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ABSTRACT	
	
Ischaemic	heart	disease	remains	the	leading	cause	of	death	worldwide	despite	

significant	advances	in	diagnosis	and	treatment.	Over	the	past	two	decades,	

interventional	and	medical	therapies	have	been	tested	through	rigorous	large	

scale	randomized	controlled	trials.	These	data	form	the	backbone	of	national	and	

international	guidelines.	However,	there	are	still	numerous	controversial	issues	

in	the	short-	and	long-term	management	of	patients	with	acute	coronary	

syndromes	(ACS)	and	there	are	limitations	in	translation	of	scientific	evidence	

into	clinical	practice.		

	

Using	a	well-established	multi-centre	interventional	cardiology	registry,	this	

thesis	focuses	on	contentious	issues	in	the	management	of	ST-elevation	

myocardial	infarction	(STEMI)	and	non-ST-elevation	acute	coronary	syndromes	

(NSTEACS).	The	topics	addressed	range	from	the	safety	of	pretreatment	with	

dual	antiplatelet	therapy	in	STEMI	and	NSTEACS,	to	the	impact	of	door-to-

balloon	time	in	high-risk	patients	and	the	long-term	prognostic	significance	of	

optimal	medical	therapy	and	smoking	cessation.	In	addition,	single-centre	

studies	were	used	to	explore	in	detail	the	management	of	patients	older	than	85	

years	with	acute	coronary	syndromes	and	the	impact	of	periprocedural	

myocardial	infarction	on	long-term	mortality.	Finally,	through	a	randomized	

controlled	trial	of	a	smartphone	based	cardiac	rehabilitation	program,	this	thesis	

underscores	the	value	of	an	innovative	model	to	optimize	secondary	prevention	

of	coronary	artery	disease.		
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Chapter	1:	Introduction	
	
Despite	significant	advances	in	the	diagnosis	and	management	of	acute	coronary	

syndromes	(ACS),	ischaemic	heart	disease	remains	the	leading	cause	of	death	in	

Australia	and	worldwide.	1,2	William	Heberden,	in	1772,	may	have	been	the	first	

physician	to	describe	unstable	angina.	He	stated	that	“after	it	has	continued	for	

some	months,	it	will	not	cease	so	instantaneously	upon	standing	still,	and	will	

come	on	not	only	when	they	are	lying	down.”3	This	clinical	description	has	stood	

the	test	of	time	and	is	now	used	along	with	electrocardiographic	findings	and	

cardiac	biomarkers	to	distinguish	the	clinical	spectrum	of	ACS	that	ranges	from	

unstable	angina	to	non-ST-elevation	myocardial	infarction	(NSTEMI)	and	ST-

elevation	myocardial	infarction	(STEMI).		

	

The	management	of	ACS	has	evolved	significantly	over	the	past	70	years	from	a	

prescription	of	strict	bed	rest	for	six	weeks	to	invasive	angiography,	complete	

revascularization	and	optimal	medical	therapy.	This	evolution	has	been	tested	

rigorously	through	large-scale	randomized	control	trials	that	form	the	basis	for	

well-established	international	guidelines.4,5	Consequently	there	has	been	a	

significant	decrease	in	mortality	in	patients	presenting	with	ACS.6	However,	

some	controversies	are	yet	to	be	resolved	while	significant	treatment	gaps	exist	

in	translating	scientific	evidence	into	real-world	practice.		

	

In	this	thesis	by	publication,	there	are	two	clear	objectives.	Firstly,	I	aim	to	

explore	controversial	issues	in	the	current	management	of	patients	presenting	

with	ACS	through	multi-centre	and	single-centre	studies.	Secondly,	I	aim	to	

establish	the	feasibility	and	efficacy	of	a	smartphone	based	cardiac	rehabilitation	

program	in	patients	discharged	from	hospital	with	an	ACS.	This	new	model	of	

care	has	the	potential	to	revolutionize	cardiac	rehabilitation.	

	

Chapter	2	provides	a	comprehensive	review	of	ACS	from	definition,	to	diagnosis,	

acute	management	and	long-term	secondary	prevention	with	a	particular	focus	

on	cardiac	rehabilitation.	Throughout	there	is	emphasis	on	contentious	issues	

that	continue	to	attract	significant	debate	among	cardiologists.	Lastly,	there	is	
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acknowledgement	of	the	utility	of	cardiovascular	registries	in	attempting	to	

resolve	these	controversies	and	in	identifying	treatment	gaps	in	clinical	practice.		

	

Dual	antiplatelet	therapy	is	a	class	I	indication	in	patients	with	ACS.	Chapter	3	

explores	the	uptake	of	the	newer	antiplatelet	agents,	namely	ticagrelor	and	

prasugrel,	since	they	became	commercially	available	in	Australia.	This	published	

manuscript	highlights	the	increased	use	of	the	more	potent	and	efficacious	

agents	over	time.	However,	it	was	evident	prasugrel	and	ticagrelor	were	more	

likely	to	be	prescribed	in	younger	patients	with	less	comorbidity	while	high-risk	

patients	were	more	likely	to	be	treated	with	clopidogrel.	This	treatment-risk	

paradox	suggests	high-risk	patients	may	be	suboptimally	treated.	

	

In	Chapter	4,	the	optimal	time	to	administer	a	second	antiplatelet	agent	in	

patients	presenting	with	STEMI	is	explored.	This	practice	is	endorsed	by	

international	guidelines	although	there	is	a	lack	of	robust	evidence	supporting	its	

use.	Contrary	to	guidelines,	this	manuscript	showed	only	a	minority	of	STEMI	

patients	from	the	Melbourne	Interventional	Group	(MIG)	registry	received	

pretreatment	with	a	P2Y12	inhibitor.	Although	pretreatment	was	found	to	be	safe	

without	significant	bleeding,	it	was	not	associated	with	improved	coronary	

reperfusion	or	clinical	outcomes.	The	discordance	between	guideline	

recommendations	and	real-world	practice	emphasizes	the	need	to	challenge	

guidelines	that	are	based	on	circumstantial	evidence.		

	

Timely	reperfusion	is	mandated	in	patients	presenting	with	STEMI.	In	Chapter	5,	

the	relative	long-term	benefit	of	timely	reperfusion	in	patients	with	high-risk	

and	low-risk	features	is	explored.	It	was	hypothesized	patients	with	cardiogenic	

shock,	out-of-hospital	cardiac	arrest	and	pulmonary	oedema,	assessed	by	Killip	

class,	would	benefit	the	most	from	achieving	a	door-to-balloon-time	(DTBT)	≤	90	

minutes.	Timely	reperfusion	was	associated	with	improved	short-	and	long-term	

outcomes	in	patients	irrespective	of	risk.	However,	contrary	to	our	hypothesis,	it	

was	only	an	independent	predictor	of	long-term	survival	in	low-risk	STEMI	

patients.	This	manuscript	highlights	the	importance	of	observational	registry	
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data	in	the	investigation	of	a	subgroup	of	patients	who	are	excluded	from	

randomized	controlled	trials.			

	

Continuing	the	exploration	of	timely	reperfusion	in	patients	with	STEMI	across	

differing	risk	profiles,	in	Chapter	6	the	impact	of	DTBT	≤	90	minutes	across	

different	age	groups	is	examined.	Although	the	risk	of	death	and	major	adverse	

cardiovascular	events	(MACE)	increased	exponentially	in	patients	aged	<75	

years,	75-84	and	≥	85	years,	timely	reperfusion	was	not	an	independent	

predictor	of	mortality	or	MACE.					

	

Chapter	7	explores	in	more	detail	the	management	dilemma	of	patients	≥	85	

years	who	present	with	STEMI.	Through	a	well-characterized	single	centre	

study,	patient	characteristics	associated	with	conservative	management	of	

STEMI	were	identified.	Furthermore,	invasive	management	was	found	to	be	an	

independent	predictor	of	survival.	These	are	important	findings	as	there	is	a	

paucity	of	data	to	guide	management	in	this	age	group.	

	

Just	as	there	is	significant	controversy	in	pretreatment	with	dual	antiplatelet	in	

STEMI,	which	was	explored	in	Chapter	4,	this	also	extends	to	patients	presenting	

with	non-ST-elevation	acute	coronary	syndromes	(NSTEACS).	Again,	the	

guidelines	recommending	pretreatment	at	the	time	of	diagnosis	are	challenged	

and	the	manuscript	that	forms	Chapter	8	highlights	both	the	underwhelming	

support	for	these	guidelines	in	real-world	practice	and	the	safety	of	initiating	a	

second	anti-platelet	agent	once	coronary	anatomy	is	visualized.	

	

Another	controversial	issue	in	the	management	of	NSTEACS	is	the	timing	of	

invasive	angiography	and	revascularization.	In	Chapter	9,	clinical	characteristics	

and	outcomes	of	early	versus	delayed	angiography	of	patients	presenting	with	

NSTEACS	are	scrutinized.	Another	treatment-risk	paradox	is	discovered	as	high-

risk	patients	are	less	likely	to	undergo	early	angiography	as	recommended	by	

guidelines.	This	observation	provides	impetus	for	clinicians	to	close	the	gap	

between	evidence-based	medicine	and	clinical	practice.		
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The	definition	of	periprocedural	myonecrosis	and	its	prognostic	significance	has	

been	a	matter	of	significant	debate.	Based	on	a	well-characterized	single	centre	

study,	Chapter	10	examines	the	prevalence	and	significance	of	periprocedural	

myonecrosis	based	on	the	varying	definitions	proposed	over	the	years.	Given	the	

large	variation	in	results,	based	on	the	definition,	it	is	clearly	evident	that	further	

research	is	required	to	ensure	a	truly	universal	definition	of	periprocedural	

myonecrosis	is	established.	

	

Shifting	away	from	the	acute	management	of	ACS,	Chapter	11	examines	trends	

and	predictors	of	recurrent	ACS	hospitalization	and	unplanned	

revascularizations	after	an	index	ACS	event.	This	is	an	important	issue	given	

rehospitalizations	are	costly	and	potentially	preventable.	This	manuscript	

identifies	predictors	of	such	events;	some	of	which	are	modifiable	and	thus	

provide	an	opportunity	to	intervene	and	improve	this	important	quality	

measure.			

	

Smoking	is	a	well-recognized,	modifiable	risk	factor	for	coronary	heart	disease.	

In	Chapter	12,	the	long-term	prognostic	significance	of	smoking	cessation	after	

ACS	in	the	modern	era	of	revascularization	and	optimal	medical	therapy	is	

explored.	The	use	of	a	large	registry	with	long-term	follow-up	enabled	this	

manuscript	to	clearly	demonstrate	the	powerful	impact	of	smoking	cessation	and	

the	detrimental	effects	of	continued	smoking.	A	notable	finding	is	that	within	two	

years,	patients	who	quit	smoking	have	a	similar	baseline	risk	of	death	as	distant	

ex-smokers	and	life-long	non-smokers.	

	

In	Chapter	13,	the	long-term	prognostic	significance	of	optimal	secondary	

prevention	pharmacotherapy	is	investigated.	In	this	manuscript	we	again	

identify	a	treatment-risk	paradox	with	high-risk	patients	being	less	likely	to	

receive	optimal	medical	therapy.	The	incremental	mortality	hazard	associated	

with	near-optimal	and	suboptimal	medical	therapy	highlights	the	need	to	

improve	this	aspect	of	secondary	prevention.	
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On	the	background	of	well-documented	treatment	gaps	in	secondary	prevention,	

Chapter	14	describes	the	rationale	and	methodology	of	the	SMARTphone-based,	

early	cardiac	REHABilitation	in	patients	with	acute	coronary	syndromes	

{SMART-REHAB)	randomized	clinical	trial.		

	

In	Chapter	15,	the	results	from	SMART-REHAB	are	presented.	It	was	very	

encouraging	to	see	that	patients	receiving	smartphone-based	cardiac	

rehabilitation	had	a	significant	improvement	in	exercise	capacity	and	cardiac	

rehabilitation	uptake	and	adherence.	The	development	of	this	innovative	model	

of	care,	along	with	its	proven	efficacy	tested	in	a	multicenter	randomized	

controlled	trial,	has	the	potential	to	revolutionize	the	landscape	of	secondary	

prevention.	

	

Chapter	16	summarises	the	major	findings	and	clinical	implications	from	the	13	

original	manuscripts	which	form	the	basis	for	this	thesis.		
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Chapter	2:	Literature	Review		
	

2.1	Burden	of	Disease	
	
Ischaemic	heart	disease	(IHD)	is	the	leading	cause	of	death	worldwide.	The	

World	Health	Organisation	has	estimated	7.4	million	deaths	were	attributable	to	

IHD	in	2012.1	In	Australia,	the	death	of	11,016	males	and	8,750	females	in	2013	

were	attributable	to	IHD,	making	it	the	biggest	cause	of	mortality	in	this	

country.2	

	

2.2	Definition	of	Myocardial	Infarction	
	

To	ensure	consistency	in	the	definition	of	myocardial	infarction,	the	Joint	

ESC/ACCF/AHA/WHF	Task	Force	for	the	Universal	Definition	of	Myocardial	

Infarction	published	the	Third	Universal	Definition	of	Myocardial	Infarction	in	

2012	and	the	Fourth	Universal	Definition	of	Myocardial	Infarction	in	2018.7,8		

	

According	to	the	Third	and	Fourth	Universal	Definitions	of	Myocardial	Infarction,	

an	acute	myocardial	infarction	(MI)	occurs	when	there	is	evidence	of	myocardial	

necrosis,	diagnosed	by	detection	of	a	rise	and/or	fall	of	cardiac	enzyme	levels,	

preferably	cardiac	troponin,	with	at	least	one	value	above	the	99th	percentile	

upper	reference	limit	(URL)	and	at	least	one	of	the	following:	

Ø Symptoms	of	ischaemia	

Ø New	or	presumed	new	significant	ST-segment-T	wave	(ST-T)	changes	or	

new	left	bundle	branch	block	

Ø Development	of	pathological	Q-waves		

Ø Imaging	evidence	of	new	loss	of	viable	myocardium	or	new	regional	wall	

motion	abnormality	

Ø Identification	of	an	intracoronary	thrombus	by	angiography	or	autopsy.	

	

Five	different	types	of	MI	are	described:	

1. Type	1	MI,	also	known	as	spontaneous	MI,	is	characterized	by	rupture	of	

an	atherosclerotic	plaque,	ulceration,	fissuring,	erosion	or	dissection	with	
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consequent	intraluminal	thrombus	formation	leading	to	a	reduction	in	

myocardial	blood	flow	and	subsequent	myocardial	necrosis.		

2. Type	2	MI	is	characterized	by	myocardial	injury	with	necrosis	due	to	an	

imbalance	between	myocardial	oxygen	supply	and	demand.	This	is	caused	

by	a	condition	other	than	coronary	artery	disease.		

3. Type	3	MI	is	cardiac	death	with	symptoms	suggestive	of	myocardial	

ischaemia	and	presumed	new	ischaemic	ECG	changes	but	cardiac	

biomarkers	were	not	obtained	prior	to	death	

4. A	type	4a	MI	is	related	to	percutaneous	coronary	intervention.	It	has	been	

arbitrarily	defined	by	cardiac	troponin	elevation	>5	x	99th	percentile	URL	

in	patients	with	normal	baseline	levels	or	a	rise	>20%	if	the	baseline	

value	is	elevated	or	falling.	In	addition,	there	needs	to	be	symptoms	

suggestive	of	ischaemia	or	new	ECG	changes	or	angiographic	findings	

consistent	with	a	procedural	complication	or	imaging	demonstrating	a	

new	loss	of	viable	myocardium/new	regional	wall	motion	abnormality.		

5. A	type	5	MI	is	related	to	coronary	artery	bypass	surgery.	It	has	been	

arbitrarily	defined	by	cardiac	troponin	elevation	>10	x	99th	percentile	

URL	in	patients	with	normal	baseline	levels.	In	addition,	there	needs	to	be	

symptoms	suggestive	of	ischaemia	or	new	ECG	changes	or	angiographic	

evidence	of	graft/new	native	coronary	occlusion	or	imaging	evidence	of	

new	loss	of	viable	myocardium/new	regional	wall	motion	abnormality.	

2.3	Acute	Coronary	Syndromes	
	

Acute	coronary	syndrome	(ACS)	is	a	clinical	spectrum	of	disorders	ranging	from	

ST-elevation	myocardial	infarction	(STEMI)	to	non-ST-elevation	acute	coronary	

syndromes	(NSTEACS).	NSTEACS	encompasses	both	non-ST-elevation	

myocardial	infarction	(NSTEMI)	and	unstable	angina;	these	are	differentiated	by	

the	presence	or	absence	of	myocardial	necrosis	measured	by	cardiac	biomarkers.	

	

Patients	with	suspected	ACS	predominantly	complain	of	chest	pain.	In	this	

situation,	an	electrocardiogram	(ECG)	should	be	performed	within	ten	minutes	

of	presentation;	this	will	aid	with	diagnosis	and	guide	immediate	management.4,9	

Those	with	ST-elevation	in	two	contiguous	ECG	are	diagnosed	with	STEMI	and	
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require	urgent	reperfusion	by	either	primary	percutaneous	coronary	

intervention	(PCI)	or	thrombolysis.		

	

2.3.1	ST-Elevation	Myocardial	Infarction	
	

In	patients	with	a	clinical	presentation	consistent	with	cardiac	ischaemia	and	

persistent	ST-elevation	or	a	new	left	bundle	branch	block,	reperfusion	is	a	class	I	

indication.9,10	When	performed	at	high-volume	experienced	centres	primary	PCI	

is	superior	to	in-hospital	thrombolysis.11	Keeley	et	al	reviewed	23	randomized	

controlled	trials	comparing	primary	angioplasty	to	intravenous	thombolytic	

therapy	for	acute	MI.	Primary	angioplasty	was	more	efficacious	with	lower	risk	

of	death	(7%	vs.	9%,	p<0.001),	recurrent	infarction	(3%	vs.	7%,	p<0.001),	stroke	

(1%	vs.	2%,	p<0.001)	and	major	adverse	cardiovascular	events	(8%	vs.	14%,	

p<0.001).	This	was	independent	of	thombolytic	agent	used	and	whether	patients	

had	to	be	transferred	to	a	primary	angioplasty	centre.	Importantly,	these	results	

were	sustained	over	the	long-term.11,12		

	

2.3.2	Non-ST-Elevation	Acute	Coronary	Syndromes	
	

Patients	with	non-ST-elevation	acute	coronary	syndromes	(NSTEACS)	do	not	

routinely	undergo	urgent	revascularization	unless	they	have	very-high-risk	

features	such	as	cardiogenic	shock,	refractory	chest	pain,	life	threatening	

arrhythmias,	mechanical	complications	of	MI	and	acute	heart	failure.4	In	

stabilized	patients	with	NSTEACS,	routine	angiography	has	become	the	standard	

of	care	as	it	reduces	mortality	and	recurrent	myocardial	infarction	when	

compared	to	a	selective	invasive	approach.13-15		

	

Risk	stratification	of	patients	with	NSTEACS	is	based	on	clinical	presentation,	

baseline	comorbidities,	ECG	changes	and	biomarker	elevation.4	Age,	

comorbidities	such	as	diabetes	and	renal	failure,	chest	pain	at	rest,	ST-

depression	and	significant	troponin	elevation	have	all	been	associated	with	

poorer	prognosis.12,16,17	With	so	many	prognostic	factors,	quantitative	risk	
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assessment	is	preferred	to	clinical	judgment	with	the	Global	Registry	of	Acute	

Coronary	Events	(GRACE)	score	being	the	most	accurate.18		

	

2.4	Controversies	in	Acute	Management	of	Acute	Coronary	Syndromes	
	
Despite	the	wealth	of	scientific	data	on	ACS	and	detailed	international	guidelines,	

there	are	still	numerous	controversies	in	the	management	of	patients	with	ACS.		

	

2.4.1	Antiplatelet	Agents	in	ACS	
	

Dual	anti-platelet	therapy	with	aspirin	and	a	P2Y12	adenosine	inhibitor	is	a	class	

I	recommendation	in	the	management	of	patients	with	ACS.4,5,9,10	Aspirin,	

through	its	inhibition	of	thomboxane	A2-dependent	platelet	aggregation,	has	

been	the	main	antiplatelet	agent	used	in	STEMI	since	the	pivotal	ISIS-2	study.19	

Its	immediate	administration	upon	presentation	in	patients	with	suspected	

myocardial	infarction	is	now	routine	practice.	

	

P2Y12	Inhibitors	

Clopidogrel,	an	oral	P2Y12	adenosine	diphosphate	receptor	antagonist,	is	

beneficial	as	a	component	of	dual	antiplatelet	therapy	in	ACS.20-22	In	the	

landmark	Clopidogrel	in	Unstable	Angina	to	Prevent	Recurrent	Events	(CURE)	

Trial,	clopidogrel	in	addition	to	aspirin	compared	to	aspirin	alone	proved	to	be	

beneficial	in	reducing	the	composite	of	cardiovascular	death,	non-fatal	MI	or	

stroke	(9.3%	vs.	11.4%;	relative	risk	0.80,	95%	CI	0.72-0.90,	p<0.001)	at	the	

expense	of	higher	bleeding	(3.7%	vs.	2.7%;	relative	risk	1.38,	95%	CI	1.13-1.67).	

Life-threatening	bleeding	was	not	different	between	the	groups	(2.1%	vs.	1.8%,	

p=0.13).20	Subsequent	trials	established	the	integral	role	of	clopidogrel	in	the	

management	of	the	whole	spectrum	of	ACS	presentations,	including	STEMI	

patients	treated	with	thrombolysis.21,22	Despite	its	proven	efficacy,	clopidogrel	is	

limited	by	its	delayed	onset	of	action,	significant	individual	response	variability	

and	the	influence	of	genetic	polymorphisms.23,24	
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Consequently	the	more	potent	and	efficacious	P2Y12	inhibitors	prasugrel	and	

ticagrelor	have	established	themselves	as	the	preferred	agents	in	ACS.25,26	In	the	

Trial	to	Assess	Improvement	in	Therapeutic	Outcomes	by	Optimizing	Platelet	

Inhibition	with	Prasugrel-	Thrombolysis	in	Myocardial	Infarction	(TRITON-TIMI	

38),	prasugrel	(60mg	loading	lose	then	10mg	daily)	was	superior	to	clopidogrel	

(300mg	loading	then	75mg	daily)	in	reducing	major	adverse	cardiovascular	

events	at	the	expense	of	higher	bleeding.26	In	brief,	13,608	patients	with	STEMI	

or	high-risk	NSTEMI	scheduled	for	PCI	were	randomized	to	either	prasugrel	or	

clopidogrel	for	up	to	15	months.	Patients	receiving	prasugrel	had	lower	risk	of	

major	adverse	cardiovascular	events	(cardiovascular	death,	nonfatal	MI,	nonfatal	

stroke)	compared	to	patients	receiving	clopidogrel	(9.9%	vs.	12.1%,	hazard	ratio	

0.81;	95%	CI	0.73-0.90,	p<0.001).	The	prasugrel	cohort	also	experienced	lower	

rates	of	MI,	urgent	target	vessel	revascularization	and	stent	thrombosis.	

However,	there	was	an	increase	in	major	bleeding	in	those	using	prasugrel	(2.4%	

vs.	1.8;	HR	1.32,	95%	CI	1.03-1.68,	p=0.03)	as	well	as	higher	rates	of	life-

threatening	bleeding	and	fatal	bleeding.		

	

The	Platelet	Inhibiton	and	Patient	Outcomes	(PLATO)	trial,	published	two	years	

after	TRITON-TIMI	38,	showed	ticagrelor	(180mg	loading	dose	then	90mg	twice	

daily)	was	also	superior	to	clopidogrel	in	reducing	the	primary	endpoint	of	

vascular	death,	MI	or	stroke.	Surprisingly	there	was	no	significant	difference	in	

the	safety	endpoint	of	major	bleeding.	The	PLATO	trial	included	18,624	all-

comers	with	ACS,	and	not	just	those	intended	for	PCI	like	in	TRITON-TIMI	38.	

Patients	in	the	ticagrelor	arm	had	lower	rates	of	the	primary	endpoint	(9.8%	vs.	

11.7%,	HR	0.84,	95%	CI	0.77-0.92).	Although	not	powered	to	detect	a	mortality	

benefit,	the	ticagrelor	cohort	had	lower	rates	of	death	from	vascular	causes	

(4.0%	vs.	5.1%,	p=0.001).	There	was	no	difference	in	major	bleeding	between	

the	groups	(11.6%	vs.	11.2%,	p=0.43)	though	ticagrelor	had	higher	rates	of	non-	

coronary	artery	bypass	graft	(CABG)	related	major	bleeding.		

	

Several	systematic	reviews	and	meta-analyses	have	confirmed	the	superiority	of	

the	newer	P2Y12	inhibitors	to	clopidogrel	while	showing	comparable	outcomes	

to	each	other.27-29	The	PRAGUE-18	study	was	the	first	randomised	trial	
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comparing	prasugrel	to	ticagrelor	in	ACS	patients	to	be	published.30	Although	it	

was	designed	to	show	superiority,	it	was	stopped	prematurely	due	to	futility.	In	

the	acute	phase,	there	was	no	signal	that	either	agent	was	superior	to	the	other	

in	efficacy	or	inferior	in	bleeding.30	Longer	term	results	are	still	to	be	published.		

	

There	is	little	data	describing	the	trends	in	uptake	of	prasugrel	and	ticagrelor	

since	their	introduction	to	contemporary	Australian	clinical	practice.	

Furthermore,	the	importance	of	postmarketing	surveillance	is	paramount	and	

thus	examining	clinical	characteristics	and	outcomes	of	ACS	patients	treated	

with	praugrel,	ticagrelor	or	clopidogrel	in	the	real	world	is	essential.		

		

2.4.2	Pretreatment	with	Dual	Antiplatelet	Therapy	in	STEMI	
	

Although	the	guidelines	recommend	the	administration	of	a	P2Y12	inhibitor	as	

early	as	possible	in	STEMI,	there	is	no	strong	scientific	data	to	support	this	

strategy	of	pretreatment	prior	to	arrival	in	the	cardiac	catheterization	

laboratory.9,10	Achieving	effective	platelet	inhibition	at	the	time	of	PCI	is	

essential	to	prevent	thrombotic	complications	such	as	no-reflow,	distal	

embolization	and	intraprocedural	stent	thrombosis.	This	was	validated	with	the	

upstream	used	of	abciximab,	an	intravenous	glycoprotein	IIb/IIIa	inhibitor,	in	

the	angioplasty	era.31	It	was	associated	with	improved	coronary	artery	patency	

on	initial	angiography,	greater	success	rate	of	PCI	and	improved	clinical	

outcomes.31	However,	in	the	presence	of	a	high	loading	dose	of	clopidogrel,	

routine	glycoprotein	IIb/IIIa	inhibitors	were	not	associated	with	a	decrease	in	

infarct	size.32	Although	the	value	of	clopidogrel	pretreatment	in	STEMI	has	never	

been	specifically	tested,	a	meta-analysis	showed	this	treatment	strategy	was	

associated	with	a	reduction	in	major	adverse	cardiovascular	outcomes.33	Thus	

when	prasugrel	and	ticagrelor	emerged	with	their	rapid	onset,	higher	potency	

and	greater	efficacy,	it	was	hypothesized	their	administration	as	early	as	

possible	would	improve	acute	outcomes.		

	

At	this	point,	it	is	important	to	note	that	in	TRITON	TIMI	38,	patients	with	STEMI	

could	have	received	their	P2Y12	inhibitor	any	time	for	randomization	up	to	one-



	 25	

hour	post	PCI.26	In	PLATO,	ticagrelor	or	clopidogrel	loading	occurred	at	

diagnosis	though	the	exact	time	in	relation	to	primary	PCI	is	unknown.	Thus	

neither	trial	specifically	assessed	a	pretreatment	strategy.	

	

In	a	very	interesting	pharmacological	study	of	patients	with	STEMI,	delayed	

onset	of	platelet	inhibition	was	seen	after	prasugrel	and	ticagrelor	loading	doses.	

A	majority	of	patients	from	both	cohorts	exhibited	high	on-treatment	platelet	

reactivity	at	one	and	two	hours	post	loading	dose.34	It	is	thus	evident	full	

antiplatelet	inhibition	is	not	achieved	by	the	time	primary	PCI	is	performed.		

	

With	the	potential	suboptimal	platelet	inhibition	associated	with	in-hospital	

P2Y12	pretreatment,	The	ATLANTIC	(Administration	of	Ticagrelor	in	the	Cath	Lab	

or	in	the	Ambulance	for	new	ST-Elevation	Myocardial	Infarction	to	Open	the	

Coronary	Artery)	trial	was	conducted.35	It	aimed	to	assess	whether	pre-hospital	

ticagrelor	administration,	compared	to	in-hospital	use,	would	lead	to	improved	

ST-segment	resolution	on	ECG	and/or	a	greater	proportion	of	patients	with	TIMI	

3	flow	on	initial	angiogram.	Patients	in	the	pre-hospital	group	received	ticagrelor	

a	median	31	minutes	before	the	in-hospital	group.	There	was	no	difference	

between	the	groups	in	the	coprimary	endpoints	and	bleeding	rates	were	

virtually	identical.	Perhaps	the	extra	half	an	hour	was	not	long	enough	for	

ticagrelor	to	exert	its	potent	antiplatelet	in	the	context	of	STEMI.	

	

A	potential	solution	is	administration	of	crushed	ticagrelor	or	prasugrel	tablets.	

This	strategy	has	led	to	greater	platelet	inhibition	in	STEMI	when	compared	to	

ingestion	of	whole	tablets.36,37	However,	patients	undergoing	primary	PCI	do	not	

routinely	receive	crushed	P2Y12	inhibitors	and	are	less	likely	to	have	adequate	

platelet	inhibition	at	time	of	PCI.		

	

Given	the	lack	of	efficacy	with	a	pretreatment	strategy,	patients	may	be	

unnecessarily	exposed	to	potent	P2Y12	inhibitors	increasing	the	risk	of	bleeding.	

In	NSTEMI,	prasugrel	pretreatment	was	associated	with	significantly	higher	

bleeding	rates.38	In	STEMI,	there	are	approximately	10%	of	patients	who	don't	

require	revascularization	and	1.5%	who	require	bypass	surgery.35	These	
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patients	are	placed	at	unnecessarily	higher	risk	of	bleeding	from	a	pretreatment	

strategy.	

	

Cangrelor,	a	potent	intravenous	P2Y12	antagonist	with	rapid	onset	and	offset,	

may	hold	the	key	in	ensuring	full	platelet	inhibition	at	the	time	of	primary	PCI.39	

Given	its	rapid	onset	of	action,	the	infusion	can	be	started	once	anatomy	has	

been	visualized	thus	making	pretreatment	with	oral	P2Y12	agents	unnecessary.	

Cangrelor	has	been	shown	to	decrease	the	rate	of	ischaemic	events,	including	

stent	thrombosis,	across	a	broad	spectrum	of	PCI	patients	including	STEMI.39	

Though	mechanistically	attractive,	cangrelor	has	not	been	tested	in	STEMI	

against	ticagrelor	or	prasugrel.	Whether	the	theoretical	advantages	would	lead	

to	improved	clinical	outcomes	is	uncertain.	Although	recommended,	the	practice	

of	pretreatment	with	oral	P2Y12	inhibitors	in	STEMI	requires	further	validation.	

	

2.4.3	Pretreatment	with	Dual	Antiplatelet	Therapy	in	NSTEACS	
	
Since	the	emergence	of	clopidogrel,	guidelines	have	recommended	aspirin	and	a	

P2Y12	inhibitor	be	initiated	as	early	as	possible	in	patients	with	NSTEACS.40,41	

However,	solid	scientific	evidence	supporting	this	strategy	has	largely	been	

lacking.	

	

In	the	PCI	substudy	of	the	CURE	trial,	clopidogrel	pretreatment	for	mean	period	

of	10	days	prior	to	PCI	was	associated	with	a	lower	risk	of	cardiovascular	death,	

myocardial	infarction	or	urgent	revascularization	(4.5%	vs.	6.4%;	RR	0.7,	95%	CI	

0.50-0.97,	p=0.03)	at	30	days	post	PCI.42	This	advantage	was	also	seen	in	the	

longer-term	without	a	significant	difference	in	major	bleeding.	These	results	

were	not	consistent	with	the	randomized	controlled	Clopidogrel	for	the	

Reduction	of	Events	During	Observation	(CREDO)	trial.22	In	CREDO,	patients	

received	a	300mg	clopidogrel	loading	dose	3-24	hours	prior	to	PCI	or	matching	

placebo.	Pretreatment	did	not	reduce	the	composite	endpoint	of	death,	MI	or	

urgent	target	vessel	revascularization	(relative	risk	reduction	[RRR]	18.5%;	95%	

CI	-14.2%-41.8%,	p=0.23)	but	there	was	a	signal	that	it	may	be	beneficial	in	

patients	who	received	clopidogrel	more	than	6	hours	before	PCI	(RRR	38.6%,	
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95%	CI	-1.6%-62.9%,	p=0.051).	Furthermore	in	a	smaller	randomized	trial,	in-

lab	600mg	clopidogrel	loading,	compared	to	preloading	4-8	hours	before	PCI,	

was	associated	with	similar	clinical	outcomes	at	30	days.43	However	the	

pretreatment	cohort	experienced	higher	platelet	reactivity	during	the	PCI	and	

two	hours	after	the	intervention.	Given	the	inadequate	platelet	inhibition	at	the	

time	of	PCI	with	the	in-lab	loading	regimen,	an	adequately	powered	study	may	

have	been	able	to	show	a	clinical	difference	favouring	pretreatment.		

	

As	previously	discussed	in	the	PLATO	study	ticagrelor	was	administered	at	the	

time	of	diagnosis.25	Although	a	pretreatment	strategy	was	not	specifically	tested,	

administration	of	ticagrelor	at	the	time	of	NSTEACS	diagnosis	is	both	safe	and	

efficacious	irrespective	of	whether	patients	proceed	to	angiography.	In	TRITON-

TIMI	38,	those	with	NSTEACS	did	not	receive	pretreatment;	P2Y12	inhibitor	

loading	only	occurred	when	coronary	anatomy	was	visualized	and	PCI	was	

planned.26		

	

The	most	recent	study	to	assess	the	safety	and	efficacy	of	a	pretreatment	

strategy	in	NSTEACS	was	the	Comparison	of	Prasugrel	at	the	Time	of	PCI	or	as	

Pretreatment	at	the	Time	of	Diagnosis	in	Patients	with	Non-ST	Elevation	

Myocardial	Infarction	(ACCOAST)	trial.38	In	ACCOAST,	patients	with	troponin	

positive	NSTEACS	who	were	scheduled	to	undergo	angiography	within	2-48	

hours	received	prasugrel	(30mg)	loading	before	angiography	or	placebo.	If	PCI	

was	indicated,	the	pretreatment	cohort	received	a	further	30	mg	of	prasugrel	

and	the	control	group	received	60mg.		There	was	no	difference	in	the	efficacy	

endpoint	(cardiovascular	death,	MI,	stroke,	urgent	revascularization	or	

glycoprotein	IIb/IIIa	bailout)	between	the	groups	at	7	days	(hazard	ratio	1.02;	

95%	CI	0.84-1.25,	p=0.81);	nor	was	there	a	difference	in	the	69%	of	patients	who	

underwent	PCI.	However,	there	was	a	significant	hazard	with	pretreatment	in	

regards	to	all	TIMI	major	bleeding	(hazard	ratio	1.90;	95%	CI	1.19-3.02,	

p=0.006).	There	were	also	significantly	higher	rates	of	non-CABG	related	major	

bleeding	and	life-threatening	bleeding	in	those	who	received	prasugrel	

pretreatment.	Due	to	the	negative	result	of	this	trial,	prasugrel	pretreatment	in	

NSTEACS	is	contraindicated.4	
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The	clopidogrel	data,	where	pretreatment	occurred	ten	days	before	PCI,	appears	

less	relevant	in	current	practice	where	patients	undergo	coronary	angiography	

with	a	view	of	PCI	within	72	hours,	or	even	24	hours	if	high	risk	features	are	

present.4,20	A	contemporary	systematic	review	and	meta-analysis	concluded	

pretreatment	in	NSTEACS	was	not	associated	with	a	reduction	in	mortality	but	

there	was	a	significant	excess	of	major	bleeding	(odds	ratio	1.32,	95%	CI	1.16-

1.49,p<0.0001),	irrespective	of	treatment	strategy.44	Driven	by	old	clopidogrel	

trial	data	(CURE	and	CREDO),	pretreatment	was	associated	with	a	reduction	in	

major	adverse	cardiovascular	events	in	all	patients	(odds	ration	0.84,	95%	CI	

0.72-0.98,	p=0.02)	but	this	difference	was	no	longer	significant	in	patients	who	

underwent	PCI.	Despite	this	data,	guidelines	continue	to	recommend	

pretreatment.		It	is	thus	evident	that	in	contemporary	cardiology	practice	

pretreatment	continues	to	be	a	matter	of	debate.45,46		

	

2.4.4	Impact	of	Door-to-BalloonTime	≤	90	Minutes	on	Clinical	Outcomes	in	
High-Risk	STEMI	Patients		
	

A	linear	association	between	the	duration	of	coronary	ischaemia	and	the	extent	

of	myocardial	necrosis	has	been	eloquently	demonstrated	in	dogs.47	De	Luca	et	al	

showed	that	every	minute	of	delay	counts	in	the	management	of	STEMI	patients	

who	were	ultimately	treated	with	primary	PCI.48	After	adjusting	for	multiple	

variables,	every	30	minutes	of	ischaemia	was	associated	with	a	significant	

relative	risk	of	one-year	mortality	of	1.075	(95%	CI	1.008-1.15,	p=0.04).48	Thus	it	

is	intuitive	that	all	possible	efforts	should	be	made	to	ensure	timely	reperfusion	

in	patients	with	STEMI.		

	

Total	ischaemic	time	includes	both	patient	and	system	delays.	Patient	delay	is	

defined	as	the	time	from	symptom	onset	to	first	medical	contact	while	system	

delay	is	the	time	from	first	medical	contact	to	reperfusion	therapy.	The	system	

delay	can	be	accurately	measured,	is	modifiable	and	hence	it	has	received	

significant	attention.	For	patients	presenting	with	STEMI,	international	

guidelines	recommend	the	system	delay	should	not	exceed	30	minutes	in	



	 29	

patients	treated	with	thrombolysis	or	90	minutes	in	those	undergoing	primary	

PCI.9,10	Consequently,	in	those	managed	invasively,	door-to-balloon	time	(DTBT)	

has	become	a	marker	of	quality	care.	In	the	United	States,	there	was	a	significant	

improvement	in	DTBT	between	2005	and	2009	with	median	times	decreasing	

from	83	to	67	minutes	while	the	percentage	of	patients	achieving	a	DTBT	≤	90	

minutes	increased	from	59.7%	to	83.1%.49	In	Australia,	we	have	also	observed	

an	improvement	in	DTBT	from	a	median	95	minutes	in	2006	to	75	minutes	in	

2010.50	

	

Timely	reperfusion,	measured	by	DTBT,	has	not	consistently	been	associated	

with	improved	outcomes.	In	an	observational	cohort	study	of	29,222	STEMI	

patients	treated	with	PCI,	McNamara	et	al	found	longer	DTBT	(≤90	vs.	91-120	vs.	

121-150	vs.	>150	minutes)	were	associated	with	incrementally	higher	risk	of	in-

hospital	mortality.51	This	was	consistent	even	after	adjustment	for	patient	

characteristics	and	regardless	of	total	ischaemic	time.	Rathore	et	al	showed	there	

was	even	incremental	benefit	in	achieving	DTBT	≤60	minutes.52	A	reduction	of	

DTBT	from	90	to	60	minutes	translated	to	0.8%	lower	in-hospital	mortality	

while	a	reduction	from	60	to	30	minutes	was	associated	with	0.5%	lower	

mortality.52	In	an	Australian	cohort,	a	DTBT	≤90	minute	was	an	independent	

predictor	lower	12-month	major	adverse	cardiovascular	event.50	On	the	other	

hand,	Meenes	et	al	showed	significant	improvement	in	DTBT	over	4	years	in	

96,738	patients	with	STEMI	however	there	was	no	risk-adjusted	improvement	in	

in-hospital	mortality	(5.0%	to	4.7%,	p	for	trend	0.43)	nor	was	there	a	difference	

observed	in	unadjusted	30-day	mortality	(p	for	trend	=0.64).	Reconciling	the	

differences	in	DTBT	and	mortality,	Nallamothu	et	al	showed	shorter	DTBT	were	

consistently	associated	with	lower	mortality	over	time	while	describing	secular	

trends	suggesting	increase	mortality	risk	in	the	growing	and	changing	primary	

PCI	population.	53		

	

Patients	with	STEMI	represent	a	heterogeneous	population	with	varying	risk	

profiles.	Although	a	DTBT	≤90	minutes	is	recommended	in	all	patients	with	

STEMI,	the	relative	benefit	in	different	populations	has	not	been	fully	explored.	

In	particular,	the	magnitude	of	benefit	from	timely	reperfusion	may	be	greater	in	
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patients	with	higher-risk	features	such	as	those	with	cardiogenic	shock,	heart	

failure	or	those	who	suffer	from	an	out-of-hospital	cardiac	arrest.	Antoniucci	et	

al	examined	the	association	between	high-risk	patients,	stratified	by	the	TIMI	

score,	and	6-month	mortality.	54	High-risk	patients,	particularly	the	elderly	and	

those	with	cardiogenic	shock	were	more	likely	to	have	longer	ischaemic	times.	In	

this	high-risk	cohort,	those	with	longer	ischaemic	time	had	higher	6-month	

mortality	(odds	ratio	1.35,	95%	CI	1.06-1.73).	However,	in	the	low-risk	cohort	

there	was	no	difference	in	outcomes	irrespective	of	ischaemic	time.54	

Furthermore,	it	has	been	suggested	the	benefit	of	short	DTBT	are	limited	to	

patients	who	presented	early,	irrespective	of	risk.55		In	the	more	contemporary	

study	by	Meenes	et	al,	there	was	no	improvement	in	in-hospital	mortality	over	4	

years		(27.4%	to	27.2%;	p	trend	=0.60)	despite	the	significant	improvements	in	

DTBT	(88.8	to	69.4	minutes,	p	trend	<0.001)	in	the	subgroup	with	cardiogenic	

shock.49	These	finding	were	consistent	with	the	overall	study.	

	

The	impact	of	DTBT	on	clinical	outcomes	in	very	elderly	patients	(≥85	years),	

who	are	inherently	high	risk	due	to	their	age,	is	also	uncertain.	Due	to	a	higher	

burden	of	comorbidities,	atypical	presentations	and	varying	levels	of	frailty,	the	

decision	to	proceed	with	invasive	management	in	elderly	patients	with	STEMI	is	

likely	to	be	time	consuming.56	This	undoubtedly	affects	DTBT.	In	the	Bremen	

STEMI	registry,	there	was	a	stepwise	increase	in	median	DTBT	in	patients	aged	

<75,	75-84	and	≥85	years	(43	vs.	49	vs.	58	minutes;	p	<0.001).57	Meenes	et	al	

reported	an	improvement	in	DTBT	of	patients	>75	years	however	this	was	not	

associated	with	improved	survival.	Whether	patients’	aged	≥85	years	would	

derive	a	benefit	from	timely	reperfusion	remains	unknown.		

	

2.4.5	Management	of	STEMI	Patients	Aged	≥85	years		
	
Guidelines	recommend	urgent	revascularization,	preferably	with	percutaneous	

coronary	intervention,	in	all	patients	presenting	with	STEMI	irrespective	of	

age.9,10	However,	due	to	a	paucity	of	data	involving	those	aged	≥	85	years,	the	

safety	and	efficacy	of	primary	PCI	in	this	cohort	is	unclear	at	this	time.56,58	In	
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randomized	controlled	trials	involving	treatment	strategies	in	STEMI	patients,	

less	than	2%	were	aged	≥	85	years.56		

	

Elderly	patients	are	a	heterogenous	cohort	with	significant	comorbidities,	

differing	degrees	of	frailty	and	variable	levels	of	functional	and	cognitive	

impairment.56,59,60	Thus	it	is	usually	left	to	the	treating	physician	to	assess	the	

suitability	for	invasive	management	in	the	context	of	STEMI.	With	a	multitude	of	

clinical,	social	and	ethical	issues	to	consider,	each	patient	must	receive	

individualized	care	assessing	the	potential	risks	and	benefits.56		

	

It	is	evident	the	utilization	of	primary	PCI	is	increasing	in	the	elderly.61,62	From	

2001	to	2010,	there	was	a	22%	increase	in	primary	PCI	for	patients’	aged	≥80	

years	despite	a	19%	decrease	in	the	total	number	of	acute	myocardial	infarctions	

in	this	age	group.61	Furthermore,	in	octogenarian	and	nonagenarians,	primary	

PCI	appears	to	be	safe.63-65	In	an	American	study	of	33,644	nonagenerians,	those	

who	received	primary	PCI	had	lower	in-hospital	mortality	(15.1%	vs.	26.5%,	

p<0.001).62	Even	after	adjustments	for	baseline	demographics,	comorbidities	

and	hospital	characteristics,	there	was	still	a	significant	mortality	advantage	with	

invasive	management	(odds	ratio	0.47,	95%	CI	0.44-0.51).62	

	

As	the	population	ages,	there	will	be	a	significant	increase	in	clinical	

presentations	of	very	elderly	patients	with	STEMI.	There	appears	to	be	an	

increase	in	utilization	of	primary	PCI	with	reasonable	short-term	results.	Further	

studies	are	required	to	characterize	those	very	elderly	patients	who	are	

managed	conservatively.	In	those	managed	invasively,	the	impact	of	timely	

reperfusion	and	the	utilization	of	therapies	associated	with	improved	clinical	

outcomes	in	younger	populations	warrants	attention.		

	

2.4.6	Timing	of	Angiography	in	Patients	with	NSTEACS	
	

Non-ST-elevation	acute	coronary	syndromes	are	a	more	frequent	clinical	

presentation	than	STEMI	and	are	associated	with	a	poorer	long-term	

prognosis.6,66	The	optimal	treatment	strategy	for	patients	with	NSTEACS	is	a	
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routine	invasive	approach.	This	has	been	consistently	shown	to	be	superior	to	a	

conservative	or	a	selective	invasive	approach.13,15,67	In	a	meta-analysis	of	7	

randomized	trials	of	patients	with	NSTEACS,	an	early	invasive	approach	

improved	mortality	(RRR	0.75,	95%	CI	0.63-0.90,	p=0.001)	and	reduced	non-

fatal	MI	(RRR	0.83,	95%	CI	0.72-0.96,	p=0.01)	at	2	years.13	This	benefit	appears	

to	extend	to	at	least	five	years	with	an	invasive	approach	being	associated	with	

lower	long-term	mortality	or	myocardial	infarction	(14.7%	vs.	17.9%;	hazard	

ratio	0.81,	95%	CI	0.71-0.93,	p=0.002).15	In	this	study	using	individual	patient	

data,	the	patients	at	highest	risk	had	the	greatest	absolute	risk	reduction.	

Consistent	with	the	previous	two	meta-analyses,	Mehta	et	al	showed	routine	

invasive	management	was	superior	to	a	selective	invasive	approach	in	reducing	

the	composite	of	mortality	and	MI.67		

	

The	optimal	timing	of	angiography	and	PCI	remains	controversial.	It	is	plausible	

early	intervention	may	prevent	recurrent	ischaemia	and	reinfarction.	On	the	

other	hand,	given	the	thrombotic	milieu	early	in	acute	coronary	syndromes	

procedural	complications	such	as	periprocedural	MI	may	be	increased	with	an	

early	interventional	approach.	Furtheremore,	delayed	PCI	with	prolonged	

antiplatelet	and	anticoagulant	therapy	may	be	associated	with	greater	bleeding.	

Given	the	heterogeneity	of	patients	with	NSTEACS,	the	diverse	definitions	of	

early	and	delayed	intervention	and	the	different	endpoints,	it	is	not	surprising	

that	clinical	trial	results	have	been	contradictory.68-74		

	

In	the	Timing	of	Intervention	in	Acute	Coronary	Syndromes	(TIMACS)	trial,	there	

was	no	difference	in	major	adverse	cardiovascular	events	(9.6%	vs.	11.3%,	

p=0.15)	in	patients	randomized	to	early	angiography	(median	time	14	hours)	

compared	to	those	undergoing	delayed	angiography	(median	time	50	hours).68	A	

major	contribution	from	this	study	was	the	pre-specified	analysis	showing	that	

patients	at	the	highest	risk,	measured	by	GRACE	score	>140,	had	a	significant	

lower	MACE	at	6	months	(hazard	ratio	0.65,	95%	CI	0.48-0.89).	However,	those	

patients	at	low-to-intermediate	risk	(hazard	ratio	1.12,	95%	CI	0.81-1.56)	did	

not.	Table	1	summarizes	the	randomized	trials	assessing	timing	of	PCI	in	

NSTEACS.	There	are	two	important	themes	consistent	in	all	of	these	studies.	
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Firstly,	there	is	considerable	variation	in	the	definition	of	immediate	PCI	(0.5-2.6	

hours),	early	PCI	(6-18.6	hours)	and	delayed	PCI	(20.5-86	hours).	Secondly,	

there	is	no	significant	difference	in	terms	of	efficacy	or	safety	between	the	

groups.		

	

The	most	recent	systematic	review	and	meta-analysis	included	the	seven	trials	

discussed	as	well	as	four	observational	studies.	Early	intervention	(<20	hours	

from	hospitalization/randomization)	was	not	associated	with	lower	mortality	

(OR	0.83,	95%	CI	0.64-1.09,	p=0.18)	or	a	reduction	in	MI	(OR	1.15,	95%	CI	0.65-

2.01,	p=0.63)	and	there	was	also	no	significant	bleeding	hazard	(OR	0.76,	95%	CI	

0.56-1.04,	p	=	0.09).75	An	earlier	meta-analysis	was	consistent	with	these	results	

but	also	assessed	recurrent	ischaemia	and	hospital	length	of	stay;	both	of	which	

favoured	an	early	invasive	strategy.76		

	
Table	1.	Randomized	clinical	trials	assessing	timing	of	intervention	in	patients	with	

NSTEACS	

	 Timing	of	PCI	
(median	hours)	

Death	or	MI	
(early	vs.	delayed)	

Major	Bleeding	
(early	vs.	delayed)	

ISAR-COOL	
(2003)69	

2.4	vs	86.0	 5.9%	vs	11.6%		
(p	=	0.04)	

3%	vs	3.9%		
(p	=	0.61)	

ELISA	
(2003)70	

6	vs	50	 9%	vs	9%		
(p	=	0.97)	

8%	vs	14%		
(p	=	0.21)	

TIMACS	
(2009)68	

14	vs	50	 9.6%	vs	11.6%		
(p	=	NS)	

3.1%	vs	3.5%		
(p	=	0.55)	

ABOARD	
(2009)71	

1.1	vs	20.5	 12%	vs	6%		
(p	=	NS)	

4%	vs	6.8%		
(p	=	0.25)	

OPTIMA	
(2009)72	

0.5	vs	25	 60.3%	vs	37.7%		
(p	=	0.01)	

4.1%	vs	8.7%		
(p	=	0.1)	

LIPSIA-
NSTEMI	
(2012)73	

1.1	vs	18.6	vs	67.2	 21.0%	vs	16.0%	vs	
14.5%	(p	=	0.20)	

4.5%	vs	4.0%	vs	
2.5%		
(p	=	NS)	

ELISA-3	
(2013)74	

2.6	vs	54.9	 3.0%	vs	1.9%		
(p	=		NS)	

11.8%	vs	11.1%		
(p	=	0.80)	

	

It	is	generally	accepted	that	the	very-high-risk	patients	including	those	with	

haemodynamic	instability,	severe	heart	failure,	refractory	angina	and	life-

threatening	ventricular	arrhythmias	should	undergo	urgent	angiography	and	

revascularization	if	indicated.4,5	These	patients	have	generally	been	excluded	

from	clinical	trials.	Ideally,	the	remaining	cohort	should	be	stratified	by	risk	
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using	the	GRACE	score	to	determine	timing	of	an	invasive	approach.77	However,	

it	is	uncertain	if	the	GRACE	score	is	used	for	this	purpose	in	real-world	practice	

and	consequently,	it	is	unknown	whether	high-risk	patients	are	treated	

according	to	guidelines	and	undergo	early	PCI.			

	

2.4.7	Periprocedural	Myocardial	Infarction	
	

The	definition	of	a	periprocedural	myocardial	infarction	(PPMI)	has	changed	

significantly	in	less	than	a	decade.7,78-80	The	Third	Universal	Definition	of	

Myocardial	Infarction	changed	the	definition	of	a	PPMI,	or	a	type	4a	MI,	by	

increasing	the	biomarker	elevation	required	from	a	troponin	elevation	>3	x	URL	

to	>5	x	URL.79	In	contrast	to	the	Second	Universal	Definition	of	MI,	myonecrosis	

also	needs	to	be	accompanied	with	either	clinical,	ECG,	angiographic	or	cardiac-

imaging	related	evidence	of	ischaemia	to	qualify	as	a	PPMI.7	However,	the	

occurrence	of	post-PCI	chest	pain	without	a	troponin	elevation,	troponin	

elevations	without	chest	pain,	angiographic	complications	and	signs	of	ischaemia	

are	well	documented.81-84	

	

By	definition,	biomarker	elevation	alone	in	the	context	of	PCI	is	now	regarded	as	

periprocedural	myonecrosis	rather	than	infarction.	In	clinical	practice,	

myonecrosis	due	to	PCI	is	common	and	occurs	in	up	to	40%	of	cases,	depending	

on	the	definition	and	biomarker	used.85	Given	the	greater	sensitivity	of	cardiac	

troponin,	a	large	percentage	of	patients	experience	periprocedural	

myonecrosis.86,87	In	fact,	it	may	be	argued	the	troponin	assay	is	too	sensitive	to	

be	prognostically	useful.85,88	Thus	the	obvious	concern	with	the	arbitrary	

definition	of	PPMI	and	periprocedural	myonecrosis	by	the	Third	Universal	

Definition	of	MI	is	the	uncertainty	regarding	its	prognostic	significance.		

	

When	defined	by	creatine	kinase	(CK)	or	CK-MB,	PPMI	has	prognostic	value	

based	on	robust	data.89-94	However,	troponin	is	now	the	now	most	commonly	

used	biomarker	in	clinical	practice.7	Clinical	studies	assessing	the	impact	of	

periprocedural	troponin	elevation	have	not	yielded	consistent	results.	A	study	

utilising	the	Mayo	Clinic	registry	assessed	1,949	patients	with	normal	pre-



	 35	

procedure	CK-MB	and	troponin	levels	who	underwent	elective	PCI	and	

consequently	had	normal	post-PCI	CK-MB	levels.95	The	19.6%	of	patients	who	

had	post-PCI	troponin	elevation	had	higher	rate	of	death	with	an	estimated	3-

year	survival	of	86.9%	(vs.	93.2%,	p<0.001).	Furthermore,	multivariate	analysis	

showed	any	post-PCI	troponin	elevation	was	associated	with	increased	long-

term	mortality	and	doubling	post-PCI	troponin	levels	was	associated	with	a	

hazard	ration	of	1.2	(95%	CI	1.02-1.40,	p=0.02).	In	another	study	by	the	Mayo	

Clinic,	the	prognostic	value	of	pre-PCI	troponin	elevation	in	patients	undergoing	

non-urgent	PCI	was	found	to	be	more	prognostically	important	than	PCI-related	

troponin	elevations.	87	In	this	study	by	Prasad	et	al,	both	pre-PCI	and	PCI-related	

troponin	elevations	were	independent	predictors	of	mortality	at	30-days,	

however	only	pre-PCI	troponin	elevation	was	a	strong	and	independent	

predictor	of	long-term	mortality.87	Kini	et	al	examined	troponin	and	CK-MB	

levels	post	successful	PCI	in	stable	patients.94	CK-MB	>5x	ULN	was	the	strongest	

predictor	of	mortality	while	troponin	elevations	did	not	have	prognostic	values.	

Novack	et	al	also	examined	CK-MB	and	troponin	levels	to	diagnose	a	PPMI	using	

the	Second	Universal	definition	of	MI	(biomarker	>	3x	URL).86	Contrary	to	Kini’s	

results,	both	troponin	and	CK-MB	elevations	were	associated	with	increased	

one-year	mortality.	However	a	troponin	threshold	of	20xURL	was	required	to	

have	a	similar	mortality	risk	as	a	PPMI	using	CK-MB.		

	

In	an	attempt	to	link	diagnosis	to	prognosis,	The	Society	of	Cardiovascular	

Angiography	and	Interventions	(SCAI)	proposed	an	alternative	definition	of	

“clinically	significant	myocardial	infarction”	requiring	troponin	levels	to	≥70x	

upper	limit	of	normal	(ULN)	or	≥35xULN	with	electrocardiographic	evidence	of	

infarction.78	Several	other	studies	have	also	postulated	a	range	of	post-PCI	

troponin	elevation	cut-offs	that	may	have	prognostic	value.86,88,96	However,	these	

proposed	cut-offs	have	not	been	validated	in	different	populations.	

	

It	is	evident	by	the	ever-changing	definitions	of	PPMI	and	the	lack	of	solid	

evidence	linking	PPMI	and	periprocedural	myonecrosis,	as	measured	by	

troponin	levels,	to	mortality	that	further	studies	are	warranted	in	this	field.		
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2.5	Long-term	Management	and	Unanswered	Questions	After	an	Acute	
Coronary	Syndrome	
	
Hospital	discharge	from	an	ACS	admission	signals	the	beginning	of	life-long	

efforts	to	optimize	secondary	prevention.	Although	only	9%	of	males	and	4%	of	

females	in	Australia	have	established	CAD,	they	are	responsible	for	43%	of	all	

cardiovascular	deaths	and	non-fatal	myocardial	infarctions.97	This	clearly	

highlights	the	importance	of	secondary	prevention	in	patients	with	established	

CAD.	However,	there	are	many	treatment	gaps	and	unanswered	questions	that	

need	to	be	addressed	in	order	to	optimize	secondary	prevention	for	survivors	of	

ACS.		

2.5.1	Recurrent	Hospital	Admissions	and	Unplanned	Revascularization	after	
ACS	
	

With	the	significant	decrease	in	mortality	post	ACS,	there	should	be	a	major	

focus	on	the	prevention	of	recurrent	ACS	events	and	unplanned	

revascularization.6,97,98	Given	hospital	readmissions	after	ACS	are	common,	

costly	and	potentially	preventable,	they	are	becoming	increasingly	viewed	as	an	

indicator	of	quality	of	care.	99-101		

	

Many	studies	have	assessed	30-day	hospital	readmissions	post	myocardial	

infarction	and	PCI	but	they	have	been	unable	to	clearly	identify	factors	for	such	

events.102-113	This	was	confirmed	by	a	systematic	review	that	found	few	variables	

were	consistently	associated	with	readmission.	114	A	predictive	model	has	been	

proposed	but	it	is	limited	by	the	significant	number	of	variables	it	includes	to	

retain	sufficient	predictive	ability.115	The	major	drawback	from	these	studies	is	

the	focus	on	all-cause	readmissions.	As	there	are	many	causes	for	readmission	it	

is	not	surprising	there	are	many	predictors	of	such	events.	Thus	it	would	be	

more	advantageous	to	focus	on	coronary-related	readmissions	post	ACS.		

	

Only	one	study	has	solely	focused	on	identifying	risk	factors	for	recurrent	ACS	

events	and	unplanned	revascularization.116	Arnold	et	al	examined	3,283	patients	

from	a	multicenter	acute	myocardial	infarction	registry	and	found	6.8%	of	

patients	had	an	ACS	rehospitalisation	and	4.1%	had	unplanned	revascularization	
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at	12-months.	The	strongest	predictors	of	ACS	rehospitalisation	were	coronary	

artery	bypass	graft	prior	to	index	hospitalization	(HR	2.12,	95%	CI	1.45-3.10),	

female	sex	(HR	1.67,	95%	CI	1.23-2.25)	and	in-hospital	PCI	(HR	1.85,	95%	CI	

1.28-2.69).	The	strongest	predictors	of	subsequent	revascularization	were	multi-

vessel	disease	(HR	2.89,	95%	CI	1.90-4.39)	and	in-hospital	PCI	with	a	bare	metal	

stent	(HR	2.08,	95%	CI	1.19-3.63).	These	findings	need	to	be	confirmed	with	

larger	studies.	It	would	be	advantageous	to	identify	reliable	risk	factors	for	

recurrent	ACS	hospitalizations	as	these	patients	may	warrant	individualized	

treatment	and	close	follow-up	post	discharge.		

2.5.2	Secondary	Prevention	Pharmacotherapy	Post	ACS	
	

Optimal	secondary	prevention	pharmacotherapy	has	become	an	integral	

component	of	the	management	of	patients	who	are	successfully	discharged	from	

their	index	ACS.	Evidence-based	pharmacotherapy	has	been	a	major	contributor	

to	the	decline	in	coronary	heart	disease	mortality	over	the	past	three	decades.117-

119	Current	national	and	international	guidelines	recommend	the	prescription	of	

dual	antiplatelet	therapy,	statins,	beta-blockers	and	angiotensin	converting	

enzyme	inhibitors	(ACEi)/angiotensin	receptor	blockers	(ARB)	post	ACS.4,5,10,120	

However,	it	is	universally	known	that	short-	and	long-term	adherence	is	poor	

and	is	associated	with	higher	mortality.	121-130		

	

In	their	meta-analysis,	Naderi	et	al	highlighted	that	non-adherence	was	evident	

in	at	least	a	third	of	patients	with	previous	MI.121	Interestingly,	the	class	of	drug	

prescribed	did	not	influence	adherence	and	thus	it	was	postulated	that	side	

effects	were	not	the	main	cause.	Choudhry	et	al	showed	that	full	coverage	of	

medication	cost	does	not	lead	to	optimal	adherence.125	Indeed	in	their	study	of	

patients	who	were	randomized	to	full	prescription	drug	coverage,	less	than	50%	

of	post	MI	patients	were	adherent	to	statins,	beta-blockers	and/or	ACEi/ARB.	

Those	who	were	fully	adherent	to	the	combination	of	statins,	beta-blockers	and	

ACEi/ARB	had	a	significantly	lower	risk	of	having	a	vascular	event	within	6	

months	(HR	0.64,	95%	CI	0.48-0.86).	Adherence	to	each	individual	drug	class	

was	also	associated	with	substantial	benefit.	As	expected,	those	patients	who	

were	non-adherent	(HR	1.17,	95%	CI	0.83-1.66)	did	not	derive	any	significant	
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benefit	but	surprisingly	neither	did	those	who	were	partially	adherent	(HR	1.01,	

95%	CI	0.71-1.43).	

	

Studies	assessing	the	synergistic	effects	of	secondary	prevention	

pharmacotherapy	post	ACS	have	primarily	focused	on	four	or	less	medications.	
122,125-128,130,131	The	impact	of	aspirin	and	a	second	antiplatelet	therapy,	namely	

clopidogrel,	prasugrel	or	ticagrelor,	has	often	been	overlooked	despite	having	a	

class	I	indication	post	ACS.	4,5,10,120	Furthermore,	the	long-term	hazard	associated	

with	early	suboptimal	medical	therapy	has	not	been	fully	explored.		

2.5.3	Smoking	Cessation	Post	ACS	
	

Smoking	is	a	well-recognized	risk	factor	for	coronary	heart	disease	and	accounts	

for	11%	of	cardiovascular	deaths	worldwide.132	Smoking	cessation	has	been	

consistently	associated	with	a	mortality	benefit	in	both	stable	coronary	artery	

disease	and	post	ACS	and	thus	it	is	one	of	the	cornerstones	of	secondary	

prevention	133-135	In	their	meta-analysis	of	cohort	studies,	Wilson	et	al	showed	a	

46%	relative	risk	reduction	in	death	after	myocardial	infarction	in	patients	who	

quit	smoking	(Odd	ratio	0.54,	95%	CI	0.46-0.62).134	Consistent	with	this	result,	

Critchley	and	Capewell	showed	a	36%	reduction	in	relative	risk	of	death	in	all-

comers	with	CAD	who	quit	smoking	compared	to	those	who	continue.133	This	

risk	reduction	was	consistent	regardless	of	age,	gender,	index	cardiac	event,	

country	and	year	of	enrolment.	A	significant	limitation	was	the	inclusion	of	

studies	predominantly	from	the	1980-1990	prior	to	drug-eluting	stents	and	

optimal	secondary	prevention	pharmacotherapy.	

	

More	recent	studies	have	explored	the	impact	of	smoking	cessation	on	different	

population	subsets.	136,137	In	patients’	aged	≤35	years	that	survived	their	first	

myocardial	infarction,	nearly	60%	continued	to	smoke.136	Continued	smoking	

was	an	independent	predictor	of	major	adverse	cardiovascular	events	even	

when	adjusting	for	left	ventricular	ejection	fraction	and	reperfusion	treatment.		

A	significant	limitation	from	this	study	was	the	low	rate	of	reperfusion	(67%)	in	

STEMI,	particularly	given	the	young	age	of	the	cohort.	Low	rates	of	

revascularization	are	also	significant	limitation	in	other	similar	studies.	137-139			
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On	the	other	spectrum	of	age,	Bucholz	et	al	showed	patients	aged	>65	years	who	

smoked	at	the	time	of	their	myocardial	infarction	had	higher	adjusted	long-term	

mortality	(HR	1.19;	95%	CI	1.17-1.20)	and	had	larger	number	of	life	years	lost.137	

This	study	was	limited	by	its	assessment	of	smoking	status	at	one	time	point	and	

thus	the	impact	of	smoking	cessation	on	long-term	mortality	could	not	be	

ascertained.	Other	studies	have	similar	limitations.	140,141	A	study	by	Kinjo	et	al	

examined	the	impact	of	smoking	cessation,	assessed	three	months	post	MI,	on	

long-term	mortality.	Smoking	cessation	was	associated	with	a	significant	risk	

reduction	in	long-term	mortality	(hazard	ratio	0.39;	95%	CI	0.20-0.77).	This	was	

limited	by	suboptimal	secondary	prevention	pharmacotherapy	evidenced	by	

extremely	low	rates	of	statin	(30%)	and	beta-blocker	(35%)	use.142	It	is	thus	

evident	the	speed	and	magnitude	of	mortality	risk	reduction	in	contemporary	

cardiology	with	PCI	and	optimal	medical	therapy	has	not	been	adequately	

described.		
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2.6	Cardiac	Rehabilitation	and	Secondary	Prevention	Programs	

2.6.1	Definition	
Cardiac	rehabilitation	(CR)	has	been	defined	as	the	coordinated	sum	of	

interventions	required	to	ensure	the	best	physical,	psychological	and	social	

conditions	so	that	patients	with	chronic	or	post-acute	cardiovascular	disease	

may,	by	their	own	efforts,	preserve	or	resume	optimal	functioning	in	society	and,	

through	improved	health	behaviours,	slow	or	reverse	progression	of	disease”.143	

This	definition	is	not	descriptive	in	the	structure	of	cardiac	rehabilitation	or	its	

components	but	rather	emphasizes	its	philosophy.	

	

2.6.2	Historical	Perspective	
	
Cardiac	rehabilitation	has	evolved	from	its	humble	beginnings	almost	a	century	

ago.	144	A	study	of	pathological	anatomy	published	in	1937,	of	patients	with	

myocardial	infarction,	eloquently	demonstrated	that	at	least	six	weeks	were	

required	to	transform	necrotic	myocardium	into	firm	scar.145	This	raised	fear	

that	activity	would	increase	the	likelihood	of	dysrhythmia,	aneurysm	formation,	

myocardial	rupture,	asystole	and	sudden	cardiac	death.	Consequently	a	regimen	

of	protracted	and	prolonged	bed	rest	became	the	standard	of	care	post	MI.	This	

inactivity	had	significant	consequences	including	deconditioning,	fear	of	

mobilization	and	exercise,	anxiety,	depression	and	delayed	return	to	work	or	

unemployment.144	Within	a	decade,	Levine	and	Lown	exposed	this	flawed	

strategy	and	proposed	the	“armchair”	treatment	of	acute	coronary	

thrombosis.146	Although	by	today’s	standards	this	was	hardly	a	significant	

improvement,	at	the	time	it	was	considered	radical.	By	1957	the	importance	of	

early	rehabilitation	became	apparent	and	it	was	proclaimed	that	rehabilitation	of	

the	cardiac	patient	should	begin	at	time	of	diagnosis.147	Hellerstein	et	al,	in	a	

pioneering	study,	demonstrated	the	benefits	and	safety	of	a	multi-faceted	active	

conditioning	program	in	patients	with	coronary	artery	disease.148	This	was	the	

beginning	of	cardiac	rehabilitation	as	we	recognize	it	today.	

	

2.6.3	Mobilization	Post	Myocardial	Infarction	
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Central	to	cardiac	rehabilitation	is	exercise.	The	time	to	start	exercising	post	MI,	

and	the	intensity	at	which	to	do	so,	is	still	unclear.	In-fact	there	is	no	guideline	

recommendation	on	early	mobilization	post	MI.	A	study	from	the	pre-PCI	era	

demonstrated	that	in	patients	with	an	uncomplicated	MI,	early	vigorous	

mobilization	did	not	adversely	affect	left	ventricular	function.149	Another	study	

concluded	that	MI	survivors	had	almost	normal	exercise	capacity	at	8	days.150	

The	minor	improvement	in	exercise	capacity	between	day	8	and	5	weeks	was	

attributed	to	an	increase	in	patient	confidence	with	mobilization.		In	the	

reperfusion	era,	Topol	et	al	showed	the	safety	of	a	submaximal	stress	test	at	3	

days	to	facilitate	early	discharge.	What	we	learn	from	these	studies	is	the	safety	

of	exercise	testing	and	early	mobilization	in	patients	with	uncomplicated	MI.		

	

In	the	contemporary	era,	invasive	management	with	angiography	and	

revascularization	is	the	standard	of	care	for	patients	with	ACS.	Thus	there	is	no	

longer	a	role	for	routine	pre-discharge	stress	testing	as	the	culprit	lesion(s)	are	

treated.	Consequently,	patients	with	an	uncomplicated	ACS	hospitalization	who	

undergo	revascularization	have	no	contraindications	to	exercise	upon	discharge.	

It	is	unknown	whether	a	stress	test	or	even	a	six-minute	walk	test	on	discharge	

would	increase	patients’	confidence	levels	and	consequently	encourage	them	to	

undertake	more	regular	and	vigorous	physical	activity	after	discharge	from	an	

ACS	hospitalization.		

	

2.6.4	Components	of	Cardiac	Rehabilitation	
	
Although	there	are	no	recommendation	on	post-MI	mobilization	regimens,	

cardiac	rehabilitation	is	a	class	I	recommendation	in	all	patients	with	ACS.	5	

Modern	cardiac	rehabilitation	programs	should	have	core	components	that	aim	

to	optimize	cardiovascular	risk	factors,	foster	healthy	behaviours	and	

compliance	with	these	behaviours,	reduce	disability	and	promote	and	active	

lifestyle.151	The	five	core	components	of	cardiac	rehabilitation	as	summarized	by	

the	Australian	Cardiovascular	Health	and	Rehabilitation	Association	are:152	

• Core	Component	1:	All	eligible	patients	must	be	offered	referral	to	a	CR	

service	which	best	suits	their	individual	needs,	as	soon	as	possible	after	
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diagnosis	or	before	discharge	from	hospital	including	a	referral	to	a	

General	Practitioner	(GP)	for	long-term	care.	

• Core	Component	2:	All	eligible	cardiac	patients	must	receive	an	

individualised	initial	assessment	that	includes	physical,	psychological	and	

social	parameters	with	referral	on	to	appropriate	services	(internal	or	

external	to	the	CR	service)	based	on	patient	needs;	followed	by	ongoing	

review,	discharge	assessment	and	follow-up.	

• Core	Component	3:	CR	services	should	facilitate	patients	to	return	to,	or	to	

improve	on,	baseline	everyday	functioning,	including	employment,	

driving,	resumption	of	sexual	activity,	and	other	activities	of	daily	living.	

When	the	cardiac	condition	or	other	comorbidities	preclude	this,	the	CR	

service	should	focus	on	maximising	potential	and	providing	coping	

strategies.	

• Core	Component	4:	CR	services	should	be	tailored	to	provide	education	and	

skill	development	to	motivate	and	enable	patients	to	self-care	and	make	

changes	in	their	lifestyle,	to	address	multiple	cardiovascular	risk	factors,	

and	to	ensure	adherence	to	prescribed	medications.	

• Core	Component	5:	All	CR	services	must	collect	a	minimum	set	of	data	and	

report	on	key	performance	indicators	to	ensure	to	promote	continuous	

quality	improvement	of	services	and	benchmarking.	

2.6.5	Treatment	Gap	in	Post-ACS	Care	
	

The	mortality	rates	from	coronary	artery	disease	have	decreased	

substantially.117,118	In	a	Canadian	population,	the	decrease	in	coronary	heart	

disease	(CHD)	mortality	rates	was	primarily	attributed	to	trends	in	risk	factor	

optimization	and	improvements	in	medical	treatments.118	This	was	consistent	

with	findings	from	the	United	States	where	age-adjusted	CHD	mortality	fell	from	

542.9	to	266.8	deaths	per	100,000	population	in	men	and	from	263.3	to	134.4	

deaths	per	100,000	population	among	women.	More	than	half	this	reduction	was	

attributed	to	secondary	preventive	measures	particularly	pharmacotherapy	and	

reductions	in	total	cholesterol,	systolic	blood	pressure,	smoking	prevalence	and	

physical	inactivity.117		
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Despite	the	proven	benefits	of	secondary	prevention,	there	are	still	significant	

treatment	gaps.	EUROASPIRE	IV	is	cross-sectional	study	aiming	to	assess	

everyday	clinical	practice	of	secondary	prevention	in	24	European	countries.153	

At	six	months	after	index	admission	for	ACS,	PCI	or	coronary	artery	bypass	

surgery,	it	is	evident	secondary	prevention	measures	are	not	at	optimal	levels.	In	

regards	to	risk	factor	control,	37.6%	of	patients	were	obese,	58.2%	had	central	

obesity,	42.7%	had	BP>140/90mmHg,	80.5%	had	LDL-C	≥	1.8mmol/L	and	

26.8%	had	diabetes	mellitus.	Furthermore,	nearly	60%	of	patients	reported	little	

or	no	physical	activity	and	only	50%	of	smokers	had	quit.	Finally,	cardiac	

rehabilitation	referral	was	poor	at	a	rate	of	50.7%	and	of	those	referred	81.3%	

attended	>	50%	of	classes.153	

	
In	Australia	and	New	Zealand,	there	are	similar	themes	of	missed	opportunities	

in	secondary	prevention.	In	a	prospective	audit	of	consecutive	ACS	patients	only	

27%	received	optimal	in-hospital	secondary	prevention.	This	was	defined	as	

receiving	lifestyle	advice,	referral	to	cardiac	rehabilitation	and	prescription	of	

appropriate	pharmacotherapy.154	In	particular,	only	46%	of	patients	were	

referred	to	cardiac	rehabilitation.	Patients	who	had	a	STEMI	(OR	2.64,	95%	CI	

1.88-3.71)	or	NSTEMI	(OR	1.99,	95%	CI	1.52-2.61)	as	well	as	those	who	

underwent	revascularization,	either	with	PCI	(OR	4.71,	95%	CI	3.67-6.11)	or	

bypass	surgery	(OR	2.1,	95%	CI	1.21-3.60),	were	more	likely	to	receive	optimal	

secondary	prevention	therapy.	On	the	contrary	patients	aged	greater	than	70	

years	(OR	0.53,	95%	CI	0.35-0.79)	and	those	admitted	to	a	private	hospital	(OR	

0.59,	95%	CI	0.42-0.84)	were	less	likely	to	do	so.154		

2.6.6	Risk	of	Exercise-based	Cardiac	Rehabilitation	
	
Exercise	is	an	integral	component	of	cardiac	rehabilitation.	Above	and	beyond	

attendance	at	a	cardiac	rehabilitation	program,	patients	with	known	coronary	

artery	disease	are	encouraged	to	undertake	30	minutes	of	moderate-intensity	

activity	at	least	five	times	a	week.	Due	to	perceived	risk	of	cardiac	arrest,	

myocardial	infarction	and	sudden	cardiac	death	during	exercise	post	myocardial	

infarction,	some	cardiac	rehabilitation	programs	routinely	have	continuous	

telemonitoring	during	exercise.		
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The	historical	risk	of	adverse	events	in	patients	undergoing	cardiac	

rehabilitation	in	the	United	States	in	the	1970’s	was	1	cardiac	arrest	per	32,593	

patient-hours,	1	myocardial	infarction	per	232,809	patient-hours	and	1	death	

per	116,	402	patient-hours.155	By	the	1980’s,	the	reported	complication	rates	

were	lower:	1	cardiac	arrest	per	111,996	patient-hours;	1	myocardial	infarction	

per	293,	990	patient-hours;	and	1	death	per	783,972	patient-hours.156	

	

In	the	most	contemporary	review	of	the	safety	of	exercise-based	cardiac	

rehabilitation	from	a	national	prospective	French	registry,	there	was	a	cardiac	

event	rate	of	1	per	49,565	patient-hours	of	exercise	with	a	cardiac	arrest	rate	of	

1.3	per	million	patient-hours	of	exercise.157	No	fatal	complications	or	emergency	

defibrillatons	were	recorded.	Furthermore,	there	has	been	a	steady	decline	in	

reported	complications	due	to	improvement	in	treatment	of	coronary	heart	

disease	and	there	was	no	difference	in	event	rates	between	continuous	or	

intermittent	monitored	programs	and	non-monitored	programs.	Coupled	with	

the	inability	to	predict	the	risk	of	complications,	the	value	of	ECG	monitoring	

during	exercise	training	is	controversial.	

	

Rognmo	et	al	examined	the	cardiovascular	risk	of	high	versus	moderate	intensity	

aerobic	exercise	in	patients	with	coronary	heart	disease.158	In	175,820	hours	of	

exercise,	there	was	1	fatal	cardiac	arrest	during	moderate-intensity	exercise	

(<70%	peak	heart	rate)	and	2	non-fatal	cardiac	arrests	during	high-intensity	

exercise	(interval	training	85-95%	peak	heart	rate).	

	

The	low	event	rates	with	exercise	are	reassuring	from	a	health	system	

perspective	as	continuous	monitoring	is	expensive.	From	a	physician	and	patient	

perspective,	the	low	risk	of	complications	with	exercise	allows	confidence	in	

prescribing	and	undertaking	moderate-intensity	physical	activity	in	patients	

post	MI	as	part	of	everyday	life.		

	

2.6.7	Effect	of	Cardiac	Rehabilitation	on	Clinical	Outcomes	
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Numerous	systematic	reviews	and	meta-analyses	have	been	undertaken	to	

assess	the	impact	of	cardiac	rehabilitation	on	clinical	outcomes	and	they	have	

consistently	confirmed	its	benefit.159-162	

	

In	2004,	Taylor	et	al	included	8940	patients	from	48	trials	in	their	meta-

analysis.159	It	demonstrated	a	reduction	in	all-cause	mortality	(OR	0.8,	95%	CI	

0.68-0.93)	and	cardiac	mortality	(OR	0.74,	95%	CI	0.61-0.96);	this	effect	was	

consistent	across	a	number	of	subgroups	including	coronary	heart	disease	

group,	exercise-only	versus	comprehensive	CR,	exercise	dosage	or	duration	of	

follow-up,	and	length	of	cardiac	rehabilitation.	Cardiac	rehabilitation	was	also	

associated	with	improvements	in	total	cholesterol,	triglycerides,	systolic	blood	

pressure	and	smoking	cessation	rates.	However,	there	was	no	significant	

difference	between	groups	in	non-fatal	myocardial	infarction	(OR	0.79,	95%	CI	

0.59-1.09),	CABG	(OR	0.87,	95%	CI	0.65-1.06)	or	PCI	(OR	0.81,	95%	CI	0.49-

1.34).	159	The	2011	update	of	this	meta-analysis	was	consistent	with	Taylor’s	

2004	conclusion.160		

	

In	another	meta-analysis,	Lawler	et	al	just	focused	on	assessing	the	impact	of	

exercise-based	cardiac	rehabilitation	in	patients	post-MI.161	6,111	patients	from	

34	randomized	controlled	trials	were	included.	Consistent	with	previous	meta-

analysis,	cardiac	rehabilitation	was	associated	with	lower	cardiac	mortality	(OR	

0.64,	95%	CI	0.46-0.88)	and	all-cause	mortality	(OR	0.74,	95%	CI	0.58-0.95).	

Furthermore,	there	was	a	lower	risk	of	re-infarction	(OR	0.54,	95%	CI	0.38-0.76)	

and	favourable	effects	on	CV	risk	factors	including	smoking,	BP,	weight	and	lipid	

profile.	The	treatment	effect	was	consistent	regardless	of	study	periods,	duration	

of	CR,	or	time	beyond	the	intervention.	

	

In	the	most	recent	and	comprehensive	Cochrane	review	Anderson	et	al	included	

63	trials	and	14,486	patients	with	a	median	follow-up	of	12	months	and	a	

minimum	follow-up	of	six	months.162	The	trials	were	relatively	small	with	a	

median	of	126	patients	(range	29-2304)	in	each	study.	Cardiac	rehabilitation	

was	heterogeneous	as	it	included	supervised	or	unsupervised,	centre	or	home-

based,	comprehensive	or	exercise-based	only	programs.	The	programs	lasted	a	
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median	length	of	six	months	(range	1-48).	An	advantage	of	this	Cochrane	review	

was	the	inclusion	of	more	contemporary	trials;	21	of	which	were	published	after	

2000	and	eight	after	2010.	A	disadvantage	was	the	underrepresentation	of	

elderly	patients	(median	age	56	years;	range	49.3-71.0)	and	women	(<15%).	The	

results	demonstrated	that	patients	who	received	cardiac	rehabilitation	had	

lower	cardiovascular	mortality	(RR	0.74,	95%	CI	0.64-0.86)	with	a	number	need	

to	treat	of	37.	However,	in	contrast	to	other	meta-analyses,	there	was	no	effect	

on	overall	mortality	(RR	0.96,	95%	CI	0.88-1.04).	Furthermore,	there	was	no	

difference	in	myocardial	infarction	(RR	0.9,	95%	CI	0.79-1.04)	or	

revascularization	(CABG:	RR	0.96,	95%	CI	0.80-1.16;	PCI:	RR	0.85,	95%	CI	0.70-

1.04).	Patients	having	cardiac	rehabilitation	were	less	likely	to	have	hospital	re-

admissions	(RR	0.82,	95%	CI	0.70-0.96)	with	a	number	needed	to	treat	of	22.		

	

A	significant	flaw	of	early	meta-analyses	was	the	inclusion	of	small,	poorly	

conducted	trials	undertaken	in	an	era	where	secondary	prevention	

pharmacotherapy	and	revascularization	was	inadequate	and	mortality	rates	

were	high.	Thus	the	National	Health	Service	in	the	United	Kingdom	

commissioned	the	Rehabilitation	After	Myocardial	Infarction	Trial	(RAMIT)	to	

ascertain	whether	the	mortality	benefits	of	rehabilitation	could	be	confirmed	by	

an	appropriately	powered	trial.163	This	was	the	largest	multicenter,	randomized	

contemporary	cardiac	rehabilitation	study	undertaken,	and	perhaps	the	most	

controversial.	There	were	1,813	patients	randomized	to	comprehensive	cardiac	

rehabilitation	or	usual	care	without	cardiac	rehabilitation	referral.	At	2	years,	

there	was	no	significant	difference	in	mortality	between	cardiac	rehabilitation	

and	control	(RR	0.98,	95%	CI	0.74-1.30)	and	this	persisted	at	7-9	years	(RR	0.99,	

95%	CI	0.85-1.15).	There	was	no	difference	between	the	groups	in	rates	of	MI,	

stroke,	any	revascularization	or	admissions	for	heart	disease.	Furthermore,	there	

was	no	difference	in	lifestyle	changes	(smoking,	diet,	physical	activity)	or	

secondary	prevention	pharmacotherapy.	The	authors	thus	questioned	the	value	

of	cardiac	rehabilitation,	at	least	as	it	was	practiced	in	the	UK.		

	

It	is	important	to	note	RAMIT	aimed	to	demonstrate	a	20%	reduction	in	all-cause	

mortality	at	two	years	and	consequently	the	sample	size	was	calculated	at	8,000.	
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However,	the	sponsor	prematurely	terminated	the	trial	due	to	slow	recruitment	

and	funding	issues.	Thus	a	decision	was	made	to	increase	the	length	of	follow-up	

for	up	to	9	years.	At	one	year,	when	presumably	the	cardiac	rehabilitation	

program	had	been	completed,	there	was	no	difference	in	smoking	rates,	physical	

activity,	diet,	medical	therapy	or	even	quality	of	life.	This	raises	questions	about	

the	quality	of	cardiac	rehabilitation	delivered.164,165	Indeed,	there	were	no	clear	

descriptions	of	the	multidisciplinary	programs	delivered	during	the	trial	and	

perhaps	this	contributed	to	the	unexpected	results.	It	has	even	been	suggested	

the	cardiac	rehabilitation,	which	was	representative	of	real-world	practice	in	the	

UK,	was	“not	fit	for	purpose”.165	The	RAMIT	results	were	included	in	the	2016	

Cochrane	review	that,	as	previously	discussed,	found	cardiac	rehabilitation	did	

not	reduce	all-cause	mortality.	The	controversy	of	the	RAMIT	trial	results	

provides	a	challenge	to	the	cardiology	community	to	innovate	and	improve	

cardiac	rehabilitation	and	secondary	prevention	models	of	care.		

	

2.6.8	Uptake	and	Utilization	of	Cardiac	Rehabilitation	
	

The	most	pertinent	issue	with	cardiac	rehabilitation	is	the	poor	uptake	and	

utilisation	of	the	service	by	eligible	patients.	Over	the	last	20	years	there	has	

been	minimal	improvement	in	this	domain.144	Of	patients	referred	to	cardiac	

rehabilitation,	only	34%	ultimately	enrol.166	Furthermore,	of	those	who	actually	

attend	cardiac	rehabilitation,	only	half	complete	it.153	

	

A	large	and	comprehensive	analysis	of	cardiac	rehabilitation	use	in	267,	427	

patients	aged	>65	years	revealed	only	13.9%	and	31.0%	of	patients	post	acute	

myocardial	infarctions	and	coronary	artery	bypass	surgery,	respectively,	used	

the	service.167	This	is	despite	all	patients	being	eligible	and	covered	for	up	to	

three	sessions	a	week	for	three	months.	As	expected,	cardiac	rehabilitation	

attendees	were	younger,	had	less	co-morbidity,	were	better	educated	and	lived	

in	more	affluent	suburbs.	A	strong	predictor	of	non-attendance	was	distance	

from	place	of	rehabilitation.	Another	significant	issue	was	the	major	time	delay	

from	hospital	discharge	to	rehabilitation	(mean	55	days)	with	25%	of	patients	

starting	more	than	2	months	post	discharge.		
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In	a	Presidential	Advisory	from	the	American	Heart	Association,	the	factors	

associated	with	limited	referral	and	enrollment	in	cardiac	rehabilitation	

programs	were	highlighted.168	These	were:	

1. Patient-oriented	factors	

a. Female	gender	

b. Older	age	

c. Racial/ethnic	minority	group	

d. Lack	of	or	limited	healthcare	insurance		

e. Low	socioeconomic	status	

f. Low	educational	attainment	

g. Low	self-efficacy	

h. Low	health	literacy	

i. Lack	of	perceived	need	for	cardiac	rehabilitation	

j. Language	barriers	

k. Cultural	beliefs	and	understanding	of	disease	and	treatment	

l. Work-related	factors	(job	flexibility,	loss	of	salary,	self-

employment,	and	lack	of	healthcare/disability	benefits)	

m. Limited	social	support	

n. Home	responsibilities		

2. Medical	factors	

a. Multiple	comorbidities,	including	depression	and	musculoskeletal	

conditions	

3. Healthcare	system	factors	

a. Lack	of	referral	

b. Limited	facilitation	of	enrollment	after	referral	

c. Strength	of	the	endorsement	of	cardiac	rehabilitation	by	the	

patient’s	physician		

d. Patient-provider	relationship	

e. Program	availability	and	characteristics:	

i. Lack	of	programs	that	serve	specific	geographic	areas,	

including	rural	areas	and	low-income	communities	

ii. Distance	of	CR	from	the	patient’s	home	
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iii. Hours	of	operation	

iv. Parking	and	public	transportation	access	

v. Lack	of	race/ethnic	diversity	among	the	health	

professionals	

vi. Gender-dominated	programs	

	

Particularly	worrisome	was	the	identification	that	the	elderly,	women,	ethnic	

minorities	and	people	of	lower	socioeconomic	status	had	the	lowest	access	to	

rehabilitation.		

	

To	decrease	deficiencies	in	the	uptake	and	utilization	of	cardiac	rehabilitation,	

different	strategies	have	been	postulated.169	Such	strategies	should	include:	

education	of	providers,	healthcare	systems,	patients	and	families	about	the	

benefits	of	cardiac	rehabilitation;	reduction	of	specific	barriers	to	referral	and	

participation	in	cardiac	rehabilitation;	promotion	of	cardiac	rehabilitation	as	a	

cost-effective,	multidisciplinary,	secondary	prevention	treatment	option	and	

chronic	disease	management	service;	increasing	awareness	of	CR	performance	

measures	and	use	of	system-based	approaches;	and	adoption	of	innovative	

strategies	to	bring	cardiac	rehabilitation	to	more	patients.169	

	

2.6.9	Different	Models	of	Care	
Given	the	poor	uptake	of	traditional,	centre-based	cardiac	rehabilitation,	there	

has	been	a	call	for	rebranding	and	reinvigoration	of	cardiac	rehabilitation	

provision.169	Indeed	innovation	is	required	to	deliver	a	more	cost-effective,	

patient-centered	and	comprehensive	program	that	is	easily	accessible	to	a	larger	

proportion	of	patients.	Consequently	different	models	of	cardiac	rehabilitation	

have	emerged	aiming	to	fill	this	large	treatment	gap.			
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2.6.10	Home-Based	Cardiac	Rehabilitation	
	
Using	Cochrane	review	methodology,	Taylor	et	al	aimed	to	determine	the	

effectiveness	of	home-based	cardiac	rehabilitation	programs	compared	to	

traditional	centre-based	programs.170	Home-based	cardiac	rehabilitation	was	

defined	as	a	structured	program	with	clear	objectives	for	the	participants,	

including	monitoring,	follow-up	visits,	letters	or	telephone	calls	from	staff,	and	

the	use	of	self-monitoring	diaries.	The	majority	of	the	12	randomized	controlled	

trials	(1,938	patients)	recruited	lower-risk	patients	after	an	acute	MI	or	coronary	

revascularization	procedure	(excluding	those	with	significant	arrhythmias,	

ischemia,	or	heart	failure).	There	was	no	differences	between	home-	and	centre-

based	rehabilitation	in	terms	of	mortality	(RR	1.31,	95%	CI	0.65-2.66),	morbidity	

(myocardial	infarction,	revascularization,	and	cardiac-associated	

hospitalization),	exercise	capacity,	multiple	modifiable	risk	factors,	health-

related	quality	of	life,	adverse	events,	adherence,	health	service	use,	and	costs	or	

cost-effectiveness.	Furthermore,	there	was	no	evidence	of	a	difference	in	

outcomes	based	on	whether	patients	had	short-term	(3–12	months)	or	long-

term	(up	to	24	months)	rehabilitation.	Thus,	the	authors	concluded	that	although	

additional	research	is	warranted,	the	data	support	the	use	of	home-based	

programs	to	give	patients	a	choice	of	rehabilitation	programs	that	may	favorably	

affect	participation	rates.	The	updated	Cochrane	review	of	2015	included	a	

further	five	studies	and	again	showed	similar	12-month	outcomes	in	patients	

undergoing	home-based	or	centre-based	cardiac	rehabilitation.171	

	

2.6.11	Telehealth-Based	Cardiac	Rehabilitation	
	
Telehealth	is	another	innovative	model	to	deliver	cardiac	rehabilitation.	It	

utilizes	telecommunications	technologies	such	as	the	telephone,	internet	and	

videoconferencing	to	overcome	barriers	of	time	and	distance	and	has	the	

potential	to	increase	access	to	cardiac	rehabilitation	services.	In	the	seminal	

Coaching	patients	On	Achieving	Cardiovascular	Health	(COACH)	trial,	Australian	

researchers	examined	the	effect	of	regular	personal	coaching	via	telephone	and	

mailings	to	achieve	recommended	cardiac	risk	factor	targets.172	The	trial	reached	

its	primary	endpoint	of	change	in	total	cholesterol	levels	at	six	months.	Patients	
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in	the	COACH	group	had	a	0.36mmol/L	(95%	CI	0.20-0.36)	greater	reduction	

than	the	usual	care	group.	There	were	also	substantial	improvements	in	blood	

pressure,	weight	reduction	and	quality	of	life.		

	

Neubeck	et	al	performed	a	systematic	review	and	meta-analysis	of	11	

randomized	controlled	trials	assessing	the	efficacy	of	telehealth	interventions	for	

secondary	prevention	of	coronary	heart	disease.173	The	studies	included	were	

relatively	small	(ranging	from	30	to	792	patients)	with	the	COACH	study	being	

the	largest.	The	intervention	was	predominantly	telephone-based	(9	studies)	

and	allied	health	professionals	delivered	all	the	programs.	Contact	time	varied	

from	40	minutes	to	9	hours.	Traditional	cardiac	rehabilitation	attendance	was	

variable	between	groups	and	between	trials.	Telehealth	intervention	was	

associated	with	non-significant	lower	all-cause	mortality	(RR=0.7,	95%	CI	0.45-

1.10,	p=0.12).	There	were	significant	improvements	in	lipid	profile,	blood	

pressure	and	smoking	cessation	rates.	The	result	of	this	first	major	meta-analysis	

assessing	telehealth	provides	optimism	that	this	mode	of	CR	may	improve	

secondary	prevention	measures	in	those	who	do	not	attend	cardiac	

rehabilitation.	The	optimal	telehealth	model	as	well	as	the	frequency	and	

duration	of	interventions	are	still	unknown.		

	

In	another	meta-analysis	Huang	et	al	specifically	compared	telehealth-delivered	

cardiac	rehabilitation	to	traditional	cardiac	rehabilitation.174	In	the	nine	trials,	

1,546	patients	with	CAD	were	included,	all	of	which	had	a	structured	exercise	

program.	There	was	no	difference	between	the	groups	in	terms	of	exercise	

capacity,	weight,	blood	pressure,	lipid	profile,	smoking	status,	quality	of	life	or	

mortality.	Though	the	trials	were	small	and	heterogeneous,	telehealth	

interventions	were	not	associated	with	inferior	outcomes	thus	supporting	an	

alternative	model	of	care	for	patients	less	able	to	access	traditional	cardiac	

rehabilitation.	

	

Most	recently,	the	Tobacco,	Exercise	and	Diet	Messages	(TEXT	ME)	study	

examined	the	effect	of	a	lifestyle-focused	semi-personalized	support	program	

delivered	by	phone	text	message	on	cardiovascular	risk	factors	in	710	patients	
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with	known	CAD.175	The	patients	receiving	the	text	message	intervention	

achieved	the	primary	endpoint	of	change	in	LDL-cholesterol	at	six	months.	The	

modest	improvement	in	LDL-C	(mean	difference	-5mg/dl,	95%	CI	-9	to	0;	

p=0.04)	was	also	accompanied	with	improvements	in	blood	pressure,	body	mass	

index,	physical	activity	and	smoking	rates.			

	

Contrary	to	the	TEXT-ME	study	results,	Maddison	et	al	randomised	patients	with	

stable	CAD	to	receive	a	personalised,	automated	package	of	text	messages	as	well	

as	video	messages	with	the	aim	of	increasing	exercise	behavior	and	functional	

capacity.176	There	was	no	difference	in	peak	oxygen	uptake	between	the	two	

groups.	There	was	however	an	increase	in	leisure	time	physical	activity	and	

walking	and	improvements	in	self-efficacy	and	general	health.	

	

2.6.12	Smartphone-Based	Cardiac	Rehabilitation	
	

Smartphone	technology	is	an	advance	on	previous	telehealth	and	text-message	

based	technologies.	It	has	the	potential	to	revolutionize	the	landscape	of	

secondary	prevention	as	it	can	provide	a	platform	for	a	patient-centred	program	

with	the	capacity	to	incorporate	education,	real-time	feedback,	motivation,	

reminders	and	support.	Furthermore,	it	is	a	tool	that	can	be	used	to	monitor	diet,	

physical	activity,	medications	and	cardiovascular	risk	factor	parameters.	Thus	it	

provides	a	platform	to	monitor	patients	after	index	hospital	admission	and	

between	clinic	appointments	with	the	advantage	of	having	data	for	making	

treatment	decisions.	It	can	also	improve	quality	of	care	by	promoting	self-

management	and	compliance.	Most	importantly,	a	smartphone-based	program	is	

relatively	cheap	can	be	started	immediately,	delivered	from	anywhere	at	any	

time	and	for	extended	periods	of	time.		

	
Neubeck	et	al	outlined	the	core	components	and	ideal	features	of	smartphone	

based	cardiac	rehabilitation	applications	(“app”)	in	a	comprehensive	review.177	

Firstly,	the	app	has	to	be	simple	to	use	with	minimal	steps	to	navigate	between	

features	and	it	must	have	clear,	unambiguous	choices	so	the	user	does	not	get	

confused.	Secondly,	the	app	must	contain	credible	information	that	is	endorsed	
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by	both	physicians	and	ideally	trusted	organization	like	the	Heart	Foundation.	

Thirdly,	the	app	must	embrace	behaviour	change	concepts	such	as	education,	

goal	setting,	feedback,	problem	solving	around	barriers	to	behaviour	change,	

information	tips	or	advice	for	behavioural	change.	In	particular,	self-monitoring	

is	very	likely	to	increase	behavioural	change	as	it	allows	reflection	on	current	

habits	and	encourages	pursuits	of	longer-term	goals.	Fourth,	apps	should	

provide	personalized	care	and	goals	as	this	is	central	to	behaviour	change.	Other	

important	features	of	an	ideal	app	include	rewarding	good	behaviour,	provision	

and/or	access	to	social	supports	and	ensuring	a	high-level	of	privacy.	These	

themes	are	consistent	with	the	framework	for	evaluating	mobile	applications	for	

cardiac	rehabilitation	proposed	by	Beatty	el	al.178	

	
Three	randomized	controlled	studies	have	incorporated	smartphone	technology	

for	the	delivery	of	cardiac	rehabilitation.		

	
Varnfield	et	al	assessed	the	effect	of	a	smartphone-based	care	assessment	

platform	for	delivery	of	cardiac	rehabilitation	versus	traditional	centre-based	

cardiac	rehabilitation	in	patients	after	ACS.179	Patients	underwent	a	6-week	

program	and	then	were	followed	up	at	6	months.	Those	in	the	smartphone	group	

were	given	a	phone	and	received	health	and	exercise	monitoring,	motivational	

and	educational	material	delivery	and	weekly	mentoring	consultations.	Due	to	

slow	recruitment	the	primary	endpoint	was	changed	from	adherence	to	physical	

activity	guidelines	to	access	to	CR.	Those	in	the	smartphone	arm	had	higher	

uptake	(80%	vs.	62%),	adherence	(94%	vs.	68%)	and	completion	(80%	vs.	47%)		

of	CR	than	the	traditional	cardiac	rehabilitation	cohort	(all	p<0.05).	There	was	

also	improvement	in	psychological	well-being	and	health-related	quality	of	life.	

However,	there	was	no	significant	improvement	in	clinical	endpoints	such	as	

cardiovascular	risk	factors	or	functional	capacity.	Apart	from	the	change	in	

endpoint	half	way	through	the	trial,	there	were	other	important	limitations	to	

this	trial.	Firstly,	only	15%	of	patients	screened	were	included	in	the	trial	raising	

questions	about	the	generalizability	of	this	program.	Secondly,	there	was	a	

significant	delay	between	index	hospital	admission	and	the	initiation	of	

rehabilitation.	The	average	delay	was	68	days	for	those	in	traditional	

rehabilitation	and	a	surprising	54	days	those	undertaking	a	smartphone-based	
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rehabilitation	program.	This	is	potentially	a	missed	opportunity	as	a	

smartphone-based	rehabilitation	program	could	be	initiated	on	hospital	

discharge.		

	

The	randomized	controlled	SUPPORT	trial	(Study	to	evaluate	the	Use	of	

mobilePhone	based	Patient	suppORT	in	patients	diagnosed	with	myocardial	

infarction)	included	174	ticagrelor-treated	ACS	patients.	It	aimed	to	determine	

the	effects	of	a	smartphone	support	app	on	drug	adherence	and	lifestyle	

changes.180	The	interactive	tool	included	four	main	modules:	extended	drug	

adherence	e-diary,	exercise,	weight,	and	smoking	modules.	Adherence	to	

ticagrelor	was	greater	in	the	smartphone	group	(nonadherence	score;	16.6	vs.	

22.8;	p=0.025).	There	was	no	significant	difference	between	the	groups	in	

smoking	cessation,	increased	physical	activity	and	change	in	quality	of	life.	

	

Widmer	et	al	described	the	impact	of	smartphone	CR	platform	on	cardiovascular	

related	emergency	department	visits	and	rehospitalisations	at	3	months.181	The	

digital	platform	encapsulated	reporting	of	dietary	and	exercise	habits	as	well	as	

educational	information	towards	patients’	healthy	lifestyles.	Patients	

randomized	to	the	digital	health	intervention	showed	a	non-significant	reduction	

in	the	primary	endpoint	(8.1%	vs.	26.6%,	p=0.054).	A	significant	improvement	in	

the	secondary	endpoint	of	weight	loss	was	observed	(-5.1	±	6.5	kg	vs.	-0.8	±	

3.8kg,	p=0.02).	

	

It	is	apparent	that	smartphone	technology	has	significant	potential	to	address	

the	current	treatment	gaps	associated	with	traditional	cardiac	rehabilitation.	

However,	further	studies	are	required	to	assess	its	efficacy	and	usability	prior	to	

widespread	dissemination	as	standard	of	care	for	patients	requiring	cardiac	

rehabilitation.	
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2.7	Utility	of	Cardiovascular	Registries	
	

Randomized	controlled	trials	(RCTs)	are	the	gold	standard	for	studies	aiming	to	

demonstrate	the	efficacy	and	safety	of	a	particular	intervention.	They	are	

prospectively	designed	with	clear	inclusion	and	exclusion	criteria	and	have	a	

pre-determined	hypothesis,	primary	and	secondary	endpoints.	Furthermore,	it	is	

now	mandatory	to	register	clinical	trials	in	data	repositories	such	as	

clinicaltrials.gov	or	the	Australian	New	Zealand	Clinical	Trial	Registry	(ANZCTR)	

to	be	accepted	for	publication	in	reputable	journals.	By	nature	of	their	high	

scientific	rigour,	there	should	not	be	differences	in	baseline	characteristics	

between	groups	in	adequately	powered	RCTs.	Thus	selection	bias	is	practically	

removed.	International	guidelines	use	RCTs	to	guide	recommendations	and	

clinical	trial	results	have	to	be	replicated	in	more	than	one	randomized	study	to	

obtain	a	level	of	evidence	A	classification.182		

	

There	are	several	important	drawbacks	of	RCTs.	Firstly,	the	inclusion	of	a	highly	

selected	population	makes	the	result	less	generalizable	to	all-comers.	For	

example,	women	are	underrepresented	in	cardiovascular	RCTs	relative	to	their	

disease	prevalence.58	Secondly,	sample	size	and	duration	of	follow-up	may	not	be	

adequate	to	assess	a	difference	in	important	but	less	frequently	observed	

endpoints	such	as	mortality.	For	this	reason,	even	contemporary	mega-trials	in	

cardiology	have	to	use	a	composite	endpoint	to	show	a	statistical	difference	

between	treatment	arms.25,26	Thirdly,	clinical	trial	are	associated	with	a	

significant	time	lag	between	conception	and	publication	of	results	potentially	

delaying	the	availability	of	effective	treatments.	Finally,	RCTs	are	expensive.	

Trials	involving	new	drugs	or	medical	devices	are	predominantly	funded	by	

industry	who	have	commercial	interests	in	the	result.	A	Cochrane	review	

concluded	that	industry-sponsored	studies	lead	to	more	favourable	results	and	

conclusions	than	studies	sponsored	by	other	sources.183	Given	economic	

restraints,	government	funding	for	investigator-driven	studies	is	limited	and	

thus	clinically	important	questions	remain	unanswered.	In	fact,	only	11%	of	

recommendations	from	the	American	College	of	Cardiology	(ACC)	and	the	

American	Heart	Association	(AHA)	guidelines	are	classified	as	level	of	evidence	
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A.182	Consequently,	observational	data	derived	from	quality	registries	does,	and	

will	continue	to,	play	a	significant	role	in	guideline	recommendations.		

	

Observational	studies	derived	from	respected	registries	are	integral	to	evidence	

based	medicine.	A	major	advantage	is	the	enrolment	of	consecutive	patients	with	

a	particular	diagnosis	or	who	are	undergoing	a	particular	procedure.	This	

reflects	the	true	clinical	situation	and	real	world	practice.	Consequently,	

observational	registry	studies	are	a	powerful	tool	for	describing	trends,	

assessing	benefits	and	complications	of	particularly	therapies	in	populations	not	

represented	in	clinical	trials,	and	for	verification	that	real	world	practice	is	in	

keeping	with	guideline	recommendations.184	For	example,	data	from	the	CathPCI	

Registry	of	the	National	Cardiovascular	Data	Registry	(NCDR)	was	used	to	

describe	the	trends	in	DTBT	over	a	four-year	period	that	coincided	with	national	

efforts	to	achieve	the	guideline	recommend	DTBT	of	≤90	minutes.49		

	

As	well	as	being	relatively	inexpensive,	registries	can	be	linked	to	other	

databases	to	capture	all	aspects	of	care	for	a	single	diagnosis.	This	has	been	

successfully	done	in	Sweden	with	merging	of	four	national	registries	on	coronary	

artery	disease	to	improve	evidence	based	care.185	Furthermore,	linking	with	

national	death	databases	allows	for	the	assessment	of	long-term	mortality.	

	

It	is	paramount	to	acknowledge	the	major	limitation	of	observational	data	which	

is	that	associations	are	not	definitive	but	rather	hypothesis	generating.	In	

particular,	the	value	of	registry	data	in	comparing	therapeutic	options	is	limited.	

In	clinical	practice,	there	is	often	a	specific	reason	for	choosing	a	particular	

treatment;	this	is	associated	with	significant	selection	bias	making	direct	

comparisons	very	challenging.	Advanced	statistical	analyses	such	as	logistic	

regression,	Cox	proportional	hazard	modeling	and	propensity	matching	can	be	

used	to	minimize	bias.	However	there	are	likely	to	be	factors	that	are	

unmeasured	or	unaccounted	for.		

	

In	many	areas	of	cardiology,	randomized	trials	have	not	been,	and	are	unlikely	to	

be	undertaken.	As	an,	patients	aged	³	85	years	who	present	with	STEMI	are	
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grossly	underrepresented	in	clinical	trials.56	Given	their	age,	high	burden	of	

comorbidities,	frailty,	and	differing	levels	of	functional	and	cognitive	impairment	

there	is	clinical	equipoise	on	the	optimal	management	strategy	for	the	very	

elderly	patient	with	STEMI.	An	adequately	powered	study	of	patients	aged	>	75	

years	with	STEMI	was	attempted	but	recruitment	was	slow	presumably	due	to	

physician	bias.64	Thus,	it	is	unlikely	an	RCT	in	the	very	elderly	will	ever	be	

undertaken.	In	such	a	patient	population	and	clinical	scenario,	observational	

data	is	the	best	available	evidence.	
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Trends and Impact of Door-to-Balloon Time on
Clinical Outcomes in Patients Aged <75, 75 to 84, and
≥85 Years With ST-Elevation Myocardial Infarction

Matias B. Yudi, MBBSa,b,1, Garry Hamilton, MBBSa,1, Omar Farouque, MBBS, PhDa,b,
Nick Andrianopoulos, MBBS, MBiostatc, Stephen J. Duffy, MBBS, PhDc,d, Jeffrey Lefkovits, MBBSe,

Angela Brennan, RNc, Dharsh Fernando, MBBSa, Chin Hiew, MBBSf, Melanie Freeman, MBBSg,
Christopher M. Reid, BA, MSc, PhDc,h, Robynne Dakis, MBBSi, Andrew E. Ajani, MBBS, MDb,c,e, and

David J. Clark, MBBS, DMedScia,b,* on behalf of the Melbourne Interventional Group

Guidelines strongly recommend patients with ST-elevation myocardial infarction
(STEMI) receive timely mechanical reperfusion, defined as door-to-balloon time (DTBT)
≤90 minutes. The impact of timely reperfusion on clinical outcomes in patients aged
75–84 and ≥85 years is uncertain. We analysed 2,972 consecutive STEMI patients who
underwent primary percutaneous coronary intervention from the Melbourne Interventional
Group Registry (2005–2014). Patients aged <75 years were included in the younger group,
those aged 75–84 years were in the elderly group and those ≥85 years were in the very
elderly group. The primary endpoints were 12-month mortality and major adverse
cardiovascular events (MACE). 2,307 (77.6%) patients were <75 years (mean age 59 ± 9
years), 495 (16.7%) were 75–84 years and 170 (5.7%) were ≥85 years. There has been a
significant decrease in DTBT over 10 years in younger and elderly patients (p-for-trend
<0.01 and 0.03) with a trend in the very elderly (p-for-trend 0.08). Compared to younger
and elderly patients, the very elderly had higher 12-month mortality (3.6% vs 10.7% vs.
29.4%; p = 0.001) and MACE (10.8% vs 20.6% vs 33.5%; p = 0.001). DTBT ≤90 minutes
was associated with improved outcomes on univariate analysis but was not an indepen-
dent predictor of improved 12-month mortality (OR 0.84, 95% CI 0.54–1.31) or MACE
(OR 0.89, 95% CI 0.67–1.16). In conclusion, over a 10-year period, there was an
improvement in DTBT in patients aged <75 years and 75–84 years however DTBT ≤90
minutes was not an independent predictor of 12-month outcomes. Thus assessing whether
patients aged ≥85 years are suitable for invasive management does not necessarily
translate to worse clinical outcomes. © 2017 Elsevier Inc. All rights reserved. (Am J Cardiol
2017;120:1245–1253)

International guidelines recommend all patients present-
ing with ST-elevation myocardial infarction (STEMI) receive
reperfusion therapy, ideally percutaneous coronary interven-
tion (PCI), irrespective of age.1,2 In particular, there has been

a strong emphasis on timely mechanical reperfusion. Con-
sequently, achieving a door-to-balloon time (DTBT) ≤90
minutes has become a measure of quality care.3,4 Patients with
STEMI aged >75 years, and particularly those older than 85
years, are a heterogeneous population who may present with
atypical symptoms and usually have significant co-morbidities,
differing degrees of frailty and both cognitive and func-
tional impairment.5 These important factors must be considered
in a time-critical manner in the context of STEMI. Not sur-
prisingly, elderly patients tend to experience longer DTBT
than younger cohorts.6–8 Although timely reperfusion (DTBT
≤90 minutes) is a class I recommendation, the benefits may
be overstated.3 More pertinently, in an elderly population,
where a more thorough assessment is required before em-
barking on invasive management, it is uncertain whether timely
reperfusion translates to improved clinical outcomes. In this
observational cohort study, we aimed to assess the trends in
DTBT and the impact of timely reperfusion on clinical out-
comes in patients’ aged <75 (younger), 75 to 84 (elderly),
and ≥85 years (very elderly), presenting with STEMI over a
10-year period.
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Chapter	12:	The	Prognostic	Significance	of	Smoking	Cessation	After	Acute	
Coronary	Syndromes:	An	Observational,	Multicentre	Study	from	the	
Melbourne	Interventional	Group	Registry	
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Acute	Coronary	Syndromes:	An	Observational,	Multicentre	Study	from	the	Melbourne	
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Figure	3.	Cox	Proportional	Hazard	Model	

	

	



	 195	

	



	 196	

	



	 197	

	



	 198	

	



	 199	

	



	 200	

	



	 201	

	



	 202	

	
	 	



	 203	

Chapter	14:	SMARTphone-Based,	Early	Cardiac	REHABilitation	in	Patients	
with	Acute	Coronary	Syndromes:	A	Randomised	Controlled	Trial	Protocol	
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Chapter	15:	SMARTphone-Based,	Early	Cardiac	REHABilitation	in	Patients	
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Chapter	16:	Conclusion	
	
Coronary	heart	disease	continues	to	be	the	leading	cause	of	death	worldwide.	

This	thesis	explores	areas	in	the	management	of	acute	coronary	syndromes	that	

could	be	optimized	to	decrease	the	associated	mortality	and	morbidity.		

	

In	chapter	3	we	begin	by	describing	the	changing	landscape	in	the	use	of	

antiplatelet	agents	in	patients	presenting	with	ACS	with	the	introduction	of	

prasugrel	and	ticagrelor	into	Australian	practice.	Despite	the	evidence	that	

prasugrel	and	ticagrelor	are	now	the	preferred	P2Y12	inhibitors	in	ACS,	they	

were	mainly	used	in	younger	patients	with	lower	risk	profiles.	A	treatment-risk	

paradox	was	clearly	evident	with	the	more	potent	agents	used	predominantly	in	

younger	patients	with	lower	risk	profiles.	This	theme	is	evident	throughout	this	

thesis	highlighting	the	need	to	close	the	gap	between	class	I	recommendatioins	

and	clinical	practice.		

	

There	are	well-established	guidelines	regarding	early	diagnosis	and	

management	of	patients	with	suspected	myocardial	infarction,	particularly	in	

those	with	ST-segment	elevation	on	initial	ECG.	In	chapters	4,	5,	6	and	7	we	

explore	some	unresolved	issues	in	the	management	of	patients	with	STEMI.		

	

The	optimal	timing	of	a	second	antiplatelet	in	STEMI	continues	to	be	debated	

given	the	potential	bleeding	hazard	in	those	who	may	not	have	a	coronary	

occlusion	to	account	for	the	ST-segment	elevation	or	in	those	who	may	require	

urgent	bypass	surgery.	Despite	guidelines	endorsing	administration	of	aspirin	

and	a	second	P2Y12	inhibitor	when	a	STEMI	is	diagnosed,	chapter	4	highlights	

this	is	not	routine	practice	in	major	tertiary	hospitals	in	Victoria.	Less	than	a	

third	of	patients	with	STEMI	who	underwent	PCI	received	pretreatment	with	

dual	antiplatelet	therapy.	As	expected	given	the	pharmacokinetics	of	the	P2Y12	

inhibitors,	there	was	no	improvement	in	coronary	flow	and	vessel	patency	at	

time	of	angiography	nor	was	there	any	longer	term	benefit.	Encouragingly,	there	

was	no	associated	clinically	relevant	bleeding	with	pretreatment.	Thus	our	study	
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supports	the	administration	of	a	second	antiplatelet	agent	when	coronary	

anatomy	is	visualized	and	PCI	is	indicated.		

	

The	management	of	STEMI	in	patients	with	high-risk	features	is	a	conundrum	

frequently	encountered	in	clinical	practice.	Although	guidelines	mandate	timely	

reperfusion,	it	is	uncertain	whether	high-risk	patients	derive	more	incremental	

benefit	from	this.	In	chapter	5,	we	dichotomized	patients	into	high-	and	low-risk	

categories	based	on	the	presence	of	cardiogenic	shock,	out-of-hospital	cardiac	

arrest	and/or	pulmonary	oedema	(Killip	class	≥	2).	We	hypothesized	that	high-

risk	patients	would	benefit	most	from	timely	revascularization.	However,	it	was	

low-risk	patients	who	benefited	most	from	achieving	a	DTBT	<	90	minutes.	Thus,	

in	patients	with	cardiogenic	shock,	heart	failure	or	post-cardiac	arrest	initial	

stabilization	of	the	patient	may	not	negatively	impact	the	patient.	In	chapter	6	

we	examined	the	impact	of	DTBT	on	elderly	patients	who	were	deemed	high-risk	

by	the	virtue	of	their	age	alone.	As	expected	there	was	an	exponential	increase	in	

mortality	with	age.	Consistent	with	our	previous	finding,	DTBT	<90	minutes	was	

not	an	independent	predictor	of	mortality	and	MACE.	This	is	reassuring	as	it	

appears	there	is	no	significant	hazard	in	the	time	delay	required	to	ascertain	

whether	invasive	management	is	the	appropriate	option	for	patients	with	>	85	

years	who	present	with	STEMI.	In	chapter	7,	again	we	delve	into	the	

management	of	patients	>85	years	presenting	with	STEMI.	The	focus	is	on	

whether	these	patients	should	be	managed	invasively	or	conservatively.	The	

selected	cohort	who	was	deemed	suitable	for	invasive	management	by	their	

treating	physician,	had	significantly	higher	in-hospital	and	long-term	survival	

rates.	Multivariate	analysis	confirmed	invasive	management	was	an	independent	

predictor	of	survival.	Furthermore,	we	highlighted	the	relative	safety	of	

intervention	in	this	high-risk	cohort.	Given	the	ageing	population,	this	data	

provides	impetus	for	a	consideration	of	invasive	management	in	all	very	elderly	

patients	with	STEMI	who	have	high	cognitive	and	physical	function.		

	

Patients	presenting	with	NSTEACS	are	more	heterogeneous	than	those	with	

STEMI	and	thus	clinical	practice	varies	significantly.	In	Chapter	8,	we	continue	

our	assessment	of	pretreatment	in	ACS.	Similar	to	our	findings	in	STEMI,	a	
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minority	of	patients	with	NSTEACS	are	receiving	dual	antiplatelet	therapy	at	

time	of	diagnosis.	Consistent	with	our	previous	finding	in	STEMI,	pretreatment	

was	not	associated	with	any	reduction	in	major	adverse	cardiovascular	events	

nor	was	there	a	significant	bleeding	hazard.	The	latest	European	Society	of	

Cardiology	guidelines,	published	after	our	manuscript,	changed	their	previous	

support	of	a	pretreatment	strategy	in	NSTEACS	to	no	recommendation	citing	

conflicting	evidence	between	old	and	new	data.				

	

Invasive	management	of	patients	presenting	with	NSTEACS	is	standard	of	care,	

however	the	timing	of	intervention	is	still	debated.	In	Chapter	9	we	analysed	the	

impact	of	early	versus	delayed	angiography	and	PCI	in	patients	with	NSTEACS.	A	

treatment-risk	paradox	was	evident	as	patients	with	high	risk	features	were	

more	likely	to	have	delayed	intervention,	in	contradiction	to	guidelines.	In	our	

study	there	was	no	difference	in	clinical	outcomes	in	the	early	versus	delayed	

intervention	cohorts	although	we	did	not	capture	patients	who	did	not	undergo	

angiography	or	those	who	underwent	surgical	revascularization.	Given	there	is	

randomized	data	supporting	early	intervention	in	high-risk	patients	with	

NSTEACS,	this	manuscript	challenges	clinicans	to	close	the	gap	between	

evidence-based	evidence	and	clinical	practice.		

	

A	controversial	area	in	cardiology	is	the	definition	and	prognostic	significance	of	

periprocedural	myocardial	infarction	and	myonecrosis.	In	chapter	10	we	

examined	the	huge	variation	in	the	prevalence	of	periprocedural	MI	depending	

on	the	definition	used.	According	to	the	Third	Definition	of	Periprocedural	

myonecrosis,	a	troponin	elevation	>	5	upper	limit	of	normal	post	PCI	did	not	

have	any	long-term	prognostic	significance.	It	is	evident	further	standardization	

of	the	definition	of	periprocedural	myocardial	infarction	and	myonecrosis	

definition	is	required.		

	

Management	of	ACS	extends	well	beyond	acute	hospitalization	and	there	should	

ideally	be	a	lifelong	pursuit	of	optimal	cardiovascular	health.	In	chapters	11	we	

assessed	predictors	of	rehospitalisation	post	ACS	and	in	chapters	12	and	13	we	
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assess	the	long	term	impact	of	smoking	cessation	and	optimal	secondary	

prevention	pharmacotherapy	respectively.	

	

Recurrent	hospitalisations	are	costly	and	potentially	preventable	and	

consequently	they	are	becoming	a	measure	of	quality	care.	It	is	encouraging	to	

observe	recurrent	hospitalizations	and	unplanned	revascularizations	have	

decreased	over	the	past	decade.	We	identified	independent	predictors	of	such	

events.	In	particular,	some	of	these	were	modifiable	such	as	multi-vessel	CAD,	

left	ventricular	dysfunction	and	diabetes.	Targeting	patients	with	these	features	

and	optimizing	their	care	could	further	decrease	hospitalizations.	

	

Smoking	is	the	single	most	important	modifiable	risk	factor	in	patients	with	ACS.	

In	chapter	12	we	highlighted	the	prognostic	significance	of	smoking	cessation	in	

the	modern	era	of	aggressive	revascularization	and	optimal	pharmacotherapy.	

The	most	notable	finding	was	the	significant	impact	of	smoking	cessation	on	

prognosis.	Within	two	years,	patients	who	quit	smoking	returned	to	a	similar	

baseline	risk	of	death	to	distant	ex-smokers	and	non-smokers	while	those	who	

continued	to	smoked	had	a	marked	worse	prognosis.	This	manuscript	is	the	first	

to	show	this	data	in	modern	cardiology	practice.		

	

Chapter	13	highlights	another	treatment-risk	paradox	where	low-risk	patients	

were	more	likely	to	receive	guideline-mandated	secondary	prevention	therapy	

than	patients	with	higher	risk	features.	There	was	an	incremental	long-term	

mortality	risk	associated	with	near-optimal	and	suboptimal	pharmacotherapy	

compared	to	those	on	optimal	medical	therapy.	This	manuscript	highlights	the	

importance	of	pharmacotherapy	on	long-term	outcomes.	

	

In	chapters	14	and	15	we	describe	and	test	an	innovative	model	of	care	for	

secondary	prevention	through	a	smartphone	application.	The	SMARTphone-

based,	early	cardiac	REHABilitation	in	patients	with	acute	coronary	syndromes	

{SMART-REHAB)	randomized	clinical	trial	utilized	a	multi-faceted	intervention	

focusing	on	exercise,	cardiovascular	risk	factor	optimization	and	cardiovascular	

education.	In	this	multicentre	trial	across	6	tertiary	centres,	patients	in	the	
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smartphone	group	had	a	significant	improvement	in	exercise	capacity	compared	

to	those	randomized	to	usual	care.		

	

The	findings	of	this	thesis,	as	summarized	above,	suggest	some	areas	are	worthy	

of	further	investigation.		

	

Firstly,	with	the	ageing	population	we	are	witnessing	a	greater	proportion	of	

very	elderly	patients	presenting	with	ACS.	Utilizing	individualized	data	from	

Austin	Health,	we	are	currently	assessing	the	impact	of	invasive	management	in	

patients	>85	years	with	NSTEMI	on	major	adverse	cardiovascular	events	as	well	

as	recurrent	hospitalizations.	It	is	our	aim	to	use	this	data	as	a	precursor	to	a	

randomized	controlled	trial	in	this	patient	population.		

	

Secondly,	given	the	benefits	of	smoking	cessation	post	ACS	it	was	disappointing	

to	see	50%	of	patients	continued	this	habit.	We	aim	to	upgrade	our	smartphone	

application	with	a	module	focusing	primarily	on	smoking	cessation	and	support.	

We	will	assess	the	impact	of	this	in	our	planned	post	ACS	smartphone	registry.		

	

Thirdly,	given	the	significant	cost	of	recurrent	hospitalizations	post	ACS	a	

targeted	intervention	is	warranted.	We	are	investigating	the	potential	of	

incorporating	telehealth	into	our	smartphone	application.	Early	face-to-face	

review	through	our	smartphone	application	targeting	patients	at	high	risk	for	

rehospitalisations,	especially	the	elderly,	could	lead	to	an	improvement	in	this	

important	quality	measure.	Again,	we	aim	to	implement	and	assess	this	through	

our	post	ACS	smartphone	registry.		

	

Lastly,	digital	technology	has	huge	potential	in	cardiovascular	health,	not	just	

post	ACS	care.	The	burgeoning	field	of	cardio-oncology	could	potentially	benefit	

from	smartphone-based	system	of	care.	We	are	about	to	start	a	randomized	

controlled	trial	assessing	the	impact	of	smartphone-based	cardiovascular	risk	

reduction	program	in	patients	with	breast	cancer	(SMART-BREAST	trial)	with	

the	aim	of	establishing	a	cardio-oncology	service	at	Austin	Health	and	Olivia-

Newton	John	Cancer	Centre.	
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