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WHAT WE CAN LEARN FROM CURRENT 
CARDIAC CT TECHNOLOGY AND WHAT’S 

NEXT FOR CARDIAC?



DISCLOSURES

• Research grant: Siemens

• I will be presenting state-of-the-art technology with slides graciously provided by

• Philips

• GE

• Toshiba

• Siemens

• I am responsible for all mistakes in describing these technologies, my only 

excuse being that I am only a humble clinician, not a physicist!



Achieving “Real‐Life” Major Dose Reduction

• There has been a ~70% drop in the median radiation dose in the Michigan cardiac 
CTA quality improvement registry since 2007. This includes over 39,000 scans.

• Dose reduction depends not only on advancing technology but improving skills in 
using that technology, as well as monitoring dose and providing feedback.

• Future of dose reduction depends on:
– Faster temporal resolution
– Advanced detector technology
– Automated dose reporting to quality improvement registries



Appropriate Indications for cardiac CTA

• Emergency or inpatient diagnosis of acute chest pain
• Outpatients with non‐acute symptoms

– After equivocal or nondiagnostic stress tests
– Alternative to stress tests
– Bypass and stent graft patency
– Congenital heart disease
– Pre‐op planning for arrhythmia ablation and transcutaneous valve 

implants
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Further reductions 2008‐2010

In review



2007‐2011 Dose Reduction: 69%

1493 mGy‐cm

468 mGy‐cm



The KEY element
• The single most important element in reducing dose 
was providing sites with their “report card”.

• If a site’s median dose was considerably higher than 
average, it was tremendously motivated to get help 
to improve.



Case Study
• 71 yo female presented to the ER with several hours of chest pain
• Complex history: chronic atypical pneumonia, cough, peripheral venous 

disease
• EKG/cardiac enzymes non‐diagnostic but nuclear stress testing positive
• Cardiac cath recommended but patient refused
• Cardiologist ordered “triple rule out” (TRO): full thorax CT angiography to 

simultaneously exclude coronary disease, pulmonary embolism and aortic 
dissection

• In the past, this triple procedure involved radiation doses of ~1700 mGy‐
cm and compromised image quality



Scan quality good – scan range excessive
PE study Coronary study



Mild, non‐obstructive
coronary disease

No cath needed

Stress test was
a false positive



Normal pulmonary angiogram. Focal emphysema, bilateral pulmonary nodules



In the past TRO total dose ranged from 1200‐1800 mGy‐cm
In this case the total DLP = 389 mGy‐cm
How was this achieved?





Specific dose reduction in this case

1. 100 kV tube potential
2. “care‐dose” active mA adjustment from topogram
3. High‐pitch spiral PE protocol: cranial‐caudal followed by
4. Sequential CCTA protocol: caudal‐cranial
5. Iterative recon level 2 with 20% mA reduction
6. We will review each of these methods in detail



Best-practice use of technology available in 2011 



Instructions to the referring physician

• Be specific about the clinical question
• Counsel and prep the patient in advance
• Consult with imaging MD if desired
• All this is vital because the exam may define the protocol and rad dose:

– e.g., If  pulmonary veins are all that is required, coronary protocol is not 
necessary and very low dose protocol can be done without beta blockers.



Protocol variations by clinical questions

• Congenital heart disease – coronaries rarely diseased, can use 
aggressive low dose protocols

• Preoperative pulmonary vein ablation – also very low dose protocols
• Triple rule‐out (CAD, PE, Ao) exams increase dose due to larger field of 

view. Recent advances minimize the problem
• Transcutaneous valve planning very high dose unless the field of view is 

minimized for the valve and high‐pitch (or wide detector array) 
scanning is used for thorax‐abdomen‐pelvis runoff



Instructions to the patient
• Do not use caffeine but take plenty of fluids
• Take usual medications
• Be prepared with names of medicines, medical conditions, allergies
• Understand:

– Will be receiving radiation
– Will be receiving contrast
– Will need to hold still and hold breath
– These all prevent wasted need for repeat studies



Evaluation and preparation of PTs

• Nurse assesses baseline vital signs: HR, BP, rhythm, BMI
• If heart rate low (<65) use a handgrip stress to define acceleration
• Proceed to exam only if target heart rate met
• Baseline dose of beta blocker usually 100 mg (metoprolol). This is larger than 

used in many beginning centers, resulting in image artifacts and repeat exams.
• Call MD for additional measures if not at target
• Communicate with technologists about difficult patients
• MDs MUST be available for collaboration!



Patient‐specific parameters
• Because dose increases with the square of the tube potential, this is the single most 

important factor in adjusting patient‐specific parameters.
• Body mass index (BMI) determines the kVp required to avoid severe noise. Simple height 

and weight charts are used to specify kVp = 120, 100 or 80.
• U.S. patients tend to be more obese: half the cardiac patients have BMI > 30 and require 

120 kVp.
• Unfortunately patients with BMI >40 (morbid obesity) often have no alternatives to CTA 

and require kVp of 140 and high dose protocols.
• There is no simple way to adjust tube current by BMI, but engineered current modulation 

from topogram is commonly available.



Coronary CT Angiography

STATEGIES TO LIMIT EXPOSURE

Slides in blue courtesy of
Dr Stephen Achenbach
Keynote lecture SCCT 2011



Coronary CT Angiography

STATEGIES TO LIMIT EXPOSURE*
Scan Range

* Slides courtesy of
Dr Stephen Achenbach
Keynote lecture SCCT 2011



Coronary CT Angiography

STATEGIES TO LIMIT EXPOSURE

1. Beyond the time necessary to reconstruct an 
image, irradiate as short a segment of the 
cardiac cycle as possible

2. Use less photons per cross-sectional image



Scan Protocols

SPIRAL/HELICAL Scan „ECG pulsing“ – 40 to 50% reduction of dose



Scan Protocols

„ECG pulsing“ – 40 to 50% reduction of doseSPIRAL/HELICAL Scan



Scan Protocols

64 slice: ~ 6-8 steps

128 slice: ~ 3-4 steps

256 slice: ~ 2 steps

320 slice: ~ 1 step

PROSPECTIVELY TRIGGERED SCAN



Scan Protocols

PROSPECTIVELY TRIGGERED SCAN

“Padding“



“Step and Shoot” and high-pitch or wide detector single beat: all depend on HR



“Prospectively Triggered High Pitch Spiral“



4 cm 8 cm 16 cm

Single Rotation
64 detector row CT coverage

Single Rotation
128 detector row CT coverage

Single Rotation
320 detector row CT coverage

Low Dose Cardiovascular CT for All Patients



120 kV

Spiral,  No pulsing ~ 25 mSv

Spiral,  Pulsing ~13 mSv

Spiral,  Aggressive Pulsing ~ 5 mSv

Prospective Trigger ~3 mSv

High Pitch Spiral ~ 1.4 mSv

“Dial a Dose“



Photons per Image

Less Photons per Image

- Tube voltage (tube potential)

- Tube current
Linear to dose

1/√ to noise: 20% reduction of tube
current => 12 % increase in noise



Photons per Image –

Less Photons per Image

- Tube voltage (potential)

- Tube current
Linear to dose

1/√ to noise: 20% reduction of tube
current => 12 % increase in noise



Tube Voltage

When to use 100 kV tube current?

< 85 kg (Gopal et al, Int J Cardiovasc Imag 2009)

BMI < 25 kg/m² (Herzog et al, Acad Radiol 2009)

BMI < 30 kg/m² (LaBounty et al, Am J Cardiol 2010)

< 85 kg and BMI < 30 kg/m² (Raff et al, JAMA 2009)

< 90 kg or BMI < 30 kg/m² (Hausleiter et al, JACC Img 2010)

< 100 kg (+ tech eyeball)



Dose by protocol

• 120kV                     100 kV

• Spiral,  No pulsing ~ 25 mSv ~ 18 mSv

• Spiral,  Pulsing ~13 mSv ~ 9 mSv

• Spiral,  Aggresisve Pulsing ~ 5 mSv ~ 3 mSv

• Prospective Trigger ~3 mSv ~ 2 mSv

• High Pitch Spiral (“Flash“) ~ 1.4 mSv ~ 0.9 mSv



Tube Voltage

100 kV 120 kV 

100 kV vs. 120 kV: 31% reduction of dose

20% increase in noise



Iterative Reconstruction

“Iterative Reconstruction“

“IRIS“ - “ASIR“ - “ADIR“ - “iDose“

Standard Iterative Reconstruction



“Sub mSv“
N = 50

Dose = 0.76 mSv

Sensitivity 100%

Specificity 82%



“Sub mSv“

80 kV
57 kg

Prospective trigger

0.58 mSv
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Reducing Dose Throughout the Imaging Chain
Quality, Quantity and Where Needed:  At the point of creating x-rays

SmartShape: Increase beam hardness 
and reduce soft radiation when possible
SmartShape: Increase beam hardness 
and reduce soft radiation when possible

IntelliBeam Filters: Shapes the beam 
intensity based on object size

IntelliBeam Filters: Shapes the beam 
intensity based on object size

Eclipse DoseRight Collimator: Blocks 
unnecessary “over-ranging” at the 
start and end of all helical scans

Eclipse DoseRight Collimator: Blocks 
unnecessary “over-ranging” at the 
start and end of all helical scans
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Reducing Dose Throughout the Imaging Chain
Quality, Quantity and Where Needed:  At the point of detecting x-rays

NanoPanel Detector: Reduced 
electronic noise. 86% improvement 
over conventional electronics

NanoPanel Detector: Reduced 
electronic noise. 86% improvement 
over conventional electronics

ClearRay Collimator: Reduces scatter 
artifact and nonuniformity. 3x improved 
scatter to primary ratio (SPR)

ClearRay Collimator: Reduces scatter 
artifact and nonuniformity. 3x improved 
scatter to primary ratio (SPR)

Spherical Detector: Geometry for true 
cone-beam focus. 
Spherical Detector: Geometry for true 
cone-beam focus. 
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Optimizing Image Quality Throughout the Chain
Quality, Quantity and Where Needed:  At the point of creating images

iDose4 Iterative Reconstruction 
Technique: Improve image quality, Preserve 
“natural” appearance, Robust artifact 
prevention, and Fast reconstruction speed.

iDose4 Iterative Reconstruction 
Technique: Improve image quality, Preserve 
“natural” appearance, Robust artifact 
prevention, and Fast reconstruction speed.

ClearRay Reconstruction: Reduces 
beam hardening and scatter artifacts. 
Improved homogeneity of HU and 
sharpness of organs. 

ClearRay Reconstruction: Reduces 
beam hardening and scatter artifacts. 
Improved homogeneity of HU and 
sharpness of organs. 



Novel detector technology



Stellar Detector 
Highly integrated design with full electronic integration 

Fully Integrated Stellar DetectorConventional Detector

 Discrete PD and AD-converters 
 high number of electronic parts

 Long elec. connection distance
 Typical elec. noise contribution

 Integrated PD and AD-converters
in one ASIC

 Virtually no connection distance
 Significantly reduced elec. noise

AD: Analog-to-Digital-Converter // ASIC: Application Specific Integrated Circuit

Photodiode and AD-con-
verters in one ASIC

Conventional
photodiode (PD)

Complex board
w/ AD-converters

Simple board
w/o AD-converters



Stellar Detector 
Minimizing cross-talk is key

Detector signal (ideal)

cross-talk

septa

X-Rayz-direction

aperture 
0.5 mm
0.6 mm



Stellar Detector with Edge Technology 
Physical proof of high resolution cross-plane imaging

18.5 lp
z-MTF rho2

MTF: Modulation Transfer Function // FWHM: Full width at Half Maximum

Standard Detector New Stellar Detector

0.48 mm FWHM0.69 mm FWHM
0.6 mm slice

B70

0.6 mm slice
B70

Disc Phantom Disc Phantom
16.4 lp

z-MTF rho2



Stellar Detector 
Minimized electronic noise

High signal:
small patient
high dose

Low signal:
large patient
low dose

Conventional detector Conventional detector
Streaks due to 

electronic noiseSignal

el. noise

Courtesy of Dr. J. Hausleiter, MD, Cardiologist, German heart center, Munich, Germany

el. noise

Signal 



Stellar Detector 
Minimized electronic noise

High signal:
small patient
high dose

Low signal:
large patient
low dose

Stellar Detector

Signal 

Signal

el. noiseel. noise

No streaks

Courtesy of Dr. J. Hausleiter, MD, Cardiologist, German heart center, Munich, Germany

Conventional detector



Conventional Detector

Stellar Detector
Analogy for HiDynamics with TrueSignal Technology

 Full dynamic range

 Higher image detail

 Limited dynamic range 

 Potential detail loss 

New Stellar Detector



Statistical 
Model

Scanner 
Model

Projection 
Noise 

Reduction

Anatomical Model 
Based Optimization

Update
Object

+

Blending %

Dose Reduction – AIDR 3D

Acquired
Projection Data

AIDR Image

IterativeAdaptive

AIDR 3D Algorithm



GE “VEO” and Siemens “SAFIRE”: raw data IR technology



Cardiac: Effective Dose 0.4 mSv

Without  AIDR 3D With  AIDR 3D

Courtesy Monash Medical Center, Melbourne, Australia









Why don’t we achieve <1 mSv scans in practice?

• Most sites do not have new scanners incorporating all new technology
• Even in sites that do, it is very difficult to achieve stable HR <50 bpm in a 

large volume of typical patients
• The RCA lies on the right atrium, which moves during diastole. This 

frequently leads to motion artifacts; MDs are reluctant to use single beat 
acquisition for that reason

• Patients in these studies were imaged with 80 kVp. Our pts are not 
suitable due to high BMI. Noise levels are too high even with IR.



What is in the future for low dose cardiac CT?

• Key #1 to achieving lower doses: faster temporal resolution. 
• This would permit use of single heartbeat protocols in more pts.
• Increasing detector sensitivity could reduce # of photons needed.
• With further reconstruction improvements expect better image 

quality/photon energy.
• Expect routine doses of <70 mGy‐cm (<1 mSv) median within 5 yrs. That 

would be an 80% reduction from today.



The Last Word

We need an automated dose monitoring and reporting registry. 

An imaging center cannot improve 
if they don’t know there is a problem.

Thank you for your attention!


