
Considera*ons	on	risk-benefit	
analyses	in	medical	radia*on	usage	

Juergen	Kiefer	
Justus-Liebig-Universitaet	

Giessen,	Germany	



h8p://www.lifescanuk.org/our-health-
checks/vital-check-new	(9.6.2014)	



h8p://www.lifescanuk.org/	(9.	6.	2014	



Average	yearly	per	capita	doses	worlwide	
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X-ray frequency and attributable cancer risk in different countries 
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Risk	and	benefit	
•  Popula\on	exposure	by	medical	procedures	is	the	
second	largest	contribu\on	of	the	worldwide	radia\on	
load,	considerably	more	than	those	by	nuclear	
accidents	or	by	the	use	of	nuclear	energy.	

•  Medical	radia\on	usage	is	a	very	important	tool	for	
diagnosis	and	treatment	of	many	lifethreatening	
diseases	and	possesses	a	clear	benefit.	

•  But	there	is	also	undisputably	a	considerable	health	
risk.	

•  The	decision	which	risk	may	be	acceptable	under	
specific	circumstances	is	not	only	a	technical	but	even	
more	an	ethical	issue.	



Oath	of	Hippocrates	

I	will	prescribe	regimens	for	the	good	of	my	
pa\ents	according	to	my	ability	and	my	
judgment	and	never	do	harm	to	anyone.	

(Hippocrates)	
	

What	is	the	reality?	



What	does	that	mean	for	radia\on	
usage	in	medicine?	

•  There	are	no	dose	limits	for	pa\ents	
•  It	is	the	ethical	obliga\on	of	the	medical	doctor	
to	supply	the	best	possible	treatment	with	the	
lowest	achievable	risk.	

•  The	pa\ent	must	receive	comprehensive	
informa\on	about	benefits	and	risk	taking	into	
account	his	individual	heath	situa\on	based	on	
best	available	scien\fic	evídence.	

•  This	can	only	be	achieved	if	the	doctor	is	familiar	
with	present	state	of	knowledge.	



Medical	radia\on	usage:	
Ethical	considera\ons	

•  The	pa\ent	is	en\tled	to	the	best	diagnosis	or	
treatment	

•  Decisions	have	to	be	based	on	medical	considera\ons	
only,	never	on	economical	arguments	

•  Every	exposure	has	to	be	individually	jus\fied.	The	
jus\fica\on	has	to	take	into	account	the	individual	
situa\on	(health	status,	age,	gender..)	

•  „Informed	consent“	by	the	pa\ent	is	mandatory.	It	
requires	extensive	informa\on	on	risk	and	benefit	by	a	
knowledgeable	physician.	

•  Anxie\es	of	the	pa\ent	are	to	be	taken	seriously	and	
discussed	in	detail.	



Medical	exposures	in	Europe	and	
the	US	



Radiography	in	Europe	



CT-examina\ons	in	Europe	
(2008)	
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European	Comparison:	
Average	per	capita	doses	by	medical	

applica\ons	
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Germany	



CT	equipments	in	Germany	
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Per	capita	doses	in	Germany	
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Distribu\on	of	radiological	
examina\ons	in	Germany	2010	(%)	
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United	States	
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•  There	is	a	clear	tendency	to	replace	plain	
radiography	by	CT-scans.	

•  On	an	average	in	this	case	the	pa\ent	dose	is	
higher	by	a	factor	10.	

•  There	is	also	a	ten	\mes	higher	risk.	



Jus\fica\on	

•  Every	radia\on	exposure	of	humans	has	to	be	
jus\fied.	

•  In	the	case	of	medical	applica\on	jus\fica\on	is	
to	be	based	on	the	specific	condi\ons	of	the	
person	involved.	

•  Different	from	current	prac*ce	the	use	of	
techniques	involving	high	exposures	(e.	g.	CT-
scans)	should	require	an	addi*onal	special	
jus*fica*on	(not	yet	a	part	of	current	legisla\on)	



The	view	of	ICRP	
•  The	aim	of	managing	radia\on	exposure	is	to	minimise	the	puta\ve	

risk	without	sacrificing,	or	unduly	limi\ng,	the	obvious	benefits	in	
the	preven\on,	diagnosis	and	also	in	effec\ve	cure	of	diseases	
(op\misa\on).	

•  It	should	be	pointed	out	that	when	too	li8le	radia\on	is	used	for	
diagnosis	or	therapy	there	is	an	increase	in	risk	although	these	risks	
are	not	due	to	adverse	radia\on	effects	per	se.	Too	low	an	amount	
of	radia\on	in	diagnosis	will	result	in	either	an	image	that	does	not	
have	enough	informa\on	to	make	a	diagnosis	and	in	radia\on	
therapy,	not	delivering	enough	radia\on	will	result	inincreased	
mortality	because	the	cancer	being	treated	will	not	be	cured.	

	
What	is	the	reality?	



EU	direc\ve	2013	

•  Member	States	shall	ensure	……..	
	
….	that	all	individual	medical	exposures	are	
jus\fied	in	advance	taking	into	account	the	
specific	objec\ves	of	the	exposure	and	the	
characteris)cs	of	the	individual	involved	



Unjus\fied	X-rays	in	young	pa\ents-	
an	example	from	Finland	
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Is	there	a	neglegible	risk?	



No	risk	of	dental	radiology?	

Memon	et	al.	Dental	x-rays	and	the	risk	of	thyroid	cancer:	a	case-control	study.	
Acta	Oncol.	49:447-53	(2010)	



Special	groups	

The	(very)	young	



Incidences	of	radia\on	induced	tumours	for	different	
ages	at	exposure	
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Excess	rela\ve	risk	of	children	leukemia	due	to	CT-
examina\ons	

Radiation exposure from CT scans in childhood and subsequent risk of leukaemia and brain tumours: a 
retrospective cohort study. Pearce, M. S. et al. Lancet 2012: 380, 499-505 



Excess	rela\ve	risk	of	children	brain	tumours	due	to	CT-
examina\ons	

	

Radiation exposure from CT scans in childhood and subsequent risk of leukaemia and brain 
tumours: a retrospective cohort study. Pearce, M. S. et al. Lancet 2012: 380, 499-505 



The	elderly	

Special	groups	



Age	distribu\on	of	medical	exposures	
in	Germany	2007	
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Berrington	de	González	et	al.	Radia\on-related	cancer	risks	from	CT	colonography	screening:	a	risk-benefit	
analysis.	AJR	Am	J	Roentgenol.	196:816-23	(2011	



Interim	conclusions	

•  Children	and	young	people	are	more	sensi\ve	
and	they	have	a	longer	life	ahead	of	them.	
Jus\fica\on	has	to	be	very	careful,	examina\ons	
not	absolutely	necessary	are	to	be	avoided.	

•  With	elderly	people	the	exact	diagnosis	is	oqen	
more	important	than	the	(then	smaller)	risk-	
Jus\fica\on	has	to	concentrate	on	diagnos\c	
aspects	(but	has	s\ll	to	be	very	careful!)	



Radia\on	therapy	

•  Radia\on	therapy	is	a	powerful	method	for	the	
treatment	(and	oqen	cure)	of	cancer.	But	severe	side-
effects	may	occur	which	can	be	considerably	reduced	
by	modern	techniques	(e.	g.	intensity	modulated	
beams,	image	guided	exposure,	par\cle	therapy)	

•  Not	to	apply	these	methods	because	modern	
equipment	is	not	available	on	site	is	not	acceptable.	

•  In	order	to	receive	the	best	possible	treatment	
pa\ents	have	to	be	referred	to	specialised	centres.	



„Informed	consent“	

•  Pa\ents	have	to	be	comprehensively	informed	
about	radia\on	risks	taking	into	account	the	
par\cular	applica\on	and	their	personal	
health	status.	

•  Doctors	have	to	be	aware	of	the	current	
scien\fic	state	of	knowledge	concerning	
biological	and	medical	radia\on	effects.	

•  This	requires	con\nuous	familiarisa\on	with	
the	scien\fic	literature	in	regular	courses.	



Pa\ent	anxiety	

•  Many	pa\ents	are	afraid	of	radia\on	
applica\ons	although	the	may	be	of	
considerable	benefit	for	them.	

•  Doctors	have	to	take	these	anxie\es	serious	
and	inform	in	great	detail	about	the	pros	and	
cons	to	build	up	trust.	

•  This	can	only	be	achieved	if	the	doctors	have	a	
solid	scien\fic	background	in	the	field.	



Final	resumé	

•  Radia\on	applica\ons	cons\tute	an	indispensable	and	
essen\al	part	of	modern	medicine.	

•  Radia\on	is	dangerous	and	should	be	used	only	on	the	
basis	of	the	best	available	scien\fic	evidence	and	with	
the	most	advanced	technical	equipment.	

•  Doctors	must	be	aware	of	the	current	state	of	risk-
benefit	es\mates	to	inform	pa\ents	in	a	
comprehensive	way	taking	into	account	also	their	
poten\al	anxie\es.	

•  Radiology	is	a	science,	possibly	an	art,	but	must	never	
degenerate	to	a	business	


