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Early versus late surgical revascularization after acute myocardial infarction
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Abstract
Background: Optimal timing for coronary artery bypass grafting (CABG) after a
myocardial infarction (AMI) remains contentious. Early surgical inte
minimize myocardial damage but carries increased risks, while d bypass grafting;
allows myocardial stabilization but may lead to recurrent ische Myocardial infarction;
objectives is to compare early (0-3 days post-AMI) versus latg STEMI

complications.

Methods: This prospective cohort comparative st ) :
2023 to May 2024 at three centers in Eg i 55.67 £ 9.05
years; 85% male) undergoing CABG wi 0 da | were enrolled. Patients
were divided into two groups ba
n=30) and Late CABG (4-30 da ) . rative, intraoperative,
and postoperative data were c@ - Outcomes were assessed during
hospitalization and at follow-up (mean ation 8.1 + 1.73 months).

Results: Baseline demographic, angl@graphic, and echocardiographic
characteristics were comparable between gr@ips. The early CABG group showed
significantly more akin inetic apical wall motion abnormalities (p = 0.001).
In-hospital i i the early group though without a significant
difference
significantly m in the early CABG group (33.3% vs. 10%, p = 0.02). The
6 vs. 2.37+1.71 days, p = 0.001) and total hospital
stay (9.33£3.29 vs. 3.05 days, p = 0.003) were significantly longer in early
CABG. Odds of complica®@ons were 4.5 times higher in early CABG while mortality
odds showed a non-significant trend toward increase.

Conclusion: Early CABG may be associated with increased postoperative
complications, necessitating careful patient selection and perioperative
management. Delayed CABG allows for myocardial stabilization, potentially
reducing perioperative risks.

Introduction patients presenting with acute myocardial

Coronary artery bypass grafting (CABG) infarction  (AMI).  Despite  advances in
remains a cornerstone in the management of interventional cardiology, surgical
coronary artery disease (CAD), particularly in revascularization continues to play a critical role in
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cases involving failed percutaneous coronary
intervention (PCl), unsuitable coronary anatomy,
or hemodynamic instability [1, 2].

The optimal timing of CABG after AMI remains
a subject of clinical uncertainty. Early CABG may
be necessary in patients with ongoing ischemia or
failed percutaneous coronary intervention;
however, this period is also associated with
increased myocardial vulnerability, heightened
inflammatory response, and greater risk of
perioperative complications, including cardiac
rupture and bleeding [3].

In stable patients, early CABG may carry
increased risks but it could be offset by benefits
such as enhanced cardiac remodeling, improved
quality of life, and reduced hospital stay and
associated costs [4]. On the other hand, delaying
surgery beyond 3-7 days allows for myocardial
stabilization [5, 6], but may expose patients to
prolonged ischemia or recurrent infarction [7].

Existing studies report conflicting g
regarding mortality and morbidity assg
early versus delayed CABG, ang
universally accepted guideline for G
[7-10]. Given the lack of consensus G
cut-off time point that can determ
outcome of CABG after AMI, this study ali
preliminarily evaluate dif
between early (0-3 da
CABG to infg
guide clinical

Patients and Metho
Study Design and Pop

This exploratory study was designed as
prospective cohort comparative study. It was
conducted from June 2023 to May 2024 at three
different centres. Sixty patients who underwent
CABG within 30 days following acute myocardial
infarction (AMI) were included in the study, with a
mean age of 55.67 + 9.05 years (range: 32-73
years) and a predominance of males (51 out of 60;
85%). The cohort was divided into two groups
according to timing of CABG. In group A (Early
CABG, n=30) CABG was performed within 0-3 days
post-AMI, while group B (Late CABG, n=30)
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included patients who underwent CABG within 4-
30 days post-AMI.

Defining early CABG within 0-3 days after AMI
is based on clinical reasoning and prior evidence,
considering myocardial vulnerability, systematic
inflammatory response and hemodynamic
instability within the first 72 hours post-MI. The
classification of post-MI CABG as early (0-3 days)
and late (4-30 days) is supported by evidence from
previous studies which used 3 days as a cut-off
point for CABG timing after AMI [11-13].

Inclusion Criteria:
¢ |solated CABG fo
coronary ana

or unsuitable

y to medical

he sample size was chosen pragmatically due
to éxploratory nature of the study. The sample size
was not determined based on formal power
calculations. It was determined by the availability
of eligible cases during the study period. A total of
60 patients (30 in each group) were enrolled to
allow preliminary evaluation of outcome
difference, assess feasibility, and generate effect
size estimates to guide sample size calculations for
future confirmatory studies.

Data Collection:

Preoperative, intraoperative, and
postoperative data were recorded, including
demographics, comorbidities, echocardiographic
findings, operative duration, and complications.
On discharge, protective  cardiovascular
medications including Aspirin, Beta-blockers, and
diuretics were prescribed for all survivor patients.
Postoperative outcomes were assessed at
discharge and during follow-up at 1, 3, and 6
months. Mean duration of follow-up after
discharge to home was 8.1+1.73 months (range, 6-
12 months). All survivors completed 6 months of
follow-up.
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Table 1: Preoperative demographic and clinical characteristics.
Continuous data are expressed as mean * standard deviation
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Categorical data are expressed as number (%).

Variables Early CABG (n=30) Late CABG (n=30) P-value
Age (years) 55.13+9.17 56.20+9.06 0.65
Gender:
Male 23 (76.7%) 28 (93.3%) 0.07
Female 7 (23.3%) 2 (6.7%)
Weight (kg) 81+12.28 83.3+15.3 0.53
Height (cm) 165.949.70 167.319.41 0.57
BMI (kg/m?) 29.58+4.68 29.77+4.99 0.87
BSA 1.86%0.18 1.9010.21 0.47
Smoking 9 (30%) 16 (53.3%) 0.11
DM 20(66.7%) 21 (70%) 0.78
IDDM 7 (23.3%) 3 (10%) 0.16
Hypertension 20 (66.7%) 18 (60%) 0.59
Hypercholesterolaemia 14 (46.7%) 15 (50%) 0.79
Cerebrovascular accident 1(3.3%) 1
Peripheral vascular disease 0 (0%) 0.31
CHF 3 (10%) 0.44
Previous Ml 5(16.7%) 0.71
Arrhythmia 0 (0%) 0.31
Previous PCI 3 (10%) 0.68
Critical status 2 (6.7%) 0.15
Intravenous Nitrates 2 (6.7%) 0.15
Intravenous inotropes 2 (6.7%) (0%) 0.15
Preoperative IABP 0 (0%) 0.15
Operation priority:
Elective 26 (86.7% 29 (96.7%) 0.16
Emergency 1(3.3%)
Preoperative medications:
Beta-blockers 25 (83.3%) 0.34
ACE inhibitors 10 (33.3%) 0.59
Lipid lowering agents 15 (50%) 0.60
Calcium channel blockers 3(10%) 1(3.3%) 0.30
Oral Nitrates 15 (50%) 11 (36.7%) 0.29
Antiplatelet 5(16.7%) 3 (10%) 0.44
BMI: Body mas asal surface area. DM: Diabetes mellitus, IDDM: Insulin-dependent diabetes mellitus,

aortic balloon pump

Definitions:

Postoperative outcomes following CABG were
defined using the standard criteria of the Society
of Thoracic Surgeons (STS). Myocardial infarction
is identified by clinical, enzymatic, or
electrocardiographic evidence of cardiac injury. In-
hospital mortality refers to death occurring during
the same hospitalization or within 30 days of
surgery. Reoperation indicates a return to the
operating room for issues such as bleeding, graft
complications, or wound problems. Stroke is
characterized by a new, permanent focal

neurologic  deficit confirmed by clinical
assessment and imaging. Renal failure is defined
as the need for new dialysis or a significant
deterioration in kidney function postoperatively.
New-onset atrial fibrillation or flutter refers to
arrhythmias requiring therapeutic intervention in
patients with no prior history. Deep sternal wound
infection, or mediastinitis, involves infection of the
sternum requiring treatment and often surgical
intervention. Pneumonia is diagnosed based on
new pulmonary infiltrates accompanied by clinical
signs of infection and microbiologic confirmation.
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Table 2: Comparing preoperative extent of coronary artery disease (CAD) between both groups. Categorical data are
expressed as number (%)

Variables Early CABG (n=30) Late CABG (n=30) P-value
Single vessel disease 1(3.3%) 2(6.7%) 0.55
Double vessel disease 3(10%) 1(3.3%) 0.30
Triple vessel disease 26(86.7%) 27(90%) 0.68
LMS disease 2(6.7%) 1(3.3%) 0.55

LMS: Left main stem

Statistical analysis accident, peripheral vascular disease, and

Data were analyzed using the Statistical previous myocardial infarction were statistically
Package for the Social Sciences (SPSS) software, comparable across both groups (p > 0.05). There
version 20.0 (IBM Corp., Armonk, NY, USA). was a trend toward m atients in the early
Continuous variables were presented as mean * CABG group nitrates,
standard deviation and compared using the T-test, inotropes, IABP su esenting in a
whereas categorical variables were reported as critical status, ces were not
counts and percentages and analyzed using the statistically use of
Chi-square test. The effect size was estimated medication blockers, ACE inhibitors,

based on binary outcome (mortality rates and
overall rate of postoperative complications). Odds
ratio (OR) and its 95% confidence interval (95%Cl) er proportion of emergency cases
were estimated as preliminary effect sizes. ; the early CABG group (13.3% vs.
Significance was set at p<0.05. . h this difference was also not

lipid-loweri oral nitrates, and

Results
Preoperative characteristics:
Preoperative  demographic

jographic extent of coronary artery disease:
Preoperative angiographic findings suggest

characteristics were comparable be that the severity and distribution of CAD were
groups (Table 1). There was no s i comparable between the early and late CABG
difference in age, weight, height, BMI, an groups (Table 2). The high incidence of triple
were similar between grou vessel disease across both groups underscores the
incidences of diabetes complexity of patients selected for surgical

insulin-depen i revascularization after AMI.

number (%). Continuous are expressed as mean * standard deviation

Variables Early CABG (n=30) Late CABG (n=30) P-value
Low LVEF 9(30%) 8(26.7%) 0.77
LVEF (%) 53.5618.47 53.8617.31 0.88
LVEDD (cm) 4.8610.48 4.80£0.58 0.70
LVESD (cm) 3.28+0.44 3.32+0.48 0.69
Apical contraction:

Hypokinesia 3(10%) 17(56.7%)

Akinesia 18(60%) 9(30%) 0.001*

Dyskinesia 9(30%) 4(13.3%)

LVEF: Left ventricular ejection fraction, LVEDD: Left ventricular end-diastolic diameter, LVESD: Left ventricular end-
systolic diameter.
*Significant difference
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Table 4: Operative data. Categorical data are expressed as number (%). Continuous data are expressed as mean *

standard deviation

Variables Early CABG (n=30) Late CABG (n=30) P-value
Bypass time (min) 88.20+37 96.17+41 0.43
Cross-clamp time (min) 58.97432.18 59.87+27.98 0.90
Number of distal anastomoses 2.304£0.83 2.53+0.90 0.30
Graft conduit:
LIMA 27(90%) 28(93.3%) 0.64
Long SV 1(3.3%) 2(6.7%) 0.55
Radial artery 2(6.7%) 0(0%) 0.15
Quality of coronary arteries:
Good 24(80%) 26(86.7%) 0.48
Poor 6(20%) 4(13.3%)
Local procedures:
Vein patch 9(30%) "
Routine CABG 21(70%) 0.006
Intraoperative blood transfusion 5(16.7%) 0.22
Intraoperative IABP 1(3.3%) 0.31

LIMA: Left internal mammary artery, SV: Saphenous vein, IABP: Intra-aorti

*Significant difference

Preoperative echocardiographic data:

Comparing the key echocardiographic
parameters between patients undergoing early
versus late CABG (Table 3) revealed no sigmifigant
difference in mean left ventriculg
fraction (LVEF) values (53.56% * 8.4
7.31; p = 0.88), proportion of pat
LVEF (30% vs. 26.7%; p = 0.77),

group had
contractile
while the late
dysfunction (hypo
significant difference .001) indicating more
acute and severe ischem¥ic injury in the early
cohort and possibly justifying the urgency of
intervention.

Operative data:

The operative techniques and overall surgical
complexity were largely comparable between
early and late CABG groups (Table 4). The mean
bypass time and aortic cross-clamp time were
slightly longer in the late CABG group (96.17 * 41
vs. 88.20 £ 37 min and 59.87 £ 27.98 vs. 58.97 +
32.18 min, respectively), but the differences were
not statistically significant (p >0.05). The mean

stomosis was slightly higher
group (2.53 vs. 2.30), but without

@USWein (SV) and radial artery conduits did
ot differ significantly (p > 0.05). A significant
rence was observed in the use of vein
patching, which was much more common in the
early CABG group (30% vs. 3.3%, p = 0.006). This
may reflect more friable or inflamed coronary
arteries in the early group. Use of intraoperative
intra-aortic balloon pump (IABP) and blood
transfusions was slightly more frequent in the
early CABG group, though not statistically
significant.

Postoperative outcome:

Postoperative outcomes and durations are
presented in (Table 5). In-hospital mortality was
higher in the early CABG group (13.3% vs. 3.3%),
but the difference did not reach statistical
significance (p = 0.16). Overall postoperative
complications were significantly more common in
the early CABG group (33.3% vs. 10%, p = 0.02).
Low cardiac output, need for blood transfusion,
and pulmonary/ neurological/ infective
complications were more frequent in the early
group, but none reached statistical significance (p-
values > 0.05). Reoperation for bleeding occurred
in 23.3% of early CABG patients compared to only
6.7% in the late group (p = 0.07). Although not
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Table 5: Postoperative outcomes and durations. Categorical data are expressed as number (%). Continuous data are

expressed as mean # standard deviation

Variables Early CABG (n=30) Late CABG (n=30) P-value
In-hospital mortality 4(13.3%) 1(3.3%) 0.16
Postoperative complications (overall) 10(33.3%) 3(10%) 0.02*
Low cardiac output 12(40%) 10(33.3%) 0.59
Blood transfusion 24(80%) 22(73.3%) 0.54
Reoperation for bleeding 7(23.3%) 2(6.7%) 0.07
Postoperative arrhythmia 1(3.3%) 0(0%) 0.31
Pulmonary complications 2(6.7%) 1(3.3%) 0.55
Neurological complications 1(3.3%) 0(0%) 0.31
Infective complications 1(3.3%) 0(0%) 0.31
Postoperative durations:
Ventilation (hours) 16.87+11.19 0.62
ICU stay (days) 3.83+1.36 0.001*
Hospital stay (days) 9.33%#3.29 0.003*
*Significant difference
statistically significant, this represents a notable effect on mains uncertain but

e odds of in-hospital

alty r times higher in the early
w ginpared to late CABG. However, the
2 40Onfidefile interval and its inclusion of 1

. The result suggests a potential but
conclusive risk increase with early surgery.
nts in the early CABG group had 4.5 times
higher odds of developing postoperative
complications compared to those undergoing late
CABG. The confidence interval does not include 1
and the lower bound is above 1.09, indicating a
statistically significant and clinically relevant

trend and may reflect increased surgical
complexity or instability in the early period.
Postoperative arrhythmia occurred only in the
early group (3.3%), though rare and not
significant.

difference was not sta effect.
0.62). 70 ) o
I 1 month
1 6 months
Table 6: Analysis o 507
confidence interval) G for in-hospital il
mortality and postoperat a
95% ClI i 407
Variables OR Upper Lower g 50
limit limit b
In-hospital mortality 446  0.47 42.52 el
Postoperative 450 1.09  18.50 10
complications (overall)
OR: Odds ratio; Cl: Confidence interval 'y

*Significant difference Early CABG

Late CABG

Groups

Figure 1: Error bars chart showing mean +/- standard
deviation (SD) of left ventricular ejection fraction
(LVEF)

The analysis of effect size (Table 6) highlights
that early CABG may increase the risk of
postoperative complications significantly, while its
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Table 7: Comparing postoperative LVEF (%) in survivors between early and late CABG groups. Continuous data are

expressed as mean # standard deviation

Variables Early CABG (n=26) Late CABG (n=29) P-value
Immediate postoperative 53.57+7.63 53.72+6.92 0.94
1-month 54.19+6.80 55.72+6.59 0.40
6-months 54.92+6.96 56.55+5.94 0.35

LVEF: Left ventricular ejection fraction; Mann-Whitney U test was used for comparisons

Postoperative and follow-up LVEF in survivors:

Comparing postoperative LVEF in survivors
between early and late CABG groups (Table 7 and
Figure 1) showed no significant difference
between both groups at immediate postoperative
period, 1-month, and 6-months (p > 0.05) with a
significant improvement from baseline LVEF in
both groups at 6-months (p < 0.05).

Discussion

The main finding of this exploratory study is
that patients undergoing early CABG within first 3
days after AMI experienced significantly more
postoperative morbidity and prolonged recovery,
although the impact of early CABG on in-hospital
mortality remains uncertain.

In literature, the timing of CAB er AMI a
the associated risks vary based G inical
demographic factors. Higher surgica
been linked to advanced age, female
heart failure at presentation. Understanding
variations is essential, especi when comparifig
patients admitted wit quiring urgent
intervention
CABG followi

Early CABG foll associated with
increased operativ and postoperative
complications, with rted mortality rates
ranging from 3.6% to 42.9%. However,
advancements in mechanical circulatory support
and myocardial protection have improved surgical
outcomes, even in high-risk scenarios such as
cardiogenic shock. Elective CABG, performed after
initial stabilization, is associated with significantly

lower risk compared to emergency
revascularization during AMI [15].
Baseline demographic and clinical

characteristics did not significantly differ between

the two groups, consistent with findings by
Fakhry et al. [13], who also reported no
significant differences in a cohort had CABG
before or after 3 days post-MI. Similarly, Khan et
al. [16], in a study of 1 EMI patients, found
no  significant in baseline
characteristics betw hin 24 hours)
and late (after

parable across the two
udy. These results align
. [14], who reported no
rences in dyslipidemia, diabetes,

increased rates of diabetes and chronic kidney
disease in the late group.

The significantly higher incidence of akinetic
and dyskinetic apical wall motion abnormalities in
the early CABG group may reflect more extensive
myocardial injury or delayed recovery of stunned
myocardium following acute ischemic events
[18]. This finding suggests that patients selected
for early surgery could have had more severe or
extensive infarction at baseline, potentially
contributing to the observed increase in
postoperative complications and prolonged
recovery times. It also underscores the need for
careful preoperative assessment of ventricular
function when considering early surgical
intervention.

There was no significant difference in
preoperative LVEF and left ventricular dimensions
between early and late CABG groups. These
findings are consistent with Bianco et al. [14],
who found no differences in LVEF between
groups.
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However, other studies, including those by Nichols
et al. [19] and Abd-Alaal et al. [20] reported lower
ejection fractions in early CABG patients.

We found that the use of intra-aortic balloon
pump (IABP) was slightly more frequent in the
early CABG group, though not statistically
significant. Fakhry et al. [13] reported an
association of early CABG with STEMI and
hemodynamic instability, as did Weiss et al. [11]
and Nichols et al. [19], who noted higher use of
intra-aortic balloon pumps (IABP) and cardiogenic
shock in early CABG cases. Barta et al. [21]
reported that 3.2% of unstable patients required
early CABG, often due to preoperative IABP use,
cardiogenic shock, or mechanical ventilation, all of
which increased operative risk. Similarly, Arora et
al. [17] observed that early interventions were
more commonly associated with ST-segment
deviation and cardiogenic shock.

In our study, early CABG associated with
longer ICU and hospital stays. Similarly, Fakhry et
al. [13] also reported significantly long

early CABG and longer ICU and ho
our study likely reflects the

the setting of acute c¢
involve pati

balance the urgency o scularization with the
patient's  clinical  stability to  optimize
postoperative outcomes and resource utilization.

Postoperatively, early CABG was associated
with a higher overall complication rate but there
was no significant difference in the incidence of
each complication separately. These results are
consistent with the findings of Fakhry et al. [13]
and Nichols et al. [19]. However, Abd-Alaal et al.
[20] and Creswell et al. [22] reported higher rates
of arrhythmia in early CABG patients.
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We did not find a significant difference in the
rate of in-hospital mortality between early and
late CABG. Despite variation in mortality across
studies, most evidence suggests that early CABG is
associated with increased mortality, likely driven
by preoperative risk factors such as low ejection
fraction, STEMI, arrhythmias, IABP use, and
cardiogenic shock [13].

Weiss et al. [11] found a significantly higher
mortality rate for early CABG (5.6% vs. 3.8%,
P=0.001), with risk doubling if surgery was
performed within the fi hree days post-Ml.
Sintek et al. [23] fou ignificant association
between surgery ti lity but noted
higher woundgmi in patients
undergoing I. Parikh et al.
nce in survival for CABG
ours. Khan et al. [16]

adj et al. [25] reported higher 30-
in STEMI than NSTEMI patients.

he finding of a non-significant difference in
mortality between early and delayed coronary
artery bypass grafting (CABG) following acute
myocardial infarction (AMI) warrants careful
interpretation. While the lack of a statistically
significant mortality difference may suggest that
early surgical intervention is not inherently life-
threatening, the associated increase in
perioperative complications observed in the early
CABG group cannot be overlooked. These
complications—ranging from arrhythmias,
bleeding, low cardiac output syndrome, to
prolonged mechanical ventilation—can contribute
to increased postoperative morbidity, extended
intensive care unit and hospital stays, higher
healthcare costs, and impaired functional
recovery.

Clinically, this raises important concerns
regarding the optimal timing of surgical
intervention. It suggests that although early CABG
may be safe from a mortality standpoint, the
heightened risk of complications may undermine
the overall benefits of early revascularization,
especially in hemodynamically stable patients.
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Consequently, these findings underscore the
importance of a patient-centered,
multidisciplinary approach to timing decisions,
weighing the urgency of revascularization against
the potential risk of adverse outcomes. Future
studies with larger sample sizes are needed to
better define the subgroups of patients who may
benefit most from early intervention while
minimizing complications.

Limitations

This prospective multicenter observational
study offers useful insights into the timing of
surgical  revascularization  following  acute
myocardial infarction. Strengths include a relevant
clinical objective, well-matched comparison
groups, and focus on key perioperative outcomes.
However, the study has potential limitations
including small sample size, short-term follow-up,
observational design, exploratory nature, and
limited statistical power which could temper the
generalizability of the study conclusions.

Conclusion

In  conclusion, although ear
intervention after AMI may be feasj
patients, it may carry a great8

randomized studies are
these preliminary obs
clinical decisi@gn-maki

assessment and
ain essential for
guiding surgical timing is clinically vulnerable

group.
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