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Entities	(Comprehensive)	e112Treatment	decisions	regarding	coronary	revascularization	in	patients	with	coronary	artery	disease	should	be	based	on	clinical	indications,	regardless	of	sex,	race,	or	ethnicity,	because	there	is	no	evidence	that	some	patients	benefit	less	than	others,	and	efforts	to	reduce	disparities	of	care	are	warranted.In	patients	being
considered	for	coronary	revascularization	for	whom	the	optimal	treatment	strategy	is	unclear,	a	multidisciplinary	Heart	Team	approach	is	recommended.	Treatment	decisions	should	be	patient	centered,	incorporate	patient	preferences	and	goals,	and	include	shared	decision-making.For	patients	with	significant	left	main	disease,	surgical
revascularization	is	indicated	to	improve	survival	relative	to	that	likely	to	be	achieved	with	medical	therapy.	Percutaneous	revascularization	is	a	reasonable	option	to	improve	survival,	compared	with	medical	therapy,	in	selected	patients	with	low	to	medium	anatomic	complexity	of	coronary	artery	disease	and	left	main	disease	that	is	equally	suitable
for	surgical	or	percutaneous	revascularization.Updated	evidence	from	contemporary	trials	supplement	older	evidence	with	regard	to	mortality	benefit	of	revascularization	in	patients	with	stable	ischemic	heart	disease,	normal	left	ventricular	ejection	fraction,	and	triple-vessel	coronary	artery	disease.	Surgical	revascularization	may	be	reasonable	to
improve	survival.	A	survival	benefit	with	percutaneous	revascularization	is	uncertain.	Revascularization	decisions	are	based	on	consideration	of	disease	complexity,	technical	feasibility	of	treatment,	and	a	Heart	Team	discussion.The	use	of	a	radial	artery	as	a	surgical	revascularization	conduit	is	preferred	versus	the	use	of	a	saphenous	vein	conduit	to
bypass	the	second	most	important	target	vessel	with	significant	stenosis	after	the	left	anterior	descending	coronary	artery.	Benefits	include	superior	patency,	reduced	adverse	cardiac	events,	and	improved	survival.Radial	artery	access	is	recommended	in	patients	undergoing	percutaneous	intervention	who	have	acute	coronary	syndromes	or	stable
ischemic	heart	disease,	to	reduce	bleeding	and	vascular	complications	compared	with	a	femoral	approach.	Patients	with	acute	coronary	syndromes	also	benefit	from	a	reduction	in	mortality	rate	with	this	approach.A	short	duration	of	dual	antiplatelet	therapy	after	percutaneous	revascularization	in	patients	with	stable	ischemic	heart	disease	is
reasonable	to	reduce	the	risk	of	bleeding	events.	After	consideration	of	recurrent	ischemia	and	bleeding	risks,	select	patients	may	safely	transition	to	P2Y12	inhibitor	monotherapy	and	stop	aspirin	after	1	to	3	months	of	dual	antiplatelet	therapy.Staged	percutaneous	intervention	(while	in	hospital	or	after	discharge)	of	a	significantly	stenosed
nonculprit	artery	in	patients	presenting	with	an	ST-segment–elevation	myocardial	infarction	is	recommended	in	select	patients	to	improve	outcomes.	Percutaneous	intervention	of	the	nonculprit	artery	at	the	time	of	primary	percutaneous	coronary	intervention	is	less	clear	and	may	be	considered	in	stable	patients	with	uncomplicated	revascularization
of	the	culprit	artery,	low-complexity	nonculprit	artery	disease,	and	normal	renal	function.	In	contrast,	percutaneous	intervention	of	the	non-culprit	artery	can	be	harmful	in	patients	in	cardiogenic	shock.Revascularization	decisions	in	patients	with	diabetes	and	multivessel	coronary	artery	disease	are	optimized	by	the	use	of	a	Heart	Team	approach.
Patients	with	diabetes	who	have	triple-vessel	disease	should	undergo	surgical	revascularization;	percutaneous	coronary	intervention	may	be	considered	if	they	are	poor	candidates	for	surgery.Treatment	decisions	for	patients	undergoing	surgical	revascularization	of	coronary	artery	disease	should	include	the	calculation	of	a	patient’s	surgical	risk	with
the	Society	of	Thoracic	Surgeons	score.	The	usefulness	of	the	SYNTAX	score	calculation	in	treatment	decisions	is	less	clear	because	of	the	interobserver	variability	in	its	calculation	and	its	absence	of	clinical	variables.Since	1980,	the	American	College	of	Cardiology	(ACC)	and	American	Heart	Association	(AHA)	have	translated	scientific	evidence	into
clinical	practice	guidelines	with	recommendations	to	improve	cardiovascular	health.	These	guidelines,	which	are	based	on	systematic	methods	to	evaluate	and	classify	evidence,	provide	a	foundation	for	the	delivery	of	quality	cardiovascular	care.	The	ACC	and	AHA	sponsor	the	development	and	publication	of	clinical	practice	guidelines	without
commercial	support,	and	members	volunteer	their	time	to	the	writing	and	review	efforts.	Guidelines	are	official	policy	of	the	ACC	and	AHA.	For	some	guidelines,	the	ACC	and	AHA	partner	with	other	organizations.Intended	UseClinical	practice	guidelines	provide	recommendations	applicable	to	patients	with	or	at	risk	of	developing	cardiovascular
disease	(CVD).	The	focus	is	on	medical	practice	in	the	United	States,	but	these	guidelines	are	relevant	to	patients	throughout	the	world.	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	and	should	not	replace	clinical	judgment.Clinical	ImplementationManagement,	in	accordance	with	guideline	recommendations,	is	effective	only	when	followed	by	both	practitioners	and	patients.	Adherence	to	recommendations	can	be	enhanced	by	shared	decision-making	between	clinicians	and	patients,
with	patient	engagement	in	selecting	interventions	on	the	basis	of	individual	values,	preferences,	and	associated	conditions	and	comorbidities.Methodology	and	ModernizationThe	ACC/AHA	Joint	Committee	on	Clinical	Practice	Guidelines	(Joint	Committee)	continuously	reviews,	updates,	and	modifies	guideline	methodology	on	the	basis	of	published
standards	from	organizations,	including	the	Institute	of	Medicine,1,2	and	on	the	basis	of	internal	reevaluation.	Similarly,	presentation	and	delivery	of	guidelines	are	reevaluated	and	modified	in	response	to	evolving	technologies	and	other	factors	to	optimally	facilitate	dissemination	of	information	to	health	care	professionals	at	the	point	of
care.Numerous	modifications	to	the	guidelines	have	been	implemented	to	make	them	shorter	and	enhance	“user-friendliness.”	Guidelines	are	written	and	presented	in	a	modular,	“knowledge	chunk”	format,	in	which	each	chunk	includes	a	table	of	recommendations,	a	brief	synopsis,	recommendation-specific	supportive	text	and,	when	appropriate,	flow
diagrams	or	additional	tables.	Hyperlinked	references	are	provided	for	each	modular	knowledge	chunk	to	facilitate	quick	access	and	review.In	recognition	of	the	importance	of	cost–value	considerations,	in	certain	guidelines,	when	appropriate	and	feasible,	an	analysis	of	value	for	a	drug,	device,	or	intervention	may	be	performed	in	accordance	with
the	ACC/AHA	methodology.3To	ensure	that	guideline	recommendations	remain	current,	new	data	will	be	reviewed	on	an	ongoing	basis	by	the	writing	committee	and	staff.	Going	forward,	targeted	sections	or	knowledge	chunks	will	be	revised	dynamically	after	publication	and	timely	peer	review	of	potentially	practice-changing	science.	The	previous
designations	of	“full	revision”	and	“focused	update”	will	be	phased	out.	For	additional	information	and	policies	on	guideline	development,	readers	may	consult	the	ACC/AHA	guideline	methodology	manual4	and	other	methodology	articles.5-7Selection	of	Writing	Committee	MembersThe	Joint	Committee	strives	to	ensure	that	the	guideline	writing
committee	contains	requisite	content	expertise	and	is	representative	of	the	broader	cardiovascular	community	by	selection	of	experts	across	a	spectrum	of	backgrounds,	representing	different	geographic	regions,	sexes,	races,	ethnicities,	intellectual	perspectives/biases,	and	clinical	practice	settings.	Organizations	and	professional	societies	with
related	interests	and	expertise	are	invited	to	participate	as	partners	or	collaborators.Relationships	With	Industry	and	Other	EntitiesThe	ACC	and	AHA	have	rigorous	policies	and	methods	to	ensure	that	documents	are	developed	without	bias	or	improper	influence.	The	complete	policy	on	relationships	with	industry	and	other	entities	(RWI)	can	be	found
online.	Appendix	1	of	the	guideline	lists	writing	committee	members’	relevant	RWI;	for	the	purposes	of	full	transparency,	their	comprehensive	disclosure	information	is	available	in	a	Supplemental	Appendix.	Comprehensive	disclosure	information	for	the	Joint	Committee	is	also	available	online.Evidence	Review	and	Evidence	Review	CommitteesIn
developing	recommendations,	the	writing	committee	uses	evidence-based	methodologies	that	are	based	on	all	available	data.4,5	Literature	searches	focus	on	randomized	controlled	trials	(RCTs)	but	also	include	registries,	nonrandomized	comparative	and	descriptive	studies,	case	series,	cohort	studies,	systematic	reviews,	and	expert	opinion.	Only	key
references	are	cited.An	independent	evidence	review	committee	is	commissioned	when	there	are	≥1	questions	deemed	of	utmost	clinical	importance	and	merit	formal	systematic	review	to	determine	which	patients	are	most	likely	to	benefit	from	a	drug,	device,	or	treatment	strategy,	and	to	what	degree.	Criteria	for	commissioning	an	evidence	review
committee	and	formal	systematic	review	include	absence	of	a	current	authoritative	systematic	review,	feasibility	of	defining	the	benefit	and	risk	in	a	time	frame	consistent	with	the	writing	of	a	guideline,	relevance	to	a	substantial	number	of	patients,	and	likelihood	that	the	findings	can	be	translated	into	actionable	recommendations.	Evidence	review
committee	members	may	include	methodologists,	epidemiologists,	clinicians,	and	biostatisticians.	Recommendations	developed	by	the	writing	committee	on	the	basis	of	the	systematic	review	are	marked.“SR”Guideline-Directed	Management	and	TherapyThe	term	guideline-directed	medical	therapy	(GDMT)	encompasses	clinical	evaluation,	diagnostic
testing,	and	both	pharmacological	and	procedural	treatments.	For	these	and	all	recommended	drug	treatment	regimens,	the	reader	should	confirm	dosage	with	product	insert	material	and	evaluate	for	contraindications	and	interactions.	Recommendations	are	limited	to	drugs,	devices,	and	treatments	approved	for	clinical	use	in	the	United
States.Patrick	T.	O’Gara,	MD,	MACC,	FAHAChair,	ACC/AHA	Joint	Committee	on	Clinical	Practice	Guidelines1.	Introduction1.1.	Methodology	and	Evidence	ReviewThe	recommendations	listed	in	this	guideline	are,	whenever	possible,	evidence	based.	An	initial	extensive	evidence	review,	which	included	literature	derived	from	research	involving	human
subjects,	published	in	English,	and	indexed	in	the	US	National	Library	of	Medicine	and	the	National	Center	for	Biotechnology	information	(through	PubMed),	EMBASE,	the	Cochrane	Collaboration,	CINHL	Complete,	and	other	selected	databases	relevant	to	this	guideline,	was	conducted	from	May	2019	to	September	2019.	Key	search	words	included
but	were	not	limited	to	the	following:	percutaneous	coronary	intervention,	angioplasty,	coronary	artery	bypass	graft	(CABG)	surgery,	myocardial	infarction,	cardiac	surgery,	stent(s),	angiogram,	angiography,	percutaneous	transluminal	coronary	angioplasty,	coronary	atherosclerosis,	saphenous	vein	graft,	internal	mammary	artery	(IMA)	graft,	internal
thoracic	artery	graft,	arterial	graft,	post-bypass,	non-ST	elevated	myocardial	infarction,	vein	graft	lesions,	myocardial	revascularization,	multivessel	PCI,	and	left	ventricular	dysfunction.	Additional	relevant	studies,	published	through	May	2021	during	the	guideline	writing	process,	were	also	considered	by	the	writing	committee	and	added	to	the
evidence	tables	when	appropriate.	The	final	evidence	tables	are	included	in	the	Online	Data	Supplement	and	summarize	the	evidence	used	by	the	writing	committee	to	formulate	recommendations.	References	selected	and	published	in	the	present	document	are	representative	and	not	all-inclusive.1.2.	Organization	of	the	Writing	CommitteeThe	writing
committee	consisted	of	clinicians,	general	cardiologists,	interventional	cardiologists,	cardiac	surgeons,	a	cardiac	anesthesiologist,	an	advanced	nurse	practitioner,	and	2	lay/patient	representatives.	The	writing	committee	included	representatives	from	the	ACC,	AHA,	Society	for	Cardiovascular	Angiography	and	Interventions	(SCAI),	American
Association	for	Thoracic	Surgery,	and	Society	of	Thoracic	Surgeons	(STS).	Appendix	1	of	the	present	document	lists	writing	committee	members’	relevant	RWI.	For	the	purposes	of	full	transparency,	the	writing	committee	members’	comprehensive	disclosure	information	is	available	in	a	Supplemental	Appendix.1.3.	Document	Review	and	ApprovalThis
document	was	reviewed	by	2	official	reviewers	each	nominated	by	the	ACC	and	AHA;	1	reviewer	each	from	the	ACC,	AHA,	STS,	American	Association	for	Thoracic	Surgery,	and	SCAI;	and	31	individual	content	reviewers.	Reviewers’	RWI	information	was	distributed	to	the	writing	committee	and	is	published	in	Appendix	2.The	present	document	was
approved	for	publication	by	the	governing	bodies	of	the	ACC,	AHA,	and	SCAI.1.4.	Scope	of	the	GuidelineThe	scope	of	the	“2021	ACC/AHA/SCAI	Guideline	for	Coronary	Artery	Revascularization”	is	to	provide	an	update	to	and	to	consolidate	the	2011	coronary	artery	bypass	graft	(CABG)	surgery1	and	the	2011	and	2015	percutaneous	coronary
intervention	(PCI)	guidelines,2,3	with	the	added	consideration	of	using	a	patient-centric	disease	approach.	The	applicable	sections	on	revascularization	from	the	2012	stable	ischemic	heart	disease	(SIHD)	guideline,4	as	well	as	the	2013	ST-segment–elevation	myocardial	infarction	(STEMI)5	and	2014	non–ST-segment–elevation	myocardial	infarction
(NSTEMI)	guidelines,6	will	also	be	updated.	This	present	guideline	will	affect	the	following	documents:Replace/retire	the	2011	PCI	guideline.2Replace/retire	the	2011	CABG	guideline.1Replace/retire	the	2015	update	in	PCI	in	STEMI	guideline.3Replace/retire	the	2013	STEMI	guideline,	Sections	4.1,	4.2,	4.3,	4.4,	5.3	(deals	with	transfer	after	lytic	with
intent	to	do	PCI),	6.2,	6.4,	7.1,	and	7.2.5Replace/retire	2014	non–ST-segment–elevation	acute	coronary	syndrome	(NSTE-ACS)	guideline,	Sections	4.4.4,	5.1.1,	5.1.2.1,	5.1.2.2,	5.1.2.3,	and	5.2.6Replace/retire	the	2012	SIHD	guideline,	Section	5.4The	intended	primary	target	audience	consists	of	cardiovascular	clinicians	who	are	involved	in	the	care	of
patients	for	whom	revascularization	is	considered	or	indicated.	Coronary	artery	disease	(CAD)	is	to	be	approached	with	the	most	current	treatment	options	and	treated	as	a	“condition.”	Recommendations	are	stated	in	reference	to	the	patients	and	their	condition.	The	focus	is	to	provide	the	most	up-to-date	evidence	to	inform	the	clinician	during
shared	decision-making	with	the	patient.	Although	the	document	is	not	intended	to	be	a	procedural-based	manual	of	recommendations	that	outlines	the	best	practice	for	coronary	revascularization,	there	are	certain	techniques	that	surgeons	or	interventional	cardiologists	might	use	that	are	associated	with	improved	clinical	outcomes.In	developing	the
2021	coronary	artery	revascularization	guideline,	the	writing	committee	reviewed	previously	published	guidelines	and	related	statements.	Table	1	contains	a	list	of	these	publications	and	statements	deemed	pertinent	to	this	writing	effort	and	is	intended	for	use	as	a	resource,	thus	obviating	the	need	to	repeat	existing	guideline	recommendations.Table
1.	Associated	Guidelines	and	StatementsTitleOrganizationPublication	Year	(Reference)Guidelines 2017	AHA/ACC/HRS	Guideline	for	Management	of	Patients	With	Ventricular	Arrhythmias	and	the	Prevention	of	Sudden	Cardiac	DeathAHA/ACC/HRS20177 2020	ACC/AHA	Guideline	for	the	Management	of	Patients	With	Valvular	Heart
DiseaseACC/AHA20208 2019	ACC/AHA	Guideline	on	the	Primary	Prevention	of	Cardiovascular	DiseaseACC/AHA20199 2016	ACC/AHA	Guideline	Focused	Update	on	Duration	of	Dual	Antiplatelet	Therapy	in	Patients	With	Coronary	Artery	Disease:	A	Report	of	the	American	College	of	Cardiology/American	Heart	Association	Task	Force	on	Clinical
Practice	Guidelines:	An	Update	of	the	2011	ACCF/AHA/SCAI	Guideline	for	Percutaneous	Coronary	Intervention,	2011	ACCF/AHA	Guideline	for	Coronary	Artery	Bypass	Graft	Surgery,	2012	ACC/AHA/ACP/AATS/PCNA/SCAI/STS	Guideline	for	the	Diagnosis	and	Management	of	Patients	With	Stable	Ischemic	Heart	Disease,	2013	ACCF/AHA	Guideline	for
the	Management	of	ST-Elevation	Myocardial	Infarction,	2014	AHA/ACC	Guideline	for	the	Management	of	Patients	With	Non–ST-Elevation	Acute	Coronary	Syndromes,	and	2014	ACC/AHA	Guideline	on	Perioperative	Cardiovascular	Evaluation	and	Management	of	Patients	Undergoing	Noncardiac	SurgeryACC/AHA201610 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA	Guideline	on	the	Management	of	Blood	CholesterolAHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA201911 2018	AHA/ACC	Guideline	for	the	Management	of	Adults	With	Congenital	Heart	DiseaseAHA/ACC201912 2014	AHA/ACC/HRS	Guideline	for	the
Management	of	Patients	With	Atrial	FibrillationAHA/ACC/HRS201413 Focused	Update	of	the	2014	AHA/ACC/HRS	Guideline	for	the	Management	of	Patients	With	Atrial	FibrillationAHA/ACC/HRS201914 ACCF/AHA/ASE/ASNC/HFSA/HRS/SCAI/SCCT/SCMR/STS	2013	Multimodality	Appropriate	Use	Criteria	for	the	Detection	and	Risk	Assessment	of
Stable	Ischemic	Heart	DiseaseACCF/AHA/ASE/ASNC/HFSA/HRS/SCAI/SCCT/SCMR/STS201415 ACC/AHA/SCAI	Focused	Update	on	Primary	Percutaneous	Coronary	Intervention	for	Patients	With	ST-Elevation	Myocardial	Infarction:	An	Update	of	the	2011	ACCF/AHA/SCAI	Guideline	for	Percutaneous	Coronary	Intervention	and	the	2013	ACCF/AHA
Guideline	for	the	Management	of	ST-Elevation	Myocardial	Infarction  Levine	et	al.,	2016	ACC/AHA/SCAI	Focused	Update	on	Primary	Percutaneous	Coronary	Intervention	for	Patients	With	ST-Elevation	Myocardial	Infarction,	is	now	replaced	and	retired	by	the	present	2021	guideline.ACC/AHA20163 2014	AHA/ACC	Guideline	for	the	Management	of
Patients	With	Non–ST-Elevation	Acute	Coronary	SyndromesAHA/ACC20146 2013	ACCF/AHA	Guideline	for	the	Management	of	ST-Elevation	Myocardial	Infarction:	A	Report	of	the	American	College	of	Cardiology	Foundation/American	Heart	Association	Task	Force	on	Practice	GuidelinesACCF/AHA20135 2013	ACCF/AHA	Guideline	for	the
Management	of	Heart	FailureACCF/AHA201316 2017	ACC/AHA/HFSA	Focused	Update	of	the	2013	ACCF/AHA	Guideline	for	the	Management	of	Heart	FailureACC/AHA/HFSA201717 2011	ACCF/AHA	Guideline	for	Coronary	Artery	Bypass	Graft	Surgery  Hillis	et	al.,	2011	ACCF/AHA	Guideline	for	Coronary	Artery	Bypass	Graft	Surgery,	is	now
replaced	and	retired	by	the	present	2021	guideline.ACCF/AHA20111 2011	ACCF/AHA/SCAI	Guideline	for	Percutaneous	Coronary	Intervention  Levine	et	al.,	2013	ACCF/AHA/SCAI	Guideline	for	Percutaneous	Coronary	Intervention,	is	now	replaced	and	retired	by	the	present	2021	guideline.ACCF/AHA/SCAI20132 2017	AHA/ACC/HRS	Guideline
for	Management	of	Patients	With	Ventricular	Arrhythmias	and	the	Prevention	of	Sudden	Cardiac	DeathAHA/ACC/HRS20187 2017	ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA	Guideline	for	the	Prevention,	Detection,	Evaluation,	and	Management	of	High	Blood	Pressure	in
AdultsACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA201818 2012	ACCF/AHA/ACP/AATS/PCNA/SCAI/STS	Guideline	for	the	Diagnosis	and	Management	of	Patients	with	Stable	Ischemic	Heart	DiseaseACCF/AHA/ACP/AATS/PCNA/SCAI/STS20124Statements 2018	ACC	Expert	Consensus	Decision	Pathway	on	Tobacco	Cessation
TreatmentACC201819 Clinical	Practice	Guideline	Treating	Tobacco	Use	and	Dependence	2008	Update	Panel,	Liaisons,	and	Staff:	A	Clinical	Practice	Guideline	for	Treating	Tobacco	Use	and	Dependence:	2008	Update:	A	US	Public	Health	Service	ReportUS	Public	Health	Service	report200820 AATS	Expert	Consensus	Review	on	Prevention	and
Management	of	Sternal	Wound	InfectionsAATS201621 2018	ACC/AHA	Clinical	Performance	and	Quality	Measures	for	Cardiac	RehabilitationACC/AHA201822 Spontaneous	Coronary	Artery	Dissection:	Current	State	of	the	ScienceAHA201823 Contemporary	Management	of	Cardiogenic	ShockAHA201724 Secondary	Prevention	After	Coronary
Artery	Bypass	Graft	Surgery:	A	Scientific	Statement	From	the	American	Heart	AssociationAHA201525 Pharmacologic	Approaches	to	Glycemic	Treatment:	Standards	of	Medical	Care	in	Diabetes—2018ADA2018261.5.	Class	of	Recommendation	and	Level	of	EvidenceThe	Class	of	Recommendation	(COR)	indicates	the	strength	of	recommendation,
encompassing	the	estimated	magnitude	and	certainty	of	benefit	in	proportion	to	risk.	The	Level	of	Evidence	(LOE)	rates	the	quality	of	scientific	evidence	supporting	the	intervention	on	the	basis	of	the	type,	quantity,	and	consistency	of	data	from	clinical	trials	and	other	sources	(Table	2).1Table	2.	Applying	American	College	of	Cardiology/American
Heart	Association	Class	of	Recommendation	and	Level	of	Evidence	to	Clinical	Strategies,	Interventions,	Treatments,	or	Diagnostic	Testing	in	Patient	Care	(Updated	May	2019)1.6.	AbbreviationsAbbreviationMeaning/PhraseACSacute	coronary	syndromeAKIacute	kidney	injuryAMIacute	myocardial	infarctionAVRaortic	valve	replacementBIMAbilateral
internal	mammary	arteryBMSbare-metal	stentCABGcoronary	artery	bypass	graftCADcoronary	artery	diseaseCKDchronic	kidney	diseaseCORClass	of	RecommendationCTOchronic	total	occlusionCVDcardiovascular	diseaseDAPTdual	antiplatelet	therapyDESdrug-eluting	stentECGelectrocardiogramFFRfractional	flow	reserveGDMTguideline-directed
medical	therapyiFRinstantaneous	wave-free	ratioIMAinternal	mammary	arteryISRin-stent	restenosisIVUSintravascular	ultrasoundLADleft	anterior	descendingLIMAleft	internal	mammary	arteryLOELevel	of	EvidenceMACEmajor	adverse	cardiovascular	eventsMImyocardial	infarctionNSTE-ACSnon–ST-segment–elevation	acute	coronary
syndromeNSTEMInon–ST-segment–elevation	myocardial	infarctionOCToptical	coherence	tomographyPCIpercutaneous	coronary	interventionRCTrandomized	controlled	trialSCADspontaneous	coronary	artery	dissectionSIHDstable	ischemic	heart	diseaseSTEMIST-segment–elevation	myocardial	infarctionSVGsaphenous	vein	graftSYNTAXSynergy
Between	PCI	With	TAXUS	and	Cardiac	SurgeryTAVRtranscatheter	aortic	valve	replacementUFHunfractionated	heparinVTventricular	tachycardia2.	Improving	Equity	of	Care	in	Revascularization	and	Shared	Decision-Making2.1.	Improving	Equity	of	Care	in	RevascularizationSynopsisHealth	disparities	by	sex	and	race	are	evident	across	the	spectrum	of
CVD	in	the	United	States,7,9,13-15	and	mounting	evidence	demonstrates	that	social	factors	are	strongly	associated	with	cardiovascular	health	outcomes.16,	17	Differences	in	access	to	care,	cardiovascular	treatment,	mortality	rate,	and	readmission	outcomes	persist	by	important	sociodemographic	characteristics	that	include	but	are	not	limited	to
socioeconomic	status,	race,	and	ethnicity.18-22	African	Americans,23-25	Hispanics,24	and	South	Asians26	(with	substantial	heterogeneity	within	Asian	subgroups)	have	a	higher	prevalence	of	cardiovascular	risk	factors	and	crude	mortality.16	Although	access	to	health	care	remains	a	problem,	even	after	entering	into	the	health	care	system,	women
and	non-White	patients	are	less	likely	to	receive	reperfusion	therapy,	an	invasive	strategy,	or	revascularization9,13,27-37	and	more	likely	to	have	worse	outcomes.37-40	As	compared	with	White	male	patients,	women	and	Black	patients	with	acute	coronary	syndrome	(ACS)	receive	less	guideline-based	therapy	in	hospital	and	at	discharge.27,32,41,42
Differences	in	comorbidities,	health	education,	presentation,	socioeconomic	status,	regional	hospital	capability	and	quality,	and	insurance	and	health	care	access15,28,29,35,37,43-48	contribute	to	the	problem,	but	disparities	can	persist	despite	adjustment	for	these	factors.7,30-32,49,50	In	a	study	of	patients	with	cardiac	symptoms,	clinicians	were
less	likely	to	recommend	cardiac	catheterization	to	women	and	non-White	patients	than	to	White	male	patients,	despite	being	given	the	exact	same	clinical	vignette	for	White	male	patients.51	Continued	vigilance	against	conscious	and	unconscious	gender,	racial,	and	ethnic	discrimination	and	purposeful	efforts	to	increase	the	implementation	of
guideline-based	therapy	for	all	patients,	regardless	of	sex,	race,	or	ethnicity,	are	needed.Recommendation-Specific	Supportive	TextAfter	controlling	for	greater	baseline	comorbidities	among	patients	undergoing	revascularization,	several	observational	studies	have	demonstrated	that	Black,28,52-54	Hispanic,24,50	and	Asian55,56	patients	have
outcomes	similar	to	those	of	White	patients.	Similarly,	after	controlling	for	baseline	comorbidities	and	treatment	strategy,	most	studies	demonstrate	similar	outcomes	in	women	and	men.1-6	Post	hoc	analyses	of	randomized	trials	evaluating	revascularization	provide	compelling	evidence,	inasmuch	as	enrolled	patients	are	more	similar	and	the	decision
to	revascularize	is	protocol	driven.	In	the	SHOCK	(Should	We	Emergently	Revascularize	Occluded	Coronaries	for	Cardiogenic	Shock)	trial,	revascularization	rates	were	lowest	and	mortality	rates	highest	for	Hispanics	and	African	Americans,	but	there	was	no	interaction	between	race	and	the	mortality	benefit	of	revascularization.9	Similar	results	have
been	reported	for	women	with	shock	in	the	CULPRIT-SHOCK	(Culprit	Lesion	Only	PCI	versus	Multivessel	PCI	in	Cardiogenic	Shock	trial.57	In	the	TACTICS-TIMI	18	(Treat	Angina	With	Aggrastat	and	Determine	Cost	of	Therapy	With	Invasive	or	Conservative	Strategy—Thrombolysis	In	Myocardial	Infarction	18)	trial,	evaluating	patients	with	NSTE-ACS,
non-White	patients	and	female	patients	had	more	comorbidity	and	more	major	adverse	cardiovascular	event	(MACE)	outcomes	than	White	and	male	patients	but	were	revascularized	at	the	same	rate.	After	adjustment	for	baseline	characteristics,	the	invasive	strategy	was	equally	beneficial	for	all	patients,	without	evidence	of	racial	differences.10	A
meta-analysis	of	RCT	of	invasive	vs	conservative	strategies	in	women	and	men	with	NSTE-ACS	reported	a	similar	proportional	benefit	of	an	invasive	strategy	in	women	and	men,	(although	low	risk	women	with	biomarker	negative	ACS	did	not	derive	a	benefit	to	an	early	invasive	strategy).1	Additionally,	studies	have	shown	similar	relative	benefits	of
primary	PCI3	and	revascularization	in	SIHD.5,6	for	women	and	men.	In	view	of	these	findings,	the	decision	to	offer	revascularization	should	be	made	on	the	basis	of	a	patient’s	clinical	characteristics,	and	preferences	and	should	be	the	same	for	all	patients,	regardless	of	sex,	race,	or	ethnicity.2.2.	Shared	Decision-Making	and	Informed
ConsentSynopsisShared	decision-making	(Figure	1)	is	a	collaborative	approach	that	provides	patients	with	unbiased,	evidence-based	information	on	treatment	choices	and	encourages	a	dialogue	between	patients	and	providers,	with	the	aim	of	making	decisions	that	use	scientific	evidence	and	align	with	the	patient’s	values	and	preferences.3,4,6	It	is
essential	that	the	clinician	use	terminology	that	the	patient	understands	to	allow	effective	processing	of	health	information	and	to	foster	the	patient’s	participation	in	treatment	decisions.7	The	use	of	online	modules,	decision	aids,	or	videos	about	treatment	options	can	help	patients	better	understand	the	risks	and	benefits	of	various	therapies.	Patients
are	interested	in	how	a	recommended	treatment	might	impact	their	prognosis	and	quality	of	life.8	In	the	treatment	decision-making	process,	the	patient’s	best	interest	should	be	placed	first,	and	the	active	participation	of	the	patient	and	significant	others	should	be	engaged.	The	contributions	of	social	determinants	of	health	to	CVD	are	poorly
understood.9,10	but	may	impact	a	patient’s	decision	with	regard	to	treatments.	In	high-income	countries,	4	socioeconomic	status	metrics	have	been	associated	with	CVD:	income	level,	educational	attainment,	employment	status,	and	environmental	factors.11-13Figure	1.	Shared	Decision-Making	Algorithm.Recommendation-Specific	Supportive
TextShared	decision-making	is	vital	to	patient-centered	care.	Shared	decision-making	improves	patients’	understanding	of	treatment	options,	increases	realistic	expectations	of	benefits	and	harms,	stimulates	engagement	in	decision-making,	and	improves	concordance	between	patients’	values	and	treatment	choices.14-17	Factors	complicating
effective	shared	decision-making	include	low	health	literacy,	adverse	social	determinants	of	health,	cultural	beliefs,	language	barriers,	advanced	age,	and	complex	comorbidities.	Health	literacy	is	associated	with	socioeconomic	position,	English	proficiency,	and	the	development	of	general	literacy.18	Incorporating	a	patient’s	preferences	into	the
decision-making	process	improves	the	patient’s	well-being	through	better	treatment	adherence	and	higher	satisfaction	with	health	outcomes.5,19,20	A	patient’s	right	to	decline	recommended	treatments	must	be	respected	and	should	be	acknowledged	in	a	written	document	after	the	patient	has	received	sufficient	information	from	the	Heart
Team.8Patients	cannot	engage	in	shared	decision-making	until	they	know	the	potential	benefits	and	risks	of	all	treatment	options.	Clinicians	must	provide	evidence-based	estimates	of	risks,	benefits,	and	costs	of	therapeutic	options.8,21,22	Procedure-related	and	long-term	risks	and	benefits,	such	as	survival,	quality	of	life,	and	the	need	for	late
reintervention,	should	be	included	in	such	discussions	(Table	3).8	Patients	should	also	be	educated	about	the	need	for	continued	medical	therapy	with	or	without	revascularization,	as	well	as	lifestyle	modification	and	other	secondary	prevention	strategies.21,23	In	some	situations,	in	which	the	optimal	treatment	strategy	is	uncertain,	it	may	be
appropriate	to	defer	revascularization	to	allow	time	for	consultation	and	discussion.	The	clinician	must	act	in	the	patient’s	best	interest	and	convey	the	risks	and	benefits	of	all	revascularization	treatment	options,	consult	with	additional	specialists	when	appropriate,	and	allow	the	patient	to	consult	family.24,25	Challenges	exist	when	scientific	data
support	a	treatment,	but	the	patient	prefers	an	alternative	treatment;	in	1	study,	patients	preferred	PCI	over	CABG,	even	when	the	risk	of	death	with	PCI	was	double	the	risk	with	CABG.26Table	3.	Ideal	Components	of	the	Shared	Decision-Making	and	Informed	Consent	ProcessPatient-Centered	CareAssess	a	patient’s	ability	to	understand	complex
health	informationSeek	support	of	family/othersElicit	and	respect	cultural,	racial,	ethnic,	or	religious	preferences	and	valuesEvaluate	social	determinants	of	health	(education,	income,	access	to	health	care)Improve	telephone/telemedicine	accessDiscuss	treatment	alternatives	and	how	each	affects	the	patient’s	quality	of	lifeShared	Decision-
MakingEncourage	questions	and	explain	the	patient’s	role	in	the	decision-making	partnershipClearly	and	accurately	communicate	the	potential	risks	and	benefits	of	a	particular	procedure	and	alternative	treatmentsEnsure	that	patients	have	a	key	role	in	deciding	what	revascularization	approach	is	appropriateUse	shared	decision	aids: Alphabetical
List	of	Decision	Aids	by	Health	Topic,	Ottawa	Hospital	Research	Institute	(	27 SHARE	Approach	Curriculum	Tools,	Agency	for	Health	care	Research	and	Quality	(	28Spend	sufficient	time	to	engage	in	shared	decision-making;	allow	for	a	second	opinionWork	with	a	chaplain,	social	worker,	or	other	team	members	to	facilitate	shared	decision-
makingEncourage	patients	to	share	their	fears,	stress,	or	other	emotions,	and	address	appropriatelyNegotiate	decision	in	partnership	with	the	patient	and	family	membersRespect	patient’s	autonomy	to	decline	recommended	treatmentConsent	ProceduresUse	plain	language,	avoiding	jargon,	and	adopt	the	patient’s	words;	integrate	pictures	to
teachDocument	teach-back	of	patient’s	knowledge	and	understandingConduct	conversations	with	a	trained	interpreter,	as	neededProvide	patient-specific	short-	and	long-term	risks,	benefits,	and	alternative	treatmentsProvide	unbiased,	evidence-based,	reliable,	accessible,	and	relevant	information	to	patientDiscuss	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	strategiesProvide	patient	time	to	reflect	on	the	trade-offs	imposed	by	the	outcome	estimatesProvide	information	on	the	level	of	operator	expertise,	volume	of	the	facility,	and	local	results	in	the
performance	of	coronary	revascularization	optionsClearly	inform	of	the	need	for	continued	medical	therapy	and	lifestyle	modificationsTable	4.	Factors	for	Consideration	by	the	Heart	TeamCoronary	AnatomyLeft	main	diseaseMultivessel	diseaseHigh	anatomic	complexity	(ie,	bifurcation	disease,	high	SYNTAX	score)ComorbiditiesDiabetesSystolic
dysfunctionCoagulopathyValvular	heart	diseaseFrailtyMalignant	neoplasmEnd-stage	renal	diseaseChronic	obstructive	pulmonary	diseaseImmunosuppressionDebilitating	neurological	disordersLiver	disease/cirrhosisPrior	CVACalcified/porcelain	aortaAortic	aneurysmProcedural	FactorsLocal	and	regional	outcomesAccess	site	for	PCISurgical	riskPCI
riskPatient	FactorsUnstable	presentation	or	shockPatient	preferencesInability	or	unwillingness	to	adhere	to	DAPTPatient	social	supportReligious	beliefsPatient	education,	knowledge,	and	understanding3.	Preprocedural	Assessment	and	the	Heart	Team3.1.	The	Heart	TeamSynopsisThe	multidisciplinary	Heart	Team,	which	involves	the	cardiologist,
cardiac	surgeon,	and	other	specialists,	has	become	a	critical	component	of	the	revascularization	decision.	Initially,	the	Heart	Team	approach	to	decision-making	for	coronary	disease	arose	within	the	context	of	randomized	trials	comparing	PCI	with	CABG	to	ensure	selected	patients	were	equally	suited	for	either	strategy	before	randomization.8
Subsequently,	the	Heart	Team	has	become	an	important	paradigm	in	clinical	practice,	emphasizing	the	importance	of	team	consensus	on	the	optimal	approach	to	revascularization.	Ideal	situations	for	Heart	Team	consideration	include	patients	with	complex	coronary	disease,	comorbid	conditions	that	could	impact	the	success	of	the	revascularization
strategy,	and	other	clinical	or	social	situations	that	may	impact	outcomes	(Figure	2	and	Table	4).	The	Heart	Team	process	should	rest	on	the	principles	of	collegiality,	mutual	respect,	and	commitment	to	excellence.	The	logistics	of	convening	the	Heart	Team	should	depend	on	local	resources	and	workflows.	Models	include	daily	to	weekly	scheduled
meetings	and	ad	hoc	activation.1,2,4,6,9	Remote	conferences	have	also	been	advocated.9	Additionally,	there	should	be	a	process	for	rapid	activation	of	the	Heart	Team	for	urgent	or	emergency	clinical	situations.Table	5.	Assessment	of	Risk	Factors	Not	Quantified	in	the	STS	ScoreRisk	FactorAssessment	ToolCirrhosisModel	for	End-Stage	Liver	Disease
(MELD)	score1-6FrailtyGait	speed8,10-14,16MalnutritionMalnutrition	Universal	Screening	Tool	(MUST)7,9,15,16Figure	2.	Phases	of	Patient-Centric	Care	in	the	Treatment	of	Coronary	Artery	Disease.	CV	indicates	cardiovascular;	SIHD,	stable	ischemic	heart	disease;	and	STEMI,	ST-segment–elevation	myocardial	infarction.Recommendation-Specific
Supporting	TextObservational	studies	using	the	Heart	Team	have	included	interventional	cardiology,	cardiac	surgery,	and	noninvasive	cardiologists1-4,6	Additional	professionals	who	offer	input	may	include	the	patient’s	primary	physician,	as	well	as	palliative	care,	critical	care,	anesthesiology,	and	imaging	specialists.	Observational	studies	have
demonstrated	favorable	outcomes	when	the	Heart	Team	was	used	in	cases	of	unprotected	left	main	disease,	triple-vessel	disease,	double-vessel	disease	involving	the	proximal	left	anterior	descending	(LAD)	artery,	or	single-vessel	disease	involving	the	proximal	LAD	artery	in	the	context	of	diabetes,	or	in	cases	in	which	the	referring	physician
requested	such	evaluation.5-7,10,11	Heart	Team	decisions	are	generally	reproducible4	and	associated	with	good	outcomes.2,63.2.	Predicting	Patient	Risk	of	Death	With	CABGSynopsisThe	STS	risk	score	is	designed	to	predict	adverse	outcomes	in	patients	undergoing	CABG,	including	the	risk	of	death,	renal	failure,	permanent	stroke,	prolonged
ventilation,	deep	sternal	wound	infection,	reoperation,	and	prolonged	length	of	stay.	The	STS	risk	score	is	derived	from	data	on	patients	undergoing	CABG	in	the	United	States.	The	STS	score	is	periodically	updated	to	reflect	new	risk	models	for	CABG,	with	the	most	recent	update	in	2018	based	on	the	Adult	Cardiac	Surgery	Database	from	2011–
2014.3,4	Similar	to	the	STS	score,	the	European	System	for	Cardiac	Operative	Risk	Evaluation	(EuroSCORE)	II,	developed	in	2011,	is	designed	to	predict	adverse	outcomes	in	patients	undergoing	isolated	CABG.5Recommendation-Specific	Supporting	TextThe	STS	risk	score	has	been	validated	in	several	studies	and	demonstrates	excellent	predictive
value	for	estimating	risk	of	adverse	events.2-4	The	STS	risk	score	serves	as	a	useful	tool	when	a	choice	is	being	made	among	various	treatment	strategies	because	it	allows	the	clinician,	the	patient,	and	the	patient’s	family	to	have	a	reasonable	estimate	of	operative	risk.	The	STS	risk	score	performs	better	than	the	EuroSCORE	II	for	the	patient
population	with	CABG,	particularly	at	higher	(>5%)	predicted	mortality	rates.1,2	Commonly	used	cardiac	surgery	risk	models,	such	as	the	STS	and	EuroSCORE	II,	are	limited	in	assessing	the	influence	of	risk	factors,	including	cirrhosis,	frailty,	and	malnutrition,	on	outcome.	Patients	with	liver	cirrhosis,	frailty,	and	malnutrition	have	increased	risk	of



perioperative	morbidity	and	mortality	after	cardiac	surgery6-17	and	may	be	assessed	by	other	tools	(Table	5).Table	6.	Angiographic	Features	Contributing	to	Increasing	Complexity	of	CADMultivessel	diseaseLeft	main	or	proximal	LAD	artery	lesionChronic	total	occlusionTrifurcation	lesionComplex	bifurcation	lesionHeavy	calcificationSevere
tortuosityAorto-ostial	stenosisDiffusely	diseased	and	narrowed	segments	distal	to	the	lesionThrombotic	lesionLesion	length	>20	mm4.	Defining	Lesion	Severity4.1.	Angiography	to	Define	Anatomy	and	Assess	Lesion	SeverityCoronary	angiography	remains	the	default	method	to	define	coronary	anatomy	and	characterize	the	severity	of	coronary	arterial
stenoses.	A	visually	estimated	diameter	stenosis	severity	of	≥70%	for	non–left	main	disease	and	≥50%	for	left	main	disease	has	been	used	to	define	significant	stenosis	and	to	guide	revascularization	strategy.	Although	the	length	of	a	lesion	may	contribute	to	physiological	lesion	severity	(ie,	a	longer	moderate	lesion	may	result	in	more	ischemia	than	a
focal	severe	lesion),	there	are	no	standard	cutoffs	for	lesion	length	used	to	classify	a	severe	stenosis.	An	angiographically	intermediate	coronary	stenosis	is	defined	as	a	diameter	stenosis	severity	of	40%	to	69%,	and	generally	warrants	additional	investigation	to	assess	physiological	significance.	There	is	controversy	over	whether	visually	estimated
diameter	stenosis	or	quantitative	coronary	angiography	better	predicts	the	functional	significance	of	a	coronary	stenosis.1,2	The	difference	in	mean	diameter	stenosis	between	quantitative	coronary	angiography	and	visual	estimation	varies	from	10%	to	20%	and	is	dependent	on	stenosis	severity.3-5	The	use	of	optimal	angiographic	projections,
multiple	angiographic	views,	and	adjunct	imaging	or	physiology	may	aid	in	the	assessment	of	coronary	anatomy	when	coronary	angiography	is	used.4.2.	Defining	Coronary	Artery	Lesion	Complexity:	Calculation	of	the	SYNTAX	(Synergy	Between	PCI	With	TAXUS	and	Cardiac	Surgery)	ScoreSynopsisThe	anatomic	complexity	of	lesions,	expected
completeness	of	revascularization,	predicted	risk	of	death,	and	other	adverse	outcomes	are	important	factors	to	consider	for	determining	the	type	of	revascularization	for	patients	with	CAD.	Many	factors	contribute	to	the	estimation	of	the	complexity	of	CAD	(Table	6).	The	SYNTAX	score	was	prospectively	derived	from	the	SYNTAX	trial	to	aid	in	this
decision-making	process	by	providing	an	objective	measure	to	grade	the	anatomic	complexity	of	CAD	in	patients	with	multivessel	disease.1	Its	value	as	an	independent	predictor	of	long-term	major	adverse	cardiac	and	cerebrovascular	events	and	death	was	established	in	the	SYNTAX	trial	cohort	and	subsequently	validated	in	external	studies	of
patients	treated	with	PCI	but	not	CABG.2-4	The	SYNTAX	II	score	and	the	revised	SYNTAX	Score	II	2020	was	retrospectively	developed	from	the	SYNTAX	trial	cohort.5,6	to	incorporate	clinical	variables	in	addition	to	the	anatomic	variables.	These	scores	demonstrate	modest	discrimination	in	predicting	adverse	clinical	events	after
revascularization.6Table	7.	Patient	Clinical	Status	Definitions	to	Guide	Revascularization13-15ElectiveThe	patient’s	cardiac	function	has	been	stable	in	the	days	or	weeks	before	intervention	(whether	surgical	or	procedural).	The	intervention	could	be	deferred	without	increased	risk	of	compromise	to	cardiac	outcome.UrgentIntervention	is	required
during	the	same	hospitalization	to	minimize	chance	of	further	clinical	deterioration.	Examples	include,	but	are	not	limited	to,	worsening	sudden	chest	pain,	heart	failure,	acute	myocardial	infarction,	anatomy,	intra-aortic	balloon	pump,	unstable	angina,	with	intravenous	nitroglycerin,	or	rest	angina.EmergencyPatients	requiring	emergency	intervention
will	have	ongoing,	refractory	(difficult,	complicated,	and/or	unmanageable),	unrelenting	cardiac	compromise,	with	or	without	hemodynamic	instability,	and	not	responsive	to	any	form	of	therapy	except	cardiac	intervention.	An	emergency	intervention	is	one	in	which	there	should	be	no	delay	in	providing	operative
intervention.Emergency/salvagePatients	requiring	emergency/salvage	intervention	are	those	who	require	cardiopulmonary	resuscitation	en	route	to	the	operating	room,	or	procedure	room,	before	induction	of	anesthesia	or	who	require	extracorporeal	membrane	oxygenation	to	maintain	life.Recommendation-Specific	Supporting	TextThe	SYNTAX	score
remains	the	most	widely	used	and	validated	risk	score	to	guide	the	choice	of	revascularization	in	patients	with	multivessel	disease.	Important	limitations	of	this	score	include	the	cumbersome	scoring	system	required	for	each	lesion	and	the	interobserver	variability	in	its	calculation.7,8	Additionally,	the	absence	of	clinical	variables	limits	its	use	in
estimating	the	risk	of	clinical	events	after	CABG.	When	estimating	a	patient’s	complexity	of	disease,	it	is	important	to	consider	variables	that	contribute	to	disease	complexity	which	might	impact	the	success	and	outcomes	of	revascularization	(Table	6).4.3.	Use	of	Coronary	Physiology	to	Guide	Revascularization	With	PCISynopsisFFR	and	iFR	are	2	of
the	most	commonly	used	physiological	methods	of	assessing	lesion	significance.	FFR	is	defined	as	the	ratio	of	maximal	blood	flow	in	a	region	distal	to	a	lesion	compared	with	the	normal	maximal	blood	flow	of	an	artery.	iFR,	an	index	of	lesion	severity,	is	the	instantaneous	wave-free	ratio	(in	diastole)	of	coronary	pressure	distal	to	the	coronary	lesion
(Pd)	to	the	aortic	pressure	(Pa)	The	potential	advantage	of	iFR,	which	is	a	resting	physiological	index,	is	that	it	obviates	the	use	of	adenosine	because	it	does	not	require	a	state	of	maximal	hyperemia.	These	2	measures—FFR	and	iFR—have	been	studied	in	randomized	trials	with	clinical	endpoints	of	death,	myocardial	infarction	(MI),	or	repeat
revascularization.1-5	There	are	other	resting	indices	that	have	been	compared	with	iFR	or	FFR	in	observational	studies.9,10	These	resting	indices	have	varying	degrees	of	accuracy	relative	to	FFR	and	iFR	but	have	not	been	studied	in	randomized	trials	with	clinical	endpoints.	The	FAME	2	(Fractional	Flow-Reserve-Guided	PCI	versus	Medical	Therapy
in	Stable	Coronary	Disease)	trial2	tested	a	strategy	of	PCI	for	all	lesions	with	abnormal	FFR	compared	with	optimal	medical	therapy	alone.	Recruitment	into	the	trial	was	stopped	early	because	of	a	significant	benefit	of	PCI	over	medical	therapy	in	patients	with	an	abnormal	FFR	with	respect	to	death,	MI,	or	urgent	revascularization,	with	the	benefit
derived	largely	from	a	reduction	in	ischemia-driven	revascularization.The	role	of	FFR	in	guiding	surgical	revascularization	is	uncertain.	Multiple	small	observational	studies,	as	well	as	RCTs	and	meta-analyses	of	these	trials,	suggest	that	fewer	distal	anastomoses	are	performed,	and	off-pump	CABG	is	more	often	chosen	in	patients	undergoing	CABG
with	FFR-guided	revascularization	than	in	those	undergoing	CABG	with	angiogram-guided	revascularization.11-14	However,	in	these	studies,	no	differences	were	found	in	clinical	outcomes	in	patients	undergoing	CABG	with	FFR	guidance	compared	with	patients	undergoing	CABG	with	angiogram	guidance.11-14	Additionally,	not	all	studies	included
an	angiogram-guided	comparison	group.	Large,	randomized	trials	that	are	appropriately	powered	are	warranted	to	guide	the	use	of	FFR	in	patients	undergoing	surgical	revascularization.Recommendation-Specific	Supportive	TextIn	the	FAME	trial,	PCI	for	a	stenosis	≥50%	with	an	abnormal	FFR	reduced	the	risk	of	the	composite	endpoint	at	1	year	as
compared	with	PCI	guided	by	angiography	only,1	a	benefit	that	was	maintained	at	2	years9	but	not	at	5	years.	The	DEFINE-FLAIR	(Functional	Lesion	Assessment	of	Intermediate	Stenosis	to	Guide	Revascularisation	and	the	Instantaneous	Wave-free	Ratio	versus	Fractional	Flow	Reserve	in	Patients	with	Stable	Angina	Pectoris	or	Acute	Coronary
Syndrome)4	and	the	iFR-SWEDEHEART	(Instantaneous	Wave-free	Ratio	versus	Fractional	Flow	Reserve	in	Patients	with	Stable	Angina	Pectoris	or	Acute	Coronary	Syndrome)	trials6	compared	outcomes	with	the	use	of	iFR-	or	FFR-guided	PCI.	In	these	trials,	iFR-guided	PCI	was	found	to	be	noninferior	to	FFR-guided	PCI.	As	compared	with	FFR,	the
use	of	iFR	was	associated	with	lower	rates	of	procedure-related	chest	pain	and	shorter	procedural	time.	In	randomized	trials,	the	rates	of	short-	and	long-term	MACE	were	lower	among	patients	who	had	PCI	guided	by	physiology	with	either	FFR	or	iFR.4,6Deferral	of	PCI	when	the	FFR	is	>0.80	or	the	iFR	is	>0.89	is	associated	with	low	rates	of	long-
term	MACE.8-10	The	DEFER	(Deferral	of	Percutaneous	Intervention)	trial	demonstrated	similar	rates	of	MACE	in	follow-up	when	PCI	for	angiographic	intermediate	lesions	and	FFR	>0.75	was	deferred,	rather	than	performed,	at	2	and	5	years	of	follow-up.8	Additionally,	there	were	lower	rates	of	MI	in	the	deferred	group	at	long-term	follow-up.7	In
patients	enrolled	in	the	FAME	trial	who	had	an	FFR	>0.80,	2-year	rates	of	MI	and	revascularization	were	low,	at	0.2%	and	3.2%,	respectively.9	Finally,	in	the	DEFINE-FLAIR	and	the	iFR-SWEDEHEART	trials,	rates	of	MACE	in	patients	who	had	PCI	deferred	on	the	basis	of	an	FFR	>0.80	or	an	iFR	>0.89	were	4.05%	and	4.12%,	respectively,10	with
unplanned	revascularization	being	the	most	frequent	cause	of	MACE.	The	cutoffs	of	FFR	and	iFR	provided	were	those	used	in	the	clinical	trials.	On	occasion,	borderline	values	may	warrant	further	ischemia	testing	or	additional	investigations.4.4.	Intravascular	Ultrasound	to	Assess	Lesion	SeveritySynopsisIVUS	can	offer	important	anatomic
information	beyond	what	is	seen	on	coronary	angiography.	IVUS	is	particularly	useful	in	lesions	involving	the	left	main	artery	where	there	may	be	limitations	in	coronary	angiography	due	to	overlapping	vessels	or	foreshortening.	IVUS	offers	significantly	greater	spatial	resolution	than	angiography	alone	(IVUS	axial	resolution	is	100	to	150	μm,	and
coronary	angiography	axial	resolution	is	300	μm).	Detailed	cross-sectional	images	provide	accurate	evaluation	of	lesion	characteristics,	including	lumen	dimensions,	lesion	length,	plaque	morphology	and	location,	thrombus,	dissection,	and	stent	apposition	and	expansion.	Additionally,	minimal	lumen	area	on	IVUS	has	been	shown	to	correlate	with
physiological	indices.6Recommendation-Specific	Supportive	TextIn	the	case	of	indeterminate	left	main	disease,	studies	have	shown	that	IVUS	evaluation	with	deferral	of	intervention	for	a	minimum	lumen	area	of	≥6	to	7.5	mm2	is	safe,1,2	although	a	smaller	cutoff	(4.5–4.8	mm2)	may	be	more	appropriate	in	patients	of	Asian	descent.3	Moderate
correlations	between	FFR	values	and	IVUS	minimal	lumen	area	cutoffs	have	been	demonstrated	in	left	main	disease.4,5	Compared	with	the	left	main	artery,	smaller	cutoffs	have	been	suggested	for	IVUS	of	the	LAD	artery.7	Developed	more	recently,	optical	coherence	tomography	(OCT)	has	been	shown	to	correlate	well	with	IVUS	measurements.8
However,	because	OCT	requires	blood	clearance,	its	effectiveness	for	imaging	ostial	left	main	disease	is	limited.5.	Revascularization	in	STEMI5.1.	Revascularization	of	the	Infarct	Artery	in	Patients	With	STEMISynopsisImmediate	reperfusion	therapy	for	patients	with	STEMI	improves	mortality	rate,	and	primary	PCI	has	been	shown	to	be	superior	to
fibrinolytic	therapy1	(Figure	3).6,23,27-29	Fibrinolytic	therapy	is	recommended	only	in	cases	in	which	primary	PCI	is	not	immediately	available	and	the	delay	from	hospital	presentation	to	PCI	is	anticipated	to	be	>120	minutes.30	Because	approximately	35%	of	patients	treated	with	fibrinolysis	do	not	achieve	reperfusion,31	and	an	additional	10%	have
ineffective	reperfusion	(TIMI	[Thrombolysis	In	Myocardial	Infarction]	flow	grade	12	hours	but	12	hours	after	symptom	onset	who	have	clinical	evidence	of	ongoing	ischemia,	acute	severe	heart	failure,	or	life-threatening	arrhythmias.	Intuitively,	a	strategy	of	delayed	reperfusion	in	these	unstable	patient	subsets	would	be	expected	to	improve	symptoms
and	outcomes,	and	for	this	reason	PCI	should	be	considered.In	OAT	(Occluded	Artery	Trial),	PCI	of	a	totally	occluded	vessel	did	not	reduce	cardiovascular	events	at	4	years	of	follow-up,25	and	there	was	a	trend	toward	a	higher	rate	of	recurrent	infarction	in	the	group	of	patients	randomized	to	PCI.	Patients	who	had	severe	ischemia	on	noninvasive
stress	testing	were	not	enrolled	in	this	trial.	Similar	findings	were	noted	in	the	DECOPI	(Desobstruction	Coronaire	en	Post-Infarctus)	trial,	which	enrolled	patients	with	an	occluded	artery	presenting	2	to	15	days	after	symptom	onset.26Emergency	CABG	to	restore	flow	to	the	infarct	artery	after	failed	PCI	should	be	considered	only	in	patients	with
ongoing	ischemia	and	a	large	area	of	myocardium	at	risk.	In	some	cases,	after	primary	PCI,	the	vessel	remains	occluded	or	with	slow	flow	caused	by	distal	embolization	(no	reflow).	The	no-reflow	phenomenon	refers	to	unsuccessful	microvascular	reperfusion	even	in	the	presence	of	a	widely	patent	epicardial	coronary	artery.	This	usually	occurs	with
reperfusion	in	the	setting	of	PCI	for	the	treatment	of	STEMI,	after	prolonged	myocardial	ischemia,	or	with	a	large	thrombus	burden.	Because	CABG	is	unlikely	to	improve	perfusion	to	the	subtended	myocardium	in	the	setting	of	no-reflow,	emergency	CABG	may	be	harmful	in	this	setting	and	may	subject	the	patient	to	unnecessary	risk.5.2.
Revascularization	of	the	Non-Infarct	Artery	in	Patients	With	STEMISynopsisA	Heart	Team	approach	is	utilized	to	determine	optimal	revascularization	strategy	in	patients	with	STEMI	and	multivessel	CAD.	Revascularization	strategies	(Figure	4)	for	patients	with	STEMI	and	multivessel	disease	include	multivessel	PCI	at	the	time	of	primary	PCI,	PCI	of
the	infarct	artery	only	followed	by	staged	PCI	of	a	non-infarct	artery,	PCI	of	the	infarct	artery	only	with	an	ischemia-guided	approach	to	treatment	of	a	non-infarct	artery,	or	PCI	of	the	infarct	artery	only	with	elective	CABG.	Observational	studies	and	meta-analyses	have	reported	conflicting	results	for	the	superiority	of	one	approach	over	another.11
Recent	randomized	trials	of	PCI	in	STEMI	support	the	safety	and	efficacy	of	multivessel	PCI	in	selected	patients	with	STEMI.2-4,6,7	The	data	are	strongest	for	patients	undergoing	staged	PCI.4	It	should	be	noted	that	only	one-third	of	enrolled	patients	in	these	trials	had	triple-vessel	disease,	and	most	of	these	trials	excluded	patients	with	left	main
disease,	chronic	total	occlusion	(CTO)	of	the	non-infarct	artery,	or	complex	non-infarct	artery	disease.	For	this	reason,	CABG	remains	a	reasonable	option	in	patients	with	residual	complex	non-infarct	artery	disease.	Ideal	patients	who	may	benefit	from	revascularization	of	non-infarct	arteries	include	those	with	a	large	area	of	myocardium	at	risk	and
those	without	significant	comorbidities	that	would	increase	the	risk	of	revascularization.Figure	4.	Revascularization	of	Noninfarct-Related	Coronary	Artery	Lesions	in	Patients	With	STEMI.	Colors	correspond	to	Table	2.	CABG	indicates	coronary	artery	bypass	graft;	GDMT,	guideline-directed	medical	therapy;	PCI,	percutaneous	coronary	intervention;
and	STEMI,	ST-segment–elevation	myocardial	infarction.	Normal	blood	pressure	and	heart	rate	left	ventricular	end-diastolic	pressure	140	has	been	used	to	denote	a	patient	at	higher	risk	of	clinical	events.	Other	factors	associated	with	higher	risk	include	older	age	(≥75	years),	elevated	TIMI	risk	score	(	,25	and	elevated	cardiac	markers.11,26	Factors
indicating	a	need	for	an	urgent	revascularization	(Table	7)	with	either	PCI	or	CABG	include	threatening	anatomy,	ongoing	ischemia,	or	hemodynamic	compromise.	In	such	patients	and	in	those	with	complex	CAD,	treatment	should	be	individualized	and	involve	a	Heart	Team	discussion.Recommendation-Specific	Supportive	TextIn	patients	with	NSTE-
ACS,	an	initial	invasive	approach	is	associated	with	a	lower	rate	of	the	combined	endpoint	of	death,	MI,	or	refractory	angina	at	4	to	6	months’	follow-up1-4	(Figure	5).	Pooled	trial	data	have	demonstrated	lower	rates	of	recurrent	infarction	and	recurrent	ischemia	with	an	invasive	strategy.4	The	benefits	of	an	invasive	approach	are	most	pronounced
among	patients	with	elevated	biomarkers	or	other	higher-risk	findings.1	The	invasive	approach	also	provides	important	prognostic	information,	such	as	extent	and	severity	of	CAD,	hemodynamics,	and	left	ventricular	function,	allowing	for	precise	determination	of	risk,	antithrombotic	treatment	guidance,	and	suitability	for	revascularization	with	PCI	or
CABG.	Roughly	20%	to	25%	of	patients	enrolled	in	the	early	trials	examining	the	benefits	of	a	routine	invasive	approach	underwent	CABG.	In	patients	with	multivessel	disease,	the	mode	of	revascularization	should	be	based	on	the	acuity	of	the	patient’s	condition,	the	angiographic	characteristics	of	the	culprit	lesion,	and	the	complexity	of	the	patient’s
anatomy	and,	when	appropriate,	should	include	a	Heart	Team	discussion.In	the	SHOCK	trial,	patients	were	randomized	to	medical	therapy	or	emergency	revascularization.	Among	the	patients	randomized	to	revascularization,	two-thirds	of	patients	were	referred	for	PCI	and	one-third	for	CABG,	and	the	decision	to	proceed	with	PCI	or	CABG	was	made
by	the	treating	physician.9	Median	time	from	randomization	to	revascularization	was	0.9	hours	for	PCI	and	2.7	hours	for	CABG.	The	SHOCK	trial	supported	a	strategy	of	emergency	angiography	with	immediate	revascularization	in	patients	with	AMI	complicated	by	cardiogenic	shock.	At	6	months,	the	mortality	rate	was	significantly	lower	in	patients
randomized	to	revascularization	than	in	those	randomized	to	medical	therapy.9	In	the	SHOCK	trial,	there	was	no	difference	in	mortality	rate	with	PCI	or	CABG	for	those	patients	randomized	to	early	revascularization,	with	a	similar	survival	regardless	of	the	mode	of	revascularization	at	30	days	and	1	year.	Additionally,	observational	studies5-7,17	of
patients	with	cardiogenic	shock	referred	for	CABG	have	reported	acceptable	outcomes	with	emergency	revascularization.	Patients	with	shock	may	benefit	from	mechanical	circulatory	support	devices	before	revascularization,	especially	if	CABG	is	planned.27Patients	with	NSTE-ACS	who	are	clinically	unstable	because	of	refractory	angina,	intractable
arrhythmias,	or	hemodynamic	instability	have	been	consistently	excluded	from	clinical	trials	evaluating	the	optimal	timing	of	coronary	angiography.11,28	Although	evidence	from	clinical	trial	data	is	lacking,	intuitively,	immediate	angiography	(within	2	hours)	with	plans	for	appropriate	revascularization	would	be	expected	to	improve	outcomes	if
revascularization	stabilizes	the	clinical	condition.An	early	invasive	strategy	performed	within	24	hours	in	high-risk	(GRACE	score	>140)	patients	is	associated	with	a	lower	incidence	of	recurrent	ischemia	or	need	for	urgent	revascularization	and	a	shorter	hospital	stay.11,12,14-16	Although	clinical	trials	have	not	demonstrated	a	clear	advantage	with
an	early	invasive	strategy	(within	24	hours)	as	opposed	to	a	delayed	invasive	strategy	in	the	overall	population	of	patients	with	NSTE-ACS,12,16	prespecified	subgroup	analyses	of	these	trials	support	the	use	of	an	early	invasive	strategy	for	high-risk	patients.11,12,16	The	TIMACS	(Timing	of	Intervention	in	Acute	Coronary	Syndromes)	trial,	in	which
patients	were	enrolled	within	24	hours	of	symptoms	and	randomized	to	angiography	at	≤	24	hours	versus	≥	36	hours	from	time	of	randomization,	and	the	VERDICT	(Very	Early	vs	Deferred	Invasive	Evaluation	Using	Computerized	Tomography)	trial,	in	which	patients	were	randomized	to	angiography	at	50%	stenosis	of	the	proximal	LAD;	in	this	study,
there	was	no	heterogeneity	of	treatment	effect	on	outcomes	with	the	presence	of	LAD	disease.Single-	or	Double-Vessel	Disease	Not	Involving	the	Proximal	LAD8.	A	clinical	principle	from	several	studies	is	that	the	more	myocardium	is	at	risk,	the	greater	is	the	survival	advantage	of	revascularization	over	medical	therapy,	and	in	patients	with	little
myocardium	at	risk	(1-	or	2-vessel	CAD	without	LAD	involvement),	there	is	likely	no	survival	benefit	of	revascularization	in	patients	with	SIHD.10,17,26,29,379.	In	patients	without	clinical	or	physiological	evidence	of	significant	disease,	bypass	surgery	of	nonobstructive	disease	has	been	reported	to	stimulate	progression	of	CAD,66	and	PCI	may
precipitate	periprocedural	MIs23	and	is	not	associated	with	improved	outcomes.30,67-697.2.	Revascularization	to	Reduce	Cardiovascular	Events	in	SIHD	Compared	With	Medical	TherapySynopsisClinical	practice	guidelines	have	traditionally	included	recommendations	for	revascularization	in	patients	with	SIHD	based	on	the	ability	of	CABG	or	PCI	to
improve	overall	survival	(Section	7.1.)	or	to	reduce	ischemic	symptoms	(Section	7.3.),	as	compared	with	medical	therapy	alone.	However,	there	are	other	clinical	events	that	can	affect	a	patient’s	overall	prognosis,	and	that	remain	important	considerations	for	patients.	Several	studies	suggest	that	revascularization	with	CABG	or	PCI	lowers	the	risk	of
adverse	events	such	as	cardiac	death,	MI,	or	urgent	revascularization	compared	with	medical	therapy	alone.2,5,6,9,10Recommendation-Specific	Supporting	TextIn	MASS	(Medicine,	Angioplasty	or	Surgery	Study)	II,	the	10-year	rates	of	cardiac	death	were	lower	after	CABG	or	PCI	than	after	medical	therapy	alone.2	Lower	rates	of	cardiac	death	were
seen	after	revascularization	than	with	medical	therapy	alone	in	a	meta-analysis	of	25	studies	enrolling	19 806	patients.3	However,	a	statistically	nonsignificant	reduction	was	seen	in	a	concurrent	meta-analysis	of	12 103	patients	enrolled	in	7	RCTs.8	Several	other	studies	found	no	difference	in	cardiac	death	after	revascularization	than	with	medical
therapy	alone.10,11Cardiac	death	may	be	related	to	the	occurrence	of	MI	after	revascularization.12	The	relative	prognostic	importance	of	procedural	MIs	versus	that	of	late	spontaneous	MIs	remains	uncertain.13	In	the	ISCHEMIA	trial,1	the	incidence	of	procedural	type	4a	or	type	5	MIs	was	increased	with	revascularization,	but	the	incidence	of	late
MI	(spontaneous	MI	[type	1],	demand-induced	MI	[type	2],	or	MIs	associated	with	stent	thrombosis	[type	4b]	or	with	restenosis	[type	4c])	was	reduced.	A	preplanned	analysis	of	the	MI	patterns	in	the	ISCHEMIA	trial4	found	that	all-cause	death	was	increased	with	spontaneous	MIs	but	not	with	procedural	MIs.	A	large	network	meta-analysis	found	that
spontaneous	MI	was	reduced	by	revascularization	compared	with	medical	therapy	alone.3	However,	a	concurrent	analysis	found	an	increased	rate	of	procedural	MI,	a	reduced	rate	of	nonprocedural	MI,	and	no	difference	in	overall	MI.11	On	the	contrary,	another	meta-analysis	of	stable	patients,	did	not	show	a	reduction	in	MI	with	revascularization,10
and	1	other	study	reported	reduction	in	MI	with	CABG	but	not	with	PCI.9	Revascularization	with	CABG	or	PCI	may	reduce	the	need	for	subsequent	urgent	revascularization	or	hospitalization	for	acute	coronary	events.5-87.3.	Revascularization	to	Improve	SymptomsSynopsisOne	of	the	main	goals	of	coronary	revascularization	with	either	PCI	or	CABG
surgery	is	to	improve	symptoms	(Figure	6).	In	the	treatment	of	patients	with	SIHD,	medical	therapy	can	often	be	an	effective	option.	However,	studies	have	shown	that	revascularization	results	in	a	greater	improvement	in	angina	or	quality	of	life	than	does	medical	therapy	alone.1-6	Additionally,	some	patients	may	be	intolerant	of	or	unwilling	to	take
anti-anginal	medications.	For	these	reasons,	revascularization	is	frequently	used	to	provide	symptom	relief.Recommendation-Specific	Supportive	TextMultiple	RCTs	have	confirmed	that	revascularization	improves	anginal	symptoms	to	a	greater	degree	than	optimal	medical	therapy.1-4,6,9,10	The	results	of	the	small	ORBITA	(Objective	Randomised
Blinded	Investigation	With	Optimal	Medical	Therapy	of	Angioplasty	in	Stable	Angina)	trial,11	which	randomized	patients	to	PCI	or	a	“sham”	procedure,	did	not	support	an	improvement	in	symptoms	with	PCI	and	raised	questions	about	the	placebo	effect	of	PCI.	However,	the	larger	ISCHEMIA	trial	reported	a	clinically	relevant	improvement	in
symptoms	at	3	years	after	PCI	or	CABG,1	long	after	a	placebo	effect	should	have	dissipated.	This	difference	was	most	pronounced	among	the	patients	with	more	frequent	angina	at	baseline.	In	the	FREEDOM	(Future	Revascularization	Evaluation	in	Patients	with	Diabetes	Mellitus:	Optimal	Management	of	Multivessel	Disease)	trial,4	both
revascularization	options	were	associated	with	significant	improvement	in	angina	and	quality	of	life	as	compared	with	baseline.	A	greater	improvement	in	health	status	was	noted	with	CABG	compared	with	PCI	at	intermediate-term	follow-up,	but	this	difference	was	no	longer	significant	in	longer-term	follow-up.Inappropriate	revascularization	of
nonobstructive	plaques	with	CABG	can	lead	to	progression	of	underlying	CAD,7	and	inappropriate	use	of	PCI	can	cause	periprocedural	MIs8	and	would	not	be	expected	to	improve	quality	of	life	or	anginal	symptoms.8.	Situations	in	Which	PCI	or	CABG	Would	Be	Preferred8.1.	Patients	With	Complex	DiseaseSynopsisRevascularization	with	either	CABG
or	PCI	is	indicated	to	treat	symptoms	or	improve	outcomes	in	specific	subsets	of	patients.	However,	CABG	and	PCI	are	inherently	different	in	the	mechanisms	by	which	they	improve	blood	flow	to	the	jeopardized	myocardium.	PCI	will	directly	relieve	a	discrete	obstruction	and	increase	the	arterial	lumen	in	the	stented	area	but	will	have	no	effect	on
preventing	plaque	progression	or	rupture	in	other	diseased	segments	within	the	artery.	In	contrast,	bypass	of	a	coronary	artery	will	improve	blood	flow	to	the	jeopardized	myocardium	supplied	by	the	diseased	artery	and	will	also	protect	the	distal	myocardial	beds	from	future	ischemic	insult	caused	by	proximal	plaque	progression	or	rupture.	Although
most	studies	comparing	CABG	and	PCI	have	reported	similar	survival,1,3,5-17	certain	subgroups	of	patients	have	been	shown	to	derive	a	survival	benefit	from	CABG	compared	with	PCI.1,2,4,18	Additionally,	compared	with	PCI,	CABG	may	be	more	effective	at	reducing	the	risk	of	late	spontaneous	MI.11,19Recommendation-Specific	Supporting
TextThe	SYNTAX	trial,	which	included	705	patients	with	left	main	stenoses	and	a	range	of	complexity	of	disease,	showed	a	significantly	higher	MACE	and	cardiac	mortality	rate	at	5	years	for	the	subgroup	of	patients	with	left	main	and	high-complexity	disease	(defined	as	a	SYNTAX	score	>33)	who	were	treated	with	PCI.1	With	the	exception	of	the
SYNTAX	trial,	the	other	RCTs	comparing	PCI	with	CABG	in	patients	with	left	main	disease	excluded	patients	with	complex	disease.6,8,20	Individual	factors	that	contribute	to	anatomic	complexity	(severe	tortuosity,	heavy	calcification,	complex	bifurcation	or	trifurcation	lesion,	aorto-ostial	stenosis,	thrombotic	lesion,	etc)	are	listed	in	Table	6.	In
choosing	between	CABG	and	PCI,	it	is	important	to	use	the	Heart	Team	to	determine	the	optimal	revascularization	strategy,	with	specific	considerations	of	anatomic	complexity,	medication	compliance,	and	patient	preference.In	the	SYNTAX	trial,	which	randomized	patients	with	multivessel	disease	to	a	strategy	of	CABG	or	PCI	with	DES,	the	SYNTAX
score	was	used	a	priori	to	define	the	complexity	of	disease	in	enrolled	patients.	Although	the	SYNTAX	trial	reported	similar	mortality	rates	with	CABG	and	PCI	in	the	overall	group	of	patients,	extended	follow-up	of	the	SYNTAX	trial	found	a	40%	higher	mortality	rate	with	PCI	in	the	group	of	patients	with	triple-vessel	disease.4	Several	analyses	found
that	the	extent	and	diffuseness	of	CAD	on	angiography,	as	evaluated	qualitatively	by	visual	assessment	or	quantitatively	with	the	SYNTAX	score,3	predicted	a	survival	advantage	of	CABG	over	PCI.5	Specifically,	the	all-cause	mortality	rate	observed	after	CABG	was	lower	than	that	observed	after	PCI	in	patients	with	a	diffuse	CAD–associated	high
SYNTAX	score	of	≥33.2,4,5	In	patients	with	SYNTAX	scores	20-fold.2,4,8,10	Given	the	morbidity	and	mortality	associated	with	stent	thrombosis	and	the	strong	association	of	nonuse	of	DAPT	with	stent	thrombosis,	CABG	is	a	safe	revascularization	option	in	patients	who	are	not	likely	to	be	adherent	to	DAPT.9.	Special	Populations	and	Situations9.1.
Revascularization	in	Pregnant	PatientsSynopsisIn	pregnant	patients,	an	expanded,	multidisciplinary	Heart	Team	approach	is	often	used	to	determine	the	appropriate	coronary	revascularization	treatment,	with	consideration	of	patient	preferences,	comorbidities,	and	clinical	status.	Decisions	in	pregnant	patients	are	often	difficult	and	must	include
consideration	of	the	risk	to	the	unborn	fetus,	as	well	as	the	risks	and	benefits	to	the	mother.	Pregnant	women	are	generally	excluded	from	clinical	trials,	and	therefore	there	is	limited	evidence	regarding	the	safety	of	antiplatelet	agents	during	pregnancy,	especially	during	the	third	trimester.	Low-dose	aspirin	is	generally	felt	to	be	safe	throughout
pregnancy.	If	clopidogrel	is	needed,	it	should	be	used	for	the	shortest	duration	possible3,4	with	close	monitoring.	In	a	recent	systematic	review	of	39	publications	with	42	live	births,	the	outcomes	for	both	mothers	and	neonates	when	exposed	to	clopidogrel	at	varying	durations	throughout	gestation,	did	not	suggest	higher	than	acceptable	risk,	with	a
congenital	anomaly	rate	comparable	to	background	risk.	The	evidence	regarding	the	use	of	other	antiplatelet	agents	remains	limited.4Recommendation-Specific	Supportive	TextThe	coronary	revascularization	treatment	in	the	pregnant	patient	with	STEMI	is	typically	via	PCI,5	and	CABG	is	usually	performed	when	medical	therapy	or	PCI	fails	and	the
mother’s	life	is	threatened.1,2	In	a	large,	retrospective	review	of	pregnant	patients	with	AMI,	STEMI	was	noted	in	42%	of	these	patients.	Approximately	25%	to	40%	of	pregnant	patients	with	AMI	were	referred	for	invasive	evaluation,	and	roughly	25%	of	pregnant	patients	received	coronary	revascularization	(with	most	patients	receiving	PCI).
Compared	with	a	conservative	approach,	an	invasive	approach	for	the	treatment	of	the	AMI	was	associated	with	a	significantly	lower	adjusted	in-hospital	mortality	rate.In	a	large	database	of	pregnant	patients	with	AMI,2	a	larger	proportion	of	patients	with	NSTE-ACS	were	conservatively	treated.	If	medical	therapy	is	ineffective	for	the	management	of
these	patients	because	of	ongoing	ischemia,	hemodynamic	comprise,	or	electrical	instability,	an	invasive	approach	was	noted	to	be	reasonable.2,5,69.2.	Revascularization	in	Older	PatientsSynopsisAlthough	the	terms	“elderly”	or	“older”	have	been	used	to	describe	various	patient-age	subgroups	in	the	literature,	most	clinical	trials	have	defined	older
patients	as	those	≥75	years	of	age.3	Older	patients	form	a	vulnerable	subset	of	patients	undergoing	coronary	revascularization	because	of	their	more	complex	presentations	and	higher	prevalence	of	comorbidities.4,5	In	addition,	they	have	an	increased	risk	of	bleeding	complications	and	stroke	after	PCI.3,6-8	However,	the	optimal	treatment	for	older
patients	with	an	indication	for	revascularization	remains	poorly	defined	because	most	studies	have	excluded	older	patients	and	included	only	low-risk	populations.9Recommendation-Specific	Supportive	TextOlder	patients	constitute	a	growing,	high-risk	population	with	increased	rates	of	adverse	events.10-12	These	patients	pose	additional	challenges
because	of	adverse	interactions	caused	by	polypharmacy	and	age-related	changes	in	cardiovascular	function	and	coronary	anatomy.5,13-15	Although	older	patients	benefit	from	revascularization	to	the	same,	if	not	greater,	extent	as	younger	patients,16	the	optimal	strategy	should	be	chosen	according	to	patient-centered	goals	of	care.17	Subgroup
analyses	from	recent	randomized	trials	have	demonstrated	that	relative	outcomes	after	PCI	and	CABG	are	comparable	in	older	patients,	with	CABG	being	better	at	achieving	complete	revascularization,	whereas	PCI	is	preferred	for	frail	patients	at	higher	risk	of	periprocedural	events.18-21	Careful	consideration	of	risks	and	benefits	using	a	Heart
Team,	and	in	accordance	with	the	patient’s	preferences,	while	accounting	for	frailty	and	cognitive	status,	is	vital	in	decisions	about	the	appropriate	revascularization	plan	for	older	patients.9.3.	Revascularization	in	Patients	With	Chronic	Kidney	Disease	(CKD)SynopsisPatients	with	CKD	constitute	a	growing	subset	of	the	population7,8	and	have	been
found	to	have	worse	outcomes	after	AMI	or	PCI.9,10	Risk	of	cardiovascular	death	has	been	shown	to	be	inversely	proportional	to	estimated	glomerular	filtration	rate,	with	impaired	renal	function	being	an	independent	predictor	of	cardiovascular	risk.11,12	Although	about	30%	to	40%	of	all	patients	undergoing	PCI	have	concomitant	CKD,13,14	data	on
optimal	treatment	strategies	in	this	population	remain	scarce	because	most	RCTs	have	traditionally	excluded	patients	with	severe	CKD.	Patients	with	CKD	who	present	with	ACS	are	less	likely	to	receive	GDMT	or	invasive	angiography	than	are	patients	with	normal	renal	function,	and	the	likelihood	of	undergoing	cardiovascular	interventions	decreases
with	increasing	severity	of	CKD.9,15-17	Before	coronary	angiography	is	performed,	the	risks	of	AKI	and	the	benefits	of	obtaining	diagnostic	information	should	be	carefully	considered.	Preexisting	CKD	is	the	strongest	independent	risk	factor	for	the	development	of	AKI,	with	a	higher	stage	of	CKD	associated	with	incrementally	higher
risk.6,7Recommendation-Specific	Supportive	TextAdequate	hydration18-20	and	minimization	of	the	volume	of	contrast	media21-23	remain	the	principal	strategies	for	contrast-induced	nephropathy	prevention	(Table	8).	High-dose	statins	before	diagnostic	catheterization	have	been	demonstrated	to	reduce	the	occurrence	of	contrast-induced
AKI21,24,25	because	of	their	pleotropic	effects	that	decrease	systemic	inflammation,	possibly	by	decreasing	the	synthesis	of	endothelin-1	and	inhibiting	tissue-factor	expression	by	macrophages.26-29	Atheroembolism	may	have	a	role	in	AKI	after	PCI,30	and	a	transfemoral	approach	may	increase	this	risk	because	of	the	proximity	to	renal	arteries.31
Consistent	with	this,	the	use	of	radial	access	has	been	shown	to	significantly	reduce	the	risk	of	AKI	compared	with	femoral	access.31-33	All	other	measures	believed	to	reduce	the	risk	of	contrast-induced	AKI	have	not	demonstrated	significant	clinical	benefit.12,31On	the	basis	of	multiple	randomized	trials,	prompt	coronary	angiography	and
revascularization	have	been	recommended	for	patients	presenting	with	STEMI.34	However,	patients	with	severe	CKD	were	often	excluded	from	these	studies	because	of	their	higher	risk	of	adverse	ischemic	and	bleeding	events,	as	well	as	their	higher	risk	of	contrast-induced	AKI.	Nonetheless,	the	mortality	benefit	of	revascularization	in	patients	with
STEMI	and	CKD	outweighs	the	risk	of	adverse	outcomes	when	adequate	measures	to	reduce	the	risk	of	AKI	are	taken	before,	during,	and	after	the	procedure.Several	observational	studies	have	reported	worse	in-hospital	outcomes	and	long-term	mortality	rate	for	patients	with	NSTE-ACS	and	CKD	than	for	those	without	CKD.35-37	Despite	this,	an
early	invasive	strategy	in	high-risk	patients	with	NSTE-ACS	was	shown	to	be	associated	with	significant	risk	reduction	versus	a	noninvasive	approach.9	Although	the	use	of	PCI	for	NSTE-ACS	has	been	found	to	decrease	with	increasing	CKD	severity,	revascularization	in	these	patients	is	associated	with	a	lower	in-hospital	mortality	rate	than	that	seen
with	medical	management.5Although	a	routine	invasive	approach	has	been	shown	to	improve	outcomes	in	patients	presenting	with	NSTE-ACS,	this	risk	reduction	was	evident	mostly	in	the	high-risk	subgroups.9	The	risk–benefit	ratio	of	revascularization	in	patients	with	low-risk	NSTE-ACS	remains	uncertain	because	of	limited	evidence.	Therefore,	in
low-risk	patients	with	NSTE-ACS	with	CKD,	astute	clinical	judgment	weighing	the	trade-off	between	risks	and	benefits	is	required	to	determine	the	optimal	approach	in	this	patient	subgroup.ISCHEMIA-CKD	was	the	first	randomized	trial	to	test	the	benefit	of	adding	cardiac	catheterization	and,	if	feasible,	revascularization	to	GDMT	in	stable	patients
with	moderate	CKD	and	at	least	moderate	ischemia.6	With	patients	randomized	to	either	an	invasive	or	conservative	strategy,	an	initial	invasive	strategy	did	not	demonstrate	a	reduced	risk	of	clinical	outcomes	or	improved	quality-of-life	measures	compared	with	an	initially	conservative	strategy.Table	9.	Oral	and	Parenteral	Antiplatelet	Agents	for
Patients	Undergoing	PCIDrugLoading	DoseMaintenance	DoseOral	antiplatelet	agentsAspirinLoading	dose	of	162-325	mg	orally11Aspirin	may	be	chewed	to	achieve	faster	actionMaintenance	dose	of	75-100	mg	orally	daily24,25ClopidogrelLoading	dose	of	600	mg	orally19A	lower	loading	dose	of	300	mg	should	be	considered	in	patients	after	fibrinolytic
therapy5Maintenance	dose	of	75	mg	orally	daily34PrasugrelLoading	dose	of	60	mg	orally20Maintenance	dose	of	10	mg	orally	daily20In	patients	with	body	weight
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