-hospital mortality.

The survival analysis was conducted comparing the
survival functions of the 2 groups using the log-rank test and
Kaplan–Meier curves. Survival curves were plotted with
95% confidence interval (CI) and survival probability (%)
at 5, 10, 15 and 20 years was reported.

Propensity score matching (PSM) was used to mini-
mize baseline differences between patients undergoing OP-
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CAB and ONCAB. A logistic regression model was devel-
oped using preoperative characteristics to estimate propen-
sity scores for each patient. All pre-treatment variables
were included in the model. The goal of PSM was to ac-
count for these differences, thus ensuring more valid com-
parisons between the two groups. Propensity score (mean
0.470± 0.124) was generated for each patient and each pa-
tient in the ONCAB group was paired with one patient in
theOPCABgroup using greedy 1:1matching, with a calibre
width of 0.20 standard deviation of the logit of the propen-
sity score. We used a caliper width of 0.20 standard devi-
ations of the logit of the propensity score, which is a com-
monly accepted threshold in the literature for achieving a
good balance between reducing bias and retaining an ad-
equate sample size. The 0.20 threshold has been shown to
minimize the risk of residual bias while maintaining enough
matched pairs for meaningful statistical analysis. A stricter
caliper width could have led to the exclusion of more pa-
tients, reducing the statistical power of the study, while a
wider caliper would have allowed for greater imbalance be-
tween groups.

Clinical data were recorded and subsequently tabu-
lated with Microsoft Excel (Microsoft Corp, Redmond,
Washington). Data analysis was performed in SPSS (SPSS
Statistics 29.0.2.0, IBM Corp, Armonk, NY, USA).

Results

Preoperative Demographics

A total of 459 patients had emergency and salvage
CABG over the study period (Fig. 1).

Fig. 1. Yearly Distribution of Emergency and Salvage Coro-
nary Artery Bypass Grafting (CABG) Procedures (1996–
2023).

Salvage CABG was performed in 35 cases. ONCAB
was performed in 246 cases while 213 patients receivedOP-

CAB. The 2 groups were reasonably well-matched for most
pre-treatment variables with the exception of OPCAB pa-
tients being older (66.9 ± 10.7 vs. 62.9 ± 11.2; p < 0.001)
and having more diabetes (33.3% vs. 23.6%; p = 0.020),
single vessel and double vessel CAD (36.6 vs. 24.8; p
= 0.006) compared with ONCAB patients. On the other
hand, ONCAB patients had more three vessel CAD (75.2
vs. 63.4; p = 0.006) and salvage procedures (10.6% vs.
4.2%; p = 0.011) compared to OPCAB patients. Overall,
the OPCAB patients had a similar risk profile as the ON-
CAB patients (logistic EuroSCORE: 6.1 ± 8.1 vs. 5.6 ±
9.0; p = 0.503). PSM created a total of 181 pairs perfectly
matched for all pre-treatment variables (Fig. 2). Distri-
bution of pre-treatment variables in the off-pump and on-
pump groups is summarized in Table 1.

Fig. 2. Flowchart of propensity score matching for on-pump
CABG (ONCAB) and off-pump CABG (OPCAB) Groups.

Intraoperative Data

Therewere fewer grafts performed after OPCAB com-
pared with ONCAB for unmatched (2.58 ± 0.8 vs. 2.77
± 0.8; p = 0.016) and matched (2.56 ± 0.8 vs. 2.77 ±
0.8; p = 0.015) cohorts (Supplementary Table 1). How-
ever, ICOR was similar for unmatched (1.06± 0.4 vs. 1.07
± 0.4; p = 0.824) cohort but significantly lower for OP-
CAB patients in the matched cohort (1.00 ± 0.3 vs. 1.09
± 0.4; p = 0.014). The use of the left internal mammary
artery (LIMA) was observed in 89.3% of patients overall,
with a statistically significant difference between the ON-
CAB and OPCAB groups in the unmatched cohort (86.6%
vs. 92.5%, p = 0.041). This trend persisted in the matched
cohort, where LIMA usage remained higher in the OPCAB
group compared to the ONCAB group (91.7% vs. 85.1%,
p = 0.049). CPB time averaged 83.1 ± 40.5 minutes, with
an aortic cross-clamp (ACC) time of 35.0 ± 27.0 minutes.
Over the study period, 5 OPCAB were converted to ON-
CAB.
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Table 1. Preoperative characteristics.
Unmatched Matched

Variable Total CABG (n = 459) ONCAB (n = 246) OPCAB (n = 213) p value ONCAB (n = 181) OPCAB (n = 181) p value

Demographics

Age 64.8 ± 11.1 62.9 ± 11.2 66.9 ± 10.7 <0.001 65.3 ± 10.5 65.7 ± 10.9 0.713
Female gender 106 (23.1) 57 (23.2) 49 (23.0) 0.966 44 (24.3) 41 (22.7) 0.710

Cardiac Status

NYHA

0.055 0.114
I 127 (27.7) 81 (32.9) 46 (21.6) 62 (34.3) 42 (23.2)
II 147 (32.0) 74 (30.1) 73 (34.3) 52 (28.7) 63 (34.8)
III 121 (26.4) 54 (22) 67 (31.5) 45 (24.9) 56 (30.9)
IV 64 (13.9) 37 (15) 27 (12.7) 22 (12.2) 20 (11.0)

Congestive HF

0.744 0.488
Never 387 (84.3) 206 (83.7) 181 (85) 150 (82.9) 155 (85.6)
Past 11 (2.4) 7 (2.8) 4 (1.9) 6 (3.3) 4 (2.2)
Now 61 (13.3) 33 (13.4) 28 (13.1) 25 (13.8) 22 (12.2)

Number of previous MI

0.977 0.670
0 173 (37.7) 91 (37) 82 (38.5) 70 (38.7) 68 (37.6)
1 237 (51.6) 131 (53.3) 106 (49.8) 91 (50.3) 90 (49.7)
2 19 (4.1) 12 (4.9) 7 (3.3) 11 (6.1) 7 (3.9)
3 or more 30 (6.5) 12 (4.9) 18 (8.5) 9 (5.0) 16 (8.8)

Last MI

0.699 0.855
Less than 24 hrs 74 (16.1) 92 (37.4) 82 (38.5) 71 (39.2) 68 (37.6)
1–30 days 134 (29.2) 42 (17.1) 32 (15) 25 (13.8) 27 (14.9)
31–90 days 53 (11.5) 39 (15.9) 14 (6.6) 47 (26.0) 60 (33.1)
More than 90 days 24 (5.2) 9 (3.7) 15 (7) 7 (3.9) 13 (7.2)

Comorbidities

Diabetes 129 (28.1) 58 (23.6) 71 (33.3) 0.020 51 (28.2) 50 (27.6) 0.907
Hypercholesterolemia 318 (69.3) 165 (67.1) 153 (71.8) 0.270 123 (68.0) 129 (71.3) 0.493
Hypertension 286 (62.3) 156 (63.4) 130 (61.0) 0.600 114 (63.0) 106 (58.6) 0.389
Smoking

0.488 0.921
Never 165 (35.9) 87 (35.4) 78 (36.6) 72 (39.8) 68 (37.6)
Ex-smoker 229 (49.9) 120 (48.8) 109 (51.2) 82 (45.3) 90 (49.7)
Current 65 (14.2) 39 (15.9) 26 (12.2) 27 (14.9) 23 (12.7)

Renal impairment 33 (7.2) 18 (7.3) 15 (7.0) 0.909 14 (7.7) 11 (6.1) 0.534
Dialysis 6 (1.3) 2 (0.8) 3 (1.4) 0.463 2 (1.1) 0 (0.0) 0.156
COPD/Asthma 30 (6.5) 13 (5.3) 17 (8.0) 0.244 8 (4.4) 16 (8.8) 0.091
Cerebrovascular disease 27 (5.9) 17 (6.9) 17 (6.9) 0.314 14 (7.7) 10 (5.5) 0.398
Peripheral vascular disease 44 (9.6) 26 (10.6) 18 (8.5) 0.442 20 (11.0) 17 (9.4) 0.603
AF 10 (2.2) 4 (1.6) 6 (2.8) 0.383 4 (2.2) 6 (3.3) 0.521
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Table 1. Continued.
Unmatched Matched

Variable Total CABG (n = 459) ONCAB (n = 246) OPCAB (n = 213) p value ONCAB (n = 181) OPCAB (n = 181) p value

Extent of CAD

0.006 0.420
1 35 (7.6) 15 (6.1) 20 (9.4) 12 (6.6) 11 (6.1)
2 104 (22.7) 46 (18.7) 58 (27.2) 40 (22.1) 49 (27.1)
3 320 (69.7) 185 (75.2) 135 (63.4) 129 (71.3) 121 (66.9)

LMS disease 179 (39.0) 87 (35.4) 92 (43.2) 0.086 64 (35.4) 75 (41.4) 0.235
LVEF

0.695 0.969
Good (>50%) 292 (63.6) 156 (63.4) 136 (63.8) 116 (64.1) 114 (63.0)
Fair (30–50%) 123 (26.8) 62 (25.2) 61 (28.6) 47 (26.0) 53 (29.3)
Poor (<30%) 44 (9.6) 28 (11.4) 16 (7.5) 18 (9.9) 14 (7.7)

Logistic EuroSCORE 5.8 ± 8.6 5.6 ± 9.0 6.1 ± 8.1 0.503 5.4 ± 9.0 6.2 ± 8.6 0.374

Operative and Procedural Variables

Operative Urgency
0.011 0.380Emergency 424 (92.4) 220 (89.4) 204 (95.8) 168 (92.8) 172 (95.0)

Salvage 35 (7.6) 26 (10.6) 9 (4.2) 13 (7.2) 9 (5.0)
Cardiogenic Shock 48 (10.5) 29 (11.8) 19 (8.9) 0.317 19 (10.5) 18 (9.9) 0.862
IABP 99 (21.6) 50 (20.6) 49 (23.0) 0.729 37 (20.4) 39 (21.5) 0.810
AF, atrial fibrillation; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; IABP, intra-aortic balloon pump; LMS, left main stem;
LVEF, left ventricular ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association; ONCAB, on-pump coronary artery bypass; OPCAB, off-
pump coronary artery bypass; PCI, percutaneous coronary intervention; CAD, coronary artery disease.

Table 2. In hospital outcomes and long-term mortality.
Unmatched Matched

Variable Total CABG (n = 459) ONCAB (n = 246) OPCAB (n = 213) p value ONCAB (n = 181) OPCAB (n = 181) p value

Reoperation for bleeding 31 (6.8) 21 (8.5) 10 (4.7) 0.102 14 (7.7) 8 (4.4) 0.187
Tracheostomy 16 (3.5) 13 (5.3) 3 (1.4) 0.024 8 (4.4) 2 (1.1) 0.054
TIA/CVA 6 (1.3) 3 (1.2) 3 (1.4) 0.859 3 (1.7) 3 (1.7) 1.000
DSWI 13 (2.8) 7 (2.8) 6 (2.8) 0.985 5 (2.8) 4 (2.2) 0.736
Postoperative RRT 32 (7.0) 19 (7.7) 13 (6.1) 0.497 14 (7.7) 8 (4.4) 0.187
Postoperative IABP 74 (16.1) 39 (15.9) 35 (16.4) 0.897 29 (16.0) 28 (15.4) 0.892
In-hospital mortality 41 (8.9) 26 (10.6) 15 (7.0) 0.186 21 (11.6) 12 (6.6) 0.100
Mortality at 20 years 220 (48) 122 (49.5) 97 (45.4) 0.001 103 (56.9) 79 (43.8) <0.001
CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; DSWI, deep sternal wound infection; IABP, intra-aortic balloon pump; ONCAB, on-pump
coronary artery bypass; OPCAB, off-pump coronary artery bypass; RRT, renal replacement therapy; TIA, transient ischemic accident.

E30
H
eartSurgery

Forum

https://journal.hsforum.com/


In-Hospital Outcomes

In-hospital outcomes are summarized in Table 2.
There was no difference in major complication rates during
hospitalization for unmatched as well as matched OPCAB
and ONCAB cohorts except for higher tracheostomy rates
in unmatched ONCAB patients (5.3% vs. 1.4%; p = 0.024)
compared to OPCAB patients.

In-Hospital Mortality & Predictors of In-Hospital Mortal-
ity

Overall 30-day mortality was 8.9% (41 patients) with
no difference between the unmatched and matched groups
(Table 2). There were 2 deaths (40%) in the cohort of 5
OPCAB patients who required conversion to ONCAB. On
univariate analysis (Supplementary Table 2), significant
predictors for in-hospital mortality were advancing age,
NYHA class, diabetes, pulmonary disease, preoperative
AF, LMS disease, and salvage procedures. Among them,
after consideration of collinearity, multivariate analysis re-
vealed that the independent predictors for in-hospital death
were advancing age, NYHA class, diabetes, and salvage
procedures (Supplementary Table 2). OPCAB was not
independently associated with in-hospital mortality (OR:
0.641, 95% CI: 0.330–1.245, p = 0.189).

Long-Term Survival

Long-term survival analysis showed a mean follow-
up of 11.6 ± 8.1 years (range: 0–20 years). During this
period, there were a total of 220 deaths (48%) across the en-
tire cohort. In the unmatched cohort, ONCAB patients had
higher mortality rate at 20 years compared to OPCAB pa-
tients (49.5% vs. 45.4%, p = 0.001). In the matched cohort,
this difference was even more pronounced, with ONCAB
patients showing a mortality rate of 56.9% compared to
43.8% in the OPCAB group (p< 0.001). The mean follow-
up was significantly longer for ONCAB patients compared
to OPCAB patients in both the unmatched cohort (12.4 ±
8.8 years vs. 10.7 ± 7.2 years, p = 0.027) and the matched
cohort (12.2 ± 8.7 years vs. 10.8 ± 7.3 years, p < 0.001).

Fig. 3 shows that survival for the entire cohort was
88.3%, 84.9%, 78.1%, 68.4%, and 52.0% at 1, 5, 10, 15,
and 20 years respectively (Supplementary Table 3). Sur-
vival at 1, 5, 10, 15, and 20 years was 88.8%, 85.8%, 77.6%,
66.4% and 50.5% versus 87.7%, 84.0%, 78.6%, 71.1%, and
54.6% in the unmatched ONCAB and OPCAB groups, re-
spectively (Fig. 4, Supplementary Table 4). Long-term
survival was similar for propensity matched groups as well
(Fig. 5, Supplementary Table 5).

Cox regression analysis identified several variables as
significant predictors of long-term mortality in the univari-
ate analysis. Advanced age (HR: 1.050, 95% CI: 1.035–
1.067, p < 0.001), NYHA class (HR: 1.238, 95% CI:
1.069–1.434, p = 0.004), peripheral vascular disease (HR:

0.759, 95%CI: 0.612–0.942, p = 0.012), LMS disease (HR:
0.826, 95% CI: 0.708–0.964, p = 0.015), and lack of arte-
rial graft use (HR: 1.473, 95% CI: 1.003–2.162, p = 0.048)
were all associated with increased mortality. In multivari-
ate analysis, advanced age remained a significant predictor
(HR: 1.046, 95% CI: 1.030–1.063, p = 0.001), and the ab-
sence of arterial grafts had a stronger association with mor-
tality (HR: 1.733, 95% CI: 1.168–2.569, p = 0.006). Other
variables, including NYHA class, peripheral vascular dis-
ease, and LMS disease, did not retain significance in the
multivariate model, indicating that advanced age and arte-
rial graft usage are the most influential factors in predicting
long-term survival (Supplementary Table 6).

Fig. 3. Kaplan-Meier survival estimates for the entire cohort.

Fig. 4. Kaplan-Meier survival estimates for the unmatched
ONCAB and OPCAB cohorts.
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Fig. 5. Kaplan-Meier survival estimates for matched ONCAB
and OPCAB cohorts.

Discussion

This single-centre series with the largest emergency
and salvage CABG cohort and longest follow-up vali-
dates the feasibility and efficacy of emergency and salvage
CABG. Furthermore, the study shows that there is no dif-
ference in postoperative outcomes and long-term survival
between on- or off-pump revascularization strategies.

Similar to our experience, another large volume
study of 614 patients (580 emergency and 34 salvage
CABG), from four North-European university hospitals,
reported substantial in-hospital mortality and acceptable
long-term survival justifying life-saving emergency and
salvage CABG [3]. Overall, in-hospital mortality in our
study of 8.9% is comparable to that reported by previously
published studies ranging from 4.6% to 24% for this cohort
of patients [3,5–10].

This study reports advancing age, NYHA class, di-
abetes, and salvage surgery as independent preoperative
predictors of in-hospital mortality. Advancing age has
also been reported as a predictor of in-hospital death in
this cohort by Axelsson et al. [3]. Advancing age due
to increased comorbidities, reduced physiological reserves,
fragility, and poor tissue quality results in more compli-
cations and this translates into higher in-hospital mortality
[16]. NYHA class is a surrogate for the severity of heart
failure symptoms and overall functional status of the pa-
tient. Higher NYHA classes (III and IV) imply more se-
vere heart failure which reflects worse cardiac function and
increased risk [17]. Higher NYHA classes also correlate
with reduced functional capacity, presence of other comor-
bid conditions such as renal dysfunction and pulmonary
disease, as well as hemodynamic instability all of which
can increase the risk of perioperative mortality after CABG
[17,18]. Diabetes due to its association with systemic com-
plications, diffuse and extensive coronary artery disease,

as well as increased risk of recurrent cardiovascular events
contributes to enhanced in-hospital mortality in this cohort
of patients [19]. Salvage status is well recognized as a risk
factor for increased mortality after coronary artery bypass
grafting in this cohort [3]. Patients needing salvage surgery
are usually facedwith life threatening situations such as car-
diogenic shock, failed PCI with ongoing ischemia or a seri-
ous PCI complication, such as rupture of a coronary vessel
with or without cardiac tamponade. Additionally, patients
needing salvage surgery have limited or no time for opti-
mization which coupled with increased surgical complexity
lead to poorer outcomes including higher mortality [3].

The lack of a significant difference in in-hospital mor-
tality between OPCAB and ONCAB underscores that OP-
CAB is not inferior to ONCAB in emergency CABG set-
tings. This finding aligns with recent literature, which has
shown comparable outcomes between the two techniques,
suggesting that OPBAC may be a viable and potentially
advantageous alternative to traditional on-pump methods,
even in high-risk emergency cases [20]. A recent meta-
analysis further supports this view, finding no significant
difference in mortality outcomes between OPCAB and ON-
CAB in emergency settings, which reinforces the viability
of off-pump surgery as a safe alternative to on-pump tech-
niques [21].

OPCAB offers the advantage of avoiding CPB, poten-
tially reducing complications associated with CPB, such as
systemic inflammation and reperfusion injury. However,
hemodynamic instability during heart manipulation in OP-
CAB, particularly when grafting lateral vessels, can pose
challenges and risks that may offset these benefits. The
comparable outcomes between OPCAB andONCAB in our
study imply that when performed by experienced surgeons,
OPCAB can achieve similar in-hospital results to ONCAB,
supporting its use as a non-inferior alternative in suitable
emergency cases.

Conventional on-pump technique is considered the
preferred strategy for performing emergency and salvage
CABG due to the benefits of operating on a flaccid heart
in a bloodless field. However, in recent years advances
in technology and anaesthetic techniques have resulted in
emergence of OPCAB as a suitable alternative for ONCAB
[22]. OPCAB by avoiding the well-established deleterious
effects of CPB and cardioplegic arrest ensures myocardial
revascularization without global myocardial ischemia and
avoidance of reperfusion injury, advantages which translate
into fewer complications [23]. On the other hand, manip-
ulation of the heart during OPCAB especially for grafting
vessels on the lateral surface can cause significant hemody-
namic compromise which can result in emergency conver-
sion that carries considerable morbidity and mortality ren-
dering OPCAB inappropriate for emergency and salvage
CABG surgery [24]. This study reports similar outcomes
for the ONCAB and OPCAB matched and unmatched co-
horts except for higher need for tracheostomy in unmatched
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ONCAB group. The most plausible explanations for sim-
ilar outcomes for the two cohorts can be identical ICOR
and the fact that surgeons with exclusive ONCAB and OP-
CAB practices performed all the procedures. Exaggerated
systemic inflammatory response and fluid shifts in ON-
CAB patients resulting in prolonged ventilation could be
the likely explanation for more need for tracheostomy in
this cohort. Locker and colleagues have found that the use
of off-pump is especially favourable in patients with cardio-
genic shock [10]. Although we did not notice a significant
difference in outcomes however, our experience similar to
that of other authors [10–12] challenges the general percep-
tion that patients who are haemodynamically unstable are
not suitable for off-pump surgery, given the patient may not
tolerate further haemodynamic alterations with manipula-
tion of the heart.

The 1-year and 5-year survival of this cohort is similar
to that reported by other authors [3,10]. This study is unique
as it also reports 10-, 15-, and 20-year survival all of which
are reassuring substantiating the long-term effectiveness of
emergency and salvage CABG. Similar late survival at var-
ious time points for ONCAB and OPCAB cohorts can be
attributed to completeness of revascularization in the two
cohorts unlike the experience of Locker et al. [10].

This is a retrospective observational analysis of our
institutional database and has all the limitations of a retro-
spective study. While this study provides valuable insights
into the outcomes of emergency and salvage CABG, its ret-
rospective design introduces inherent limitations that affect
the generalizability of the findings. Although PSM was
used to mitigate confounding variables and create balanced
groups, this method cannot account for unmeasured con-
founders that may have influenced both treatment choice
(ONCAB vs. OPCAB) and outcomes. This limitation re-
duces the ability to apply these findings universally across
different populations or clinical settings. Additionally, the
inclusion of earlier OPCAB cases, whichmay not have ben-
efited from recent technological and procedural advance-
ments, could have influenced the outcomes observed in the
OPCAB group. Off-pump CABG techniques have evolved
over time, with improvements in stabilizers, anesthetic pro-
tocols, and surgeon experience likely leading to better out-
comes in more recent years. The inclusion of older OPCAB
cases in this study could, therefore, understate the poten-
tial benefits of contemporary off-pump approaches. Earlier
surgeries, particularly OPCAB procedures, may not have
benefited from recent technological improvements, thus po-
tentially skewing outcomes. This temporal variability fur-
ther limits the generalizability of the results to modern clin-
ical practice.

It is important to emphasize that the study does not
have the issue of patient selection bias as patients were re-
ferred to surgeons in our institution notwithstanding their
preferred revascularization strategy. However, the fact
that different surgeons performed off-pump and on-pump

surgery can be a significant source of bias and remains a
substantial limitation of this study. Similarly, one can ar-
gue that inclusion of cases from the early phase of off-pump
experience in this study can affect the results and their ex-
clusion will minimize bias. On the contrary, we strongly be-
lieve that exclusion of cases does not provide a true reflec-
tion of real-world experience and acknowledge this aspect
as a limitation of the study. There were minor differences in
the 2 groups that would not profoundly affect the key results
as the variables with significant differences have minimal
effect on the hard end points. However, to have a more
robust comparison these minor differences were addressed
with propensity matching. The propensity score adjustment
is no substitute for a properly designed randomized con-
trolled trial (RCT). The retrospective nature of the study
cannot account for the unknown variables affecting the out-
come that are not correlated strongly with measured vari-
ables. However, retrospective comparisons with propen-
sity score adjustment are more versatile and offer a useful
way of interpreting large amounts of audit data and of seek-
ing answers to questions that may present insurmountable
difficulties in the design of RCTs. Lastly, the lack of in-
formation beyond 30 days for short-term outcomes other
than mortality is clearly a limitation due to the fact that any
significant event immediately after this period might have
been related to the surgery and was not captured.

Conclusions

Emergency and salvage CABG, with initial high in-
hospital mortality and reassuring long-term survival, re-
mains a reasonable option for a very high-risk cohort of pa-
tients who without surgical intervention will have a bleak
outcome. The choice of surgical revascularization strategy
should be dictated by the institutional experience and indi-
vidual surgeon’s expertise as both off-pump and on-pump
CABG have comparable outcomes.

Availability of Data and Materials

The datasets generated and/or analyzed during the cur-
rent study are not publicly available due to General Data
Protection Regulation (GDPR) but are available from the
corresponding author on reasonable request.

Author Contributions

MC contributed to the design of the work, analyzed
the data, interpreted the data, and drafted the work. KU
acquired the data. AA acquired the data. NM and SKB
revised critically for important intellectual content. SGR
contributed to the conception of the work, drafted the work,

Heart Surgery Forum E33

https://journal.hsforum.com/


and revised critically for important intellectual content. All
authors made substantial contributions to the conception or
design of the work; the acquisition, analysis, or interpre-
tation of data for the work; drafting the work or revising
it critically for important intellectual content. All authors
read and approved the final manuscript. All authors agree
to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

Ethics Approval and Consent to Participate

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. The local audit com-
mittee approved the study (Q&S 25/05/2024), and the re-
quirement for individual patient consent was waived due to
the retrospective nature of the study.

Acknowledgment

The authors acknowledge the support of Siobhan Da-
ley and Andy Ryan from department of Quality & Safety,
Harefield Hospital.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
59958/hsf.8097.

References

[1] Lawton JS, Tamis-Holland JE, Bangalore S, Bates ER, Beckie
TM, Bischoff JM, et al. 2021 ACC/AHA/SCAI Guideline for
Coronary Artery Revascularization: Executive Summary: A
Report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines.
Circulation. 2022; 145: e4–e17. https://doi.org/10.1161/CIR.
0000000000001039.

[2] Schumer EM, Chaney JH, Trivedi JR, Linsky PL, Williams ML,
Slaughter MS. Emergency Coronary Artery Bypass Grafting:
Indications and Outcomes from 2003 through 2013. Texas Heart
Institute Journal. 2016; 43: 214–219. https://doi.org/10.14503/
THIJ-14-4978.

[3] Axelsson TA, Mennander A, Malmberg M, Gunn J, Jeppsson A,
Gudbjartsson T. Is emergency and salvage coronary artery by-
pass grafting justified? The Nordic Emergency/Salvage coro-
nary artery bypass grafting study. European Journal of Cardio-
thoracic Surgery: Official Journal of the European Associa-
tion for Cardio-thoracic Surgery. 2016; 49: 1451–1456. https:
//doi.org/10.1093/ejcts/ezv388.

[4] Haan CK, O’Brien S, Edwards FH, Peterson ED, Ferguson TB.
Trends in emergency coronary artery bypass grafting after percu-
taneous coronary intervention, 1994–2003. The Annals of Tho-
racic Surgery. 2006; 81: 1658–1665. https://doi.org/10.1016/j.
athoracsur.2005.09.079.

[5] Kurki TS, Kataja M, Reich DL. Emergency and elective coro-
nary artery bypass grafting: comparisons of risk profiles, post-
operative outcomes, and resource requirements. Journal of Car-
diothoracic and Vascular Anesthesia. 2003; 17: 594–597. https:
//doi.org/10.1016/s1053-0770(03)00202-7.

[6] Khaladj N, Bobylev D, Peterss S, Guenther S, Pichlmaier M,
Bagaev E, et al. Immediate surgical coronary revascularisation
in patients presenting with acute myocardial infarction. Jour-
nal of Cardiothoracic Surgery. 2013; 8: 167. https://doi.org/10.
1186/1749-8090-8-167.

[7] Sezai A, Hata M, Yoshitake I, Kimura H, Takahashi K, Hata H,
et al. Results of emergency coronary artery bypass grafting for
acute myocardial infarction: importance of intraoperative and
postoperative cardiac medical therapy. Annals of Thoracic and
Cardiovascular Surgery: Official Journal of the Association of
Thoracic and Cardiovascular Surgeons of Asia. 2012; 18: 338–
346. https://doi.org/10.5761/atcs.oa.11.01821.

[8] Christiansen S, Autschbach R. Results and treatment strategy for
patients undergoing emergent coronary artery bypass grafting.
Annals of Thoracic and Cardiovascular Surgery: Official Jour-
nal of the Association of Thoracic and Cardiovascular Surgeons
of Asia. 2010; 16: 168–173.

[9] Yang EH, Gumina RJ, Lennon RJ, Holmes DR, Jr, Rihal CS,
Singh M. Emergency coronary artery bypass surgery for percu-
taneous coronary interventions: changes in the incidence, clin-
ical characteristics, and indications from 1979 to 2003. Journal
of the American College of Cardiology. 2005; 46: 2004–2009.
https://doi.org/10.1016/j.jacc.2005.06.083.

[10] Locker C, Shapira I, Paz Y, Kramer A, Gurevitch J, Matsa M,
et al. Emergency myocardial revascularization for acute my-
ocardial infarction: survival benefits of avoiding cardiopul-
monary bypass. European Journal of Cardio-thoracic Surgery:
Official Journal of the European Association for Cardio-
thoracic Surgery. 2000; 17: 234–238. https://doi.org/10.1016/
s1010-7940(00)00354-7.

[11] Kaya K, Cavolli R, Telli A, Soyal MFT, Aslan A, Gokaslan G,
et al. Off-pump versus on-pump coronary artery bypass graft-
ing in acute coronary syndrome: a clinical analysis. Journal of
Cardiothoracic Surgery. 2010; 5: 31. https://doi.org/10.1186/
1749-8090-5-31.

[12] Darwazah AK, Sham’a RAHA, Isleem I, Hanbali B,
Jaber B. Off-pump coronary artery bypass for emer-
gency myocardial revascularization. Asian Cardio-
vascular & Thoracic Annals. 2009; 17: 133–138.
https://doi.org/10.1177/0218492309103288.

[13] Nashef SAM, Roques F, Sharples LD, Nilsson J, Smith C, Gold-
stone AR, et al. EuroSCORE II. European Journal of Cardio-
thoracic Surgery: Official Journal of the European Association
for Cardio-thoracic Surgery. 2012; 41: 734–744; discussion
744–745. https://doi.org/10.1093/ejcts/ezs043.

[14] Raja SG, Benedetto U, Chudasama D, Daley S, Husain M, Am-
rani M, et al. Long-term follow-up of off-pump and on-pump
coronary artery bypass grafting. Innovations (Philadelphia, Pa.).
2014; 9: 122–129; discussion 129. https://doi.org/10.1097/IMI.
0000000000000042.

E34 Heart Surgery Forum

https://doi.org/10.59958/hsf.8097
https://doi.org/10.59958/hsf.8097
https://doi.org/10.1161/CIR.0000000000001039
https://doi.org/10.1161/CIR.0000000000001039
https://doi.org/10.14503/THIJ-14-4978
https://doi.org/10.14503/THIJ-14-4978
https://doi.org/10.1093/ejcts/ezv388
https://doi.org/10.1093/ejcts/ezv388
https://doi.org/10.1016/j.athoracsur.2005.09.079
https://doi.org/10.1016/j.athoracsur.2005.09.079
https://doi.org/10.1016/s1053-0770(03)00202-7
https://doi.org/10.1016/s1053-0770(03)00202-7
https://doi.org/10.1186/1749-8090-8-167
https://doi.org/10.1186/1749-8090-8-167
https://doi.org/10.5761/atcs.oa.11.01821
https://doi.org/10.1016/j.jacc.2005.06.083
https://doi.org/10.1016/s1010-7940(00)00354-7
https://doi.org/10.1016/s1010-7940(00)00354-7
https://doi.org/10.1186/1749-8090-5-31
https://doi.org/10.1186/1749-8090-5-31
https://doi.org/10.1177/0218492309103288
https://doi.org/10.1093/ejcts/ezs043
https://doi.org/10.1097/IMI.0000000000000042
https://doi.org/10.1097/IMI.0000000000000042
https://journal.hsforum.com/


[15] Lattouf OM, Thourani VH, Kilgo PD, Halkos ME, Baio KT,
Myung R, et al. Influence of on-pump versus off-pump tech-
niques and completeness of revascularization on long-term sur-
vival after coronary artery bypass. The Annals of Thoracic
Surgery. 2008; 86: 797–805. https://doi.org/10.1016/j.athoracs
ur.2008.04.065.

[16] Lemaire A, Soto C, Salgueiro L, Ikegami H, Russo MJ, Lee
LY. The impact of age on outcomes of coronary artery bypass
grafting. Journal of Cardiothoracic Surgery. 2020; 15: 158.
https://doi.org/10.1186/s13019-020-01201-3.

[17] Chua TKT, Gao F, Chia SY, Sin KYK, Naik MJ, Tan TE,
et al. Long-term mortality after isolated coronary artery by-
pass grafting and risk factors for mortality. Journal of Car-
diothoracic Surgery. 2024; 19: 429. https://doi.org/10.1186/
s13019-024-02943-0.

[18] Peters SAE, Kluin J. Why do women do worse after coronary
artery bypass grafting? European Heart Journal. 2021; 43: 29–
31. https://doi.org/10.1093/eurheartj/ehab617.

[19] Leavitt BJ. The effects of diabetes mellitus on coronary artery
bypass graft surgery. Current Diabetes Reports. 2007; 7: 20–24.
https://doi.org/10.1007/s11892-007-0005-7.

[20] Tekin EE, Aydinli B, Yesiltas MA, Oksen D. Emergency coro-
nary artery bypass surgery in octogenarians with acute coro-

nary syndrome: off and on pump. European Review for Medi-
cal and Pharmacological Sciences. 2023; 27: 7049–7057. https:
//doi.org/10.26355/eurrev_202308_33277.

[21] Comanici M, Nadia B, Raja SG. Predictors of short-term mor-
tality in patients undergoing emergency coronary artery bypass
grafting: a systematic review and meta-analysis. Vessel Plus.
2024; 8: 32. https://dx.doi.org/10.20517/2574-1209.2024.32.

[22] Hwang B, Williams ML, Tian DH, Yan TD, Misfeld M. Coro-
nary artery bypass surgery for acute coronary syndrome: A
network meta-analysis of on-pump cardioplegic arrest, off-
pump, and on-pump beating heart strategies. Journal of Car-
diac Surgery. 2022; 37: 5290–5299. https://doi.org/10.1111/jo
cs.17149.

[23] Raja SG, Berg GA. Impact of off-pump coronary artery bypass
surgery on systemic inflammation: current best available evi-
dence. Journal of Cardiac Surgery. 2007; 22: 445–455. https:
//doi.org/10.1111/j.1540-8191.2007.00447.x.

[24] Patel NC, Patel NU, Loulmet DF, McCabe JC, Subramanian
VA. Emergency conversion to cardiopulmonary bypass during
attempted off-pump revascularization results in increased mor-
bidity and mortality. The Journal of Thoracic and Cardiovascu-
lar Surgery. 2004; 128: 655–661. https://doi.org/10.1016/j.jtcv
s.2004.04.043.

Heart Surgery Forum E35

https://doi.org/10.1016/j.athoracsur.2008.04.065
https://doi.org/10.1016/j.athoracsur.2008.04.065
https://doi.org/10.1186/s13019-020-01201-3
https://doi.org/10.1186/s13019-024-02943-0
https://doi.org/10.1186/s13019-024-02943-0
https://doi.org/10.1093/eurheartj/ehab617
https://doi.org/10.1007/s11892-007-0005-7
https://doi.org/10.26355/eurrev_202308_33277
https://doi.org/10.26355/eurrev_202308_33277
https://dx.doi.org/10.20517/2574-1209.2024.32
https://doi.org/10.1111/jocs.17149
https://doi.org/10.1111/jocs.17149
https://doi.org/10.1111/j.1540-8191.2007.00447.x
https://doi.org/10.1111/j.1540-8191.2007.00447.x
https://doi.org/10.1016/j.jtcvs.2004.04.043
https://doi.org/10.1016/j.jtcvs.2004.04.043
https://journal.hsforum.com/

	Abstract
	Keywords
	Introduction
	Methods
	Study Design and Patients
	Interventions
	Data Collection and Variables
	Statistical Analysis

	Results
	Preoperative Demographics
	Intraoperative Data
	In-Hospital Outcomes
	In-Hospital Mortality & Predictors of In-Hospital Mortality
	Long-Term Survival

	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

