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•  Novel	imaging	approaches	in	coronary	artery	
disease		

•  CT	coronary	angiography	

•  Magnetic	resonance	imaging	

•  PET	imaging	





Advances	in	CT	imaging	

1	slice	
cardiac images could show cardiac morphology and

pathology, including thrombus [19] and congenital

heart disease [21]. As software designs improved, it
became evident that CT was also a practical tool for

evaluating regional wall motion and thickening as

well as ventricular volume.

Multislice CT (4-, 16- and 64-detector row):
coronary artery and cardiac functional imaging

Enhancements in reconstruction algorithms, coupled
with a new generation of faster scanners with

decreased detector element size and increased cover-
age, heralded a new era in cardiac imaging. The

development of current generation of multislice CT

(MSCT) scanners, including 4-detector row (devel-
oped in 1998), 16-detector row (2001) and

64-detector row (2004) technologies resulted in

incremental improvements that rapidly advanced
cardiac imaging technology.

4-MSCT

Four-detector row systems, which became clinically

available in 1999, featured gantry rotation times of
0.75–0.8 s. This resulted in a heart rate-independent

temporal resolution of approximately 0.4 s, slice

thickness of 1–1.25 mm, and z-axis coverage of
2 cm. These systems were able to image the entire

heart in approximately 50 s, which is longer than the

time a patient can hold his/her breath. This technol-
ogy resulted in improved spatial and temporal

resolution, although in many cases, the entire heart

could not be imaged with acceptable resolution.

Despite this, under ideal conditions coronary CT

angiography (CTA), particularly of the proximal

coronary artery arteries, became technically feasible
[22]. With these improvements, smaller and smaller

coronary artery pathology could be resolved, and

studies began to show that under ideal conditions, 4-
slice CT could detect small aneurysms that were seen

previously only with coronary cardiac angiography.

16-MSCT

The advent of 16-detector row systems around 2001
with gantry rotation times of 0.38–0.5 s resulted in

heart rate-independent temporal resolutions of 0.19–
0.25 s, slice thickness of 0.5–0.75 mm, and z-axis
coverage of 24 mm. With this advance, coverage of

the entire heart during a single held breath became
possible. Many investigators consider the 16-detector

row scanners to be the first truly feasible CT systems

for evaluating coronary arteries. Coupled with tech-
niques to optimize intravenous bolus concentration in

coronary arteries, distal coronary arteries can be

reliably imaged under ideal conditions using a variety
of 2D and 3D post-processing techniques.

64-MSCT

The arrival of clinical 64-row detector systems in

2004 signaled further improvements in anatomic and
physiologic cardiac imaging. Gantry rotation times of

0.33–0.4 s resulted in heart rate-independent temporal

resolution of 0.185–0.2 s, slice thickness of 0.5 mm
and scan times of 5–7 s. This allowed for easy

imaging of the entire heart in a single held breath

hold. The improvements in temporal and spatial

Fig. 3 Single detector row
CT images of the right
coronary artery from about
1996 imaged using an
overlap reconstruction
algorithm with a temporal
resolution of 0.4 s.
Although biphasic motion
artifact is present; the
potential for coronary artery
imaging is clearly evident
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myocardium, cardiac chambers, and gross coronary

calcification [15]. Figure 2 shows coronary images

obtained from a single-slice conventional CT system.
A gantry rotation time of 4.5 s and slice thickness of

10 mm meant that, for all practical purposes, the

images of the coronary arteries remained severely
degraded by motion and slice-volume averaging

artifacts, even when ECG-gating techniques were

used.
A major breakthrough in CT technology came

with the development of slip-ring technology [16],

which allowed the gantry mechanism to continuously
rotate around the patient while the table was

advanced. This was a major breakthrough that would

eventually led to helical CT scanners with the level of
temporal resolution necessary to image the heart.

Gantry rotation time was 1 s and slice thickness was

2 mm, and gating was performed manually.

Single slice helical CT: cardiac imaging comes
to life

Technical Considerations

With the widespread introduction of single-slice
helical CT systems into clinical practice in 1996

and the resulting improvements in spatial and, in

particular, temporal resolution, the ability to image
the heart was dramatically improved. In many ways,

this can be considered a turning point for cardiac CT

applications. Gantry rotation times of 0.8 s meant
that a temporal resolution of 0.4 s could be obtained

if a 180! reconstruction algorithm (i.e., data from half

of a gantry rotation) was used. Slice thickness was 3–
5 mm. Furthermore, image processing techniques

were refined, including segmentation algorithms of

the cardiac cycle that improved temporal resolution

and allowed cardiac phase-dependent functional

analysis.
One method that gained favor and is largely in use

in systems today is retrospective ECG gating with

overlapping reconstruction and phase extraction [17].
In this technique, images are acquired throughout the

cardiac cycle over multiple heart beats. Subsequently,

images from a particular phase of the cardiac cycle
(e.g., mid-diastole) are reconstructed by sharing the

data (180!? fun angle) from multiple heartbeats,

which effectively improves the temporal resolution.
For detailed assessment of cardiac structures for

which high temporal resolution and spatial resolution

are necessary (i.e., coronary arteries), a particular
phase of the cycle associated with the least amount of

motion can be chosen, typically during mid-diastole

(reconstruction center at 70–80% of the R-R inter-
val). Single-slice helical CT systems that used this

technique showed real potential for evaluating coro-

nary arteries (Fig. 3). At this level of temporal
resolution, coronary arteries in single-slice helical

CT images showed biphasic motion artifact (‘‘danc-

ing coronary arteries’’). However, under ideal
imaging conditions with slow heart rates, single-slice

helical CT could be used to image coronary artery
stenosis [18].

Imaging applications

Many applications related to cardiac functional

imaging emerged as research on single-slice CT
systems continued [18–21]. Studies demonstrated

that, similar to MRI and perfusion single photon

emission computed tomography (SPECT), dynamic
contrast-enhanced CT could image acute myocardial

infarction [20]. Furthermore, volume-rendered CT

Fig. 2 Cardiac images
from a conventional
(non-helical) single-slice
CT scanner in
approximately 1990. Gantry
rotation was 4.5 s and slice
thickness was 10 mm. The
left main coronary artery is
visible but severely
distorted by motion artifacts
and partial volume
averaging

34 Int J Cardiovasc Imaging (2009) 25:31–42
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Directly	Identifies	Plaque	



Obstructive		Coronary		
Atherosclerosis	

~90%	Specificity	and	Sensitive	for	Obstructive	Coronary	Heart	Disease	

Miller NEJM 2008  Buddoff JACC 2008 



Non-	Obstructive		
Coronary	Atherosclerosis	



MI	arising	from	a	non-
obstructive	plaque	

Dweck	JACC	2016	



Importance	of		
Non-Obstructive	Disease	

Falk	Circulation	1995	



Plaque	Burden	is	the	Only	
Independent	Predictor	of	

Clinical	Events	
		 Univariable	analysis	 Multivariable	analysis	#	

Adverse		plaque	*	 3.00	(1.60,	5.63)	

p=0.001	

1.15	(0.54,	2.47)	

p	=0.714	

Coronary	Artery	Calcium	Score	**	 1.99	(1.49,	2.68)	

p	<0.001	

1.72	(1.16,	2.56)	

p=0.007	

Obstructive	coronary	artery	disease	 3.35	(1.81,	6.19)	

p	<0.001	

1.36	(0.63,	2.95)	

p=0.431	

Male	Gender	 2.12	(1.06,	4.24)	

p=0.033	

1.21	(0.58,	2.53)	

p=0.610	

Cardiovascular	Risk	score	$	 1.00	(0.98,	1.03)	

p=0.861	

-  		

Williams	et	al.	JACC	in	press	





100%	Data	for	the		
Primary	End-point	

SCOT-HEART 
 Trial Population 

Intention-to-Treat	
Analysis	

Standard	of	Care	
	

n=2,073	

Standard	of	Care	+	
CT	Coronary	Angiogram	

n=2,073	

Computed	Tomography		
Coronary	Angiogram	

n=3	

CT	Coronary	Angiogram	
n=1,778	

	
Non-completion 	 	295	
				Ill-health/death 	 	6	
				Patient	default 	 	245	
				Technical 	 	 	10	
				Other 	 	 	34	

Data	for	Primary	
Endpoint	
n=2,073	

Data	for	Primary	
Endpoint	
n=2,073	

Randomization	1:1	
n=4,146	



SCOT-HEART Trial 
The 5-Year Data  

Pre-specified 5-year assessment of Coronary CT Angiography on: 
 

•  Coronary heart disease death or non-fatal myocardial infarction 
•  Invasive coronary angiography and  coronary revascularisation 

•  Prescription of preventative therapies 

Trials. 2012;13:184 



Fatal or Non-fatal MI 

Hazard Ratio 0.59 
(95% CI, 0.41 to 0.84) 

P=0.004  



Non-fatal Myocardial Infarction 

Hazard Ratio 0.60 
(95% CI, 0.41 to 0.87) 

P=0.007  

Standard Care Alone CTCA + Standard Care 



Mortality 
Cardiovascular and Non-cardiovascular 
Death 



Statin & Anti-Platelet Therapy Use  
over 5 Years 

The Right Patient Gets the Right Treatment 
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Adamson	EHJ	Under	review	



Aspirin & Statin Use in Patient with and 
without CAD on CT imaging 

The Right Patient Gets the Right Treatment 

0%

25%

50%

75%

100%

5 10 20 30
10-year cardiovascular risk (ASSIGN Score)

Pr
op

or
tio

n 
pr

es
cr

ib
ed

 s
ta

tin
 th

er
ap

y 
at

 6
 w

ee
ks

CT Result CAD present No CAD

CAD	

No	CAD	

Statins	

0%

25%

50%

75%

100%

5 10 20 30
10-year cardiovascular risk (ASSIGN Score)

Pr
op

or
tio

n 
pr

es
cr

ib
ed

 a
nt

ip
la

te
le

t t
he

ra
py

 a
t 6

 w
ee

ks

CT Result CAD present No CAD

Aspirin	

CAD	

No	CAD	

Adamson	EHJ	Under	review	



BACK	TO	CLINIC	TO		REASSESS	SYMPTOMS	
Angio	if	3VD/LMS	or	recalcitrant	symptoms	

Stop	meds	if	normal	coronary	arteries	

Start	Aspirin,	statin,	
anti-anginal	

Statin	depending	on	
risk	scores	



What	about	CT	imaging	in	the	ED?	

•  Have	they	had	a	heart	attack?	

•  Do	they	have	plaque?	

•  Do	they	have	prognostic	disease?	



Have	they	had	a	heart	attack?	

Obstructive	

Non-obstructive	

Normal	



CAN	WE	BETTER	IDENTIFY	CULPRIT	
PLAQUE	IN	THE	CORONARY	ARTERIES?	



18F-Fluoride	
PET	

Narula	JACC	in	press	

Trivieri	JACC	2017	

Dweck	Circulation	2012	

Vesey	Circ	Imaging	2016		

Joshi	Lancet	2014	

Forsyth	JACC	2018	

Catlige	Lancet	under	review	
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18F-Fluoride	post	STEMI	

Coronary	Angiogram	(LCA)	 Fused	18F-Fluoride	PET	
CT	

Joshi, Dweck, Newby. The Lancet. 2014 



18F-Fluoride	post	STEMI	
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Patients with Myocardial Infarction 
18F-Fluoride Identifies Culprit Plaque 

Joshi, Dweck, Newby. The Lancet. 2014 



Will	18F-Fluoride	Predict	Events?	

Disease	Progression	

Clinical	Events		
(Cardiac	Death	or	MI)	



New	Tracers	



Macrophages	
68-Gallium	Dotatate	

Tarkin	JACC	2017	



18F-GP1	THROMBUS	TRACER	



Kim, C., Lee, J. S., Han, Y., Chae, S. Y., Jin, S., Sung, 
C., et al. (2018). Glycoprotein IIb/IIIa receptor imaging 
with 18F-GP1 positron emission tomography for acute 
venous thromboembolism: an open-label, non-
randomized, first-in-human phase 1 study. Journal of 
Nuclear Medicine : Official Publication, Society of 
Nuclear Medicine, jnumed.118.212084. http://doi.org/
10.2967/jnumed.118.212084

18F-GP1	THROMBUS	TRACER	



Cardiac	MRI	



Dweck et al. CT & MR imaging in Ischemic Heart Disease. JACC 2016 



DIFFERENTIAL	DIAGNOSIS	



MI	vs	Myocarditis	
&	Disease	Activity	

A
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F
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Old	Infarct	 Acute	Myocarditis	

Dweck	Abgral	JACC	Imaging	2015	
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High	Risk	Plaque	



Obstructive	&	Non-obstructive	Plaque	



Plaque	Burden	is	the	Only	
Independent	Predictor	

		 Univariable	analysis	 Multivariable	analysis	#	

Adverse		plaque	*	 3.00	(1.60,	5.63)	

p=0.001	

1.15	(0.54,	2.47)	

p	=0.714	

Coronary	Artery	Calcium	Score	**	 1.99	(1.49,	2.68)	

p	<0.001	

1.72	(1.16,	2.56)	

p=0.007	

Obstructive	coronary	artery	disease	 3.35	(1.81,	6.19)	

p	<0.001	

1.36	(0.63,	2.95)	

p=0.431	

Male	Gender	 2.12	(1.06,	4.24)	

p=0.033	

1.21	(0.58,	2.53)	

p=0.610	

Cardiovascular	Risk	score	$	 1.00	(0.98,	1.03)	

p=0.861	

-  		



Rubeaux JNM 2016 



Detecting	Scar	in	Heart	
Muscle	



How	Will	We	Use	It?	

•  In	patients	with	advanced	atheroma	
•  Differentiating	patients	with	stable	burnt	out	
disease	and	patients	with	active	atheroma	

Dweck	JACC	2012	40%	patients	with	calcium	score	>1000	have	normal		18F-fluoride	uptake	



National Prescribing Data 
Anti-platelet and Statin Therapy 

Anti-platelet Therapy Statin Therapy 

P<0.001	 P<0.001	

Follow Up (years) Follow Up (years) 

Median 46 [30-64] days  
from clinic to prescription 

Median 50 [30-70] days  
from clinic to prescription 
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Williams	et	al.	JACC	2016;67:1759-1768	

Statin	Therapy	

P<0.001	
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CHD Death and Non-fatal MI 
Post-hoc 50-Day Landmark Analysis 
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Implementation	
Delay	

HR	0.50	[0.28-0.90]	
P=0.020	

Impact	of	Alterations	in	
Therapy	

-	CTCA	Performed	
-	Result	Reviewed	
-	Management	Changed	
-	Invasive	Angiography	
Arranged	
-	Prescription	issued	

Williams	et	al.	JACC	2016;67:1759-1768	



Symptoms	&		
Aortic	Stenosis	

Ross	J	Jr,	Braunwald	E:	Aortic	stenosis.	Circulation	38[Suppl	
V]:61,	1968	
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		Pawade,	Newby,	Dweck.	
Calcification	in	aortic	

stenosis:	the	skeleton	key	
JACC.	2015	



18F-Fluoride	Preferentially	Binds	areas	of	
Microcalcification	

Light Microscopy Autoradiography 

Macro	

Micro	

Irkle	et	al.	Nature	Communications.	2015	



Why	MR	PET	not	PET	CT?	

•  What	is	MR	good	at?		
•  Myocardial	disease	
•  Carotid	atherosclerotic	plaque	

•  Low	radiation	doses	
•  Multi-time	point	imaging	(e.g.	drug	trials)	
•  Multiple	different	tracers	
•  Multiple	remote	organ	systems	

	



Carotid	FDG	PET/MR	



Tahara	et	al	JACC	2006	

Phase	2	Drug	Trials	

Fayad	et	al.	Lancet	2011	

Baseline	 Post	Treatment	

PET/MR	1	 NEW	
THERAPY	

PET/MR	2	

Dalcetrapib	



Low	Radiation	
PET/MR	Imaging	

Robson,	Dweck,	Fayad	JACC	Imaging	2017	



INACTIVE	SARCOID	

NO	CARDIAC	SARCOID	

Dweck	JACC	CVS	Imaging	2017	



False	Positive	18F-FDG	PET	

Dweck	JACC	CVS	Imaging	2017	



PET/MR	&	Disease	Activity	
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Old	Infarct	 Acute	Myocarditis	

Dweck	Abgral	JACC	Imaging	2015	



Meta-analysis 

Bittencourt et al. Circulation CVI 2016 
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Significant	reduction	in	
the	annual	rate	of	

myocardial	infarction		

No	difference	in	all	
cause	mortality	



Clinical	Outcomes	Often	Poor		
Following	AVR	
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Chin	et	al.	EHJ.	2015	

Kaplan-Meier	Curve	

Low	risk	LV	decompensation	
Intermediate	risk	
High	risk	

Log	rank	test	P<0.001	


