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Background-—The optimal timing of coronary artery bypass grafting (CABG) in clinically stable patients with acute myocardial
infarction who are unsuitable for percutaneous coronary intervention is unclear. We report our experience with early CABG in these
patients.

Methods and Results-—Between January 2001 and May 2015, 766 patients with ST-segment–elevation myocardial
infarction (STEMI, n=305) or non-STEMI (NSTEMI, n=461) not including cardiogenic shock underwent CABG within
48 hours at our department. STEMI patients were younger than non-STEMI patients (age 65 years [range: 58–72] versus
70 years [range: 62–75], P<0.001) with a lower EuroSCORE II (4.12 [range: 2.75–5.81] versus 4.58 [range: 2.80–7.74],
P=0.009). STEMI patients had undergone preoperative percutaneous coronary intervention more often (20.3% versus 7.8%,
P<0.001). Time to surgery was shorter in STEMI compared with non-STEMI patients (5.0 hours [range: 3.2–8.8] versus
11.7 hours [range: 6.4–22.0], P<0.001). No significant differences concerning arterial graft use (93.8% versus 94.8%,
P=0.540) or complete revascularization (87.5% versus 83.4%, P=0.121) were observed. The rate of strokes did not differ
between the groups (2.0% versus 3.9%, P=0.134). Thirty-day mortality was lower in STEMI patients (2.7% versus 6.6%
P=0.018), especially when CABG was performed within 6 hours (1.8% versus 7.1%, P=0.041). Survival of STEMI and non-
STEMI patients was 94% versus 88% after 1 year (P<0.001), 87% versus 73% after 5 years (P<0.001), and 74% versus 57%
after 10 years (P<0.001). Independent predictors of 30-day and long-term mortality included preoperatively increased
lactate values, age, atrial fibrillation, and reduced left ventricular function.

Conclusions-—Stable STEMI patients showed a lower rate of perioperative complications and better survival compared with non-
STEMI patients when CABG was performed within 48 hours. ( J Am Heart Assoc. 2017;6:e005498. DOI: 10.1161/JAHA.117.
005498.)
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A bout 20% to 30% of patients with acute myocardial
infarction (AMI) are considered noneligible for percuta-

neous coronary intervention (PCI).1 The optimal timing of
coronary artery bypass grafting (CABG) in this setting has

remained a matter of discussion. On the one hand, delay of
revascularization could result in recurrent myocardial infarc-
tion with irreversible loss of cardiac function. On the other
hand, the increased rate of perioperative complications
associated with CABG in this particular situation could
mitigate any potential benefits. Reliable, contemporary data
on this topic are rare. As summarized by Caceres et al in
2013, >50% of publications reporting on CABG in AMI patients
date back to the 1990s.2 Mohr and his group published one of
the most recent studies on this subject.3 They did not find any
differences concerning the in-hospital mortality of 758
patients with non–ST-segment–elevation myocardial infarc-
tion (NSTEMI) when CABG was performed within 24 hours
(6.0%), within 24 hours to 72 hours (4.7%), or within 21 days
(5.1%). In a publication analyzing the CABG subgroup of the
ACCOAST (Comparison of Prasugrel at the Time of PCI or as
Pretreatment at the Time of Diagnosis in Patients with
NSTEMI) study, 30-day mortality varied between 3.9% if
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patients had undergone CABG within 3 days and 1.9% if
operative revascularization was performed later on.4 Con-
cerning the outcome of surgically treated STEMI patients,
Khaladj et al observed a 15% mortality rate in STEMI patients
undergoing emergency CABG within 6 hours after coronary
angiography, whereas others reported all-cause mortality
rates between 8.9% (CABG after 24 hours) and 10.6% (CABG
within 24 hours).5 To our knowledge, contemporary publica-
tions about operative revascularization in AMI usually include
patients with cardiogenic shock (CS), as they compose up to
30% of the surgical AMI population. Although these patients
are at the highest risk for surgery-associated complications,
they are also the group for which the benefit from timely
revascularization has been demonstrated most convincingly.6

In contrast, the optimal timing of CABG in patients with STEMI
or NSTEMI who do not suffer from CS has remained unclear.
With this study, we intended to analyze the outcome of
clinically stable patients with STEMI or NSTEMI who under-
went early CABG in the acute phase of AMI. We hypothesized
that this approach could be associated with fewer risks than
generally assumed.

Methods

Data Source
Our department provides emergency surgical care 24 hours
a day, 7 days a week to a catchment area that includes up
to 9 hospitals and 1 practice scattered throughout the
German federal state of Schleswig-Holstein. Between Jan-
uary 2001 and May 2015, 766 consecutive patients (305
with STEMI, 461 with NSTEMI) underwent CABG within
48 hours. Retrospective data analysis was performed.
Patients with combined procedures or with CS and/or
resuscitated patients were excluded from this particular

analysis. A patient was considered to be in CS if persistent
hypotension (<90 mm Hg systolic blood pressure for at
least 30 minutes) had been documented and/or a contin-
uous infusion of catecholamines had been administered to
maintain a systolic blood pressure >90 mm Hg at any time
point traceable before surgery. General discrimination
between STEMI and NSTEMI, if not clearly stated by the
referring cardiologists, was made following current guideline
recommendations.7,8 If the time point of symptom onset
was not comprehensible and the original, time-stamped
ECG was unavailable, we used the first significant increase
in troponin levels in case of NSTEMI or the time point of
coronary angiography in case of STEMI to determine the
time between AMI and CABG. All aspects of information
leading to the calculation of this time interval were checked
as meticulously as possible to ensure a conclusive timeline.
Patients or their surrogate decision makers provided written
consent. In addition to 30-day mortality, follow-up data
were obtained. Data were collected by contacting the
respective patients by mail. For cases in which patients or
relatives did not respond, we interrogated their general
practitioner. If whereabouts remained still unknown, we
contacted the public records office. The median follow-up
period of patients was 3.8 years (range: 0.1–14.5 years).
Nine patients were lost during the follow-up period (98.8%
level of completeness). The study was approved by the
institutional review committee.

Preoperative Management
Every case and time point of CABG was discussed with the
referring cardiologist. Our department usually operates on
AMI patients immediately after transfer from the initial
treatment centers independent of hemodynamic stability,
symptoms, or cardiac enzymes. This approach usually
excludes patients who present with a definitely subsided
myocardial infarction. CABG was performed under dual
platelet therapy regardless of the P2Y12 inhibitor used.

Surgical Management
A standard median sternotomy and cardiopulmonary bypass
with moderate hypothermic (34°C) cardiac arrest was
performed in all but 1 patient. Myocardial arrest was obtained
with cold blood cardioplegic solution applied antegrade via the
ascending aorta. If insufficient myocardial protection by this
approach was anticipated, antegrade cardioplegia was com-
bined with retrograde administration via the coronary venous
sinus. The choice of graft was left to the discretion of the
surgeon in charge. If bleeding was not a concern, acetylsal-
icylic acid was administered orally starting on postoperative
day 1.

Clinical Perspective

What Is New?

• In this retrospective analysis, hemodynamically stable
patients with ST-segment–elevation myocardial infarction
underwent early coronary artery bypass grafting with a
significantly lower short- and long-term mortality risk
compared with patients with non–ST-segment–elevation
myocardial infarction.

What Are the Clinical Implications?

• In contrast to current guideline recommendations, stable
ST-segment–elevation myocardial infarction patients with an
indication for operative myocardial revascularization may
safely undergo prompt coronary artery bypass grafting.
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Statistical Analyses
Nominal and ordinal data were described as absolute and
relative frequencies and compared using the v2 or Fisher
exact test, if one of the expected values in the 292 table was
<5. The interval and ratio data were tested for normal
distribution by the Kolmogorov–Smirnov test. Normally
distributed demographic and clinical patient data are pre-
sented as mean and standard deviation and compared using
an unpaired t test. Not normally distributed data were
described as median and 25th and 75th percentiles and
compared using the Mann–Whitney U-test. Preoperative
parameters with a significant relation to 30-day mortality in
the univariate analyses were included in multiple logistic
regression analysis to assess their relative impact (adjusted
odds ratio), except for EuroSCORE II due to its collinearity
with several variables. Covariates with significant univariate
association with survival (log-rank test) were included in Cox
regression analysis to determine predictors for mid- and long-
term survival. None of the predictors violated the proportional
hazards assumption.9 To assess the predictive abilities of the
final models, R2 and Somers’s D were calculated and
corrected for overfitting by internal validation methods,
namely, bootstrap resampling with 100 replicates.10,11 All
tests were performed 2-tailed at a significance level of 5%.
Statistical analysis was conducted using SPSS version 15.0
(IBM Corp) and R version 3.3.2 (R Foundation for Statistical
Computing), in particular, function validate from package rms.

Results

Preoperative Data
As shown in Table 1, patients with STEMI were significantly
younger than those with NSTEMI (median age: 65 years
[range: 58–72] versus 70 years [range: 62–75]; P<0.001).
More patients with NSTEMI suffered from insulin-dependent
diabetes mellitus (n=18 [5.9%] versus n=48 [10.4%]; P=0.030)
and impaired renal function preoperatively (n=31 [10.2%]
versus n=92 [20.0%]; P<0.001). The EuroSCORE II was
significantly higher in NSTEMI patients (4.12 [range: 2.75–
5.81] versus 4.58 [range: 2.80–7.74]; P=0.009). Prehospital
thrombolysis was performed more often in patients with
STEMI (n=43 [14.1%] versus n=3 [0.7%]; P<0.001), as was
intra-aortic balloon pump implantation (n=33 [10.8%] versus
n=29 [6.3%]; P=0.024). As demonstrated in Table 2, more
STEMI patients had undergone interventional treatment
before surgery (n=62 [20.3%] versus n=36 [7.8%]; P<0.001),
and time from diagnosis to surgery was significantly shorter
(5.0 hours [range: 3.2–8.8] versus 11.7 hours [range: 6.4–
22.0]; P<0.001). NSTEMI patients were more often diagnosed
with coronary 3-vessel disease (n=243 [80.2%] versus n=397
[86.9%]; P=0.014; Table 2). Drug-eluting stents (n=10 [3.3%]

versus n=2 [0.4%]; P=0.002) and bare metal stents (n=8
[2.6%] versus n=3 [0.65%]; P=0.031) were more often
implanted in these patients. Dual-platelet therapy was applied
more frequently in NSTEMI patients (n=73 [24.2%] versus
n=142 [31.9%]; P=0.022). Glycoprotein IIb/IIIa antagonists
were used more often in patients with STEMI (n=95 [31.5%]
versus n=95 [20.9%]; P=0.001).

Intraoperative Data
Cross-clamp times were significantly shorter in STEMI com-
pared with NSTEMI patients (60 minutes [range: 47–74]
versus 63 minutes [range: 49–79]; P=0.024; Table 3). Arterial
grafts were used to a similar extent in STEMI (n=285 [93.8%])
and NSTEMI (n=437 [94.8%]; P=0.540) patients. The left
internal thoracic artery was the most frequently utilized
arterial graft, with proportionally more use in patients with
NSTEMI (n=384 [83.5%]) compared with STEMI (n=237
[78.0%]), but this difference did not reach statistical signifi-
cance (P=0.056). Complete revascularization was accom-
plished to a similar degree in both groups (STEMI: n=266
[87.5%] versus n=382 [83.4%]; P=0.121).

Postoperative Data
Patients with NSTEMI needed blood transfusions, defined as
transfusion of >3 packed red blood cell units, more frequently
than STEMI patients (n=122 [41.1%] versus n=232 [51.0%];
P=0.008; Table 4). The stroke rate was not different between
STEMI patients (n=6 [2.0%]) and NSTEMI patients (n=18
[3.9%]; P=0.134). Peak levels of CK-MB (creatine kinase-MB)
were higher in patients with STEMI (124.2 U/L [range: 64.1–
261.9] versus 67.0 U/L [range: 43.6–115.5]; P<0.001). More
STEMI than NSTEMI patients received intra-aortic balloon
pump implantation (n=7 [2.3%] versus n=1 [0.2%]; P=0.008).

Outcome
Thirty-day mortality (Table 5) was 2.7% in the STEMI group
and 6.6% in the NSTEMI group (P=0.018). As shown in
Figure 1, survival at 1 year was 94% in STEMI versus 88% in
NSTEMI patients (P<0.001). Five-year survival was 87% versus
73%, and 10-year survival was 74% versus 57% (log-rank
P<0.001, Figure 1). NSTEMI patients aged >70 years at the
time of CABG showed significantly reduced survival (62%
versus 79%; log-rank P=0.029; Figure 2A and 2B).

Outcome and Timing of Surgery
Thirty-day mortality was significantly increased in patients
with NSTEMI patients who underwent surgery within 6 hours
compared with STEMI patients (7.1% versus 1.8%; P=0.041).
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NSTEMI patients operated on within 6 hours less often
received acetylsalicylic acid plus clopidogrel (P=0.007), had
significantly higher lactate values (P=0.020), and underwent
preoperative intra-aortic balloon pump implantation (P=0.003)
more often compared with NSTEMI patients operated on after
6 hours (Table 5). STEMI patients operated on within 6 hours
showed significantly lower CK-MB levels compared with
STEMI patients who underwent CABG later on (P=0.001).
No significant differences were observed within the STEMI
(Figure 3A) and NSTEMI (Figure 3B) groups with regard to
survival when time to surgery was further divided into patients
who were operated on within 6, 6 to 12, or 12 to 48 hours.

Predictors of 30-day mortality

Independent risk factors for 30-day mortality (Table 6)
included preoperative atrial fibrillation (odds ratio [OR]:

4.290; 95% confidence interval [CI], 1.712–10.752;
P=0.002), preoperative lactate >2 mmol/L (OR: 3.942; 95%
CI, 1.550–10.023; P=0.004), peripheral arterial disease (OR:
3.848; 95% CI, 1.527–9.696; P=0.004), prior stroke (OR:
3.722; 95% CI 1.227–11.289; P=0.020), and reduced left
ventricular function (≤50%; OR: 3.257; 95% CI, 1.398–7.586;
P=0.006). Somers’s D was 0.62 (bias corrected: 0.54), and R2

was 0.21 (bias corrected: 0.14).

Predictors of late mortality

Cox regression analysis revealed atrial fibrillation (hazard ratio
[HR]: 2.184; 95% CI, 1.437–3.318; P<0.001), age >70 years
(HR: 2.125; 95% CI, 1.426–3.166; P<0.001), peripheral
arterial disease (HR: 2.106; 95% CI, 1.300–3.410; P=0.002),
reduced left ventricular function (≤50%; HR: 1.983; 95% CI,
1.385–2.837; P<0.001), creatinine clearance <50 mL/min

Table 1. Patient Characteristics

Parameter STEMI (n=305) NSTEMI (n=461) P Value

Age, y 65 (58–72) 70 (62–75) <0.001

Sex (female) 64 (21.0) 116 (25.2) 0.190

BMI 26.6 (24.6–29.4) 27.2 (24.7–30.1) 0.082

IDDM 18 (5.9) 48 (10.4) 0.030

Arterial hypertension 227 (74.4) 373 (80.9) 0.048

Hyperlipidemia 157 (51.5) 228 (49.5) 0.563

Smoking 121 (39.7) 159 (34.5) 0.144

COPD 23 (7.5) 51 (11.1) 0.133

Peripheral arterial disease 18 (5.9) 56 (12.1) 0.004

Atrial fibrillation 18 (5.9) 48 (10.4) 0.035

LV function ≤50% 120 (39.3) 169 (36.7) 0.493

Renal impairment, (CC <50 mL/min/1.73 m²) 31 (10.2) 92 (20.0) <0.001

Renal replacement therapy 2 (0.7) 2 (0.4) 0.651

Severely reduced LV function (<30%) 18 (5.9) 21 (4.6) 0.336

EuroSCORE II (%) 4.12 (2.75–5.81) 4.58 (2.80–7.74) 0.009

Prehospital thrombolysis 43 (14.1) 3 (0.7) <0.001

IABP preoperatively 33 (10.8) 29 (6.3) 0.024

Intubated on arrival in the operating room 2 (0.7) 8 (1.7) 0.330

Continuous inotropic support 2 (0.7) 8 (1.7) 0.330

Time from diagnosis to surgery, h 5.0 (3.2–8.8) 11.7 (6.4–22.0) <0.001

Lactate, mmol/L 1.20 (0.85–1.70) 1.00 (0.80–1.40) 0.001

Lactate >2 mmol/L 58 (19.0) 46 (10.1) 0.003

Cerebrovascular event 15 (4.9) 29 (6.3) 0.430

Prior myocardial infarction 32 (10.5) 45 (9.8) 0.746

Prior cardiac surgery 3 (1.0) 8 (1.7) 0.540

Values are expressed as count (percentage) or median (range). BMI indicates body mass index; CC, creatinine clearance; COPD, chronic obstructive pulmonary disease; IABP, intra-aortic
balloon pump; IDDM, insulin-dependent diabetes mellitus; LV, left ventricular; NSTEMI, non–ST-segment–elevation myocardial infarction; STEMI, ST-segment–elevation myocardial
infarction.
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per 1.73 m² (HR: 1.955; 95% CI, 1.265–3.023; P=0.003),
lactate >2 mmol/L (HR: 1.954; 95% CI, 1.270–3.008;
P=0.002), and chronic obstructive pulmonary disease (HR:
1.640; 95% CI, 1.022–2.633; P=0.040) as independent
predictors of late mortality (Table 7). Somers’s D was 0.51
(bias corrected: 0.49), and R2 was 0.18 (bias corrected: 0.16).

Discussion

Low-Risk STEMI Patients With Short Time to
Decision for Surgery
Timing of operative revascularization for patients with AMI
unsuitable for interventional treatment has been evaluated
with conflicting results.12,13 Consequently, only a minority of
nonrevascularized patients undergo CABG, eventually.1,14,15

Our department offers early revascularization to all AMI
patients. In the absence of CS, this approach was associated
with superior short- and long-term outcomes for STEMI
patients compared with NSTEMI patients. STEMI patients

were significantly younger, with lower risk profiles and shorter
referral times, which indicated that the decision to recom-
mend fast surgical treatment was made during or soon after
coronary angiography.

Table 2. Coronary Angiography

Parameter
STEMI
(n=305)

NSTEMI
(n=461) P Value

Coronary anatomy

1-VD 13 (4.3) 10 (2.2) 0.098

2-VD 47 (15.5) 49 (10.7) 0.052

3-VD 243 (80.2) 397 (86.9) 0.014

LM stenosis 115 (38.1) 180 (40.2) 0.564

LM thrombosis 9 (3.0) 8 (1.8) 0.261

LM dissection 13 (4.3) 14 (3.1) 0.376

PCI 62 (20.3) 36 (7.8) <0.001

Successful but incomplete
revascularization

17 (27.4) 4 (11.1) 0.080

Failure 28 (45.1) 18 (50.0) 0.679

Complication 17 (27.4) 13 (36.1) 0.375

Stent implantation

DES 10 (3.3) 2 (0.4) 0.002

BMS 8 (2.6) 3 (0.65) 0.031

Other/unknown 2 (0.7) 0 (0) 0.1572

Medication

Acetylsalicylic acid
and clopidogrel

73 (24.2) 142 (31.9) 0.022

Ticagrelor 5 (1.7) 21 (4.7) 0.028

GP IIb/IIIa antagonist 95 (31.5) 95 (20.9) 0.001

Values are expressed as count (percentage). BMS indicates bare metal stent; DES, drug-
eluting stent; GP, glycoprotein; LM, left main; NSTEMI, non–ST-segment–elevation
myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment–
elevation myocardial infarction; VD, vessel disease.

Table 3. Intraoperative Details

Parameter STEMI (n=305) NSTEMI (n=461) P Value

Length of surgery 212 (184–248) 214 (187–247) 0.419

Bypass time 101 (83–121) 104 (85–127) 0.122

Cross-clamp time 60 (47–74) 63 (49–79) 0.024

On-pump CABG 299 (98.0) 447 (97.0) 0.226

Off-pump CABG 2 (0.7) 2 (0.4) 0.652

Number of distal
anastomoses

3.0 (3.0–4.0) 3.0 (3.0–4.0) 0.160

Arterial graft 285 (93.8) 437 (94.8) 0.540

LITA 237 (78.0) 384 (83.5) 0.056

Complete
revascularization

266 (87.5) 382 (83.4) 0.121

Values are expressed as count (percentage) or median (range). CABG indicates coronary
artery bypass grafting; LITA, left internal thoracic artery; NSTEMI, non–ST-segment–
elevation myocardial infarction; STEMI, ST-segment–elevation myocardial infarction.

Table 4. Postoperative Details

Parameter STEMI (n=305) NSTEMI (n=461) P Value

Low cardiac output 0 4 (0.9) 0.156

Sepsis 10 (3.3) 26 (5.7) 0.135

Ventilation >48 h 71 (23.4) 106 (23.0) 0.901

ICU >48 h 155 (51.2) 203 (44.2) 0.061

Rethoracotomy
due to bleeding

12 (4.0) 14 (3.1) 0.526

Stroke 6 (2.0) 18 (3.9) 0.134

Renal replacement
therapy

16 (5.3) 30 (6.6) 0.470

>3 U PRBC 122 (41.1) 232 (51.0) 0.008

>1 U TC 70 (23.7) 122 (26.7) 0.362

Myocardial infarction 5 (1.7) 5 (1.1) 0.530

Peak CK-MB (U/L) 124.2
(64.1–261.9)

67.0
(43.6–115.5)

<0.001

Ventricular
arrhythmias

16 (5.2) 21 (4.6) 0.241

ECLS 1 (0.3) 4 (0.9) 0.653

IABP 7 (2.3) 1 (0.2) 0.008

Values are expressed as count (percentage) or median (range). CK-MB indicates creatine
kinase-MB; ECLS, extracorporeal life support; IABP, intra-aortic-balloon pump; ICU,
intensive care unit; NSTEMI, non–ST-segment–elevation myocardial infarction; PRBC,
packed red blood cells; STEMI, ST-segment–elevation myocardial infarction; TC,
thrombocyte concentrate.
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Lower Stroke Rate and Fewer Bleeding
Complications in STEMI Patients
Current guidelines emphasize that the risks associated with
surgery in AMI will be maximal in the setting of STEMI.7 In
particular, the increased likelihood of cerebrovascular events
associated with CABG represents a major concern. It has
become clear that the incidence of stroke per se is higher

among patients with AMI, presumably due to the increased
systemic inflammatory state.16 Although PCI-focused AMI trials
reported cerebrovascular event rates between �0.3% and 1%,
stroke risks among AMI patients undergoing CABG range
between 0.8% and 6%.3–5 We found a slightly although not
statistically significant lower proportion of strokes in patients
with STEMI compared with NSTEMI (2.0% versus 3.9%,
P=0.134). The causes underlying perioperative strokes are
multifactorial and thus difficult to modify.17 Nevertheless,
cerebral protection devices currently under investigation during
transcatheter aortic valve implantation could also provide a
future possibility to reduce intraoperative thromboem-
bolism.18,19 In addition, intraoperative continuous near-infrared
spectroscopy measurements are an effective tool for the early
detection of impaired cerebral tissue oxygenation.20 Although
the impact of corrective steps on the neurological outcome of
patients with low near-infrared spectroscopy values and cardiac
surgery has not been evaluated yet, it has become clear that
intraoperative optimization of cerebral oxygenation leads to
reduced release of markers of neurological injury.21

The fear of severe bleeding also influences risk assessment
and time point selection of operative revascularization in AMI
patients. In fact, 24% of STEMI and 31% of NSTEMI patients in
our study received dual-platelet inhibition (P=0.022) preoper-
atively. This finding was associated with a significantly lower
transfusion rate in STEMI compared with NSTEMI patients
(41% versus 51%, P=0.008). Given ambiguous trial results,
however, transfusion indications after cardiac surgery have
remained a matter of opinion and personal experience.22,23

Consequently, this parameter has only limited value in the

Table 5. Outcome

Parameter STEMI NSTEMI P Value

Intraoperative mortality 1 (0.3) 1 (0.2) 1.000

30-d mortality 8 (2.7) 30 (6.6) 0.018

Time to surgery and 30-d mortality

≤6 h to surgery 3 (1.8) 7 (7.1) 0.041

6–12 h to surgery 4 (6.1) 7 (5.5) 1.000

12–48 h to surgery 1 (1.8) 16 (7.1) 0.210

NSTEMI <6 h (n=95) NSTEMI ≥6 h (n=366)

Preoperative lactate, mmol/L 1.15 (0.88–1.50) 1.00 (0.88–1.30) 0.019

Lactate >2 mmol/L 16 (16.9) 30 (8.2) 0.020

Acetylsalicylic acid and clopidogrel 14 (14.7) 138 (37.7) 0.007

Preoperative IABP 13 (13.7) 16 (4.4) 0.003

STEMI <6 h (n=171) STEMI ≥6 h (n=134)

CK-MB U/L 54 (19.5–101.5) 78.5 (40.1–163.5) 0.001

Values are expressed as count (percentage) or median (range). CK-MB indicates creatine kinase-MB; IABP, intra-aortic-balloon pump; NSTEMI, non–ST-segment–elevation myocardial
infarction; STEMI, ST-segment–elevation myocardial infarction.

Figure 1. Ten-year survival after acute myocardial infarction
and coronary artery bypass. Kaplan–Meier survival curves for
STEMI and NSTEMI patients showed significant survival differ-
ences. NSTEMI indicates non–ST-segment–elevation myocardial
infarction; STEMI, ST-segment–elevation myocardial infarction;
P@R, patients at risk.
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identification of severe bleeding events. In fact, we did not
observe statistically significant differences in the rate of
surgical reexploration due to bleeding between STEMI and
NSTEMI patients (4% versus 3.1%, P=0.526). Neither transfu-
sion nor rethoracotomy caused by bleeding was identified as a
risk factor for mortality in this study.

Complex NSTEMI Patients With Delayed Surgery
As expected, NSTEMI patients were older and suffered from
insulin-dependent diabetes mellitus, arterial hypertension,
impaired renal function, and multivessel coronary artery
disease more frequently than patients with STEMI. In addition,
time from diagnosis to surgery was significantly longer. This
finding was probably due to several factors. First, the wider
scope of discretion regarding the indication and time point of
coronary angiography in NSTEMI patients naturally leads to

delayed awareness of coronary artery disease severity.8

Although this circumstance apparently does not impair the
outcome of most patients eligible for PCI, it may become a
disadvantage for those in need of CABG. In addition, the
decision to recommend surgery at all may have taken more
time, considering the increased rate of perioperative risk
factors in NSTEMI patients.

Outcome After Surgery Within 6 Hours
Overall, 56% of STEMI patients underwent surgery within 6
hours. Our collaborating cardiology partners obviously
referred the majority of STEMI patients as quickly as
possible if unsuitable for PCI. These patients demonstrated

A

B

Figure 2. A, Five-year survival of patients aged ≤70 y. B, Five-
year survival of patients aged >70 y. Kaplan–Meier survival curves
for STEMI and NSTEMI patients showed an age-dependent effect.
NSTEMI indicates non–ST-segment–elevation myocardial infarc-
tion; STEMI, ST-segment–elevation myocardial infarction; P@R,
patients at risk.

A

B

Figure 3. A, Five-year survival of patients with STEMI analyzed
by time to surgery. B, Five-year survival of patients with NSTEMI
analyzed by time to surgery. Kaplan–Meier survival curves for
STEMI and NSTEMI patients showed no impact on survival within
the groups after subdividing time to surgery. NSTEMI indicates
non–ST-segment–elevation myocardial infarction; STEMI, ST-
segment–elevation myocardial infarction; P@R, patients at risk.
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a lower short-term mortality rate compared with NSTEMI
patients. They were younger and had undergone PCI before
CABG more often, which could have resulted in at least
temporary improvement of myocardial perfusion. In con-
trast, only 20% of NSTEMI patients received surgery within
6 hours. These patients had particularly increased preop-
erative lactate levels compared with those NSTEMI patients
with CABG at a later time point. In fact, lactate values were
comparable to those of STEMI patients, who showed higher
lactate levels during all other time frames except this one.
We did not find any association among increased lactate
and preoperative hypotension, use of catecholamines, or
reduced left ventricular function. Nevertheless, the
increased number of preoperative intra-aortic balloon pump
implantations in NSTEMI patients who were operated on
early could indicate that impending cardiac failure was
expected. Overall, NSTEMI patients—in contrast to STEMI
patients—seemed to have been presented for rapid surgery
particularly if deterioration was anticipated.

Outcome After 6 Hours
A comparison between preoperative parameters of STEMI
patients who could have influenced the decision for or against
early CABG revealed significant differences only as far as
cardiac enzymes were concerned. STEMI patients operated on
>6 hours later had higher CK-MB levels, pointing to persisting
or recurrent myocardial ischemia. NSTEMI patients operated
on >6 hours later more often received dual-platelet inhibition,
but PCI rates among these groups did not differ. Conse-
quently, this observation most likely indicates that time to
surgery or time to decision was long enough to initiate dual-
platelet therapy, which has been shown to improve survival of
patients with acute coronary syndromes, independent of the
treatment strategy chosen.8

Lactate Levels for Identification of High-Risk
Patients
Increased lactate values have already been linked to mortality
in patients with myocardial infarction treated by CABG but also
after PCI.24,25 Despite the exclusion of patients with clinically
apparent CS, 19% of STEMI and 10% of NSTEMI patients still
presented with preoperative lactate levels >2 mmol/L in this
study. As stated, we could not find any association between
this parameter and other indicators of impending CS. On the
contrary, 43% of STEMI patients and 47% of NSTEMI patients
with preoperative lactate levels >2 mmol/L were hypertensive
—defined as a blood pressure >140/90 mm Hg—before
undergoing surgery. Hypertension has already been linked to
increased lactate that may be caused by obstruction of
microvessels, with subsequently impaired tissue perfu-
sion.26,27 In addition, preoperatively sustained fasting periods
with volume depletion also could have contributed to the rate
of elevated lactate levels. Regardless of the underlying cause,
NSTEMI patients with preoperatively elevated lactate levels
seem to represent a particularly vulnerable cohort. This finding
does not imply that CABG should be delayed in these patients.
Instead, it facilitates the easy and fast identification of high-
risk NSTEMI patients. We feel that coronary angiography
should not be delayed if increased lactate values are present,
regardless of hemodynamic stability or symptoms. The
therapeutic strategy—whether surgical, interventional, or
conservative—may thus be determined before further clinical
deterioration takes place.

Study Limitations
This study analyzed retrospective data from a single-center
experience with early CABG in AMI patients. It covers
14 years of cardiac care and thus also includes changes in
the treatment of acute coronary syndromes over time.
Consequently, any conclusions drawn from this work are

Table 6. Predictors of 30-Day Mortality

Parameter Odds Ratio 95% CI P Value

Atrial fibrillation 4.290 1.712–10.752 0.002

Lactate >2 mmol/L 3.942 1.550–10.023 0.004

Peripheral arterial disease 3.848 1.527–9.696 0.004

Prior stroke 3.722 1.227–11.289 0.020

LV function ≤50% 3.257 1.398–7.586 0.006

Included into model 1: age ≥70 y, preoperative lactate >2 mmol, creatinine clearance
<50 mL/min/1.73 m2, chronic obstructive pulmonary disease, peripheral arterial
disease, prior stroke, continuous inotropic support, atrial fibrillation, left main stenosis,
LV function ≤50%, time from diagnosis to surgery <6 h. CI indicates confidence interval;
LV, left ventricular.

Table 7. Predictors of Late Mortality

Parameter Hazard ratio 95% CI P Value

Atrial fibrillation 2.184 1.437–3.318 <0.001

Age >70 y 2.125 1.426–3.166 <0.001

Peripheral arterial disease 2.106 1.300–3.410 0.002

Reduced LV function ≤50% 1.983 1.385–2.837 <0.001

CC <50 mL/min/1.73 m² 1.955 1.265–3.023 0.003

Lactate >2 mmol/L 1.954 1.270–3.008 0.002

COPD 1.640 1.022–2.633 0.040

Included into model 1: age ≥70 y, preoperative lactate >2 mmol/L, CC <50 mL/min/
1.73 m², COPD, peripheral arterial disease, prior stroke, continuous inotropic support,
atrial fibrillation, non–ST-segment–elevation myocardial infarction, left main stenosis,
ejection fraction ≤50%, time from diagnosis to surgery <6 h. CC indicates creatinine
clearance; CI, confidence interval; COPD, chronic obstructive pulmonary disease.
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limited by its design. Despite our various efforts to preclude
all CS patients, we cannot completely rule out the possibility
that a study participant with evolving CS indicated solely by
increased lactate levels accidentally remained in this analysis.
Nevertheless, we did not feel comfortable excluding patients
based on this parameter alone because lactate elevations may
be caused by several factors unrelated to CS, as discussed.
Although our department offers operative revascularization to
all AMI patients as a service 24 hours a day, 7 days a week,
the initial decision to present a patient at a certain time point
was made by our referring cardiologists. Consequently, the
data presented also reflect local opinions about which
patients might benefit from early operative revascularization.

Summary
Prospective data already demonstrated that conservative
treatment is associated with poorer prognosis compared
with urgent operative revascularization in patients with AMI
and CS.6 Accordingly, guideline recommendations are clear
regarding the approach in this clinical setting.7,8 Neverthe-
less, patients with CS are also at the highest risk for
perioperative complications.6 It is unknown whether hemo-
dynamically stable patients with STEMI or NSTEMI also
suffer from increased perioperative risks. This has always
been assumed, given the proinflammatory state of these
patients. In fact, some previous surgical data indicated that
delayed surgery may indeed result in better outcomes.
However, it is unknown to what extent these data are biased
by the possibility that AMI patients planned for CABG suffer
from major adverse cardiovascular events while waiting for
the initial infarction “to cool off” and thus are not included in
any kind of risk evaluation. Furthermore, until recently, a
majority of surgical publications on this topic did not
differentiate between STEMI and NSTEMI, as many surgeons
believed that differentiation did not matter.2 Subsequently, it
was impossible to analyze the outcome of STEMI versus
NSTEMI patients, although prospective PCI data have
demonstrated substantial differences between these groups
with regard to risk stratification, time frame for revascular-
ization, and survival.7,8 Consequently, we feel that it is vital
to extend the knowledge about timing of CABG in patients
with STEMI and NSTEMI. Our institution offers early
revascularization to all patients with AMI with no preselec-
tion of patients on our side. In particular, our data indicate
that hemodynamically stable STEMI patients can safely
undergo early operative revascularization. These findings do
not support the guarded phrasing of current guideline
recommendations. However, they mirror the commonly
accepted conclusion drawn from multiple PCI-driven,
prospective studies: that early revascularization is beneficial
in STEMI patients. In contrast, the surgical NSTEMI

population described in this study consisted of older and
sicker patients with consequently higher perioperative risk
profiles for which the optimal treatment timing and goals
were more difficult to determine. In contrast to the STEMI
treatment recommendations, our NSTEMI data are largely in
line with the conclusions outlined in the guidelines. These
findings, however, also emphasize the need for a randomized
controlled study that focuses on the questions of who and at
which time point AMI patients considered unsuitable for PCI
should undergo surgery; otherwise, we will not be able to tell
whether the mortality rates and complications reported for
early CABG in this scenario are low or high.
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None.
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