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Non-Invasive Coronary Angiography
Potential Utility of MDCT
o Utilization:
o 2 Million catheterizations in 2000
e 340% increase from 1980 to 2000
e Increasing cost:

e $11,232 in 1993 per procedure
e $16,838 in 2000*

e High number of unnecessary procedurest:
e 40% of women
e 20-25% of men

e Small but definable risk:
e 2% major complications (JCA Guidelines, 1999)

e 3-5% patients presenting with CP to ED develop
MI

*Agency for Healthcare Research and Quality, Healthcare Costand
Utilization Project, HCUPnet, Washington, DC, 2000. %%5“‘”
tKugelmass AD. J Am Coll Cardiol 2001;37:497A. meEen




Limitations of the Standard of Care

e Invasive coronary angiography cannot
be performed in all patients at risk

o Stress testing has insufficient accuracy:
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cause of ¢
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nest pain
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Multi-Detector CT
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MDCT-CA vs Cath

Author No. No. Sens Spec (%) NPV (%) PPV (%)

(vear) Subjects _Segments (%)

Hoffman 103 1384 95 08 99 87
(2005)

Kuettner 72 936 82 98 97 87
(2005)

Mollet 51 610 95 08 99 87
(2005)

Mollet 128 1384 92 95 08 79
(2004)

vauseeli [ F§-YF O excluded segments

(2004)

Kuettner 58 763 72 97 97 72
(2004)

Ropers 77 308 92 93 9% 79
(2003)

Nieman 58 231 95 86 97 80
(2002)

Dewey 34 136 88 91 95 88
(2004)




Images from the:
CATSCAN Trial

Coronary Assessment by Gomputed
Tomographic Scanning and Gatheter
Angiography: A Multi-Center Trial
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CATSCAN TRIAL

238 patients enrolled

Symptoms
e Typical angina 137 (58%)
e Atypical angina 60 (25%)
e Non-anginal CP 40 (17%)
Clinical Stratum
o Intermediate 116 (49%)
e High 122 (51%)
Stress test within a year 154/193
o Positive 118/154
e Equivocal 19/154

*Patients with at least one vessel with >50% stenosis: 39% sfe




CATSCAN TRIAL

Table 2. Accuracy Parameters for Segment-Based and Patient-Based Detection of More Than 50% Coronary Stenosis

All Patients for Analysis
All Segments for Analysis and Patients
With Nonevaluable Segments for With Nonevaluable Patients for
Segments “Positive” Analysis Only Segments “Positive” Analysis Only
(n = 1629) (n=1157)* {(n=187) (n=187)t

Stenoses by conventional angiography, No. 18] 65 59 59
Stenoses by MDCT, No. 623 161 117 73
False-paositive, No. 544 a6 58 29
False-negative, No. 10 10 1 15
Sensitivity, % (95% Cl) 80 (82-05) 85 (76-96) 08 (95-100) 75 (63-86)
Specificity, % (85% Cl) 65 (62-67) 01 (90-92) 54 ( 77 (70-85)
Positive predictive value, % (95% Cl) 13(10-15) 36 (29-44) 60 (49-72)
Negative predictive value, % (95% Cl) 89 (98-100) 80 (98-100) 87 (81-93)
P value for sitet 25 10

Abbreviations: Cl, confidence interval; MDCT, mutidetector computed tomography.

*Excludes 472 (20%) of 1620 segments considerad nonevaluable,

tExcludes nonevaluable segments in the counts of stenosis by MDCT,

1Calculated by bivariate logistic model used to test for variancs in accuracy parameters among different participating sites.




Vascular and Cardiac Imaging
Multi-Detector CT
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Coverage and Breath-hold

Mx8000 Quad Mx8000 IDT Brilliance
4x1.0mm [16x0.75mm 40x0.6 mm




Results with high-detector MDCT-CA

Author No. Sens Spec NPV PPV
(year) Subjects (%) (%) (%) (%)

Mollet
(2005)

Leschka 53 100 100
(2005)

Ropers 82 96 98
(2006)

51 100 92 100 97

Raff 93
(2004)




Current limitations of CTA

Limited Spatial Resolution
Limited Temporal Resolution
X-ray dose limitation
Arrhythmias
e Limited quantification and
functional information

0.5-0.6mm
200-250ms
10-20mSv
6-8beats




Overestimation of calcified plaque volume
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Factors that Limit Resolution

X-ray density
Detector Size




Limitations of CT Coronary Angiography
High CACS

60 non-selected patients with suspected CAD
MDCT 12 x 0.75 mm CTA

2 excluded due to VT and breathing artifacts
All (n=58): Sens 97%, Spec 77%
CACS < 1000 (n=46): Sens 98%, Spec 98%

Kuettner, JACC 2004;44:1230




Improving Spatial Resolution




Reduction of Stent Artifacts
z-Sharp Technology

Bx Velocity Resolution <0.4mm

3x18mm with z-Sharp




Diagnostic Accuracy of Coronary In-Stent
Restenosis Using 64-Slice Computed Tomography

~omparison With Invasive Coronary Angiography
Comy With 1 C y Angiography

Mariko Ehara, MD, Masato Kawai, RT, Jean-Francois Surmely, MD, Tetsuo Matsubara, MD,
Mitsuyasu Terashima, MD, Etsuo Tsuchikane, MD, Yoshihisa Kinoshita, MD, Tatsuya Ito, MD,
Yoshihiro Takeda, MD, Kenya Nasu, MD, Nobuyoshi Tanaka, MD, Akira Murata, MD,
Hiroshi Fujita, MD, Koyo Sato, MD, Atsuko Kodama, MD, Osamu Katoh, MD,

Takahiko Suzuki, MD

Toyohashi, Japan

e 81 consecutive patients from single institution
e PPV 63%, NPV 99%
e Only 10% stents <3 mm







Future Directions: Flat Pannel
Technology




Improving Spatial Resolution

UFC multi-slice (sub-millimeter)
2 ... ... 64 ... ?? ... Area detector

flat panel




Improving Spatial Resolution
Flat Panel Technology

© Human heart specimen with contrast filled vessels




Improving Spatial Resolution

X-ray density
Detector Size
Gantry rotational speed

— @




Improving Temporal Resolution
| Heart-rate: 45-69, Mean: 58
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Improving Temporal Resolution




Single source CT

Temporal resolution of maximum 165 ms

165 ms




Improving Temporal Resolution
Multi-Cycle Reconstruction

Mean temporal resolution vs. heart rate

per voxel basis, gating at 'R, 0.42s rotation time, constant heart rate

125 ms
Dual-Cycle gSsEE

mm) Multicycle
Recon

70 30 90 100 110
Heart rate [bpm)

Temporal Resolution = f(gantry rotation time, angle)




Evaluation of Transplant CAD

Table 1. Diagnostic Accuracy of Multidetector Computed
Tomographic Angiography to Detect >50% Coron:

Segments Vessels Patients

29 15
119
10

..'p 1f1
Positive predictive value®

Negative predictive value*

*Percen 5% confidence intervals).

Heart rate: 98, Subject nr. 13

s
Sigurdsson, J Am Coll Cardiol 2006;48;77&%?




Evaluation of Transplant CAD

<G5>
Sigurdsson, J Am Coll Cardiol 2006; Augus?
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Dual Source CT: Two X-ray sources
and two detectors at the same time
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Cardiac Imaging

Reliable H
Computed

Annick C. Weust . X7

Masato Otsuka, e B2, gen i rto Malago, MD,
Niels van Pelt, M R

Gabriel P. Krestiy

Rotterdam, the Ne J

Objectives Meed dual-source computed
ptection of significant coro-

Background ' . RCA puted tomography scan-

Methods 51 + 11 years) with atypi-
scheduled for conventional

P PV= 7 5 OA) 11 beats/min. Quantita-

N Pv_gg 0/ tive coronary angiography was used as the standard of reference. Irrespective of image quality or vessel size, all
o segments were included for analysis.




Limitations of MDCT

Estimating Risk of Cancer Associated
With Radiation Exposure From 64-Slice

Computed Tomography Coronary Angiography

Andrew J. Einstein, MD, PhD
Milena J. Henzlova, MD, PhD mon diagnostic test, yet there are little data on its associated cancer risk. The recent
Biological Effects of lonizing Radiation (BEIR) VII Phase 2 report provides a framework
for estimating lifetime attributable risk (LAR) of cancer incidence associated with ra-

Context Computed tomography coronary angiography (CTCA) has become a com-

Sanjay Rajagopalan, MD




Diagnostic Procedure

Typical effective
dose (mSv)

Equivalent period of natural
background radiation*

Risk of

fatal cancer/exam**

Natural background

~3 (1.5-7.5)

1 year

Limbs and joints (except hips)
Teeth (panoramic)

Chest (single PA film)
Transatlantic flight
Transatlantic Concorde flight
Cervical spine (neck)

Lung ventilation (8 1mKr)

Hip

Thoracic spine or abdomen
Lung perfusion (99mTc)
Kidney (99mTc)

Thyroid (99mTc)

Barium swallow

CT head

IVU (kidneys and bladder)
Bone (99mTc)

Dynamic cardiac (99mTc)

<0.01
0.01
0.02
0.03
0.06
0.08
0.1*
0.3
0.7
1
1
1
1.5
2
2.5
4
6

< 1.5 days
< 1.5 days
3 days
4.5 days
9 days
2 weeks
2.4 weeks
7 weeks
4 months
6 months
6 months
6 months
8 months
1 year
14 months
2.3 years
2.7 years

1 in a few million
1 in 2 million
1 in a million
1in 700 000
1in 350 000
1in 200 000
1in 200 000
1in 67 000
1in 30 000
1in 20 000
1in 200 000
1in 200 000
1in 13 000
1in 10 000
1in 8000
1in 5000
1in 3300

16-slice cardiac CTA

Barium enema
CT abdomen/pelvis

3.2 years
4.5 years

1 in 3000
1in 2000

40-slice cardiac CTA

* the risk of death by exposure to 0.1 mSv is the same as that of smoking one cigarette or drinking half a bottle of wihe# s ™




X-ray attenuation




Improving X-ray Dose Efficiency




Prospective tube current dose
modulation

Tube current
100%

—> FWHM ~210 ms




Improving X-ray dose efficiency

Modulated 50-

400 Mas

500 Mas

600 Mas

700 Mas

800 Mas

900 Mas

Non-modulated

9.5 mSv

11.8 mSv

14.2 mSv

17.0 mSv

19.4 mSv

21.9 mSv

8 mSv

9.9 mSv

11.1 mSv

14.0 mSv

16.0 mSv

18.1 mSv

Modulated 75%

6mSv

7.5 mSv

9.0 mSv

10.8 mSv

11.8 mSv

13.3 mSv

* Based on 145 mm coverage (15 sec acquisition), using a 40 detector scanner M%
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Determining "motionless” phase
Tissue Doppler Echocardiography
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Tissue Doppler Imaging Guided
Prospective Tube Current Modulation In
Cardiac MDCT

» 94 patients enrolled

o 25 patients with dose-modulated studies
e 296 segments > 1.5 mm analyzed
e 8 (3%) not analyzable
e Sensitivity 92%
o Specificity 94%
e PPV 65%
NPV 99%

e Correlation between QCA and MDCT:
e r=0.70, p < 0.001

Hesse, Am J Cardiol, 2006




Determining "motionless” phase
Tissue Doppler Echocardiography

Effective Radiation Dose according to TCM protocol
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Retrospective Gated Imaging
A




Prospective Gated Imaging
A




Prospective Gated Imaging
A




Prospective Gated Imaging
A




Prospective Gated Imaging
A




Prospective Gated Imaging

HPEX 4 AG University of MD
UMMG Brilliance 64
M/ 16 Now 2006

10:54:14.0

LA0 24.6 Cranial 38.4

Dose 1-3 mSv




Improving Arrhythmia Artifacts




Heart Rate variations

HR:59 bpm
R-R: 1016 ms

Scan details:

Mean HR.: 48
SD:15.7 (N=10




Common Phase Selection Methods
ECG gating

e Fixed time offset |
e Example: 500 ms before R peaky
e Window centered at -500 ms

e Percentage of R-R interval
e Example: 60% of R-R interval §
e For 60 bpm, R-R interval = 100(HIFA":
 Window centered at 600 ms 4




Delay Algorithm ®

delay = RRInterval * PercentageDelay + DelayOffset

o Assumes reference heart rate of 72
bpm (common resting heart rate)

o As patient heart rate deviates from 72
bpm, the delay is adjusted so as to
identify the same physiological
phase of the cardiac cycle.




Without correction




Pitch in MDCT imaging

Intermediate Pitch Low Pitch High Pitch "’ﬁ%ﬁf@‘”




Pitch in MDCT imaging

Intermediate Pitch Low Pitch High Pitch "’ﬁ%ﬁf@‘”




Future Direction: Full Volume CT




Improving Quantification and
Functional Assessment




Tissue Characterization by MDCT

X-rays are attenuated by tissue

Attenuation is proportional to
tissue density and element
composition

Measured in Hounsfield units
(HU)
Lower attenuation shown as

“black”, higher attenuation
showed as “white”

Typical mean values:
Air -1000
Fat -100
Water 0
Soft Tissue 100
Contrast 300
Calcium 800
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MDCT in CAD-Wall Plaque

R »




MDCT in CAD-Wall Plaque
Comparison with IVUS

*40 patients, 194 segments
o277 plaques
*185 Soft
45 fibrocalcific
43 calcific
eSens 86
eSpec 92

Hounsfield Units

Calcified Fibrocalcific

Carrascosa, Am J Cardiol 2006




NCP <30 UH Large Small +R

N L L MNA Ll

79% 22% 63% 87%
9% 55% 21% 12%

P < 0.001 P 0.004 P 0.005 P< 0.001

HIGH POSITIVE PREDICTIVE VALUE IF 3
PRESENT
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Angiographic CAD by CTA




MDCT in CAD-Wall Plaque

Quant/ﬁcat/onl

e Only 3-dimensional with
complete volume coverage

Non-invasive

Limited spatial resolution

Prone to motion artifacts

No quantification standards




MDCT Coronary Plaque Quantification

Differentiation and Plaque Burden Measurement

B vitrea 2

J
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(-100:49) (50:149) (150:1300)
S

¥olume (mm%): 156.4 51 T.y 320.8 995 Dian: 66%

Length: 149mm
<

Vitrea®
Phase %75.0
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Segmented
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Imaging inflammation in Plaque
NC1177




MDCT in Acute Myocardial Infarction

From Perfusion Defect to the Culprit Lesion




Case 1 (normal coronary artery)

Contrast velocity map

Endocardium

Koyama, in progress




Case 2 (normal coronary artery)

Contrast velocity map

Endocardium

Koyama, in progress




Computer Assistance to Optimize 2-D Projection Images




Computer Assistance to Optimize 2-D Projection Images

LAO: 1.0 CAUD: 1.0 Fore. = 48% 7.1 mm

SID: 103.9 MAGN: 1.4 Length = 13.8 nm

b
D=5 M FZIDI0

RAO unile 60 LAD angle
o

RAD angle [=1] LAD angle

El0-5% ElG-14% EW15-29%
30-49 50-100%

LAD 1 CAUD 1 Fore. 48%
Min 0.0% Max 84.2%

oS8 [y FDD00
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Chen & Carroll. 3-D reconstruction of coronary artery tree to optimize angiographic
visualization. IEEE Transactions on Medical Imaging. Vol 19: April, 2000. Pp 318-336. &>




Future directions in cardiac CTA

e Improved detector technology- 10-20%
reauction in dose, improvement in spatial
resolution?

Lower component weight, reduced friction and
gravitational forces, multi-tube/detector
systems-improvement in temporal resolution

Improved tube modulation efficiency- 20-30%
reduction in dose

Quantification and functional assessment:
“non-calcified” plaque score, automated LV

mass, EF, myocardial perfusion, multimodality
co-registration, novel contrast agents f%ﬁi




