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History of Coronary Artery Bypass Grafting

Coronary artery bypass grafting (CABG) was revolu-
tionized in the 1960s by René Favaloro, MD [1], at Cleve-
land Clinic, in an effort to alleviate symptoms and improve
survival for patients with coronary artery disease. Studies
have confirmed CABG survival benefits, especially in pa-
tients with left main and multivessel disease, compared to
medical therapy. Two decades later, percutaneous coronary
intervention (PCI) emerged as a less invasive alternative,
particularly with the advent of drug-eluting stents. PCI is
now the standard of care for patients with acute coronary
syndromes, but CABG remains the treatment of choice in
patients with complex atherosclerotic lesions [2–4].

CABG vs PCI: Who Gets What

The comparison between CABG and PCI use has un-
dergone extensive research due to continual technological
advancements and new techniques. Landmark trials have
provided a clearer look about the optimal use of PCI and
CABG with regard to patient-specific characteristics and
outcomes.

Left Main Coronary Disease

Discussion around CABG versus PCI for patients with
left main coronary disease is sensitive due to inconsis-
tent findings about the survival benefit of CABG in pub-
lished studies. In a meta-analysis [5] of all trials regarding
left main disease (Synergy Between Percutaneous Coronary
Intervention and Cardiac Surgery [SYNTAX], Premier of
Randomized Comparison of Bypass Surgery versus Angio-
plasty Using Sirolimus-Eluting Stent in Patients with Left
Main Coronary Artery Disease [PRECOMBAT], Nordic-
Baltic-British Left Main Revascularization [NOBLE], and
Evaluation of XIENCE Versus Coronary Artery Bypass
Surgery for Effectiveness of Left Main Revascularization
[EXCEL]), no statistically significant difference was found
in all-cause mortality over 5 years between the PCI and
CABG groups. However, a Bayesian statistical approach
demonstrated a survival benefit for CABG over PCI. Pa-
tients who underwent PCI had a higher rate of repeat revas-
cularization and spontaneous myocardial infarction. Data

solidifies the advantage that CABG holds with regard to
myocardial protection and freedom from reintervention.

Multivessel Disease

CABG has cemented its role in the treatment of
patients with multivessel disease. Major trials like Fu-
ture Revascularization Evaluation in Patients with Dia-
betes Mellitus: Optimal Management of Multivessel Dis-
ease (FREEDOM) [4] and SYNTAX [6] have consistently
shown that CABG is superior to PCI especially when there
is a high atherosclerotic disease burden (SYNTAX score
≥33). PCI has an important complementary role in acute
coronary syndromes and in patients with low atheroscle-
rotic burden, particularly when complete revascularization
can be achieved. PCI also provides symptomatic relief in
patients with stable coronary artery disease who are at high
surgical risk.

CABG Conduits in 2025

The survival benefit of CABG stems from the dura-
bility of its grafts and the strategic choice of the best con-
duits to bypass the most important, diseased coronary tar-
gets (reaching >75% towards the apex of the heart) [7,8].
Following its introduction in the seminal paper by Loop et
al. in 1986 [9] at Cleveland Clinic, the use of an internal
thoracic artery (ITA) as a conduit to bypass the left ante-
rior descending has been and continues to be the standard
of care, owing to its superior long-term outcomes and free-
dom from reintervention. Furthermore, utilizing both right
and left ITAs conferred an even greater survival benefit as
compared to the use of one [10]. Not all coronary targets
are created equal; bilateral (B)ITA grafting that maximizes
myocardial mass with BITA inflow achieves the best long-
term survival [7,8]. Although the Arterial Revasculariza-
tion Trial (ART), the largest multicenter, randomized con-
trolled trial to compare BITA with left (L)ITA strategy in
multivessel disease, was negative, the as-treated analysis
displayed significantly better 10-year survival and protec-
tion from myocardial infarction and stroke for patients who
received multiarterial versus single arterial grafting [11].

Multiarterial grafting has proven its superiority over
single arterial in large observational studies [10–12], but
not all patients are candidates. BITA grafting is associated
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with an increased risk of sternal complications [13], which
can be mitigated with good technique and experience. Re-
cently, the radial artery is becoming a more popular conduit
[14]. However, care should be taken when using the radial
artery because it is susceptible to spasm and higher failure
rates when used to bypass coronaries with <70% stenosis
[15]. The Veterans Affairs radial trial compared the artery
to saphenous vein, which was negative with regard to graft
patency rates at 1 year and long-term mortality [16]. The
right gastroepiploic artery (RGEA) is most often used in a
similar fashion to the radial artery, but it is also susceptible
to spasm and competitive flow. Since an abdominal inci-
sion is required to harvest the RGEA, which may increase
sternal infections and gastrointestinal complication rates,
and technical concerns about graft length, size, and distal
diameter exist, the RGEA is not commonly used [17]. Re-
gardless of choice, multiarterial grafting benefits should not
be disregarded and personalized patient decision-making
should be implemented to achieve the best outcomes.

Current consensus supports the superiority of arterial
grafting in carefully selected patients undergoing CABG
[17]. The Society of Thoracic Surgeons (STS) adult cardiac
surgery data shows an increasing population of patients re-
ceiving multiarterial grafting, from 10.9% in 2020 to 14.3%
in 2021, with increases in both BITA and radial artery us-
age [14]. No-touch vein harvesting shows promising results
approaching that of arterial conduits, but wider adoption is
unlikely because of the invasive harvesting technique and
risk of leg wound complications [18].

Guideline Discrepancy
Recently, there has been much debate about 2021

ACC/AHA/SCAI coronary revascularization guidelines,
where CABG was downgraded relative to medical ther-
apy for patients with triple vessel disease, recommending
changes from Class I to Class IIb in patients with normal
ejection fraction, and from Class I to Class IIA in patients
with mild-to-moderate left ventricular dysfunction. In ad-
dition, the radial artery was prematurely awarded a Class
1 recommendation as a CABG conduit, surpassing the rec-
ommendation of BITAs [19]. The CABG downgrade was
surprising since it was not supported by robust evidence
[20]. Several societies, notably the American Association
of Thoracic Surgery (AATS) and the STS, did not endorse
the 2021 ACC/AHA/SCAI guidelines and instead endorsed
the 2024 European guidelines for coronary revasculariza-
tion [21].

Redo CABG in 2025

With the advancement of medical therapy and opera-
tive strategies and increasing use of ITA, redo-CABG fre-
quency has decreased from 6% in 2000 to 2% in 2017.

Redo-CABG patients typically have a more complex risk
profile andmultiple comorbidities [22]. The benefit of mul-
tiarterial grafting does not stop at primary CABGbut carries
over to redo CABG. In a recent, large observational study,
multiarterial grafting in redo CABG has been found to be
associated with better survival especially in males who sub-
sequently need BITA grafts [23].

Minimally Invasive Techniques

In the early days of CABG an off-pump approach was
utilized, but was quickly replaced by on-pump-arrested-
heart CABG. Surgeons re-developed an interest in off-
pumpCABG in the 1990s through the following decade, but
this interest waned after 3 major randomized trials showed
a lack of benefit of off-pump over on-pump CABG [24].
Concerns were also raised about the increased risk of in-
complete revascularization off-pump and potential compro-
mise in graft patency. Nevertheless, there is an agreement
that some patients, including those with diseased aorta and
liver dysfunction, may benefit from an off-pump approach.
Outcomes of off-pump CABG are dependent on surgical
expertise and unplanned conversions to on-pump are asso-
ciated with increased morbidity and mortality.

Innovations in coronary surgery led to the develop-
ment of mainly minimally invasive techniques—minimally
invasive coronary surgery (MICS) CABG, totally endo-
scopic coronary artery bypass (TECAB), and hybrid coro-
nary revascularization—in an effort to improve patient out-
comes. MICS CABG utilizes off-pump CABG with a less
invasive access point for coronary anastomosis (like a left
anterior thoracotomy), thus reducing possible complica-
tions related to the use of cardiopulmonary bypass (CPB)
and full conventional sternotomy. MICS CABG allows
for multivessel grafting with various in-flow configurations
with a good result in graft patency [25]. The Minimally
Invasive Coronary Surgery compared to Sternotomy Coro-
nary Artery Bypass Grafting (MIST) trial evaluates clini-
cal outcomes and quality-of-life differences between MICS
CABG and conventional sternotomy CABG [26].

TECAB differs from other CABG approaches as it
is a fully endoscopic procedure that is performed using a
robot. Access to the mediastinum is completed via small in-
cisions for the robotic arms that harvest both ITAs. Its ben-
efits include minimal surgical trauma and reduced hospital
stay, and the ability to incorporate multiarterial grafting via
BITAs [27]. Unlike MICS, there is no need for a utility in-
cision and no rib spreading. As with MICS, CPB may be
necessary to decompress the heart and access lateral and in-
ferior wall targets. Peripheral cannulation is used to estab-
lish CPB with or without aortic occlusion depending on the
need for an arrested heart or not. Coronary anastomoses
are completed robotically. One caveat is the absence of
robotic stabilizers in the most recent models; however, this
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Fig. 1. State-of-the-Art CABG 2025. CABG, coronary artery bypass grafting.

will likely change in the near future. Multivessel TECAB
is an advanced and complex operation in the spectrum of
robotic cardiac procedures and requires appropriate patient
selection. Advanced specialized training is needed to miti-
gate the steep learning curve. Thus, TECAB is not readily
available and is limited to select patients and by select sur-
geons. Data on long-term outcomes have been sparse, but
excellent results were recently published by Balkhy et al.
[28].

Hybrid revascularization combines grafting the LAD
with LITA, using a minimally invasive CABG technique
and PCI to non-LAD coronary lesions. Patients receive a
survival benefit from an ITA to LAD, avoiding CPB and
sternotomy [29]. Hybrid revascularization is an evolving
field with limited data on long-term outcomes. We prefer
multiarterial grafting for multivessel disease that involves
the LAD and other important target vessels because of the
survival advantage associated with MAG in those scenar-
ios.

Where to Now?

The future of CABG lies in broadening access, ad-
dressing guidelines and practice discrepancies, and widen-
ing implementation of multiarterial grafting and minimally
invasive techniques in carefully selected patients (Fig. 1).

The quest for the perfect public reporting scorecard
continues to evolve to encompass the wide variety and
complexity of cardiac surgery practices [30]. The Ameri-
can Association for Thoracic Surgeons has taken the lead
to improve outcome reporting and quality assurance with
its quality gateway, providing real time, risk-adjusted out-
come prediction for all types of cardiac surgery, utilizing
advanced statistical algorithms and virtual twin analysis as
a step towards more personalized medical care [31]. More-
over, with the advent of artificial intelligence (AI), efforts
are underway to incorporate it into the decision-making pro-
cess to optimize patient care and CABGoutcomes. Areas of
application vary from automated image readings, including
coronary angiograms, cardiovascular risk profiling from
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raw electrocardiographic and imaging data, and identify-
ing patient-specific interventions. AI-driven robotic car-
diac surgery under human supervision is no longer science
fiction and may be within reach during the next 5 to 10
years.
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