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Learning Points
• History of UK National Dose Audits
• Context of DRLs in legislation and influence on UK 

medical radiation culture
• Trends of national DRLs – influence of technology
• Current status of UK with respect to national dose 

audits
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Long history of monitoring patient dose in UK
1957

Adrian L. Committee on 
Radiological Hazards to Patients. 
The British Journal of Radiology. 
1957;30(354):285-.
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Long history of monitoring patient dose in UK
1957

We have already sent out detailed questionnaires to 
make a census of all medical and dental procedures 
involving X rays and radioactive substances, and a 
similar more limited enquiry will be made six months 
hence to take care of any seasonal fluctuations 
which might affect the result. To measure the 
probable dose to the gonads in different radiological 
procedures we are asking a number of hospital 
physicists to make a detailed investigation in a 
sample group of about 100 hospitals. This will 
enlarge the excellent surveys which have been 
carried out already in particular departments, and 
when it is finished we shall have a figure for the total 
gonadal radiation in this country which should be at 
least more accurate than any former estimates, here 
or elsewhere

Adrian L. Committee on 
Radiological Hazards to Patients. 
The British Journal of Radiology. 
1957;30(354):285-.



IAEA_ICTP_Trieste_2019

Medical Dosimetry Group
• Centre for Radiation Chemicals and Environmental 

Hazards (CRCE)
• Public Health England
• Harwell, Oxfordshire, UK

Harwell Nuclear Reactors (de-comm.)

European Space Laboratory 
(new build)

Diamond Light source
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National Patient Dose Audits

NRPB 1971 HPA 2005 PHE 2013

• Medical Dosimetry Group
– Working in the area of patient doses in diagnostic imaging for 

nearly 50 years
– One function is to undertake national reviews of patient 

doses for medical and dental X-ray procedures in the UK
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• Medical Dosimetry Group
– Working in the area of patient doses in diagnostic imaging for 

nearly 50 years
– One function is to undertake national reviews of patient 

doses for medical and dental X-ray procedures in the UK

National Patient Dose Audits

NRPB 1971 HPA 2005 PHE 2013

Barry Wall, Paul Shrimpton, David Hart, Mark Hiller
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1989 Review

National Patient Dose Audits
• General X-ray, fluoroscopy, Dental

• CT Scanning

2011 Review

1995 Review
2000 Review 2005 Review 2010 Review
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UK National Patient Dose Audits

Review

19951990 2000 2005 20101985

Review Review Review1st X-ray 
survey 

1983

1st CT survey
1989

2nd CT survey
2003

3rd CT survey 
2011

(Published Sept 
1st 2014)

Conventional X-ray and Fluoroscopy

Computed Tomography

National Patient Dose Database (excl CT) 

2015

CTCTCT

PHE
NRPB

HPA
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Presentation title - edit in Header and Footer
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Legislation
UK National Patient Dose Audits .. and DRLS

National Patient Dose Database (excl CT) 

Review

19951990 2000 2005 20101985

Review Review Review1st X-ray 
survey

1st CT survey
1989

2nd CT survey
2003

‘IR(ME)R 
2000’
- DRLS

Conventional 
X-ray and 

Fluoroscopy

CT

3rd CT survey 
2011

(in publication for 2013)

‘Guideline 
Reference 
Doses’ 
(≡DRLs) 
(NRPB/RCR)

‘IR(ME)R 
2017’
- DRLS

UK Implementation 
of EU BSSD

UK law→
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Legislation
UK National Patient Dose Audits .. and DRLS

National Patient Dose Database (excl CT) 

Review

19951990 2000 2005 20101985

Review Review Review1st X-ray 
survey

1st CT survey
1989

2nd CT survey
2003

IR(ME)R 
2000
- DRLS

Conventional 
X-ray and 

Fluoroscopy

CT

3rd CT survey 
2011

(in publication for 2013)

‘Guideline 
Reference 
Doses’ 
(≡DRLs) 
(NRPB/RCR)

IR(ME)R 
2017
- DRLS

UK Implementation 
of EU BSSD

Formal adoption of National Ref 
Doses as National DRLs by 
Department of Health

UK law→
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National Dose Audits and DRLs
• Various working parties produced guidance on data to be 

submitted to national surveys – involving medical physics, 
radiographer and radiologist professional body representatives

• And how DRLs were to be used in response to the UK ionising 
radiation in medicine (IRMER 2000) regulations

1990 1992 2004
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National Dose Audits and DRLs
• Various working parties produced guidance on data to be 

submitted to national surveys – involving medical physics, 
radiographer and radiologist professional body representatives

• And how DRLs were to be used in response to the UK ionising 
radiation in medicine (IRMER 2000) regulations

1990 1992 2004

Set the scene for the 
radiation protection 
culture we have today in 
the UK
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Early NRPB Patient Dose Survey (England)

Frequency

Entrance surface dose per film, mGy
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© HPA

National Reference Dose – National DRL

NDRL 

NDRL dose:
75% systems below
25% above above

national reference dose (NDRL) 
1/3rd quartile (75% level)
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Frequency

Entrance surface dose per film, mGy
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© HPA

Early NRPB Patient Dose Survey (England)

National Reference Dose – National DRL

NDRL 
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National Reference Doses/NDRLs
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Sutton DG, McVey S, Gentle D, Hince AJ, MacDonald N, McCallum 
S. CT chest abdomen pelvis doses in Scotland: has the DRL had its 
day? Br J Radiol. 2014;87(1041):20140157.

Figure 3. 
(a) Distribution of mean dose–length 

product (DLP) before re-audit of 
scanner. Numbers in bars indicate 
the number of scanners in each bin. 
• Mean DLP is 780mGycm; 
• median DLP, 790mGy cm; 
• third quartile DLP, 837 mGy cm. 

(b) Distribution of mean DLP following 
re-audit of scanner 3. Numbers in 
bars indicate the number of 
scanners in each bin. 
• Mean DLP is 770 mGy cm;
• median DLP, 790 mGycm; 
• third quartile DLP, 837 mGycm.

Dose Audit in Scotland 2014 - CT
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Awareness and Optimisation

The application of DRLs, as an essential element within a 
coherent framework for managing patient dose, has 
undoubtedly helped both to 

– raise awareness of levels of dose in routine practice and also 
– to promote and facilitate improvements towards optimization 

20
National Patient Dose Audits and DRLs  - BIR July 2013

Chapter 3: Dose Assessment in the Management
of Patient Protection in Diagnostic and Interventional Radiology 
Paul C. Shrimpton and Kwan-Hoong Ng

L. Lau and K.-H. Ng (eds.), Radiological Safety and Quality: 
Paradigms in Leadership and Innovation, DOI 10.1007/978-
94-007-7256-4_3,
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IRMER 2017 (UK Implementation of EU BSSD)
Employer’s duties: establishment of general procedures, protocols and quality assurance 
programmes
Regulation (6) 5 (c): (paraphrased)

The employer needs to ‘regularly review and make available 
to the operator’ DRLs in respect of  exposures for

3(a) patients as part of their own medical diagnosis or treatment^;                               
(qualified for interventional by ‘where appropriate’) 

3(b) individuals as part of health screening programmes^; 

3(e) asymptomatic individuals^; and 

3(f) individuals undergoing non-medical imaging using medical radiological 
equipment (qualified by ‘where practical’).

^With regard to National or European Levels – where available

(Similar wording to IRMER 2000)

hospital

Diagnostic and 
interventional 
procedures using 
ionising radiation -
where appropriate 
and practical 

~ radiographer
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IRMER 2017 (UK Implementation of EU BSSD)
Employer’s duties: establishment of general procedures, protocols and quality assurance 
programmes
Regulation (6) 5 (c): (paraphrased)

The employer needs to ‘regularly review and make available 
to the operator’ DRLs in respect of  exposures for

3(a) patients as part of their own medical diagnosis or treatment^;                               
(qualified for interventional by ‘where appropriate’) 

3(b) individuals as part of health screening programmes^; 

3(e) asymptomatic individuals^; and 

3(f) individuals undergoing non-medical imaging using medical radiological 
equipment (qualified by ‘where practical’).

^With regard to National or European Levels – where available

(Similar wording to IRMER 2000)

Diagnostic and 
interventional 
procedures using 
ionising radiation -
where appropriate 
and practical 

Regulators check 
that they are set 
and how they use 
them

hospital ~ radiographer
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• Dose indicator (e.g. DAP,ESD (x-ray) or CTDI,DLP (CT))
– Sample of standard size/weight patients 
– common examinations (e.g. chest CT) or high dose

• Calculate the (mean and) median value for each x-ray system, each exam

Dose Audits for DRLs - National

median median median median median median median medianmedian medianmedian median

Hospital 1 Hospital 2 Hospital 3 4

Mean – for comparison back to previous NDRLs
Median – for current and future NDRLs
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• Dose indicator (e.g. DAP,ESD or CTDI,DLP)
– Sample of standard size/weight patients 
– common examinations (e.g. chest CT) or high dose

• Calculate the (mean and) median value for each x-ray system, each exam

Mean – for comparison back to previous NDRLs
Median – for current and future NDRLs

median median median median median median median medianmedian medianmedian median

Hospital 1 Hospital 2 Hospital 3 4

‘Local DRL’
Regulators 
check that 
they are set 
and how they 
use them

Dose Audits for DRLs - Locally
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• Dose indicator (e.g. DAP,ESD or CTDI,DLP)
– Sample of standard size/weight patients 
– common examinations (e.g. chest CT) or high dose

• Calculate the (mean and) median value for each x-ray system, each exam

Dose Audits for DRLs - Nationally

median median median median median median median medianmedian medianmedian median

Hospital 1 Hospital 2 Hospital 3 4

Mean – for comparison back to previous NDRLs
Median – for current and future NDRLs

National DRL
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National DRLS
• Look at the distribution of doses (median/mean) from all systems
• Find a dose value – where 75% of systems are below that value

median median median median median median median medianmedian medianmedian median
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Sue.Edyvean@phe.gov.uk

National DRLs
Hospital 1 Hospital 2 Hospital 3 Hospital 4 etc. etc. 

…….

• Show data in two ways (DRL shown in each case – 3rd quartile):

a) Room versus increasing dose index 
(DAP in this example)

NDRL

b) No. of rooms for a given dose index 
bin (ESD in this example)

• Dose index measured for each patient; median for each system obtained:
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IPEM 88 (2004)

ICRP 135, Martin 2016
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Public Health England
• Public Health England – Executive Agency of Department of Health 

and Social Care
• Providing Scientific Advice to Government 
• Public Health England – covers UK for radiation matters

– i.e. England, Scotland, Wales, Northern Ireland

29
United Kingdom
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Submission Data – CT 2011 Survey
• UK Wide data 
• Reasonable geographical spread

– 127 hospitals
• More NHS (public) than private
• 30% of scanners in UK

• 1st survey in 1989 – dose levels in CT 
were unknown (hence 83%)

Survey Year
Sample size

No. % of UK
First 1989 144 83

Second 2003 126 27
Third 2011 183 30

Submission to National 
Surveys is voluntary
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• Trends in National DRLs (National Reference Doses)
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Advantage in Regular Review
• Trends identified
• Ideally every 5 years, or more often with 

changes in technology
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National Dose Audits - Trends
“Over the last 25 years, 
UK national DRLs for 
conventional x-ray 
procedures have in 
general fallen by a 
factor of 2 [10]”

Chapter 3
Dose Assessment in the Management
of Patient Protection in Diagnostic
and Interventional Radiology
Paul C. Shrimpton and Kwan-Hoong Ng
In L. Lau and K.-H. Ng (eds.), Radiological Safety and 
Quality: Paradigms in Leadership and Innovation, DOI 
10.1007/978-94-007-7256-4_3,

[10] Hart D, Hillier MC, Shrimpton PC (2012) 
Report HPA-CRCE-034: doses to patients from 
radiographic and fluoroscopic x-ray imaging 
procedures in the UK – 2010 review. Health 
Protection Agency, Chilton
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National Dose Audits - Trends

‘Doses to patients from radiographic and fluoroscopic x-ray imaging in the UK – 2010 
review’. Hart et al. Report HPA-CRCE-034 (2012).

1985
1995
2000
2005
2010
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National Dose Audits - Trends

‘Doses to patients from radiographic and fluoroscopic x-ray imaging in the UK – 2010 
review’. Hart et al. Report HPA-CRCE-034 (2012).

1985
1995
2000
2005
2010

2019 values so far   … 
stayed roughly the same 
for some exams
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Trends for Eight Common Radiographs

HPA-CRCE-34

National Patient Dose Audits and DRLs  - BIR July 2013
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National Dose Audits - Trends

The situation in CT is less clear due to significant 
changes in technology – which brought 
diagnostic imaging advantages, but sometimes 
initially with higher dose

Chapter 3
Dose Assessment in the Management
of Patient Protection in Diagnostic
and Interventional Radiology
Paul C. Shrimpton and Kwan-Hoong Ng
L. Lau and K.-H. Ng (eds.), Radiological Safety and Quality: 
Paradigms in Leadership and Innovation, DOI 10.1007/978-
94-007-7256-4_3,
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CT Technological advances, 1985 - 2014

Slip ring 
scanning,
1 s scan

Helical 
scanning

Dual-slice
scanning

< 1 sec
scans

0.5 sec
scans

Four 
slice 

Eight Sixty four 320 
row

Dual X-ray 
source

Statistical IR

Model 
based IR

AEC

85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

Modern 
solid state 
detectors Sixteen

2011 
Review

0.3 sec
scans

Increased capability: faster, further, finer

Increased dose reduction/modification tools

Increased applications

2019 
Review –
in 
progress
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Effect of New Technology

• New technology – clinical exam changes modality 
– Head x-ray : CT head
– Barium enema : CT colonography

• Changed technology – trends harder to follow
– CT single slice →helical → multi-slice → wide beam multi-slice
– Automatic Exposure Control (AEC)
– First multi-slice gave higher doses (penumbra not used for imaging)
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CTDIvol, Adult Head & Neck
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CTDIvol, Adult Head & Neck

65
55

100

65

80

60 60

28

0

10

20

30

40

50

60

70

80

90

100

Post fossa Cerebrum Brain (whole) C-spine

National Reference Doses (DRLs) for CTDIvol per sequence 
(mGy) - Adult Head and Neck (16 cm phantom)

2003 SS

2003 MD

2011 MD

From data in PHE-CRCE-013: Doses 
from computed tomography (CT) 

examinations in the UK (2011 
Review)

MSCT
1. Higher dose than ss
2. Reduction 2003 – 2011
3. Change in scan 

practice → whole brain

2003 2003

2011
SS MD

MD

C
TD

I vo
l



CTUG Oct 14 - PHE CT 2011 ReviewIAEA_ICTP_Trieste_2019

DLP, Adult Head – Complete Exam
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Chart1

		1050		Adult Head  (acute stroke)		Adult Head  (acute stroke)		Adult Head  (acute stroke)

				Adult Cervical spine  (fracture)		Adult Cervical spine  (fracture)		Adult Cervical spine  (fracture)
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CTDIvol ref (2011 heads)

		TABLE 10 Comparison by examination type of values of CTDIvol (mGy) from 2003 and 2011 UK national CT surveys:  third quartile values for distributions of typical practice (mean doses per CT scanner) and recommended UK national reference doses

		Phantom		Examination		Examination		Examination		Examination		Scan region/		National reference doses for CTDIvol per sequence (mGy)

				(clinical indication)		(clinical indication)		(clinical indication)		(clinical indication)		technique		2003		2003				2011

						For table		For chart  if combine adult and paed		For chart		Technique		2003 SS		2003 MD		2003 (avg SS&MD)		2011 MD		2011 MD

		b		Head		Head (Acute Stroke)		Adult - post fossa		A Post fossa		Post fossa		65		100		83		80				82.5

								Adult - cerebrum		A Cerebrum		Cerebrum		55		65		60		60				60

								Adult - brain (whole)		A Brain (whole)		Brain (whole)								60

								C-spine		A C-spine		All sequences		-		-				28

								Paed. head: 0-1y (all seq.)		P 0-1y (all seq.)		All sequences										25

								Paediatric head: >1-5y (all seq)		P  >1-5y (all seq)		All sequences										40

								Paediatric head: >5y (all seq)		P >5y (all seq)		All sequences										60

		c		Chest (lung cancer)		Chest (lung cancer)		Chest (lung)		Chest (lung)		Chest (lung)		10		13

						Chest (lung cancer)		Chest (liver)		Chest (liver)		Chest (liver)		11		14

						Chest (lung cancer)		Chest (all)		Chest (all)		All sequences								12

		c		Chest – Hi resolution		Chest – Hi res :  Axial Only		Chest – Hi res :  Axial Only		Chest – Hi res :  Axial Only		Axial								4

				(interstitial lung disease)		Chest – Hi res : helical-only		Chest – Hi res : helical-only		Chest – Hi res : helical-only		Helical								12

						Chest – Hi res : All		Chest – Hi res : All		Chest – Hi res : All		All sequences		3		7

		c		CTPA		CTPA (PE)		CTPA (PE)		CTPA (PE)		All sequences								13

		c		CTA		CTA (abd, aorta/vessels)		CTA (abd, aorta/vessels)		CTA (abd, aorta/vessels)		All sequences								15

		c		Abdomen		Abdomen (liver mets)		Abdomen (liver mets)		Abdomen (liver mets)		All sequences		13		14				14

		c		Abdomen & pelvis		Abd & Pelvis (abcess)		Abd & Pelvis (abcess)		Abd & Pelvis (abcess)		All sequences		13		14				15

				Chest-Abdomen-Pelvis (cancer)		CAP (cancer)		CAP (cancer)		CAP (cancer)		Lung		10		12

												Abdo/ pelvis		12		14

												All sequences								13		(11)

		c		Virtual Colonoscopy (polyps /tumour)		Virtual Colon.		Virtual Colon.		Virtual Colon.		All sequences								11

		c		Enteroclysis (Crohn's disease)		Enteroclysis (Crohns)		Enteroclysis (Crohns)		Enteroclysis (Crohns)		All sequences								12		(6)

		c		Kidney-Ureters-Bladder (stones/colic)		Kidney-Ureters-Bladder		Kidney-Ureters-Bladder		Kidney-Ureters-Bladder		All sequences								10

		c		Urogram (tumour/stones/colic)		Urogram		Urogram		Urogram		All sequences								13

				Notes:

				a Figures in parentheses refer to sample sizes in relation to third quartile values.

				b Doses refer to measurements in the 16cm standard CT dosimetry phantom.
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This is not officially a ref dose as only 11 sites



CTDIvol ref (2011 heads)

		



Paediatrics 2011

Adults 2011

National Reference Doses for CTDIvol per sequence (mGy) - Adult  and Paeds Head and Neck (16 cm phantom)



trends 3 surveys kids

		Table 13 Trends in UK national reference doses for common CT examinations on children

		Examination		Region/		UK National reference dosesa

		(clinical indication)		technique		CTDIvol per sequence (mGy)						DLP per exam (mGy cm)

						2000 Shrimpton and Wall (2000) Europe and UK		2003 SS&MS Shrimpton et al (2005)		2011 Shrimpton et al (2014)		2000 Shrimpton & Wall (2000) Europe & UK		2003 SS&MS Shrimpton et al (2005)		2011 Shrimpton et al (2014)

		Paediatric head: 0-1ye		0-1y : Post fossa				35

		(trauma)		0-1y : Cerebrum				30

				0-1y : Whole exam		40		30		25		300		270		350

		Paediatric head: >1-5ye		>1-5y : Post fossa				50

		(trauma)		>1-5y : Cerebrum				45

				>1-5y : Whole exam		60		55		40		600		470		650

		Paediatric head: >5ye		>5y : Post fossa				65

		(trauma)		>5y : Cerebrum				50

				>5y : Whole exam		70		55		60		750		620		860

		Notes:

				a Doses refer to measurements in the 16cm standard CT dosimetry phantom.

		2000		b Data from European survey including UK (Shrimpton and Wall, 2000).

		2003		c Shrimpton et al (2005).

				d Present work.

				e Slight differences in age banding between surveys underlying the three sets of reference doses.

		Table 13 Trends in UK national reference doses for common CT examinations on children

		Examination		Region/		UK National reference dosesa

		(clinical indication)		technique		CTDIvol per sequence (mGy)						DLP per exam (mGy cm)

						2000b		2003c		2011d		2000b		2003c		2011d

		Paediatric head: 0-1ye		Post fossa		-		35		-		-		-		-

		(trauma)		Cerebrum		-		30		-		-		-		-

				Whole exam		40		-		25		300		270		350

		Paediatric head: >1-5ye		Post fossa		-		50		-		-		-		-

		(trauma)		Cerebrum		-		45		-		-		-		-

				Whole exam		60		-		40		600		470		650

		Paediatric head: >5ye		Post fossa		-		65		-		-		-		-

		(trauma)		Cerebrum		-		50		-		-		-		-

				Whole exam		70		-		60		750		620		860

		Notes:

		a Doses refer to measurements in the 16cm standard CT dosimetry phantom.

		b Data from European survey including UK (Shrimpton and Wall, 2000).

		c Shrimpton et al (2005).

		d Present work.

		e Slight differences in age banding between surveys underlying the three sets of reference doses.
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e slight diff in age banding
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d

Sue Edyvean:
Added from average of post fossa and cerebrum

Sue Edyvean:
Added from average of post fossa and cerebrum

Sue Edyvean:
c 2005

Sue Edyvean:
b european survey



trends 3 surveys kids

		



2000 Shrimpton and Wall (2000) Europe and UK

2003 SS&MS Shrimpton et al (2005)

2011 Shrimpton et al (2014)

Trends in National Reference Doses for CTDIvol (16 cm) - Paediatric Heads



CTDI vol ref head

		



2000 Shrimpton & Wall (2000) Europe & UK

2003 SS&MS Shrimpton et al (2005)

2011 Shrimpton et al (2014)

Trends in National Reference Doses for DLP (16 cm) - Paediatric Heads



CTDI vol ref bodies

		TABLE 10 Comparison by examination type of values of CTDIvol (mGy) from 2003 and 2011 UK national CT surveys:  third quartile values for distributions of typical practice (mean doses per CT scanner) and recommended UK national reference doses

		Phantom		Examination		Examination		Examination		Examination		Scan region/		National reference doses for CTDIvol per sequence (mGy)										Third quartile values for CTDIvol per sequence (mGy)								data separated into cols

				(clinical indication)		(clinical indication)		(clinical indication)		(clinical indication)		technique		2003		2003				2011				2003		2003		2011a				2011a

						For table		For chart  if combine adult and paed		For chart		Technique		2003 SS		2003 MD		2003 (avg SS&MD)		2011 MD				SSCT		MDCT		MDCT				MDCT		75% level		sample size

		b		Head		Head (Acute Stroke)		Adult - post fossa		Post fossa		Post fossa		65		100		83		80		82.5		64		103		80				80 (30)		80		30

								Adult - cerebrum		Cerebrum		Cerebrum		55		65		60		60		60		56		63		58				58 (30)		58		30

								Adult - brain (whole)		Brain (whole)		Brain (whole)								60				-		-		61				61 (85)		61		85

								Adult head - all seq (75th)		C-spine		All sequences		-		-				28				59		80		63				63 (114)		63		114

										Head - all seq (75th not NRL)				59		80		69.5		63		69.5

		b		Cervical spine		C spine (fracture)		Adult C-spine																-		-		28				28 (37)		28		37

														2003 (Average SS and MD)

		b		Paediatric head: 0-1y (trauma)		Paediatric head: 0-1y		Paed. head: 0-1y (post fossa)		0-1y (post fossa)		Post fossa		35		35						d' 2003		34d		34d						-

								Paed. head: 0-1y (cerebrum))		0-1y (cerebrum)		Cerebrum		30		30						d' 2003		28d		28d						-

								Paed. head: 0-1y (all seq.)		0-1y (all seq.)		All sequences								25				28d		28d		26				26 (17)		26		17

		b		Paediatric head: >1-5y (trauma)		Paediatric head: >1-5y		Paediatric head: >1-5y (pf)		>1-5y (pf)		Post fossa		50		50						d' 2003		49d		49d						-

								Paediatric head: >1-5y (cereb)		>1-5y (cereb)		Cerebrum		45		45						d' 2003		42d		42d						-

								Paediatric head: >1-5y (all seq)		>1-5y (all seq)		All sequences								40				43d		43d		43				43 (18)		43		18

		b		Paediatric head: >5y (trauma)		Paediatric head: >5y		Paediatric head: >5y (pf)		>5y (pf)		Post fossa		65		65						d' 2003		65d		65d						-

								Paediatric head: >5y (cereb)		>5y (cereb)		Cerebrum		50		50						d' 2003		46d		46d						-

								Paediatric head: >5y (all seq)		>5y (all seq)		All sequences								60				51d		51d		61				61 (15)		61		15

		c		Chest (lung cancer)		Chest (lung cancer)		Chest (lung)		Chest (lung)		Chest (lung)		10		13								10		13						-

						Chest (lung cancer)		Chest (liver)		Chest (liver)		Chest (liver)		11		14								11		14						-

						Chest (lung cancer)		Chest (all)		Chest (all)		All sequences								12				11		13		12				12 (99)		12		99

		c		Chest – Hi resolution		Chest – Hi res :  Axial Only		Chest – Hi res :  Axial Only		Chest – Hi res :  Axial Only		Axial								4				-		-		4				4 (53)		4		53

				(interstitial lung disease)		Chest – Hi res : helical-only		Chest – Hi res : helical-only		Chest – Hi res : helical-only		Helical								12				-		-		12				12 (34)		12		34

						Chest – Hi res : All		Chest – Hi res : All		Chest – Hi res : All		All sequences		3		7								3		7		9				9 (82)		9		82

		c		CTPA		CTPA (PE)		CTPA (PE)		CTPA (PE)		All sequences								13				-		-		13				13 (80)		13		80

		c		CTA		CTA (abd, aorta/vessels)		CTA (abd, aorta/vessels)		CTA (abd, aorta/vessels)		All sequences								15				-		-		15				15 (43)		15		43

		c		Abdomen		Abdomen (liver mets)		Abdomen (liver mets)		Abdomen (liver mets)		All sequences		13		14				14				13		14		14				14 (48)		14		48

		c		Abdomen & pelvis		Abd & Pelvis (abcess)		Abd & Pelvis (abcess)		Abd & Pelvis (abcess)		All sequences		13		14				15				13		14		15				15 (95)		15		95

				Chest-Abdomen-Pelvis (cancer)		CAP (lung)		CAP (lung)		CAP (lung)		Lung		10		12								10		12						-

						CAP (abdo pelvis)		CAP (abdo pelvis)		CAP (abdo pelvis)		Abdo/ pelvis		12		14								12		14						-

						CAP (all sequences)		CAP (all sequences)		CAP (all sequences)		All sequences		12		13				13		(11)		12		13		13				13 (11)		13		11

		c		Virtual Colonoscopy (polyps /tumour)		Virtual Colon.		Virtual Colon.		Virtual Colon.		All sequences								11				-		-		11				11 (51)		11		51

		c		Enteroclysis (Crohn's disease)		Enteroclysis (Crohns)		Enteroclysis (Crohns)		Enteroclysis (Crohns)		All sequences								12		(6)		-		-		12				12 (6)		12		6

		c		Kidney-Ureters-Bladder (stones/colic)		Kidney-Ureters-Bladder		Kidney-Ureters-Bladder		Kidney-Ureters-Bladder		All sequences								10				-		-		10				10 (92)		10		92

		c		Urogram (tumour/stones/colic)		Urogram		Urogram		Urogram		All sequences								13				-		-		13				13 (63)		13		63

				Notes:

				a Figures in parentheses refer to sample sizes in relation to third quartile values.

				b Doses refer to measurements in the 16cm standard CT dosimetry phantom.

				c Doses refer to measurements in the 32cm standard CT dosimetry phantom.

				d Analysis over all practice (single-slice CT (SSCT) and multi-detector CT (MDCT) scanners together).

				Original Table for cross reference

				Examination		Scan region/		Scan region/		Scan region/		Third quartile values for CTDIvol per sequence (mGy)								National reference doses for CTDIvol per sequence (mGy)

				(clinical indication)		technique		technique		technique		2003				2011a				2003				2011

												SSCT		MDCT		MDCT				SSCT		MDCT		MDCT

				Headb		Post fossa		Post fossa		Post fossa		64		103		80 (30)				65		100		80

				(acute stroke)		Cerebrum		Cerebrum		Cerebrum		56		63		58 (30)				55		65		60

						Brain (whole)		Brain (whole)		Brain (whole)		-		-		61 (85)				-		-		60

						All sequences		All sequences		All sequences		59		80		63 (114)				-		-		-

				Cervical spineb		All sequences		All sequences		All sequences		-		-		28 (37)				-		-		28

				(fracture)

				Chestc		Lung		Lung		Lung		10		13		-				10		13		-

				(lung cancer)		Liver		Liver		Liver		11		14		-				11		14

						All sequences		All sequences		All sequences		11		13		12 (99)				-		-		12

				Chest – Hi resolutionc		Axial		Axial		Axial		-		-		4 (53)				-		-		4

				(interstitial lung disease)		Helical		Helical		Helical		-		-		12 (34)				-		-		12

						All sequences		All sequences		All sequences		3		7		9 (82)				3		7		-

				CTAc		All sequences		All sequences		All sequences		-		-		15 (43)				-		-		15

				(abdo aorta/blood vessels)

				CTPAc		All sequences		All sequences		All sequences		-		-		13 (80)				-		-		13

				(pulmonary embolism)

				Abdomenc		All sequences		All sequences		All sequences		13		14		14 (48)				13		14		14

				(liver metastases)

				Abdomen & pelvisb		All sequences		All sequences		All sequences		13		14		15 (95)				13		14		15

				(abscess)

				Virtual Colonoscopyc		All sequences		All sequences		All sequences		-		-		11 (51)				-		-		11

				(polyps/tumour)

				Enteroclysisc		All sequences		All sequences		All sequences		-		-		12 (6)				-		-		-

				(Crohn’s Disease)

				Kidney-Ureters-Bladderc		All sequences		All sequences		All sequences		-		-		10 (92)				-		-		10

				(stones/colic)																-		-		-

				Urogramc		All sequences		All sequences		All sequences		-		-		13 (63)				-		-		13

				(tumour/stones/colic)

				Paediatric head: 0-1yb		Post fossa		Post fossa		Post fossa		34d		34d		-				35d		35d		-

				(trauma)		Cerebrum		Cerebrum		Cerebrum		28d		28d		-				30d		30d		-

						All sequences		All sequences		All sequences		28d		28d		26 (17)				-		-		25

				Paediatric head: >1-5yb		Post fossa		Post fossa		Post fossa		49d		49d		-				50d		50d		-

				(trauma)		Cerebrum		Cerebrum		Cerebrum		42d		42d		-				45d		45d		-

						All sequences		All sequences		All sequences		43d		43d		43 (18)				-		-		40

				Paediatric head: >5yb		Post fossa		Post fossa		Post fossa		65d		65d		-				65d		65d		-

				(trauma)		Cerebrum		Cerebrum		Cerebrum		46d		46d		-				50d		50d		-

						All sequences		All sequences		All sequences		51d		51d		61 (15)				-		-		60

				Chest-Abdomen-Pelvisc		Lung		Lung		Lung		10		12		-				10		12		-

				(cancer)		Abdo/ pelvis		Abdo/ pelvis		Abdo/ pelvis		12		14		-				12		14		-

						All sequences		All sequences		All sequences		12		13		13 (11)				-		-		-

				Notes:

				a Figures in parentheses refer to sample sizes in relation to third quartile values.

				b Doses refer to measurements in the 16cm standard CT dosimetry phantom.

				c Doses refer to measurements in the 32cm standard CT dosimetry phantom.

				d Analysis over all practice (single-slice CT (SSCT) and multi-detector CT (MDCT) scanners together).

				Naming Columns for charts

				Head (Stroke)		Head		Head		Head		(acute stroke)

				Paediatric head: 0-1y (trauma)		Paediatric head: 0-1y (trauma)		Paediatric head: 0-1y (trauma)		Paediatric head: 0-1y (trauma)		Paediatric head: 0-1y (trauma)

				Paediatric head: >1-5y (trauma)		Paediatric head: >1-5y (trauma)		Paediatric head: >1-5y (trauma)		Paediatric head: >1-5y (trauma)		Paediatric head: >1-5y (trauma)

				Paediatric head: >5y (trauma)		Paediatric head: >5y (trauma)		Paediatric head: >5y (trauma)		Paediatric head: >5y (trauma)		Paediatric head: >5y (trauma)

				Cervical spine		Cervical spine		Cervical spine		Cervical spine		(fracture)

				Chest		Chest (lung cancer)		Chest (lung cancer)		Chest (lung cancer)		(lung cancer)

				Chest – Hi res :  Axial Only		Chest – Hi res :  Axial		Chest – Hi res :  Axial		Chest – Hi res :  Axial		(Interstitial lung disease)

				Chest – Hi res : helical-only		Chest – Hi res : helical		Chest – Hi res : helical		Chest – Hi res : helical		(Interstitial lung disease)

				Chest – Hi res : All		Chest – Hi res : All		Chest – Hi res : All		Chest – Hi res : All		(Interstitial lung disease)

				CTPA		CTPA		CTPA		CTPA		(pulmonary embolism)

				CTA		CTA		CTA		CTA		(abdo aorta/blood vessels)

				Abdomen		Abdomen (liver mets)		Abdomen (liver mets)		Abdomen (liver mets)		(liver metastases)

				Abdomen & pelvis		Abdomen & pelvis		Abdomen & pelvis		Abdomen & pelvis		(abscess)

				Chest-Abdomen-Pelvis		CAP (cancer)		CAP (cancer)		CAP (cancer)		(cancer)

				Virtual Colonoscopy		Virtual Colon.		Virtual Colon.		Virtual Colon.		(polyps/tumour)

				Enteroclysis		Enteroclysis		Enteroclysis		Enteroclysis		(Crohn’s Disease)

				Kidney-Ureters-Bladder		KUB		KUB		KUB		(stones/colic)

				Urogram		Urogram		Urogram		Urogram		(tumour/stones/colic)
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						TABLE 10 Comparison by examination type of values of CTDIvol (mGy) from 2003 and 2011 UK national CT surveys:  third quartile values for distributions of typical practice (mean doses per CT scanner) and recommended UK national reference doses

		Examination		Examination		Phantom		Examination		Examination		Scan region/		National reference doses for CTDIvol per sequence (mGy)												Third quartile values for CTDIvol per sequence (mGy)								data separated into cols

		(clinical indication)		(clinical indication)				(clinical indication)		(clinical indication)		technique		2003		2003		2011								2003		2003		2011a				2011a

		For table		For chart						For chart  if combine adult and paed		Technique		2003 SS		2003 MD		2011 MD				2003 (avg SS&MD)				SSCT		MDCT		MDCT				MDCT		75% level		sample size

		Head (Acute Stroke)		Post fossa		b		Head		Adult - post fossa		Post fossa		65		100		80		82.5		83				64		103		80				80 (30)		80		30

				Cerebrum						Adult - cerebrum		Cerebrum		55		65		60		60		60				56		63		58				58 (30)		58		30

				Brain (whole)						Adult - brain (whole)		Brain (whole)						60								-		-		61				61 (85)		61		85

				C-spine						Adult head - all seq (75th)		All sequences		-		-		28								59		80		63				63 (114)		63		114

				Head - all seq (75th not NRL)										59		80		63		69.5		69.5

		C spine (fracture)				b		Cervical spine		Adult C-spine																-		-		28				28 (37)		28		37

														2003 (Average SS and MD)

		Paediatric head: 0-1y		0-1y (post fossa)		b		Paediatric head: 0-1y (trauma)		Paed. head 0-1y (post fossa)		Post fossa		35		35				av ss, ms						34d		34d						-

				0-1y (cerebrum)						Paed. head 0-1y (cerebrum))		Cerebrum		30		30				av ss, ms						28d		28d						-

				0-1y (all seq.)						Paed. head 0-1y (all seq.)*		All sequences		28		28		25		75% red						28d		28d		26				26 (17)		26		17

		Paediatric head: >1-5y		>1-5y (pf)		b		Paediatric head: >1-5y (trauma)		Paed. head >1-5y (post fossa)		Post fossa		50		50				d' 2003						49d		49d						-

				>1-5y (cereb)						Paed. head >1-5y (cereb)		Cerebrum		45		45				d' 2003						42d		42d						-

				>1-5y (all seq)						Paed head >1-5y (all seq)*		All sequences		43		43		40		75% red						43d		43d		43				43 (18)		43		18

		Paediatric head: >5y		>5y (pf)		b		Paediatric head: >5y (trauma)		Paed head >5y (post fossa)		Post fossa		65		65				d' 2003						65d		65d						-

				>5y (cereb)						Paed head >5y (cereb)		Cerebrum		50		50				d' 2003						46d		46d						-

				>5y (all seq)						Paed head >5y (all seq)		All sequences		51		51		60		75% red						51d		51d		61				61 (15)		61		15

		Chest (lung cancer)		Chest lc (lung)		c		Chest (lung cancer)		Chest lc (lung)		Chest (lung)		10		13										10		13						-

		Chest (lung cancer)		Chest (liver)						Chest lc (liver)		Chest (liver)		11		14										11		14						-

		Chest (lung cancer)		Chest (all)						Chest lc (all seq)		All sequences		11		13		12		75% red		12				11		13		12				12 (99)		12		99

		Chest – Hi res :  Axial Only		Chest – Hi res :  Axial Only		c		Chest – Hi resolution		Chest – Hi res :  Axial Only		Axial						4								-		-		4				4 (53)		4		53

		Chest – Hi res : helical-only		Chest – Hi res : helical-only				(interstitial lung disease)		Chest – Hi res : helical-only		Helical						12								-		-		12				12 (34)		12		34

		Chest – Hi res : All		Chest – Hi res : All						Chest – Hi res : All*		All sequences		3		7		9		75% red						3		7		9				9 (82)		9		82

		CTPA (PE)		CTPA (PE)		c		CTPA		CTPA (PE)		All sequences						13								-		-		13				13 (80)		13		80

		CTA (abd, aorta/vessels)		CTA (abd, aorta/vessels)		c		CTA		CTA (abd, aorta/vessels)		All sequences						15								-		-		15				15 (43)		15		43

		Abdomen (liver mets)		Abdomen (liver mets)		c		Abdomen		Abdomen (liver mets)		All sequences		13		14		14								13		14		14				14 (48)		14		48

		Abd & Pelvis (abcess)		Abd & Pelvis (abcess)		c		Abdomen & pelvis		Abd & Pelvis (abcess)		All sequences		13		14		15								13		14		15				15 (95)		15		95

		CAP (lung)		CAP (lung)				Chest-Abdomen-Pelvis (cancer)		CAP (lung)		Lung		10		12										10		12						-

		CAP (abdo pelvis)		CAP (abdo pelvis)						CAP (abdo pelvis)		Abdo/ pelvis		12		14										12		14						-

		CAP (all sequences)		CAP (all sequences)						CAP (all sequences)*		All sequences		12		13		13		(11)						12		13		13				13 (11)		13		11

		Virtual Colon.		Virtual Colon.		c		Virtual Colonoscopy (polyps /tumour)		Virtual Colon.		All sequences						11								-		-		11				11 (51)		11		51

		Enteroclysis (Crohns)		Enteroclysis (Crohns)		c		Enteroclysis (Crohn's disease)		Enteroclysis (Crohns)*		All sequences						12		(6)						-		-		12				12 (6)		12		6

		Kidney-Ureters-Bladder		Kidney-Ureters-Bladder		c		Kidney-Ureters-Bladder (stones/colic)		Kidney-Ureters-Bladder		All sequences						10								-		-		10				10 (92)		10		92

		Urogram		Urogram		c		Urogram (tumour/stones/colic)		Urogram		All sequences						13								-		-		13				13 (63)		13		63

								Notes:

								a Figures in parentheses refer to sample sizes in relation to third quartile values.

								b Doses refer to measurements in the 16cm standard CT dosimetry phantom.

								c Doses refer to measurements in the 32cm standard CT dosimetry phantom.

								d Analysis over all practice (single-slice CT (SSCT) and multi-detector CT (MDCT) scanners together).

								Original Table for cross reference

		Scan region/		Scan region/				Examination		Scan region/		Third quartile values for CTDIvol per sequence (mGy)						National reference doses for CTDIvol per sequence (mGy)

		technique		technique				(clinical indication)		technique		2003				2011a		2003								2011

												SSCT		MDCT		MDCT		SSCT		MDCT						MDCT

		Post fossa		Post fossa				Headb		Post fossa		64		103		80 (30)		65		100						80

		Cerebrum		Cerebrum				(acute stroke)		Cerebrum		56		63		58 (30)		55		65						60

		Brain (whole)		Brain (whole)						Brain (whole)		-		-		61 (85)		-		-						60

		All sequences		All sequences						All sequences		59		80		63 (114)		-		-						-

		All sequences		All sequences				Cervical spineb		All sequences		-		-		28 (37)		-		-						28

								(fracture)

		Lung		Lung				Chestc		Lung		10		13		-		10		13						-

		Liver		Liver				(lung cancer)		Liver		11		14		-		11		14

		All sequences		All sequences						All sequences		11		13		12 (99)		-		-						12

		Axial		Axial				Chest – Hi resolutionc		Axial		-		-		4 (53)		-		-						4

		Helical		Helical				(interstitial lung disease)		Helical		-		-		12 (34)		-		-						12

		All sequences		All sequences						All sequences		3		7		9 (82)		3		7						-

		All sequences		All sequences				CTAc		All sequences		-		-		15 (43)		-		-						15

								(abdo aorta/blood vessels)

		All sequences		All sequences				CTPAc		All sequences		-		-		13 (80)		-		-						13

								(pulmonary embolism)

		All sequences		All sequences				Abdomenc		All sequences		13		14		14 (48)		13		14						14

								(liver metastases)

		All sequences		All sequences				Abdomen & pelvisb		All sequences		13		14		15 (95)		13		14						15

								(abscess)

		All sequences		All sequences				Virtual Colonoscopyc		All sequences		-		-		11 (51)		-		-						11

								(polyps/tumour)

		All sequences		All sequences				Enteroclysisc		All sequences		-		-		12 (6)		-		-						-

								(Crohn’s Disease)

		All sequences		All sequences				Kidney-Ureters-Bladderc		All sequences		-		-		10 (92)		-		-						10

								(stones/colic)										-		-						-

		All sequences		All sequences				Urogramc		All sequences		-		-		13 (63)		-		-						13

								(tumour/stones/colic)

		Post fossa		Post fossa				Paediatric head: 0-1yb		Post fossa		34d		34d		-		35d		35d						-

		Cerebrum		Cerebrum				(trauma)		Cerebrum		28d		28d		-		30d		30d						-

		All sequences		All sequences						All sequences		28d		28d		26 (17)		-		-						25

		Post fossa		Post fossa				Paediatric head: >1-5yb		Post fossa		49d		49d		-		50d		50d						-

		Cerebrum		Cerebrum				(trauma)		Cerebrum		42d		42d		-		45d		45d						-

		All sequences		All sequences						All sequences		43d		43d		43 (18)		-		-						40

		Post fossa		Post fossa				Paediatric head: >5yb		Post fossa		65d		65d		-		65d		65d						-

		Cerebrum		Cerebrum				(trauma)		Cerebrum		46d		46d		-		50d		50d						-

		All sequences		All sequences						All sequences		51d		51d		61 (15)		-		-						60

		Lung		Lung				Chest-Abdomen-Pelvisc		Lung		10		12		-		10		12						-

		Abdo/ pelvis		Abdo/ pelvis				(cancer)		Abdo/ pelvis		12		14		-		12		14						-

		All sequences		All sequences						All sequences		12		13		13 (11)		-		-						-

								Notes:

								a Figures in parentheses refer to sample sizes in relation to third quartile values.

								b Doses refer to measurements in the 16cm standard CT dosimetry phantom.

								c Doses refer to measurements in the 32cm standard CT dosimetry phantom.

								d Analysis over all practice (single-slice CT (SSCT) and multi-detector CT (MDCT) scanners together).

								Naming Columns for charts

		Head		Head				Head (Stroke)		Head		(acute stroke)

		Paediatric head: 0-1y (trauma)		Paediatric head: 0-1y (trauma)				Paediatric head: 0-1y (trauma)		Paediatric head: 0-1y (trauma)		Paediatric head: 0-1y (trauma)

		Paediatric head: >1-5y (trauma)		Paediatric head: >1-5y (trauma)				Paediatric head: >1-5y (trauma)		Paediatric head: >1-5y (trauma)		Paediatric head: >1-5y (trauma)

		Paediatric head: >5y (trauma)		Paediatric head: >5y (trauma)				Paediatric head: >5y (trauma)		Paediatric head: >5y (trauma)		Paediatric head: >5y (trauma)

		Cervical spine		Cervical spine				Cervical spine		Cervical spine		(fracture)

		Chest (lung cancer)		Chest (lung cancer)				Chest		Chest (lung cancer)		(lung cancer)

		Chest – Hi res :  Axial		Chest – Hi res :  Axial				Chest – Hi res :  Axial Only		Chest – Hi res :  Axial		(Interstitial lung disease)

		Chest – Hi res : helical		Chest – Hi res : helical				Chest – Hi res : helical-only		Chest – Hi res : helical		(Interstitial lung disease)

		Chest – Hi res : All		Chest – Hi res : All				Chest – Hi res : All		Chest – Hi res : All		(Interstitial lung disease)

		CTPA		CTPA				CTPA		CTPA		(pulmonary embolism)

		CTA		CTA				CTA		CTA		(abdo aorta/blood vessels)

		Abdomen (liver mets)		Abdomen (liver mets)				Abdomen		Abdomen (liver mets)		(liver metastases)

		Abdomen & pelvis		Abdomen & pelvis				Abdomen & pelvis		Abdomen & pelvis		(abscess)

		CAP (cancer)		CAP (cancer)				Chest-Abdomen-Pelvis		CAP (cancer)		(cancer)

		Virtual Colon.		Virtual Colon.				Virtual Colonoscopy		Virtual Colon.		(polyps/tumour)

		Enteroclysis		Enteroclysis				Enteroclysis		Enteroclysis		(Crohn’s Disease)

		KUB		KUB				Kidney-Ureters-Bladder		KUB		(stones/colic)

		Urogram		Urogram				Urogram		Urogram		(tumour/stones/colic)
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				TABLE 11 Comparison by examination type of values of DLP (mGy cm) from 2003 and 2011 UK national CT surveys:  third quartile values for distributions of typical practice (mean doses per CT scanner) and recommended UK national reference doses		TABLE 11 Comparison by examination type of values of DLP (mGy cm) from 2003 and 2011 UK national CT surveys:  third quartile values for distributions of typical practice (mean doses per CT scanner) and recommended UK national reference doses

				Examination (clinical indication)		Examination (clinical indication)				Third quartile values for DLP per complete examination (mGy cm)						National reference doses for DLP per complete examination (mGy cm)

										2003				2011a		2003						2011

								1999 SS		2003 SS		2003 MD		2011 MD		2003 SS		2003 MD		2003 SS & MD		2011 MD

		16		Headb  (acute stroke)		Adult Head  (acute stroke)		1050		760		931		973 (152)		760		930		845		970

		16		Cervical spineb  (fracture)		Adult Cervical spine  (fracture)				-		-		606 (54)								600

		16		Paediatric head: 0-1yb  (trauma)		Paed head: 0-1y  (trauma)				270d		270d		353 (19)						270		350

		16		Paediatric head: >1-5yb  (trauma)		Paed head >1-5y  (trauma)				465d		465d		649 (18)						470		650

		16		Paediatric head: >5yb  (trauma)		Paed head >5y  (trauma)				619d		737d		863 (17)						620		860

		32		Chestc  (lung cancer)		Chest  (lung cancer)				427		575		614 (130)		430		580				610

				Chest – Hi resolution    : Any technique*		Chest - Hi Res: Any technique*				77		174		299 (110)		80		170		100		299		red 1/3 quartile		any tech is average for DRLs

				(interstitial lung              : Axial only		Chest - Hi Res: Axial only				-		-		139 (54)								140		axial

				disease)                       : Helical only		Chest - Hi Res: Helical only				-		-		350 (33)								350		helical

		32		CTPAc  (pulmonary embolism)		CTPA  (pulmonary embolism)				-		-		441 (89)								440

		32		CTAc  (abdominal aorta/blood vessels)		CTA  (aa/blood vessels)				-		-		1042 (47)								1040

		32		Abdomenc  (liver metastases)		Abdomen  (liver mets)				455		472		909 (54)		460		470				910

		32		Abdomen & pelvisc  (abscess)		Abdomen & pelvis  (abscess)				508		559		745 (120)		510		560				745

		16		Chest-Abdomen-Pelvisc  (cancer)		Chest-Abdomen-Pelvis  (cancer)				762		937		1003 (39)		760		940				1000

		32		Virtual Colonoscopyc  (polyps/tumour)		Virtual Colonoscopy  (polyps/tumour)				-		-		947 (68)								950

		32		Enteroclysisc (Crohn’s Disease)*		Enteroclysis (Crohn’s Disease)*				-		-		646 (7)								646		red 1/3 quartile

		32		Kidney-Ureters-Bladderc  (stones/colic)		KUB  (stones/colic)				-		-		458 (100)								460

		32		Urogramc  (tumour/stones/colic)		Urogram  (tumour/stones/colic)				-		-		1148 (74)								1150

						Notes:

						a Figures in parentheses refer to sample sizes in relation to third quartile values.

						b Doses refer to measurements in the 16cm standard CT dosimetry phantom.

						c Doses refer to measurements in the 32cm standard CT dosimetry phantom.

						d Analysis over all practice (single-slice CT (SSCT) and multi-detector CT (MDCT) scanners together).
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2011 MD

National Reference Doses for DLP per complete examination (mGy.cm) - Adult and Paediatric (16 cm phantom)
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National Reference Doses for DLP per complete examination (mGy.cm) - Adult Body(32cm phantom)
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National Reference Doses for DLP per complete examination (mGy.cm) - Adult (16 cm phantom)
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2011 MD

National Reference Doses for DLP per complete examination (mGy.cm) - Adult (16 cm phantom)



		

		Examination (clinical indication)		Region / technique		UK National reference doses

						CTDIvol per sequence (mGy)								DLP per exam (mGy cm)

						1999 SS		2003b				2011		1999 SS		2003b				2011

								2003 SS		2003 MS						2003 SS		2003 MS

		Headd 
(acute stroke)		Post fossa		-		65		100		80		-		-		-		-

				Cerebrum		-		55		65		60		-		-		-		-

				Brain (whole)		-		-		-		60		-		-		-		-

				Whole exam		60		-		-		-		1050		760		930		970

		Chestg 
(lung cancer)		Chest (lc) Lung		30		10		13		-		-		-		-		-

				Chest (lc) Liver		35		11		14		-		-		-		-		-

				Chest (lc) Whole exam		-		-		-		12		650		430		580		610

		Chest – Hi resg (interstitial lung disease)		Chest HiRes - Axial only		-		-		-		4		-		-		-		140

				Chest HiRes - Helical only		-		-		-		12		-		-		-		350

				Chest HiRes - Whole exam*		35		3		7		-		280		80		170		180

		Abdomeng 
 (liver metastases)		Abdo - Whole exam		35		13		14		14		900		470		470		910

		Abdomen & pelvisg (abscess)		Abdo Pelvis  Whole exam		35		13		14		15		780		510		560		745

		Chest-Abdomen-Pelvisg (cancer)		CAP  Whole exam		-		12		14		-		-		760		940		1000

		Notes:

		a European Commission (1999) utilising some data from 1st UK CT survey (Shrimpton et al, 1991b).

		b Shrimpton et al (2005). Data shown separately for SSCT/ MDCT.

		c Present work.

		d Doses refer to measurements in the 16cm standard CT dosimetry phantom.

		e Data refer to values of CTDIw rather than CTDIvol.

		f Based on data from 1st UK CT survey (Shrimpton et al, 1991b).

		g Doses refer to measurements in the 32cm standard CT dosimetry phantom.

		h Based on data from European pilot study (Jurik et al, 2000).
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2003 SS

2003 MS

2011

Trends in National Reference Doses for CTDIvol  (16 cm) - Adult Heads (Acute Stroke)
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2003 SS

2003 MS

2011

Trends in National Reference Doses for CTDIvol   (32 cm) - Chest Region
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2003 SS

2003 MS

2011

Trends in National Reference Doses for CTDIvol  (32 cm) (Chest)/Abdomen/Pelvis region
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2003 MS

2011

Trends in National Reference Doses for CTDIvol  (32 cm) Body Region
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2003 SS

2003 MS

2011

Trends in National Reference Doses for DLP (16 cm) - Adult Heads (Acute Stroke)
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2011

Trends in National Reference Doses for DLP   (32 cm) - Chest
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2011

Trends in National Reference Doses for DLP  (32 cm) (Chest)/ Abdomen/Pelvis region
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2011

Trends in National Reference Doses for CTDIvol  (32 cm) Body Region
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2011

Trends in National Reference Doses for DLP (16 cm) - Adult Heads (Acute Stroke)
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2011

Trends in National Reference Doses for DLP (16 cm) - Adult Heads (Acute Stroke)



				Original tables dont change

				Examination (clinical indication)		Region / technique		UK National reference doses

								CTDIvol per sequence (mGy)								DLP per exam (mGy cm)

								1999a		2003b				2011c		1999a		2003b				2011c

										ss		ms						ss		ms

				Headd 
(acute stroke)		Post fossa		-		65		100		80		-		-		-		-

						Cerebrum		-		55		65		60		-		-		-		-

						Brain (whole)		-		-		-		60		-		-		-		-

						Whole exam		(60e,f)		-		-		-		1050f		760		930		970

				Chestg 
(lung cancer)		Lung		(30e,f)		10		13		-		-		-		-		-

						Liver		(35e,h)		11		14		-		-		-		-		-

						Whole exam		-		-		-		12		650f		430		580		610

				Chest – Hi resg (interstitial lung disease)		Axial only		-		-		-		4		-		-		-		140

						Helical only		-		-		-		12		-		-		-		350

						Whole exam		(35e,h)		3		7		-		280h		80		170		-

				Abdomeng 
 (liver metastases)		Whole exam		(35e,h)		13		14		14		900h		470		470		910

				Abdomen & pelvisg (abscess)		Whole exam		(35e,f)		13		14		15		780f		510		560		745

				Chest-Abdomen-Pelvisg (cancer)		Whole exam		-		12		14		-		-		760		940		1000

				Notes:

				a European Commission (1999) utilising some data from 1st UK CT survey (Shrimpton et al, 1991b).

				b Shrimpton et al (2005). Data shown separately for SSCT/ MDCT.

				c Present work.

				d Doses refer to measurements in the 16cm standard CT dosimetry phantom.

				e Data refer to values of CTDIw rather than CTDIvol.

				f Based on data from 1st UK CT survey (Shrimpton et al, 1991b).

				g Doses refer to measurements in the 32cm standard CT dosimetry phantom.

				h Based on data from European pilot study (Jurik et al, 2000).

				Table 13 Trends in UK national reference doses for common CT examinations on children

				Examination		Region/		UK National reference dosesa

				(clinical indication)		technique		CTDIvol per sequence (mGy)						DLP per exam (mGy cm)

								2000b		2003c		2011d		2000b		2003c		2011d

				Paediatric head: 0-1ye		Post fossa		-		35		-		-		-		-

				(trauma)		Cerebrum		-		30		-		-		-		-

						Whole exam		40		-		25		300		270		350

				Paediatric head: >1-5ye		Post fossa		-		50		-		-		-		-

				(trauma)		Cerebrum		-		45		-		-		-		-

						Whole exam		60		-		40		600		470		650

				Paediatric head: >5ye		Post fossa		-		65		-		-		-		-

				(trauma)		Cerebrum		-		50		-		-		-		-

						Whole exam		70		-		60		750		620		860



Sue Edyvean:
e, f





CTUG Oct 14 - PHE CT 2011 ReviewIAEA_ICTP_Trieste_2019

CTDIvol, Adult Chest
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DLP, Paediatric Heads

eNote: Slight differences in age banding between surveys underlying 
the three sets of reference doses.
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CTDIvol, Adult Abdo/Pelvis (& CAP) 
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DLP Adult Abdo/Pelvis (&CAP)
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• What we are doing now
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UK National Patient Dose Audits

Review

19951990 2000 2005 20101985

Review Review Review1st X-ray 
survey

1st CT survey
1989

2nd CT survey
2003

3rd CT survey 
2011

(Published Sept 
1st 2014)

Computed Tomography

2015

4th CT 
survey
2019

CTCTCT CT

2019

PHEConventional X-ray and Fluoroscopy
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National Patient Dose Database (excl CT) 
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UK Adult: plain X-ray; simple IR/fluoro surveys

Current UK National Patient Dose Audits

Mid-2018 2019 2020

20th March 2019
UK 4th CT survey (adult)

Computed Tomography

Pilot
UK 4th CT survey (adult) pilot

17th April 2019

6th June 2019
IPEM/PHE 

UK 4th CT survey (paediatric)

Pilot

April July Sept
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Current National Dose Audits - 2019

• Contacts:
– PHE : 

• medicalradiationdoses@phe.gov.uk
(Jenny Smith, John Holroyd, Sue Edyvean)

– IPEM Paediatric survey (IPEM/PHE):
• To submit data, email ipem.paed.optimisation@gmail.com.
• For any queries, email markworrall@nhs.net.

Modality Launch ‘Closing …’
1 CT Adult 20th March End of Oct* PHE
2 CT Paediatric 6th June End of Dec* IPEM/PHE
3 Planar X-Ray Adult 17th April End of Dec* PHE
4 IR and Fluoro Adult 17th April End of Dec* PHE

^ CT priority
* Revised end dates

^

^

End dates flexible – as 
running a few surveys 
simultaneously

mailto:medicalradiationdoses@phe.gov.uk
mailto:ipem.paed.optimisation@gmail.com
mailto:markworrall@nhs.net
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• Modality, RIS, PACs 
• Dose Management Systems: 

Internal, Commercial, Open Source

• Spreadsheet, 
• Export from electronic systems 

Dose Data Collection

• Sample data 
• All data
• Mean/median
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• Modality, RIS, PACs 
• Dose Management Systems: 

Internal, Commercial, Open Source

• Spreadsheet, 
• Export from electronic systems 

Dose Data Collection

• Sample data 
• All data
• Mean/median

Decided on spreadsheet submission – to allow 
any hospital, large or small, to submit data.

Getting the data into the spreadsheet is a local 
decision (manually, electronically..)



IAEA_ICTP_Trieste_2019

Workbooks: Colour coding
53

Essential fields CT: blue

Plain Radiography
Essential fields 
X-ray: ‘darker yellow’

Simple IR / Fluoro
Essential fields 
X-ray: ‘darker yellow’
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Guidance Notes

Guidance Notes - A tab 
in each Excel file

• Email with any questions
• We will answer as best we can
• FAQ
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National Dose Audits – Future ?
For UK survey – need to have many ways of submitting data

– Small hospitals 
– Large hospitals with dose management systems

Originally in 2013 a three level strategy was proposed:
– Spreadsheet (and paper) submissions as before
– Investigate a web based system

• Not viable for us at the moment
– Establish, and make use of, suitable export files from 

commercial (and home grown) systems
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Dose Management Systems
• We approached a number of suppliers to see whether they 

will be willing to assist by supplying an export of required 
fields 
– e.g. as csv file, or into spreadsheet format

• Main task is mapping of protocols to ‘PHE’ protocols
• Then add in some admin details and send to us
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Dose Management Systems

• We had a few suppliers looking into this (e.g. GE, Bayer)

– They have since said they now had other priorities for this year
– Timing doesn’t work

• OpenRem however have worked on it, also Qaelum
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Dose Management Systems

• We had a few suppliers looking into this (e.g. GE, Bayer)

– They have since said they now had other priorities for this year
– Timing doesn’t work

• OpenRem however have worked on it, also Qaelum

However it is not too hard to set 
up your own export of the 
required fields into Excel format
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2. To import PHE template into DoseWatch GE 

Dose Management Systems – GE example
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3. To map PHE Protocol to local protocols into DoseWatch

GE 

Dose Management Systems – GE example
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A useful OpenSource Tool – ‘Google’ OpenRem
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PHE National DRL Working Party

• Aim: To work collaboratively with radiology professionals in the 
areas of National Dose Surveys and National Diagnostic 
Reference Levels

• Formed in 2014
‒ PHE and Department of Health  
‒ Meet formally once a year from March 2015 ….. May 2019   

(5 meetings)

Multi-disciplinary 
working party
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• Radiology Professional Bodies
‒ IPEM, BIR, RCR, BSCI, CSoR, SRP 
‒ i.e. Medical physicists, radiographers and radiologists

• Representatives from national surveys underway
‒ Cardiac CT (BSCI), CT in NM (IPEM), CT in RT (IPEM) …

• Specific Experts
‒ Paediatrics
‒ Automatic Dose Data Collection
‒ IHE (integrating health enterprise)

• Primarily diagnostic imaging 
‒ Other areas where imaging is used (RT, NM, Mammography screening)

PHE NDRL Working Party - members
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• Radiology Professional Bodies
‒ IPEM, BIR, RCR, BSCI, CSoR, SRP 
‒ i.e. Medical physicists, radiographers and radiologists

• Representatives from national surveys underway
‒ Cardiac CT (BSCI), CT in NM (IPEM), CT in RT (IPEM) …

• Specific Experts
‒ Paediatrics
‒ Automatic Dose Data Collection
‒ IHE (integrating health enterprise)

• Primarily diagnostic imaging 
‒ Other areas where imaging is used (RT, NM, Mammography screening)

PHE NDRL Working Party - members
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PHE/DH NDRL Working Party
• A key role is in the adoption and publication of 

National DRLs 
‒ DH (now Department of Health and Social Care) assigned responsibility 

in 2014 to PHE
‒ Achieved through the PHE NDRL WP

• PHE undertakes national surveys as well as 
responsible for setting national DRLs?

• so to separate out the functions…. Established a referee 
process through the WP
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PHE/DH NDRL Working Party
• Draft Guidance 2016 – finalised 2019
‒ For running a national survey (does not have to be PHE)
‒ For results to be adopted as National DRLs. 

• Proven and agreed process 
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• Professional Body run
• Multi-disciplinary (physics, radiography, radiology)
• Follow various specific detailed guidelines 

(ICRP/IAEA/PHE/IPEM/NRPB/HPA)
• Representative coverage
• ‘Clinical dose audit’ – body part and clinical question
• Pilot
• Various presentations
• Scientific publication
• NDRL proposals go to PHE NDRLWP; and agreed through a referee 

process

National Survey and Adoption 
process for new NDRLs

PHE national audits to 
follow same process
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Coronary CT Angiography
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Coronary CT Angiography
Slide courtesy of Elly 
Castellano RMH London
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CT in PET-CT and SPECT-CT
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CT in PET-CT and SPECT-CT
Appropriate 
Indications for 
Nuclear Medicine

Nuclear Medicine 
and diagnostic 
physicists 

Slides courtesy of Gareth Iball, 
Maria Burniston
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CT Planning scans in Radiotherapy
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CT Planning scans in Radiotherapy

Radiotherapy and 
diagnostic physicists 

• Clinical examination
• Reference values not 

strictly DRLs
→ National Reference Values



IAEA_ICTP_Trieste_2019

NDRLs – published November 2018 

• Acknowledgements and thanks:
‒ Holroyd and Edyvean British Journal of Radiology. 2018;91:20170834
‒ Castellano et al Journal of Cardiovascular Computed Tomography. 2017;11:268 to 273
‒ Iball et al: Nuclear Medicine Communications. 2017;38(6):459 to 470
‒ Wood et al. Physics in Medicine and Biology 2018;63:185008
‒ Oduko and Young:  Breast Imaging, 13th International Workshop, IWDM 2016 Malmö, 

Sweden, June 2016, Proceedings / Young and Oduko British Journal of Radiology 2016; 89

• CT cervical spine (update)(PHE)
• CT coronary angiography CT (BSCI)
• CT in NM PET-CT, SPECT-CT (IPEM) 
• CT in RT planning (IPEM)
• Mammography Screening (NCCPM, National BSQA Physics )
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• Diagnostic Radiology (XR, IR, fluoro, CT, dental)
• From national dose audits – third quartile

• Nuclear Medicine injected radioactivity
• Values set by clinical experts, ARSAC Government 

Advisory group (secretariat PHE) 
• local adaptation to weight allowed and implemented by 

some centres
• Screening Mammography

• Survey based, maximum value assigned

National DRLs across modalities 
established by different approaches:

77
National Patient Dose Audits and DRLs  - BIR July 2013
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NDRLs across modalities 
established by different approaches:

• Diagnostic Radiology (XR, IR, fluoro, CT, dental)
• From national dose audits – third quartile

• Nuclear Medicine injected radioactivity
• Values set by clinical experts, ARSAC Government 

Advisory group (secretariat PHE) 
• local adaptation to weight allowed and implemented by 

some centres
• Screening Mammography

• Survey based, maximum value assigned

78
National Patient Dose Audits and DRLs  - BIR July 2013



IAEA_ICTP_Trieste_2019

NDRLs – published August 2019 

• Dental (PHE survey)
– new values added for cephalometric and CBCT imaging 
– Intra-oral and panoramic values have decreased

The report detailing the new values published at 
https://www.gov.uk/government/publications/d
ental-radiographic-x-ray-imaging-dose-to-
patients

https://www.gov.uk/government/publications/dental-radiographic-x-ray-imaging-dose-to-patients
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Current National Dose Audits - 2019

• Contacts:
– PHE : 

• medicalradiationdoses@phe.gov.uk
(Jenny Smith, John Holroyd, Sue Edyvean)

– IPEM Paediatric survey (IPEM/PHE):
• To submit data, email ipem.paed.optimisation@gmail.com.
• For any queries, email markworrall@nhs.net.

Modality Launch ‘Closing …’
1 CT Adult 20th March End of Oct* PHE
2 CT Paediatric 6th June End of Dec* IPEM/PHE
3 Planar X-Ray Adult 17th April End of Dec* PHE
4 IR and Fluoro Adult 17th April End of Dec* PHE

^ CT priority
* Revised end dates

^

^

Cone beam CT (CBCT) in 
RT (IPEM) – just launched 

mailto:medicalradiationdoses@phe.gov.uk
mailto:ipem.paed.optimisation@gmail.com
mailto:markworrall@nhs.net
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NDRLS – where to find them
• Go to “ .gov.uk” and search for medical radiation doses or NDRLs
• https://www.gov.uk/government/publications/diagnostic-radiology-

national-diagnostic-reference-levels-ndrls

or “NDRLS”

Previous 
dated 
pages

https://www.gov.uk/government/publications/diagnostic-radiology-national-diagnostic-reference-levels-ndrls
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Sources of Information
IPEM 88 (2004)

ICRP 135 (2017)

Very detailed, 
thorough and 
practical – currently 
being updated

Very 
comprehensive

Very readable

Paediatrics

EU RP 185 (2018)
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DRLs in Action – UK Experience

Joint ICTP-IAEA Workshop on 
Establishment and Utilization of 

Diagnostic Reference Levels in Medical 
Imaging (smr3333)

18-22 November 2019, Trieste, Italy

ICTP-IAEA Workshop on Establishment and Utilization of Diagnostic 
Reference Levels in Medical Imaging Imaging (smr3333): 

18-22 November 2019 Trieste, Italy

Sue Edyvean
Senior Scientific Group Leader

Medical radiation Dosimetry, CRCE
Public Health England

Didcot, Oxon. OX11 0RQ, UK
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Approaches by Other Countries
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Courtesy: A. Wallace ARPANSA
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86 National Patient Dose Audits and DRLs  - BIR July 2013

Survey Structure
Registration

LSPN (Location Specific Practice Number)
• Public or Private or combination (4)

Contacts (3)
• Radiologist
• Manager/Radiographer
• Data entry

– CT platforms

Survey
Age cohort (3)
Body habitus (6)
Protocol
Platform
20 patients

• CTDIvol, DLP, Weight, Age, Sex

Practice report
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National Patient Dose Audits and DRLs  - BIR July 2013

Automatic report –
as soon as 20 
patients entered

Australian 
National 
DRLS

Australian 
National 
DRLSLocal 

scanner

Local 
scanner
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ACR  Dose Registry

• Pay to join
• Some software installed on a PC
• All patient data sent to PC – anonymised
• All patient data sent to registry
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ACR National Radiology Data Registry
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Visual result incorporating all 
the examinations
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