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Report by the Royal College of Radiologists and
the National Radiological Protection Board

Patient Dose Reduction in Diagnostic Radlology

SYNOPSIS

A joint working party on patient dose reduction was established between the
Royal College of Radioiogists and the National Radiological Protection Board
-owards the end of 1988. It was sel up to mvestigate the potential for reducing the
radiaton dose 1o patients without adversely alffecung panent care and to make
recommendaticons on effective methads of patient dose reducton durmg medhcal
X-ray examinations. This report contans the results of the working party’s
mvestigations and makes recommendations for dose reduction. with particular
emphasis on the correct jusuficauon for Xeray examinatons and for the
optimsazion of radiological procedures and X-ray imaging equiprment.

The potential for patient dose reduction on a national scale was found to be
high. Earlier studies by RCR on the effective use of diagnostic X-rays, and data
from recent surveys of radiology practice by NRPB, enabled a rough estimate 1o
be made of the extert of clinically unhelpful, repeated and unopurmused X-ray
examinations in the UX Ths indicated that a reduction of nearly one-half in the
current collective dose to the population from medical X-rays might be possible
without detriment to patient care. This potental reduction 1 unnecessary medical
radiaton outweighs the combined comnbution of all other manmade sources of
population radiation exposure by a factor of three,

An assessment was made of the possible health effects that mught occur in
patients as a result of medicz] X-ray exposures. 1o provide an indication of the need
for achieving this porential for dose teduction. In most cases the benefits of
diagnostic radiclogy tc the health care of the pauent far cutweigh the risks from the
radiation. However. recently revised radiation health effects models were used to
predict that for individual patients undergoing extensive radiclogical examinauon
in, for example. the course of a long-standing Wliness or following severe injury. the
risk of inducing a fatal caacer could accumulate to a level of cne m only a few
hundred or so. particularly if the patient 1s young. This level of nisk1s justitied only
when patients recerve & commensurate health benefit and everything reasonahle
has been done to reduce the dose and hence the nisk.

A wide range of methods for reducing doses o patients is reviewed. concerned
with both the justification and the optwmsation of medical exposures.

It is considered essential that there should be a valid chnical indication for all
X-ray examinations and the gwdelines on referrel cntena in the new RCR booklet.
Making the Best Use of a Department of Radioiogy. are endorsed. with the
recommendation that the booklet should be distributed as rapidly as possible o
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referring clinicians. The correct justification of X-ray examinations in health
screening programmes is particularly emphasisec in the repo-t. with specific
recommendations for breast cancer screening and for employment-related chest
screening programmes.

Optimisauon of medical exposures can be achieved by it provements both in
radiological procedures and in the X-ray equipment.

It is recommended that some simplification in the procedures that are adopted
for many rypes of X-ray examinaucn is possible without loss of useful diagnostic
informaticn. To help reduce the number of radiographs 2er exanination a list 15
given of wequently taken projectons that are no longer considered necessary
following routine requests to X-ray partcular areas of the body. Procedures are
also recommended for minimising the dose during fluoroscopy by encouragir.g the
use of shorter exposure umes. smailer X-ray beams and lower dose rates.

A valuable procedure that should be carned out in all radiclog ¢ departments 1
the adoption of a quality assurance {QA) prograinme. As well as regularly checling
the operaung characteristics of the X-ray imaging equipmen:, fully effective QA
programmes should also assess the performance of the operators of the
equipment and must be managed in a way that enables rap:d and effective
remedial action to be taken when required. A first essentizl st=p In optimising
patient dose 1s te make radiologists and radicgraphers aware of ther own
performance in this regard and how it relates to generally accepted practice. It is
consequently recommended that. as part of a routine CA programme, periodic
measurements should be made of the pauent entrance suface dose for a few
common X-ray projections. Guideline reference values based cn the results of
nancnal surveys by NRPB are provided as a pracucal aid (o idenufy those radiology
departments in most urgent need of better qualty cornitrol.

Many recent. and some not so recent. developments in X-ray imaging
equipment that cffer considerable potenual for reducing doses to patients are
discussed i the report. It is recommended that pricrittes for introc ucing such dose
saving equipment into radiology departments should be bas=d on the expected
collective dose savings and the financial costs involved. Zqu pment changes
involving lower costs per man Sv averted should take priotity, provided thet the
diagnostic value 15 not seriously compromised. The werking party was particularly
concerned that full advantage has not yet been taken of the well-established
potential for rare-earth intensifying screens to reduce substznuzliy patient dose
while retaining adequate image quality at very moderaze financial cost. Long-term
cost savings can sometimes result from the reduced power demands of more
sensitive imaging equipment and. if so, plans for the progressiwe installation of
such equipment are essenual. Health Authormties should be made aware of the
regulatory requirements in the UK for a planned programm= for replacing
equipment that does not incorporate certain dose saving components, such as low
attenuation carbon fibre materials in table tops. cassettes and antis-atter grids. Itis
recommended that the Department of Health should provide Health Authorities
with central guidance on the need for. and mears of, achieving patiemt dose
reductions when purchasing X-ray equipment.
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INTRODUCTION

A Joint working party (JWP) between the Royal College of Radiologists and the
National Radiclogical Protection Board was set up on the initiative of the Chairman
of the Board of NRPB. Members of the Board had been concerned for some ume
that patients may be recewving unnecessary doses of radwtion during X-ray
examination. They were also aware of the paradoxically high levels of expenditure
in reducing radiaton exposure by the nuclear indusiry compared with the
economic siringency faced by many radiclogists when seeking improved dose
saving equipment i NHS hospitals.

The folivwing terms of reference for JWP were agreed at a meeung on
26 August 1988, by the President of the Royal College ot Radiologists and the
Chairman. Director and appropnate members of the Board of NRPB.

Toreview the avalable mformation on doses meurred during various radotogreal
examnations.

Tomvestigate the reasons for vanatens in pauent doses and the potenual for dose
reduction without adversely affecung patient management.

Toreport w the College and the Board, making recommendanons on the means for
dose reducuon with parucular reference to equipment. procedures iincluding training)
and indications for exarmimation.”

JWP decided 1o concentrate on the problems of dose reduction in X-ray
exarminations which. of all medical diagnosuc procedures, make the major
contribution to the collective population dose. Consequently. this report deals
solely with medical exposures invelving X-rays. It summanses the potential and
need for patient dose reduction, assesses priorities from amongst the mulutude of
merhods avallable for reducing medical X-ray exposures and makes specific
recommendarions o enhance awareness of the most effective methods of dose
recuction and to encourage their more widespread application.

The membership of JWP is shown in Appendix A.

POTENTIAL AND NEED FOR PATIENT DOSE REDUCTION

Potential dose savings

The doses received by panents from diagnostic medical X-rays comprise abour
87% of the total collective dose to the population of the UK from all manmade
sources of radiaton. This in one sense tesufies to the enormous benefit to the
heaith of the nanon that is attributed to ttus use of radiation, by both the medical
profession and the public. The overall effect of medical X-rays is undoubtedly seen
as an mmprovement i health care and efforts 1o reduce or control patent doses
should in no way jecpardise their potential chimcal benefir.

Medical X-rays are used far less frequently in the UK than in many other
developed countries. with about half the number of X-ray examinations per head
of population than in the USA or France, for example. While a net benefit 1o health
may well be achieved by an increase in the provision of radiology services in the
UK and a concomutant increase in the collective dose from this source, it can also
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be argued that British radiology practice is justifiably more selective than in other
develgped countries,

It is clear that to be of benefil. patent dose reducnion measures must be a:med
onily at unnecessary medical exposures, They may be unnecessary because they
make no positive contnbution to the clinical management of the patient or because
they can be reduced by employing alternative procedures or equipment without
impairing the diagnostic value. The potental for beneficial dose reduction depends
ultimately on the extent to which unnecessary medical exposures currently occur.

It is difficul. to make an overall estimate of the extent to which chmcally
unhelpful X-ray examinations are requested in the UK. A few studies have been
made for specific types of examination. such as routine preoperative chest X-rays'
and skull radiography following head injury”’, where considerable over utifisation
of these procedures had been suspected and was conhrimed. JWP feels that it
would not be unreasonable 10 suggest that at least 20% of X-ray exarunations
currently carned out in the UK are clinically unhelpful in the sense that the
probability of obtaining information useful for patient management is extremely
low. There are situations where complete X-ray examinations, or individual
radiographs that form part of an exarmination. are repeated on the same patient for
reasons that with better management or with better quality control weould be
avoidable. These also represent unnecessary medical exposures. The problem
of the unnecessary repetiton of X-ray examinations due to the unavailabiity
of previously-taken films has been studied recently at an orthopaedic clinic
in Scotiand®. One-third of all patients had repeat examinatons because the origmal
A-ray films were not sent on by general practiioners, despite being requested.
One-third of these repeats were relatively high dose examinations of the lumbar
spine. Radiographs are also repeated when the wmnage guality appears unsaus-
factory at the first attempt. Studies of repeated radiographs at a4 number of
hospitals throughout the UK? @ indicate wide vanations in repeat rates (3%—15%).
with evidence that the instugation of suitable quality control procedures should
enable X-ray departments to reduce their overall repeat rates from the region of
10% to apbout 5%.

[t is perhaps useful at this stage 1o indicale the relative contributions made by
different types of X-ray examinanon 1o the total collective dose o the poapulation
of the UK from all medical and dental X-ray examinations. They will help to idenufy
those areas of radiclogy where dose reductnon measures could be most effecuvely
carned out. These are shown i Table 1. together with the relanve frequency of
each type of examimaucn. The quanuty ‘effective dose equivalent” has been used
e express the nsk-related dose for each type of examinaton. [t can be seen that
while exarminations of the chest, imbs and teeth are high in frequency they are low
in collecttve dose. because of their low values of effective dose cquivalent per
EXAMINALION.

An impresston of the extent to which the dose [rom X-ray examinauons may be
reduced by impro: ements in techniques or equipment can be gained from studies
of the vanabiity in the doses delivered to patents for the same dagnostic
procedures.

11
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Exzminacicn ¥ frequency ¥ collective dose

]

Compued tomography 24 17
Lumba- spine 13 15
Barium =nema 9.9 14
Banurm meal 14 td
Intravencus Jrography 1.3 11
Abdoren 29 &
Feivis 29 3}
Chest Z4 2
Lunbs znd pouns 25 1.9
Skuli EE 1.5
Thoracis spiie 0y 1
Dental 25 1 . e

In a survev of adult patient doses at 20 randomly-selected hospitals in England
in 19837, entrance skin doses per ilm for nominaily the same type of rachograph
rypically ranged over factors of between 20 and 100 for individual patients and
between 5 and 20 i1 the mean value averaged over about 20 patients for different
X-ray rooms, A sample of these Maximum-to-MINIMUIT [a105 15 shewn i Table 2.
While higher doses are nocessary for individual adult patients of large physique,
this fact alone cannot account far Maximum-to-Mminimum ratios of more than about
10 in entrance skin dose. Moreover. this effect should be substantialiy nullified in
te mean dose values for e3ch Xeray room, and yet range factors of between 4 and
24 stll persist. Some hospitals would appear to be applying substanually lower
dose techniques tha 1 athers and, as ilustrated in Figure 1, are capable of exernng

B I—— - —— . — _
Entrance skn dese per (il {maxmumeminimuni) !
Exanmmnation Projecin n’ Indieictual panents X ray rocnm mean vaiaes

Skull AP 19 5 1
el 25 13
Chaes: A 48 t
e el 24
Thoravie spr e Al 43 4
Lar G4 4
lLumbar spne Al 71 11
Lar 9 5
Abdcmen AP a8 8
Pelns AP 37 5

‘Projections AP—antercposterion: PA---postercantenor: Lat—lateral

TABLE 1 Contnbunions
ro the UK coflective
cffective dose equivalent
from all medicat and
demal X-ray
examinations

TABLE 2 Maxmum ro
fnTum raries of
eurrance skin dose
observed ar 20 hospitals
i Fonglarnd
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FIGURE | Entrance
surface dose per film
dunng two common
X-ray projecoons at
20 hospitals i England
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...... Mean i Hospital with lowest mean dose
Median B Hospilal with highest meon dose
72 ; 60| i
j’ ni A ]
Sap | a0
z i h: 1
g 36f | |1 30 L
=3 [
4 i
= ' o 154"
1 B! E : | : 5[
i -J.q.—“_’,:,u_.q_m P,
[y o) [¢X) 0.9 12 15 0 10 20 30 40
Entrance surface dase per film (mGy)
Chest—PA projection Abdomen—AP projection

much tighter control over the range of doses dehvered for each examination. Since
it is the entrance skin dose for a presumably adequare image that is being
measured, the bulk of this variation will be due to differences in the sensitiv ty and
reliability of the imaging equipment and the way i waich it s cperated. Ttese
operavonal and technical factors are discussed in more cetanl later (paragraphs 47—
79} and important methods for reducing entrance skin doses per film, whict. Table
2 suggests are not being universally appled around the country. are included in
Appencdix B.

[t could be argued that hospitals with mean dose values lying, for exarrple, in
the upper guartile of those observed in the survey are using X-rays ineffizienty
and are exposing their patents 1o unnecessarily high Jases. On this criterion some
1300 man Sv of unnecessary collective dose could be saved by persuading the
25% of hospitals with the ligher doses for each of the six types of examinztion in
Table 2 to change their techniques to fall m hine witk the remaining 75%. It could
also be argued that the median or modal values for the number of films usec or for
the fluoroscopy tme for particuiar examinations nn the survey represent a
consensus view on a reasonable maximum value for these parameters. It 1s
believed thar a working party of the Royal College of Radiologists will be making
recommendations on the deswrable number of radiograshs 1o be taker in routine
Xeray exammnauons. and that these recommended numbers will be equal
1o or less than the median or modal values used 11 this analysis. This method
for selecung a reasonable maximum would consequently rot appear w© be
over-restrctive.

Rough. quant -ative estimates of the potenual arnual collective dose zavings
that could be ach :vedif these and other sources of unnecessary patier.t exsosure
were ehiminated are indicated in Table 3, with annual collective doses from other
artificial sources given for comparlsF_n(‘dose' is used here as an abbreviatan for
‘effective dose equivalent’). They are based on a detailed analysis. currently being
carried out by NRPB for the Department of Health. o the English patient cose
survey. [tis assumed that each method of dose reduction 1s applied indeper dently

14
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Potenual annual collective
Method of dose reduction dase savings (man Sv)
Eliminate chnically unhelpful examinatons 3200
Reduce repeat rate from 10% 10 5% &00
Reduce number of films per examination 1o 2501
= survey median value
Reduce flucroscopy tume 1o % survey medint value 1500
Feduce haspudl mean doses o = survey third 1500
quatle value
Ottizr artificdl snutees UK annual collernve dose (ruan S0
MNutlear medioine patients) 1000
Weanons test tallout 550
Miscelianeous sources (tnostly ar mravel] 550
All occupational doses 300
Nuclear power discharges 20
Chemobyl hrst year) 2100

1o the current total annual collecuve effective dose equivalent of about
16 000 man 5v from medical X-ray examinations in the UK®, (It is also assumed

that about 70% of this total 15 due to Ailm radiography. the bulk of the remainder

being due to tluoroscopy and computed tomography.) The combined effect of the
different methods would naturally be smaller than the sum of their individual
collecuve dose savings. since methods applied later would be operating on a
progressively smaller collective dose. The potential dose savings from two of the
methods of X-ray patient dose reduction would each outweigh the total collective
dose from ali other recurning artficial squrces, even when these other sources
include a major component from nuclear medicine. Each methed of pauent dose
reduction considerably outweighs the contributions from the nuclear power
industry and all wypes of occupational exposure.

If the above methods of patient dose reduction were to be applie-t successively
throughout the UK the total collective dose reduction could am-unt to about
7500 man Sv per year, €. a reduction of nearly one-half in the current annual
callective population dose from medical X-rays. The significance of this potenual
reduction in manmade radiation 1s illustrated in Figure 2. (Some specific methods
of dose reduction involving X-ray equipment. that are discussed in paragraphs 63—
68 and Appendix B. could result in even greater dose savings.)

In summary, the potenual for beneficial patient dose reduction is high n the
light of evidence for substantial numbers of clinically unhelpful. repeated and
unopumised X-ray examinations. and cutweighs the combined contributions from
all cther recutring manmade sources of population exposure, by a factor of three.

TABLE 3 Porennal
patent dase reduct
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AGURE 2 Manmade
coilective dose—
potential effects of
ical X-ray protecton
measures
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Medical Xrays — ., 78
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5
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5.4
\Nudeor medicine

/
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Current situation

After protection measures
Note Nuciear power discharges are too small to indicate on piecharts.

Need for patient dose reduction

The need o reduce patient doses depends on the level of nisk to beth
populations and individuals associated with X-ray exammatons. Ulumately, i a
resource-hmited health service. the need will be met only 1f the methods ad
benefits of dose reduction can compete cost effecuvely with other forms of
health care.

The paucity of dwect evidence for detrimerual effects tom low doses of
radiation has led some radiologists to question the need for any concern. The

following quotation from a recent paper on radiology for back pam” highhghts - us
opInIGH.

“Arestnction or alteratuon of radiological invesuganon s often suggested 1o aved
possible radianon hazard: however, the world literature does ot contan asirgle
repant uf a patient ijured by modern duagnosne vadisgraphy of the Jumbar spune ro
matter how complex or repeated and i bocders on the absurd 1o argue that s 2hould
restnct the patient' s reestigation

JWP does not agree with this opinon.

The health effects to be expected from the low levels of eXposSure prevalen: in
chagnoshic radiology will not. of course, be observable in the short term. They will
be delayed by many years and will usually be indistinguishable from those ansing
from other causes. rendering it difficult 1o pin-point therr ongin. It is consequently
not surprising that no reports of parncular patients being ‘injured’ by diagnostic X-
rays appear In the literature. There is. however. sufficient evidence of the Farmiul
¢ffects of radiauon o suggest that a small fracnion of cancer deaths may have deen
caused by pnor exposure to medical X-rays. In particular, increases in cancer zates
have been dentified where defined cohorts of those exposed 1o diagnostic
rachation have been stedied, as in thase exposed to diagnosnc radiography whkilst
in utero or those exposed to fluoroscopy that includes the breast.

On the basis of recently revised risk estimates for low levels of {omising
radiation'”. the estimated annual collective populauon dose in the UK from
unnecessary diagnostic radiology of about 7500 man Sv could be responsible for

20
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between 100 and 250 of the 160 000 cancer fatahties that occur each year. A
monetary valuation of the harm associated with an exposure of 1 man Sv in
general radiclogy was estimated at between £3000 and £10 000 by Russell and
Webb in 1987 ' {A value five times higher was suggested for paediatric
and obstetric radiology because of the migher risk per unit dose for young patients
and parental anxiety.) Smce this esimate was made the perception of the cancer
nisk has increased and so has the Retail Pnce Index on which the valuauon of the
human capital losses from radianon-mduced fatalities and genetc effects was
based. These considerations have led to a 67% increase in the baseline value of the
marn Sv'4 Consequently. 1 would be more approprate 1o take about £12 500 as
the current valu= of a man Sv i adult diagnosnc radicdogy. This puts the cost of the
harm from the unnecessar, cxposures o didgnosue radiology at an esumated
annual value of about £103 millor. The imperance of the effurt to reduce
unnecessany paUeCn exposlics oevident

Somatic risks

The probability of & ‘atal cancer being induced inan ndvidual patient from a
single X-ray examunaron 15, of course, very small and 1s dependent on the age of
the patient as well as the 1ype of examinatuon. Approximare esumates for the nsk
of fatal cancers ansimyg wrrhun the hfetme of pauents exposed 1o typrcal doses from
a number of common types of X ray exarmination are shown o Table 4. The doses
and nisks apply 1o complete examinatons with average numbers of films and
fluoroscopy times. The racizuon health effects maodel used for estmanng these
Wfenme risks 15 descrited 1 Appendix oI leads (o an esumate of the upper and
Jower bounds of the probabity of fatal radanonnduced cancers per umt Jdnse
Trese two extrems wvaluos have been muluphed by @ suitably weighted
combination of typwal crgan doses tor cach type of examnation te give the values
quoted i Tablz 4. It should be apprecated that the nisk factors used have been
averaged cver all ages an:l both sexes 1w the UK populaton.

Lifessnie visk ol fatal cancer” e mlkoen ]

|

Examirztion Lovwer bound Upper botird I
Sheall 2 7
Chest o7 7
Thorac spne 15 LN
Lumbar spine 30 100
Abdomen Pl &0
Pelvis ] 55
Inravencus urography 0 200
Bzawm meal 50 170
Banium enema 100 350

“&verage for all ages and buth sexes

TABLE 4 Typacai hfeume
riskes cf fatai canver from

Xy exagpnatons
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For those exposed over the age of 70 years the nisks will typically be less thar:
one-third of the lower bound values in Table 4, because their sharter hfe expectancy
reduces the opportumty for expression of delayed -adiauon effects. For those
exposed n the first 10 years of hfe the situatior 15 not so clear, for reascns
explamed in Appendix C. On the most pessumistic assompucn the risks for those
expased n childhood could be twice the upper bound values shown it Table 4. In
addition to these fatal cancers. radiation will mdice cancers that can be
successully treated. and s estimated ' that the probatility of non-fatal cancers
ansmg from radiauon exposure will be about 30% ¢ the msk of fatal cancers.

Genern and feal rsks

If paticnts are of or below reproductive age and thewr gonads are exposed to
Xerays, there v a further nsk of inducing severe herednary disease. which is
estimated at 2% per gray o the gonads of either paren. if effects in 4 subsequent
geueralions are cunsidered'”. For this reason the use of gonad shields on patients
of reproducuve capacity has long been advocated for these radiclogical
mvestigdtions where the gonads lie close 1o the primary beam and a shield is
unhkely te obscure essential diagnostic informanon. There is evidence from a
previous NRPB survey!'” that such shuelds are not used as often as they might be,
especially on young adult panents.

The nsk of childhood cancer induction followmg fetal wradiation m vtero is now
esumated 10 be 6% per gray to the fetus, with half of "hese ceses expected to be
tatal. There are also suine indications that fetal sxoosure can result in adult
cancers't. While there are large uncertainties 1n the esturated risk factor it would
appear to be similar to that for exposure i the first 10 y=ais of ife. The develcping
brain has been shown o be partcularly sensinve to radiation damage between 8
and 15 weeks of gestauon and esumates of the nsk of severe mental retardation
currently stand at 45% per gray for exposures during “his period only and on the
assumpton of a linear dose—response relatonship with no threshold %, There is
some evidence for a threshold dose of between 200 and 400 mGy. below which
this effect will not occur, but the data are insufficient (o rule out completely a linear
dose-response down 1 zero dose.

The probabiliues of these effects of gonadal and fetal 2xposure occurning as a
result of typical doses from common types of X-ray examinauon are shown in
Table 5.1t st be remembered that the etfects of radianon are cumulative and
that rmany patents undergo intensive penods of radiologicat examination during
the course of their medical reatment. The risk of inducing fatal cancer frem a
series of X-ray exarmnauons required in the course ! a iong-standing illness or
severe trauma may well accumulate 1 4 level of one in only a few hundred or so.
particulariy of the pauent s young. This level of nisk 1s unjustified unless the patient
receves a commensurate beneht and everything reasonable has been done to
reduce the risk.

In general. the exposure of staff 1n radiology departments to radiazion is small,
and on a population basis is 10 000 umes smaller than the exposure of patients.
Techmques of radiaton protection of staff are of a hizh standard in the UK and
reductions 1n staff dose by further refinement of the protection methods can be
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Probabilty of rathanon effect cccurnng (per milian)

Hereduary effect Effect on fetus

Paternal Mareraat Childhood Mental
Examination wrackation wrradianon cancer” retandation
Lumbar spune 0.2 1t 200 1560
Abdomen 20 11 170 1500
Felvs 24 6.3 160 740
Intravenons urography 23 1% 220 lel0
Banurr aeal 0.8 9.4 220 1620
Bariuin enema 5.4 24 Q60 J200

Fard and nonefatal
1For esposuies betwesn 8 and 15 weeks of gestanen only and assuming a koear dose- respense with i
threshobd

expected 1o have only a marginal effect. However, it should be remembered that
reducing the radiation dose to the patient will almost invariably reduce the dose to
the staff. This reduction in staff dose is a further incentive to achieve reductions in
patent icmsing radiation exposure.

Ir: summary. the need to reduce unnecessary patient doses is evident from the
sigruficanit levels of risk involved both 1o certan individual patients and to the
population as a whole.

PRIORITIES IN PATIENT DOSE REDUCTION

There exists a wide range of methods for reducing doses to patients and the
more important ones are listed in Appendix B. They are divided into two types:
those that wvolve changes in radiclogy procedures, and those that involve
changes m the equipment used.

‘n an atempt (o assess the relative importance of these methods, two
estimates of their potenuial for dose reduction are indicate ! wherever possible.
The first is an estimate of the percentage by which patient dose can be reduced per
examination for which the technique is appropriate. a suming that the methed was
not beng employed previously. The second is an est:mate of the potential saving
in the annual collective effective dose equivalent from diagnostic radiology if the
method were to be applied throughout the UK. This 15 far more difficult to predict
since it requires knowledge of the fraction of the collective dose that will be
affected by the particular dose reduction method and the degree to which the
method 15 already being employed in the country. Only a few approximate values
are available for this measure of potential dose reduction and some of them have
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been taken from Table 3. It should be appreciated that each method is assumec ta
act independently on the current collective dose of 16 000 man Sv, so that rhe
combined effect will be less than the sum.

Perhaps the best method for allocating pricrities amongst patient protector.
options is to rank them in order of cost effectiveness. The financial resources
required by each option to effect unit collective dose reduction. measured in ¢ s
per man Sv, provide a useful guide to its cost effectiveness. A few illustrat ve
estimates of the cost per man Sv averted are indicated in the last column of
Appendix B for those methods of dose reduction where such figures have beer
published or where the costs may be safely assumed to be zerc.

The majority of the methods involving a change in procedure can be seen to
have the great advantage of mirumal resource implications and hence zero cost per
man 5v averted. Such options should recewe prionty. Options mvelvir.g imgro-re-
ments in equipment usually cost meney and dose reductions will accrue over oily
the remaining working Ife of the equipment. Valuations of the cast per man 5v
averted will consequently vary considerably for the same equipment modificat or.
carried out in different rooms. even in the same radiology department, depend ng
on the pav<nt workload and the remaining useful working life of the =cu.pmen .
each room.

It should be noted that in Appendix B the replacement of calcum tungstate
mtensifying screens with more sensiive ones, such as those containing rare
earths. is indicated to invalve zero costs, on the basis of concomitant savings in -he
cost of films and extended X-ray wbe life offsetung the imnal replacerment ¢ast
within a few years. The many methods of patient dose reduction ‘or which no
reliable estimates are availabie of their potenual dose savings. or thew cots.
indicate useful areas for further study. These. and other methods for assess ng
priotities for spending on dose saving equipment in diagnostic radiology. are
discussed further in paragraphs 9-74.

It is undoubtedly true that in all cases where the cost effectiveness of pati=n-
protection measures has been assessed the measures represent value for mor ey
orders of magnitude greater than the corresponding figures of between £5000 :nd
£500 000 per man Sv apparently expended on radiahon protection i1 the nucl 2ar
power idustry in this country and abroad'd.

In the foliowing paragraphs recommendations are made regarding ~he
applicaton of some of the more effectuve of the dose reduction methods given
i Appendizx B The areas mennoned in the terms of reference for JWP
are considered under the following headings: referral criteria (ndications For
examination). radiological procedures. equipment. and waning. Specfic
recommendatons are displayed as they occur in the text and are summanised on
pp 30-32.

[t should be appreciated that many of the techniques of patent dose reduct on
discussed here have been documented previously, partcularly in the Guidasce
Notes for the ‘rotection of Persons Against Ionising Radianons Arising from
Medical and De, 1al Use, prepared by NRPB. the Health and Safety Executive end
the UK Health Departments and published by NRPB in 19as.
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REFERRAL CRITERIA Indications for examination

JWP considers that it s essential that there should be a valid clinical indication for all
examunations of patients whers ionising radiation is used. This is particularly important
in health screeniag where there is often considerable controversy regarding the
possible benefit.

RCR Study Group booklet

Making the Best Use of a Department of Radiclogy

A committee of the Royal College of Radiclogists has. for some years, been
investigating the reascns for the mcreasing demand on radiological facihities.
Member of the RCR Committee considered that there was hitle justification for
many radiclogica. =xammations and that a reduction in the workload would not
orLy produce conside able cost savings but would also reduce the radianon dosc
to the patient without adversely affecting patient management.

A senies of mult centre studies has provided conclusive evidence that certam
examinations, suck as rounne preoperauve chest radiographs. should not be
carried out. Guidelines have been formulated lisnng the exceptions. including
patien-s proceedirg 1o cardio/pulmonary surgery. where clinical examinauon
suggests that mahgnar cy or palmonary tuberculosis 1s a strong possibility. or when
the incidence of pulmonary twherculosis in the patient’s ethnic group may be more
than 1:1000'. Ar important study involving panents with head injury has also
showr that routine exasunation n such cases should not be recommended'™
Guidelnes for chnicians where selecuve radiographic examimatiens are advised
hzve been shown tz be effective in reducing radiclogical examinations 10 such
cases without detrim=ri to the patient’.

The RCR Commutie= has now produced a bookiet which presents a set of
acviscry guideline: to help hospital doctors and genetal practitioners make the
most efficient use of their local X ray departments. The guidelines are not intended
to replace clinical jucgemens but to enhance w in nmes of doubt or difficulry.

In the bookletl. requests for radiological exarminatons have been divided mto
three categories: “selective’. ‘routine’ and “screening’. When a pauent has signs
and symptoms of a pacticular disease and radiclogy 1s used to confirm the
diagnosis. such an examnauon s used selectvely. In many diagnostic situations
circumstanual, as opposed 10 symptomatic, evidence of a particular disease has
become accepted as =significant o gencrate strong suspicion. IF an X-ray
examination is used to confirm or refute such suspicion. then 1t 15 said 10 be used
routinely. When tae disease occurs only very infrequently. 1e. the association
between the circumstantial evidence and the disease 1s weak, then routine
radiological examinanon cannot be justified. When a pauent is well and has no
5iz2ns or symptoms suggestng the presence of a disorder which rachography rmight
reveal. then the exarminatcn 15 used as a screemng test. Examples include
screening for lung cencer or pre-employment examinations in persons without
signs or symptoms of respiratory disease. Apart from certain exceptional
circumstances such requests should be actively discouraged.

13
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The booklet contains guidelines for 12 categones of radiolc gical =xaminations
covering over 70 important clinical circumstances. At present as part 3f a research
project. the bookler has been introduced into five NHS hesgitals a1d has been
accepted by them as hospital policy. National acceptance iz heing «chieved but
only slowly. Introducing the beoklet and evaluating its irmpac: i= a forrudable task.

JWP commends the inatve of the Royal College of Radiclogists ind endo ses 1ts

recommendations on referral guidelnes. It wishes to encourage r=pii disse nination of
the booklet,

Mammography screening

The Forrest Report on Breast Cancer Screening'® recc-nmnends that breast
screening should be reserved for women aged 50-64 years ard for -hose of age
65 years ond over on demand. Unu! strong evidence 15 avalable to support the
screening of younger women mammeographic screemng saculd b= limited to
wornen of 50 years or older. with the possible excepuicn of tr ose with a history of
premenopausal breast cancer in a first degree relatve (sister or mother)'’ '8,
Other groups of women who may be considered 10 be a. a hizher risk of
developing breast cancer, eg, younger women on the conttacepuve pili, should
not be routinely screened. Cyclical breast pain 1s not in w:e¥ an indication for
mammography. Panents with breast symptoms sheuld be referred ta a specialist
breast cime where mammography may be requested.

In the absence of a close famly istory of breast cancer, JWF recoan nends -hat
mammegraphy should not be carned out in asymptomauc womer under the age of

50 years. In the light of present evidence, there 15 no justification fior the inc 2asing
tendency 1n some sectors actively 1o encourage women younger han 50 ye ars to take
parlin mammography screening,

Employment-related chest screening

No recent infermation 15 available on the frequency of e nploy nent-related
radiological examinations. The NRPB 1983 review of the frequercy of X-ray
examinations'” assumed a total of 140 000 examinations €t yea“. mostly of
the chest. This s a small percentage of all examinations carmed out, b at would still
gwe nse to an annual collecuve dose of about 5 man Sv. Taere iz no clinical
Justification for such screening except for those at special risk eg. son 2 labcratory
technicians, those o parucularty hazardous occupauons, such s beryllium
warkers or workers from countries in which tberculosss is enlermic (uniess they
have had a normal chest Xray in the preceding 5 montts . In tiese groups
regular chest examination is justifiable. There 1s no climcal just ficaticn for regular
chest screening in other groups. although this has become i cr=asing y popular in
some circles.

Experience frc n the NRPB Radiation Protection Adviser work sugges:s that
the justification for many employment-related X-ray screeniag progrimmes rests
salely on established practice and that some programmes have developed without
proper justification for X-ray screening ever having been made.
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JWP taerefore recommends that all employment-related radiological screening ]
progremmes should be clinically justified and the reasons for screening eaplained in
wnung ta the employees. The term "employment-related’ should * e widely

interp -eted and encompass programmes aimed at students, the arined farces and

those working abroad. as well as general health care programmes for employees.

Computed tomography

The number of computed tomography (CT) scanners in the UK has doubled n
the past 5 years o the current level of about 200. The complexity of CT
examunaons has also steadily increased and, in parucular, the number of slices
imaged on each patent has nisen as modern technology has dramatically reduced
the time required to perform the scans and reconstruct the images. Little impact
has beer made. however. on the dose required per slice for images of acceptable
quality. Recent developments in CT unaging are consequently likely to have led 1o
sudstant al ncreases in both the number of CT examinattons undertaken per year
and the dose to the pauent per examination.

NRPB 1s currently conducting a national survey of CT practice and patent
doses ard it may well emerge that this method of imaging has become one of the
major cinmbutors to an increased coliective population dose from medical
radiology.

JWP fzels that there may be some radiologists who are not fully aware of the high
patiert dose implications of CT examinations and recommends that the results of the

NRPB CT survey be published and promulgated as soon as passible to remedy this
THTENRI

As far as referral criteria are concerned, all patients subjected 1o CT examination
shouid be individually referred 1o an expenenced radiologist who will be able 1o
advise whether CT 1s the most appropriate procedure to be adopted.

Whil= thus pattern may be the norm in most NHS hospitals. JWP considers that,
in the private sector, the criteria for referral should also be under strict control.

Obstetric radiography

Ulresound has now reached such a state of developmen: that almost all
maging of the pregnant uterus to assess fetal development can be satisfactorily
carred out usmg ultrasound. Pelvimetry. in the few cases when it is required,
rzmains the one diagnostic task In obstetrics where an X-ray exammauon is
Justified Low fetal doses can be assured eithier by using very strict colitmation, an
arr gap nstead of an antiscatter grid and fast films and screens”. or by using a
CT scamner 10 take a linear scanned projection view and a low dose axial scan’'.

Table & indicates the potential dose savings of these two techmiques compared
with coaventonal pelvimetry“?,

WP recommends that no woman should be referred for X-ray exammation 10 assess
fetat cevelopment when ultrasound facilites are available and that, in the few cases
where X-ray pelvimetry 1s indicated, low dose techniques should be used.

15
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TABLE & Fetal doses
from pelvimerry

47

48

19

% of ferus  Mean dose of

Method Reference Projecuon’ exposed fetus MGy
Conventlonal views: 22 AP 50 q

Anuscaner gria La 50 4
Highly collimated: 20

No grid AP 5 00l

Fast film and screen Lat 5 0.008
I 21

Linear scanned projection Letl 50 QU2

Low dose axlal scan T 3 [ERVIFE} %

i

Projectuons: AP—anteropostenor; Lat--lateral.

RADIOLOGICAL PROCEDURES

Availablilty of previous films

There are many occasions. as bruefly mentoned in paragraph €. where
racdiographs are taken which could have been avoided, if the refernng chnician or
raciclogist had been aware of the existence of previously-taken films and i
admimistrative arrangements existed for thewr rapid dennficauon. retrieval and
transfer. If records of all previously taken films and their whereabouts were
available to referring clinicians. considerable expense as well as pauent dose could
possibly be averted.

The uthsation and effectiveness of fiim storage. retrieval and transfer systems
1s known to vary widely around the country and between X-ray departnents
operatng within different areas of health care, JWP 13 generally not n favour of
pauents being given responability for stonng and makmg avalable their own flms.
as s often the case in the private sector. Experience has shown. for example. that
only about one-half of filins stored 10 this way I a private sector mammaography
SCreenng situation were avallable when required. A lower rate of success could be
expected for general radiclogy pauents in NHS hospitals.

JWP can only recommend that a more uform system 1s adopted throughout the
Health Service regarding who keeps films and where they are stored (eg. generai
pracutoner. clinician or X-ray department). for how lung they are stored. and to
whom they are transferred on request (eg, radiclogist. phiysician or surgeon).

Limitation of routine projections in radlography

An important method for the reduction of radiation dose to patients from
diagnostic racwlogy is the limitation of routine projections used in radiological
examinations. By routine 15 meant those projecuons that would be automatically
taken by the radiographer when just a particular type of examination s requested
and no additonal information 1s supplied on the request form. The specification of
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these routine prejections is ulimately the responsibility of the radiologist in charge
of the department and considerabie vartation in what is regarded as rouune is
known to exist from deperiment to department.

To ¢btain up-to-date infarmation on current practice, a survey of 62 hospitals in
the UK was undertaken by JWP 10 March 1989, Radiologists at these hospuals
ware asked a series of questions 1o ascertain which projections were used
reutinely. that 15 where the radiographer has no specific instructions from a
radiologist or clinician, other than to X-ray a parucular area. The questions asked
and a summary of the . 1swers obtained are hsted o Appendix . together with
comments on Lhe tesults of each examinauon surveyed. This limited study o
some aspects of routnne radicgraphic projections indicates vanauons from
department to deps 'ment. but 11s ciear that many depaitments in the survey have
considered the probler ans have reduced the number of projecrions 1o as few as
15 reasonably practucanle without detracung from the chmical value o the
examinaticn. Nevertheiess, it s a subject which s under teview by a working
party of the Royal Collrgr of Radwlogisis and should be audned by overy
radiology department. for o has both radianoen dese and cast mmplicatons.

As a resalt of this survey, JWP recommends that the projecuons histed in Table 7
should not be ‘routine”.

Exarminata 1t P e nsT b e e fe e ponne

Skall Axid 0wl N e )

Prtuitary froan wored v (FA and Lar skl sely hene Lensntme)
Sinuses Paara' Lot focapiiiomental s nly skoeid pe e
Cerawal spne Lot flean i

L1 extensns

ot oblgues

AP i nt e Tiaaay

Chest Iote vl

Abdoten fac et Froor alabomen 1supine aladuimesn e ete ol e nly ste it e
leone)

Lumbar spane Cormea e of Tt
Al Sl

Best o

One nonure bl
Pt ama st Al
Mo han e filinis

Intravennis
uregraphy

Cholecysicgram Foe than down by fultrascnid e opees Dvstsetethis b irrsesig e i

Banum enema oot evas nann film

5 i
Knee Skpkne and wnnel (AP aid Lac only ~buuhd be souened !
]

Note Further eaplanauon o this selecnon of undesirakble routine projecions can he foud morthe
Comments’ of Appendix I

“Frojectuans: AP—anterapostenc: . PA--posteroanternior. Lat laeral
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Minimisation of dose in fluoroscopy {5)
51 Patient radiation dose can be significant during procedures that inwclve
flucroscopy. Although a decreasing number of barium exarmnations of tie upper
gastrointestinal tract 1s being performed. the number of barum enemas and
small bowel examnations requinng fluoroscopy 15 moastly unchanged. Qverall,
flucroscopy 1s on the increase and this 1s mainly becaus= of the inc ‘easing number
and complexity of intervennonal diagnostic and therapeutic proc2dures tha:- are

There are stll some fluoroscopic X-ray machines being used where
collimation to the size of the spot films 15 not automatic. Thus, when the film
is larger than the image intensifier field, the operator has to open the
colimator to an unknown distance so that the whole of the film is exposed.
often causing irradiation of parts of the patient outside the useful field. After
exposure the operater has to remember to ‘cone’ down again to the size of
the intensifier field. Automatic collimation should be added o existing

being performed under fluoroscopie controk. Many of th=se procedares are canec R equipment. but if this 1s not possible the machine should be replaced at an
out in areas remote from the X-ray departmen:. including intenzive cire units, early date.
endoscopy suites and orthopaedic operaung theatres. {6} The anuscatter grid may be dispensed with during flucroscopy when detail
52 There are a number of ways that the radiation dose © the: patiert caa be . is not required, eg. dunng the filling phase of a barium enema or during
reduced dunng fluorascopy. placement of a small bowel tube. Similarly, the grid may be dispensed with if
(1) With improvement 1n the performance of unagze inznsiflers anc the use the field size 1s small, as during some stages of cardioangiography?*<4. A
of image processors with nose reducton fec hues, newer Iuoros:opy grid is not necessary during contrast examinations of small necnates.
units are capable of 4 sizeable reduction i dese wathout loss of {7)  Fluoroscopy units should incorporate an audible warning system which

image qualiry,

(21 Sigmficant reductons n radiation dose (o the pauent cary be mad: by
the conscious efforts of radiologists and other chucan: who perorm
fluoroscopy. Dunng banum studies 1t may be necssary to fcllow the
column of hanam mtermattently as 1L flows through part of tae gastroin esu-
nat tract bemng cxamned, but this should orly b= for sheort perod..
Ortherwise. fluoroscopy should only be used for pos nomng and obtanng
spot views of a particular segment of 1ntestine e suspectad abrormality.
The radiologist will frequently dennfy abnoim aliues durng these short
penods of fluctoscopy and may then abtam <pot verws ¢ the 12si01 for
confirmaton. It 1s amportant to rely upon the rad ograpis obained
identify any abnormal features and the segremnts that require fu-ther

evatuanon. Extensive fluorascopy should not be rout nely performed nan
etfort to idennfy any abnormal features. Short penio is of flusroscop= are
permissibic when compressing the Jumen of the stemach cuodznal cap.
segments of small intestine (particularly the e, and for cempression of

sounds after a pre-set flucroscopy ume has elapsed. prior to automatic
terminauon of the exposure. Radiologists should be aware of the serious
patient dose imphcations of repeatedly resetting this device during a single
eXarmnaiocn.

Dose—area product meters, such as the Diamentor (PTW. Freiberg). can be
conveniently fitted to the diaphragm housing of X-ray sets to monitor the
radiation dose 1o the patient duning fluoroscopic examuinations. These can
provide a useful guide to the performance of both the equipment and the
radiologist In keeping patient dose to a minimum. Diamentor measurements
observed dunng the NRPB national survey are shown in Table 8. They
indicate a wide vanation in performance at a sample of 20 hospuals. If
radiclogists were to make their own measurement they would be able to

compare their performance with the national norms.

Diamentor reading {cGy cm?’) (R <m”)

TABLE 8 Diamer
measurements fo.

fuprascopic

the colon. First Third exarminatons fron
(31 lntermittent fluoroscopy for shon penods with as leng intervels as possible Esaminctan Pamrnum quartile Median quartle Maxmum NRPB national sur

n hetween can sigmhicantly reduce patient Jose. The raemory facil ty.

whereby the last mage 15 stored on the television sareen {37 viewing untl Eam aneal @ o33 Lo 2760 10239

the next period of fluoroscopy. 1s now being used rore widely and aelps Barym enems o18 2373 4050 6093 27170

further 10 reduce fluoroscopy ume.
(4) Duning fluoroscopy the bearn should be collimated to the smallest fiele that

i$ necessary to show the feawres required. The mA and kY shou.d always
be kept as low as 15 necessary to give an adequae imege for the [ocedure
that 5 performed. On many occasions when cathesers. probes. needles,
pacemakers, endoscopes and metal parts are beirg manipulated Lnder
fluoroscopic control, the factors are set to give an optimura picuce 01 the
image ntensifier when much lower factors would aroduce an adequate
picture

18

J=/P recommends that the patient dose during flusroscopic examinations should be
reduced and kept to a muinimum by using as low mA and kV factors as pessible. by
arention to good collimation and short periods of intermittent flucroscopy and by
dispensing with antiscatter grids whenever possible.

Atomatic collimation at least down 1o the casserte size of to the field of view of the
mage intensifier should be provided at all times.

R zgular measurements with a dose—area product meter would establish the
eKectiveness of these dose reduction techniques.

19



Documents of the NRFB, Vol 1. No 3. 19%0

53

54

35

56

37

Quality assurance programmes

Quaiity assurance (QA) is primarily concerned with the maintenance of X-ray
imaging equipment at the optimal operational condition for providing the required
diagnostic information. [t is generally accepted that this condition should b=
achieved at minimum cost both financially and in relation to the radiation hazard ©
the patient. The Worid Health Organisation® has defined quality assurance
programmes in X-ray medical diagnesis as *. . . an organised effort by the sta’f
operating a facility to ensure that the diagnostic images produced by the facility ar=
of sufficiently high quality so that they consistently provide adequate diagnost=
information at the lowest possible cost and with the least possible exposure of the
patient to radiation . Establishing acceptable criteria for the benefits. costs and nisks
associated with medical X-rays should form an essental part of quality assurance
activities and hence provide a valuable opportunity for bringing together the prime
interest of radiologists (and hence of RCR) in wnage quality and the interests of
health physicists (and hence cf NRPB) in patient and siaff protecton.

While the main elements of a OA programme deal with the tests and critera
required to check the operating characteristics of X-ray imaging equipment, te
link between the equipment and the pauent 1s the operator (radiclogist ared
radiographer) whose performance should also be of concemn in fully effective QA
programmes. The factors which indicate the effectiveness of the checks on
equipment and personnel performance are the patient dose and the image qualit=.
An indirect method of assessing image quality which 15 often included in Q3
programmes is film retake analysis.

A-ray equipment performance checks are generally carried out uncer one of
three circumstances:

{1)  duning acceptance testing of newly installed equpment:

(2)  following major repair of faulty equipment:

{3)  as routine checks at regular intervals to ensure relable and optimun
performance at all times.

The detailed baseline measurements required in circumstanices (1) and (2) will b=
more exhaustive and require a higher level of accuracy and reproducibility than thz
routne checks in (3) that need 1o be simple and quick to perform.

The Institute of Physical Sciences in Medicine (IPSM) considers acceptancz
testing to be an important roie of the medical physicist in the scientfic and
technical support of diagnostic X-ray services and has publshed a substanticl
report-® describing the measurements required for these more exhaustive types cf
X-ray equipment performance tests. These are given in Table 1 of Appendiz E.

Routine performance tests are aimed primarily at monitoring constancy cf
performance. Their esults should be comparable with the levels of performanc=
established during + ceptance testing on installation but they need 1o be less tim=
consuming and her.ce must be less comprehensive. It is a requisite of these checks
that they provide early warning of gradual deteriorations in equipment perforr -
ance that might otherwise go unnoticed. leading 1o unwitting use of inferior images
and/cr excessive pauent doses. Table 2 of Appendix E gives those tests which arz
specifically recommended by IPSM for use as routine checks. They are arranged i1
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order of their recommended frequency. Practical guidance on routine perform-
ance tests can also be found in references 27 and 28. Routine tests are worthless
unless their results are evaluated promptly and accurately and any necessary
corrective measures are undertaken. A complete guality assurance programme
roust include the assignment of responsibility for remedial action as well as the
setting-up of routine test procedures and criteria.

! JWP reccrnmends that an appropriate QA programme along the lines indicated above
should be instituted in all radiclogy departments. Where the departments are sizeable
1t would be appropriate *o set up an officially recogrised QA group.

Patlent dose measurement

Patient dose measurements rarely lorm an integral part of QA programmes.
Some dasimetry 15 undertaken duning acceptance testing and rounne checks n the
form of X-ray tube oupu measurements under specibed operatmg condiuens, but
there is generally n:le yuantitanve informanon avalable to those chimicaily and
physically direcung medical X-ray exposures on the specific radiauon doses t
patients from the procedures that they practice in their departments. X-ray imaging
equpment rarely provides direct indication of the duse being delivered to the
f{anm[. Practitioners are ferced to rely upon general iformation from the
manufacturers or th= pubhshed literature. that 15 unlikely to apply to their specific
procedures. or on infrequent measurements by their local medical physicists.

A first essenua: step i allempung 0 optimise patent dose 1s 1o make
practitioners aware of their own performance and how t relates o generally
accepted practice. The data from the NRPB national panent dose survey’ can
provice prectical refererce doses for assessing performance at the local level. It is
recormmended that. as part of a routine quality assurance Drogramme i a
department. hospras should regularly momior ther levels of entrance surface
dose in each X-ray roor for a few common X-ray projections. [nitially, a baselne
can be established oy calculaning the mean value of measurements on a sample of
adult patients selected at random for each category of radiograph, but excluding
extremely large and small patients so that the mean weight of the group s dose to
70 kg. Subsequent measurements in the department wilt allow the impact of any

changes in equipment or techrique 1o be mcaoitored.

As anratial gudeline . w1s recommended that all X ray departments should aim
to achieve mean dase ‘eves that are less than the reference doses given in
Table 92°. These figures are based on the third quartile values for the distnbutions
of mean dose at mdmdual hospuals participating in the nauonal survey.
Departments observing ievels of mean dose above the reference values should
undertake a thorough review of radiographic pracuce to justfy or improve
techniques. The proposed reference doses should be seen as a practcal aid to
increasing general awareness of levels of patient dose and hence 1o promoting
opumisation in medical radiclogy. The adeption of the third quartile values for
these doses is a purely pragmatic approach to help identufy the 25% of hospitals.
for each type of examinauon. which would seem to be most urgently in need of
better quality control. Atainment of doses below the reference values should not

21



Documents of the NRPB, Vol 1, No 5. 1990

TABLE ¢ Guidenne
values of entrance
surface dose per filmin
finclucing backscareer)
for a standard 20 kg
Dahent
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Examunaton Projection’ Reterence dase (mGy)
Skull AF/PA
Lat
Chest PA 0.3
Lat 1.5
Thoracie spine AP 70
Lat 20
Lurnbar spine AP La
Lat 30
LSJ 0
Abdomen AP 14
Pelvis AP 11
‘Progecuons: AP —antetopostencr: PA—posteroantenor; Lac lateral: 15) 3 mbosac-al pang aon,

be construed as achievement of optimum performance: further dese reductions
may still be reascnably pracucable. It will be necessary to fzview regulerly the
levels of reference dose quoted here in the hight of developneits in tie practice of
diagnostic radiclogy.

Reference doses simular to those i Table ¢ have seen pwcluded in a recent
European ininative proposing ‘quality criterta for diagnosut radiographic mages’
for selected exammanions®', These cnitena take the form of a specicaticr of the
important anatormical structures and derails that should be wisitie in arad.ograph of
good diagnostic quality of a normal patent. together with examoles of good
radiographic techmique and guidehnes on patient dose.

Measurement of the entrance surface doses requived for aheckir g against the
recommended reference levels can be convemently made by -hermolumirescent
dosemeters (TLDs) antached to the panent's skin. Xay dep:rtmerts are
encouraged 10 measure doses (o their own pauents. eith=rwth the help of their
local medical physicists or by using a postal TLD patient cosmetn servie that
NRPB has under consideration. In the long term. manufecturers shoild be
encouraged ro build patient exposure monuonng devices (eg. dose-area product
meters) into diagnasuc X-ray equipiment. 1o provide autonatic and 11stantanecus
indication of panent doses for quality conirel purposes.

JWP recommends that quality assurance programmes should inclucs pencaic
measurements of patient entrance skin dose which should be compzred wi h guideline
doses based on previous results from each department and on natical norns, anc
this information s! 1uld be fed back 1o those climically and physically directing the
medical exposure  so that any necessary corrective action can be taken.

Manufacturers should be enccuraged to build panent exposure rontoring levices
{eg, dose—area product meters) inte diagnostic X-ray equipmet, to:provide autorr atic
and instantaneous indication of patient doses for quality contre! purjposes.
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ECUIPMENT

Recent developments

Thare have been many developments in medical X-ray imaging equipment in
“he last decade or so that offer considerable potential *or reducing doses to
tauen s. Notable ones are included in Appendix B. It sh suld be remembered,
nowener, that developments in equipment have been primarily aimed at umproving
the diagnostic value of medical images and that improvements in image quality
frequemitly run counrer to reductions in patient dose. Computed tomography is a
good e xample of a modern imaging technique that has considerable advantages in
terms of diagnostic value, but at the expense of relatively high patient doses that
cannol be reduced withour degrading the image. Sensitive imaging systems are
wvariably “quantum limuted’ 1n the sense that reducing the dose 1o the image
receptor below a certan value will intraduce sufficient random vanation m the
photor fluence rate to give a disturbing mottled appearance to the image.
Notwihstanding the above limitations. there are many situattons where perfectly
adeque te image quality can be obtained using more sensitive IMaging equipment or
whers improved design of equipment reduces the dose to the patient but not to
th= in3ge receptor (eg. carbon fibre COmponents).

[t s1ould be appreciated that reductions in patient dose resulting from changes
in radiniogical procedures {eg. referrai patterns or examination techniques) need
censta it effort to maintain the benefits. Reducing the radiation: dose delivered by
the equipment for a given examination. however. will often result in a constant
recucton without further effort throughout the life of the equipment. Moreover, it
s1ould be appreciated that the cost of some of the modifications to X-ray
equipment. that will lead to significant savings in patient dose, 1s a very small
frzction of the capital cost of the complete Imagmg system.

JWP is particularly concerned that the radiology profession appears to be
taking 4n nordinately long time to 1ake advantage of the well-established potential
for rare-eatth intensifying screens o reduce substantially patient dose while
reraining adequate image quality at very moderate financial cost. Rare-earth
screens have been avallable since the early 1970s. However, in a survey at 25
randerly selected Enghsh hospitals n 19837 only 23% of radiographic X-ray
£XAMmIrations were carried out using rare-earth screens and by 1985 replies from
172 UF. hospitals*' indicated that the figure was stll below 50%. Both of the above
studies indicate that approximately a further 3000 man Sv could be avoided each
year if the most sensitive rare-earth screens, compatible with retaining adequate
image quality. were used for all radiographic examnations.

Raciologists should also be aware of a number of new Imaging systems. that
are juit becoming available in this country, that all promise considerable
reductions in patient dose as well as improvements in image quality. Although
rany of them involve substantial capital outlay. they may well prove to be more
cost ef ective in comparison with conventional equipment when the time comes o
replace existing systems. In particular, recent developments in digial imaging.
such as computed radiography (Fuji. Toshiba, Phihps. Siemens) and digital spot
imaging (Philips), offer digitally-enhanced images at a fraction of the patient dose
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required by conventional film-screen or film-intensifier systems. Chest imaging
systems' are now available that utilise slot or scanned beam radiography 1o reduce
scattered radiaticn. and use either a linear image intensifier (Philips Pulmo
Diagnost 100) or beam equalisation techniques (AMBER—Advanced Multiple
Beam Equalisation Radiography) to produce high quality images at low doses.

The other methods of patient dose reduction relating to X-ray equipment. given
in Appendix B. should not be overlooked, The Supplies Technology Division of the
NHS Procurement Directorate carries out evaluations of many different types and
components of X-ray imaging equipment which can have a direct effect on the
dose levels required to make a diagnosis. Results of these objective measurements
are pubhshed in the "Blue Cover’ report series and provide usetul gmdance 1o
Health Authorities contemplating the purchase of specific wems of maging
equipment. These reports are avallable free of charge to anyone employed in the
NHS. However. itis not seen by the Department of Health 1o be the responsibality
either of the Supplies Technology Division or of the Nauonal Centre for
Responsibility for Diagnosuc X-ray Equipment, that is operated by the Southeast
Thames Regicnai Health Authonty, to prowide techmical criteria thar will ensure
that X-ray equipment purchased in the NHS incorporates appropniate patient dose
saving features. Decisions as to what equipment to buy and why are made by
individual Health Authorities. usually at regional or district level].

JWP would like 10 see more central guidance from the Department of Health
down to District Health Authornity level of the necessity for. and ApPrOpriate means
of. achieving patient dose reducuon when purchasing diagnostic X-ray cquipment.

JW?P recommends that all radiographic examinations should be carried out with the
most sensitive rare-earth intensifying screens compatible with retamung adequate
image quakity.

Radiclogists should be aware of the dose saving potential of some of the new digital
IMAgINgG systems.

The Department of Health should provide centrat guidance (o Health Authonties on
Llhe need for, and means of, achieving patient dose reduction when purchasing

diagnostic X-ray equipment.

Prioritles for spending on Improved equipment

The assessment of priorities for introducing dose saving equipment into X-ray
departments should be based on the expected collective dose savings and the
financial costs invalved®?. Equipment changes involving lower costs per man Sv
averted ake priority, with the overniding stipulation that the diagnostic value of the
X ray examinatuons should not fall below what is Judged to be a criucal level. X-ray
departments should be encouraged to carry out these pricrity assessments for
their own particular situations, i order to advise Health Authonties of the most
cost-effective equipment modifications available to them.

Ilustrative ranges for values of the cost per man 5v averted for a number of
dose saving modifications 1o X-ray equipment apphed in a hypothetical radiology
department are shown in Table 10. The ranges quoted in the table for the same
equipment modificauon cover the values found for different rooms in the
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Pratection oplion Cost effecuveness (£ per man Sv)

Rare-earth screens 2--20

Carbon fibre grds 50-1500
Carbon fibre cassenes 200G 1001
Carbon fibre table tops 2504100

department. The cost eftectiveness can wory considerably because of differences
in patient workload and i the remaining working hfe of the equipment and
indicates the need 10 base these estimates on local condinons. Overall. the values
range from £2-£4000 per man Sv saved. Rare carth sereens are usually the
best buy.

In this example. advenunous cost savings that mught result from the proposed
equipment modification. such as the ability 10 install a cheaper, lower power X-ray
generator or the defayed replacement cost for the X-ray tube. when changing over
to faster rare-earth screers. have not been taken into account. In some cases these
can result m an overall negative cost. e, a long-term cost saving, for the
protection measure ™’ ) which case the need {or its implementation is nrefutable.
Even health service manegers tmght ind this a convincing argument. The cost per
man Sv, even for relatively expensive nems, such as carban fibre table tops. o
seen to be consiklerably lower than the monetary valuauon of the harm fiom
1 man Sv in general radiology of £12 500 that was mennoned n paragraph 19, and
even lower still than the Nigures of up to £500 000 per man Sy often quoted for
expenditure on protecnon i the nuclear power ndusioy '™,

However, there will always be competing Jdemands for resources in the Health
Service, many of which may represent maore cost-effective ways of improving the
naton's heaith than radistion protecuon. Moreover, health service managers are
frequenzly unsyrmpathcue 1o the adea of spendimg now in order to save later,
especially when ‘later’ could be decades later and the saving, in terms of a few
potential delayed deaths, is by no means readily apparent. [t would be extremely
useful to be able to make a companson between the cost effectiveness of radiation
protection options and other medical procedures which are competing for the
same resources. Measuning cost effectiveness n terms of the cost per quality
adjusted life-year saved (£/QALY) is perhaps one way of doing this, and rght
present a more persuasive argument to heaith service managers. Cost-Uulity
Analysis {CUA) is a special case of cost-effectiveness analysis where the outcome
is expressed in terms of the number of ife-years gained. ideally adjusted for
quality. It has been applied to a variety of health care programmes where the use
of an adjustmert for the quality of hife allows the method to be apphed to medicai
procedures that enhance life as well as to those that extend it.

An illustrative exercise carried out by Walt and Russell** estimated the number
of QALYs gained by adopting different patient protection measures in a typical
radiology department. The QALY estimates included the years of life gained by
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TABLE 11 Exaniples ot
Costs per QALY hor
siredical proceduyies anid
PRI PrOIeC Tt

reducing the nsk of fatal radiation-induced cancers and the improved ¢ Bhity of life
gained by avoiding the pain and distress experienced prior 1o dying ~m such a
fatal cancer or during the treatment of a curable radiatior-induced car«<=r. Typical
costs and collective dose savings were estimated for three patien. protection
aptions involving carbon fibre components to reduce the atzenuation ~=tween the
patient and the image recepior.

[llustrative =xampies of the costs per QALY for these options in »zmparison
with published values for established medical procedures are shown - Table 11.

Cust per QALY 10

 — -
i Medical procedure
Neonatal stensive care 100
Pacemarer imiplant B
Hip replicement TS50
Heart valve replacement Q00
Coronary artery bypdss grafting 2 500
tthree vessel disease)
Kuiney transplant 3000
Marnmogiaphie bredas! sorecmng E1E)

Percutaneous transluminal coronary angoplaaty

fone vessel disease) 3500
Cervical screeming ER]
Heast transplart = Ut
Kidney dualysis 11 ol

Fatienr protectun opion

Carban fibre grads S40
Carbon hbtre cassertes 1 500
Carbon fikre teble taps 2400

Although these esumates are very approximate and will depend r—ucaly on
local ccurnstances (and will probably need revising 0 view 3f racent
ncreases i radiauon nsk estimates), they at least indicatzi tha: evem relaavely
expensive patlent protection measures. such as carbon hibee table tps. aspear
to compete favourably with a number of medical procedures t-al al-eady
consume large amounts of health service resources. lare-earth scri=ns, which
can provide larger dose reductions at considerably lcwer costs t-an carbon
fibre components, will of course be even more cos: effecuve 1= terms of
costs per QALY.

JWP recommends that radiology departments should assess their prionties for-
ntroducing dose saving equipment on the basis of the cost per man Sv avertes,

The need to mstall dose saving equipment that results in long-termicost savires 1s
irrefutable.
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Regulatory controls

{t1s perhaps not appreciated by all those clinically directing medical exposures
thet there are European and UK regulations that oblige them 1o have a
planned programme for the replacement of all X-ray equipment that does not
Testric: patient exposure as far as 1s reasonably practicable. CEC Directive
84’465 (of 3 September 1984) requires  the establishment of crtena
ot acceptahility for radloioéEal_inslallauons. strict surveillance of equipment
with regard 1o racdiological  protection and quality control. and that all
rsiailatons which no longer meet the criteria should be taken out of service
o replaced.

A major component of the quality assurance programmes discussed in
paragraphs 53-57 should be the measurement of equipment performance both on
ws:allation and at regular intervals throughout ts workimg hie. Frequent qualiry
control checks are particularly important for equipment that 1s prone (o a gradual
ard hence otherwise undetectable degradaton in performance. such as film
prccessors and wnage ntensifters. The resuls of these regular performance
checks. and in parncular any difficulties experienced 1n maintaining adequate
performance. should play a large part in decisicns as 1o the approprate ume for
equipment replacement.

The UK lonising Radiation (Protection of Persons Undergoing Medical
Examination or Treatment) Regulations 1988, that were drawn up to ensure UK
compliance with the CEC Directive, require medical exposures to be conducted m
accordance with accepted diagnostic practice and that only those procedures are
selzcted that ensure the dose 1o the patient 1s as low as reasonably practicable. The
Health Ciecular 1ssued By_the Department of Health at the same tme as the
Regulations made it clear that Health Authonities, together with chnicians, should
ercourage the formulation of a strategy for dose reduction.

Regulaton 33 of the UK lonising Radiations Regulations 1985 also states that
medical exposures must be carned out on equipment that restricts the exposure of
the patient as far as 15 reasonably practicable. Inspectors from the Health and
Safzty Executive will be enforcing this regulation and JWP has been assured that,
in the course of nspecnans of X-ray departments HSE wilt discuss and agree
Wit ‘employers’ 4 programme for the progressive replacement of all equipment
tha: i partcular does not conform to that recommended n paragraph 3.36
of the Guidance for the Protection of Persons Aganst lonising Radiatnons
Anzing from Medical and Dental Use, published by NRPB i 1988. Paragraph
3.3% states:

‘The unaging system should be chosen to ensure mimmum dose 1o the patient
corsistent with obtaiming adequate diagnostic informaton. Doses to patients and staff
should be reduced by using low attenuaton materials in ancillary equipment. such as
zarbon fibre i tables and cassettes, and rare-earth intensifying screens should be used
wherever choncally possible.”

HS5E Ir.spectors would expect employers responsible for radiclogy departments o
héve a current purchasing policy for rare-earth screens and low attenuaton
ardllary equipment.
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79 JWP would wish the Department of Health to urge strongly Health Authorities

to ensure that proven dose saving components are incorporated into X-ray
equipment at the time of purchase so that the need for expensive modificat.or: or
withdrawal from service at a later date is avouded.

care of knowledge in -he Regulations. However, other persens who direct medical
eposures. such as cardiclogists, orthopaedic surgeons and persons making
imections of radicactive substances. will need 1o attend a course of mstruction on
the core of knowledge. Employing authorites are responsible for:

JWP recommends that ali X-ray imaging equipment should be subject to regular (1) identifying personnel requiring training,

petformance checks which. if necessary, should lead to appropriate corrective action (z)  keeping recorcs of those persons having attended an appropriate course.

or replacement. {3)  ensuring compliance with the Regulations,

Prime consideration should probably be given to rare-earth screens. to opumal (4, ensuring the evailability of expert physics advice,

operation of film processors and image intensifiers and to carbon fibre components. (5. dissermnauon of informaton on available courses,

Health Authorities should be made aware of the expectanons of HSE Inspectors (6 mantaing ar inventory of equipment that produces ionising radiation.

regarding «vidence of a planned programme for the replacement of equipment that 83 The syllabuses of the st FRCR examination include the core of knowtedge.

does ot u.lude low altenuation companents and for the purchase of rare-earth (o: and the Royal Coliege of Radiclogists believes that everyone holding the FRCR and
lelarly sensitive) screens wherever clincally possible: j he DMRD of the Comomnt Board 15 adequately tramed for both choicaily and

—— e ] ] ¥ ¥

Alternatlve imaging equipment avolding X-rays prysically directing a medical cxposure. Simiarly. all persons holding the Diploma

Reference has already been made in paragraph 46 to the major role of in Radicgraphy of th> Co'lege of Radisgraphers are considered ro be adequately
ultrasound in obstetrics and in Table 7 and Appendix D to the replacement ot uained for physically dirccting a medical exposure, Dental surgeons are apparently
cholecystography by ultrasound. It has a particularly important role to play m the cznsidered by the General D=mal Council to have undergene sufficient traming
investgation of renal tract disorders 1n children and in invesugation of cangenital in their urdergreduste svllabus. However, the advice given by the Counal to
heart disease. Every effort should be made 1o employ ultrasound where dental surgeons on he necd for addimonal trammg s equivocal. and A number
appropriate. particularly in chiddren where the nisks from Xray exposure are of training courses ser up 1o provide the core of knowledge are directed
probably higher than for adults. as explained n paragraph 21 and Appendiz C. szecifically at denusts. All ohers who climically or physically direct medw ak

There is evidence that magneuc resonance imaging (MRI) can replace exposures will need tramnny,. Some medical schools have already included the
radiculography in the invesugation of disorders affecting the ntervertebre! discs core of knowledge n the curriculum of undergraduate tramng. This provision
and is superior Lo computed tomography. particularly in the posterior cramal fossa will avord. for examp le. -he necessity for jumor doctors 1o attend a special course
and the cramo-cervical jJunchon. It is probable that MRI could reduce the number tefors performing procedures such as mserton of pacemaker electrodes under
of mvasive investganons n congenual heart disease and in the diagnosis of fuoroscoric controb
;2111::;6:15(:?:15:‘;&1'?;rte}‘]elsplr];t\l;lglsus; ;:;{‘; the UK 15 lagging behind cther JWP recc_)mmeu‘d‘s that cr.msxdf:rangn should be given b‘y medical schogls to ‘ ]I

incorporaie the “core of knowledge” defined in the lorising Radbanon (POPUMETY .
JWP recommends increasing the availabihity of both ultrasound and MRL which wil Regulations 1988 o the curnculum ofa_IILind_ergrdduate medical students.
:s}:‘ecfr:::la?‘c'? upon techmques involving X-rays, particularly for young panents at 84 An eszential pant of 1w required core of knowledge 13 an appreciation of the

TRAINING

The lomising Radiation {Protection of Persons Undergomg Medical Examrination
or Treatment) Regulauons 1988 require that those direcung medical racdiation
exposure for diagnostic or therapeutic purposes should be adequately taned. A
schedule n the Regulauons lays down a care of knowledge requisite for persons
diwecung medical exy asures. Persons physicalty direcung a medical exposure aje
required 1o select precedures such as 1o ensure a dose of wnising radiation 1o the
pauent as low s reas mably pracucable in order 1o achieve the required d1agnosg'c
or therapeutic purpose._It 1s part of the training of every radiographer and
radiologist to understand the importance of this principle. and to have covered the
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ranges of doses thet are given 1o patnents with a particular procedure and the
principal factors whizh afZect the dose. Methods of measuning panent doses and of
assessing the somate and gonetic nisks are dlso 1o be understond, While NEPB has
produced meny detlaled e hmeal reports covenng these areas of radanen
protection. there 1s a clear need for a conase booklet midicanng the hkely sisks
associated with a ringe of doses ansing from medicai Xeray procedmes, ma
manner that can e cadily appreciated by those cimcally and physically directing
Kray examnations. Surh a booklet would provide valuable source matenal for
medical physicists Brotunng on traimng courses and could be used as an ande
memorre for radiclagy pracationers,

JWP supports the proposal that NRPB should produce such a booklet indicanng the

likely risks asscaiated with 4 range of doses ansing from medical X-ray procedures ‘
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CONCLUSIONS

This review has clearly identfied that the porenaal for panen- dose reducnons
15 high. The wnportance of this potenual 15 emphasised by the fact that it
considerably outweighs the combined contributicns from all cther recu-ting
manmade sources of populanon exposure. Also from assessirents of the -isks
involved hoth to certain individual pauents and to the population as a ¥hole it is
evident that there 15 3 posiuve need 1o reduce patient dose.

The review has been able (o use data from recent studies 1o bing tae problem
more sharpiy nto focus than previcusly. However. w must bz stated thar the
potenual and need for dose reductions has been recognised for ¢ numter of years
and it 15 of some concern that there appears o have been slow (wogress in
addressing the probiem. It 15 therefore concluded that there 13 need foxr an
increased prionty 10 be given 1o panent dose reductons. The anus for thus -ests
not only with those chmcally and physically dicecung radwlogi-al examinat ons.
but with relernng chirmcians and with the vanous levels o adnune traton within the
Health Service that have direct influence over the allocation of resourczs. To help
In this process the report has addressed mechamses that can heb rank the
pniorites for dose reducton both between compeusy pauer:t prosecuon techrrques
and i the wider context of allocauon ol resgurce: i total health zare spending.

I'he recommendations contained m the body of the report are 1sted i the
following summary by headings under which they appear. The meecommendacions
have been numbered sequentally and. since they are dirested ot cifferent
professional groups within the Health Service, the recommedauoas tha: are
partcularly appropnate for each group are idenuficd below.

[ Group Recommenddanons
I Refernng clin:icians’ i-6
Radologists 5.6.8-12.14-16.19
Radiographers 11,12,15,16
Medical physicists 11,12.14-1¢
1 DH and Health Authonties 7.13.17-1%
X ray equipment rmanufacrurers G.18
RCR (General Medical Council) 20
NRFB 51221

“These ncluue genersl practioners, phyysodans, oSt o, iy haeg obogists and surgeons,

Summary of recommendations

Referral crteria Indicanons for examination

1 It 15 essenual that there should be a wvalid chimcal .ndicaion for all
exammauons of patients where womsing radiancn 1s used. Tiis 1s parucuolarly
important i health screenmng where there is often considemtle «ontroversy
regarding the possible henefit,

2 The guwdelnes on referral critena in the RCR Stwdy Grouwn bootlet, Making
the Best Use of a Department of Radiology. are endorsed. The sooklet should be
disserminated as . adly as possible.

3 [n the absei.ce of a close family hustory of breast cancer, mammography
should not be carnied out In asymptomatc women under the a2e of 30 years. In
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the light of present evidence. there is no justification for the increasing tendency
I some sectors actively 1o encourage women younger than 50 years 1o take part
i mammography screening.

4 Al employmentrelated radiological screening programmes should be
chinically justified and the reasons for screening expluned i wrting to the
employees. The term ‘employmentrelated” should be widely interpreted and
encompass programmes aimed at students. the armed forces and those working
abroad. as well as general health care programmes for employees.

5 The results of the current NRPB survey of computed tomography (C1)
practice and patient doses should be pubhshed and promulgated as soon as
possible so that all radiclogists are aware of the high patient dose implcations of
CT examinatons.

Prior to CT examinaton. all patients should be individually referred w an
experienced radiologist who wilt be able 1o advise whether CT 1s the most
appropriate procedure o be adopted.

6 No woman should be referred for X-ray examination to assess letal
development when ultrasound facilities are available. In the few cases where X-ray
pelvimetsy 15 indicated, low dose techmques should be used.

Radiclogical procedures

7 A more uniform system should be adopted throughout the Health Service
regardirg the storage. retrieval and transfer of radiographic films. that will improve
their availlabitity.

8 The projections given in Table 7 (p 17) should not be used as ‘routine’.

9 Pauent dose duning fluoroscopy should be kept t¢ & minimum by using as
iow mA and kV factors as possible, by atention to good collimation and shart
penicds of intermuttent fluoroscopy and by dispensing with annscater grids
whenever possible,

Automatic collimation at least down to the casserte size or 1o the field of view
of the 1mage intensifier should be provided at all times.

10 Radiologists should be encouraged to make regular measurements with a
dose—area product meter 1o estabitsh the effecuveness of the above fluoroscopy
dose reduction techmques,

11 Al radiology departments should nsutute an appropriate quality assur-
ance programme. Where departments are sizeable it would be anpropriate to set
up an officially recognised qualty assurance group to manage and direct such
programimes.

12 Quality assurance programmes should include periodic measurements of
pauent entrance skin dose which should be compared with guideline doses based
©n previous results from each department and on national norms. THis information
should be fed back ta those clinically and physically directing the medical
exposures 50 that any necessary corrective action can be taken.

Equipmemt .

13 The Department of Health should provide central guidance to Health
Authorities on the need for. and means of, achueving patient dose reducticn when
purchasing clagnostic X-ray equipment. -
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14 Radiology departments should assess their priorities for intreducing dose
saving equipment on the basis of the cost per man Sv averted.

The need o install dose saving equipment that results in long-term cost
savings, without diminishing the diagnostic value of examinations below a critical
level, is irrefutable.

15 Prime consideration should probably be given to rare-earth screens. to
optimal operation ¢f film processors and image intensifiers and to carbon fibre
COMPCREnISs.

16 All X-ray imag ng equipment should be subject to regular performance
checks which, f rece sary, should lead to appropriate corrective action or
replacement,

Radiclogists should be aware of the dose saving potental of many of the rew
digiat 1maging systems.

17 Health Authonities should be made aware of the cxpectatons of HSE
Inspectors regarding evidence of a planned programme for the replacement of
equipment that does not include low atenuanon components and for the purchase
of rare-earth {or simularly sensitive) intensifying screens wherever climically
possible.

18 Manufacturers should be encouraged 1o build patient exposure monitoring
devices {eg. dose-area product meters) nto diagnostic Xeray equipment. to
provide automauc and instantaneous indication of patient doses for quality control
purposes.

19 Increasing the availability of both ultrasound and MR! will reduce reliance
upen techmques invelving X-rays, particularly for young patients at higher nsk.

Tramning

20 Consideraton should be given by medical schools to incorporate the ‘core
of knowledge” defined in the lonising Radiation (POPUMET) Regulations 1988 into
the curnculum of all undergraduate medical students.

21 Support 1s given to the proposal that NRFB prepare a bookler ndicating
the bkely nsks associated wuh a range of doses ansing from medical X-ray
procedures. in a manner that can be readily appreciated hy those chmcally and
physically direcung X-ray exammnatons.
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Appendix B

METHODS FOR REDUCING DOSES TO PATIENTS FROM X-RAY
EXAMINATIONS

Patient Dose Reduction in Diagniostic Radiology

Porenual dose reduction

Method

Potental dose reduction

Per Annual L5t pey
EXARULNALAn callertive man Sv
(%) [man S I

1

14

Radwlogical procedures

Define strict referral critenia to exclude
clinically unhelpful examinations
Improve avallability of previously-laken
films and ther transfer between hospials
Mimimuse number of radiographs per
exanination

Miimise fluoroscopy nme and current
Introduce QA programme 1o make
regular checks on and to opurmise staff
and equipment performance

Regularly assess repeat rates and
reasons for rejected and repeated films
Penodically measure panent doses and
take acuon if they exceed “guideline’
doses

Colbmate X-ray beam to munmse size
Shield sensimve organs when possible
Chuose projections which minmimise dose
10 SENSIIVe Organs

Radiclogists 1o specify a low mean
ophical density for radiographs

Use panent compression when
appropriate

If radiographic exposure factors are
selected manually, develop and employ
rekable and accurate methads for
matching thert: to panent stanure

Radiotogy equipment

Select the most sensitive film/screen
cembination avalable consisrent wnth
good dagnostc quabey (g, rare-earth
sCTeens)
Operate film processor ophmally
(especially temperature)
Reduce artenu. on between pauenr and
Image receplol 10 @ MILMuM, eg, use
carbon fibre « mponents n

couch tops

antiscatier gnds

cassette froms

100

100

20

30

20

20
75
50

20

30

50

10
20
i0

601

1300

000

2000

1000
2000
1000

280"
L10”

250
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Per Annual Cost per
EXATUNATGN collecrve man Sy
Method %) {man Sv) (i)
Radiology equipment wontitued}
17 Improve the reliabihiey ind ease of use of ’ ?
AEC dewvices and use mure wadely
18 Use ‘Diamentor dose-ares product ! !
meter 1o make regular checks on
exposure and 1o memt o perfarmance of
those physically direc g flucroscome
EXATIALIGN
19 Instal: annscarter gl wirth lowes: grid E ' "
factors compatible wath adeguae seatter
reject:nn
20 Remove annscatter gnd duning 50 ’ ’

fiuoroscopy or phowof uorography when
freld size s small or detal net enneal

21 Use equipment with :utomatic heam ! : /
collimation to wmage  ecepror

22 Develop Xray peen was that telidbly l
debver the lw dose tates deinended by
rare-earth soreenn an:d paetatng
EXATTUNALLTIS

23 Install modern image ntenafiers with /
sensitive {eg. Usl) pb
digal image provesy 12

24 Use ndeo recorder iasteqail of cine ] ! ’
camera donng fuorccopy wherever
possible

25 Use spot film pho oft arceraphy wih a k] 4 ?
modern unage intznsfier and 100 mm
camera nstedd of 1adgraphy whenever
appropriate

26 Use pubsed systerns with imase storage 78 s
devices n fluoroscupy

27 Use slot or scanned eant racdiog 3

28 Replare conventemal roiengrapny by S g !
computed ragdiogranh -

vathoddes and

“FlLoroscopy companent o ly

Naves

Figares denved from

{a) Stimpeon, @ COWalis B i Lomes, I Gl Fishes, B S0 Hither, MO Kendad!, G Mo wnd Haes
A natonal sutvey of doses o panents undergaing @ selecten of reunme Rray exannanons i Fngisd
hospitals, Chilton, NRPB-R200 19ses (London, HMSO)

{2 Russell, TG B, Ansesamemn f the current use of rare carth <oreens e the RO fr F Kt ! 59, 6080
11686),

) Russell. JG B, and Carmichasl. ' H £, Developer temperature in diagnostic departmenis, Br J Badiel
60. 761 (1987

d} Russell. JG B Assessmen of pnontes when ntroducing some radaion protection metnods n
rad odiagnosis. Br. J. Radiol. 59, 193 {1966}
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Appendix C

RADIATION HEALTH EFFECTS MODEL USED IN PREDICTING LIFETIME
RISK OF FATAL CANCER

The estimates of the lifetme risk of fatal cancers followirg ex sesure to typical
X-ray examinations that appear in Table 4 {p 9) are based on a heath eftects
model developed in NRPB-Rz26'. which v turn is based mamly on the 1988
UNSCEAR report’.

Estmates of the nsk of radiaton-induced fatal cancer based on Japanese
atomic bomb survivors have increased since the 1977 UNSCEAR repor.® because
of revisions m dosimetry, the longer penod of follow-up and a change in the
projecuon medel used for calculatng lifeume risks. In par.acdler, a relauve nsk
model is now used for mast solid cancers where, after a latent period o 10 years.
the temporal pattern of radiation-induced cancers follaws & corstant muluple of
the age-related natural cancer rate OCCUITING 1N an UNexpose¢ popllation.

Japanese bomb survivors have now been followed-up for 40 y=ars since
exposure, and for the last 30 years of this period the relative nisk for sc id cancers
has remained substannally constant. Two extrerne cases have een adopted o
predict the upper and lower bounds of the probability of exc2ss cancers appearing
it the remaining lifespan {beyond 40 years post-exposure) for these irrediazec ata
young age. The upper bound assumes that the constant relanve risk coninues until
the end of life and the lower bound assumes that it terminztes al 40 years
post-exposure.

The difference between hfeurne risk estimates based on these twe extremes
depends critically on the age distribunon of the exposed populatian. The: higher the
proportion of young people the bigger the difference, so that far a peoulation of
workers with no one below 18 years of age it is less than a factor of twe, while for
the whole population it is a little over a factor of three. The nsks sjuotec in Table 4
are averaged over the whole populanon and the upper and low=r Sounds
demonstrate this latter degree of difference.

If the exposed population is comprised of children below 10 years of age only,
the difference between the upper and lower bound is greater su l. with the upper
bound about a factor of two above that of the whole popalaticn anc the lower
bound about a factor of two below that for the whole popubtion.

While there is some indicauon that the relative risk 15 2egu.ning o fall after
40 years for those exposed early in life, data are currently tco sparse to predict
where. between tf » two extremes, the complete lifetime 1isk will evantually be
found to lle. A few more years observation of exposed populasions will heip to
resclve this problem. In the meantme. it may be prudent to assime a prejection
model close to the upper bound. in which case the hfetime risk for those exposed
below the age of 10 years would be about twice the upper bounc values averaged
over the whole population shown in Table 4.
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Appendix D

SURVEY OF RADIOGRAPHIC PROJECTIONS USED AS A ROUTINE IN
62 HOSPITALS

Hospitals in survey

Teaching 30

Dustrict General 30

Orther 2 (1 miltary, 1 MRQO)

Sinuses

Do you routinely take more than an OM film for suspected sinus anlecton?
Yes 43
No 19

Comment  As one-third of radiclogists ouly require ¢ne projection, this seems to
be another area for audit.

Cervical splne
Do you routinely ake: (a} AP?

Yes 59
No 3
(b} AP odontoid?
Yes 20
No 42
{¢) Lareral?
Yes 60
No 2

{d) Lateral in flexion?

Yes 3
No 59
{e) Lateral in extensicn?
Yos 4
No 58
(f} Both obliques?
Yes 3
No 59
Number of views taken 1 view 3
2 views 31
3 views 23
4 views 5§
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If you do not routinely take an AP view of the odontoid is it part of your routine 1o
take it in cases of traume?

Yes 34
No 5
Not applicable 20
No answer 5

Comment  The number of projections taken in many departiments vaned with the
referral cntena. Thas, many deparunents have ser up different protacels for
different groups of patients depending on the symptoms. the suspected diseases
and the referring clincian. The usual routine 15 an AP view and a laterai with about
one-third adding an AP view of the adontoid, although three quarters performed
the AP of the adoniond e
VIEWS Oy A5C Lot

doauma Inthe absence of tramma, AP arad Tateral

Chest
Do you agree thar cily a PA wview 15 required routinely?

Yes 57

No 5
Are vour routine chzst Xorays wken below or above 100 kV?

Above 18 (iwaching hospaals, 150 non teaching hospials, 33

Below 44 (teaclung hospuals. 16, non-teaching hospuals, 28)
Comment  There s ltte o no saving of radiaton dose using tigh KV 106 [IIIISING
wien a grel 15 used e chinunate seantered radianon. There s, however, a useful
redaction in radiation Jdoseaf an i wap tochiigue 1s nsed, High kV rechnique hae
wider lantude and reduces the possibity of repeats.,

Abdomen
Lo you routinely ke an cicc abdomen i patents with an acute abdonen
Yes 30

No 32

Do you routnely waks o oot Xy mpatients with an acute abdomnen?
Yes 53
No @9

Comnment Some radwlogists stated that the erect abdomen flm was Lty
ottained 10 sausfy tho requests of surgeons and other cluncians, Tie preses
radiological opwuoit .5 that e routine examination of such patients should be an
erect chest radiograpt to include the diaphragm ares and a supine abdomen film

Lumbar spine
Do you routinely tae: (1) AF?
Yes 62
No o©
(b) Lateral?
Yes 62
No 0
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{€) Coned view of L5/51?

Yes 52
No 10
(d) AP view of 5l joints?
Yes 2
No 60

(e} Both obhques?

Yes O

No 62
Number of films 2 fiims 9
3 films  S1
4 films 2

Cornmrent  Although the majority of departments include 111 their rousine a coned
view of L5/51. this should be quesnoned as a 25% reduction 1n radiaton dose can
be achieved by omussion of this, and inclusion of the area in the rcutine ateral
projection.

JWP agrees with the suggesuon that. i the investigation <f backache where
there are no suspicious features and the symptom has becn present or less than
3 weeks, radiography 1s not required. Furthermore, patients aged between 20 and
55 years of age wuth persisting backache bur without several weli-detined dinical
crena require only a single. well-centred. long lateral radiograph™*.

Intravenous urography
Please hst your rounne
Contrel & film 45

2 films 42

Renal areas 1 film 5

2 films 28

3 films 23

4 films 1
Full fength @ Alm 1

1 film 46

2 fms 7
Pre-micturinon bladder 18

Post-rmicturition bladder 42
Post-micturiion full length 9

Total number of films 3 flms 1

4 films 3
5 films 15
6 films 21
7 films 15
8 films 2

Number with no standard routine 35
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Comrent The information gained from a routine post-ricturition radiograph
has teen shown to be small. and some consider unreliable?®. Morewood and
Scally® consider that significant residual urine in the bladder can be estimated
on the plain radiograph (control film). Those departments i1 which more than
five or six routine films are taken should perhaps review the necessity of
this practice.

Ctolecystogram
Please list your routine

Control 35

Fost-contrast 2 films &

3 films 9
4 films 19
5 films &
6 films 2

Fuoroscopy with variable number of films 8
Mer fatty meal (included in number of post-contrast films) 40

Exsminanon not now performed 13

Comment Nearly all departments now perforrn very few cholecystograms,
ultrasound having taken over as the first method of investigation. Those
departrents using more than four films could perhaps review the reasons for
doing so.

Barium enema
Do yecu routinely use a double contrast technique?

Yes 58
N> 4 (2 paechatric hospitals)

Do ycu routinely take a post-evacuation film?

Yes 12 (1 paediatric hospital)
N2 50 (1 pacdiatnc hospital)

Cernrent The need for a post-evacuation film is doubtful.
Knzes
Do yau routinely take: {a) Skyline view of the patel .7

Yes 1
No 61

(b) Tunnel view?

Yes 0O
No 62

Comumrent Routne views are AP and lateral.
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ACCEPTANCE TESTS AND ROUTINE QUALITY ASSURANCE TESTS FOR

DIAGNOSTIC X-RAY SYSTEMS

Physical parameters to ke measured

Equipmient required

X-ray wwbes and genemioss
Tibe sutpur and consstency
Filtranon and half value L yer
Expos.ire tme

Applied poternal caluranon
Falling .oad operation

Cepactor discharge ot

Fecal sper size

Light »eam d aphragr abanr =it

Films and mtensifying seveens
Film-screen charactens i curve
{hence speed contrast and base plas
fog indices)

Trresholc contrast

Spatial resolunion

Fim-screen contac:

Reiative screen sensitiwin

Autoratic il processors

Speed. contrast and Hise plus fog ndwes
&s functcn of devel erTperatie
Reative densry and pd uf weveloper
and flier

Resdral nype

Silver recavery

Teanspcn spesd

Replemshment rares

Automans exposure contol (ARC)
systems

Censistency in produs g cpumal density
for repeatec standard ex:osure
Censistenty between cetectors
Censistency with chaqge in abe voltage
Censistency with cha‘ige i “ube current
Consistenicy with chaige i opmom
thizkness

Image intensibers

Field s.ze and disturicn
Conversion factor

Contrast rang’

Video voltage output

Crey scale

Threshold contrast

Spanal resclution

Minimum visible detad

Auomanc baghtness control (ABC)

Daosemeter

Dosemeter, Al filters

Spmmng op or electrome Lmer
Penetrarator or diginal kVp nieter

An ablurve phuy oscillcscope

A abiove

Finhole or star tesoluticn grad
Fdmiscreen cassene amd wire markers

Dosemerar, step wedge or sensiometer,
densuometer

Leeds test ohject TOR (RALD)
Leeds test chjerr TOR (RADN
B34504 tes1 gond
Densitamerter

Thetmometer. senstometer, deonsitometen
pH papers or meter. hydrometn

Residual hypes test kut
Sdver estimanng papers
Stop watch

{alendar

Densirometer

Densitamerer
Densiometer
Densitometer
Densiomet=r and vanable paniom

Metal gnd. filter. camera. projectun, sereen
Dosemeter. flters. photorneter wire gl
Dusemnerter, fkers. photometer. wire 2114
Doserneter, ostilloscope

Leeds 1est object GS1

Leeds 1est abject TOR (TVF)

Leeds test object TOR (TVE)

Leeds test object TCDD

Dosemeter. flters. phantoms
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Table 1 {conenued)

TABLE 2 Rovtine quaity
assurance checks
recomnmenced i IPSM
Report TGR 32

Physical paramerers te be measured Equipment required

Cut height

Spanal resolutinn
Shce width

Convennonal [omograpiie eguipment

Cut plane onentaton Test object

Cut plane thickness Test object

Tomo movement and swing angle L mm pn hale

Spatal resohuton Resoluhcn test grid. aagled ng
Masking and cotung Test chyect

Computed (omography scaniers

Noise Suitable water phanicms

Piel size Circular witer ahatitors

Axal dose profiles Head and body phantoms. fln and TLDs
Uniformity of CT wvalues Water phantorrs with suitable nserts
Linear 7 of CT values Water phantomrs with switable rserts

Test object

Phantom contamng edge
Phantomn with twao cressed A stnps

Invslves dismanting parts of imaging equipment and should be unde-take s by, or in ciose collaboration
with. manufacturer’s representative

Frequency

Nature of rounne check

Daity

HMonthly

Quarterly

Seemontnly

Yearly

Regular

funspecibed)
Intervals

Speed. vcontrast and base plug fog indices
Sibver recovery

Notse

Low contrast detectability

! Lltr. proce:sory
{ CT scanners

Residual hypo—him processory
Mechanical function

Spanal vniforminy

Srructured noise
Reproducibiity of CT vatues

CT scanners

Physical condimon of cassettes and screens
Physical condihion of Muminators

Lineanry of CT values
Accuracy of patient positionng device } CT scenners
Tube cnnput

Film-screen contact,

Darkrocm safelights

Film storage condmons

AEC (all acceprance tests)

Spatial resolunon—CT scanners

Xoray tube output at vanous kV and mA

Image mtensifier input dose rate with | mm Cu phantom
Image-mtensifier mimmum visible detal

ABC control

Selection of tests on conventional tomagrapnical equipmert

"Reference 1o Qualn
(1982), would inchica

Assurance 1 Diagnostc Radiology. publshed by t1e World Jeahth Crganisation
that the first four checks shovid be camed out ai weekly inter#als anc the last one

at six-monthly ntervals,
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