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The com puted to mog ra phy has be come a stan dard tool in ra di a tion ther apy treat ment plan -
ning. Ad di tion ally, there is a grow ing aware ness of the dose de liv ered to the part of the body
out side the tar get vol ume. The ion iz ing ra di a tion car ries a sto chas tic risk of ma lig nancy,
there fore, the doses should be kept as low as rea son ably achiev able in or der to pro vide an ad e -
quate in for ma tion needed for the ra dio ther apy plan ning. The ob jec tive of this work was to set 
up the ini tial di ag nos tic ref er ence lev els and cor re late to the im age qual ity that would be used
in the fu ture op ti mi za tion of lo cal iza tion scans. To quan tify the doses from com puted to mog -
ra phy lo cal iza tion scans at the Uni ver sity Hos pi tal Rijeka, lo cal di ag nos tic ref er ence lev els
were es tab lished for five most com mon pro ce dures of dif fer ent an a tom i cal re gions; head,
head and neck, pel vis, breast and tho rax. The Com puted To mog ra phy Dose In dex vol u met ric
and the Dose-Length Prod uct were used as dose in di ca tors and scan ning pa ram e ters were
also re corded. The im age qual ity as sess ment was per formed for each set of im ages. The re sults 
were com pared to the sel dom pub lished data in or der to com pare the clin i cal prac tice. The im -
age qual ity for al most all of the body re gions are scored as ac cept able in av er age but re quire
im prove ment. It is shown that the op ti mi za tion of ra dio ther apy pro to cols is re quired. There -
fore, these re sults will be used as a guide line for that pro cess. The es tab lish ment of the na -
tional di ag nos tic ref er ence lev els for com puted to mog ra phy lo cal iza tion pro ce dures in ra di a -
tion ther apy is the next step and is cur rently an on go ing pro cess.
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IN TRO DUC TION

The com puted to mog ra phy (CT) is an ex tremely
use ful tool in med i cal prac tice and con se quently the
fre quency of CT ex am i na tion is in creas ing over the
world [1, 2]. The op ti mi za tion of di ag nos tic CT pro to -
cols at the Uni ver sity Hos pi tal Rijeka (UH Rijeka) was 
per formed through out the pe riod be tween 2016 and
2017. An ex cel lent prog ress within this pro cess has led 
us to ex pand our field of work to other ap pli ca tions of
CT scan ning, such as the ra dio ther apy. The CT has be -
come a stan dard tool in ra di a tion ther apy (RT) treat -
ment plan ning. Namely, it is well known that the use of 
ad vanced ra di a tion ther apy tech niques in creased the
sur vival rate of on col ogy pa tients but also in creased
pos si bil ity by ra di a tion in duced sec ond ary
malignoma. Some might ar gue that the CT doses are
neg li gi ble com pared to the ther a peu tic doses. How -
ever, there is a grow ing aware ness of the dose de liv -
ered to the part of the body out side the tar get vol ume

[3-6]. The CT is as so ci ated with rel a tively high ra di a -
tion doses, caus ing con cerns re gard ing the risk of
carcinogenesis [7, 8]. The doses for any med i cal ex po -
sure should be kept as low as rea son ably achiev able in
or der to pro vide the ad e quate di ag nos tic in for ma tion,
in this case the in for ma tion needed for the ra dio ther -
apy plan ning. The qual ity of CT sim u la tion im ag ing
in for ma tion pro vide more ac cu rate de lin ea tion of the
tar get vol umes and or gans at risk, so called con tour -
ing, which plays a crit i cal role for the ac cu rate ra di a -
tion treat ment plan ning.

The di ag nos tic ref er ence level (DRL) has
proven to be an ef fec tive tool that helps in the op ti mi -
za tion of di ag nos tic and interventional pro ce dures.
The DRL are not in tended for the use in ra di a tion ther -
apy, but they should be con sid ered for im ag ing the
treat ment plan ning and pa tient set-up ver i fi ca tion in
ra dio ther apy [9]. The ob jec tive of this work was to set
up the ini tial DRL and cor re late to the im age qual ity
that would be used in the fu ture op ti mi za tion of lo cal -
iza tion scans.
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MA TE RI ALS AND METH ODS

Pro ce dures

To quan tify the doses from the CT lo cal iza tion
scans at the UH Rijeka, lo cal DRL val ues were es tab -
lished for five most com mon pro ce dures of dif fer ent an a -
tom i cal re gions; head, head and neck, pel vis, breast and
tho rax. Breast scans re fer only to the pa tients re ceiv ing
the tan gen tial breast ra dio ther apy. The post-mas tec tomy
pa tients and those pa tients re ceiv ing the ra dio ther apy to
the supraclavicular fossa were ex cluded. A ret ro spec tive
anal y sis was per formed on Somatom Sen sa tion Open
(Siemens Healthineers, Erlangen,  Ger many),  a 16-slice
CT sim u la tor with a 80 cm bore in stalled at the ra dio ther -
apy de part ment. The scan ner is used ex clu sively for the
ra dio ther apy plan ning. 

The scan ning pro to cols that were in the scope of
this in ves ti ga tion are sum ma rized in tab. 1.

All lo cal iza tion scans were per formed us ing a
spi ral ac qui si tion mode with the nom i nal sin gle
collimation width of 1.2 mm and the to tal nom i nal
collimation width of 28.8 mm. Scan ning re gion mar -
gins are an a tom i cally clearly de fined in the ra dio ther -
apy pro to col for the given in di ca tion. The head is
scanned from the top of the skull to the lower mar gin of 
the third tho racic ver te bra. The head and the neck are
scanned from the top of the skull to the lower mar gin of 
the fifth tho racic ver te bra. The pel vis is scanned from
the L3-L4 intervertebral disc space to the fe mur neck.
The breast is scanned from the lower mar gin of the
man di ble to the sec ond lum bar ver te bra. The tho rax is
scanned from the up per mar gin of the lar ynx to the sec -
ond lum bar ver te bra. 

Dose as sess ment

The data were col lected us ing the dose track ing
soft ware, the CARE Ana lyt ics (Siemens Healthineers,
Erlangen, Ger many). The CARE Ana lyt ics is a
non-med i cal, free-of-charge com pu ta tional tool. The
dose re ceived by each in di vid ual pa tient is re corded in
the DICOM Ra di a tion Dose Struc tured Re port. The rel e -
vant data in these files com prises in for ma tion such as
CTDIvol (Com puted To mog ra phy Dose In dex vol u met -
ric), DLP (Dose Length Prod uct), scan length,
collimation, tube volt age, etc. The rel e vant in for ma tion
is pre sented in a ta ble for mat for fur ther anal y sis, e. g.,
sta tis ti cal re ports of dose data and re lated pa ram e ters.

The CTDIvol and DLP were used as dose in di ca -
tors thus scan ning pa ram e ters were also re corded.

Prior to the study, the ver i fi ca tion of the dis played
CTDIvol was made. The CTDI was mea sured us ing the
CT do sim e try phan tom (Pro Pro ject, Po land) and cal i -
brated Pi ra nha multimeter along with the CT ion iza -
tion cham ber (RTI Elec tron ics, Swe den). The mea -
sured CTDIvol was in good agree ment with the
dis played val ues with the dis crep ancy of 6 %. The
scout im age was omit ted from data col lec tion. 

Im age qual ity as sess ment

Since the aim of this study was to start the op ti -
mi za tion pro cess, the im age qual ity as sess ment was
per formed for each set of im ages. For each body re -
gion, two ra di a tion oncologists were asked to score the 
im age qual ity based on the given im age qual ity cri te ria 
us ing a four-level scale; 1 – not ac cept able for con tour -
ing, 2 – ac cept able for con tour ing, but re quires im -
prove ment, 3 – fully ac cept able for con tour ing and 4 –
im age qual ity more than needed for con tour ing. The
quan ti ta tive qual ity con trol mea sure ments are per -
formed reg u larly on this equip ment in ac cor dance
with the qual ity con trol pro to col and the re sults are
within the ac cept abil ity cri te ria.

DRL cal cu la tions

The me dian scan length, the DLP and the
CTDIvol and the im age qual ity score were cal cu lated
for each ac qui si tion pro to col. It is rec om mended that
me dian val ues of the DRL quan tity for med i cal im ag -
ing pro ce dures for a spe cific X-ray room should be
com pared with the DRL val ues to iden tify whether the
data for the lo ca tion are sub stan tially higher or lower
than those that might be an tic i pated [9]. The me dian
was also used for scan ner av er age as a method for
deal ing with the lack of weight in for ma tion.

RE SULTS

The, me dian val ues were cal cu lated for CTDIvol, 
DLP and scan length for each pro to col (tab. 2).
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Ta ble 1. Scan ning pa ram e ters of the lo cal iza tion pro to cols

Pro to col Ac qui si tion
type

Voltage
[kV]

Ref er ence
[mAs]

Collimation
[N × mm] AEC Ro ta tion

time [s] Pitch
Slice

thick ness
[mm]

Re con struc tion
ker nel

RT Head He li cal 120 320 24 ´ 1.2 off 1 0.55 2 H31s

RT H&N He li cal 120 120 24 ´ 1.2 on 1 0.9 3 B31s

RT Pel vis He li cal 120 190 24 ´ 1.2 on 1 1.2 3 B30s

RT Breast He li cal 120 95 24 ´ 1.2 on 1 1.2 3 B31s

RT Tho rax He li cal 120 95 24 ´ 1.2 on 1 1.2 4 B31s

Ta ble 2. Me dian val ues for CTDIvol, DLP and scan length
at UH Rijeka

Pro to col CTDIvol [mGy] DLP [mGycm] Scan length
[mm]

RT Head 60 1365 228

RT H&N 15 690 461

RT Pel vis 17 802 480

RT Breast 7 287 409

RT Tho rax 9 352 403



The me dian CTDIvol were cal cu lated to be 60
mGy, 15 mGy, 17 mGy, 7 mGy, and 9 mGy for head,
head and neck, pel vis, breast and tho rax plan ning re -
gions, re spec tively (tab. 2). A com par i son of me dian
CTDIvol of the UH Rijeka with pub lished data [3-6] is
pre sented in fig. 1.

The me dian DLP were cal cu lated to be 1365
mGycm, 690 mGycm, 802 mGycm, 287 mGycm and
352 mGycm for head, head and neck, pel vis, breast
and tho rax plan ning re gions, re spec tively (tab. 2). A
com par i son of me dian DLP of the UH Rijeka with
pub lished data is pre sented in fig. 2.

The me dian scan lengths were cal cu lated to be
228 mm, 461 mm, 480 mm, 409 mm, and 403 mm for
head, head and neck, pel vis, breast and tho rax plan -
ning re gions, re spec tively (tab. 2). A com par i son of

me dian scan length of the UH Rijeka with pub lished
data is pre sented in fig. 3.

The me di ans of im age qual ity scores for each re -
gion are given in tab. 3. Fig ure 4 rep re sents the com -
par i son of the scores with the ideal score 3 = fully ac -
cept able for con tour ing.

DIS CUS SION

The na tional DRL for ra dio ther apy plan ning CT
scans do not ex ist at this mo ment in Croatia or re gion.
Even though the sit u a tion is not much better for the di -
ag nos tic DRLs also, some as sess ments have been per -
formed over the past few years [10]. The re sults were
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Fig ure 1. A com par i son of
me dian CTDIvol of the UH
Rijeka with pub lished data

Fig ure 2. A com par i son of
me dian DLP of UH Rijeka
with pub lished data

Fig ure 3. A com par i son of
me dian scan length of UH
Rijeka with pub lished data

Fig ure 4. The com par i son
of the scores with the ideal
score 3 – fully ac cept able
for con tour ing



com pared to the sel dom pub lished data in or der to
com pare the clin i cal prac tices [3-6]. Two of the pub -
lished val ues are the na tional DRL val ues and there -
fore cor re spond to the 75th per cen tile of the col lected
data. One of the pub lished val ues re fers to the sin gle
cen ter au dit and is given as the mean of the col lected
data. The com par i son of the re sults shows great vari a -
tion in im ag ing tech niques, dose in di ca tors as well as
the scan re gion length.

The lo cal iza tion head pro to col at the UH Rijeka
ap pears to have the high est CTDIvol and DLP value
within the pub lished val ues. How ever, the scan length
is not the high est which in di cates that the scan ner out -
put pa ram e ters should be ad justed to de crease the dose
to the pa tient. The deg ra da tion of the im age qual ity is
to be com pen sated with the pa ram e ters that do not in -
flu ence the dose on this type of scan ner, such as the re -
con struc tion ker nel. Also, this is the only pro to col that
does not use the dose mod u la tion. There fore, it is one
of the op tions to con sider in or der to op ti mize the pro -
to col.

On the other hand, the dose in di ca tors for head & 
neck ac qui si tion pro to col are the low est with the high -
est value of the scan length. Hav ing in mind that the
im age qual ity for this an a tom i cal re gion is not fully ac -
cept able for con tour ing, we can con clude that the
scan ner out put should be in creased to a level which
could en sure the op ti mal im ag ing in for ma tion.

The CTDIvol for pel vis are com pa ra ble with
other data. How ever, the DLP and scan length are
slightly higher which in di cates the re vi sion of mar gins
of the scan ning re gion. 

The dose in di ca tors for breast and tho rax are
quite sim i lar to the other pub lished val ues with slightly 
lon ger re gions of scan ning. There fore, same as for
head & neck, the scan ner out put could be slightly in -
creased in or der to ob tain the im ages of higher qual ity.

The DRL is a level used in med i cal im ag ing to
in di cate whether, in rou tine con di tions, the dose to the
pa tient in a spec i fied ra dio log i cal pro ce dure for med i -
cal im ag ing is un usu ally high or un usu ally low for that
pro ce dure. How ever, the ap pli ca tion of DRL is not
suf fi cient by it self for the op ti mi sa tion of pro tec tion.
The im age qual ity or, more gen er ally, the di ag nos tic
in for ma tion pro vided by the ex am i na tion, in clud ing
the ef fects of post-pro cess ing, must also be eval u ated
[9].

The im age qual ity for al most all of the body re -
gions at Ra dio ther apy De part ment of the UH Rijeka

are scored as ac cept able but re quire im prove ment.
This clearly in di cates that the scan ning and the re con -
struc tion pa ram e ters need to be re vised to achieve the
op ti mal im age qual ity. How ever, the im age qual ity
score can be in flu enced by the mon i tor per for mance
and am bi ent light in the con tour ing room. These is sues 
were not the scope of this study but should be thor -
oughly in ves ti gated. Al though there are dif fer ent
qual i ta tive and quan ti ta tive meth od ol o gies to de scribe 
the im age qual ity [11], we de cided to ap ply the sub jec -
tive im age qual ity scor ing method which proved to be
suf fi cient for the over all in ves ti ga tion of prac tice. The
ob jec tive of this study was ac cept abil ity as sess ment of
the im age qual ity per formed by the ra di a tion
oncologist. There was no in ten tion to ac cu rately as sess 
or to ac cu rately com pare im ages on im age qual ity
scale [12]. The de tailed anal y sis of the rea sons for
poor im age qual ity was not con ducted and will be per -
formed in the next step, which is the op ti mi za tion of
the sim u la tion pro to cols.

There are, how ever, some lim i ta tions to this
study. A rel a tively small sam ple size has mo ti vated us
to broaden our work to the na tional level. Also, the im -
age qual ity scor ing was per formed in un con trolled
con di tions in the con tour ing rooms in terms of am bi ent 
light which can clearly af fect the im age qual ity score.

CON CLU SIONS

The mod ern ra dio ther apy tech niques made it
pos si ble to de liver the in creased dose to the tar get vol -
ume. How ever, there is a strong fo cus on min i miz ing
the dose to the sur round ing tis sues. A lot of ef fort has
been made to en sure more pre cise cal cu la tion of the
treat ment plan ning sys tems [13]. These mod ern tech -
niques of ten re quire re peated CT im ag ing for re-plan -
ning dur ing the ther apy course. There fore, the at ten -
tion must also be paid to the op ti mi za tion of CT
sim u la tion pro to cols. Find ing the op ti mal dose for
achiev ing the im ag ing goal is in the fo cus of many re -
search groups in the field of ra dio ther apy im ag ing [14,
15].

At this mo ment, al most all of the sim u la tion
scan ning pro to cols at UH Rijeka are the ones given by
the man u fac turer and no op ti mi za tion has been done
so far. If cer tain pa ram e ters are to be mod i fied one
should keep in mind to make the same mod i fi ca tion
within the treat ment plan ning sys tem also, since the
dose cal cu la tion de pends on the CT data in put. The re -
sults of this in ves ti ga tion were used to set up the ini tial
DRL val ues in ra dio ther apy at the UH Rijeka. Since
the me dian im age qual ity score was lower than 3 for
most of the pro to cols in the scope, these re sults can not
be con sid ered as lo cal DRL val ues. How ever, it is
shown that the op ti mi za tion of RT pro to cols is re -
quired, there fore these re sults will be used as a guide -
line tool for that pro cess. The es tab lish ment of the na -
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Ta ble 3. Me dian im age qual ity scores for each
an a tom i cal re gion

Pro to col Im age qual ity score

RT Head 2.0

RT H&N 2.0

RT Pel vis 3.0

RT Breast 2.0

RT Tho rax 2.5



tional DRL for CT lo cal iza tion pro ce dures in ra di a tion
ther apy in Croatia is the next step and is cur rently an
on go ing pro cess.
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PROCENA  DOZNIH  INDIKATORA  U  KOMPJUTERIZOVANOM  TOMOGRAFIJOM 
LOKALIZACIONIM  POSTUPCIMA  TERAPIJE  ZRA^EWEM  U 

UNIVERZITETSKOJ  BOLNICI  U  RIJECI

Oslikavawe kompjuterizovanom tomografijom predstavqa stan dard u akviziciji
podataka nu`nih za kvalitetnu implementaciju naprednih tehnika terapije zra~ewem. Uz to, sve
vi{e raste svest o predatoj dozi na deo tela izvan ciqanog volumena. Jonizuju}e zra~ewe nosi
stohasti~ki rizik indukovawa pojave malignih tumora, stoga doza jonizuju}eg zra~ewa treba da
bude toliko niska koliko je to razumno mogu}e, kako bi se osigurale vizuelne informacije
dovoqno dobrog kvaliteta potrebne za planirawe radioterapije. Ciq rada je da se odrede po~etni
dijagnosti~ki referentni nivoi i wihova korelacija s kvalitetom slike. Uspostavqeni
referentni nivoi koristi}e se za budu}u optimizaciju procedura u svrhu planirawa
radioterapije. Da bi se kvantifikovala doza predata prilikom pojedine pro ce dure
kompjuterizovanom tomografijom, koje se koriste u Klini~kom bolni~kom centru Rijeka,
uspostavqene su lokalni dijagnosti~ki referentni nivoi za pet naj~e{}ih postupaka razli~itih
anatomskih oblasti: glave, glave i vrata, karlice, dojke i grudnog ko{a. Kao indikatori doze
kori{}eni su volumetrijski dozni indeks kompjuterizovane tomografije i proizvod doze i du`ine 
skenirawa, a bele`eni su i parametri skenirawa. Za svaki set slika izvr{ena je procena
kvaliteta slike. Rezultati su upore|eni s dostupnim podacima objavqenim u literaturi kako bi se
uporedila klini~ka praksa. Kvalitet slike za gotovo sva podru~ja tela u proseku je ocewena
prihvatqivom, ali zahteva poboq{awe. Pokazano je da je potrebna optimizacija procedura koje se
koriste u svrhu planirawa radioterapije i samih radioterapijskih protokola, stoga }e ti
rezultati biti kori{}eni kao smernica za izvo|ewe tog procesa. Uspostavqawe nacionalnih
dijagnosti~kih referentnih nivoa za simulaciju kompjuterizovanom tomografijom u terapiji
zra~ewem slede}i je korak i trenutno je u postupku.

Kqu~ne re~i: kompjuterizovana tomografija, terapija zra~ewem, optimizacija


