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CARDIAC CT:  The wave of the future



CARDIAC IMAGING

•
 

Chest Radiography
•

 
MRI

•
 

Echocardiography

•
 

Angiography
•

 
CT



HISTORY OF CARDIAC CT

•
 

1972-1995: Fluoroscopy-based CT for physiologic 
research.

•
 

1975-1980: Clinical CT-based exploration.
•

 
1980-present (interest is fading): Electron beam 
CT—first approach at clinical cardiology.

•
 

1990-present: Multidetector
 

row scanning—4 
slice 16 slice 64 slice.  Expanding clinical 
applications.



Impediments to Clinical Use

•
 

Image quality:  Spatial resolution.
•

 
Time:  1. Study itself. 

2. Scanning entire 3-D heart within 1 
cardiac cycle—motion artifact.

•
 

Clinical application: Assessing blood flow and 
wall motion.

•
 

Radiation.
•

 
Renal toxicity and allergy to dye load.



Advancing Technology

•
 

Increasing scanning speed scan heart 
within one cardiac cycle.

•
 

More detectorsbetter image resolution.
•

 
Awareness: Good interobserver

 
agreement.



CURRENT CLINICAL USES 
OF CARDIAC CT

1.
 

Calcium scoring

2.
 

CT angiography



EVALUATING CAD



Calcium scoring: Technique

•
 

No patient preparation.
•

 
No intravenous contrast.

•
 

First done with EBCT, since late 1980’s.
•

 
Now can do on MDCT.  Usually do prospective 
gating from carina through base of heart with slice 
thickness (trigger at 75-80% of RR interval).  
Usually end up with 30-40 contiguous images.

•
 

In 1990, Agatston
 

introduced scoring method 
called “Agatston

 
Score”, which has been widely 

used.



Score 0 Score 1,81 Score 5,2 Score 7,7

Score 41 Score 86 Score 390 Score 419



EXAMPLE OF AGATSTON 
SCORE



Clinical application

•
 

Score > 0 is indicative of significant CAD.
-Sensitivity 85-100%
-Specificity 31-62%
-Negative predictive value 84-100%

•

 

Nikolaou., Poon

 

M., Sirol

 

M., Becker C., Fayad

 

Z., Complementary Results of Computed Tomography and Magnetic Resonance Imaging of 
the Heart and Coronary Arteries: A Review and Future Outlook. Cardiology Clinics. November 2003. Vol. 21, Nr. 4.



Implications

•
 

44% of males > 40 years old and 67% of 
females > 60 years old have calcification 
without symptoms of CAD.

•
 

Information for “worried well”
 

or clinically 
relevant.



•
 

1,461 patients.  Showed coronary artery calcium score can 
modify predicted risk obtained from Framingham Risk Score 
alone.

•
 

Across categories of FRS, CACS was predictive of risk among 
patients with an FRS > 10% (P<.001) but not with an FRS less 
than 10%.

•
 

Intermediate risk group with Framingham Risk Score 10-15%:
1.

 
If coronary artery calcium score was 0, 2.5% of patient 
suffered cardiac event.

2.
 

If coronary artery calcium score was > 300, 19.5% 
suffered cardiac event.

Does coronary artery calcium 
scoring add any information?

Philip Greenland, MD; Laurie LaBree, MS; Stanley P. Azen, PhD; Terence M. Doherty, BA; 
Robert C. Detrano, MD, PhD JAMA. 2004;291:210-215. 





Risk of Major Coronary Events with Increasing Coronary-Artery Calcium Score

Bonow R. N Engl J Med 2009;361:990-997



The 7-Year Rate of Major Coronary Events Predicted on the Basis of the

 

Framingham Risk 
Score and the Coronary-Artery Calcium Score

Bonow R. N Engl J Med 2009;361:990-997





European Guidelines on CVD Prevention
 EJCPR 2003, 10(Suppl 1): S1-S78

CAC

Conclusion: 

-It should not be uncritically 
used as a screening method.

-Class I indication with 
evidence class A does not 
exist.



European Guidelines on CVD Prevention
 EJCPR 2003, 10(Suppl 1): S1-S78

• Coronary calcification is neither an indicator for stability nor 
instability of an atherosclerotic plaque.

• The vast majority of scientific data concerning Agatston 
score results of EB-CT experience. EB-Ct is however  
predominantly limited by its high cost and thus limited 
availability.



European Guidelines on CVD Prevention
 EJCPR 2003, 10(Suppl 1): S1-S78

• The proof of coronary calcium is not in the least identical 
with the presence of relevant coronary stenosis, because its 
specificity regarding the presence of ≥

 
50% stenosis is only 

50%.

• If coronary calcium scanning is applied inappropriately, the 
proof of coronary calcium may lead to unnecessary increase 
of diagnostic catheterisations.



<> 



Circulation announces it will not publish 
statement on coronary calcium scanning

 8 October 2004

-
 

An announcement from Circulation: Journal of the American 
Heart Association (AHA) states that the journal will not after all 
publish a statement that was prepared for it on coronary calcium

 screening. The decision by editor-in-chief Dr Joseph Loscalzo 
comes after publication of a story in the Wall Street Journal and 
subsequently other news outlets that indicated the AHA would 
be changing its position on the use of coronary calcium scanning

-
 

“Just today, I received a letter from a physician who is trying to 
sell me previously owned EBCT scanners. And he's basing this 
letter, which is clearly being written to many other people 
besides myself, on the fact that the AHA is now endorsing this 
product."



AHA/ACC release
 

consensus
 

statement
 

on
 EBCT, but

 
the

 
writing

 
group

 
is

 
still

 
sharply

 divided. 30 June 2000.

•
 

Diversity of opinion actually led to the resignation of one of
 

the 
committee members dissatisfied with the process.

•
 

"When
 

you
 

go
 

to
 

Chicago
 

and
 

it's
 

advertised
 

every
 

half
 

hour
 

to
 the

 
lay

 
public; when

 
you

 
go

 
to

 
southern

 
California

 
and

 
everybody

 over
 

age
 

20 gets
 

a letter
 

saying
 

you
 

should
 

have
 

one
 

of
 

these
 

... 
who

 
knows?" ( O’

 
Rourke)

•Because
 

of
 

his
 

outspoken
 

stand
 

against
 

what
 

he
 

sees
 

as
 

the
 misuse

 
of

 
this

 
testing, O'Rourke

 
claims

 
to

 
have

 
received

 
"boxes

 and
 

boxes
 

of
 

hate
 

mail, from
 

supposed
 

people
 

who
 

say
 

they
 

have
 had

 
their

 
life

 
saved

 
by

 
EBCT." 
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CARDIAC CT 
ANGIOGRAPHY



GOLD STANDARD:  CORONARY ANGIOGRAPHY



CORONARY 
CATHETERIZATION

•
 

1999—1.83 million catheterizations in the 
United States and the number is increasing 
abundantly.

•
 

Approximately 1/3 require intervention and 
as many as 50% of diagnostic 
catheterization studies show no significant 
coronary disease.



CORONARY 
CATHETERIZATION CONT.

PROS
•

 
High resolution

•
 

Option for 
intervention

CONS
•

 
X-ray exposure

•
 

Hospitalization
•

 
Invasive complications



ANOTHER WAY?

•
 

Estimated more than 40% of invasive coronary 
angiograms are not followed up by subsequent 
interventional or surgical therapy, but are done 
to rule out coronary artery disease.

•
 

Can multidetector
 

CT serve as a non-invasive 
quick study?
-

 
Especially in atypical chest pain without a 

significant CAD history?



EMERGING FIELD OF 
CARDIAC CT



Technique
•

 
+/-

 
Beta-blockerHR < 70 optimal for 16 

head scanner.  Otherwise no patient 
preparation.

•
 

Visipaque
 

intravenous contrast 100-120 cc.
•

 
Do with retrospective gating from carina 
through base of heart.

•
 

Scan usually goes from carina through base of 
heart.  Involves < 25 second breath hold.

•
 

Timing (bolus pro) -
 

scan starts as contrast 
reaches the aortic root.

•
 

Reconstruct at ~ 8 phases.  Usually 75% is best 
for visualizing coronary arteries.



Original Article
 Diagnostic Performance of Coronary Angiography 

by 64-Row CT

Julie M. Miller, M.D., Carlos E. Rochitte, M.D., Marc Dewey, M.D., Armin Arbab-

 Zadeh, M.D., Hiroyuki Niinuma, M.D., Ph.D., Ilan Gottlieb, M.D.,

 

Narinder Paul, M.D., 
Melvin E. Clouse, M.D., Edward P. Shapiro, M.D., John Hoe, M.D.,

 

Albert C. Lardo, 
Ph.D., David E. Bush, M.D., Albert de Roos, M.D., Christopher Cox, Ph.D., Jeffery 

Brinker, M.D., and João A.C. Lima, M.D.

N Engl J Med
Volume 359(22):2324-2336

November 27, 2008



Diagnostic Performance of 64-Row Multidetector Computed Tomographic Angiography 
(MDCTA)

Miller JM et al. N Engl J Med 2008;359:2324-2336



Diagnostic Accuracy of 64-Row Multidetector CT Angiography (MDCTA) for Patient-

 

and 
Vessel-Based Detection of Coronary Stenosis of ≥50%

Miller JM et al. N Engl J Med 2008;359:2324-2336



Conclusion

•
 

Multidetector CT angiography accurately identifies the presence and 
severity of obstructive coronary artery disease and subsequent 
revascularization in symptomatic patients

•
 

The negative and positive predictive values indicate that multidetector 
CT angiography cannot replace conventional coronary angiography at 
present

























Noninvasive Screening –
 

Carotid
 Intima-Media Thickness (CIMT)•

 
CIMT measured by carotid artery ultrasound1

–

 

SHAPE Task Force: Warranted for screening asymptomatic men 45 to
 75 years old and women 55 to 75 years old who are not in the category 

of very low cardiovascular risk 

SHAPE = Screening for Heart Attack Prevention and Education.

1.  Naghavi M, et al. Am J Cardiol. 2006;98[suppl]:2H-15H. 
2.  Adapted from Sethi KS, et al. Ind J Radiol Imag. 2005;15:91-98.

Profiled view of the 
normal carotid 
bifurcation; an area of 
normal flow reversal 
(blue) is noted at the 
carotid bulb.2

Significant internal 
carotid stenosis in the 
region of an echogenic 
plaque indicated by 
color flow Doppler 
aliasing, with lighter 
shades of color 
indicating turbulence 
with increased velocity 
of flow.2





CARDIAC CT:
 The wave of the future



CARDIAC CT



Τhe Alexopoulos-Richter Consensus Statements



 
Xρήσιμη

 
σε

 
ασθενείς

 
ενδιάμεσου

 
κινδύνου

 
με

 
άτυπα

 
συμπτώματα

 
για

 στεφανιαία
 

νόσο, καθώς
 

η
 

ανίχνευση
 

μικρού
 

CCS τους
 

επανακατατάσσει
 στην

 
ομάδα

 
χαμηλού

 
κινδύνου



 
Χαμηλή

 
ειδικότητα, μπορεί

 
να

 
οδηγήσει

 
σε

 
υπερκατανάλωση

 
περαιτέρω

 διαγνωστικών
 

εξετάσεων

CAC
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