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2021 Revascularization Guidelines Summary

“These guidelines, which are based on systematic methods to 
evaluate and classify evidence, provide a foundation for the delivery 

of quality cardiovascular care.”

• Intended Use:
• “Although guidelines may be used to inform regulatory or payer decisions, 

the intent is to improve quality of care and align with patients’ interests.”
• “Guidelines are intended to define practices meeting the needs of patients 

in most, but not all, circumstances & should not replace clinical judgment.”

Lawton et al, JACC 2021



The (Updated) Revascularization Guidelines

• Key updates in stable ischemic heart disease (CCS)
• Focus on higher risk / complex disease

• The CTO-specific recommendation
• Adjunctive devices relevant to complex/HRPCI
• A patient-centric approach



5

Figure 4. 
Revascularization of 
non–infarct-related 

coronary artery lesions 
in patients with STEMI. 

CABG indicates coronary artery bypass graft; 
PCI, percutaneous coronary intervention; and 
STEMI, ST-segment–elevation myocardial 
infarction.

Colors correspond to 
Table 2.

*Normal blood pressure and heart rate left 
ventricular end-diastolic pressure ˂20 
mmHg, no chronic renal insufficiency or 
acute kidney injury, and expected total 
contrast volume ˂3× glomerular filtration 
rate, simple lesion anatomy.

†In making the decision about the need 
for and mode of revascularization the 
Heart Team should consider the suitability 
of the non-culprit artery for PCI, the 
coronary complexity and the risk of 
revascularization, the extent of 
myocardium at risk, and patient 
comorbidities, including life expectancy or 
other significant patient comorbidities, 
such as chronic renal insufficiency or 
acute kidney injury.

‡ Staged PCI can be performed in hospital 
or after discharge, up to 45 days post MI.

Symbol denotes time elapsed before 
proceeding to the next procedure.
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Figure 5. Recommendations for the timing of 
invasive strategy in patients with NSTE-ACS. 

Colors correspond to 
Table 2.

NSTE-ACS indicates non–ST-segment–
elevation acute coronary syndrome.
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SIHD:
Revascularization 

over Medical 
Therapy for 

Symptoms and 
Survival
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Revascularization to Improve Survival in SIHD

2b B-R
In patients with SIHD, normal ejection fraction, significant stenosis in 3 
major coronary arteries (with or without proximal LAD), and anatomy 

suitable for CABG, CABG may be reasonable to improve survival.

2b B-R
In patients with SIHD, normal ejection fraction, significant stenosis in 3 
major coronary arteries (with or without proximal LAD), and anatomy 

suitable for PCI, the usefulness of PCI to improve survival is uncertain.

2b B-R
In patients with SIHD, normal left ventricular ejection fraction, and 

significant stenosis in the proximal LAD, the usefulness of coronary 
revascularization to improve survival is uncertain.

3: No 
Benefit B-R

In patients with SIHD, normal left ventricular ejection fraction, and 1- or 2-
vessel CAD not involving the proximal LAD, coronary revascularization is 

not recommended to improve survival.

Adapted from Lawton et al, JACC 2021
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Revascularization to Reduce Cardiovascular Events in SIHD

Multivessel CAD

2a B-R

In patients with SIHD and multivessel CAD appropriate for 
either CABG or PCI, revascularization is reasonable to lower 
the risk of cardiovascular events such as spontaneous MI, 

unplanned urgent revascularizations, or cardiac death.

Adapted from Lawton et al, JACC 2021
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Revascularization of the Non-Infarct Artery in 
Patients With STEMI

Recommendations for Revascularization of the Non-Infarct Artery in Patients With STEMI

Referenced studies that support the recommendations are summarized in Online Data Supplement 8.

COR LOE Recommendations

1 A

1. In selected hemodynamically stable patients with STEMI and multivessel 

disease, after successful primary PCI, staged PCI of a significant non-infarct 

artery stenosis is recommended to reduce the risk of death or MI.
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Patients With Diabetes 
COR LOE Recommendations

1 A
In patients with DM & multivessel CAD with the involvement of the LAD, who 

are appropriate candidates for CABG, CABG (with LIMA-LAD) is recommended 
in preference to PCI to reduce mortality and repeat revascularizations.

Adapted from Lawton et al, JACC 2021
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Patients With Diabetes 
COR LOE Recommendations

1 A
In patients with DM & multivessel CAD with the involvement of the LAD, who 

are appropriate candidates for CABG, CABG (with LIMA-LAD) is recommended 
in preference to PCI to reduce mortality and repeat revascularizations.

2a B-NR
In patients with DM who have multivessel CAD amenable to PCI and an 

indication for revascularization and are poor candidates for surgery, PCI can be 
useful to reduce long-term ischemic outcomes.

2b B-R
In patients with DM who have LMCA stenosis and low- or intermediate-

complexity CAD in the rest of the coronary anatomy, PCI may be considered an 
alternative to CABG to reduce major adverse cardiovascular outcomes.

Adapted from Lawton et al, JACC 2021
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Patients With Complex Disease

COR LOE Recommendations

1 B-R
In patients who require revascularization for significant 
LMCA with high-complexity CAD, it is recommended to 

choose CABG over PCI to improve survival.

2a B-R

In patients who require revascularization for multivessel 
CAD with complex or diffuse CAD (e.g., SYNTAX score >33), 

it is reasonable to choose CABG over PCI to confer a 
survival advantage.

Adapted from Lawton et al, JACC 2021



Heart Team (Class IB)

“In patients for 
whom the optimal 
treatment strategy 
is unclear, a Heart 

Team approach 
that includes 

representatives 
from interventional 

cardiology, 
cardiac surgery, 

and clinical 
cardiology is 

recommended to 
improve patient 

outcomes.”
Adapted from Lawton et al, JACC 2021
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Patients With Previous CABG

COR LOE Recommendations

2a B-NR
In patients with previous CABG with a patent LIMA-LAD who need repeat 

revascularization, if PCI is feasible, it is reasonable to choose PCI over CABG. 

Adapted from Lawton et al, JACC 2021
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Patients With Previous CABG

COR LOE Recommendations

2a B-NR
In patients with previous CABG with a patent LIMA-LAD who need repeat 

revascularization, if PCI is feasible, it is reasonable to choose PCI over CABG. 

2a C-LD
In patients with previous CABG and refractory angina on GDMT that is 

attributable to LAD disease, it is reasonable to choose CABG over PCI when an 
internal mammary artery (IMA) can be used as a conduit to the LAD.

2b B-NR
In patients with previous CABG and complex CAD, it may be reasonable to 
choose CABG over PCI when an IMA can be used as a conduit to the LAD. 

Adapted from Lawton et al, JACC 2021
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Predicting Patient Risk of Death With CABG 

COR LOE Recommendation

1 B-NR
In patients who are being considered for CABG, 

calculation of the STS risk score is 
recommended to help stratify patient risk.

Adapted from Lawton et al, JACC 2021



OPTIMUM
30-day/In-hospital Mortality and Observed/Expected Estimates

N= 726
Death, 30 Days 5.6%

In-hospital 3.0%

Post-discharge 2.6%

Death, 6 Months 12.3%

100% 30-day follow-up regarding survival status; confidence intervals calculated using bootstrap samples Kandzari and Salisbury, TCT 2021
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Treatment of Saphenous Vein Graft (SVG) 
Disease (Previous CABG)

Recommendations for Treatment of SVG Disease (Previous CABG)

Referenced studies that support the recommendations are summarized in Online Data Supplement 28.

COR LOE Recommendations

2a B-R

1. In select patients with previous CABG undergoing PCI of a SVG, the use of an embolic 

protection device, when technically feasible, is reasonable to decrease the risk of distal 

embolization.

2a B-NR

2. In patients with previous CABG, if PCI of a diseased native coronary artery is feasible, then it is 

reasonable to choose PCI of the native coronary artery over PCI of the severely diseased SVG.

3: No 

Benefit
C-LD

3. In patients with a chronic occlusion of a SVG, percutaneous revascularization of the SVG 

should not be performed.



The (Updated) Revascularization Guidelines

• Key updates in stable ischemic heart disease (CCS)
• Focus on higher risk / complex disease

• The CTO-specific recommendation
• Adjunctive devices relevant to complex/HRPCI
• A patient-centric approach



23

Treatment of CTO

COR LOE Recommendation

2b B-R
In patients with suitable anatomy who have refractory angina on 

medical therapy, after treatment of non-CTO lesions, the benefit of 
PCI of a CTO to improve symptoms is uncertain. 

“Enthusiasm for treating these lesions was fueled by retrospective data suggesting improved 
outcomes for those patients who underwent successful recanalization compared with those who 
had failed. However, RCTs have not demonstrated improved function and have been equivocal 

w/regard to symptoms. For this reason, shared decision-making should inform treatment of 
patients with refractory angina despite GDMT w/remaining CTO coronary lesion, with careful 

discussions of the limitations of treating these lesions, as well as the potential benefits.”



Limitations of the Way Many of Us Use
Evidence Based Medicine

Good Outcome Intermediate 
Outcome Bad Outcome

Trial Outcomes

Risk 
Stratification

Mean Treatment Difference

Adapted from J. Spertus



1:1 randomization

CTO Lesions - Eligible for PCI
(1 or 2 CTOs) 

CTO-PCI (n=642)

Clinical Outcomes at 3 years 
(Composite of Death, MI, Stroke and 

any Revascularization) 

DECISION-CTO

No CTO-PCI (n=642)

Not Treat CTO lesionTreat CTO lesion

PCI for necessary Non-CTO lesions in MVD
and Guideline Directed Medical Treatment

Remember:

Trial stopped early
(834 patients)

~Half got non-
CTO PCI 

(introductng noise) 

~20% crossover 
(immediate)

qMonth symptoms 
at baseline!

(SAQ-AF ~80)
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DECISION CTO: Responder Analyses
Clinically meaningful increases

A change of ≥8, ≥20, and ≥16  
points for the SAQ-physical 
limitation, angina frequency, and 
QOL domain, respectively, was 
considered clinically meaningful.



Efficacy: Health status @ 12 and 36 months
Safety: Death, non-fatal myocardial infarction (ITT, PP) @ 36 months

Single-vessel disease CTO only
Multivessel CAD including CTO

Treat non-occlusive disease by 
PCI before CTO with DES

Angina or 
angina-
equivalent 
symptoms

Randomisation 2:1

PCI with DES

+ OMT

n=259

2

OMT to include:

- Aspirin, 
- Statin, 
- ACE-inhibitor where tolerated
- + at least 2 anti-anginal agents at
max tolerated dose including rate-
limiting agent where appropriate.
Ischaemic symptoms should be
confirmed with non-invasive test.

OMT

n=137

1

EURO‐CTO Trial: Study flow chart

48%

29%

11 pats 
excluded

Randomisation and SAQ Baseline assessment 
>4 weeks after previous non‐CTO PCI !

Werner et al, Eur Heart J 2018



QoL Improvements in Refractory Angina Patients 
Refractory angina defined as angina despite 3+ meds (n=148, 14.8%)

Hirai et al, Circ CV Intv 2019
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Revascularization to Improve Symptoms in SIHD

1 A
In patients with refractory angina despite medical therapy and with 
significant coronary artery stenoses amenable to revascularization, 

revascularization is recommended to improve symptoms.

Adapted from Lawton et al, JACC 2021



OPTIMUM
Patient-reported Health Status
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The (Updated) Revascularization Guidelines

• Key updates in stable ischemic heart disease (CCS)
• Focus on higher risk / complex disease

• The CTO-specific recommendation
• Adjunctive devices relevant to complex/HRPCI
• A patient-centric approach
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Use of Intravascular Imaging 
COR LOE Recommendations

2a B-NR In patients with intermediate stenosis of the LMCA, intravascular 
ultrasound (IVUS) is reasonable to help define lesion severity.

2a B-R IVUS can be useful for procedural guidance, particularly in cases of 
LMCA or complex coronary artery PCI, to reduce ischemic events.

2a B-R OCT is a reasonable alternative to IVUS for PCI procedural 
guidance, except in ostial LMCA disease.

2a C-LD In patients with stent failure, IVUS or OCT is reasonable to 
determine the mechanism of stent failure.

Adapted from Lawton et al, JACC 2021
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Treatment of Calcified Lesions

COR LOE Recommendations

2a B-R
In patients with fibrotic or heavily calcified lesions, plaque 

modification with rotational atherectomy can be useful to improve 
procedural success.

2b B-NR

In patients with fibrotic or heavily calcified lesions, plaque 
modification with orbital atherectomy, balloon atherotomy, laser 
angioplasty, or intracoronary lithotripsy may be considered to 

improve procedural success.
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Hemodynamic Support for Complex PCI

COR LOE Recommendation

2b B-R
In selected high-risk patients, elective insertion of an appropriate 

hemodynamic support device as an adjunct to PCI may be reasonable to 
prevent hemodynamic compromise during PCI.

Adapted from Lawton et al, JACC 2021
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Radial and Femoral Approaches for PCI 

Recommendations for Radial and Femoral Approaches for PCI

Referenced studies that support the recommendations are summarized in Online Data Supplement 23.

COR LOE Recommendations

1 A
1. In patients with ACS undergoing PCI, a radial approach is indicated in preference to a 

femoral approach to reduce the risk of death, vascular complications, or bleeding.

1 A
2. In patients with SIHD undergoing PCI, the radial approach is recommended to reduce 

access site bleeding and vascular complications.



The (Updated) Revascularization Guidelines

• Key updates in stable ischemic heart disease (CCS)
• Focus on higher risk / complex disease

• The CTO-specific recommendation
• Adjunctive devices relevant to complex/HRPCI
• A patient-centric approach



Improving Equity of Care in Revascularization 
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COR LOE Recommendation

1 B-NR
In patients who require coronary revascularization, 

treatment decisions should be based on clinical 
indication, regardless of sex, or race or ethnicity, and 

efforts to reduce disparities of care are warranted.



LMCA PCI in the NCDR

Valle et al, JAMA Cardiology 2019

Only 16.5% of operators and 53.7% of facilities did ≥1 LMCA PCI/year

45.1% Bifurcation 
(40.5% 2 Stents)

Mean No. stents: 2.2

IVUS: 39.8%

MCS: 24.7%

Atherectomy: 9.3%

5.0% Mortality



0.6 0.5 
0.1 

4.9 

1.1 

5.1 

0.4 

2.1 2.1 

0.0 

6.5 

0.6 

7.0 

1.1 

0

2

4

6

8

10

Death Cardiac Death Stroke MI TVR Death/Stroke/MI Def/Prob ST

High-Volume Operators (n=1,422) Low-Volume Operators (n=526)

30
-d

ay
 E

ve
nt

 R
at

es
 (%

)

P=0.008 P=0.002

P=1.00

P=0.17

P=0.43

P=0.11

P=0.10

Impact of Operator Volume on Outcomes of LMCA PCI 
at a Single High-Volume Center (Fu Wai Hospital)

Bo X et al, JACC CV Intv 2016



42

Shared Decision-Making and Informed Consent 

Recommendations for Shared Decision-Making and Informed Consent

COR LOE Recommendations

1 C-LD

1. In patients undergoing revascularization, decisions should be patient centered—that is, 

considerate of the patient’s preferences and goals, cultural beliefs, health literacy, and social 

determinants of health—and made in collaboration with the patient’s support system .

1 C-LD

2. In patients undergoing coronary angiography or revascularization, adequate information 

about benefits, risks, therapeutic consequences, and potential alternatives in the performance 

of percutaneous and surgical myocardial revascularization should be given, when feasible, 

with sufficient time for informed decision-making to improve clinical outcomes.
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Ideal Components of the Informed Consent Process
Spend sufficient time to engage in shared decision-making; allow for a second opinion

Use plain language, avoiding jargon, and adopt the patient’s words; integrate pictures to teach

Document teach-back of patient’s knowledge and understanding

Conduct conversations with a trained interpreter, as needed

Provide patient-specific short- and long-term risks, benefits, and alternative treatments

Provide unbiased, evidence-based, reliable, accessible, and relevant information to patient

Discuss specific risks and benefits with regard to survival, relief of angina, quality of life, and potential 
additional intervention, as well as uncertainties associated with different treatment strategies

Provide patient time to reflect on the trade-offs imposed by the outcome estimates

Provide information on the level of operator expertise, volume of the facility, and local results in the 
performance of coronary revascularization options

Clearly inform of the need for continued medical therapy and lifestyle modifications

Adapted from Lawton et al, JACC 2021
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Ideal Components of the Informed Consent Process
Spend sufficient time to engage in shared decision-making; allow for a second opinion

Use plain language, avoiding jargon, and adopt the patient’s words; integrate pictures to teach

Document teach-back of patient’s knowledge and understanding

Conduct conversations with a trained interpreter, as needed

Provide patient-specific short- and long-term risks, benefits, and alternative treatments

Provide unbiased, evidence-based, reliable, accessible, and relevant information to patient

Discuss specific risks and benefits with regard to survival, relief of angina, quality of life, and potential 
additional intervention, as well as uncertainties associated with different treatment strategies

Provide patient time to reflect on the trade-offs imposed by the outcome estimates

Provide information on the level of operator expertise, volume of the facility, and local results in the 
performance of coronary revascularization options

Clearly inform of the need for continued medical therapy and lifestyle modifications

Adapted from Lawton et al, JACC 2021



44% Nearly half of 
operators 
performed 
fewer than 50 
PCIs per year, 
the minimum 
number 
recommended 
by an 
ACC/AHA/SC
AI scientific 
statement

Median 
operator 
volume 
was less 
than 50 in 
9 states 
plus the 
District of 
Columbia

Compared with high-volume 
operators, low-volume 

operators:

More frequently 
performed 
emergency PCI
and PCI for 
STEMI

Operated at 
lower volume 
hospitals

Less frequently used 
radial access

Used a greater 
volume of 
contrast dye
and had longer 
fluoroscopy 
times

In-hospital mortality 
following PCI was low, but 
higher for lower volume

operators
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Variability in Practice Should be
Taken into Account: The SYNTAX Trial
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Circulation 2021

“To our eyes, many of these recommendations reflect the incredible 
challenge that the writers had in reconciling limited data with varying 

levels of operator/ surgeon experience in routine clinical practice. 
Unlike medications, where each pill in a bottle is the same, the quality 

of PCI and CABG varies by operator/surgeon and site.”

“Guidelines make assumptions based on average treatment effects in 
clinical trials and are generalized to routine clinical practice.”


