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The computed tomography has become a standard tool in radiation therapy treatment plan-
ning. Additionally, there is a growing awareness of the dose delivered to the part of the body
outside the target volume. The ionizing radiation carries a stochastic risk of malignancy,
therefore, the doses should be kept as low as reasonably achievable in order to provide an ade-
quate information needed for the radiotherapy planning. The objective of this work was to set
up the initial diagnostic reference levels and correlate to the image quality that would be used
in the future optimization of localization scans. To quantify the doses from computed tomog-
raphy localization scans at the University Hospital Rijeka, local diagnostic reference levels
were established for five most common procedures of different anatomical regions; head,
head and neck, pelvis, breast and thorax. The Computed Tomography Dose Index volumetric
and the Dose-Length Product were used as dose indicators and scanning parameters were
also recorded. The image quality assessment was performed for each set of images. The results
were compared to the seldom published data in order to compare the clinical practice. The im-
age quality for almost all of the body regions are scored as acceptable in average but require
improvement. It is shown that the optimization of radiotherapy protocols is required. There-
fore, these results will be used as a guideline for that process. The establishment of the na-
tional diagnostic reference levels for computed tomography localization procedures in radia-

tion therapy is the next step and is currently an ongoing process.
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INTRODUCTION

The computed tomography (CT) is an extremely
useful tool in medical practice and consequently the
frequency of CT examination is increasing over the
world [1, 2]. The optimization of diagnostic CT proto-
colsatthe University Hospital Rijeka (UH Rijeka) was
performed throughout the period between 2016 and
2017. An excellent progress within this process has led
us to expand our field of work to other applications of
CT scanning, such as the radiotherapy. The CT has be-
come a standard tool in radiation therapy (RT) treat-
ment planning. Namely, it is well known that the use of
advanced radiation therapy techniques increased the
survival rate of oncology patients but also increased
possibility by radiation induced secondary
malignoma. Some might argue that the CT doses are
negligible compared to the therapeutic doses. How-
ever, there is a growing awareness of the dose deliv-
ered to the part of the body outside the target volume

* Corresponding authors; e-mail: adiklic@gmail.com

[3-6]. The CT is associated with relatively high radia-
tion doses, causing concerns regarding the risk of
carcinogenesis [7, 8]. The doses for any medical expo-
sure should be kept as low as reasonably achievable in
order to provide the adequate diagnostic information,
in this case the information needed for the radiother-
apy planning. The quality of CT simulation imaging
information provide more accurate delineation of the
target volumes and organs at risk, so called contour-
ing, which plays a critical role for the accurate radia-
tion treatment planning.

The diagnostic reference level (DRL) has
proven to be an effective tool that helps in the optimi-
zation of diagnostic and interventional procedures.
The DRL are not intended for the use in radiation ther-
apy, but they should be considered for imaging the
treatment planning and patient set-up verification in
radiotherapy [9]. The objective of this work was to set
up the initial DRL and correlate to the image quality
that would be used in the future optimization of local-
ization scans.
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MATERIALS AND METHODS
Procedures

To quantify the doses from the CT localization
scans at the UH Rijeka, local DRL values were estab-
lished for five most common procedures of different ana-
tomical regions; head, head and neck, pelvis, breast and
thorax. Breast scans refer only to the patients receiving
the tangential breast radiotherapy. The post-mastectomy
patients and those patients receiving the radiotherapy to
the supraclavicular fossa were excluded. A retrospective
analysis was performed on Somatom Sensation Open
(Siemens Healthineers, Erlangen, Germany), a 16-slice
CT simulator with a 80 cm bore installed at the radiother-
apy department. The scanner is used exclusively for the
radiotherapy planning.

The scanning protocols that were in the scope of
this investigation are summarized in tab. 1.

All localization scans were performed using a
spiral acquisition mode with the nominal single
collimation width of 1.2 mm and the total nominal
collimation width of 28.8 mm. Scanning region mar-
gins are anatomically clearly defined in the radiother-
apy protocol for the given indication. The head is
scanned from the top of the skull to the lower margin of
the third thoracic vertebra. The head and the neck are
scanned from the top of the skull to the lower margin of
the fifth thoracic vertebra. The pelvis is scanned from
the L3-L4 intervertebral disc space to the femur neck.
The breast is scanned from the lower margin of the
mandible to the second lumbar vertebra. The thorax is
scanned from the upper margin of the larynx to the sec-
ond lumbar vertebra.

Dose assessment

The data were collected using the dose tracking
software, the CARE Analytics (Siemens Healthineers,
Erlangen, Germany). The CARE Analytics is a
non-medical, free-of-charge computational tool. The
dose received by each individual patient is recorded in
the DICOM Radiation Dose Structured Report. The rele-
vant data in these files comprises information such as

Prior to the study, the verification of the displayed
CTDI,,; was made. The CTDI was measured using the
CT dosimetry phantom (Pro Project, Poland) and cali-
brated Piranha multimeter along with the CT ioniza-
tion chamber (RTI Electronics, Sweden). The mea-
sured CTDI,,, was in good agreement with the
displayed values with the discrepancy of 6 %. The
scout image was omitted from data collection.

Image quality assessment

Since the aim of this study was to start the opti-
mization process, the image quality assessment was
performed for each set of images. For each body re-
gion, two radiation oncologists were asked to score the
image quality based on the given image quality criteria
using a four-level scale; 1 —notacceptable for contour-
ing, 2 — acceptable for contouring, but requires im-
provement, 3 — fully acceptable for contouring and 4 —
image quality more than needed for contouring. The
quantitative quality control measurements are per-
formed regularly on this equipment in accordance
with the quality control protocol and the results are
within the acceptability criteria.

DRL calculations

The median scan length, the DLP and the
CTDI,,, and the image quality score were calculated
for each acquisition protocol. It is recommended that
median values of the DRL quantity for medical imag-
ing procedures for a specific X-ray room should be
compared with the DRL values to identify whether the
data for the location are substantially higher or lower
than those that might be anticipated [9]. The median
was also used for scanner average as a method for
dealing with the lack of weight information.

RESULTS

The, median values were calculated for CTDI
DLP and scan length for each protocol (tab. 2).

vol»

Table 2. Median values for CTDI,,, DLP and scan length
at UH Rijeka

CTDI,; (Computed Tomography Dose Index volumet- Scan length
ric), V]E))IIEP (Dpose Lengﬁl pPr}z)duct), scan length, Protocol | CTDL, [mGy] |DLP [mGycm] [mm]g
collimation, tube voltage, efc. The relevant information RT Head 60 1365 228
is presented in a table format for further analysis, e. g., RT H&N 15 690 461
statistical reports of dose data and related parameters. RT Pelvis 17 802 480
The CTDI,; and DLP were used as dose indica- RT Breast 7 287 409
tors thus scanning parameters were also recorded. RT Thorax 9 352 403
Table 1. Scanning parameters of the localization protocols
Protocol | Acquisiion | Veltage | Reference | Collimation |y | Rotation | pyy thg%ss Reconstruction
RT Head Helical 120 320 24 x 1.2 off 1 0.55 2 H31s
RT H&N Helical 120 120 24 x 1.2 on 1 0.9 3 B31s
RT Pelvis Helical 120 190 24 x1.2 on 1 1.2 3 B30s
RT Breast Helical 120 95 24 x 1.2 on 1 1.2 3 B31s
RT Thorax Helical 120 95 24 x 1.2 on 1 1.2 4 B31s
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The median CTDI,; were calculated to be 60
mGy, 15 mGy, 17 mGy, 7 mGy, and 9 mGy for head,
head and neck, pelvis, breast and thorax planning re-
gions, respectively (tab. 2). A comparison of median
CTDIvol of the UH Rijeka with published data [3-6] is
presented in fig. 1.

The median DLP were calculated to be 1365
mGycm, 690 mGycm, 802 mGycm, 287 mGycm and
352 mGycm for head, head and neck, pelvis, breast
and thorax planning regions, respectively (tab. 2). A
comparison of median DLP of the UH Rijeka with
published data is presented in fig. 2.

The median scan lengths were calculated to be
228 mm, 461 mm, 480 mm, 409 mm, and 403 mm for
head, head and neck, pelvis, breast and thorax plan-
ning regions, respectively (tab. 2). A comparison of

median scan length of the UH Rijeka with published
data is presented in fig. 3.

The medians of image quality scores for each re-
gion are given in tab. 3. Figure 4 represents the com-
parison of the scores with the ideal score 3 = fully ac-
ceptable for contouring.

DISCUSSION

The national DRL for radiotherapy planning CT
scans do not exist at this moment in Croatia or region.
Even though the situation is not much better for the di-
agnostic DRLs also, some assessments have been per-
formed over the past few years [10]. The results were
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Table 3. Median image quality scores for each
anatomical region

Protocol Image quality score
RT Head 2.0

RT H&N 2.0

RT Pelvis 3.0

RT Breast 2.0

RT Thorax 2.5

compared to the seldom published data in order to
compare the clinical practices [3-6]. Two of the pub-
lished values are the national DRL values and there-
fore correspond to the 75 percentile of the collected
data. One of the published values refers to the single
center audit and is given as the mean of the collected
data. The comparison of the results shows great varia-
tion in imaging techniques, dose indicators as well as
the scan region length.

The localization head protocol at the UH Rijeka
appears to have the highest CTDI,; and DLP value
within the published values. However, the scan length
is not the highest which indicates that the scanner out-
put parameters should be adjusted to decrease the dose
to the patient. The degradation of the image quality is
to be compensated with the parameters that do not in-
fluence the dose on this type of scanner, such as the re-
construction kernel. Also, this is the only protocol that
does not use the dose modulation. Therefore, it is one
of the options to consider in order to optimize the pro-
tocol.

On the other hand, the dose indicators for head &
neck acquisition protocol are the lowest with the high-
est value of the scan length. Having in mind that the
image quality for this anatomical region is not fully ac-
ceptable for contouring, we can conclude that the
scanner output should be increased to a level which
could ensure the optimal imaging information.

The CTDI,,, for pelvis are comparable with
other data. However, the DLP and scan length are
slightly higher which indicates the revision of margins
of the scanning region.

The dose indicators for breast and thorax are
quite similar to the other published values with slightly
longer regions of scanning. Therefore, same as for
head & neck, the scanner output could be slightly in-
creased in order to obtain the images of higher quality.

The DRL is a level used in medical imaging to
indicate whether, in routine conditions, the dose to the
patient in a specified radiological procedure for medi-
cal imaging is unusually high or unusually low for that
procedure. However, the application of DRL is not
sufficient by itself for the optimisation of protection.
The image quality or, more generally, the diagnostic
information provided by the examination, including
the effects of post-processing, must also be evaluated
[9].

The image quality for almost all of the body re-
gions at Radiotherapy Department of the UH Rijeka

are scored as acceptable but require improvement.
This clearly indicates that the scanning and the recon-
struction parameters need to be revised to achieve the
optimal image quality. However, the image quality
score can be influenced by the monitor performance
and ambient light in the contouring room. These issues
were not the scope of this study but should be thor-
oughly investigated. Although there are different
qualitative and quantitative methodologies to describe
the image quality [11], we decided to apply the subjec-
tive image quality scoring method which proved to be
sufficient for the overall investigation of practice. The
objective of this study was acceptability assessment of
the image quality performed by the radiation
oncologist. There was no intention to accurately assess
or to accurately compare images on image quality
scale [12]. The detailed analysis of the reasons for
poor image quality was not conducted and will be per-
formed in the next step, which is the optimization of
the simulation protocols.

There are, however, some limitations to this
study. A relatively small sample size has motivated us
to broaden our work to the national level. Also, the im-
age quality scoring was performed in uncontrolled
conditions in the contouring rooms in terms of ambient
light which can clearly affect the image quality score.

CONCLUSIONS

The modern radiotherapy techniques made it
possible to deliver the increased dose to the target vol-
ume. However, there is a strong focus on minimizing
the dose to the surrounding tissues. A lot of effort has
been made to ensure more precise calculation of the
treatment planning systems [13]. These modern tech-
niques often require repeated CT imaging for re-plan-
ning during the therapy course. Therefore, the atten-
tion must also be paid to the optimization of CT
simulation protocols. Finding the optimal dose for
achieving the imaging goal is in the focus of many re-
search groups in the field of radiotherapy imaging [14,
15].

At this moment, almost all of the simulation
scanning protocols at UH Rijeka are the ones given by
the manufacturer and no optimization has been done
so far. If certain parameters are to be modified one
should keep in mind to make the same modification
within the treatment planning system also, since the
dose calculation depends on the CT data input. The re-
sults of this investigation were used to set up the initial
DRL values in radiotherapy at the UH Rijeka. Since
the median image quality score was lower than 3 for
most of the protocols in the scope, these results cannot
be considered as local DRL values. However, it is
shown that the optimization of RT protocols is re-
quired, therefore these results will be used as a guide-
line tool for that process. The establishment of the na-
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tional DRL for CT localization procedures in radiation
therapy in Croatia is the next step and is currently an
ongoing process.
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Amna IUKIWh, Hopuc MIETOTA, Unrpuxy BEJAII-TOBACH, Caasen JYPKOBUh

INPOLIEHA NO3HUX MHIAUKATOPA Y KOMIINYTEPU30BAHOM TOMOI'PA®UJOM
JOKAIM3AIIMOHUM ITOCTYIIIIMMA TEPAIINJE 3PAYEILEM Y
YHUBEP3UTETCKOJ BOJHUIIN Y PUJEIIA

OcnukaBakbe KOMIJYyTEPU30BAaHOM TOMOrpadujoM IpEeACTaB/ba CTaHAAPA Yy AaKBU3HLIUjU
nojaTaka Hy>KHUX 32 KBAIUTETHY UMIIJIEMEHTAIUjy HAPEHUX TEXHUKA Tepalnje 3pauemhbeM. Y3 TO, CBE
BHIIIE pacTe CBECT O MpeflaToj A03M Ha e Tejla U3BaH IU/baHOT BoJlyMeHa. JoHu3yjyhe 3paueme HOCU
CTOXAaCTHMYKM PU3MK MHYKOBaHa M0jaBe MaJIMTHUX TyMOpa, CTOTa f03a joHu3yjyher 3pauemwma Tpebda ja
Oyje TONUKO HHUCKA KOJMKO je TO pa3yMHO Moryhe, Kako OM ce OCHrypale BuU3yelnHe HMH(OpManuje
JOBOJBHO 10OpOT KBAaJIUTETa NOTpeOHE 3a IIaHupamwe paguorepanyje. Llub paja je fa ce ofpesie noueTHU
AMjaTHOCTUYKHU pe(epeHTHH HUBOM U IHUXOBA KOpelalyja ¢ KBAJIUTETOM CIHUKE. Y CIOCTaBIbEHU
pedepeHTHH HHMBOM Kopuctuhe ce 3a Oyayhy onrtuMusanujy Inpoueaypa y CBpXy IUIaHHpamba
papuorepanuje. Jla OM ce KBaHTU(HMKOBajga fo3a MpefaTa NOPUINKOM [OjefHE HpoLeaype
KOMIIjyTEepU30BaHOM ToMorpagujoM, Koje ce kopucte y KinmHuukoM OONHHYKOM IeHTpy Pujexa,
YCHOCTABJbEHE CY JIOKATHU IUjarHOCTUYKY pepepeHTHN HUBOU 32 NeT HajuenThux nocTynaka pa3InauTuxX
AHATOMCKMX OOJlacTu: IjaBe, IJIaBe U BpaTa, Kapjule, AojKe U rpygHor koma. Kao unpukaTopu gose
KOpUIITheHH Cy BOTYMETPH]jCKHU JO3HU HHIEKC KOMITjyTepU30BaHe TOMOrpaduje U IPOU3BOJ O3€ U Iy>KUHE
CKEHUpamwa, a OelleXKeHU Cy U NapaMeTpU CKeHUpama. 3a CBaKU CET CIMKa U3BpLIEHA je MpoleHa
KBaJMUTETa ciauke. Pesynraru cy ynopebenu ¢ focTynmHuM nopanuma 06jaB/beHIM Y INTEpaTypH Kako Ou ce
ylnopepnaa KiIuHU4YKa npakca. KBanureT ciuke 3a rOTOBO €Ba IOfpydja Tejla y MPOCEKY je OLeHeHa
PUXBATIBUBOM, alli 3aXTeBa NoOobIIamke. [TokazaHo je 1a je noTpeOHa ONTUMHU3ALM]ja TPOLEypa Koje ce
KOpDHUCTE Yy CBpXY IUIaHMpama pajuoTepanuje M CaMuX pajiuoTepanujckuxX MpoTOKoJa, crora he TH
pe3ynraTu OUTH KOpUITheHN Kao CMEpHHIA 3a U3BObheme TOr mpoleca. Y CIOCTaB/balkhe HAIlMOHATHUX
AMjarHOCTHYKUX pePepeHTHUX HUBOA 3a CUMYJALKjy KOMIIjYTEpPU30BaHOM TOMOIpadujoM y Tepanuju
3pauemeM ciefiehi je Kopak U TPEHYTHO je Y MOCTYIKY.

Kmwyune peuu: komiijyitiepuzosana itiomozpaghuja, iiepaiiuja 3apaiersem, Ouiiumudayuja




