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ABSTRACT
Coronary artery bypass grafting, also known as CABG, 
is now in its sixth decade and continues to be the most 
frequently performed cardiac surgery in the world. This 
review summarizes evidence regarding the role of CABG 
in modern-day management of coronary artery disease 
and discusses the latest developments in perioperative 
care and outcomes. Future directions include expanding 
the use of multiarterial grafting, which has the potential 
to maximize patient longevity and lower risk for adverse 
events; offering patients less-invasive approaches; and 
enhancing operative recovery.

KEY POINTS
The collaborative multidisciplinary heart team approach 
should view percutaneous coronary intervention, CABG, 
and medical therapy as alternative and complementary 
treatments rather than as competing therapies; the risks and 
benefi ts of each option should be weighed for each patient. 

CABG remains the standard of care for patients with 
complex multivessel disease and left main coronary artery 
disease, diabetes, or left ventricular systolic dysfunction. 

Multiarterial grafting can offer better long-term survival 
and lower risk of adverse cardiac events for patients 
undergoing CABG.

Innovations that reduce the invasiveness of coronary 
surgery and hybrid coronary revascularization are reason-
able alternatives in select patients with a preference for 
less-invasive revascularization procedures.

Coronary artery bypass grafting (cabg)
is performed in patients with ischemic heart 

disease to improve symptoms, quality of life, and 
life expectancy. Ischemic heart disease is a major 
health concern in the United States, affecting 
20.5 million people and causing 371,506 deaths 
in 2022.1,2 By 2060, the number of people in the 
United States with ischemic heart disease is 
expected to exceed 29 million.3 The economic 
impact is substantial, with the annual cost of 
heart disease estimated at $239.9 billion.2 

Around 650,000 revascularization proce-
dures are performed in the United States annu-
ally, including 450,000 percutaneous coronary 
interventions (PCIs) and 200,000 CABG oper-
ations.4,5 Although fewer revascularizations are 
done due to advances in medical therapy and 
appropriate-use criteria, progress contiues in 
CABG applications and the refi nement of tech-
niques, including maximizing longevity with 
multiarterial grafting, offering patients a less-
invasive approach, and improving perioperative 
outcomes. 

Herein, we provide a review of the current 
indications, techniques, outcomes, and future 
directions of CABG surgery.

 ■ OVERVIEW OF CABG

CABG was pioneered in the 1960s by René 
Favaloro, MD, to improve symptoms and survival 
in coronary artery disease.6 Over the following 
decades, studies confi rmed that CABG increases 
survival in patients with left main coronary 
artery and multivessel disease compared with 
medical therapy. In the early 2000s, PCI with 
drug-eluting stents emerged as a less-invasive doi:10.3949/ccjm.92a.23071
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TABLE 1
Major CABG trials in multivessel disease

Study Year Comparison Primary end point Key fi ndings

BARI-2D (Bypass 
Angioplasty 
Revascularization 
Investigation 2 
Diabetes)10

2009 Revascularization (CABG 
or PCI) plus intensive 
medical therapy vs 
intensive medical 
therapy in patients with 
diabetes

All-cause mortality at 
5 years

Revascularization with intensive medical therapy 
not superior to intensive medical therapy alone

CABG stratum: lower prevalence of myocardial 
infarction (10% vs 17.6%) and MACCE (22.4% 
vs 30.5%), no signifi cant difference in all-cause 
mortality (13.6% vs 16.4%) or cardiac death (8% 
vs 9%) 

PCI stratum: no signifi cant difference in myocardial 
infarction, MACCE, all-cause mortality, or cardiac 
death

FREEDOM (Future 
Revascularization 
Evaluation in Patients 
With Diabetes Mellitus: 
Optimal Management
of Multivessel 
Disease)11

2012 CABG vs PCI All-cause mortality, 
nonfatal myocardial 
infarction, or nonfatal 
stroke

CABG superior to PCI: in CABG patients, lower 
5-year primary composite end point (18.7% vs 
26.6%), lower prevalence of myocardial infarction 
(6.0% vs 13.9%) and all-cause mortality (10.9% 
vs 16.3%), higher prevalence of stroke (5.2% vs 
2.4%)

SYNTAX (Synergy 
Between Percutaneous 
Coronary Intervention 
With Taxus and 
Cardiac Surgery)12

2013 CABG vs PCI
(paclitaxel-eluting stents)

Composite MACCE (all-
cause mortality, stroke, 
myocardial infarction, and 
repeat revascularization)

PCI inferior and not noninferior to CABG

Lower 5-year MACCE (26.9% vs 37.3%); lower 
prevalence of cardiac death (5.3% vs 9%), 
myocardial infarction (3.8% vs 9.7%), and repeat 
revascularization (13.7% vs 25.9%); no signifi cant 
difference in all-cause mortality (11.4% vs 13.9%) 
or stroke (3.7% vs 2.4%) for CABG and PCI, 
respectively

BEST (Randomized 
Comparison of 
Coronary Artery 
Bypass Surgery and 
Everolimus-Eluting 
Stent Implantation 
in the Treatment 
of Patients With 
Multivessel Coronary 
Artery Disease)13

2015 CABG vs PCI 
(everolimus-eluting 
stents)

Composite of death, 
myocardial infarction, 
target-vessel 
revascularization

No signifi cant difference in primary composite end 
point at 2 years (PCI 11% vs CABG 7.9%)

At longer-term follow-up (median 4.6 years), PCI 
had signifi cantly higher primary end point (15.3% 
vs 10.6%) compared with CABG owing to repeat 
revascularization and spontaneous myocardial 
infarction

STICH (Surgical 
Treatment for Ischemic 
Heart Failure) and 
STICHES (STICH 
Extension Study)9

2016 CABG plus medical 
therapy vs medical 
therapy alone in patients 
with left ventricular 
ejection fraction ≤ 35%

All-cause mortality No signifi cant difference in primary end point over 
6 years; however, CABG with medical therapy 
resulted in signifi cant improvement in long-term 
all-cause mortality out to 10 years compared with 
medical therapy alone (58.9% vs 66.1%) 

Cardiovascular mortality and morbidity were lower 
with CABG in both studies 

FAME 3 (Fractional 
Flow Reserve 
Versus Angiography 
for Multivessel 
Evaluation)14

2021 Fractional fl ow reserve–
guided PCI vs CABG in 
triple-vessel disease

MACCE (death from 
any cause, myocardial 
infarction, stroke, or repeat 
revascularization)

Fractional fl ow reserve–guided PCI not consistent 
with noninferiority to CABG: higher MACCE in 
fractional fl ow reserve–guided PCI arm compared 
with CABG (10.6% vs 6.9%) at 1 year

CABG = coronary artery bypass grafting; MACCE = major adverse cardiac or cerebrovascular events; PCI = percutaneous coronary intervention
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alternative. Despite PCI becoming more common, 
especially for patients with acute coronary syndromes, 
CABG remains the gold standard, particularly for 
patients with complex anatomy (ie, bifurcation dis-
ease and higher SYNTAX score—a score of coronary 
disease complexity, derived from the Synergy Between 
PCI With Taxus and Cardiac Surgery trial as criteria 
for treatment selection),7 diabetes, and left ventricular 
dysfunction.8,9 PCI is considered a valuable option for 
patients with fewer coronary lesions and for those who 
are poor surgical candidates.

CABG is one of the most studied cardiac surgical 
procedures, with extensive follow-up data (Table 1 and 
Table 2).9–18 Typical CABG patients are older, with 
more comorbidities, and often have undergone PCI. 
Most procedures involve multiple bypass grafts, usually 

1 internal thoracic artery (ITA), and vein grafts. Arte-
rial grafts, such as the right ITA and radial artery, can 
signifi cantly improve long-term patency compared with 
vein grafts but are more technically challenging. Vein 
grafts often fail over time, leading to recurrent angina.

 ■ CURRENT INDICATIONS

The 2021 American College of Cardiology, American 
Heart Association, Society for Cardiovascular Angiog-
raphy and Interventions guidelines8 on coronary artery 
revascularization recommend CABG along with medi-
cal therapy in various clinical and anatomic scenarios to 
achieve symptom relief and improve survival (Table 3). 
However, recent studies and trials have sparked debate 
about the extent of the benefi ts of CABG in certain 
patient groups.

TABLE 2
Major CABG trials in left main coronary artery disease

Study Year Comparison Primary end point Key fi ndings

PRECOMBAT (Premier 
of Randomized 
Comparison of 
Bypass Surgery versus 
Angioplasty Using 
Sirolimus-Eluting Stent 
in Patients with Left 
Main Coronary Artery 
Disease)15

2011 CABG vs PCI 
(sirolimus-eluting 
stents)

MACCE (death from 
any cause, myocardial 
infarction, stroke, or 
ischemia-driven target-
vessel revascularization)

No signifi cant difference in primary end point at 
2 years

Higher ischemia-driven target-vessel 
revascularization in PCI group (9% vs 4.2%)

SYNTAX left main 
coronary artery 
subgroup16

2014 CABG vs PCI 
(paclitaxel-eluting 
stents)

Composite MACCE (all-
cause mortality, stroke, 
myocardial infarction, and 
repeat revascularization)

No signifi cant difference in primary end point at 
5 years 

Increased stroke in CABG arm (4.3% vs 1.5%), 
higher repeat revascularization in PCI arm (26.7% 
vs 15.5%), and higher MACCE at 5 years in PCI 
with SYNTAX score ≥ 33 (46.5% vs 29.7%)

EXCEL (Evaluation 
of Xience Versus 
Coronary Artery 
Bypass Surgery 
for Effectiveness 
of Left Main 
Revascularization)17

2019 CABG vs PCI 
(everolimus-eluting 
stents)

Composite of death,
stroke, myocardial 
infarction

PCI was noninferior to CABG for primary end 
point at 3 years, survival curves favored CABG at 
5 years (22.0% vs 19.2%), and ischemia-driven 
revascularization was more frequent after PCI 
(16.9% vs 10%)

NOBLE (Nordic-Baltic-
British Left Main 
Revascularization)18

2020 CABG vs PCI Composite MACCE 
(all-cause mortality, 
nonprocedural myocardial 
infarction, repeat 
revascularization, and 
stroke)

CABG superior to PCI

Lower MACCE for CABG (19% vs 28%) at 
5 years, driven by lower nonprocedural myocardial 
infarction (3% vs 8%) and lower repeat 
revascularization  in CABG patients (10% vs 17%)

CABG = coronary artery bypass grafting; MACCE = major adverse cardiac or cerebrovascular events; PCI = percutaneous coronary intervention; SYNTAX = Synergy 
Between PCI With Taxus Stents and Cardiac Surgery
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Seminal trials from the 1970s19–21 confi rmed the 
superiority of CABG over medical therapy for symptom 
relief and improved quality of life, with a landmark 
meta-analysis confi rming the benefi ts of CABG, 
especially in individuals with more severe coronary 
artery disease.22 These data solidifi ed CABG as the 
gold standard for many patients with complex coronary 
anatomy.

The ISCHEMIA (International Study of Compar-
ative Health Effectiveness With Medical and Invasive 
Approaches) trial23 and subsequent meta-analyses have 
questioned the survival advantage of CABG in patients 
with normal or mildly reduced left ventricular func-
tion.8,23 These studies often involved patients with a 
lower degree of disease complexity, the vast majority 
of whom received PCI. Additionally, a signifi cant 
percentage of patients (21%) in the ISCHEMIA trial 
crossed over from medical therapy to intervention 
within a median follow-up of 3.2 years, often in the 
context of myocardial infarction.23 This crossover and 
patient selection have complicated the direct compari-
son of long-term outcomes of CABG with other treat-
ments. Recent evidence supports the safety of an initial 
medical approach with continued surveillance in select 
patients with low atherosclerotic burden. However, it 
does not negate the survival advantage of CABG in 
patients with multivessel coronary artery disease, an 
advantage long established by previous research.22,24

CABG is also indicated for symptom relief and 
improvement in quality of life, particularly for patients 
not adequately managed with medical therapy alone.8

 ■ CABG VS PCI: WHAT THE EVIDENCE SAYS

The comparison between CABG and PCI remains a 
focus of study owing to the continuous advances in 
medical technology and techniques, need for updated 
long-term data, and evolving nature of patient popu-
lations and their comorbidities. This comparison has 
been challenging due to selection bias in clinical trials 
and evolving clinical practices that outpace guideline 
recommendations. Recent landmark trials have pro-
vided clearer insights and helped refi ne recommenda-
tions for the optimal use of PCI and CABG based on 
patient-specifi c factors and long-term outcomes.9–18

Multivessel disease
Initial PCI vs CABG trials25 primarily included patients 
with single- or double-vessel disease and normal left 
ventricular function, which had already been shown 
to have little prognostic benefi t from surgery.22 Later 
trials9–18 shifted focus to patients with more complex 
conditions, such as multivessel and left main disease. 

Patients with a SYNTAX score of 22 or lower are 
generally well suited for PCI. Conversely, CABG 
is superior to PCI for the majority of patients with 
multivessel coronary artery disease with SYNTAX 
scores higher than 22 and for those with left main 
disease with SYNTAX scores of 33 or higher. In these 
later trials,9–18 patients were assessed by a collaborative 
multidisciplinary heart team to determine their eligibil-
ity for equivalent anatomic revascularization. Based on 
clinical comorbidities and disease complexity, eligible 
patients were then randomized to receive either PCI 
or CABG. The results of major trials, like FREEDOM 
(Future Revascularization Evaluation in Patients With 
Diabetes Mellitus: Optimal Management of Multives-
sel Disease),22 SYNTAX,23 and BEST (Randomized 
Comparison of Coronary Artery Bypass Surgery and 
Everolimus-Eluting Stent Implantation in the Treat-
ment of Patients With Multivessel Coronary Artery 
Disease)24 have consistently shown that CABG should 
be considered the primary revascularization strategy for 
most patients with complex multivessel disease.11–13

Left main coronary artery disease
As for patients with left main coronary artery disease, 
the decision between choosing CABG over PCI is 
nuanced owing to inconsistent fi ndings in different tri-
als (Table 2).15–18 To reconcile these confl icting results, 
an individual patient data meta-analysis26 was con-
ducted using data from 4,394 patients from 4 random-
ized controlled trials—SYNTAX,12,16 PRECOMBAT 
(Premier of Randomized Comparison of Bypass Surgery 
Versus Angioplasty Using Sirolimus-Eluting Stent in 
Patients With Left Main Coronary Artery Disease),27 
NOBLE (Nordic-Baltic-British Left Main Revascular-
ization),18 and EXCEL (Evaluation of Xience Versus 
Coronary Artery Bypass Surgery for Effectiveness of 
Left Main Revascularization)28—with a follow-up 
period of at least 5 years. In the study’s time-to-event 
analysis, there was no statistically signifi cant difference 
in 5-year all-cause mortality between patients treated 
with PCI using drug-eluting stents and those treated 
with CABG.26 Although the Bayesian approach sug-
gested that CABG may have a survival benefi t over 
PCI, the absolute risk difference in all-cause mortality 
is likely less than 0.2% per year.

Furthermore, patients who underwent PCI had 
higher rates of spontaneous myocardial infarction 
(6.2%, 95% confi dence interval [CI] 5.2%–7.3% vs 
2.6%, 95% CI 2.0–3.4; hazard ratio [HR] 2.35, 95% 
CI 1.71–3.23; P < .0001) and repeat revascularization 
(18.3%, 95% CI 16.7%–20.0% vs 10.7%, 95% CI 
9.4%–12.1%; HR 1.78, 95% CI 1.51–2.10; P < .0001) 
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over the 5-year period compared with those who under-
went CABG.26 Notably, there was no difference in risk 
of stroke between PCI and CABG.

Eligibility
Typically, trials have limited follow-up periods, with 
5 years being relatively short when long-term survival 
is a priority. Additionally, all trials comparing PCI and 

CABG are designed around the premise of equipoise 
between treatments, excluding patients with very com-
plex coronary disease, signifi cant comorbidities, and 
frailty that might favor one revascularization method 
over the other. Patients who cannot be included in 
trials are often followed in registries. A study using the 
OPTIMUM registry (Outcomes of Percutaneous Revas-
cularization for Management of Surgically Ineligible 

TABLE 3
2021 American College of Cardiology, American Heart Association, Society for 
Cardiovascular Angiography and Interventions recommendations for CABG vs PCI

Indication Criteria and recommendation Class strength and level of evidence

Complex disease Signifi cant left main coronary artery disease with 
high complexity

CABG is recommended over PCI to improve survival

Class 1, level B-R

Multivessel disease with complex or diffuse 
coronary artery disease (SYNTAX score ≥ 33)

It is reasonable to choose CABG over PCI to confer 
survival advantage

Class 2a, level B-R

Diabetes Multivessel disease with LAD involvement

CABG with left IMA to LAD is preferred to PCI 
to reduce mortality and repeat revascularizations

Class 1, level A

Multivessel disease amenable to PCI, indication for 
revascularization, and poor candidate for surgery

PCI can be useful to reduce long-term ischemic 
outcomes

Class 2a, level B-NR

Left main coronary artery stenosis and low- or 
intermediate-complexity coronary artery disease in 
the rest of coronary anatomy

Consider PCI as alternative to CABG to reduce 
major adverse cardiovascular outcomes

Class 2b, level B-R

Previous CABG Refractory angina on guideline-directed medical 
therapy attributable to LAD disease

CABG over PCI when IMA can be used as conduit 
to the LAD

Class 2a, level C-LD

Complex coronary artery disease

CABG over PCI when IMA can be used as a conduit 
to the LAD

Class 2b, level B-NR

Nonadherence to dual 
antiplatelet therapy

Multivessel disease amenable to treatment with 
either PCI or CABG

CABG is preferred to PCI

Class 2a, level B-NR

CABG = coronary artery bypass grafting; IMA = internal mammary (thoracic) artery; LAD = left anterior descending coronary artery; LD = limited data; 
NR = nonrandomized; PCI = percutaneous coronary intervention; R = randomized; SYNTAX = Synergy Between PCI With Taxus Stents and Cardiac Surgery

Data from reference 8.
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Patients With Multivessel or Left Main Coronary Artery 
Disease) found that reasons for surgical ineligibility var-
ied and included poor distal target or conduit (18.9%), 
severe left ventricular dysfunction or nonviable myo-
cardium (16.8%), severe lung disease (10.1%), frailty 
or immobility, prior sternotomy, and advanced age.29

There is also a large population that is ineligible 
for PCI. In a SYTNAX registry study in which reg-
istry patients constituted 41% of the study cohort, 
there were 5 times as many PCI-ineligible patients as 
CABG-ineligible patients.30 Main reasons for PCI inel-
igibility included complex anatomy (70.9%), untreat-
able chronic total occlusion (22.0%), and inability 
to take antiplatelet medications (0.9%).30 CABG in 
these patients had good outcomes. These results show 
a noteworthy prevalence of ineligible patients for both 
PCI and CABG, highlighting the importance of indi-
vidualized treatment planning.

Current guidelines
When determining the optimal choice between PCI 
and CABG, several factors must be considered, includ-
ing patient characteristics, disease stability, procedural 
risk, atherosclerotic burden and complexity, long-term 
effi cacy, and patient preferences. The 2021 American 
College of Cardiology, American Heart Association, 
Society for Cardiovascular Angiography and Interven-
tions guidelines8 for coronary revascularization provide 
recommendations to guide decision-making in situations 
where CABG or PCI may be preferred (Table 3). There 
seems to be consensus that when it comes to complex 
anatomies, heavy atherosclerotic burden, and durability, 
CABG is the preferred modality. When feasible, PCI is 
a viable alternative in those who are poor surgical can-
didates and those with less-extensive coronary lesions.

Ultimately, the collaborative multidisciplinary 
heart team approach should view PCI, CABG, and 
medical therapy as alternative and complementary 
treatments rather than competing therapies. The 
multidisciplinary team should carefully weigh the risks 
and benefi ts of each option for each patient. This col-
laborative approach is recommended to provide the 
best possible outcomes for patients and is considered 
a Class 1 indication according to current guidelines.8

 ■ CABG TECHNIQUES

Off-pump vs on-pump CABG
Off-pump (“beating heart”) CABG was introduced in 
high-risk patients to reduce the potential deleterious 
effects associated with cardiopulmonary bypass and 
aortic clamping. Despite several randomized controlled 

trials, there is no consensus on which technique is 
superior. The choice often depends on patient char-
acteristics and expertise of the surgeon.

Patel et al31 noted similar in-hospital mortality but 
varied longer-term outcomes in 3 of the largest con-
temporary trials comparing on-pump and off-pump 
CABG. The ROOBY (Randomized On/Off Bypass) 
trial reported increased 5-year all-cause mortality in 
the off-pump group, unlike the CORONARY (CABG 
Off or On Pump Revascularization) and GOPCABE 
(German Off-Pump Coronary Artery Bypass Grafting 
in Elderly Patients) studies,32–34 which showed no dif-
ference. Given the lack of a conclusive advantage of 
the off-pump approach, its use has declined in recent 
years, accounting for 17% of CABG procedures in 
2012 but only 12% in 2021. It is favored for higher-risk 
patients and those with signifi cant aortic atherosclerosis 
who have a high risk of perioperative stroke.5,35 Factors 
favoring on-pump over off-pump CABG include the 
following:
• Small or diffusely diseased coronary arteries
• Suboptimal targets
• Intramyocardial coronary arteries
• Coronary endarterectomy
• Unstable hemodynamics
• Concomitant valve surgery.

Off-pump CABG or PCI should be considered 
when cardiopulmonary bypass presents a prohibitive 
risk or when there is severe calcifi cation of the aorta, 
severe ascending aortic atherosclerosis, high risk for 
stroke, or liver cirrhosis.

Multiarterial grafting
The long-term survival benefi t provided by CABG is 
largely determined by the durability of the grafts used 
and the bypassing of multiple important targets.36,37 
Using an ITA for bypassing the left anterior descending 
(LAD) artery is standard of care owing to its superior 
long-term outcomes compared with saphenous vein 
grafts, as reported in the seminal study by Loop et al.38 
Subsequently, in 1999, Lytle et al39 found that using 
both left and right ITAs conferred a strong survival 
benefi t compared with single ITA grafting. However, 
despite these fi ndings, few use a second arterial conduit. 
Ten-year outcomes of ART (Arterial Revascularization 
Trial)40 showed no difference in mortality or major 
adverse cardiac and cerebrovascular events. However, 
an as-treated analysis revealed notable 10-year survival 
benefi t (HR 0.81, 95% CI 0.68–0.95) and a reduced 
composite of death, myocardial infarction, and stroke 
for multiarterial grafting (HR 0.80, 95% CI 0.69–0.93) 
compared with single-arterial grafting.40
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Current consensus supports the superiority of arte-
rial grafts over saphenous vein grafts in appropriately 
selected patients undergoing CABG.41 Data from the 
Society of Thoracic Surgeons Adult Cardiac Surgery 
Database show an increasing proportion of patients 
undergoing multiarterial grafting, from 10.9% in 2020 
to 14.3% in 2021, with both bilateral ITA and radial 
artery use slowly increasing.5

Despite evidence supporting multiarterial grafting, 
the saphenous vein remains the most used conduit 
due to the ease of harvesting and length of the con-
duit. However, it has lower long-term patency. The 
“no-touch technique,” which involves harvesting the 
vein with surrounding tissue to preserve its integrity, 
has shown comparable patency to ITA grafts but has 
a higher risk of wound complications given the signif-
icant prevalence of diabetes and obesity in the North 
American population.41 In addition, patients are more 
likely to prefer a less-invasive approach.

Minimally invasive techniques
Over the past 3 decades, innovations in coronary sur-
gery have led to the development of minimally invasive 
coronary surgery (MICS) CABG, robotic CABG, and 
hybrid coronary revascularization. These techniques 
aim to reduce the invasiveness of procedures and 
improve patient outcomes.

MICS CABG combines off-pump CABG with a 
minimally invasive method, such as left anterior small 
thoracotomy to avoid sternotomy, thereby reducing 
possible complications related to cardiopulmonary 
bypass and sternotomy (Figure 1).42,43 Minimally 
invasive direct coronary artery bypass, the precursor 
of MICS, is applicable in patients with single-vessel 
disease in the proximal LAD or in those undergo-
ing hybrid revascularization. MICS CABG allows 
multivessel grafting with various confi gurations and 
conduits, offering excellent procedural and short-term 
outcomes at experienced centers. The ongoing MIST 
(Minimally Invasive Coronary Surgery Compared to 
Sternotomy Coronary Artery Bypass Grafting) trial 
continues to evaluate whether MICS CABG leads to 
better recovery compared with conventional CABG.43 

Robotic CABG differs from traditional approaches 
in that it involves harvesting the ITA and performing 
anastomosis to the LAD and other targets endoscop-
ically or through a small incision, thereby reducing 
surgical trauma and potentially shortening recovery 
times.44–46 Ideal candidates include those with single-
vessel LAD disease or those being considered for hybrid 
revascularization, as these patients can benefi t from the 
less-invasive nature of the procedure, leading to faster 

recovery and fewer perioperative complications. A sys-
tematic review reported 0.8% perioperative mortality, 
11.5% conversion to larger incisions, and reduction 
in the morbidity associated with conventional surgical 
trauma.44 High-graft patency was also reported (97.7% at 
< 1 month, 96.1% at < 5 years, and 93.2% at > 5 years).45 

Despite these promising results, robotic CABG is 
only available to a small proportion of surgical candi-
dates at highly specialized centers. It accounts for only 
about 1% of total CABG procedures in the United 
States due to high costs, longer operative time, and 
the need for specialized training.46 However, its use is 
likely to increase with greater procedural experience 
and wider availability.

Hybrid revascularization combines grafting the 
LAD with the left ITA using CABG (preferably MICS 
or robotic CABG) and PCI of non-LAD coronary 
stenoses.47 The rationale includes the survival advan-
tage of the left ITA-to-LAD graft, benefi ts of avoiding 
cardiopulmonary bypass and sternotomy, and restenosis 
rates of PCI-treated, non-LAD vessels comparable to 
occlusion rates of saphenous vein grafts. Limited data 
suggest hybrid revascularization offers durability, 

Figure 1. Surgical incision site located on the left 
anterior chest wall following a small thoracotomy 
for minimally invasive coronary artery bypass 
grafting. An accompanying chest drain incision site 
is seen inferolaterally. 
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symptom relief, and survival benefi ts over triple-vessel 
stenting, but may result in higher repeat revasculariza-
tion rates in PCI-treated vessels. 

In summary, minimally invasive techniques are promis-
ing but are limited to specialized centers. Further research 
is warranted to evaluate long-term outcomes and identify 
optimal patient selection for each technique.

Intraoperative management
The evolution of cardiopulmonary bypass has cen-
tered on enhancing biocompatibility and reducing 
hemodilution, leading to signifi cant advances over 
prior cardiopulmonary bypass setups.48 These newer 
systems provide considerable clinical benefi ts, such as 
signifi cant reduction in postoperative atrial fi brillation, 
enhanced renal and myocardial protection, decreased 
systemic infl ammatory responses, reduced cerebral 
gaseous microembolization, and better preservation 
of end-organ function. Concurrently, cardioplegia 
administration, using high-dose potassium to induce 
depolarized cardiac arrest, is essential to protect myo-
cardial function and prevent ischemic damage during 
cardiopulmonary bypass. Cold potassium cardioplegia 
is used most often and has proven effective even in 
cases of severe ischemic cardiomyopathy.

Epiaortic ultrasonography and computed tomog-
raphy are valuable tools for screening select patients 
for major atherosclerosis and calcifi cations in the 
ascending aorta. These methods greatly infl uence 
intraoperative management by allowing adjustments 
in the location of the aortic cannula to reduce the 
risk of athero embolization. Additionally, specialized 
cannulas are used to minimize the risk of perioperative 
stroke or aortic dissection by reducing dislodgement of 
atheromatous debris during aortic manipulation. 

Cerebral monitoring tools like near-infrared spectros-
copy and electroencephalographic-based anesthesia depth 
monitoring are integrated to detect and manage potential 
neurologic complications, with ongoing research of their 
effectiveness.48 Furthermore, transit time fl ow measure-
ment serves as an essential intraoperative quality control 
measure, confi rming graft patency and thereby enhancing 
both short- and long-term outcomes of CABG. 

These developments highlight the continuous evo-
lution of the CABG procedure and the optimization of 
surgical outcomes.

 ■ OUTCOMES CONTINUE TO IMPROVE

CABG is a safe procedure, with national in-hospital 
mortality below 2.1%, operative mortality below 2.7%, 
and centers of excellence maintaining operative mor-
tality less than 1% for more than a decade.5,49 These 

outcomes are consistent with global trends. Recent 
attention has been given to improving perioperative 
outcomes, which has driven differences between con-
temporary and early comparisons of CABG and PCI 
and has impacted early- and long-term mortality. In the 
FAME 3 (Fractional Flow Reserve Versus Angiography 
for Multivessel Evaluation) trial,22 30-day mortality 
for CABG was 0.3%, identical to that of PCI14 and 
10 times less than what was reported in earlier trials.

Of all consecutively enrolled patients eligible for 
CABG (n = 153,208) documented in the Society of 
Thoracic Surgeons Adult Cardiac Surgery Database in 
2021, including patients who underwent emergency 
and salvage CABG, the following major morbidities 
were reported: reoperation, 2.6%; deep sternal wound 
infection or mediastinitis, 0.8%; permanent stroke, 
1.5%; prolonged ventilation (> 24 hours), 6.7%; renal 
failure (defi ned as a 3-fold increase in serum creatinine, 
serum creatinine > 4 mg/dL, or initiation of dialysis), 
2.2%; new-onset atrial fi brillation, 26%; 30-day read-
mission, 9.1%; and postoperative hospital length of 
stay, 6 days (range 4–7).5 Outcomes have improved 
over time, and centers of excellence are able to offer 
CABG with low morbidity and mortality despite refer-
rals of older and sicker patients.

 ■ IMPORTANCE OF MEDICAL THERAPY AS 
AN ADJUNCT TO CABG

Optimal medical therapy affects postoperative out-
comes, and adherence is important. Statins lower the 
risk of readmissions and late mortality from myocardial 
infarction or stroke. Furthermore, the adoption of mod-
ern nonstatin agents is expected to further reduce the 
risk of major adverse cardiovascular events in high-risk 
patients.50

The optimal antithrombotic therapy regimen 
after CABG is a topic of ongoing research. A recent 
meta-analysis of 38 studies involving 77,447 patients 
aimed to evaluate effi cacy and risks of different anti-
platelet regimens after CABG.51 It compared dual 
antiplatelet therapy (DAPT) with single antiplatelet 
therapy and DAPT with clopidogrel vs DAPT with 
ticagrelor or prasugrel. The analysis demonstrated that, 
while DAPT is superior to single antiplatelet therapy 
in reducing mortality and major adverse events, it 
increases bleeding risks. Notably, DAPT with ticagrelor 
or prasugrel was found to be more effective than DAPT 
with clopidogrel in reducing mortality without affect-
ing other outcomes. These fi ndings suggest a need for 
personalized antiplatelet regimens after CABG based 
on individual risk profi les. 
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Guideline-directed medical therapy is critical in 
patients with reduced ejection fraction to enhance 
cardiac function, improve quality of life, and pre-
vent further complications. This therapy includes 
renin-angiotensin-aldosterone system antagonists, 
beta-blockers, mineralocorticoid receptor antagonists, 
and sodium-glucose cotransporter 2 inhibitors.52

Last, starting and reinforcing other secondary pre-
vention measures, including lifestyle changes, after 
CABG surgery are recommended.8 Such measures 
include cardiac rehabilitation programs, personalized 
diet and exercise plans, and aggressive management of 
risk factors such as hypertension, diabetes, smoking, 
and chronic kidney disease. These changes, augmented 
by optimal medical therapies, help maintain long-term 
graft patency, enhance quality of life, and improve 
long-term prognosis.

 ■ FUTURE DIRECTIONS

The future of CABG depends on removing barriers to 
adopting benefi cial practices and broadening access. 
Addressing discrepancies between current guidelines 
and actual practice and expanding the use of mul-
tiarterial grafting strategies and minimally invasive 
techniques in carefully selected patients are key. The 
clear volume-outcome relationships, especially with 
multiarterial grafting strategies, indicate a rapidly 
approaching era of coronary subspecialization.53,54 
Additionally, enhanced recovery protocols involving 
multidisciplinary teamwork, best practices implemen-
tation, continuous audits, and change readiness can 
accelerate recovery, shorten hospital length of stay, 
lower costs, and potentially increase survival rates.55

The public reporting scorecard needs revision to more 
accurately capture the scope and complexity of cardiac 
surgery practices, encouraging more hospitals to adopt 
best practices while minimizing risk aversion.56 Accord-
ingly, the American Association for Thoracic Surgery 
Quality Gateway aims to effi ciently address gaps in out-
comes reporting and quality assurance. By using advanced 
machine learning algorithms and high-performance com-
puting, the American Association for Thoracic Surgery 
Quality Gateway provides real-time, risk-adjusted out-
come predictions for all types of cardiac surgery, regardless 
of complexity, with lean data collection.57

Addressing disparities in access to CABG is also 
paramount. Current inequalities in healthcare call 

for strategies to make CABG more available and 
affordable, particularly in developing nations. This 
includes training local surgeons in advanced tech-
niques, improving local healthcare infrastructures, and 
establishing collaborations with international cardiac 
surgery centers.58 These factors will improve the care 
of many more patients requiring CABG. 

In 2021, guidelines for CABG in patients with 
ischemic cardiomyopathy and heart failure were issued 
by the American Association for Thoracic Surgery 
expert consensus group.52 They recommended a struc-
tured approach to revascularization, including use 
of mechanical cardiac support when necessary. The 
guidelines noted a lack of high-level evidence and 
emphasized the need for future research, particularly 
in optimizing perioperative mechanical cardiac support 
use, including right ventricular support, in this high-
risk population. 

Future research should prioritize optimizing treat-
ment approaches for older patients, particularly because 
frailty is not currently integrated into risk-scoring 
models. 

Last, newer medical therapies hold promise for sta-
bilizing atherosclerotic lesions in the native coronary 
arteries, potentially improving long-term patency of 
bypass grafts.

 ■ TAKE-HOME MESSAGE

CABG remains the standard of care for patients with 
complex multivessel disease, left main coronary artery 
disease, diabetes, or left ventricular systolic dysfunc-
tion, offering durable long-term symptomatic relief and 
survival. PCI is a valuable alternative for poor surgi-
cal candidates and those with less extensive coronary 
lesions. Multiarterial grafting promises to maximize 
longevity, and less-invasive approaches have been 
developed. Ultimately, it is important for the collabo-
rative multidisciplinary heart team to weigh the risks 
and benefi ts of each option for the individual patient 
to provide the best outcome. ■
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