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Radia%on	dose	reduc%on		
over	4	decades	of	CT		



8/2/17	

3	

14	–	195	mGy	

5	–	560	mGy	
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MSAD	

1981	
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≈	50%	of	values	between		
22	and	68	mGy	

Mean	MSAD	=	38	±	16	mGy	(3rd	generaTon)	
Mean	MSAD	=	58	±	22	mGy	(4th	generaTon)	
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▸  252 scanners, sampled na)onwide


▸  Again used MSAD as dose descriptor


▸  Typical head exam was 34 – 55 mGy


–  Distribu)on of doses more narrow than in prior survey 
(22-68 mGy)


▸  Doses up to 140 mGy observed


▸  Varia)ons in factor of 2 or more observed for 
iden)cal units


Variability across models and prac)ces 


Hausleiter	et	al,	Es%mated	Radia%on	Dose	Associated	With	Cardiac	CT	Angiography.	JAMA	2009	
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ACR CT Accreditation Program 
Diagnostic Reference Levels 

(CTDIvol) 

•  Reference doses                        2002 
–  Adult Head    60 mGy  
–  Adult Abdomen    35 mGy 
–  Pediatric (5 yr old) Abdomen  25 mGy 

ACR CT Accreditation Program 
Diagnostic Reference Levels 

(CTDIvol) 

•  Reference doses                    2002    2005 
–  Adult Head    60 → 75 mGy 
–  Adult Abdomen    35 → 25 mGy 
–  Pediatric (5 yr old) Abdomen  25 → 20 mGy 
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50th	percenTle 	75th	percenTle	

Kanal,	Kalpana	M.,	et	al.	Radiology	(2017):	161911.	

Head	CT	

Abdomen/pelvis CT with contrast
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ACR CT Accreditation Program 
Diagnostic Reference Levels 

(CTDIvol) 

•  Reference doses                    2002    2005      2017 
–  Adult Head    60 → 75 mGy  → ≈ 60 mGy 
–  Adult Abdomen    35 → 25 mGy  → ≈ 15 mGy 
–  Pediatric (5 yr old) Abdomen  25 → 20 mGy 
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Rou)ne Body CT Doses over 3.7 Decades
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American	College	of	Radiology	2017	Reference	Value	
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What	technology	has		
reduced	dose?	

Beam filtra)on


▸  Added beam filtra)on, such as 
the addi)on of a )n filter, may 
improve dose efficiency.*


–  More powerful x-ray tubes allow 
increased beam filtra)on, which 
reduces dose


–  Low-energy photons that do not 
contribute to image forma)on are 
removed by the )n filter


–  Examples: 100kV Sn and 150 kV Sn 
modes on Siemens Flash and 
Force scanners
 *	Gordic	et	al.	Invest.	Rad.	2014	
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Beam shaping


▸  Beam shaping


–  “Bow-)e” filters used to 
reduce unneeded surface 
dose


–  More powerful tubes allow 
more aggressive filters


–  Research into “adap)ve” 
beam shaping is ongoing


X-ray source 

bowtie filter 
flat filter 

Patient 

Detector 

Collima)on


▸  Collima)on


–  Early scanners had post-pa)ent collima)on to define slice 
width, reduce scader, and improve spa)al resolu)on


•  Current scanners rarely use post-pa)ent collima)on  
(very high resolu)on modes are an excep)on)


–  Mul)-slice CT

•  4 slice MSCT scanners use of narrow z collima)ons  

(e.g. 4 x 1 mm) required a larger penumbral region and “wasted” 
more dose


•  Adap)ve z collima)on addresses spiral overranging 
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Adap)ve collima)on: Off


23	

Adap)ve collima)on: On


24	
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Right sizing

▸  Global size adapta)on (e.g. child vs. adult)


•  Image Gently campaign has helped to make  
“right-sizing” the dose the standard of care  
(e.g. protocols for children)


h^p://www.imagegently.org/Portals/6/IG%20CT%20PPT
%20Tables%20Web%20Version%20(12-16-14).xls	

Tube current modula)on (TCM)


▸  Un)l early 2000s, one tube current used everywhere


▸  Overdosed thin areas, underdosed thick areas


▸  TCM is now standard of care


▸  Includes organ specific  
(e.g. lens of eye) TCM


X-ray	tube	

Detector	

bo
dy	
axi
s	

a.p.	

lateral	

a.p.	

lateral	

a.p.	

lateral	

a.p.	

lateral	

a^enuaTon	
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Tube poten)al op)miza)on


▸  Early scanners offered very few tube poten)als


–  120 kVp imaging was ubiquitous


–  now 70 to 150 kV op)ons exist


▸  Automa)cally adjust to task and pa)ent


–  More powerful tubes allow higher mA so can use lower kV 
on adults


120	kV,	CTDIvol=	5.2	mGy		 100	kV,	CTDIvol=	4.0	mGy	

Task specific protocols

     22 mGy at 120 kV (not shown) vs. 11.5 mGy at 80 kV (shown)
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Detectors


▸  Originally used scin)llators (e.g. NaI, CsI, BGO) and 
photomul)plier tubes


▸  High pressure gas (e.g. Xenon) detectors were used 
in early 3rd genera)on scanners, but were less dose 
efficient (about 60% vs. 98%)


▸  Now use more efficient scin)llators and 
photodiodes


▸  Photon coun)ng detector technology now under 
inves)ga)on


Lower electronic noise detectors


80	kV	(CTDIvol	10.5	mGy)	

ConvenTonal	detector	 Integrated	detector	

Phantom	size:	36	x	16	cm	 window	center/width=150/650	
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EID	 PCD	

																			
	
	
			

Lower electronic noise detectors


▸  Less streaking ar)facts and more homogeneous 
noise due to lack of electronic noise 


CTDIvol	=	2.27	mGy	
120	kV,	30	mAs	
[25,	120]	keV		
D30	kernel	
1	mm	slice	

Zhicong	Yu,	et	al.,	J.	Med.	Imag.	3(4),	043503	(2016)	

Noise reduc)on algorithms


▸  Edge preserving image filtering 


▸  Itera)ve reconstruc)on
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Noise Reduc)on: Image-space Denoising 


▸  Linear or non-linear filters directly applied on the 
reconstructed images


▸  Independent of CT manufacturer


▸  Need to carefully control strength


▸  Performance requires careful evalua)on for each 
diagnos)c task


36.3 HU - 41% 
61.5 HU 

Original 3D Edge Preserving  
Noise Reduction 

Courtesy of R. Raupach 

Edge preserving noise reduc)on
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Itera)ve Reconstruc)on 


▸  Models noise statistics and possibly system 
geometry 

▸  May improve spatial resolution and reduce image 
artifacts, typically reduces noise 

▸  High computation load 
▸  Can be used in a misleading fashion for marketing 

purposes 

Itera)ve reconstruc)on
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Modified		
Data	

ProjecTon		
(System	model)	

Image	
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Image	

Simulated		
ProjecTon	data	

Compare		
&	update	

IteraJon	loop:		
OpJmize	an		

objecJve	funcJon	

BackprojecTon	
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80 kV (50% dose) 80 kV  + IR (50% dose) 

Guimaraes et al.  Acad Radiol 2010 

Itera)ve reconstruc)on and low kV


Noise reduc)on: Not always for dose reduc)on


Image	Quality	Improvement	
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Itera)ve reconstruc)on myths


▸  Itera)ve reconstruc)on reduces radia)on dose


–  For most (but not all) systems, user has to manually 
decrease the dose


▸  Itera)ve reconstruc)on improves lesion detec)on


–  IR degrades edges of low contrast lesions


High contrast spa)al resolu)on
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Dose reduc)on poten)al


•  Half dose with 50% ASIR or Safire +3 has similar  
noise as full dose + standard recon


•  Quarter dose with 100% ASIR or Safire +5 has similar  
noise as full dose + standard


•  Does this mean 


–  50% ASIR or Safire +3 can reduce dose by 50%?


–  100% ASIR or Safire +5 can reduce dose by 75%?


Standard		
400	mA	

All	three	have	similar	noise:	
12-13	HU	and	CNR	

50%	ASIR		
200	mA	

100%	ASIR		
100	mA	

50%	dose	reducTon?	
Probably	not	

75%	dose	
reducTon?	NO	
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Standard		
400	mA	

Even	25%	dose	reducTon	is	quesTonable!	

50%	ASIR		
300	mA	

Dose	reducTon	must	not	
compromise	diagnosTc	performance	
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Low contrast detec)on phantom:  
Ensemble average


51	

10	mm	
	

	9.5	mm		

	
6.3	mm		

	

4.8	mm		
	

4	mm	
	

3.2	mm		
	

2.4	mm		

21								14										7	HU	

Favazza	et	al.,	Use	of	a	channelized	Hotelling	observer	to	assess	CT	image	quality	and	opTmize	dose	reducTon	for	iteraTvely	reconstructed	images,	JMI	(subm.),	3/2017		

Using noise level to reflect image quality leads to conclusion 
that 33% of original dose maintains “image quality” for IR


	Noise(33%	dose)	≈	Noise(100%	dose)	

52 
Favazza	et	al.,	Use	of	a	channelized	Hotelling	observer	to	assess	CT	image	quality	and	opTmize	dose	reducTon	for	iteraTvely	reconstructed	images,	JMI	(subm.),	3/2017		
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IR	–	25%	dose	 FBP–	100%	dose	

53	

However, for similar image noise, detec)on and 
characteriza)on performance has been compromised


Favazza	et	al.,	Use	of	a	channelized	Hotelling	observer	to	assess	CT	image	quality	and	opTmize	dose	reducTon	for	iteraTvely	reconstructed	images,	JMI	(subm.),	3/2017		

Our validated Channelized Hotelling observer (task-based 
metric) predicts degraded performance at 25% dose 


	
100%	
dose	

25%	
dose	

17%	AUC	
ReducTon	

	-Δ17%	
AUC	

54 
Favazza	et	al.,	Use	of	a	channelized	Hotelling	observer	to	assess	CT	image	quality	and	opTmize	dose	reducTon	for	iteraTvely	reconstructed	images,	JMI	(subm.),	3/2017		



8/2/17	

28	

Our validated Channelized Hotelling observer (task-based 
metric) predicts comparable performance at 78% dose 


78%	
dose	

100%	
dose	

≈	AUC	

55 
Favazza	et	al.,	Use	of	a	channelized	Hotelling	observer	to	assess	CT	image	quality	and	opTmize	dose	reducTon	for	iteraTvely	reconstructed	images,	JMI	(subm.),	3/2017		

Visual comparison at 78% dose


IR–	78%	dose	 FBP–	100%	dose	

56 
Favazza	et	al.,	Use	of	a	channelized	Hotelling	observer	to	assess	CT	image	quality	and	opTmize	dose	reducTon	for	iteraTvely	reconstructed	images,	JMI	(subm.),	3/2017		
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Results: AUC vs Dose
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>25%	dose	reducTon	reduces	LCR	performance,	
regardless	of	use	of	IR	

Favazza	et	al.,	Use	of	a	channelized	Hotelling	observer	to	assess	CT	image	quality	and	opTmize	dose	reducTon	for	iteraTvely	reconstructed	images,	JMI	(subm.),	3/2017		

58	

Clinical implica)ons

Pre-Protocol	Changes	

5.0	mGy	 5.2	mGy	 5.5	mGy	

6	months	prior	 12	months	prior	 18	months	prior	

Post-Protocol	Changes	

8.5	mGy	

Two	low-contrast	liver	lesions	detected	that	were	
previously	missed	

Favazza	et	al.,	Use	of	a	channelized	Hotelling	observer	to	assess	CT	image	quality	and	opTmize	dose	reducTon	for	iteraTvely	reconstructed	images,	JMI	(subm.),	3/2017		
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How much denoising or IR is too much?


CTDIvol = 22 mGy CTDIvol = 11 mGy 

W 
E 
A 
K 

S 
T 
R 
O 
N 
G 

Prac)cal )ps for implemen)ng low dose CT


▸  Start by turning on IR or denoising while keeping the 
dose the same


–  To get radiologists used to different noise texture

–  To sort out any workflow issues


–  View both full dose FBP and full dose IR/denoised images

–  You may have to find a work around on some systems if 

they couple dose level and use of IR
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Prac)cal )ps for implemen)ng low dose CT


▸  Incrementally turn down the dose


–  Use phantom studies to compare low dose with full dose


–  Start with higher contrast tasks (angiography, stones, 
diver)culi)s, appendici)s, chest)


–  Run at reduced dose several weeks between decrements


–  Compare to prior exams whenever possible

–  Involve mul)ple radiologists


–  Introduce dose reduc)on in low contrast tasks last

–  Don’t exceed about approx. 25% dose reduc)on for low 

contrast tasks


Implemen)ng Noise Reduc)on


▸  Rou)ne Abdomen Pelvis with Contrast


–  Compare back to prior exams


CTDIvol	=	12.4	mGy	 CTDIvol	=	5.9	mGy	
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Implemen)ng Noise Reduc)on


▸  Biphase Liver with Contrast


–  Compare back to prior exams


CTDIvol	=	24.0	mGy	 CTDIvol	=	16.8	mGy	

Overaggressive dose reduc)on!


LD	ASiR	

LD	MBIR	 SD	FBP	LD	PICCS	

LD	FBP	

IV-contrast	CT	
Standard	Dose	(SD)	=	19.7	mSv	
Low	Dose	(LD)	=	2.3	mSV	
88%	dose	reducTon	

Courtesy Perry Pickhardt, AJR 2012 
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Don’t	Let	Low	Dose	CT	Destroy	Medical	Benefit	

Low	dose	
6	mm	thick	
Single	phase	
-----	

PancreaTc		
tumor	missed	

RouTne	dose	
2	mm	thick	
Bi-phasic	
-----	

Clear	low	
a^en.	mass		
Ductal	dilaTon	

2	days	later	

Courtesy	of	Dr.	Joel	Fletcher	

66	


