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and National Seiearch Council , Washinton, D.C. 20418 

INTRODUCTION 
Diagnostic medical radiation represents , the l arges t source 

of nan-made radiat ion exposure to the general population [ 1 ] . 
This paper reviews certain current concepts and methods r e l a t i n g 
to benefit-risk analysis, in terns of economic costs and radia
tion risks to health, in relation to the benefits from diagnos
tic radiology in clinical medicine. 1 Diagnostic radiological 
health programs are designed to prevent disease, improve health, 
and decrease costs resulting from i l l n e s s , and thereby to con
tribute to efficiency of man's productive capabil it ies. Bene
f its of controlling disease nay be assessed as the costs of the 
disease averted by the health program [2]* Such benefits, or 
averted costs, can be related to 3 broad cost categories: 
resource-use coMts, eg, expenditures on medical or diagnostic 
radiological care; resource-loss costs, eg, estimated losses of 
human productivity; and resource-transfer costs , eg, payments 
for hidden costs transferred from the ve i l to the sick. Such 
costs and the symmetrical "averted costs" may be summated as 
identifiable activitieo. Resource-ruse costs in diagnostic 
radiology include the direct capital and recurring costs of 
radiological care and services, eg, services of physicians, 
paramedical and technological personnel, hospital f a c i l i t i e s , 
x-ray equipment, x-ray film, etc. Resource-loss costs are 
losses of productivity of individuals who are i l l , who otherwise 
would be well and productive. These include: loss of earnings 
from loss of work for medical diagnosis and treatment, and to 
be rehabilitated to productive activity; and reduction in earn
ings because of illness which renders a person less productive 
or less employable. Transfers of resources are costs to givers 
transferred as benefits to the receivers; disease takes economic 
resources away from those who are well and have paid costs of 
the program, to those who are i l l and receive benefits of the 
health program [31. fLiaited economic resources available to 
society has led to a social philosophy which takes into account 
such losses or gains, arising from changes in incidence of d i s -
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a b i l i t y , d i sease or death, and cos t s of medical care s erv i ce s 
necessary to avert l o s se s and to improve gains or b e n e f i t s [ 4 , 7 ] . 
Analysis of saving l i f e may be considered symmetrical with that 
o f l o s i n g . i t . One common analys i s of the l o s s of l i f e i s the 
net output method to calculate the economic worth of a person's 
l i f e [ 5 ] . An i n i t i a l s tep to est imate the value of the b e n e f i t s 
of any program for saving l i f e or reducing i l l n e s s , thereby im
proving health i s to determine what the average individual whose 
health i s improved, or l i f e i s saved, would earn or produce over 
the re s t o f h i s l i f e . Tin any c o s t - b e n e f i t analys is of d i a g 
n o s t i c r a d i o l o g i c a l health programs, the t rad i t iona l approach 
in health economics i s : the purpose of the program i s to SMV^ 
l i v e s and reduce i l l n e s s ; death or i l l n e s s avoided means that a 
l o s s of human product ivi ty i s avoided; problems center on v a l u 
ing benef i ts per l i f e saved or per i l l n e s s avoided; the economic 
value of a l i f e saved var ies according to a v a r i e t y of f a c t o r s , 
including age , and can be determined; and the noneconomic value 
of a human l i f e can be determined based on cos t s s o c i e t y w i l l 
spend to save a l i f e [ 6 ] . None of these f a c t o r s , except p o s s i 
bly the l a s t , takes into account the many var iab les entering 
into the e f f e c t s of d i s a b i l i t y , d e b i l i t y and death, among the 
most important of which are r i s k s leading to i l l n e s s and death 
[ 7 ] . This l a t t e r approach to c o s t - b e n e f i t ana lys i s e s t a b l i s h e s 
that various kinds of r i sk to heal th e x i s t , and then decides how 
much to spend to reduce the:;-.' r i s k s . This implies that the 
individual and soc ie ty can evaluate r i s k and reduction in r i s k . 
However, the primary purpose of t h i s approach in diagnost ic 
radiology where radiat ion r i sks e x i s t i s the same as the 
averted cos t s approach, v i z , to save l i v e s and reduce i l l n e s s . 
COST-BENEFIT-RISK ANALYSIS MODELS IN DIAGNOSTIC RADIOLOGY 

Economic c o s t s of d iagnost ic r a d i o l o g i c a l serv ices a r i s e out 
o f the impact o f d isease and injury upon u t i l i z a t i o n , d i s t r i b u 
t i o n , and a v a i l a b i l i t y of economic resources in s o c i e t y . ' 1 . 
RESOURCE-USE HODEL: Direct costs o f h e a l t h programs involve man
power and material resources required for prevention, d i a g n o s i s , 
treatment, r e h a b i l i t a t i o n , and research which are usually 
determined for each major d i sease and d i s a b i l i t y , such as cancer 
or heart d i s e a s e . The part of the na t ion ' s manpower and goods 
and services produced (both public and private expenditures) 
devoted to heal th care has increased s u b s t a n t i a l l y during the 
past 50 years; in 1977, health and medical expenditures in the 
United States exceeded $140 b i l l i o n (approaching 8.5Z of the 
Gross National Product) or about $700 per c a p i t a . By 1980, t h i s 
va lue approached $1,000 per indiv idual . The resource-use cos t s 
of th i s t o t a l amount spent s p e c i f i c a l l y for d iagnost ic rad io log 
i c a l serv ices are represented by f inanc ia l outlays of public and 
private hea l th insurance and other a g e n c i e s , employers, and 
individuals and the ir fami l i e s . These are s i zeab le cos t s and 
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include: service* by rad io log i s t* and other phys ic ians , h o s 
p i t a l s , d e n t i s t s , t e chno log i s t s , nurses , and other hea l th per
sonnel; complementary commodities, such as x-ray f i l a , r a d i o 
pharmaceuticals, chemicals , and other medical suppl i e s ; public 
and private health agency program, mass x-ray screening and 
surveys for certa in disease programs or socioeconomic groups; 
capital expenditurea for construct ion , x-ray equipment, mainte
nance, rad io log ica l s erv i ce s and complementary r a d i o l o g i c a l 
goods; cos t s of educating and tra in ing hea l th personnel; and 
radiological research. 1 2 . APPLICATION OF RESOURCE-USE MODEL: 
We do not know the exact extent o f publ ic and private expendi
tures for rad io log ica l care s e r v i c e s . Some l imited information 
i s ava i lab le . From the 1970 United States Public Health XES 
Study, approximately 210 mi l l ion medical and dental x-ray and 
radioisotope examinations were performed in* the United S t a t e s . 
If the average cost per chest x-ray examination, the moat f r e 
quent or more than 40% of a l l medical x-ray examinations, to the 
medical consumer waa $30 in 1970, then the d i r e c t recurring 
expenditures for a l l 65 mi l l ion chest x-ray examinationa carried 
out in 1970 would be about tZ b i l l i o n . For a l l d iagnost ic 
radiological serv ices in 1970, the c o s t would be approximately 
$6 b i l l i o n . If t h i s represents two-thirds of the costs o f a l l 
diagnostic rad io log ica l s e r v i c e s , the remainder including the 
capital expenditures for construct ion , purchase, and maintenance 
of x-ray f a c i l i t i e s used, and in production of complementary 
health goods, then an estimate of a l l d i r e c t cas t s or resource -
use costs devoted to radio log ica l s e r v i c e s and supplies in 1970 
would approach $9 b i l l i o n . Today, t h i s value wel l exceeds $20 
b i l l i o n , and represents a rad io log ica l heal th expenditure per 
person of approximately $100 annually or about 101 of the per 
capita expenditure for a l l medical s e r v i c e s in the United 
States . 13 . RESOURCE-LOSS MODEL: The l o s s or cos t s o f human 
resources ar i s ing from i l l n e s s r e s u l t s in a decrease of s o c i e c y ' s 
productivity ( 3 ) . This concept has been j u s t i f i e d s ince 
resources avai lable to soc ie ty ar- "uaitod, and without s ickness 
and injury, health serv ie s would b Anecessary so that a v a i l 
able resources would be free for ot»<er productive u s e s . To 
quantitate the l o s s in economic terms, i t i s necessary to e s t i 
mate the productive output foregone. I f i l l n e s s could be pre 
vented, el iminated, or l imited in t ime, i t would be important 
to determine how much productive gain (benef i t s to soc i e ty ) 
those persons who are presently i l l would have contributed to 
soc ie ta l resources . 1 The e f f e c t s of i l l n e s s on human pro
duct ivi ty may be considered as: d e b i l i t y , the loss of productive 
capacity of individuals while a t work; d i s a b i l i t y , the loss of 
productive working time; and death, the l o s s o f workers 1 3 ] . 
Based on th i s d e f i n i t i o n , various s tages in achieving a c a l c u 
lat ion of the estimated previous output l o s t may be determined. 
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These stages assume that for any est imate of work l o s t due to 
d i sease , i f i t were not for the d i s e a s e , those s i c k persons 
would have otherwise been w e l l , and therefore productive* E s t i 
mates include cos t s of cer ta in s o c i e t a l concomitants, such as 
unemployment, or loss of output due to d e b i l i t y . 1 4 . APPLICATION 
OF RESOURCE-LOSS MODEL: To asmess b e n e f i t s from d iagnos t i c 
radiology, one procedure would be to c l a s s i f y ca tegor ie s of 
x-ray examinations, eg , for immediate care of an injured 
pat i ent , for mass x-ray screening for ear ly d e t e c t i o n of cancer 
for pre-employment or medicolegal examinations, e t c . In each, 
i t i s then necessary to ident i fy a part icular hea l th benefi t to 
be balanced against a c o s t , e i ther economic c o s t or radiat ion 
r i sk to health of the ind iv idua l , or both. Here, the x-ray e x 
amination i s part of resource-use of heal th resources necessary 
for prevention, d iagnos i s , treatment and r e h a b i l i t a t i o n of 
diseased persons who are temporarily or permanently l o s t from 
the human labor force during that year . As such, the x-ray 
examination may be evaluated by i t s b e n e f i c i a l e f f e c t on overal l 
resource- loss c o s t s . In other words, prevention of d e b i l i t y , 
d i s a b i l i t y or death i s the benef i t to the indiv idual pat i ent . 
In this cost benef i t model, assumptions are made on the value 
or benef i t o f each x-ray examination and i t s inf luence on the 
e f f ec t i venes s of management of the pat i ent , a f f e c t i n g the med
i c a l outcome. IThe benef i t of the x-ray examination may be 
re la ted to prevention of d i s e a s e , and thus prevention of loss 
of product iv i ty . There are two s tages in es t imat ing productiv
i ty l o s t : es t imat ing loss in productive work-time, and ass ign
ing a value to productive output foregone that t h i s lost: work-
time represents [ 8 ] . This y i e l d s a r e l a t i v e value which takes 
into account d i s a b i l i t y - p r e v e n t i o n and includes l i v e s saved or 
deaths prevented. This may then be converted to an economic 
value which represents the composite value of l o s s of output 
a t tr ibutable to d e b i l i t y , d i s a b i l i t y , or death. Economic valua
t ion represents only one form of ca l cu la t ing a r e l a t i v e va lue . 
The economic value may be used to represent a rough estimate of 
the expected increase in productive output that would occur i f 
the loss of resources due to s ickness were decreased or e l i m i 
nated. The t o t a l dol lar-value b e n e f i t s from d iagnos t i c r a d i 
ology derived in the United States based on t h i s model would 
require a complete knowledge of the value of a l l radio log ica l 
examinations. Assumptions can be made on the d i s t r ibut ion of 
such values for various categories of medical x - r a y s , but these 
concepts may not apply to dental x-rays or nuclear medicine 
examinations. 1 5 . COSTS-RISK MODEL: A c o s t - r i s k model for d iag
nos t i c x-ray exposure can be developed in terms of somatic r i sks 
and genet ic r i s k s o f low-level ion iz ing r a d i a t i o n . Knowledge 
of the d i s t r i b u t i o n of d iagnost ic rad io log ica l examinations, the 
s i z e of the populations examined, and the rad ia t ion dose to the 
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individual and to the population exposed would be necessary. 
The potent ia l rad ia t ion r i sks of spec ia l concern are delayed or 
l a t e heal th e f f e c t s of low-dose rad ia t ion: carc inogenes i s , i e , 
radiat ion-induced cancer; t era togenes i s , i e , developmental 
abnormality i n the newborn; and mutagenesis, i e , g e n e t i c a l l y -
re lated i l l - h e a l t h . Here, the resource l o s t as a r e s u l t of 
radiation-induced i l l n e s s and death i s human product iv i ty ; the 
model a s s e s s e s the value of the l o s s by est imating the produc
t i v e output foregone r e s u l t i n g from radiation-induced d e b i l i t y , 
d i s a b i l i t y , or death, as in the case of the b e n e f i t s model. 
The somatic e f f e c t s to be considered include primarily 
radiation-induced cancer in a d u l t s , neonatal developmental 
abnormalities and spontaneous abort ions , and childhood cancer. 
For example, va luat ion of costs of potent ia l somatic e f f e c t s of 
antenatal radiography could be used to estimate the do l lar -va lue 
cos t s r e s u l t i n g from such x-ray exposure. Information i s 
required on frequency of o b s t e t r i c a l and pelvimetric x-ray 
examinations, the ir d i s t r i b u t i o n , the radiat ion doses to the 
f e t u s , and b i r t h r a t e . The model takes into account that 
fetuses or ch i ldren who die cr who are ser ious ly disabled never 
enter the work-force , and the potent ia l en t i re l i f e t i m e produc
t i v i t y is l o s t . 1 Application of the model to p o t e n t i a l 
radiation-induced genet ic e f f e c t s requires a great deal of 
information on the genet ic r i s k s from rad ia t ion . Certain of the 
c las ses of g e n e t i c d i seases and hereditary e f f e c t s to be expect" 
ed from r a d i a t i o n : precise data on express ion, d i s t r i b u t i o n , and 
incidence (morbidity and mortal i ty) o f these genet ic d i s e a s e s 
in the population; on birth and f e r t i l i t y ra tes in the i r r a d i 
ated population; on doubling doses of radiat ion for mutational 
e f f e c t s in man; on d i s tr ibut ion of x-ray examinations a f f e c t i n g 
the g e n e t i c a l l y s i g n i f i c a n t dose; and on est imation of l o s s of 
productivity and d irec t costs o f i l l - h e a l t h in s o c i e t y of future 
generations a f fec ted by the genet ic d i s e a s e , with appropriate 
future d i scount ing . * 6 . REDUCTION-OF-RISK MODEL: The resource -
loss model, which implies that a person's health and, there fore , 
l i f e can be valued by h i s productive capaci ty , has 3 ob jec t ions : 
i t does not take into account d i f f erent l e v e l s of va luat ion of 
more or l e s s productive members of s o c i e t y ; i t assumes that 
soc ie ty values an individual only in terms of h i s economic con
tr ibut ion; t h i s would exclude children and the e l d e r l y ; i t does 
not take into account such intangible circumstances as pain, 
bereavement, and attempts to deter death [ 9 ] . 1 An approach 
to how soc ie ty might value noneconomic lo s se s or gains may be 
considered in terms of r i s k , and i t s avoidance. An extens ion 
of the re source - lo s s model can be applied to increaaed or 
reduced r i s k of injury, disease and death. The model i s sym
metrical; eg, an increased r isk of d i sease and death i s a 
recognized by-product of growth of an a c t i v i t y r e s u l t i n g from 
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an increased use of ion iz ing r a d i a t i o n , ta in d iagnost ic 
radiology. A reduction in r i sk of disease and death can be a 
by-product of growth of an a c t i v i t y , as in immuno prophylaxis 
in preventive medicine. I t i s poss ible to decide how much to 
spend to reduce various kinds of r i s k . S o c i e t i e s , both in their 
public and pr ivate c a p a c i t i e s , do incur costs to reduce r i s k s 
to which they are exposed [ 1 0 ] . 17. APPLICATION OF REDUCTION-OF-
RISK MODEL: The reduct ion-of -r i sk model assumes that reduct ion 
of the incidence of disease and death i s an a c t i v i t y regarded 
as a c o l l e c t i v e s o c i e t a l good. A program of early diagnosis of 
d i sease , such ta cancer of the breast , a f fec t ing a large popula
tion can be considered to save a certa in number of l i v e s 
annually. Mass x-ray screening programs lend themselves to th i s 
model. An example i s that of the assessment of the b e n e f i t s and 
the r isks of mammography in mass x-ray screening for the ear ly 
detection of breast cancer. The evidence for a r a d i a t i o n -
induced excess of breast cancer in irradiated women i s ava i lab le 
ch ie f ly from epidemiological s tud ies [ 1 1 ] ; in a l l these surveys , 
the dose-incidence re la t ionsh ip below a few hundred rad does not 
deviate s i g n i f i c a n t l y from l i n e a r i t y [12]* The incremental r i sk 
of breast cancer in women 35+ at exposure i s about 3 . 5 - 7 . 5 
excess cancer cases per mi l l ion women exposed per year per rad 
to both b r e a s t s , beginning at the end of a 10-year l a t e n t per
iod, and averaged over the subsequent duration of l i f e [ 1 2 ] . 
The r isks of a s i n g l e 1-rad mammogram appear unl ike ly to o u t 

weigh i t s p o t e n t i a l benef i t s in the individual woman aged 35+. 
On the other hand, based on such r i sk-benef i t a n a l y s i s , not 
including d i r e c t economic c o s t s , i t would not be sound public 
health pol icy to recommend yearly mass x-ray screening mammog
raphy of large numbers of asymptomatic women unless the pre
dicted b e n e f i t would c l e a r l y outweigh the presumed r i s k s , 
possibly in the c&*& of se l ec ted h igh-r i sk populations, however 
small the presumed r i sks might seem to the individual [ 1 2 ] . 
Furthermore, because the natural incidence of breast cancer 
r i s e s with age , while s u s c e p t i b i l i t y to radiation-induced breast 
cancer decreases a f ter about age 30, in general , the r a t i o 
between the l i ke l i hood of detect ing the disease and the l i k e l i 
hood of producing i t in the same x-ray procedure become more 
favorable with advancing years . 

CONCLUSIONS 1. Bene f i t - r i sk -cos t analysis can be carried out 
f.or decision-making in diagnost ic radiology as i t app l i e s to 
large populat ions . Economic valuation should be used only as 
a r e l a t i v e v a l u e , but i t doe* provide a method to r e l a t e a l l 
d irect and ind irec t costs to the benefits accrued. 2 . Efforts 
should be d irected to improving the b e n e f i t - r i s k - c o s t r a t i o 
without l i m i t i n g the benef i t s derived from modern rad io log ica l 
services to the individual and to soc i e ty . 3 . Careful b e n e f i t -
r i sk analysis should be done prior to carrying out mass x-ray 
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s c r e e n i n g programs o f l a r g e p o p u l a t i o n s . Such programs may 
i n v o l v e p o t e n t i a l l y h i g h r a d i a t i o n r i s k s . They s h o u l d b e s a f e , 
r e l i a b l e , p r o v i d e e a r l y d i a g n o s i s s p e c i f i c f o r t h e d i s e a s e , and 
r e s u l t i n a good y i e l d o f c u r a b l e c a s e s . 4 . The b e n e f i t - r i s k 
r a t i o f o r m e d i c a l r a d i a t i o n can b e improved w i t h o u t l o s s o f 
b e n e f i t , by d e c r e a s i n g t h e p o t e n t i a l h e a l t h r i s k s — c a r c i n o g e n e 
s i s , t e r a t o g e n e s i s , and m u t a g e n e s i s — - t h r o u g h d o s e - r e d u c t i o n 
m e t h o d s . 
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