Patient radiation dose assessment system for
diagnostic nuclear medicine procedures:
implementation and first results

Dundara Debeljuh, Dea; Jurkovi¢, Slaven; Pribanié, Ilvan; Girotto, Neva;
Grbac-lvankovié, Svjetlana; Bozanié, Ana; Segota, Doris

Source / Izvornik: Nuclear technology & radiation protection, 2020, 35, 380 - 385

Journal article, Published version
Rad u casopisu, Objavljena verzija rada (izdavacev PDF)

Permanent link / Trajna poveznica: https://Jum.nsk.hr/urn:nbn:hr:184:987571

Rights / Prava: Attribution-NonCommercial-NoDerivs 3.0 Unported/Imenovanje-Nekomercijalno-Bez

prerada 3.0

Download date / Datum preuzimanja: 2024-12-26

MED

Medicinski fakultet lista u Rijeci R epository /R epozitorij:

Repository of the University of Rijeka, Faculty of
Medicine - FMRI Repository

Bl alliEssn aoar

DIGITALNI AKADEMSKI ARHIVI [ REPOZITORLJL



https://urn.nsk.hr/urn:nbn:hr:184:987571
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
https://repository.medri.uniri.hr
https://repository.medri.uniri.hr
https://www.unirepository.svkri.uniri.hr/islandora/object/medri:5576
https://dabar.srce.hr/islandora/object/medri:5576

D. Dundara Debeljuh, ef al.: Patient Radiation Dose Assessment System for ...

380

Nuclear Technology & Radiation Protection: Year 2020, Vol. 35, No. 4, pp. 380-385

PATIENT RADIATION DOSE ASSESSMENT SYSTEM FOR

DIAGNOSTIC NUCLEAR MEDICINE PROCEDURES:
IMPLEMENTATION AND FIRST RESULTS

by

Dea DUNDARA DEBELJUH 23", Slaven JURKOVIC ', Ivan PRIBANIC 3,
Neva GIROTTO 35, Svjetlana GRBAC-IVANKOVIC 35,
Ana BOZANIC ', and Doris SEGOTA!*

1Department for Medical Physics and Radiation Protection, University Hospital Rijeka, Rijeka, Croatia

’Department of Radiology, General Hospital Pula, Pula, Croatia
3Nuclear Medicine Department, Faculty of Medicine, University of Rijeka, Rijeka, Croatia

“Department of Medical Physics and Biophysics, Faculty of Medicine, University of Rijeka, Rijeka, Croatia

®Clinical Department of Nuclear Medicine, University Hospital Rijeka, Rijeka, Croatia

Technical paper
https://doi.org/10.2298/NTRP2004380D

Dose assessment of diagnostic nuclear medicine procedures is necessary to further optimize
respective procedure, estimate radiation risk, improve radiation safety and verify compliance
of local practice with guidelines. In line with Council Directive 2013/59/EURATOM, pa-
tient medical documentation should include information related to radiation exposure. The
aim of this work is to present the patient radiation dose assessment system designed for rou-
tine clinical use, that uses in-house designed worksheets for dose calculation based on relevant
parameters introduced by the ICRP publications.

Dose reports provide information about the absorbed dose delivered to the target and
non-target organs of interest and the effective dose for each diagnostic procedure. The data
from the dose reports was used to investigate average patient exposure levels during a
one-year period and the results are presented. The implemented system has improved the
quality of services provided and understanding of radiation risks. Moreover, the presented re-

sults have stimulated further optimization of nuclear medicine processes.

Key words: nuclear medicine, radiation risk, effective dose assessment, administered activity,

low-dose computed tomography

INTRODUCTION

Nuclear medicine is the medical specialty that
uses radiopharmaceuticals for diagnosis, staging of dis-
ease, therapy and monitoring the response of a disease
process. Radiopharmaceuticals are various types of
pharmaceuticals labeled with short half-life
radionuclides. They can be administered to the patient
by intravenous, subcutaneous or intratumoural injec-
tion, or orally depending on the organ and the function
to be studied, in order to obtain diagnostic and func-
tional information on organs where radioactivity is cu-
mulated. It can also be used for the therapy of some dis-
eases, e. g. benign thyroid disease or thyroid cancer.

Global trends show an increase of ionizing radi-
ation use in diagnostic procedures. The United Na-
tions Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) describes an increase of about

* Corresponding author; e-mail: dea.dundara.debeljuh@kbc-rijeka.hr

35 % and 70 % in the collective dose from diagnostic
nuclear medicine examinations and diagnostic radiol-
ogy, respectively, between Report 2000 [1] and Report
2008 [2]. Therefore, awareness of the radiological risk
related to the use of ionizing radiation for a diagnostic
procedure and necessity of patient safety improvement
has motivated national and international authorities to
require that relevant information about parameters re-
lated to the patient exposure to ionizing radiation
should become part of the medical documentation.

In line with EU Council Directive 2013/59/
EURATOM [3], in Croatia, data related to nuclear medi-
cine procedure to be included in a report are administered
activity, target organ and administration modality. A sim-
ilar request on availability of information on dose related
parameters should be fulfilled in diagnostic radiology as
well. Particularly, for computed tomography (CT) proce-
dures national legislation requires that information about
the volume CT dose index (CTDI,;) and dose-length
product (DLP) be specified in a medical report.
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Even though these data are sufficient to fulfill le-
gal requirements, the dose concept is much clearer, un-
derstandable and easily comparable even for non-pro-
fessionals. Having this in mind, the Department for
Medical Physics and Radiation Protection of the Uni-
versity Hospital Rijeka (UH Rijeka) has established and
implemented a patient radiation dose assessment sys-
tem for diagnostic nuclear medicine procedures based
on in-house designed worksheets for dose calculation
and reporting. By knowing the data about the used
radiopharmaceutical, the administered activity and set
of relevant patient specific information, dose assess-
ment for diagnostic nuclear medicine procedures could
be carried out based on formalisms introduced by ICRP
publications 80 and 128 [4, 5]. When the hybrid
SPECT/CT technique is used, the dose report includes
the effective dose calculation for the CT contribution by
using computed tomography DLP values [6].

Similar to dose assessment in diagnostic radiol-
ogy [7, 8], dose data for the respective diagnostic nu-
clear medicine procedure can be used to optimize pro-
cedure according to the as low as diagnostically
acceptable (ALADA) principle, to estimate patient ra-
diation risk, to plan and improve radiation safety, to
comply with the proposed dose limits and to align lo-
cal practice with national and international guidelines.

The implemented patient radiation dose system
has allowed dose reporting for every patient that under-
goes a diagnostic nuclear medicine procedure at UH
Rijeka as a part of the specialist medical report. This is
in accordance with European and national legislation,
but also a step forward in clinical practice since it pro-
vides the data in a more comprehensible form.

MATERIALS AND METHODS

After administration, a radiopharmaceutical is
distributed to target organs and other tissues in the pa-
tient body. Therefore, the absorbed dose in the target de-
pends on contributions from different sources in the
body [9].

The ICRP has designed a set of mathematical mod-
els of the human body that represent different groups of
patients (adult female and male patients and paediatric
patients of different age) and has proposed an approxi-
mation in order to simplify the dose calculation [4, 5].
The source is assumed to be the total body, and calcula-
tion of the absorbed dose delivered to different targets as
well as the effective dose can be obtained multiplying the
administered activity by the radiopharmaceutical spe-
cific absorbed doses per unit of administered activity
(mGy MBq ™) and effective doses per unit of adminis-
tered activity (mSv MBq ™), respectively.

For effective dose calculation in computed to-
mography imaging a simplified method proposed by
the European Commission is used [6]. Effective dose
estimates can be calculated as

E=DLP-Ep;p (1)

where DLP is the displayed dose-length product for
the procedure and Ep;p (mSv mGy’1 cm’l) is the con-
version factor that represents the region-specific nor-
malised effective dose, which depends on the scanned
region and the tube voltage [10-12]. Conversion fac-
tors for the head, neck, chest, abdomen and pelvis
were calculated by using updated weighting factors
given by the ICRP 103 [13]. For lower extremities, the
conversion factors for male and female patients re-
ported by Saltybaeva ef al. [11] were used. The Epp
data of interest for this work are shown in tab. 1.

At UH Rijeka *™Tc, 1231, and 13'I are routinely
used for diagnostic procedures and hybrid imaging mo-
dalities. The radiation dose from radiopharmaceuticals
for every patient is calculated based on relevant proce-
dure parameters and patient-specific data that are rele-
vant for the adoption of an appropriate biokinetic model
[4, 5]. These data are collected in a form that is divided
in two parts which should be completed by a nuclear
medicine technologist and nuclear medicine specialist.
The first part of the form includes patient personal data
(name, age, gender), diagnostic nuclear medicine pro-
cedure data such as the target organ, type and activity of
the administered radiopharmaceutical, route of admin-
istration (intravenous, subcutaneous, intratumoural or
oral), type of administered meal in gastric motility stud-
ies (liquid or solid) and urinary bladder emptying time
after administration in renal studies. The second part in-
cludes information related to thyroid uptake, bone up-
take and renal function. For hybrid imaging, which
combines diagnostic information about molecular pro-
cesses with functional imaging capabilities of SPECT
and precise anatomical overlay of CT imaging, addi-
tionally required data are CTDI,;, DLP and informa-
tion about the scanned anatomical region. The effective
dose from the CT examination is calculated by multi-
plying DLP by the selected conversion factor, tab. 1.

The collected data are used as input in in-house
designed worksheets for dose calculation. For each di-
agnostic nuclear medicine procedure, a procedure-
specific worksheet was prepared and introduced to
clinical practice. Worksheets for paediatric patients

Table 1. Published conversion factors for computed
tomography effective dose calculation as a function of the
scanned region, tube voltage, and gender

Tube Epip [mSv mGy ' cm '] [10]
voltage [kV] | Head | Neck |Chest|Abdomen| Pelvis

120 0.0019 | 0.0051 [0.0145| 0.0153 | 0.0129

140 0.0019 | 0.0052 |0.0147| 0.0155 | 0.0131

Epip [mSv mGy ' ecm™'][11]

Male Female
Ankle | Knee | Hip | Ankle| Knee | Hip
120 0.0002{0.0004/0.0113]0.0002/0.0004|0.0122
140 0.0002{0.0004/0.0114]0.0002|0.0004/0.0123

Tube
voltage [kV]
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were separately prepared and they require the correct
use of the age-dependent model as described in ICRP
publications, i.e. 1 year, 5 years, 10 years or 15 years
[4, 5]. Worksheets for paediatric patients were devel-
oped for radiopharmaceutical contribution to the dose
only since hybrid imaging in that patient category was
notused. Consequently, the results of the absorbed and
effective dose are ready for the patient dose assess-
ment report. At the end, a hard copy of the report is
prepared for each patient.

It is important to emphasize that the comprehen-
sive quality assurance and quality control program
which encompasses all the aspects of application of ra-
dioactive isotopes and CT imaging in nuclear medi-
cine is required in order to achieve accuracy of all
physical parameters [14-16] and represents a prerequi-
site for dose assessment implementation.

RESULTS

The intention of this paper is to introduce the
concept of dose reporting in diagnostic nuclear medi-
cine procedures and to present initial results of the im-
plemented dose assessment system at the UH Rijeka,
where more than 4000 nuclear medicine examinations
were carried out from February 2018 until January
2019. For each patient a dose report with absorbed and
effective doses was produced and included in the pa-
tient medical documentation. In more than 10 % of nu-
clear medicine examinations of adults, hybrid imaging
was performed hence both radiopharmaceutical and
CT contributions to the total effective dose were calcu-
lated. The percentage of paediatric patients corre-
sponds to 5 % of the total number of nuclear medicine
patients. Table 2 shows a detailed distribution of diag-
nostic nuclear medicine and hybrid procedures for
adult and paediatric patients.

In tab. 3, the results in terms of administered ac-
tivity and effective dose during a one-year period for
adult and paediatric patients are presented. For each nu-
clear medicine procedure minimum, maximum, mean
and standard deviations of administered activity and ef-
fective dose were calculated, respectively. The number
of performed examinations and conversion factors as
radiopharmaceutical specific effective doses per unit of
administered activity (mSv MBq ') that were used for
effective dose calculation are also shown. The conver-

sion factors used for dose calculations in renal imaging
with **"Tc-MAG3 depend on the selected biokinetic
model that best represents the patient's renal function
(normal function, abnormal function and acute unilat-
eral renal blockage) and the urinary bladder emptying
time. Detailed information on conversion factors for re-
nal imaging with *™Tc-MAG3 can be found in the
ICRP publication 128 [5]. Conversion factors for
somatostatin receptor imaging with *™Tc-tektrotyd and
lymphoscintigraphy with subcutaneous administration
were taken from radiopharmaceutical manufacturer
specifications.

Results for paediatric patients are also presented
in tab. 3. Conversion factors for paediatric patients are
dependent on both the patient's age and patient specific
information (renal function, urinary bladder emptying
time, bone uptake). Detailed information on conversion
factors can be found in ICRP publication 128 [5].

The mean effective doses of investigated nuclear
medicine examinations vary by a factor of over 800
(0.04-35.52 mSv). The CT examinations tend to be in
a finer range and mean effective doses are signifi-
cantly lower than typical doses of diagnostic CT pro-
cedures due to the use of low-dose CT imaging (ap-
proximately 0.02-5 mSv).

DISCUSSION

Comparison of mean effective doses from nu-
clear medicine diagnostic procedures for adult pa-
tients shows large differences between various proce-
dures due to the different radiopharmaceuticals used,
and consequently the different biokinetic model
adopted. Additionally, the large effective dose range
reflects the differences in mean administered activity
for a diagnostic purpose, from 29 to 812 MBgq. Differ-
ences in effective doses for the computed tomography
contribution in hybrid imaging depend on different
conversion factors between scanned regions, tab. 2.
Asshown in tab. 3 thyroid metastasis imaging with '3'1
is the major contributor to the effective dose. It is fol-
lowed by a two-day protocol for myocardial perfusion
(stress and rest) and infection/inflammation imaging.
Thyroid metastasis studies, myocardial perfusion
studies and infection/inflammation examination con-
tribute to 1 %, 10 %, and 1 % of the total number of ex-
aminations, respectively. Bone imaging with **™Tc —

Table 2. One-year of experience: number of nuclear medicine diagnostic examinations at UH Rijeka

for which dose information is available

Feb. | Mar | Ap.r | May | June July Aug. | Sept. | Oct. | Nov. | Dec. | Jan. TOT
2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2018 | 2019
Number of NM 357 | 432 | 385 | 422 | 314 | 238 | 276 | 305 | 403 | 360 | 259 | 392 | 4143
examinations
Number of paediatrics | ;| 15 | 19 | 19 19 15 1 18 | 26 | 17 | 16 | 20 | 203
examinations
Number of CT
scans (adults) 45 61 | 48 38 37 34 36 31 45 44 10 | 54 | 483
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Table 3. Relevant data related to one-year results for nuclear medicine diagnostic examinations
Minir.num B Mean Conversion Minimum-— Mean
maximum i . :
Examination Radiopharmaceutical Number_of administered adml.m.stered factor maxumum effective
examinations ivit activity [mSvMB q—l] effective | dose + st.dev.
‘ﬁ’qu]y st.dev. [MBq] dose [mSv] [mSv]
ADULT PATIENT
Bone imaging  [”"Tc — phosphonates 1274 330-792 503+53 |4.9-10%/4.3-10°" | 1.62-3.89 | 2.47 £0.26
Myocardial 99m : 1073
perfusion, stress Tc — tetrofosmin 383 507-944 669 + 55 6.9-10 3.50-6.51 | 4.62+0.38
Myocardial 99m - 103
perfusion, rest Tc — tetrofosmin 308 501-811 | 672+46 8-10 4.00-6.49 | 538 +0.37
Renal imaging " Te — MAG3 201 71-398 17870 | Seetable C.77* | 0.18-3.25 | 0.76 £0.57
Renal imaging %mTc — DTPA 3 85-213 133+70 |4.9:10-3/4.6:10°""| 0.42-1.34 | 0.80 +0.48
Infection/inflammati| °**"Tc — HMPAO 1n2°
on imaging leucocytes 53 518-1221 | 812+142 1.1-10 5.70-13.43 | 8.93 +1.56
Somatostatin 99m, 103R
receptor imaging Tc — tektrotyd 69 553-852 | 739+44 510 2.77-4.26 | 3.69 +0.22
Parathyroid imaging |**™Tc — pertechnetate 2 346-870 493 £ 96 1.3-107 3.11-7.83 | 4.44+0.87
Parathyroid imaging| ~ **™Tc — MIBI 169 381-560 | 471+ 126 9:10*" 3.05-4.48 | 3.76 +0.01
Thyroid imaging |*™Tc — pertechnetate| 1178 74-410 77 £20 1.3:10% 0.96-5.33 | 1.00 +0.25
Thyroid imaging 9T — MIBI 33 346-393 | 377411 9-10" 3.11-3.54 | 3.39+0.10
Brain imaging #mTe — HMPAO 4 550-800 | 674+ 119 9310 5.12-7.44 | 6.26+1.10
Liver hemangioma | *™Tc — erythrocytes 8 550-580 561 £ 10 7107 3.85-4.06 | 3.92+0.07
Liver imaging 9mTe — HIDA 2 193-196 195+2 1.6:10% 3.09-3.14 | 3.11 +0.03
Lymphoscintigraphy| ™ Tc — nanocoll 10 36-76 58+ 16 4-10"° 0.14-0.30 | 0.24+0.07
Lymphoscintigraphy| - ssnp. _ panocoll 43 26-32 2942 1210 0.03-0.04 | 0.04%0.01
Dopamine 1237 . 102"
transporter imaging I — ioflupane 38 132-165 147+9 2.5-10 3.30-4.13 | 3.67+0.22
Lung perfusion | *™Tc — LYOMAA 72 40-206 91 + 24 1.1-10" 0.44-2.27 | 1.00 +0.26
Angiocardiography |*""Tc — pertechnetate 19 540-615 | 587 +22 1.6:10% 2.48-2.83 | 2.70 +0.10
Gasﬁﬁé‘ile"s“my 9T — DTPA 13 72-90 7945  1.9-10%2.4-102 1.30-1.71 | 1.49 +0.09
Thyroid metastases 131 a1 35.52-35.52 T
(after ablation) I 55 185-185 185+0 2.8:10 T 355240
Ectopic gastric .
mucosa imaging |*’™Tc — pertechnetate 3 255-345 | 298 +55 46107 3.82-4.61 | 420+0.39
(Meckel's)
Computed
tomography — low - 483 - - - 0.02-5.24 | 1.42+0.84
dose
PAEDIATRIC PATIENT
Renal imaging 9mTe — MAG3 185 20-148 45420 See table C.77* | 0.14-0.86 | 0.25 +0.09
Renal imaging 9mTe — DTPA 2 141-193 167+37 | Seetable C.61% | 0.89-122 | 1.05+0.23
Renal imaging 9mTc — DMSA 2 41-75 58 + 24 See table C.59% | 0.45-0.83 | 0.64 +0.26
Bone imaging  |”™Tc — phosphonates 12 102-401 | 231+107 | Seetable C.89* | 1.80-3.10 | 2.38 +0.48
Gastric motility | som e _ prpA 1 20-20 2040 | SeetableC.79% | 124-124 | 12440
Infection/ 99m
inflammation 1 MIPAO 1 333-333 | 33320 See3.11.° | 622:622 | 62240
imaging Y

" ICRP 128, “"Normal uptake and excretion /High bone uptake and/or severely impaired kidney function; ICRP 128,

" Normal renal function/Abnormal renal function; ICRP 128,

Hkokok

™ Oral administration of fluids/Oral administration of solids; [CRP 128

°ICRP 80, ® Radiopharmaceuticals manufacturer specification, T Effective dose calculated subtracting thyroid contribution

phosphonates is the most commonly performed nu-
clear medicine diagnostic procedure at UH Rijeka and
makes up over 30 % of the total number of diagnostic
nuclear medicine examinations.

Results are in accordance with effective doses
for adults from nuclear medicine examinations pre-
sented by Mettler et al. [17], Kralik ef al. [18] and

Avramova-Cholakova ef al. [19]. The exception is
thyroid metastasis imaging using '3'I. Namely, in the
case of thyroid ablation, the presented effective dose
for thyroid metastasis imaging was calculated using
the conversion factor for the biokinetic model with
blocked thyroid and oral administration [5]. Subse-
quently, thyroid contribution to the effective dose, cal-
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culated using the thyroid tissue weighting factor of
0.04 [13], was later subtracted due to the thyroid re-
moval, resulting in the effective dose of 35.52 mSv.

In paediatric patients the most common nuclear
medicine procedure was renal imaging with *™Tc —
MAGS3 (over 90 % of total paediatric examinations).
Infection/inflammation imaging causes large effective
doses to the patient, but it is rarely performed.

In data analysis and comparison of dose esti-
mates uncertainties should be taken into account.
Among others, the uncertainty in the dose estimates
from radiopharmaceuticals depends on differences be-
tween the patient and the mathematical model used for
the simulation. It is mainly related to the mass of the
organs and the distance between source and target or-
gan. A similar problem is present for CT effective dose
estimates since the conversion factor that represents
the region-specific normalised effective dose is calcu-
lated using weighting factors for mathematical models
rather than for the individual patient. Regularly per-
formed QC enable the reduction of uncertainties on
activity administered due to measurements using the
activity meter as well as to achieve better accuracy of
CT dose parameters.

CONCLUSIONS

The study presents practical aspects and results
ofthe dose assessment system in nuclear medicine im-
aging implemented in clinical practice. Professionals
involved in this field have become more aware on of
the radiation risk related to the diagnostic procedures
since the dose information is available, as a value that
seems to be clear, understandable and easily compara-
ble. Quality of provided services has been improved
and a dose report for every diagnostic nuclear medi-
cine examination is produced. Information on the ab-
sorbed dose to organs from the radiopharmaceutical
and the effective dose from various imaging proce-
dures are available in patient medical records. Also,
the dose assessment system has contributed to the
standardization of activity measurements by the resid-
ual activity subtraction for each administered activity
in order to get the information of about the actual ac-
tivity administered to the patient.

Moreover, introduction of the patient radiation
dose assessment system was used as an input for set-
ting typical values for nuclear medicine procedures at
UH Rijeka. Although DRL are regularly used in diag-
nostic and interventional radiology [20, 21], until re-
cently there was a lack of use of the DRL approach in
nuclear medicine procedures in Croatia. Starting from
results coming from the dose assessment system, the
first national survey on DRL values in nuclear medi-
cine was implemented and performed in order to intro-
duce a valuable tool required for the optimization of
diagnostic nuclear medicine procedures [22].

AUTHORS' CONTRIBUTIONS

The idea was initiated by D. D. Debeljuh, S.
Jurkovi¢ and I. Pribani¢. The dose assessment system
design was created by D. D. Debeljuh, I. Pribani¢. The
implementation of the dose assessment was performed
by D. D. Debeljuh, S. Jurkovi¢, I. Pribanié¢, N. Girotto,
S. Grbac-Ivankovié¢, A. Bozanié, and D. éegota.

Data were collected and statistically analysed by
D. D. Debeljuh and I. Pribani¢. The manuscript was
drafted by D. D. Debeljuh, S. Jurkovi¢, and I. Pribanié
and revised by all authors.

REFERENCES

[1]  ***, United Nations Scientific Committee on the Ef-
fects of Atomic Radiation, Sources and Effects of Ion-
izing Radiation, UNSCEAR Report 2000, Volume I,
2000

[2]  *** United Nations Scientific Committee on the Ef-
fects of Atomic Radiation, Sources and Effects of Ton-
izing Radiation, UNSCEAR Report 2008, Volume I,
2010

[3] ***, European Council Directive 2013/59/Euratom
on Basic Safety Standards for Protection Against the
Dangers Arising from Exposure to Ionising Radiation
and repealing Directives 89/618/Euratom, 90/641/
Euratom, 96/29/Euratom, 97/43/Euratom and 2003/
122/Euratom, Official Journal of the European Un-
ion, L13 (2014), pp. 1-73

[4]  ***, International Commission on Radiological Pro-
tection, Radiation Dose to Patients from Radio-
pharmaceuticals, Addendum to ICRP 53, /CRP Publi-
cation 80, Annals ICRP 28, 3, 1998

[S] ***, International Commission on Radiological Pro-
tection, Radiation Dose to Patients from Radio-
pharmaceuticals: a A Compendium of Current Infor-
mation Related to Frequently Used Substances, /[CRP
Publication, 128, 2014

[6] *** European Commission, European Guidelines on
Quality Criteria for Computed Tomography, EUR
16262, 2000

[7] Milatovi¢, A. A., et al., Patient Dose Measurement
and Dose Reduction in Chest Radiography, Nuc/
Technol Radiat, 29 (2014), 3, pp. 220-225

[8] Majer, M., et al., Organ Doses and Associated Cancer
Risks for Computed Tomography Examinations of
the Thoracic Region, Nuc! Technol Radiat, 3 (2018),
1, pp. 100-105

[9] Stabin, M. G., Bertrand Brill, A., State of the Art in
Nuclear Medicine Dose Assessment, Seminars in Nu-
clear Medicine, 38 (2008), 5, pp. 308-320

[10] Deak, P. D., et al., Multisection CT Protocols: Sex-
and Age-specific Conversion Factors Used to Deter-
mine Effective Dose from Dose-Length Product, Ra-
diology, 257 (2019), 1, pp. 158-166

[11] Saltybaeva, N., et al., Estimates of Effective Dose for
CT Scans of the Lower Extremities, Radiology, 273
(2014), 1, pp. 153-159

[12] Christner, J. A., et al., Estimating Effective Dose for
CT Using Dose-Length Product Compared With Us-
ing Organ Doses: Consequences of Adopting Interna-
tional Commission on Radiological Protection Publi-
cation 103 or Dual-Energy Scanning, American
Journal of Roentgenology, 194 (2010), pp. 881-889

[13] *** International Commission on Radiological Pro-
tection, The Recommendations of the International
Commission on Radiological Protection, /CRP Publi-
cations 103, Annals ICRP, 37, 2007



D. Dundara Debeljuh, ef al.: Patient Radiation Dose Assessment System for ...

Nuclear Technology & Radiation Protection: Year 2020, Vol. 35, No. 4, pp. 380-385 385

[14] *** International Atomic Energy Agency, Quality [20] Siiskonen, T., et al., Establishing the European Diag-
Assurance for SPECT Systems, I[AEA Human Health nostic Reference Levels for Interventional Cardiol-
Series, 6, 2009, Vienna ogy, Physica Medica, 54 (2018), pp. 42-48

[15] *** International Atomic Energy Agency, SPECT/CT [21] Segota, D., et al., Establishment of Local Diagnostic
Atlas of Quality Control and Image Artefacts, [AEA Hu- Reference Levels for Typical Radiography Examina-
man Health Series, 36,2019, Vienna tions in the West Region of Croatia, Nucl Technol

[16] *** European Commission, Criteria for Acceptability Radiat, 38 (2019), 1, pp. 102-106
of Medical Radiological Equipment used in Diagnostic [22] Dundara Debeljuh, D., et al., National Survey to Set
Radiology, Nuclear Medicine and Radiotherapy, Radi- Diagnostic Reference Levels in Nuclear Medicine
ation Protection No. 162, 2012, Luxembourg Single Photon Emission Imaging in Croatia, Physica

[17] Mettler, F. A., et al., Effective Doses in Radiology and Medica, 78 (2020), pp. 109-116

Diagnostic Nuclear Medicine: A Catalog, Radiology,
248 (2008), 1, pp. 254-263

[18] Kralik, I., et al., Estimated Collective Effective Dose
to the Population from nuclear Medicine Diagnostic
Procedures in Croatia: A comparison of 2010 and
2015, PLoS ONE, 12 (2017), 6, ¢0180057

[19] Avramova-Cholakova, S., ef al., Patient Doses from .
Hybrid SPECT-CT Procedures, Radiation Protection Received on May 25, 2020
Dosimetry, 165 (2015), 1-4, pp. 424-429 Accepted on November 27, 2020

Hea IYHOAPA NEBEJBYX, Cnagen JYPKOBUWUh, Upan IPUBAHWH, Hesa BUPOTO,
Csjernana TPBALI-UBAHKOBWH, Asa BOXKAHWH, Jopuc IETOTA

CUCTEM 3A IIPOLHEHY JO3E Y HYKIEAPHO-MEJINIINMHCKUM
JUJATHOCTUYKUM INOCTYINIUMA - UMINVIEMEHTAILIMJA U IIPBU PE3YJITATHU

[Iporena go3e KOJ AMjarHOCTHYKKUX HYKJIEapHO-MEIUIMHCKIX HPOIeypa je Hy>KHa 3a ONTH-
MU3al{jy TPOTOKOJA, MPOLEHY pH3UKa M3a3BaHUX 3paucHmheM, IUIAaHUPAEe U ONTUMU3AIM]Y 3alITHTE Of
3pauema, IpoBepy yCKiIaheHOCTH JO3HNX IPaHUIa C IPOIICAaHIM BPETHOCTIMA T 3a Topeherhe TOKaITHOT
HayyHa pajia ¢ HaUMOHATHUM 1 MebyHapopnuM cmepaunama. dupexktusa 2013/SO9EYPATOM Hanaxke fa
ce MoJjaly Be3aH! 3a u3jararbe ManujeHTa joHn3yjyheM 3padetby YIHUCYjy Y MeUIUHCKY JOKYMEHTAI]y
nanujenTa. L{nss oBOr paja je fja ce mpuKaske yCIOCTaBILEHU CUCTEM 3a MPOIEHY /03¢ Pas3BHjeH y CBPXY
Kopunrhemwa y KIIMHUYKO]j pakcn. Ha TeMersy mofgaTtaka u popmannzaMa 00jaB/beHHX Y MyOIUKaljama
Mebynaponue KkomucHje 3a 3amTuty of 3paueta (ICRP) u3pabenn cy pagan mucToBH 3a IpOICHY H03€.

W3Berrraj o 1031 nanujeHTa caipsku MOoAaTKe O MPElaToj arcopOoBaHOj TO3M IUBHAM OpTaHNMa
U OCTaJINM OpraHuMa Off HHTepeca Te MoAaTKe 0 e(heKTUBHO] JO3H 32 T0jeAINHY CIIPOBENCHY ANjarHOCTHUKY
npornenypy. Ilogany u3 n3BenITaja o Jo3u NayjeHaTa y meproyy off TONUHY AaHa KOPUITheHN Cy 3a IPOLCHY
HIBOA M3JIarama jOHn3yjyheM 3paderby U pe3yiTaTy ¢y MpUKa3aHu Y OBOM pajy. JeTHOTOHIITHE NCKYCTBO
IpUMEHE CHCTEeMa 3a MPOPAUyH M IPOIEHY J03e MOKa3ajo je MOOOJbIIamhe y KBAJTUTETY CIPOBEICHUX
MEJIUIIHCKUX Tpoliefilypa U 60Jbe pasyMeBamhe pU3NKa N3a3BaHux 3padyemeM. OcuM Tora, nHpopmanmja o
[O3U TIpEeAcTaB/ba KOPUCHO CPEACTBO 32 ONTHMU3AIN]y HYKICAPHO-MEIUIUHCKUX NHjarHOCTHIKHAX IIPO-
Heaypa U peBU3Njy aKBA3HIN]CKIX IPOTOKOJIA.

Kmwyune peuu: HykaeapHa meOuyuna, pusuk U3asean apaierem, ipouyena eexiiusne 003e,
VHella aKiiU8HOCI, HUCKO-003HA KOMUJYIlepU308aHa omozpagduja



