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Introduction

It is  norm al for a patie nt unde rgoing a radiologic
e xam ination involving th e  us e  of ionis ing radiation to
e xpe ct th at th e  radiation dos e  re ce ive d in diffe re nt
h os pitals  for th e  s am e  proce dure  w ill be  w ith in a
narrow  range . H ow e ve r, s e ve ral e m pirical s urve ys
s h ow  th at th is  is  not alw ays  th e  cas e .1,2,3 Dos e
variations  by a factor of 20 or m ore  h ave  be e n re porte d
for radiograph ic e xam inations  in th e  e arly and late
19 80’s  both  in th e  Unite d K ingdom  and Europe an
Union.  Diagnos tic re fe re nce  le ve ls  (DRLs ) h ave
prove d us e ful as  a tool in s upport of dos e  audit and
practice  re vie w  for prom oting im prove m e nts  in patie nt
prote ction 3.  Th e  application of DRLs  in th e  UK s ince
19 89  w ith in a coh e re nt fram e w ork  h as  le ad to incre as e
aw are ne s s  of dos e  and h e lpe d to re duce  unne ce s s ary
x-ray e xpos ure . DRLs  w e re  firs t im ple m e nte d in
re lation to conve ntional radiograph y in th e  19 80’s  and
s ubs e q ue ntly de ve lope d for oth e r im aging m odalitie s
in th e  19 9 0.4

DRLs  as  de fine d by th e  curre nt Inte rnational Bas ic
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Th e  conce pt of diagnos tic re fe re nce  le ve l h as  be e n in e xis te nce  for alm os t th re e  de cade s . It h as  als o found its
place  in re gulatory s ys te m s  for ne arly 20 ye ars . Curre ntly, national bodie s  are  e xpe cte d to e s tablis h  th e ir diagnos tic
re fe re nce  le ve l value s . Th e re  is  als o provis ion for local and re gional diagnos tic re fe re nce  le ve ls . Als o, alm os t all
re gulatory s ys te m s  include  th e  us e  of diagnos tic re fe re nce  le ve ls  for patie nt prote ction as  an optim iz ation tool.
De s pite  th e  fore going, th e re  is  s till a lack  of k now le dge  of th e  conce pt w ith in th e  m e dical com m unity. Th is  prom pte d
th e  Inte rnational Com m is s ion on Radiological Prote ction (ICRP) to re vie w  its  curre nt docum e nt on diagnos tic
re fe re nce  le ve l w ith  a vie w  to com e  up w ith  a ne w  one  cons is te nt w ith  curre nt te ch nology and practice . Th is
pape r s e e k s  to re vie w  th e  conce pt, m is conce ptions  and curre nt tre nds  in diagnos tic re fe re nce  le ve l w ith  s pe cial
focus  on s om e  re vis e d s e ction in th e  ne w  (ICRP) docum e nt.
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Safe ty Standard (BSS), Ge ne ral Safe ty Re q uire m e nts
GSR Part 3 is  a le ve l us e d in m e dical im aging to
indicate  w h e th e r in routine  conditions  th e  dos e s  to
patie nts  or th e  am ount of radioph arm ace utical
adm inis te re d in a s pe cifie d radiological proce dure  for
m e dical im aging is  unus ually h igh  or unus ually low
for th at proce dure .5 W h ile  DRLs  are  a us e ful tool,
th e y are  but only one  s te p in th e  ove rall optim iz ation
proce s s .6 Se ve ral m is conce ptions  h ave  traile d th e
us e  of Diagnos tic Re fe re nce  Le ve ls  w ith in th e  m e dical
im aging com m unity e s pe cially in de ve loping countrie s .
Th is  re vie w  is  inte nde d to e xplore  th e  conce pt, m is con-
ce ptions  and curre nt tre nds  in diagnos tic re fe re nce
le ve ls .

CONCEPT OF DIAGNOSTIC REFERENCE LEVELS
Th e  Inte rnational Com m is s ion on Radiological Prote c-
tion (ICRP), w h os e  re com m e ndations  form  th e  bas is
of radiation s afe ty s tandards  w orldw ide , introduce d
th e  conce pt of DRLs  in 19 9 0 and furth e r de ve lope d
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tool to prom ote  dos e  audit.3,4

It is  re com m e nde d th at DRLs  be  s e t for re pre s e ntative
e xam ination or proce dure s  pe rform e d in th e  local
are a, country or re gion w h e re  th e y are  applie d. DRLs
re fle ct th e  typical practice  in a country or re gion.7,9 ,10

Due  to variations  in e q uipm e nt and proce dure  proto-
cols  be tw e e n diffe re nt facilitie s  in countrie s  or re gions ,
it is  a good practice  to e s tablis h  national or re gional
DRLs . Th e  gove rnm e nt h as  a re s pons ibility to e ns ure
th at DRLs  are  e s tablis h e d for th e  country.5 H ow e ve r,
th e  proce s s e s  and s te ps  tow ards  e s tablis h ing DRLs
are  lik e ly to involve  m any playe rs  including th e  im aging
facilitie s , th e  h e alth  auth oritie s , th e  profe s s ional bodie s
and th e  re gulatory body.6

Tw o approach e s  are  adopte d for patie nt dos e  m e a-
s ure m e nts  and s e tting of diagnos tic re fe re nce  le ve ls
from  radiologic proce dure s ; patie nt-bas e d dos im e try
and ph antom -bas e d dos im e try.11,12 Th e  advantage
of th e  us e  of a ph antom  is  th at only one  or tw o e xpo-
s ure s  w ould be  ne e de d for e ach  e xam ination type
and e ach  radiology facility; th e  dis advantage  is  th at
it doe s  not re pre s e nt a re al clinical s ituation, and th e
s am e  s tandard ph antom  s h all be  re q uire d for cons is -
te ncy. If patie nt dos e  m e as ure m e nt is  us e d, patie nt
s am ple  s h ould be  s e le cte d to m atch  th e  m e an body
inde xe s  (e .g patie nt w e igh t and h e igh t or body m as s
inde x [w e igh t in k g /w e igh t2 m ]) to th e  pre de fine d
“s tandard- s iz e d” patie nt. It is  e xpe cte d th at patie nt
s am ple  s h ould be  large  e nough  to e ns ure  th at th e
m e an value s  re pre s e nt th e  typical practice  in th e
facility - e .g at le as t 20 patie nts  w ith in a pre de fine d
range  of body m as s  inde xe s . Se parate  diagnos tic
re fe re nce  le ve ls  for pae diatric and adult patie nts
s h ould be  e s tablis h e d dis tinguis h e d by age  body s iz e
and w e igh t.12

Es tablis h m e nt of DRLs  involve s  four s te ps :
Firs t, th e  m os t com m only pe rform e d routine  diagnos tic
e xam inations  are  ide ntifie d and le xicons  de fine d; for
e ach  type  of e xam ination, re fe re nce  dos e  q uantitie s
are  acce pte d and ide ntifie d and m e as uring m e th od
is  s tandardis e d.
Se cond, in e ach  im aging facility, dos e  m e as ure m e nts
are  pe rform e d follow ing s tandardis e d m e th od; m e an
dos e  from  patie nt s am ple  or ph antom  m e as ure m e nt
is  e s tim ate d for e ach  e xam ination and s e t as  a typical
dos e , us ually by m e dical ph ys icis ts .
Th ird, typical dos e s  from  all or re pre s e ntative  s am ple

th e  conce pt w ith  th e  guide line s  in publications  73
and 105 and ICRP s upporting guidance  2: s pe cifically
th e  ICRP de fine s  a DRL as  “a form  of inve s tigation
le ve l, apply to an e as ily m e as ure d q uantity, us ually
th e  abs orbe d dos e  in air or e q uivale nt m ate rial  at
th e  s urface  of a s im ple  s tandard ph antom  or re pre s e n-
tative  patie nt”.7

DRLs  are  not dos e  lim its . W h e re as  dos e  lim its  are
dos e  value s  th at are  not to be  e xce e de d, DRLs  can
be  e xce e de d if clinical ne e d de m ands .8 Dos e  lim its
do not apply to e xpos ure  of patie nts  (M e dical e xpo-
s ure s ) be caus e  th is  m ay com prom is e  patie nt care .
H ow e ve r, dos e  lim its  are  applicable  to occupational
e xpos ure s . DRLs  are  us e d as  a trigge r le ve l to ide ntify
th os e  facilitie s  w ith  unus ually h igh  dos e s  in a s pe cifie d
radiologic proce dure , for w h ich  optim iz ation actions
are  ne e de d. In contras t to occupational dos e  lim its ,
DRLs  s h ould not apply to individual patie nts , be caus e
one  patie nt’s  body m as s  and h abitus  m ay re q uire
h igh e r dos e  th an th os e  of a s tandard patie nt.4

Type of procedure

Radiography (including
dental radiography)

Mammography

Complex procedures
including fluoroscopy
guided procedures

CT

Diagnostic nuclear
medicine

Dose quantity and units

Incident air kerma Ki (in air, without
backscatter) or entrance surface air
kerma (or dose) Ke (in air with
backscatter), in mGy, for a given
radiographic projection; air kerma (or
dose)-area product in mGy.cm2

Incident air kerma (Ki), in mGy; mean
glandular dose (DG), in mGy

Air kerma (or dose)-area product
(PKA), in Gy.cm2cumulative air kerma
at the reference point (Ka,r) in Gy

CT air kerma (or dose) index in mGy;
CT air kerma (or dose) length product,
in mGy.cm

Administered activity (A), in MBq

Table  1: Curre ntly acce pte d re fe re nce  dos e  q uantitie s  according
to th e  Inte rnational Com m is s ion on Radiation m e as ure m e nts  and
Units  (ICRU) e xce rpte d from  Vas s ile va and Re h ani4 pre s e nte d

on Table  1

Standardiz ation of radiation dos e  and re duction of
variations  in dos e  w ith out com prom is ing th e  clinical
purpos e  of s uch  e xam ination or proce dure  m ak e s
th e  ne e d for DRLs  im pe rative . Exam ination-s pe cific
or proce dure -s pe cific DRLs  for various  patie nt groups
can provide  s tim ulus  for m onitoring practice  to prom ote
im prove m e nt in patie nt prote ction. It is  als o a us e ful
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w ith  DRLs  but s topping at DRLs  and us ing DRLs  in
w ays  it w as  not s uppos e d to be  us e d cre ate s  prob-
le m s ”.

Th e re  are  a num be r of proble m s  w ith  th e  w ay DRLs
are  us e d as  outline d in a re ce nt com m e ntary.13

Th e re  h as  be e n a te nde ncy to us e  diagnos tic re fe -
re nce  le ve ls  as  de  facto dos e  lim its  th at s h ould not
be  e xce e de d w h ich  be com e s  de trim e ntal to patie nts
of h igh e r body build w h o actually ne e d dos e s  h igh e r
th an th e  DRL to ge t ade q uate  im age  q uality.
De s pite  ne arly 30 ye ars  of its  e xis te nce  DRLs  for
adult patie nts  h ave  be e n confine d to re pre s e ntative
s tandard s iz e  patie nts  w h e re as  m os t patie nts
e ncounte re d in daily practice  are  not s tandard s iz e d
DRLs  w e re  de ve lope d for a de fine d te ch nology and
it w as  e nvis age d th at th e y w ould be  update d w ith
te ch nology ch ange s . Th is  h as  not be e n done  in m os t
countrie s  w ith  s om e  fe w  e xce ptions . Oth e r are as  als o
include ;
Us e  of DRLs  for individual patie nts
Us e  of e ffe ctive  dos e  for DRL

CURRENT TRENDS IN DIAGNOSTIC REFERENCE
LEVELS
Ove r th e  pas t fe w  de cade s  th e re  h ave  be e n grow ing
conce rns  about radiation prote ction in m e dicine
w orldw ide  w ith  particular e m ph as is  on radiation
prote ction of patie nts .14 Th is  is  due  to incre as e  in
te ch nological advance s  as  w e ll as  incre as ing popu-
lation e xpos ure  le ading to grow ing conce rns  about
th e  ne e d for ade q uate  radiation prote ction. Th e re fore ,
m uch  e m ph as is  is  laid on th e  ne e d to e s tablis h
diagnos tic re fe re nce  le ve l and to update  e xis ting one s
cons is te nt w ith  curre nt practice  and te ch nology.3,15

To th at e ffe ct s om e  tim e  las t ye ar in 2016 th e  ICRP
h as  re vie w e d its  docum e nt on DRLs .16 Th e  docum e nt
w as  in th e  public dom ain for a pe riod of th re e  m onth s
for cons ultations . Th e  pe riod for cons ultation is  ove r
and th e  com m itte e  h as  s ubm itte d th e ir final draft to
th e  m ain com m is s ion aw aiting publication.16 Som e
us e ful e xce rpts  e xtracte d from  a pre s e ntation by th e
im m e diate  pas t ch air of th e  ICRP Com m itte e  3 at th e
re ce ntly conclude d Europe an Congre s s  for Radiology
(ECR 2017) are  pre s e nte d be low  for th e  be ne fit of
th e  radiology com m unity e s pe cially th os e  of us  from
th e  de ve loping countrie s .

of facilitie s  in th e  country or re gion are  ce ntrally
analyz e d; diagnos tic re fe re nce  le ve ls  s h ould be  bas e d
on dos e s  m e as ure d in various  type s  of h os pitals ,
clinics , and practice s  re pre s e nting th e  typical practice
in th e  country or re gion.
Finally, for diagnos tic radiology, national and re gional
diagnos tic re fe re nce  le ve ls  are  us ually s e t at 75%
pe rce ntile  of th e  dis tribution of typical dos e s  for th e
s am ple .

Ce rtain e s s e ntial facts  to note  about diagnos tic
re fe re nce  le ve ls  are ;
(i) Th e y are  not dos e  lim its ;
(ii) Th e y do not re pre s e nt a borde r be tw e e n good
and poor m e dical practice ;
(iii) Th e y facilitate  inve s tigation or are  action le ve ls
to ide ntify facilitie s  w ith  unus ually h igh  or low  dos e s
(outlie rs ) w h e re  optim iz ation actions  ne e d to be
applie d;
(iv) Diagnos tic re fe re nce  le ve ls  s h ould be  cons ide re d
toge th e r w ith  im age  q uality;
(v) Th e y apply to radiologic including nucle ar m e dicine
diagnos tic proce dure s .
(vi) DRLs  are  s pe cifie d for s tandard-s iz e d patie nt or
s tandard ph antom ; th e y are  give n in e as ily and re pro-
ducibly m e as ure d dos e  m e trics ;
(vii) Th e y s h ould not be  s e t in e ffe ctive  dos e ; and
th e y are  dynam ic value s  th at s h ould be  re vie w e d
pe riodically e s pe cially as  practice  and te ch nology
ch ange s .

MISCONCEPTIONS ABOUT DIAGNOSTIC REFE-
RENCE LEVEL
Th e  conce pt of diagnos tic re fe re nce  le ve l h as  be e n
traile d by s e ve ral m is conce ptions  in practice . Th is  is
m ore  of a conce rn in de ve loping countrie s  w h e re  dia-
gnos tic re fe re nce  le ve ls  h ave  not ye t be e n e s tablis h e d.
Th is  pape r is  inte nde d to corre ct s om e  of th e s e  m is -
conce ptions .
Th e re  is  a te nde ncy to as s um e  th at be ing be low  DRL
m e ans  ade q uate  optim iz ation, DRLs  provide  good
tools  in pre vious  ye ars  w h e n th e  s pre ad of dos e s
w e re  by far large  orde r of m agnitude  and th e  s h ape
of th e  dos e  dis tribution curve  w as  righ t-s k e w e d as ym -
m e tric.13  H ow e ve r, th e  tre nd h as  ch ange d ove r tim e
w ith  im prove m e nts  in te ch nology and practice . In th e
w ords  of Profe s s or Me dan Re h ani of th e  global out-
re ach  for radiation prote ction, “Th e re  is  no proble m
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Re com m e ndations  or Main points  from  th e  ICRP’s
DRL docum e nt

1)

2)

3)

4)

5)

6)

7)

8)

A DRL value  is  cons ide re d to be  e xce e de d w h e n
th e  local m e dian value  of th e  appropriate  DRL
q uantity for a re pre s e ntative  s am ple  of patie nts
w ith in an agre e d w e igh t range  is  gre ate r th an th e
local, national or re gional DRL value . H e re  cons is -
te ntly m e ans  ‘in a m ajority of cas e s ’ and not ‘ove r
a pe riod of tim e ’
DRL value  s h all not be  us e d for individual patie nts
or as  a trigge r le ve l for individual patie nts  or
individual e xam inations
All individuals  w h o h ave  a role  in s ubje cting patie nts
to a m e dical im aging proce dure  s h ould be  fam iliar
w ith  DRLs  as  a tool for optim iz ation of prote ction
(s h ould be  introduce d for training program s   for
radiation prote ction)
Com paris on of local practice s  to DRL value s  is
not s ufficie nt, by its e lf, for optim iz ation of prote ction.
Action is  re q uire d to ide ntify and addre s s  any
de ficie ncie s . Th e  h igh e s t priority for any diagnos tic
im aging e xam ination is  ach ie ving im age  q uality
(diagnos tic inform ation) s ufficie nt for th e  clinical
purpos e .
Th e  conce pt and prope r us e  of DRLs  s h ould be
include d in th e  e ducation and training program m e s
of th e  h e alth  profe s s ionals  involve d in m e dical
im aging w ith  ionis ing radiation (als o as  part of
patie nt info)
Quantitie s  us e d for DRLs  s h ould as s e s s  th e
am ount of ionis ing radiation applie d to pe rform  a
particular m e dical im aging tas k , and s h ould be
e as ily m e as ure d or de te rm ine d. DRL q uantitie s
as s e s s  th e  am ount of ionis ing radiation us e d for
a m e dical e xpos ure  not abs orbe d dos e  to a patie nt
or organ.
Com pliance  w ith  DRLs  doe s  not indicate  th at th e
proce dure  is  pe rform e d at an optim iz e d le ve l w ith
re gard to th e  am ount of radiation us e d. Th e
Com m i s s ion re cogni z e s  th at additional
im prove m e nt can be  obtaine d by us ing th e  m e dian
value  (50th  pe rce ntile  of th e  dis tribution us e d to
s e t th e  national DRL value )
Th e  com m is s ion re com m e nds  s e tting local and
national DRL value s  bas e d on s urve ys  of th e  DRL
q uantitie s  for proce dure s  pe rform e d on appropriate
s am ple  of patie nts . Th e  us e  of ph antom s  is  not
s ufficie nt in m os t cas e s .

9 )

10)

11)

12)

13)

14)

15)

Calibration of all dos im e te rs  s h ould be  pe rform e d
re gularly and s h ould be  trace able  to a prim ary or
s e condary s tandard laboratory.
Th e  accuracy of DRL q uantity data produce d by
and trans fe rre d from  x-ray s ys te m s  s h ould be
pe riodically ve rifie d by a m e dical ph ys icis t.
DRL value s  are  de pe nde nt on th e  s tate  of practice
and available  te ch nology (including pos t-proce s s ing
s oftw are ) at a particular point in tim e .
For inte rve ntional proce dure s , com ple xity of th e
proce dure  m ay be  cons ide re d in s e tting DRLs  and
a m ultiplying factor for th e  DRL value  m aybe  appro-
priate  for m ore  com ple x cas e s  of a proce dure .
National and re gional DRL value s  s h ould be  rais e d
at re gular inte rvals  (3-5 ye ars ) or m ore  fre q ue ntly
w h e n s ubs tantial ch ange s  in te ch nology, ne w
im aging protocols  or pos t-proce s s ing of im age
be com e  available .
If a local or national DRL value  for any proce dure
is  e xce e de d, an inve s tigation s h ould be  carrie d
out w ith out undue  de lay, and appropriate  corre ctive
actions  s h ould be  tak e n.
Corre ctive  action? (Optim iz ation of prote ction)
s h ould include  a re vie w  of e q uipm e nt of e q uipm e nt
pe rform ance , th e  s e ttings  u s e d, and th e
e xam ination protocols . Th e  factors  m os t lik e ly to
be  involve d are  s urve y m e th odology, e q uipm e nt
pe rform ance , proce dure  protocol, ope rator s k ill
and, for inte rve ntional te ch niq ue s , proce dure
com ple xity.
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