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Overview 
• Noise reduction 

– Context 

– Rationale 

• Approaches 

• Evidence for improvement of image quality and 

observer performance 

• Clinical implementation 

– Practical approaches 

– For image quality improvement 

– For dose reduction 
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The “Good” Exam 

• Justified 

 

 

• Optimized 

Benefit Risk 

McCollough et al.  AJR 2009 

- Use doses that are as low as reasonably achievable 

(ALARA) without compromising diagnostic task. 

- Adapts CT acquisition to patient and disease 
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Typical Maximum Organ Doses (mGy) 

Predictable effects Chance of an effect 

x 1000 

Courtesy Dr. Cynthia McCollough 



CT Dose Summit 2011 

Radiation Risk 

* 174,541 British Radiation Safety Workers 

From Muirhead et al.  Br J CA 2009 

Leukemias excluding CLL                 Solid Neoplasms 
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Reference: Cohen, AJR 2002; Pierce et al.  Cancer 1996 

Natural Background 

Linear No-Threshold 

Risk Model 

Radiation Risk 
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 BEIR VII 

• “At doses of 100 mSv or less, statistical 

limitations make it difficult to evaluate 

cancer risk in humans.”  

• “The preponderance of information 

indicates that there will be some risk, 

even at low doses, although the risk is 

small.”  

 

 - U. S. National Academies of Science 
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Dealing with Small Potential Risks 

• Justification largely driven by benefit 

Benefit Risk 



Dose Is Not Driving Justification 



Dose Is Not Driving Justification 



Dose Is Not Driving Justification 
Huprich et al.  Radiology 2011 



Dose Is Not Driving Justification 
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Dealing with Small Potential Risks 

• Justification largely driven by benefit 

• Benefit of CT cannot be achieved 

without imaging 

Benefit Risk 
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Typical Body CT Doses over 2 Decades 

10 mm section width 7 - 10 mm 1 - 5 mm 

Courtesy Dr. Cynthia McCollough 

2011 

? 
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Perception 
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Rationale for Dose Reduction 

• Lower doses can be used in numerous clinical 

situations to accomplish the diagnostic task 

• With noise reduction, overall dose for many CT 

exams will be similar or less than annual 

background radiation 

– LARGE POTENTIAL to overcome patient/physician 

reticence to undergo beneficial and justified CT 

imaging 

– Especially important for screening, repeat exams, 

young patients 
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Noise Reduction 

Half-Dose with Noise 

Reduction 

Full Dose 

The purpose of noise reduction is to “increase fidelity to a 

higher dose image.”- Amy Hara, MD 
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Full dose – 120 kV & 240 Qual Ref mAs Half dose – 120 kV & 120 Qual Ref mAs  

+ Noise Reduction 

Noise Reduction 
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Differences in Image-based Noise Filters 

SharpView Careful Noise Reduction SharpView Subtraction 

Mayo Image-based Noise Filter* Mayo Image-based Noise Filter* 
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CT image Filtered 

CT image 
Projection Data 

Acquisition 

Image 

Reconstruction 

• Filtered Back 

Projection 

• Reconstruction 

kernel Projection-

space 

Filters 
• Iterative 

Reconstruction (e.g., 

MBIR) 

Image-space 

Noise 

Reduction 

(e.g., 

SharpView) 

Iterative Noise Reduction Methods 

(e.g., ASIR, SAFIRE) 

Differences in Method and Implementation 
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Noise Reduction Myths 

• Noise reduction reduces radiation 

dose 

– “ASIR-enabled”, “SAFIRE-enabled” 

• Noise reduction improves lesion 

detection 

• It’s “iterative reconstruction” 
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Noise Reduction Myths 

Noise Reduction Reduces Dose 
• Only kV and mAs reduction reduces dose 

• Noise floor and cross-scatter reduction 

would likely help 

• Radiologists are really good at looking at 

low-dose images without noise reduction** 

– Crohn’s, diverticulitis, appendicitis, renal stone 

detection 

– Observer performance is preserved 

**  Allen et al. AJR 2010; Kambadakone et al. AJR 2010; Seo et al.  AJR 2009 
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Noise Reduction Myths 

Noise Reduction Improves 

Detection 
• Multiple studies have shown noise reduction 

does improve image quality 

• However, low dose images without noise 

reduction show the same CT findings 
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Original Dose Half Dose ½ Dose + 

Noise Reduction 

Is Noise Reduction Improving Diagnosis? 
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Singh (2010). Abdominal CT: Comparison of Techniques  

– 22 pts 

– 4 additional scans @ 50 – 200 mAs, reconstructed with 

FBP & 30 – 70 % ASIR 

– Significant improvement in noise, IQ, conspicuity at 

lowest dose level 

– No loss of contrast or sharpness 

– No lesions missed on FBP or ASIR images 

Myths: Denoising Improves Detection 

Singh, et al. “Abdominal CT: comparison of adaptive statistical iterative and filtered 

back projection reconstruction techniques.” Radiology 2010; 257: 373 - 383 
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• 92 pts 

• FD, ½ dose, ½ dose with 

noise reduction 

• ½ dose = 3.5 mGy 

CTDIvol 

• Evaluated imaging 

findings of inflammation at 

TI 

• 1/2 dose with and without 

noise reduction found 

agreement with full dose in 

> 85% of cases 

Lee, Park, et al.  AJR 2011 (July) 

Myths: Denoising Improves Detection 
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• Explanation of MBIR or “true” IR 

• Other “iterative” noise reduction 

methods that sample projection space 

• Other “iterative” noise reduction in 

image space 

• Observer comparisons not done 

• Differences may be idiosyncratic (to 

practices) and practical 

Myths: It’s “Iterative Reconstruction” 
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Iterative Reconstruction  

• IR has an advantage in accurately modeling the system geometry, 

incorporating physical effects like beam spectrum, noise, beam 

hardening effect, scatter and incomplete data sampling.  

• Different degrees of credibility among projection data  

• More accurate noise models 

– photon statistics 

– other physical properties of the data acquisition  

• May improve spatial resolution and reduce image artifacts such as 

beam hardening, windmill, and metal artifacts 

• High computation load 
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Iterative reconstruction 

Projection  

Data 

Modified  

Data 

Projection  

(System model) 

Image 
Final  

Image 

Simulated  

Projection data 

Compare  

& update 

Iteration loop:  

Optimize an  

objective function 
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69895464 

64 x 0.625, helical pitch 1, 120kVp 

FBP MBIR 50% ASIR 

Ultra low dose with MBIR 

MBIR = Model based iterative reconstruction 
Example: CT at 10 mAs (routine = 200 mAs) 

Same pt, same scan 

(MBIR, GE Healthcare) Courtesy Dr. Amy Hara 
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Artifact Improvement with Iterative Sampling of Projection Data 
Subtle Dz Neo-terminal ileum and Perianal Fistula Can be seen on half –dose ± SAFIRE (2 mm slice 

thickness, corresponding to 3.3 mGy), even though IQ markedly improved  
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CT image Filtered 

CT image 
Projection Data 

Acquisition 

Image 

Reconstruction 

• Filtered Back 

Projection 

• Reconstruction 

kernel Projection-

space 

Filters 
• Iterative 

Reconstruction (e.g., 

MBIR) 

Image-space 

Noise 

Reduction 

(e.g., 

SharpView) 

Iterative Noise Reduction Methods 

(e.g., ASIR, SAFIRE) 

Differences in Method and Implementation 
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Several Noise Reduction Strategies 
• Reconstruction kernel 

• Image-space denoising 

• Iterative reconstruction 

• Iterative noise reduction methods sampling 

projection space 

61% noise reduction (3D ORA kernel) Courtesy of R. Raupach 
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Comparison of Noise Reduction Methods 

Projection Space 1 Projection Space 2 

IRIS I40 Original B40 

SAFIRE 

SharpView A81 
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PACS 

Noise Reduction 

Within Image 

Reconstruction 

System 

Integration of Noise Reduction on a 

Departmental Basis: Practical Considerations 
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Integration of Noise Reduction on a 

Departmental Basis: Practical Considerations 

PACS 

Image-based Noise Reduction 
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Steps for Implementation 

• Start with exams where image quality 

improvement will help 

– e.g., small bowel masses, HCC, pancreatic mass 
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Image-based Denoising 
Image Quality Improvement 
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Image-based Denoising 
Image Quality Improvement 

August 5, 2011 September 30, 2011 
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Steps for Implementation 

• Start with exams where image quality 

improvement will help 

– e.g., small bowel masses, HCC 

• Satisfy yourself that you will not loose small 

low contrast objects 

– Try your noise reduction out on thinner slices with 

subtle lesions 
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What about low contrast detectability? 

2 mm B40 1 mm B40 

15 HU ∆ 
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What about low contrast detectability? 

2 mm 

B40 
1 mm 

B40 

1 mm Slices with SAFIRE 

I40_1 I40_3 I40_4 I40_5 I40_2 
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What about low contrast detectability? 
 

20 HU ∆ lesion 

 

5 mm => 3 mm 

3 mm Slices with SAFIRE 

I40_1 I40_3 I40_4 I40_5 I40_2 
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Steps for Implementation 
• Start with exams where image quality 

improvement will help 

– e.g., small bowel masses, HCC 

• Satisfy yourself that you will not loose small 

low contrast objects 

– Try your noise reduction out on thinner slices with 

subtle lesions 

• Focus on targeted exams 

– Reduce dose using AEC settings and implement 

noise reduction 

– Increase dose reduction as you feel more 

comfortable 
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Steps for Implementation 
• Targeted exams 

– Younger patients (e.g., CT enterography) 

– Screening, f/u exams (e.g., CT colonography, CTU) 

– Routine abdomen pelvis 

• Establish how to image at lower dose level that 

does not diminish observer performance 

– In your own practice 

– In the literature 

– Use your AEC to accomplish (usually 30 – 40%) dose 

reduction 

• Compare image quality to pts with prior exams 
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Implementing Noise Reduction 
• Sagara, Hara, Pavlicek, et al.  AJR 2010; 195: 713 

– 719 

– Lowered dose by using AEC (noise index: 22 

→ 31) followed by recon using 40% ASIR 

– 53 pts with prior CT exams 

– Overall 33% reduction in dose (25 → 17 mGy 

CTDIvol) 

– Compared image quality to prior exams at 

routine dose 

– Lower-dose ASIR: ↓noise, ↓sharpness, = 

diagnostic acceptability 
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Iterative Noise Reduction 
Impact on Implementation & Image Quality 

From Sagara, Hara, Pavlicek, et al.  AJR 2010; 195: 713 – 719 

17 mGy CTDIvol 

40% ASIR 
3.75 mm slices 

27 mGy CTDIvol 

FBP 
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Implementing Noise Reduction 
Routine Abdomen Pelvis with Contrast 

– Lower AEC settings by 1/3 

– Care kV (120 kV, 240 → 180 Qual. ref. mAs) 

– Apply noise reduction 

– Non-cancer & cancer follow-up 

CTDIvol = 10.2 mGy CTDIvol = 5.7 mGy 
2 weeks apart 



CT Dose Summit 2011 

Implementing Noise Reduction 
Routine Abdomen Pelvis with Contrast 

– Lower AEC settings by 1/3 

– Care kV (120 kV, 240 → 180 Qual. ref. mAs) 

– Apply noise reduction 

– Non-cancer & cancer follow-up� 

CTDIvol = 12.4 mGy CTDIvol = 5.9 mGy 
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Implementing Noise Reduction 
Biphase Liver with Contrast 

– Lower AEC settings by 1/3 

– Care kV (120 kV, 350 → 180 Qual. ref. mAs) 

– Apply noise reduction 

– Follow-up 

CTDIvol = 24.0 mGy CTDIvol = 16.8 mGy 
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Flicek et al.  AJR 2010 

• Phantom & human study 

(18 pts) 

• 50 mAs supine vs. 25 mAs 

prone + ASIR 

• Lower dose ASIR 

acquisition – no difference in 

2D or 3D IQ 

Implementing Noise Reduction 
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Practice Change 

• Routine dose supine 

• ½ dose additional 

positions with noise 

reduction 

Implementing Noise Reduction 
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Important Reasons to Consider Noise 

Reduction 

Image quality, confidence, fatigue & 

acceptability 19 yo female 

CTDI vol 3.5 mGy 

 2mm slice 

SAFIRE 

 2mm slice 

B40 
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Conclusions 
• Noise reduction can significantly improve image 

quality 

– Improves conspicuity of subtle lesions 

– Facilitates substantial and routine dose reduction 

without sacrificing image quality 

– Dose reduction comes from lowering mAs settings 

appropriately 

• Observer performance data lacking 

• Should be utilized differently depending on 

diagnostic task 

• Multiple approaches have different practical 

implications  

 


