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This pa per pres ents an es ti ma tion of lo cal di ag nos tic ref er ence lev els in com puted to mog ra -
phy in a large teach ing hos pi tal. Lo cal di ag nos tic ref er ence lev els, ex pressed in terms of vol -
ume weighted com puted to mog ra phy dose index and dose-length prod uct, were es ti mated
for three most fre quent adult com puter to mog ra phy ex am i na tions: head, ab do men and pel vis 
com bined, and tho rax. The es tab lished lo cal di ag nos tic ref er ence lev els val ues were sim i lar or
slightly higher com pared to the avail able guide lines, in di cat ing the pos si bil ity for op ti mi za -
tion of cur rent prac tice. An a lyz ing the pro to cols used here and re cently pub lished stud ies on
dose re duc tion in com puted tomography, a dose-re duc tion tech nique, was pro posed to de -
crease tube cur rent val ues in all three ex am i na tions. How ever, the op ti mi za tion should be re -
stricted only to stan dard-sized pa tients.
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IN TRO DUC TION

Since the in tro duc tion of com puted to mog ra phy
(CT) in clin i cal prac tice, this im por tant im ag ing tech -
nol ogy has un der gone ex plo sive growth both in terms
of a num ber of CT scan ners avail able and the fre -
quency of CT ex am i na tions [1-3]. CT scan ning rep re -
sents a con tri bu tion of just over 44% to the global col -
lec tive ef fec tive dose from med i cal ex po sures [3].
Fur ther more, the or gan doses de liv ered from a com -
mon CT scan re sult in an in creased risk of ra di a tion in -
duced cancerogenesis [4, 5]. Mon i tor ing of trends in
CT pa tient doses is cur rently par tic u larly im por tant. It
was the sub ject of many in ves ti ga tions over the past
de cade [6-10].

The con cept of di ag nos tic ref er ence lev els
(DRL) was in tro duced as a tool that iden ti fies the prac -
tices with ab nor mally high pa tient doses [11]. DRL are 
de fined as dose lev els for typ i cal ex am i na tions for
groups of stan dard-sized pa tients or stan dard phan -
toms for broadly de fined types of equip ment. These
lev els are ex pected not to be ex ceeded for stan dard
pro ce dures when good and nor mal prac tice re gard ing
di ag nos tic and tech ni cal per for mance is ap plied [12].

Rec om men da tions con cern ing achiev able stan dards
of good prac tice in CT were de vel oped by the Eu ro -
pean Com mis sion in 1999 [13]. The doc u ment pro -
vided im age qual ity cri te ria and DRL for CT ex am i na -
tions. Since then, the CT scan ning tech nol ogy has
de vel oped rap idly in di cat ing the need for re-eval u a -
tion of these guide lines. An other re cent re port has
been pub lished fo cus ing on well es tab lished clin i cal
ap pli ca tions of CT for adults and pe di at ric pa tients,
im age qual ity and ra di a tion dose, pro vid ing up dated
key in for ma tion for good multislice CT (MSCT) im -
ag ing tech niques [14].

Lo cal DRLs are de fined as the val ues es tab lished 
by or ga ni za tions, as the level at which they are set is
de cided lo cally within the or ga ni za tion [15]. By tak ing 
re spon si bil ity for es tab lish ing and set ting their own
DRL, or ga ni za tions should have the abil ity to adapt to
a lo cal prac tice and op ti mize ex po sures more ef fec -
tively.

Al though many stud ies re lated to pa tient doses
were pub lished [16-18], a sys tem atic data col lec tion
for pa tient ex po sure in CT has never been car ried out
in Ser bia. There fore, there are no na tional DRL for pa -
tient doses in CT. The aim of this study was to es tab lish 
lo cal DRL in a large teach ing hos pi tal for three most
fre quent and stan dard CT pro ce dures: head, tho rax
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and ab do men and pel vis com bined. The es ti mated val -
ues were com pared with the avail able ref er ence lev els
[13, 14].

MA TE RI ALS AND METH ODS

Data were col lected on 2 CT units at the Clin i cal
Cen ter of Vojvodina for three stan dard pro ce dures:
head, tho rax and ab do men and pel vis com bined.

Dose quan ti ties

Do sim e try con cept in CT is well-es tab lished and 
based on the prac ti cal dose quan ti ties: weighted CT
dose in dex (CTDIw), vol ume weighted CT dose in dex
(CTDIvol) and dose-length prod uct (DLP) [7, 13, 19].
CT dose in dex, as a quan tity, does not pro vide in te gral
dose in for ma tion, rel e vant for risk as sess ment and
does not ac count for pa tient spe cific pa ram e ters, since
it is only an in di ca tion of av er age dose in the cen tral
part of a scanned re gion when slices are con tig u ous
[20]. How ever, it en ables com par i sons be tween scan -
ners, and can be eas ily mea sured. An other di rectly
mea sur able quan tity, the DLP is an in di ca tor of over all
ra di a tion bur den to a pa tient [21]. All CT ven dors are
now re quired to dis play CTDI and DLP val ues on the
user in ter face.

CT units

Two CT units are cur rently used in the hos pi tal
in ves ti gated in the study. Their char ac ter is tics are
given in tab. 1. Both units are from the same man u fac -
turer (Siemens, Erlangen, Ger many) with au to matic
ex po sure sys tems avail able, al though with a dif fer ent
num ber of de tec tor rows. The fre quency of ex am i na -
tions on CT units is taken from the hos pi tal ar chive.
The num ber of ex am i na tions per formed on these units
in 2010 is pre sented in tab. 2. Fre quency of ex am i na -
tions is equally distributed among scan ners, while
head CT rep re sents more than 40% of the  to tal num ber 
of ex am i na tions.

Prior to data col lec tion the CTDI val ues were
ver i fied by mea sure ments, us ing a well-es tab lished
pro to col [22]. Val ues ob tained from CT con sole dif -
fered by less than 10% of mea sured val ues.

Data col lec tion

Data were col lected in terms of CTDIvol and
DLP. Ac cord ing to def i ni tion of these quan ti ties,
CTDIvol for one pa tient was es ti mated as a mean value
of all phases while DLP were taken as a sum of DLP
for a phase. Data on pa tients were also col lected, such
as pa tients age, height, weight and gen der. In this in -
ves ti ga tion a to tal of 179 stan dard-sized pa tients were
in cluded.  Data on pa tients are given in tabs. 3 and 4.
Ex po sure pa ram e ters in terms of tube volt age (u), tube
cur rent and ro ta tion time prod uct (I) and ro ta tion time
(trot), and tech nique used (scout im age, mode, gan try
an gle, collimation, and pitch), were also re corded for
each pa tient.

Lo cal DRL

In com puted to mog ra phy DRL are ex pressed in
terms of com puted to mog ra phy dose in dex (CTDI)
and DLP for adults for each ex am i na tion [13].

Lo cal DRL for par tic u lar ex am i na tion were es -
tab lished as a mean value of the val ues es ti mated for
CT units. Dose val ues for a pro ce dure were es ti mated
as mean val ues of at least 10 pa tients. In di vid u als
whose weight ex ceeded 70 kg  by more than 20 kg
have been ex cluded from the sample (15).

RE SULTS

Ex po sure pa ram e ters and tech nique used on pa -
tients in this study are given in tab. 5. Dose val ues in
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Ta ble 1. Char ac ter is tics of CT units at the Clin i cal
Cen ter of Vojvodina

Manufacturer Model
Number of

detector
rows

Year of
installation

Automatic 
exposure
control

Siemens Somatom
Emotion 16 16 2007 yes

Siemens Somatom
Sensation 64 2006 yes

Ta ble 2. Num ber of ex am i na tions in 2012 at the Clin i cal
Cen ter of Vojvodina

Manufacturer/
Model

Number of examinations

Head Thorax Abdomen + 
pelvis

Total  number
(all

examinations)

Siemens/Somatom 
Emotion 16 2872 371 245 6912

Siemens/Somatom 
Sensation 2697 374 120 6140

Ta ble 3. Pa tient data (gen der dis tri bu tion)

Male Female Together

Head 30 28 58

Thorax 37 24 61

Abdomen + pelvis 24 36 60

Total  number 179  

Ta ble 4. Pa tient data (age, weight, and height)

Age [year] Weight [kg] Height [cm]

Mean value ± sd (min-max)

55 ± 13
(23-85)

70 ± 10
(45-87)

171 ± 9
(148-196)



terms of CTDIvol and DLP for both scan ners are pre -
sented in tab. 6. The es ti mated lo cal DRL for each ex -
am i na tion and Eu ro pean DRL in CT is also given in
tab. 6.

DISSCUSION

Scout im ages on both CT units are per formed as
rec om mended in avail able guide lines [13, 14]. For
head ex am i na tion it is lat eral pro jec tion since the eye
lens dose has to be as low as pos si ble. All three ex am i -
na tions on both scan ners are per formed in a he li cal
mode. On some model of CT units it is rec om mended
to use ax ial mode and gan try an gle (10-12º) for a better 
image quality [13, 14].

For he li cal CT scan ners, a pitch is de fined as the
ra tio of a ta ble feed per gan try ro ta tion to the nom i nal
width of the X-ray beam [22]. Rec om men da tions for
pitch val ues de pend on ex am i na tion type. For ex am i -
na tion types en rolled in this study the pitch value
should not be less than 0.9 [13, 14]. An in crease in the
pitch de creases the du ra tion of ra di a tion ex po sure to

the an a tomic part be ing scanned. Faster ta ble speed for 
a given collimation, re sult ing in a higher pitch, is as so -
ci ated with a re duced ra di a tion dose be cause of a
shorter ex po sure time, es pe cially if other scan ning pa -
ram e ters, in clud ing a tube cur rent, are held con stant.
No sig nif i cant dif fer ence was ob served in im age qual -
ity of scans ob tained at a pitch of 1.5 com pared to those 
ob tained at a pitch of 0.75, sav ing 50% ra di a tion dose
in ab dom i nal and pel vic im ag ing [23]. How ever, this
is not true for scan ners us ing an ef fec tive mil li am -
pere-sec ond set ting, de fined as mil li am pere sec onds
di vided by pitch. In such scan ners, the ef fec tive mil li -
am pere-sec ond level is held con stant ir re spec tive of a
pitch value, so that ra di a tion dose does not vary as
pitch is changed [24]. CT units participating in this
study (Siemens scanners) work in this kind of setting.

Dose val ues ob tained in terms of CTDIvol and
DLP were very sim i lar for the same ex am i na tion type,
com par ing 16 and 64 de tec tor rows sys tems. How ever, 
there are pub lished re sults that show in creased trend in 
pa tient dose with multidetector CT tech nol ogy
[25-27]. The in crease in dose with MSCT is partly as -
so ci ated with the need to scan a slightly larger vol ume
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Ta ble 5. Ex po sure pa ram e ters and tech niques used

Head Thorax Abdomen + pelvis

Parameter
Siemens/Somatom 

Emo tion 16
Siemens/Somatom 

Sen sa tion
Siemens/Somatom 

Emo tion 16
Siemens/Somatom 

Sen sa tion
Siemens/Somatom 

Emo tion 16
Siemens/Somatom 

Sen sa tion

Scout image Lat Lat AP AP AP AP

Mode H H H H H H

Gantry angle 0 0 0 0 0 0

Collimation 16 ´ 1.2 64 ´ 0.6 16 ´ 1.2 64 ´ 0.6 16 ´ 1.2(0.6) 16 ´ 1.2(0.6)

Pitch 0.55 0.8 0.8 / 0.8 1.2/1.4/1

u [kV] 130 120 130 120 130 120

I [mAsmean] 240 380 56 89 66 111

trot (s) 1.5 1 0.6 0.5 0.6 0.5

Ta ble 6. Dose val ues in terms of CTDIvol and DLP, es ti mated lo cal DRL and Eu ro pean reference lev els [13]

Examination
CTDIvol [mGy] DLP [mGycm–1]

mean value ± sd (min – max)

Head

Siemens/Somatom Sensation 59 ± 0
(59 – 59)

1060 ± 180
(936 – 2030)

Siemens/Somatom Emotion 16 60 ± 2
(59 – 66)

1066 ± 35
(1037 – 1135)

lDRL 59.5 1063

EUR 16260 [13] 60 1050

Tho rax

Siemens/Somatom Sensation 13 ± 6
(6 – 22)

350 ± 170
(63 – 894)

Siemens/Somatom Emotion 16 11 ± 4
(5 – 16)

360 ± 140
(143 – 560)

lDRL 12 355

EUR16260 [13] 30 650

Ab do men + pel vis

Siemens/Somatom Sensation 8.5 ± 2.5
(3.9 – 15)

1330 ± 590
(236 – 3132)

Siemens/Somatom Emotion 16 12 ± 7
(3 – 30)

1560 ± 760
(953 – 3263)

lDRL 10.25 1445

EUR16260 [13] 35 1350



than planned in or der to get suf fi cient data in ter po lated 
to re con struct the first and last slice. Usu ally there is an 
ad di tional half ro ta tion at the be gin ning and at the end
of the in tended scan length, which may ac count for an
in crease in dose 10-20% for head–neck and trunk
stud ies and may reach up to 30-35% for chest and ab -
do men pel vis stud ies [25-27]. On the other hand, there
are also in ves ti ga tions show ing a dif fer ent trend in a
dose while in creas ing num ber of de tec tor rows. Moore 
et al. [28] re ported that a 4-de tec tor ar ray showed sta -
tis ti cally sig nif i cantly higher ra di a tion dose com pared
with a 16-de tec tor ar ray when near-iden ti cal tech -
niques were ap plied. In ac cor dance to that find ing,
Mori et al. [29] com par ing a 256-slice CT and a
16-slice CT for clin i cal con di tions, con cluded that a
16-slice CT re sulted in an in creased dose. Ad di tion -
ally, Ar thurs et al. [30] con cluded that a 64-slice CT
gives a better im age and a lower dose than a 16 slice
CT unit of the same man u fac turer, for tho racic scans of 
young adults.

The es ti mated lo cal DRL for CTDI in this study
were be low the ref er ence lev els pro posed by Eu ro pean 
Com mis sion [13]. How ever, DLP were slightly above
rec om mended val ues for head and ab do men plus pel -
vis ex ams. Due to the def i ni tion of DLP, a dose mul ti -
plied by length of a re gion scanned, the higher val ues
can be ex plained by ex tended scan length. There fore,
spe cial at ten tion must be paid when per form ing an ex -
am i na tion, tak ing into ac count achiev able standards of 
good practice in CT.

The pur pose of lo cal DRL is to help the or ga ni za -
tions to op ti mize their own prac tice in a more ef fec tive
way. In many stud ies, the pos si bil ity for dose re duc -
tion was in ves ti gated [31-35]. Dose op ti mi za tion tech -
niques can re duce doses. The re sults of the 2003 UK
CT dose sur vey [7] show that there has been a 15-60%
re duc tion in av er age pa tient doses from CT ex am i na -
tions since the time of the pre vi ous sur vey taken in
1991, including all scanners.

Cohnen et al. [31] re ported that dose re duc tion
up to 40% may be pos si ble with out loss of a di ag nos tic
im age qual ity in a head CT by de creas ing kVp and
mAs val ues. Dose re duc tion in a head CT was also in -
ves ti gated by Mul lins et al. [32]. The con clu sion of
their study was that al though 90 mAs CT im ages were
mod er ately nois ier than 170 mAs im ages, thay still had 
ac cept able di ag nos tic qual ity.

Ab dom i nal CT scan qual ity ap pears to be ac -
cept able even with a 50% re duc tion in ra di a tion dose.
How ever, pa tient’s weight and ab dom i nal di men sions
has to be taken into ac count while op ti miz ing tube
current [33].

Re gard ing the tho rax CT, there are many stud ies
show ing dose re duc tion while de creas ing mAs [34,
35]. Prasad et al. [34] re ported the pos si bil ity for 50%
dose re duc tion by de creas ing a tube cur rent from
220-880 mAs to 110-140 mAs, stat ing that im age
qual ity ap pears to be ac cept able for eval u at ing nor mal

an a tomic struc tures. Ravenel et al. [35] in their study
pre sented the re duc tion in a tube cur rent from 280 to
120 mAs with out com pro mis ing im age qual ity.

In line to those men tioned above, there is a need
to re view scan ning pa ram e ters at the ex am ined hos pi -
tal. The op ti mi za tion pro cess in CT prac tice pre sented
here should start with de creas ing tube cur rent val ues,
where pos si ble, with con stant mon i tor ing of im age
qual ity. The need to re view scan ning pa ram e ters was
also em pha sized in a re cent CT dose sur vey con ducted
by the in ter na tional atomic en ergy agency (IAEA) in
de vel op ing coun tries. The sur vey showed that DLP
and CTDI val ues var ied up to a fac tor of 13 and 16 for
pel vis and abdomen examinations, respectively [6].

CON CLU SIONS

The re sults of this study pro vided lo cal DRL for
three most fre quent CT ex ams in a large teach ing hos -
pi tal. The lo cal DRL in terms of CTDI and DLP val ues
were sim i lar or slightly higher com pared to avail able
ref er ence level. The use of DRL has been pro posed as
an op ti mi za tion tool, as it iden ti fies high dose prac -
tices where dose-re duc tion tech niques would have
had the great est im pact [13]. If or ga ni za tion value ex -
ceeds the ref er ence value, the cur rent prac tice should
be in ves ti gated in terms of the ex po sure pa ram e ters
set ting and the technique used in particular procedure.

How ever, prior to the im ple men ta tion of
dose-op ti mized pro to cols, the or ga ni za tion should en -
sure that the jus ti fi ca tion prin ci ple is well-es tab lished
in CT prac tice. The best way of con trol ling doses is by
elim i nat ing non-in di cated CT ex am i na tions, mak ing
sure the ex am i na tion is limited only to the area of
interest.
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PACIJENTNE  DOZE  U  KOMPJUTERIZOVANOJ  TOMOGRAFIJI:
ODRE\IVAWE  LOKALNIH  DIJAGNOSTI^KIH  REFERENTNIH

NIVOA  U  UNIVERZITETSKOJ  BOLNICI

U radu su prikazani rezultati uspostavqawa lokalnih dijagnosti~kih referentnih
nivoa u kompjuterizovanoj tomografiji (CT) na nivou jedne bolnice. Re ferentne vrednosti
uspostavqene su u formi CTDIvol i DLP vrednosti za tri standardne pro ce dure: snimawe glave,
snimawe toraksa i snimawe abdomena sa karlicom. Dobijene vrednosti bile su veoma sli~ne ili
neznatno vi{e u odnosu na preporu~ene vrednosti. U skladu sa do sada objavqenim mogu}nostima za
smawivawe pacijentnih doza u kompjuterizovanoj tomografiji, analiziraju}i protokole za tri
navedene pro ce dure utvr|eno je da postoji mogu}nost za optimizaciju smawivawem ja~ine struje.

Kqu~ne re~i: kompjuterizovana tomografija, pacijentne doze, dijagnosti~ki
                         referentni nivoi


