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NonNon--Invasive Coronary AngiographyInvasive Coronary Angiography
Potential Utility of MDCTPotential Utility of MDCT

•• Utilization: Utilization: 
•• 2 Million catheterizations in 20002 Million catheterizations in 2000

•• 340% increase from 1980 to 2000340% increase from 1980 to 2000

•• Increasing cost:Increasing cost:
•• $11,232 in 1993 per procedure$11,232 in 1993 per procedure

•• $16,838 in 2000*$16,838 in 2000*

•• High number of unnecessary proceduresHigh number of unnecessary procedures††::
•• 40% of women40% of women

•• 2020--25% of men25% of men

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

•• 33--5% patients presenting with CP to ED develop 5% patients presenting with CP to ED develop 
MIMI

*Agency for Healthcare Research and Quality, Healthcare Cost and

Utilization Project, HCUPnet, Washington, DC, 2000.

††Kugelmass AD. J Am Coll Cardiol 2001;37:497A.
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Limitations of the Standard of Care

•• Invasive coronary angiography cannot Invasive coronary angiography cannot 

be performed in all patients at riskbe performed in all patients at risk

•• Stress testing has insufficient accuracy:Stress testing has insufficient accuracy:

•• 1) To establish or exclude CAD as the 1) To establish or exclude CAD as the 

cause of chest paincause of chest pain

•• 2) To establish or exclude CAD in the 2) To establish or exclude CAD in the 

asymptomatic patient at riskasymptomatic patient at risk
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MultiMulti--Detector CTDetector CT

IImaging Coronary Arteriesmaging Coronary Arteries
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MDCTMDCT--CA vs Cath CA vs Cath 
PerPer--Segment Analysis (16r)Segment Analysis (16r)
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Images from the:Images from the:

CATSCAN TrialCATSCAN Trial

CCoronary oronary AAssessment by ssessment by CCCCCCCComputed omputed 

TTomographic omographic SScanning and canning and CCatheter atheter 

AnAngiography: A Multigiography: A Multi--Center TrialCenter Trial

Cleveland Clinic Foundation, Cleveland Cleveland Clinic Foundation, Cleveland Mario Garcia [PI]Mario Garcia [PI]

Washington Hospital Center, Washington DC Washington Hospital Center, Washington DC Augusto Augusto PichardPichard

St. ElizabethSt. Elizabeth’’s Hospital, Boston s Hospital, Boston Jeff MendelJeff Mendel

Vanderbilt University, Nashville Vanderbilt University, Nashville Ronald Ronald ArildsenArildsen

University of Maryland Medical Center, Baltimore University of Maryland Medical Center, Baltimore Charles WhiteCharles White

Ochsner Clinic Foundation, New Orleans Ochsner Clinic Foundation, New Orleans John ReillyJohn Reilly

RambamRambam Hospital, Israel Hospital, Israel Eddie Eddie GershinGershin

University Medical Center, Utrecht University Medical Center, Utrecht Matthias ProkopMatthias Prokop

St. MarySt. Mary’’s Hospital, London s Hospital, London Andrew WrightAndrew Wright

KlinikKlinik MMüünchennchen--PasingPasing, Germany , Germany Ralph Ralph HaberlHaberl

TeikyoTeikyo University Hospital, Japan University Hospital, Japan Shigeru SuzukiShigeru Suzuki

UniversitUniversitäätsklinikumtsklinikum Ulm, Germany Ulm, Germany Martin Hoffman [CT Core Lab]Martin Hoffman [CT Core Lab]

Garcia et al, JAMA 2006;296:4003-11
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CATSCAN TRIALCATSCAN TRIAL
DemographicsDemographics

•• 238 patients enrolled238 patients enrolled

•• SymptomsSymptoms
•• Typical angina Typical angina 137 (58%)137 (58%)

•• Atypical anginaAtypical angina 60 (25%)60 (25%)

•• NonNon--anginal CPanginal CP 40 (17%)40 (17%)

•• Clinical StratumClinical Stratum
•• IntermediateIntermediate 116 (49%)116 (49%)

•• HighHigh 122 (51%)122 (51%)

•• Stress test within a yearStress test within a year 154/193154/193
•• PositivePositive 118/154118/154

•• EquivocalEquivocal 19/15419/154

*Patients with at least one vessel with >50% stenosis: 39%
Garcia et al, JAMA 2006;296:4003-11
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CATSCAN TRIALCATSCAN TRIAL

Garcia et al, JAMA 2006;296:4003-11
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Vascular and Cardiac ImagingVascular and Cardiac Imaging
MultiMulti--Detector CTDetector CT

½ rotation = 200 ms

64 x 0.625 mm

40 x 0.625 mm

16 x 0.75 mm

4 x 1.0 mm
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45 sec 18 sec

Mx8000 Quad

4 x 1.0 mm

120 mm

Mx8000 IDT

16 x 0.75 mm

Coverage and BreathCoverage and Breath--holdhold

Brilliance

40 x 0.6 mm

8 sec
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Results with highResults with high--detector MDCTdetector MDCT--CACA
PerPer--patient Analysis (64patient Analysis (64--r)r)
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Current limitations of CTACurrent limitations of CTA

•• Limited Spatial ResolutionLimited Spatial Resolution 0.50.5--0.6mm0.6mm

•• Limited Temporal ResolutionLimited Temporal Resolution 200200--250ms250ms

•• XX--ray dose limitationray dose limitation 1010--20mSv20mSv

•• ArrhythmiasArrhythmias 66--8beats8beats

•• Limited quantification andLimited quantification and

functional informationfunctional information
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Overestimation of calcified plaque volumeOverestimation of calcified plaque volume
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Factors that Limit ResolutionFactors that Limit Resolution

X-ray density

Detector Size
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Limitations of CT Coronary AngiographyLimitations of CT Coronary Angiography
High CACSHigh CACS

•• 60 non60 non--selected patients with suspected CADselected patients with suspected CAD

•• MDCT 12 MDCT 12 ×× 0.75 mm CTA0.75 mm CTA

•• 2 excluded due to VT and breathing artifacts2 excluded due to VT and breathing artifacts

•• All (n=58):  All (n=58):  Sens 97%, Spec 77%Sens 97%, Spec 77%

•• CACS < 1000 (n=46): CACS < 1000 (n=46): Sens 98%, Spec 98%Sens 98%, Spec 98%

Kuettner, JACC 2004;44:1230
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Improving Spatial ResolutionImproving Spatial Resolution
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3x18mm

Resolution <0.4mm

with z-Sharp

Reduction of Stent Artifacts 
z-Sharp Technology

*Courtesy of Siemens Medical Solutions
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•• 81 consecutive patients from single institution81 consecutive patients from single institution

•• PPV 63%, NPV 99%PPV 63%, NPV 99%

•• Only 10% Only 10% stentsstents <3 mm<3 mm
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Future Directions: Flat Pannel Future Directions: Flat Pannel 

TechnologyTechnology
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UFC multi-slice (sub-millimeter)

2    … 6    … 64     … ??     … Area detector

flat panel

Improving Spatial ResolutionImproving Spatial Resolution

*Courtesy of Siemens Medical Solutions
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RCA

LAD RCA

� Spatial resolution 0.25 x 0.25 x 0.25 mm3, z-coverage 18 cm

� Human heart specimen with contrast filled vessels

Improving Spatial ResolutionImproving Spatial Resolution
Flat Panel TechnologyFlat Panel Technology

*Courtesy of Siemens Medical Solutions
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Improving Spatial ResolutionImproving Spatial Resolution

X-ray density

Detector Size

Gantry rotational speed
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Improving Temporal ResolutionImproving Temporal Resolution
HeartHeart--rate: 45rate: 45--69, Mean: 5869, Mean: 58
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Improving Temporal ResolutionImproving Temporal Resolution
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= 165 msRotation Time

2
Temp. Resolution  =

Single source CTSingle source CT
Temporal resolution of maximum 165 msTemporal resolution of maximum 165 ms

*Courtesy of Siemens Medical Solutions
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Manzke, Med Phys 2003;30:3072

125 ms

Dual-Cycle

Gantry Multicycle

Recon

90o 90o

Detectors

Temporal Resolution = f(gantry rotation time, angle)

Improving Temporal Resolution Improving Temporal Resolution 
MultiMulti--Cycle ReconstructionCycle Reconstruction

*Courtesy of Philips Medical Systems
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Evaluation of Transplant CADEvaluation of Transplant CAD

Heart rate: 98,  Subject nr. 13Heart rate: 98,  Subject nr. 13

Sigurdsson, J Am Coll Cardiol 2006;48;772
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Evaluation of Transplant CADEvaluation of Transplant CAD

Sigurdsson, J Am Coll Cardiol 2006; August
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= 83 msRotation Time

4
Temp. Resolution  =

Dual Source CT: Two XDual Source CT: Two X--ray sources ray sources 

and two detectors at the same timeand two detectors at the same time

*Courtesy of Siemens Medical Solutions
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PPV=75%

NPV=99%
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Limitations of MDCTLimitations of MDCT

JAMA 2007;298(3):317-23
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1 in 11001 in 11008 years8 years1818Myocardial perfusion (201Tl)Myocardial perfusion (201Tl)

1515--25256464--slice cardiac CTAslice cardiac CTA

1 in 30001 in 30003.2 years3.2 years77Barium enemaBarium enema

1 in 20001 in 20004.5 years4.5 years1010CT abdomen/pelvisCT abdomen/pelvis

1 in 33001 in 33002.7 years2.7 years66Dynamic cardiac (99mTc)Dynamic cardiac (99mTc)

1010--12124040--slice cardiac CTAslice cardiac CTA

66--881616--slice cardiac CTAslice cardiac CTA

1 in 50001 in 50002.3 years2.3 years44Bone (99mTc)Bone (99mTc)

1 in 80001 in 800014 months14 months2.52.5IVU (kidneys and bladder)IVU (kidneys and bladder)

1 in 10 0001 in 10 0001 year1 year22CT headCT head

1 in 13 0001 in 13 0008 months8 months1.51.5Barium swallowBarium swallow

1 in 200 0001 in 200 0006 months6 months11Thyroid (99mTc)Thyroid (99mTc)

1 in 200 0001 in 200 0006 months6 months11Kidney (99mTc)Kidney (99mTc)

1 in 20 0001 in 20 0006 months6 months11Lung perfusion (99mTc)Lung perfusion (99mTc)

1 in 30 0001 in 30 0004 months4 months0.70.7Thoracic spine or abdomenThoracic spine or abdomen

1 in 67 0001 in 67 0007 weeks7 weeks0.30.3HipHip

1 in 200 0001 in 200 0002.4 weeks2.4 weeks0.1*0.1*Lung ventilation (81mKr)Lung ventilation (81mKr)

1 in 200 0001 in 200 0002 weeks2 weeks0.080.08Cervical spine (neck)Cervical spine (neck)

1 in 350 0001 in 350 0009 days9 days0.060.06Transatlantic Concorde flightTransatlantic Concorde flight

1 in 700 0001 in 700 0004.5 days4.5 days0.030.03Transatlantic flightTransatlantic flight

1 in a million1 in a million3 days3 days0.020.02Chest (single PA film)Chest (single PA film)

1 in 2 million1 in 2 million< 1.5 days< 1.5 days0.010.01Teeth (panoramic)Teeth (panoramic)

1 in a few million1 in a few million< 1.5 days< 1.5 days< 0.01< 0.01Limbs and joints (except hips)Limbs and joints (except hips)

1 year1 year~3 (1.5~3 (1.5--7.5)7.5)Natural backgroundNatural background

Risk of Risk of 
fatal cancer/exam**fatal cancer/exam**

Equivalent period of natural Equivalent period of natural 
background radiation*background radiation*

Typical effective Typical effective 
dose (dose (mSvmSv))

Diagnostic ProcedureDiagnostic Procedure

* 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 wine.
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XX--ray attenuationray attenuation
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Improving XImproving X--ray Dose Efficiencyray Dose Efficiency
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Tube current

100%

20%

0%

ECG

FWHM

Base

~210 ms

~400 ms

~75% RR 

Recon 70-80% 

Prospective tube current dose Prospective tube current dose 

modulationmodulation
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13.3 mSv18.1 mSv21.9 mSv900 Mas

11.8 mSv16.0 mSv19.4 mSv800 Mas

10.8 mSv14.0 mSv17.0 mSv700 Mas

9.0 mSv11.1 mSv14.2 mSv600 Mas

7.5 mSv9.9 mSv11.8 mSv500 Mas

6mSv8 mSv9.5 mSv400 Mas

Modulated 75%Modulated 50-
75%

Non-modulated

* Based on 145 mm coverage (15 sec acquisition), using a 40 detector scanner

Improving XImproving X--ray dose efficiencyray dose efficiency
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Determining Determining ““motionlessmotionless”” phase phase 
Tissue Doppler EchocardiographyTissue Doppler Echocardiography

Hesse, Am J Cardiol, 2006
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Tissue Doppler Imaging Guided Tissue Doppler Imaging Guided 

Prospective Tube Current Modulation in Prospective Tube Current Modulation in 

Cardiac MDCT Cardiac MDCT 

•• 94 patients enrolled94 patients enrolled

•• 25 patients with dose25 patients with dose--modulated studiesmodulated studies
•• 296 segments > 1.5 mm analyzed296 segments > 1.5 mm analyzed

•• 8 (3%) not analyzable8 (3%) not analyzable

•• SensitivitySensitivity 92%92%

•• SpecificitySpecificity 94%94%

•• PPVPPV 65%65%

•• NPVNPV 99%99%

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

Hesse, Am J Cardiol, 2006
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Determining Determining ““motionlessmotionless”” phase phase 
Tissue Doppler EchocardiographyTissue Doppler Echocardiography

-42%
p < 0.001

Hesse, Am J Cardiol, 2006
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Retrospective Gated ImagingRetrospective Gated Imaging



MG/07MG/07

Prospective Gated ImagingProspective Gated Imaging
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Prospective Gated ImagingProspective Gated Imaging
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Prospective Gated ImagingProspective Gated Imaging
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Prospective Gated ImagingProspective Gated Imaging
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Prospective Gated ImagingProspective Gated Imaging

Dose 1-3 mSv
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Improving Arrhythmia ArtifactsImproving Arrhythmia Artifacts
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Heart Rate variationsHeart Rate variations
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Common Phase Selection MethodsCommon Phase Selection Methods
ECG gatingECG gating

•• Fixed time offsetFixed time offset
•• Example: 500 ms before R peakExample: 500 ms before R peak

•• Window centered at Window centered at --500 ms500 ms

•• Percentage of RPercentage of R--R intervalR interval
•• Example: 60% of RExample: 60% of R--R intervalR interval

•• For 60 bpm, RFor 60 bpm, R--R interval = 1000 msR interval = 1000 ms

•• Window centered at 600 msWindow centered at 600 ms

0-500

0 600
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Delay Algorithm Delay Algorithm 

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

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

““ Algorithm for acquiring/reconstructing any phase of Algorithm for acquiring/reconstructing any phase of 
the heart cycle in Multislice Cardiac CT,the heart cycle in Multislice Cardiac CT,”” S. Chandra, D. S. Chandra, D. 
HeuscherHeuscher, M. Vembar, U. , M. Vembar, U. ShreterShreter, M. Garcia. Med Physics , M. Garcia. Med Physics 
20002000””

tDelayOffseDelayPercentageRRIntervaldelay += *
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With correctionWith correctionWithout correctionWithout correction
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Pitch in MDCT imagingPitch in MDCT imaging

Intermediate Pitch Low Pitch High Pitch
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Pitch in MDCT imagingPitch in MDCT imaging

Intermediate Pitch Low Pitch High Pitch
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Future Direction: Full Volume CTFuture Direction: Full Volume CT
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Improving Quantification and Improving Quantification and 

Functional AssessmentFunctional Assessment
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Tissue Characterization by MDCTTissue Characterization by MDCT

•• XX--rays are attenuated by tissuerays are attenuated by tissue

•• Attenuation is proportional to Attenuation is proportional to 
tissue density and element tissue density and element 
compositioncomposition

•• Measured in Measured in HounsfieldHounsfield units units 
(HU)(HU)

•• Lower attenuation shown as Lower attenuation shown as 
““blackblack””, higher attenuation , higher attenuation 
showed as showed as ““whitewhite””

•• Typical mean values:Typical mean values:
•• AirAir --10001000

•• FatFat --100100

•• Water         Water         00

•• Soft Tissue  Soft Tissue  100100

•• Contrast      Contrast      300300

•• Calcium       Calcium       800800
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MDCT in CAD-Wall Plaque
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MDCT in CAD-Wall Plaque
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Carrascosa, Am J Cardiol 2006

MDCT in CAD-Wall Plaque
Comparison with IVUS

•40 patients, 194 segments

•277 plaques

•185 Soft

•45 fibrocalcific

•43 calcific

•Sens 86

•Spec 92

Hounsfield Units

0

100

200

300

400

500

Calcified Fibrocalcific Soft
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Motoyama et al . JACC 2007

ACS

SA

Large 

Ca++
22%

55%

P 0.004

+R

87%

12%

P< 0.001

Small 

CA++
63%

21%

P 0.005

NCP <30 UH

9%

79%

P < 0.001

HIGH POSITIVE PREDICTIVE VALUE IF 3 HIGH POSITIVE PREDICTIVE VALUE IF 3 

PRESENTPRESENT
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MDCT in CAD-Wall Plaque
Quantification

• Only 3-dimensional with 

complete volume coverage

• Non-invasive

• Limited spatial resolution

• Prone to motion artifacts

• No quantification standards

*Courtesy of Philips Medical Systems
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MDCT Coronary Plaque QuantificationMDCT Coronary Plaque Quantification
Differentiation and Plaque Burden MeasurementDifferentiation and Plaque Burden Measurement

*Courtesy of Vital Images
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Imaging inflammation in PlaqueImaging inflammation in Plaque
NC1177NC1177

Hyafil, Nature Medicine 2007;13:636-41
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MDCT in Acute Myocardial Infarction
From Perfusion Defect to the Culprit Lesion

Paul, Circulation 2003;108:373
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Endocardium %WT

Contrast  velocity map

Case 1 (normal coronary artery)

Koyama, in progress



MG/07MG/07

Endocardium %WT

Contrast  velocity map

Case 2 (normal coronary artery)

Koyama, in progress
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Computer Assistance to Optimize 2Computer Assistance to Optimize 2--D Projection ImagesD Projection Images

*Courtesy of Philips Medical Systems
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Computer Assistance to Optimize 2Computer Assistance to Optimize 2--D Projection ImagesD Projection Images

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.

*Courtesy of Philips Medical Systems
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Future directions in cardiac CTAFuture directions in cardiac CTA

•• Improved detector technologyImproved detector technology-- 1010--20% 20% 
reduction in dose, improvement in spatial reduction in dose, improvement in spatial 
resolution?resolution?

•• Lower component weight, reduced friction and Lower component weight, reduced friction and 
gravitational forces, multigravitational forces, multi--tube/detector tube/detector 
systemssystems--improvement in temporal resolutionimprovement in temporal resolution

•• Improved tube modulation efficiencyImproved tube modulation efficiency-- 2020--30% 30% 
reduction in dosereduction in dose

•• Quantification and functional assessment: Quantification and functional assessment: 
““nonnon--calcifiedcalcified”” plaque score, automated LV plaque score, automated LV 
mass, EF, myocardial perfusion, multimodality mass, EF, myocardial perfusion, multimodality 
coco--registration, novel contrast agentsregistration, novel contrast agents


