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1   |   INTRODUCTION

Approximately 126 million individuals suffer from coro-
nary artery disease (CAD), resulting in 9 million annual 
deaths.1,2 To reduce the high burden of coronary deaths, 
various algorithms and guidelines were successfully in-
troduced. For asymptomatic patients with cardiovascular 

risk factors, the Systematic Coronary Risk Evaluation 
(SCORE) II algorithm estimates the individual's 10-year 
risk of cardiovascular events in order to initiate primary 
prevention such as lifestyle interventions and eventual 
drug therapy. Symptomatic patients, on the contrary, re-
quire medical therapy for symptom reduction and/or 
prognosis improvement, including lifestyle interventions, 
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Abstract
Coronary artery disease is the most common type of cardiovascular disease, lead-
ing to high mortality rates worldwide. Although the vast majority can be treated 
effectively and safely by medical therapy, revascularization strategies remain es-
sential for numerous patients. Outcomes of both percutaneous coronary interven-
tion and coronary artery bypass grafting improve in a rapid pace, resulting from 
technical innovation and ongoing research. Progress has been achieved by techni-
cal improvements in coronary stents, optimal coronary target and graft selection, 
and the availability of minimally invasive surgical strategies. Besides technical 
progress, evidence-based patient-tailored decision-making by the Heart Team is 
the basic precondition for optimal outcome. The combination of fast innovation 
and long-term clinical evaluations creates a dynamic field. Research outcomes 
should be carefully interpreted according to the techniques used and the trial's 
design. Therefore, more and more trial outcomes suggest that revascularization 
strategies should be tailored towards the specific patient. Although the European 
Society of Cardiology/European Association for Cardio-Thoracic Surgery guide-
lines on myocardial revascularization date from 2018 and a large variety of trial 
outcomes on revascularization strategies in chronic coronary syndrome have 
been published since, we aim to provide an updated overview within this review.
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optimal medical therapy and eventual revascularization 
therapy (see Figure 1).3

Outcomes of symptomatic patients with stable CAD, 
recently redefined as a chronic coronary syndrome (CCS), 
improved rapidly due to innovations in pharmacotherapy 
and revascularization techniques, as well as evidence-
based decision-making.3 Yet, complete evidence on new 
therapies includes up to 10 years of follow-up. This com-
bination of rapid innovation and long-term evaluation 
creates a dynamic field with widespread use before the 
completion of long-term evaluations.

Notwithstanding this fast evolution, the current 2018 
European Society of Cardiology/European Association 
for Cardio-Thoracic Surgery guidelines on myocardial re-
vascularization are heavily debated and partly outdated.4 
Therefore, we present a brief updated overview of revas-
cularization strategies for CCS management in order to 
provide cardiologists and cardiac surgeons with up-to-
date information on the indications for revascularization 
and the revascularization strategies.

We searched various databases (MEDLINE, Embase, 
Cochrane and ClinicalTrials.gov) from database start-up to 
April 2022, as well as grey literature and cross-references. 
Typical search terms were coronary artery disease, re-
vascularization, optimal medical therapy, percutaneous 
coronary intervention and coronary artery bypass graft-
ing. Reporting in this literature review conforms to broad 
EQUATOR guidelines.5

Within this review, we present sections on: (1) indica-
tions for revascularization, outlining the diagnostic path-
way and absolute revascularization indications compared 
with the strategy of optimal medical therapy; (2) selection 
of revascularization strategies, describing the strategy of 
PCI versus CABG on behalf of anatomical complexity, 
completeness of revascularization and comorbidities; (3) 
percutaneous coronary intervention, elaborating on the 
improvements following the introduction of drug-eluting 

stents and fractional flow reserve; and (4) coronary artery 
bypass grafting, presenting insights on donor graft materi-
als, on- versus off-pump surgery, and minimally invasive 
strategies.

2   |   INDICATIONS FOR 
REVASCULARIZATION

According to the European Society of Cardiology/
European Association for Cardio-Thoracic Surgery 2018 
guidelines, the main indication for revascularization is 
symptom reduction. Figure  1 displays the approach of 
diagnostic pathways for patients with suspected or es-
tablished CCS. The accompanying ESC 2019 guidelines 
on CCS management indicate a class IA recommenda-
tion for low-risk/low-suspicious patients to undergo 
coronary computed tomography angiography (CCTA) to 
exclude CAD, for high-risk/high-suspicious patients to 
be treated medically with possible (non)invasive testing, 
and for intermediate patients to first receive medical 
treatment and subsequent CCTA or ischaemia detec-
tion if symptoms persist. Symptomatic patients with 
established CCS should undergo (non)invasive tests 
to determine the event risk.3 Fractional flow reserve is 
frequently used as an additional functional assessment 
to coronary angiography and received a class IA recom-
mendation for patients with intermediate-grade steno-
sis of 40%–90% on CAG without proven ischaemia on 
noninvasive imaging, and a class IIB recommendation 
for patients with multivessel CAD.4 Thus, the guidelines 
recommend revascularization in patients with limited 
angina and insufficient response to optimal medical 
therapy, based on a coronary stenosis with fractional 
flow reserve (FFR) ≤0.80, or >90% stenosis in a major 
coronary artery by visual assessment on coronary angi-
ography (class IA).4 Multiple studies have shown that 

F I G U R E  1   Diagnostic pathway for 
suspected chronic coronary syndrome. 
CAD, coronary artery disease; CCS, 
chronic coronary syndrome; LV, left 
ventricle; OMT, optimal medical therapy
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revascularization using percutaneous coronary inter-
vention (PCI) or coronary artery bypass grafting (CABG) 
provides a more effective reduction in angina com-
plaints compared with optimal medical therapy alone, 
confirming the above-presented indication.6–8 Evidence 
for prognosis improvement caused by revascularization 
is less profound. Nevertheless, revascularization is rec-
ommended in patients with: left main disease with ste-
nosis >50% (class IA), proximal left anterior descending 
(LAD) stenosis >50% (class IA), two- or three-vessel dis-
ease with stenosis >50% combined with a left ventricu-
lar ejection fraction ≤35% (class IA) or left ventricular 
ischaemic area >10% detected by functional noninvasive 
testing or a FFR ≤0.80 (class IB), and in case of a single 
remaining patent coronary artery with >50% stenosis 
with documented ischaemia or a FFR ≤0.80 (class IC). In 
addition, in patients with heart failure and subsequent 
ventricular dysfunction and/or regional wall abnor-
malities, myocardial viability assessment can be per-
formed in order to select patients suitable for coronary 
revascularization. The European Society of Cardiology/
European Association for Cardio-Thoracic Surgery 2018 
guidelines on myocardial revascularization recommend 
that noninvasive stress imaging may be considered for 
myocardial viability and ischaemia assessment in pa-
tients with heart failure and CAD to guide the decision 
strategy (class IIB).4

The recently published ISCHEMIA trial concluded 
that invasive strategy including revascularization by PCI 
or CABG in patients with CCS and moderate-to-severe 
ischaemia did not reduce the risk of major adverse car-
diovascular events compared with conservative strategy 
including optimal medical therapy alone. Invasive strat-
egy presented more procedural infarctions, yet fewer 
nonprocedural infarctions, than conservative strategy. 
Longer follow-up is expected to explain the prognostic 
consequences of this difference that was described for 
the 5-year follow-up.9 Although there are some serious 
limitations in the ISCHEMIA trials regarding the statis-
tical power, the results of the ISCHEMIA trial are in line 
with the previous COURAGE trial, which showed sim-
ilar results for PCI and optimal medical therapy alone, 
and BARI 2D trial, which presented similar survival 
rates for revascularization and optimal medical therapy 
alone in diabetic patients.8,10 Also, the investigators of 
the older CASS trial concluded that CABG could safely 
be deferred for medical treatment, in those days, beta-
blockers and aspirin only, on behalf of nonsignificantly 
different survival rates between both groups up to 5-year 
follow-up. Some serious limitations in this trial should, 
however, be addressed. The trial applies to a limited 
group of CAD patients; there was a high percentage of 
crossover in favour of medical treatment in a trial that 

was already marginally powered. Therefore, the abso-
lute numbers on mortality do not support the investi-
gators’ conclusion.11 On the other side of the spectrum, 
there is the FAME-II trial, presenting a significant dif-
ference in urgent revascularizations needed in favour of 
FFR-guided PCI compared with optimal medical ther-
apy alone.12 These trials perfectly show that one should 
be careful in interpreting the reported results and that 
conclusions should be drafted in concordance with the 
study design, absolute therapy administered and the 
trial's patient selection. It is important to mention that 
all above trials excluded patients with left main stenosis 
(see Table 1). Hence, we can conclude that optimal med-
ical therapy alone seems effective for a significant num-
ber of patients. Appropriate selection of patients eligible 
for this strategy, however, remains essential and should 
be patient-tailored.

3   |   SELECTION OF 
REVASCULARIZATION STRATEGY

Following the indication, the appropriate revasculariza-
tion strategy should be selected. Numerous trials com-
pared PCI and CABG on a broad variety of endpoints. 
Meta-analyses and trials tailored to specific subgroups 
indicate significant differences in terms of mortality and 
major adverse cardiovascular events specifically for multi-
vessel disease and diabetic patients.

Until recently, there has been no attention to sex dif-
ferences in clinical trials and these are therefore not in-
cluded in the current CCS guidelines, as they assume 
a representative male–female distribution of the CCS 
population. However, there is an under-representation 
of women with obstructive CAD in the CCS population, 
which can be partly explained by the fact that women 
are more often symptomatic in relation to nonobstruc-
tive CAD in which vasomotor dysfunction plays an im-
portant role.13,14 Pooled analysis of individual patient 
data, for example, indicated a significant difference in 
all-cause mortality between PCI and CABG at 5  years 
postoperatively (resp. 11.2% vs. 9.2%; p =  .004). CABG 
was superior for patients with multivessel CAD and di-
abetes mellitus, indicating an absolute risk reduction 
of 5%.15 Yet, for one- and two-vessel disease these out-
comes did not differ, indicating that revascularization 
strategies should be selected on behalf of other end-
points in those cases. Aiming for a more patient-specific 
approach, a vast number of trials provided information 
on patient subcategories and risk-score determination 
(see Table 2). The multidisciplinary decision-making on 
revascularization strategies, as performed by the Heart 
Team, is essential and mainly focusses on anatomical 
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complexity of CAD, expected completeness of revascu-
larization and the existing comorbidities.4

3.1  |  Anatomical complexity

The coronary anatomical complexity grade is used to strat-
ify the severity of the coronary lesion(s) and contributes 
to the selection in appropriate revascularization therapy. 
Besides indexing the anatomical location of the lesion(s), 
direct lesion complexity regarding, for example, in-stent 
restenosis (favours CABG), severe calcification (favours 
CABG) or extreme small distal coronary targets (favours 
PCI) is important too.

3.1.1  |  Left main stenosis

According to the results of several randomized trials, the 
European Society of Cardiology/European Association for 
Cardio-Thoracic Surgery 2018 guidelines recommend both 
PCI and CABG for patients with left main stenosis and a 
low Synergy Between Percutaneous Coronary Intervention 
with Taxus and Cardiac Surgery (SYNTAX) score (class 
IA). In patients with left main stenosis and an intermediate 
SYNTAX score, CABG (class IA) is preferred to PCI (class 
IIA), while in patients with left main stenosis and a high 
SYNTAX score, CABG is recommended (class IA).4

Yet, coronary revascularization strategies for patients 
with left main stenosis are still subjected to discussion. 
The most discussed trials, EXCEL, PRECOMBAT and 
NOBLE, presented different outcomes regarding the treat-
ment preference of left main stenosis. The trial design 
seems the most essential difference (see Table 2 for design 
and outcomes). All in all, higher myocardial infarction 
and repeat revascularization rates have been reported fol-
lowing PCI compared with CABG.20–23 A rectification of 
the EXCEL trial showed lower rates of myocardial infarc-
tion following CABG compared with PCI were revealed 
when using universal myocardial infarction definitions 
instead of the untested definition of periprocedural myo-
cardial infarction. In addition, the investigators’ claim that 
there was no between-group difference in cardiovascular 
death could be questioned as the adjudication of cause of 
death in open-label trials is prone to bias.30

Whereas left main stenosis is entitled a separate ana-
tomical entity, the SYNTAX 10-year trial showed that 87% 
of the patients with left main disease developed lesions 
in other coronary arteries during follow-up.31 Also, 81% 
of the EXCEL trial patients developed multiple coronary 
stenosis with even ≥2 vessel disease in 50% of the patients, 
indicating a possible bias or explanation.20 Also regard-
ing revascularization for left main stenosis, incomplete 

revascularization seems one of the most important pre-
dictors of inferior clinical outcomes.

3.1.2  |  LAD stenosis

In the absence of proximal LAD stenosis, PCI is preferable 
to CABG in one- and two-vessel CAD (class IC recom-
mendation). In one- and two-vessel CAD with proximal 
LAD stenosis, the guidelines indicate the same class of 
recommendation for PCI and CABG (class 1A for one-
vessel CAD and 1B/C for two-vessel CAD), showing com-
parable results in terms of death, myocardial infarction 
and stroke.4

In contrast to the guidelines, though, Hannan et al.17 
described that CABG in two-vessel CAD, regardless of 
proximal LAD involvement, was associated with higher 
survival rates, less myocardial infarction and lower rates 
of repeat revascularization.

3.1.3  |  Multivessel disease

Multivessel disease is defined as lesions in at least two 
coronary arteries. To stratify patients with multivessel dis-
ease between PCI and CABG, the guidelines recommend 
assessment via the SYNTAX score, estimating anatomi-
cal coronary complexity.4,32 This estimation is performed 
based on the anatomical location and complexity (bi/
trifurcation, ostial, total occlusion, calcium, length, tor-
tuosity, thrombus and diffuse disease) for every lesion 
present. Patients with a SYNTAX score >22 should un-
dergo CABG, and both revascularization strategies can be 
chosen for SYNTAX score ≤22.

Since anatomical complexity is not solely important 
in determining the optimal revascularization strategy, the 
SYNTAX score II was launched taking into account a 5-
year risk of major adverse cardiovascular events based on 
seven prognostic factors (age, medically treated diabetes 
mellitus, creatinine clearance, left ventricular ejection 
fraction, chronic obstructive pulmonary disease, periph-
eral vascular disease and smoking status) combined with 
two effect modifiers (three-vessel disease or left main-only 
disease, and the anatomical SYNTAX I score).33 For both 
10-year mortality and 5-year major adverse cardiovascular 
events regarding those with SYNTAX score >22, superi-
ority was outlined for PCI in the first quartile, equipoise 
results in the second quartile and superiority for CABG in 
the third and fourth quartiles (see Table 2).18,19

In the past decade, developments in newer generation 
stents, intracoronary imaging and functional testing have 
advanced the PCI outcomes.34 The 5-year outcomes of the 
SYNTAX II trial showed that PCI is noninferior to CABG 
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in patients with three-vessel CAD. These data emphasize 
the need for a randomized trial recruiting patients with 
multivessel CAD comparing PCI with CABG, using the 
contemporary revascularization approaches.35

3.2  |  Completeness of revascularization

One important goal of myocardial revascularization is 
to minimize residual ischaemia, aiming for complete 
functional revascularization.4 It has been shown that in-
complete revascularization is associated with inferior 
long-term outcomes, which was significantly more pro-
found following PCI than following CABG (see Table 2).36 
In addition, a meta-analysis of 89,883 multivessel dis-
ease patients reported incomplete revascularization to be 
more common in PCI than in CABG (resp. 56% vs. 25%; 
p < .001).24 A complete functional revascularization strat-
egy using FFR is preferred to improve long-term outcomes, 
as was presented in the FAME trial for PCI.37 Hence, the 
opportunity for complete revascularization plays an im-
portant role in the selection of revascularization strategy, 
especially regarding multivessel disease.

On the contrary, the ISCHEMIA, BARI 2D and 
COURAGE trials presented that treatment with just op-
timal medical therapy might be as effective as revascular-
ization in a vast number of patients.8–10 When considering 
optimal medical therapy only as truly incomplete revascu-
larization, these results lower the urge towards complete-
ness of revascularization.

3.3  |  Comorbidities

To estimate the perioperative in-hospital or 30-day mortal-
ity following cardiac surgery, both the European System 
for Cardiac Operative Risk Evaluation II and the Society 
of Thoracic Surgeons scores were developed.4 When com-
paring both surgical risk scores for patients undergoing 
isolated CABG, similar outcomes were achieved. Yet, the 
European System for Cardiac Operative Risk Evaluation 
II is more accurate in calculating the in-hospital mortal-
ity for nonisolated CABG patients, whereas the Society of 
Thoracic Surgeons score calculates in-hospital or 30-day 
mortality following primary CABG.4,38

Although the risk scores are useful, none of the models 
provide perfect risk assessment. Furthermore, there are 
no established surgical mortality cut-off values for neither 
risk assessment scores that describe acceptable rates, so an 
individual approach remains necessary. For example, pa-
tients with the presence of severe comorbidities, reduced 
life expectancy and contraindication for surgery, or the 
frail (elderly) patients appear to be more eligible for PCI. 

On the contrary, specific comorbidities such as diabetes 
mellitus, contraindication for dual antiplatelet therapy 
and diminished left ventricular function favour CABG 
(see Table 2).4

There is an ongoing debate about the appropriate re-
vascularization strategy for elderly patients with mul-
tivessel CAD. Recent follow-up data showed that PCI 
and CABG were equivalent in terms of long-term clinical 
outcomes and measurable outcomes including quality of 
life in patients aged ≥70 years with multivessel and/or left 
main CAD.19 The results of this SYNTAX extended sur-
vival study contradict a set of previous observational tri-
als that present favourability of CABG.19,39–41 These trial 
results outline that revascularization strategies should be 
patient-tailored, with consideration of the clinical risks in 
the context of quality of life.

4   |   PERCUTANEOUS CORONARY 
INTERVENTION

Before the introduction of PCI in 1977, CABG was the 
only revascularization therapy for CAD.42 Currently, it 
is impossible to imagine CAD treatment without PCI. 
As mentioned before, the clinical benefit of elective PCI 
among patients with CCS particularly implies reduction 
in angina symptoms, while risk reduction for myocardial 
infarction and mortality is less prominent.43 However, 
considerable progress in appropriate patient selection 
including invasive measurement of the severity of the 
stenosis (FFR and instantaneous flow reserve), peri- and 
post-procedural pharmacotherapy, intracoronary imaging 
techniques including optical coherence tomography and 
intravascular ultrasound, optimal balloon and stent de-
ployment, and achievement of complete revascularization 
improves PCI outcomes.44

4.1  |  Drug-eluting stent

The procedural success of PCI improved following the in-
troduction of the bare-metal stent with lower repeat revas-
cularization rates at 6 months’ follow-up compared with 
balloon angioplasty alone (see Table 3).45 Yet, considering 
the incidence of acute and subacute stent thrombosis in 
combination with risk of in-stent restenosis, which was 
still significant, the drug-eluting stent was developed.46 
These stents are coated by antiproliferative drugs in order 
to prevent in-stent restenosis based on intima hyper-
plasia. Particularly, the second-generation drug-eluting 
stent was associated with less repeat revascularization 
compared with bare-metal stent at 6 years’ follow-up and 
outperforms the first-generation drug-eluting stent.47,48 
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Moreover, a large network analysis even reported on im-
proved survival following second-generation drug-eluting 
stents compared with optimal medical treatment alone.49 
Notwithstanding the lower incidence of in-stent resteno-
sis, the risk of acute and subacute stent thrombosis was 
corresponding in second-generation drug-eluting stent 
compared with bare-metal stent,50,51 indicating the ad-
ministration of dual antiplatelet therapy. Nevertheless, 
the current risk of stent thrombosis with newer drug-
eluting stent is low.52

4.2  |  Fractional flow reserve

The introduction of FFR using a coronary pressure wire 
further improved the indication for PCI. FFR assesses 
the haemodynamic significance of a coronary steno-
sis and is more accurate than visual assessment of the 
angiogram alone. The DEFER trial was the first rand-
omized controlled trial to demonstrate that FFR-guided 
PCI is a suitable therapy for coronary intervention and 
also showed that PCI can be deferred in patients with 
non-FFR-significant stenosis (see Table 3).54 The diag-
nostic efficacy of instantaneous flow reserve is equal to 
FFR for identifying myocardial perfusion abnormali-
ties.56 The need for angiography could be reduced by the 
novel technique of FFR calculations on behalf of compu-
tational fluid dynamic, computed tomography-derived 
FFR.57 In the FAME study, comparing FFR-guided with 
coronary angiography-guided PCI in multivessel CAD, 
the FFR-guided PCI group showed lower major adverse 
cardiovascular events rates at one-year follow-up (resp. 
13.2 vs. 18.3; p = .02) and similar rates at 5-year follow-
up (resp. 28 vs. 31; p = .31) as compared to solely coro-
nary angiography-guided PCI.55 The outcomes of both 
trials, DEFER and FAME, indicate that FFR-guided PCI 
for intermediate-grade and multivessel stenoses should 
be the standard of care.37,54,58

Notwithstanding this important benefit in FFR-
guided PCI, the recent FAME III trial determined CABG 
still superior to PCI, despite FFR usage. The routine 
use of FFR is primarily indicated to avoid nonflow lim-
iting lesion stenting and their inherent complications, 
which is expected to be treated adequately by medical 
therapy alone. Patients assigned to undergo FFR-guided 
PCI in the FAME III trial had lower mortality and re-
peat revascularization rates at follow-up compared with 
FFR-guided PCI in the previous trials, while operative 
outcomes keep improving too (see Table 4).42,58 However, 
incomplete revascularization related to late myocardial 
infarction and repeat revascularization remains one of 
the most important determinants explaining the superi-
ority of CABG.

5   |   CORONARY ARTERY BYPASS 
GRAFTING

Although CABG is more invasive than PCI, it has been 
proven to be superior for the outlined patient groups. In 
accordance with the European Society of Cardiology/
European Association for Cardio-Thoracic Surgery 2018 
guidelines, all coronary arteries with an epicardial target 
diameter ≥1.5 mm and a luminal reduction of ≥50% in at 
least one angiographic view have to be grafted.4 Although 
FFR contributes to PCI target selection, this effect is less 
profound in CABG.59,60

5.1  |  Donor graft material

The long-term outcomes of CABG seem mainly related to 
graft patency. Although various vessels are suitable donor 
grafts, the patency rates differ (see Table  4).61,71,72 The 
European Society of Cardiology/European Association for 
Cardio-Thoracic Surgery 2018 guidelines indicate a class 
IB recommendation for left internal mammary artery 
(LIMA) in LAD grafting primarily due to the high patency 
rates of the IMA grafts. In addition, the guidelines indicate 
a class IB recommendation for arterial revascularization 
with the use of radial artery or right (R)IMA over saphe-
nous vein in patients with a high-grade coronary artery 
stenosis and reasonable life expectancy.4 Less frequently, 
the gastroepiploic artery and inferior epigastric artery are 
used.73 The benefit of total arterial grafting is still exten-
sively debated. Although bilateral (B)IMA grafting is as-
sociated with improved long-term survival compared with 
single (S)IMA grafting in observational trials, randomized 
controlled trials do not significantly underline this dif-
ference.62,63 Although the latter might be related to study 
design, we now await the results of the ROMA trial com-
paring single arterial grafting vs. multiple arterial graft-
ing in patients undergoing primary isolated nonemergent 
CABG of the left coronary system.74 Notwithstanding 
the indicated superiority of arterial grafts, multiple trials 
stated BIMA grafting to be a predictor of sternal infections 
in high-risk patients (diabetics, obesity and chronic ob-
structive pulmonary disease).75

5.2  |  On- versus off-pump CABG

The choice between CABG with (ONCAB) or without 
(OPCAB) the use of cardiopulmonary bypass is being 
debated for years. Again, patient-specific characteristics 
seem to be key in decision-making. The current guide-
lines indicate a class IB recommendation for OPCAB 
by experienced operators in patients with significant 
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atherosclerotic aortic disease and a class IIA recom-
mendation in subgroups of high-risk patients.4 In the 
main randomized controlled trials comparing ONCAB 
and OPCAB, no differences were observed in long-
term event rates (see Table 4).64–66 Subsequently, meta-
analyses revealed incomplete revascularization and the 
surgeon's experience as predictors of higher late mortal-
ity rates in OPCAB.76 On the contrary, several analyses 
indicated that patients could benefit from OPCAB on 
the short term because of reduction in prolonged ven-
tilation, intensive care unit and hospital length of stay, 
transfusion requirements, new renal failure, and stroke 
or neurocognitive decline.77 This suggests that OPCAB 
should be considered in the elderly and in high-risk 
populations if performed by experienced operators.78,79 
Notwithstanding these short-term successes, specifically 
no-aortic touch OPCAB procedures are associated with 
reduced stroke rates and a reduced risk of early mor-
bidity.80 The European Society of Cardiology/European 
Association for Cardio-Thoracic Surgery 2018 guidelines 
therefore indicate a class IB recommendation for no-
touch techniques on the ascending aorta in patients with 
significant atherosclerotic aortic disease.4

5.3  |  Minimally invasive approaches

Minimally invasive direct coronary artery bypass and 
totally endoscopic coronary artery bypass are two al-
ternative options to reduce surgical access, by avoiding 
sternotomy. Both procedures can be performed with or 
without robotic assistance. The current guidelines indi-
cate a class IIB recommendation for minimally invasive 
direct coronary artery bypass by experienced operators 
in patients with isolated LAD lesions.4 Although mini-
mally invasive direct coronary artery bypass procedures 
mainly suit anterior wall revascularizations, totally en-
doscopic coronary artery bypass procedures allow com-
plete revascularization. The vast downsides of totally 
endoscopic coronary artery bypass are represented by an 
extended learning curve, procedure duration and high 
equipment costs.81 The outcomes of minimally invasive 
direct coronary artery bypass and totally endoscopic 
coronary artery bypass surgery improved over time and 
are currently excellent; however, direct comparison with 
conventional CABG in large trials is still lacking (see 
Tables 4 and 5).67–69,81,82

A hybrid coronary revascularization combines mini-
mally invasive anterior or eventually lateral wall bypass 
surgery with PCI of the remaining targets. The European 
Society of Cardiology/European Association for Cardio-
Thoracic Surgery 2018  guidelines indicate a class IIB 
recommendation for hybrid coronary revascularization T
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in specific patient subsets at experienced centres. 
Hybrid coronary revascularization is a staged approach 
that is either indicated to avoid sternotomy in multives-
sel CAD patients or to graft single LAD lesions poten-
tially following emergency PCI of the other targets.4 It 
has been indicated that the outcomes of hybrid coronary 
revascularization align with those of MIDCAB and con-
ventional CABG, with especially short-term outcomes in 
favour of hybrid coronary revascularization (see Tables 4 
and 5).70,83,84 Although minimally invasive approaches 
are expensive and require dedicated surgical teams, 
they could be alternative treatment plans for multives-
sel CAD patients with high risk of sternotomy-related 
complications, diabetic and obese patients, and those 
suffering from chronic obstructive pulmonary disease.83

6   |   CONCLUSION

Revascularization outcomes rapidly improve due to new 
techniques and patient-tailored strategies. Following up 
on the 2018 ESC/EACTS guidelines of myocardial revas-
cularization, important trial outcomes are published. The 
ISCHEMIA trial suggests medical therapy alone should 
suffice in CCS patients without left main involvement. A 
rectification of the EXCEL trial showed significant lower 
rates of MI and mortality in CABG than in PCI. The re-
cently published FAME III results did report inferiority 
of FFR-guided PCI compared to CABG in multivessel 
disease. All indicates that to further improve revasculari-
zation outcomes, the decision-making process should be 
increasingly patient-tailored.
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