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Background: In non-ST-elevation myocardial infarction (NSTEMI) there is no consensus regarding
optimal time point for coronary artery bypass grafting (CABG). Recent findings suggest that long-term
outcomes are improved in early-revascularized NSTEMI patients. However, it has been stated that early
surgery is associated to increased operative risk. In this study, we wanted to elucidate if early CABG in non-
ST-elevation acute coronary syndrome can be performed safely.

Methods: We performed a monocentric-prospective observational study within a 2-year interval. A total
of 217 consecutive patients (41 female, age 68.9£10.2, ES II 6.62+8.56) developed NSTEMI and underwent
CABG. Patients were divided into two groups according to the time point of coronary artery bypass after
symptom onset (group A: <72 h; group B: >72 h). Endpoints included 6-month mortality and incidence of
MACE (death, stroke or re-infarction).

Results: There were no differences regarding mortality between both groups (30 days: group A 2.4% uvs.
group B 3.7%; P=0.592; 6 months: 8.4% vs. 6.0%; P=0.487). Incidence of MACE in the 6-month follow-
up was also similar in both groups (group A: 9.6% vs. 9.7%, P=0.982). Regression analysis revealed as
independent risk factors for mortality in the entire cohort ES II OR 1.045 (95% CI: 1.004-1.088). ES II
remained an independent prognostic factor in group A OR 1.043 (95% CI: 1.003-1.086) and group B OR
1.032 (95% CI: 1.001-1.063).

Conclusions: Early revascularized patients showed a higher level of illness. However, results of early
CABG were comparable to those following delayed revascularization. Moreover, EuroSCORE II was

determined as independent risk factors for mortality.
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Introduction

Myocardial infarction (MI) as acute manifestation of
coronary artery disease (CAD) is one of the leading causes
of death worldwide (1). As “time is muscle”, ongoing
ischemia remains a major pitfall in this pathology, causing
cardiac cell death with life-threatening arrhythmias and/
or loss of contractility. Therefore, the natural main therapy
goal in MI is to reestablish coronary blood flow as soon
as possible. However, in non-ST-elevation myocardial
infarction (NSTEMI), where ischemia is considered less
critical than in ST-elevation myocardial infarction (STEMI),
patient management has been traditionally less aggressive
regarding time point of revascularization. Furthermore,
it has been claimed that delaying coronary artery bypass
grafting (CABG) in NSTEMI contributes to decrease the
perioperative risk (2-4). Nevertheless recently, long-term
outcomes of NSTEMI patients have been investigated in
function of their time to intervention, showing both risk
and mortality reduction in early revascularized patients (5).
Most of revascularizations are performed by
percutaneous coronary interventions (PCI) (6). Indication
for CABG is: unsuccessful or unsuitable PCI, cardiogenic
shock, combined surgery or severe multivessel disease
(7-9). Different studies have shown that CABG in MI can
be performed in high-risk patients with good clinical results
(10-17). But even if recent studies have shown good results
in early CABG (5), clinical experience in this field remains
limited and further studies are needed to evaluate safety and
potential benefits of early CABG in NSTEMI patients.

Methods

We performed a prospective observational study including
all patients that underwent eGABG with NSTEMI at
Hannover Medical School between 2014 and 2016. Patients
that required concomitant cardiac surgery were excluded.
A total of 217 Patients were enrolled and divided into
two groups according to the time lapse between onset of
symptoms and revascularization: Group A (>72 h) and
Group B (<72 h). Heart team met to elucidate on the best
choice of revascularization in all cases, according the advice
of clinical practice guidelines. All patients were operated
as previously described (10). Baseline characteristics are
presented in 7zble 1. Maximum follow-up was 6 months
after operation. The investigation conforms to the
principles outlined in the Declaration of Helsinki. The local
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institutional review board approved the study. Postoperative
medical care was managed according to usual practice: all
patients were treated with one of the antiplatelet agents
as well as statins additionally to the other cardiovascular
medication needed.

Statistical analysis

Statistical analysis was performed using SPSS 20.0 (IBM
SPSS Statistisics, IBM Corp., Armonk NY, USA). We used
unpaired t-test, Fisher’s exact test, Pearson’s chi-square
test and the Kaplan Meier survival estimation for statistical
analysis. Univariate and multivariate regressions analyses
were also performed. Survival curves were compared
applying log rank test. Differences were considered
significant at P<0.05. All continuous data are summarized as
mean * standard deviation (SD).

Results
Demographics and preoperative data

Baseline characteristics are summarized in Table 1. A total
of 217 patients were included, being 18.4% females with
a mean age of 68.9£10.2 years. There were no significant
differences regarding means of ES-II between both groups
(7.72£8.91 vs. 6.17+8.44; P=0.200). Groups differed in
the following categories: incidence of cardiogenic shock
(group A: 22.9% vs. group B: 6.7%; P=0.001), preoperative
mechanical circulatory support (group A: 20.5% vs. group
B: 1.5%; P<0.001), preoperative level of CK (group
A: 3912495 U/L vs. group B: 213+488 U/L, P=0.010),
preoperative level of CK-MB (group A: 46+42 U/L uvs.
group B: 25+22; P<0.001) and incidence of left main stem
disease (LMSS) (group A: 54.2% wvs. group B: 38.1%;
P=0.020).

Intra- and early postoperative data

All intraoperative as well as early postoperative data
are summarized in Table 2. Most of procedures were
performed on-pump. There were differences regarding:
postoperative IABP treatment (group A: 19.3% vs. group
B: 8.2%, P=0.016), total arterial revascularization (group A:
9.6% vs. group B: 20.1%, P<0.05) and maximum levels of
postoperative CK-MB (group A: 99+115 U/L vs. group B:
6053 U/L, P=0.001).
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Table 1 Baseline characteristics
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Characteristics Group A, <72 hours, n=83 Group B, >72 hours, n=134 P value
Age (y) 69.0+10.3 68.8+10.3 0.904
Female, n (%) 17 (20.5) 24 (17.9) 0.638
Hypertension, n (%) 61 (73.5) 110 (82.1) 0.132
DM, n (%) 25 (30.1) 46 (34.3) 0.521
DL, n (%) 33 (39.8) 51 (38.1) 0.803
Smoking, n (%) 25 (30.1) 45 (33.6) 0.596
BMI (kg/m?) 27.8+5.2 28.2+4.5 0.559
COPD, n (%) 5(6.0) 9(6.7) 0.840
PVD, n (%) 8(9.6) 19 (14.2) 0.325
Renal insufficiency, n (%) 12 (14.5) 26 (19.4) 0.352
Previous MI, n (%) 10 (12) 28 (20.9) 0.096
ESII 7.72+8.91 6.17+8.44 0.200
TIMI score >4 66 (79.5) 105 (78.4) 0.839
LV-EF (%) 48+11 48+11 0.937
Cardiogenic shock, n (%) 19 (22.9) 9 (6.7) 0.001
Mechanical support, n (%) 17 (20.5) 2(1.5 <0.001
CK (U/L) 391+495 213488 0.010
CK-MB (U/L) 46+42 25422 <0.001
CRP (mg/dL) 18.7£31.4 26.6+39.7 0.158
Three-vessel-disease, n (%) 73 (88.0) 115 (85.8) 0.654
LMSS, n (%) 45 (54.2) 51 (38.1) 0.020

DM, diabetes mellitus; DL, dyslipoproteinemia; BMI, body-mass-index; COPD, chronic obstructive pulmonary disease; PVD, peripheral
vascular disease; MI, myocardial infarction; ES I, EuroSCORE II; TIMI, thrombolysis in myocardial infarction; LV-EF, left ventricular ejection

fraction; LMSS, left main stem stenosis.

Outcome during 6-month follow-up

An overview of results is shown in 7able 3. There were no
differences between both groups regarding the need of
postoperative dialysis (group A: 3.6% vs. group B 5.2%,
P=0.595), the incidence of stroke (group A: 2.4% vs. group
B: 3.0%, P=0.802) or re-infarction (group A: 3.6% vs. group
B: 3.7%, P=0.965). Graft occlusion was observed in group
A patients (1.2%) and group B patients (1.5%), P=0.868.
There were no significant statistical differences regarding
mortality between both groups. 30-day mortality was: group
A: 2.4% wvs. group B: 3.7%, P=0.592; 6-month mortality
was: group A: 8.4% vs. group B: 6.0%, P=0.487 (Figure
14,B). A composite of death, stroke or re-infarction (MACE)
showed similar results between both groups (group A: 9.6%
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vs. group B: 9.7%, P=0.982).

Univariate and multivariate regression analyses were
performed for: all patients (Tzble 4), group A patients
(Table 5) and group B patients (Tuble 6). EuroSCORE II
was calculated as independent predictor for mortality in all
patients (OR 1.045, 95% CI: 1.004-1.088). Moreover, ES
II once again was shown to be an adequate independent
prognostic factor in both; group A OR 1.043 (95% CI:
1.003-1.086) and group B group B OR 1.032 (95%
CI: 1.001-1.063). A ROC curve was plotted for the
EuroSCORE II (area under the curve 0.733) (Figures 1C,2).

Discussion

PCI remains the gold standard for the majority of
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Variable Group A, <72 hours, n=83 Group B, >72 hours, n=134 P value
OPCAB, n (%) 1(1.2) 8 (6.0) 0.087
CBP (min) 89+24 94+39 0.263
Cross-clamp (min) 43+15 47+16 0.078
Number of grafts (n) 3.2+0.8 3.1+0.8 0.471
Number of anastomoses (n) 3.2+0.8 3.1+£0.8 0.471
IABP, n (%) 16 (19.3) 11 (8.2) 0.016
ECMO, n (%) 1(1.2) 2(1.5) 0.860
Incomplete revascularisation 16 (19.2) 13 (9.7) 0.041
CK max (U/L) 1,916+2,013 1,540+3,181 0.339
CK-MB max (U/L) 99+115 60+53 0.001
CRP (mg/dL) 21177 221467 0.158
ICU stay (days) 3.6+4.2 2.5+4.3 0.076
Total hospital stay (d) 10.9+£5.9 10.8+7.7 0.097

OPCAB, off-pump coronary artery bypass grafting; CPB, cardiopulmonary bypass; IABP, intra-aortic balloon pump; ECMO, extracorporeal

membrane oxygenation; ICU, Intensive care unit.

Table 3 Outcome

Variable Group A, <72 hours, n=83 Group B, >72 hours, n=134 P value
Dialysis, n (%) 3(3.6) 7(5.2) 0.595
Stroke, n (%) 2 (2.4 4 (3.0) 0.802
MI, n (%) 3(3.6) 5(3.7) 0.965
Graft occlusion, n (%) 1(1.2) 2(1.5) 0.868
30-day-mortality, n (%) 2 (2.4) 5(3.7) 0.592
6-month-mortality, n (%) 7 (8.4) 8 (6.0) 0.487
MACE-6-month, n (%) 8(9.6) 13(9.7) 0.982

MACE, death, stroke or re-infarction.

revascularizations in MI since it is fast, effective and
broadly available (6,7,18). However, when it is feasible,
revascularization mode should be based on the severity and
distribution of CAD (7). This rule also applies for patients
with NSTEMI. Thus, in multivessel disease, patients would
take additional benefit from CABG, especially regarding
long-term results (19,20). Concerning the right time point
of revascularization, there is still an ongoing discussion.
However, new recommendations for NSTEMI patients make
this decisions dependent on the individual patient’s risk (7).
Moreover, early surgery may be beneficial to reduce ischemic
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time of patients and prevent clinical deterioration (21).

Still there are several studies that show CABG soon
after acute MI is associated with high operative mortality
and morbidity (22). Surgical difficulties encountered
during CABG in the early phase of acute MI due to edema,
induration and fragility of myocardial tissue may partly
explain this finding. In this setting, cardiac trauma with
abrasive injury can occur even with gentle handling, and
the visualization of target vessel and arteriotomy can be
challenging, making the precision of coronary anastomoses
even more demanding (23). Another strategy to reduce
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perioperative risk is the discontinuation of antiplatelet
therapy.

In the present study we compared NSTEMI patients that
underwent CABG following NSTEMI at our institution.
Patients were divided into two groups according to time
point of revascularization: group A <72 h, group B >72 h.
Our analysis unveiled that baseline-characteristics of group
A patients showed a tendency to higher level of illness with
significant higher incidences of preoperative cardiogenic
shock, left main stem stenosis and higher preoperative
levels of CK and CK-MB. In other words, most critical
cases were operated earlier. This is also reflected by the
preoperative data: Mechanical support was needed in 20.5%
of group A patients vs. 1.5% of group B patients. Despite

© Journal of Thoracic Disease. All rights reserved.

the increased severity of patient mortality and major events
in the study period, postoperative outcomes did not differ
from late surgery group. Moreover, several of our patients
had clinical deterioration days after the initial event needing
an emergency surgery. On the other hand, we observed
a higher percentage of incomplete revascularization in
the group of early surgery that could affect the long-term
prognosis in this group of patients; however, increased
monitoring is necessary to confirm this.

Although EuroSCORE II models have shown poor
calibration with comparatively poor discrimination for
emergency cardiac surgery (24), in our study, it predicted
successfully mortality in our patients and was not
significantly affected by the time point when surgery was
performed.

Limitations

This study has the inherent limitations of observational
registries, because the timing of referral for both cardiac
catheterization and CABG was left to the discretion of the
treating physician. Furthermore, there might have been
a survivor bias favoring the late CABG group, because
patients who died early could not undergo late CABG.
This limitation, however, only strengthens our finding of
no apparent benefit associated to routine CABG delay.
Although we attempted to account for these factors through
comprehensive multivariable analyses, it is possible that
other unmeasured factors could also have contributed to
CABG timing and also influenced outcomes. This study
only performed follow-up through hospital discharge,
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Table 6 Regression analysis (6 month-mortality) including group B (>72 h) patients (n=134)

Univariate Multivariate
Variables
OR (95% Cl) P OR (95% Cl) P

Age >80y 1.33 (0.28-6.28) 0.722

Female 0.29 (0.04-2.28) 0.240

Hypertension 1.08 (0.29-4.01) 0.906

DM 1.41 (0.48-4.11) 0.535

DL 1.42 (0.50-4.07) 0.514

Smoking 1.93 (0.67-5.56) 0.223

BMI >35 kg/m’ 4.10 (0.99-16.87) 4.095

COPD 0 0.999

PVD 5.75 (1.86-17.74) 0.002

Renal insufficiency 3.54 (1.18-10.64) 0.024

Previous Ml 2.56 (0.82-7.98) 0.105

ES Il per unit 1.04 (1.01-1.07) 0.032 1.032 (1.001-1.063) 0.047
LVEF <45% 3.22 (1.06-9.78) 0.039

Cardiogenic shock 2.70 (0.80-9.15) 0.111

Mechanical support 1.67 (0.35-8.04) 0.520

Mechanical ventilation 5.03 (0.92-27.40) 0.062

CK >1,000 U/L 3.27 (0.64-16.70) 0.155

TIMI score >4 1.08 (0.29-4.01) 0.906

3-vessel-disease 2,25 (0.29-17.90) 0.441

LMSS 1.48 (0.512-4.24) 0.456

CPB >120 min 1.05 (0.22-4.97) 0.954

DM, diabetes mellitus; DL, dyslipoproteinemia; BMI, body-mass-index; PVD, peripheral vascular disease; MI, myocardial infarction; ES I,
EuroSCORE lI; TIMI, thrombolysis in myocardial infarction; LV-EF, left ventricular ejection fraction; LMSS, left main stem stenosis; CPB,

cardiopulmonary bypass.

and additional study is needed to correlate findings with
longer-term outcomes up to 6 months and beyond. As well,
a broader comparison group including the patient treated
percutaneously also at different time points to find out
which timing is optimal for both surgical and interventional
strategies.

Conclusions

The ideal time point of CABG in the setting of acute
MI remains controversial. Although short MI-to-CABG
intervals are associated to more challenging surgery, it has to
be emphasized that long intervals place post-infarct patients

© Journal of Thoracic Disease. All rights reserved.

at risk for further adverse cardiac events, which could be
fatal. The timing of surgery should consider a balance
between the risks and the benefits and focus on multi-organ
optimization of the patient.
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