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Assumption

Feeling	of	lack	of	
– Persons	with	dosimetry	skills	(Medical	Physicist)
– Dosimetry	tools

• Equipment	having	dose	display??
• Professionals	perhaps	not	knowing	what	dose	
quantities	mean

• Doses	to	patients	might	be	several	times	higher?
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How	to	meet	these	challenges?

Rehani_AAPM2016	patient	doses

How	to	meet	these	challenges?

• Training	
• After	several	training	events,	do	I	know	the	
situation	better?	

• Have	I	made	a	difference	in	patient	safety?
• Was	the	money	spent	on	training	worth?
• Experts/trainers:	Lose	contact	or	at	the	most	
have	contact	with	person	for	his/her	visit	
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2001 Situation of patient doses & optimization in 
radiological imaging
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Developed Counties

Less resourced Counties

Arbitrary	indicative	map
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Now: Published data from 52 less resourced countries, on 
patient doses in radiologic examinations in Asia, Africa, Latin 
America and Eastern Europe
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Algeria China FYR	Macedonia Madagascar Oman Singapore
United	Arab	
Emirates

Argentina Costa	Rica Ghana Malaysia Pakistan Slovakia Uruguay
Armenia Croatia Indonesia Malta Paraguay Slovenia Zimbabwe
Belarus Cuba Iran Mexico Peru Sri	Lanka
Bosnia	and	
Herzegovina Czech	Republic Israel Moldova Poland Sudan
Brazil Dem.	Rep.	of	Congo Kuwait Montenegro Qatar Syria
Bulgaria Ecuador Lebanon Myanmar Saudi	Arabia Tanzania
Chile Estonia Lithuania Nicaragua Serbia Thailand
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Largest	International	survey	
of	practice	of	pediatric	CT

Rehani_AAPM2016	patient	doses

40	countries	that	have	participated

Algeria,
Armenia,	
Belarus,	
Bosnia		&	Herz.	
Brazil,	
Bulgaria,	
China,	
Costa	Rica,
Croatia,	
Czech	Republic,	
Estonia,	
Indonesia,	

Iran,	
Israel,	
Kuwait,	
Lebanon,	
Lithuania,	
Malaysia,	
Malta,	
Mexico,	
Montenegro,	
Moldova,	
Myanmar,	

Oman,	
Pakistan,	Paraguay,	
Peru,	
Poland,	
Qatar,	
Serbia,	
Singapore,	Slovakia,
Slovenia,	
Sri	Lanka	

Sudan,	
Syria,	
Tanzania,	
Thailand,	
The	Former	
Yugoslavia	Republic	
(FYR)	of		Macedonia,	
United	Arab	Emirates	
UAE	.

Less	resourced	countries
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Full	list	of	Authors
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Outcomes

• Imparting	dosimetry	skills
• Awareness	about	international	system	of	
patient	dosimetry

• Exposing	colleagues	to	publishing	in	indexed	
journals

Rehani_AAPM2016	patient	doses 12
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Will	ball	keep	rolling?

Rehani_AAPM2016	patient	doses 14
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• There	are	many	more	countries	and	many	
more	publications

• Most	publications	after	2010
• Hundreds	of	presentation	of	results	in	
conferences	

Rehani_AAPM2016	patient	doses 18
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Glimpse	of	Results	on	Pediatric	CT

• About	20	Tables
• 3	Figures
• Supplementary	data	with	6	Tables

Rehani_AAPM2016	patient	doses 19

IAEA	Survey	in	40	countries
CT	equipment

after 2005
65%

1997 -
2004
29%

before 
1996
3%unknown

3%

Year of installation

SDCT
23%

MDCT with 
2-40 

detectors
46%

MDCT with 
>=64 

detectors
31%

Number of detector rows

IAEA	Survey	in	40	countries
• CT	equipment

no
16%

yes
84%

AEC available?

no
21%

yes
79%

Dose display available?

0% 20% 40% 60% 80% 100%

Total	(141	answers)

Europe	(60	answers)

Asia	(63	answers)

Latin	America	(63	answers)

Africa	(7	answers)

yes

IAEA	Survey	in	40	countries

• 141	radiolographers/	technologists	answered
Dedicated	scanning	protocols	for	pediatric	examinations	
available?

Rehani_AAPM2016	patient	doses 22

IAEA	Survey	in	40	countries

• 141	radiolographers/	technologists	answered
Indication	based	protocols	available?

0% 20% 40% 60% 80% 100%

Total	(141	answers)

Europe	(60	answers)

Asia	(63	answers)

Latin	America	(63	answers)

Africa	(7	answers)

yes
no
don't	know

23Rehani_AAPM2016	patient	doses

Message

1. Technology	in	use	is	largely	modern	at	least	
in	main	centers

Rehani_AAPM2016	patient	doses 24
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Frequency	of	pediatric	CT	exams

0% 20% 40% 60% 80% 100%

Europe

Asia

Africa

Latin	America

All

Head

Chest

Abdomen

Large	variation	in	Frequency	(%	of	pediatric	CTs	vs total)

Frequency	of	pediatric	CT	exams
95	CT	facilities	in	28	countries

Region
Number	
of	CT	

facilities

Frequency	of	pediatric
examinations	in	2007	(%)

Frequency	of	pediatric
examinations	in	2009	(%)

mean range mean range

Europe 30 4.6 0.1	– 18.2 4.3 0.2	– 26.8

Asia 57 9.4 0.1	– 29.0 12.2 0.1	– 49.4

Latin America 1 - - - -

Africa 7 9.6 4.2	– 19.7 7.8 2.2	– 18.2

All countries 95 7.5 0.1	– 29.0 9.0 0.1	– 49.4

Message

1. Technology	in	use	is	largely	modern	
2. Trend	of	increasing	CT	in	children	in	less	

resourced	countries.	As	compared	to	E	
Europe,	frequency	in	Asia	&	Africa	is	higher	
(2-3	times)

Rehani_AAPM2016	patient	doses 27

Finding	on	CTDI	values

The	ratio	of	maximum	to	minimum	CT	dose	
(CTDIvol)	values	varied	between	
• 15	for	abdomen	CT	in	the	age	group	5–10	
years	

• up	to	100	for	chest	CT	in	the	age	group	<1	
year	

• You	know	only	when	you	do	it
• Feedback	provided

Rehani_AAPM2016	patient	doses 28

• In	8.2%	of	the	scanners	CTDI	values	for	
pediatric	patients	were	higher	than	for	adults	
in	at	least	one	age	group	and	one	
examination.	

• In	40%	facilities	the	scanning	protocols	were	
not	adapted	to	the	body	size.

• In	13%	of	them	the	same	protocol	was	used	
for	all	age	groups.	

Typical	exposure	parameters

Rehani_AAPM2016	patient	doses 29

Quick	snapshot	of	findings
• Modern	MDCT	available	in	77%
• Dedicated	CT	protocols	in	94%
• Protocols	for	some	age	groups	not	available	50%
• Indication	based	protocols	used	in	57%
• CTDIvol for	head,	chest	in	some	facilities	2-5	times	
adults	

• Up	to	100	times	variation	in	radiation	dose

30Rehani_AAPM2016	patient	doses
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IAEA	Survey	in	40	countries
Most	commonly	used	kVp=120
• Head	CT

IAEA	Survey	in	40	countries
Most	commonly	used	kVp=120	

Chest	CT

IAEA	Survey	in	40	countries
Most	commonly	used	kVp=120	

Abdomen	CT

RESULTS:	Typical	exposure	parameters	

<	1y 1-5y 5-10y 10-15y Adult

CTDIvol
(mGy)

min	 2.3 2.7 5.0 14.5 4.5

max 97 115 159 250 280

average 25 33 41 52 67

median 23 30 36 42 59

3d	quarter 29 38 48 59 75

DRL	in	
CTDIvol
(mGy)

UK,	2005 30 45 50 - 65

Switzerland, 2008 20 30 40 60

Germany, 2007 33 40 50 60

France, 2009 30 40 50 -

CTDIvol – Head	examination

RESULTS:	Typical	exposure	parameters	

<	1y 1-5y 5-10y 10-15y Adult

CTDIvol
(mGy)

min	 0.4 0.5 0.5 0.5 4.7

max 28.4 21.3 27.4 39.9 39.9

average 5.2 6.0 7.3 9.9 12.3

median 3.2 4.3 5.4 7.3 10.5

3d	quarter 6.8 7.3 9.3 13.0 15.5

DRL	in	
CTDIvol
(mGy)

UK,	2005 12* 13* 20* - -

Switzerland, 2008 5 8 10 12 -

Germany, 2007 1.7 2.7 4.3 6.8 -

France, 2009 3 3.5 5.5 - -

CTDIvol – Chest	examination

*DRLs	in	CTDIvol,16

IAEA	Survey	in	40	countries
• 141	radiolographers/	technologists	answered

Scout	image	for	pediatric	patient	is	performed	usually	in	PA	or	
AP	projection?

0% 20% 40% 60% 80% 100%

Total	(141	answers)

Europe	(60	answers)

Asia	(63	answers)

Latin	America	(63	answers)

Africa	(7	answers)

AP
PA
Lat
AP/Lat
AP/PA
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QUESTIONNAIRE	- RADIOGRAPHER
• 138	radiolographers/	technologists	answered

Is	typical	scout	image	and	CT	scan	of	the	pediatric	abdomen	
extend	to	the	breast	(B)	or	to	diaphragm	(D)?

0% 50% 100%

Europe (60 answers)

Asia (62 answers)

Latin America (9 answers)

Africa (7 answers)

Diaphragm
Breast

Mean	values	of	tube	current	utilized	for	head,	chest	and	abdomen	exams	in	function	of	
patient	age

RESULTS:	Typical	exposure	parameters	

100

120

140

160

180

200

220

240

260

<	1y 1-5y 5-10y 10-15y Adult

Tu
be
	cu

rr
en
t,	
m
A

head
chest
abdomen

38Rehani_AAPM2016	patient	doses

Scanner	

number
mode

Tube	

voltage,	kV

Tube	

current,	mA
t	rot,	s Pitch	value CTDIvol,	mGy

39 helical 100 100 0.5 0.531 10.36

40 axial 120 125 1 NA 22.19

102 axial 120 240 0.5 NA 21.31

26 helical 100 50-250 0.8 0.531 29.06

29 axial 120/100 200/130 1 NA 24/16

8 axial 80 200 0.8 NA 6

124 axial 120 240 0.5 0.5 21.31

119 helical 120 80 0.6 0.9 10

Protocols	for	head	examination	of	infant	(<1	y)	in	8	CT	facilities	
with	the	same	64-detector	scanner	model	(Light	Speed	VCT,	GE)

Results:	Typical	exposure	parameters

Rehani_AAPM2016	patient	doses 39

Scanner	

number
mode

Tube	

voltage,	kV

Tube	

current,	mA
t	rot,	s Pitch	value CTDIvol,	mGy

39 helical 80 129 0.5 1.3 1.89
40 helical 120 120 0.5 0.984 10.21
102 helical 80 240 0.5 0.984 2.64
26 helical 80 100-250 0.5 0.96 4.26
29 helical 100 180 0.4 0.98 3.2
8 helical 120 80 0.4 1.375 4.5

124 helical 80 25 0.5 0.9 0.71
119 helical 120 80 0.6 0.9 10

Protocols	for	chest	examination	of	infant	(<1	y)	in	8	CT	facilities	
with	the	same	64-detector	scanner	model	(Light	Speed	VCT,	GE)

Results:	Typical	exposure	parameters

Rehani_AAPM2016	patient	doses 40

Message

1. Technology	in	use	is	largely	modern	
2. Trend	of	increasing	CT	in	children	in	less	

resourced	countries.	As	compared	to	E	
Europe,	frequency	in	Asia	&	Africa	is	higher	
(2-3	times)

3. Situations	of	higher	than	necessary	
exposures		are	not	uncommon	(optimization)

Rehani_AAPM2016	patient	doses 41

QUESTIONNAIRE	- RADIOLOGIST

• 129	radiologists	answered

Are	written	referral	guidelines	for	imaging	available	in	
your	hospital?

0% 20% 40% 60% 80% 100%

Africa (7 answers)

Latin America (8 answers)

Asia (62 answers)

Europe (52 answers) YES
NO



8/1/16

8

QUESTIONNAIRE	- RADIOLOGIST

• 129	radiologists	answered

Who	decides	whether	a	CT	examination	of	pediatric	
patient	is	to	be	performed?

0% 50% 100%

Europe

Asia

Latin	America

Africa

All	countries

both
radiologist
referring	clinician

Appropriateness	Issues
Which	examination	is	"	the	first	choice	
examination"	in	case	of:	

0
20
40
60
80
100
120
140

infant	with	
hydrocephalus

infant	with	
congenital	
torticollis

child	with	
acute	

abdominal	
pain

child	with	
pleural	
effusion

child	with	
persistent	
headache

Nu
m
be
r	o

f	a
ns
w
er
s

CT
X-ray
US
MRI
None	
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Appropriateness Issues
Not according to available guidelines in
• Accidental head trauma, (not in about 50%. Minor trauma and suspected 

abuse)
• Infants with congenital torticollis; 
• Children with possible ventriculo-peritoneal shunt malfunction and 
• Young children (<5 years old) with acute sinusitis.
• ___________________________________________________

Mostly according to guidelines
• Infant with hydrocephalus (76% use other than CT)
• Child with indication for appendicitis (acute abdominal pain)
• Child with persistent headache

45Rehani_AAPM2016	patient	doses

Message

1. Technology	in	use	is	largely	modern	
2. As	compared	to	E	Europe,	frequency	in	Asia	

&	Africa	is	higher	(2-3	times)
3. Situations	of	higher	than	necessary	

exposures		are	not	uncommon	(optimization)
4. Detected	situations	where	there	is	lack	of	

appropriateness	(Justification)
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0
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Head	CT	
Age	1-5	
(Czech	
Rep.,	6)

Head	CT	
Age	5-10	
(Serbia,	
20)

Head	CT	
Age	5-10	
(Thailand,	

131)

Head	CT	
Age	10-15	
(UAE,	29)

Head	CT	
Age	10-15	
(Slovenia,	

22)

Chest	CT	
Age	1-5	
(Czech	
Rep.,	22)

Abd.	CT	
Age	1-5	
(Czech	
Rep.,	5)

Abd.	CT	
Age	1-5	
(Slovenia,	

22)

Before	(Phase	I)

After	(Phase	II)

M
ed

ia
n	
CT
DI
vo
l(
m
Gy

)

Impact	of	optimization
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Message
1. Technology	in	use	is	largely	modern	
2. Trend	of	increasing	CT	in	children	in	less	

resourced	countries.	As	compared	to	E	Europe,	
frequency	in	Asia	&	Africa	is	higher	(2-3	times)

3. Situations	of	higher	than	necessary	exposures		
are	not	uncommon	(optimization)

4. Detected	situations	where	CT	use	is	not	in	
accordance	with	guidelines	(Justification)

5. Improvements	after	feedback	

Rehani_AAPM2016	patient	doses 48
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Recap
• We	know	how	things	are
• We	have	provided	feedback	to	help	in	
improvement

• Documented	improvements	in	some	cases
• Believe	that	ball	is	set	rolling	and	will	
continue	

• Publications	in	recent	years	indicate	that	
ball	continues	to	roll

Rehani_AAPM2016	patient	doses 49

Our	inputs
• Costs	not	higher	than	previous	years
• Rest	all	actions	by	email	(2-5hrs)
• Providing	framework	and	Forms	for	data	
collection,	mentoring	and	feedback	on	data	
received,	updates	on	data,	analysis	and	
publishing	of	multi-national	papers	

• Motivation:
– Being	part	of	international	group

Rehani_AAPM2016	patient	doses 50

Doing Training Unattended

Rehani_AAPM2016	patient	doses 51

Global Scenario
United Nations Scientific Committee on Effects of Atomic Radiation (UNSCEAR) 2010

• 3.6 billion medical X ray procedures/year 
• About 35 million nuclear medicine 

examinations 
• About 5 million patients radiotherapy 

treatments

Challenge!!!!!
Rehani_AAPM2016	patient	doses 52

Making	a	difference

Billions	(patients)~Million	(radiology		
professionals,	world	
wide)

Medical	Radiation	Protection

Hundreds	/	thousands		
radiology	professionals	
(national	level)

International	
staff 3.6 billion 

≈300 million children

Rehani_AAPM2016	patient	doses 53 Rehani_AAPM2016	patient	doses 54
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AJR August 2009 Angioplasty

61Rehani_AAPM2016	patient	doses 62Rehani_AAPM2016	patient	doses

63Rehani_AAPM2016	patient	doses

Image	quality	
improvement

• Image	quality	
improved	by:
• 9	percentage	for	CC	
• 7	percentage	points	

for	MLO

• Range:	from	a	few	
percentage	points	to	
more	than	50	
percentage	points	in	
participating	centres

CC

MLO

64Rehani_AAPM2016	patient	doses

Free	download	http://rpop.iaea.org

65Rehani_AAPM2016	patient	doses

Europe	(19	countries)

66

Country CT Interventional Radiography Mammography
Armenia √ √ √
Belarus √
Bosnia	and	Herzegovina √ √ √ √
Bulgaria √ √ √
Croatia √ √ √ √
Cyprus √
Estonia √
FYROM √ √ √
Greece √ √
Czech	Republic √
Lithuania √ √ √
Malta √ √
Moldova √ √ √
Montenegro √ √
Romania √
Poland √
Serbia √ √ √
Slovakia √
Slovenia √ √Rehani_AAPM2016	patient	doses
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Africa

67

Country CT Interventional Radiography Mammography
Algeria	 √ √
Ghana √ √ √
Congo √
Morocco √ √
Sudan √ √ √
Kenya √ √
Madagascar √
Tanzania √ √ √
Tunisia √ √
Uganda √
Zimbabwe √

Rehani_AAPM2016	patient	doses

Middle	East	

68

Country CT
Interventi

onal Radiography Mammography
Israel √
Kuwait √ √
Lebanon √ √
Oman √
Iran √ √ √
Qatar √
Saudi	Arabia √
Syria √ √ √
UAE √ √ √

Rehani_AAPM2016	patient	doses

Asia

69

Country CT
Interventiona

l Radiography Mammography
Bangladesh √
China √
Indonesia √
Japan √
Malaysia √ √
Myanmar √
Pakistan √ √ √
Singapore √
Sri	Lanka √
Thailand √ √ √
Tajikistan √

Rehani_AAPM2016	patient	doses

Latin	America

70

Country CT Interventional Radiography Mammography
Brazil √
Costa	Rica √
Mexico √
Paraguay √
Peru √

Rehani_AAPM2016	patient	doses
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Interventional	Cardiologists
Radiation Protection 
(RP) survey

Vienna 2004
(25 
countries)

Singapore 
2005
(8 
countries)

Ethiopia 
2006
(9 countries)

Iran 
2006
(6 )

Bangkok 
2006  (8
countries)

Is this 1st time you are 
attending a structured 
program on RP. Ans. 
Yes

88% 84% 93% 100% 93%

Any cardiologists 
conference you attended 
where there was lecture 
on RP. Ans. No

85% 100% 100% 100% 100%

Do you measure 
radiation dose to 
patient. Ans. No

96% 100% 87% 89% 71%

San	Jose	2007	(11	countries	of	Latin-America)
Yerevan	2008	(7	countries	of	Eastern	Europe)
Manila	2009	(8	countries)Rehani_AAPM2016	patient	doses 72
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Our	Cardiologists	trainers	in	Radiation	Protection

Tunisia

Singapore

Thailand

Uruguay

They	are	ALL	interventional	cardiologists
Rehani_AAPM2016	patient	doses 73 74Rehani_AAPM2016	patient	doses

Rehani	&	Srimahachota 2011

75Rehani_AAPM2016	patient	doses

Urologists,	Orthopedic	surgeons,	Gastroenterologists,	
Gynecologists..

76Rehani_AAPM2016	patient	doses

Training	courses	organized

77Rehani_AAPM2016	patient	doses Rehani_AAPM2016	patient	doses 78
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Rehani_AAPM2016	patient	doses 79 Rehani_AAPM2016	patient	doses 80

Rehani_AAPM2016	patient	doses 81 Rehani_AAPM2016	patient	doses 82

Power	Point	Slides	(not	pdf)

Rehani_AAPM2016	patient	doses 83 Rehani_AAPM2016	patient	doses 84
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Rehani_AAPM2016	patient	doses 85

About	40,000	downloads/yr

Patient	

Training	Courses
≈80	since	2002

Medical	Radiation	Protection

Networks

Rehani_AAPM2016	patient	doses 86

Doing Training Unattended Training	material

Rehani_AAPM2016	patient	doses 87

Billions	(patients)~Million	(radiology		
professionals,	world	
wide)

Medical	Radiation	Protection

Hundreds	/	thousands		
radiology	professionals	
(national	level)

International	
staff 3.6 billion 

≈300 million children

Rehani_AAPM2016	patient	doses 88

http://rpop.iaea.org

20 million hits/y
≈0.4 million visits/y, 190 countries89

First	page	of	Google	search
Hundreds	to	millions

Rehani_AAPM2016	patient	doses Rehani_AAPM2016	patient	doses 90
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Translation

Rehani_AAPM2016	patient	doses 91 Rehani_AAPM2016	patient	doses 92

93

• Available	for	free	download	from	
RPOP	website	http://rpop.iaea.org

Rehani_AAPM2016	patient	doses

14	Publications	
in	10	years

Rehani_AAPM2016	patient	doses 94

Patient	

Training	Courses
≈80	since	2002

Medical	Radiation	Protection

Networks

Rehani_AAPM2016	patient	doses 95

Top	down	&	
bottom	up	

Billions	(patients)~Million	(radiology		
professionals,	world	
wide)

Medical	Radiation	Protection

Hundreds	/	thousands		
radiology	professionals	
(national	level)

International	
staff 3.6 billion 

≈300 million children

Rehani_AAPM2016	patient	doses 96



8/1/16

17

Rehani_AAPM2016	patient	doses 97

>200,000	Downloads

98Rehani_AAPM2016	patient	doses

Rehani_AAPM2016	patient	doses 99 Rehani_AAPM2016	patient	doses 100

Vision: World map of patient safety situation
Justification, Optimization

Rehani_AAPM2016	patient	doses 101

Patient	&	
Healthcare	
workers

Training	Courses
≈80	since	2002

Medical	Radiation	Protection

Networks

Rehani_AAPM2016	patient	doses 102

Position	
statements

Fluoro outside	
radiology

Posters

Top	down	&	
bottom	up	

Social	media
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IAEA- Our FIRSTS 
• FIRST to establish a Unit on RPOP
• FIRST, International Action Plan on RPOP
• FIRST, website dedicated to RPOP
• FIRST, free training materials for diverse areas
• FIRST, Networks of Cardiologists, 

Gastroenterologists, Children
• FIRST, Smart Card project
• FIRST, Reporting system (SAFRAD, SAFRON)

103Rehani_AAPM2016	patient	doses Rehani_AAPM2016	patient	doses 104
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Some participants in projects

107Rehani_AAPM2016	patient	doses Rehani_AAPM2016 patient doses 108

madan.rehani@gmail.com


