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Abstract. Nuclear Medicine (NM) is a medical specialty divided into diagnostic and therapeutic applications. The doses
resulting from procedures in this practice come_from activities administered to patients and contribute to the exposure
of the population to ionizing radiation. Therefore, the optimization of radiological protection aims to balance the image
quality of medical exams and the amount of radiation received by the patient, which should be optimized to the minimum
value necessary for the diagnostic. The International Commission on Radiological Protection (ICRP) provides guidance
on the establishment of reference levels for procedures in various modalities. In MN, diagnostic reference levels (DRLs)
are based on the administered activities to patients and are considered an important tool for optimizing procedures.
The objective of the present study was to estimate the typical values of administered activities resulting from Nuclear
Medicine procedures performed in a private service located in the South region of Brazil. The applied methodology
consisted of using secondary data retrospectively collected from the procedures registration systems in a nuclear
medicine service performed in 2020. The data collected were: procedures type, radionuclide, date of the exam,
administered activity (Bq), weight (kg), height (m), age (years), and gender of the patients, as well as the imaging
equipment used by the service. The result obtained was average height: 1.7 m; standard deviation: 0.1; average age:
64.4 y; standard deviation 10.7; agemax. 88.0 y and agemin. 37.0 y; average weight: 79.5 kg; standard deviation:
13.5. The typical values, based on the median of administered activity (MBgq) distribution of %mTc, on myocardial
scintigraphy in the stress phase was 1,221.0 MBq and for the rest 407.0 MBq. Based on the results of the present study,
we expect to encourage the establishment of an efficient routine for recording and organizing data in Santa Catarina.
In addition, we would like to emphasize the benefit of optimizing the administered activities and radiation protection
practices for population and individuals. Through studies like this one, we hope to contribute to the estimation of DRLs
in NM in Brazil and to stimulate the creation of a culture of recording doses and activities; to help optimize the
administered activities and the practices involved; as well as to contribute with the provision of data for the estimation

of collective effective dose from NM examinations.
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1. INTRODUCTION

According to the United Nations Scientific
Committee on the Effects of Atomic Radiation [1],
nuclear medicine (NM) is part of the four categories of
medical practice that involve exposure to ionizing
radiation.

The percentage contribution of NM ionizing
radiation exposure to the general population has been
presented in several studies. One of these studies, a
consortium of more than ten countries, showed the
impact of medical exposure on the FEuropean
population. NM was ranked among the five procedures
that most contribute to the collective effective dose in
the participating countries, corresponding to 5% of the
total. Even though the collective effective dose is
relatively small in the overall context, there are
significant variations in the contribution of this
parameter between countries, ranging from 0.4 to
14.5% [2].
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The doses resulting from NM exams are derived
from the administered activities to patients and are
numerically very diversified, considering different
diagnostic exams. This diversity can be attributed to the
lack of procedures standardizing and technological
resources for image acquisition, besides team
miscommunication, etc. [3], [4].

Therefore, there is a need to optimizing the patient's
dose while reducing the dose inconsistency and
maintaining the required image quality for the
diagnostic. Thereby, specific diagnostic reference levels
(DRLs) for image examinations can be applied to
several patients’ groups, providing information
necessary for optimizing the radiation protection
methods [5], [6].

In ICRP, the term DRL was first introduced in
Publication No. 73 to represent the typical doses
received in radiological procedures and identify
unjustified exposures. Since then, DRLs have been used
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to optimize the radiation protection, avoiding
unnecessary radiation doses to patients [7], [8], [9].

Therefore, the DRLs implementation supports
revising, controlling, reducing medical exposure levels,
and consequently optimizing the radiation protection.
Based on this information, initiatives to establish typical
values of administered activities, local and regional
DRLs become necessary. Typical values are used when
the number of healthcare facilities is too small to allow
a local DRL value to be determined, and can be defined
for a single facility to act as a local reference for
optimization processes, similar to local DRLs [14].

Thus, the aim of this study is to estimate the typical
values DRLs resulting from complete myocardial
scintigraphy procedures with 99™Tc¢ performed in a
private service in the Southern region of Brazil.

2. METHODS

This retrospective study collected data from 576
myocardial  scintigraphies with  99™Tc-sestamibi
performed in 288 adult patients between August and
December 2020. The myocardial scintigraphy was
divided into stress and rest stages and named "one-day
-protocol.” Initially, data from 754 procedures of
myocardial scintigraphies were provided; however,
after organizing the data, 178 were excluded. The
exclusion criterion was determined based on the
available information in the exams. The excluded
procedures presented incomplete information, such as
patients who performed only one of the stages, repeated
statements, and exams executed in equipment not
addressed in this study. The exams were gathered from
a Nuclear Medicine Service (NMS) of a private
institution of imaging diagnostic in Santa Catarina -
Brazil.

The images were acquired in SPECT equipment with
two heads (detectors), manufacturer Philips model
CardioMD, dedicated to cardiac protocols. For resting
phase acquisitions, a matrix of 64x64 was utilized, 32
projections of 45 seconds each, non-circular orbit,
without attenuation correction. For the stress phase
acquisitions, a matrix of 64x64 was used, 32 projections
of 40 seconds each, non-circular orbit, without
attenuation correction.

The exam protocol for the resting phase can be
described as follows: the administered activity to the
patient is calculated by means of the Body Mass Index
(BMI) and injected through venous access. The patient
is oriented to drink water and walk for an interval of 30
to 60 minutes. Furthermore, the patient is positioned
on the stretcher of the equipment in dorsal decubitus,
and the image acquisition is initiated.

Related to the stress phase: the administered
activity must be three times the injected activity in the
first phase, not exceeding the total activity of 1,554.0
MBgq. It is essential to highlight that a 2-hour interval
between the two injections must be taken. Moreover,
this second stage can be performed in 3 different ways:

e physical stress on the ergometric treadmill,
where the activity is administered to the
patient when the required heart rate is
reached. The heartbeat rate is verified by
means of ECG and sphygmomanometer under
supervision of a cardiologist physician.
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e pharmacological stress induced by
dipyridamole, where the patient is positioned
on the stretcher and receives an injection of
dipyridamole during 4 minutes. From 3 to 5
minutes after dipyridamole injection finishes,

radiopharmaceutical injection occurs.
Aminophylline is administered 2 minutes after
radiopharmaceutical injection for

dipyridamole side effects.

e stress with dobutamine, where the patient is
positioned on the stretcher, the injection of
dobutamine is started through the infusion
pump, and after the patient reaches the
desired heart rate the radiopharmaceutical is
injected.

After finishing the stress phase, the patient is
advised to drink water and walk for an interval of 15 to
45 minutes. Then the patient is positioned on the
stretcher of the equipment in dorsal decubitus with the
left arm above the head and the detector as close as
possible to the chest, the ECG is connected, and then the
image acquisition begins. At the end of the exam, images
are evaluated based on their quality by the radiology
technologists and/or by the physician too. Depending
on the exam quality, it is decided whether the patient
needs to repeat some images or not. The images are then
processed and reported, and the patient is released.

The present study was submitted and approved by
the National Cancer Institute Ethics Committee (CAAE
n° 29217520.7.0000.5274 in July 2021). Furthermore,
the exams of a specific period were anonymized and
collected from the procedures systems platform of the
respective NMS.

Data as procedure type, radionuclide, date of
examination, administered activity (Bq), patients'
weight (kg), height (m), age (years), gender (m/f) were
collected and organized in a spreadsheet (Excel®,
Microsoft, 2021). Furthermore, a descriptive statistical
analysis of the data was performed. Typical values
(DRLs) were estimated for myocardial scintigraphy
with 99mTc-sestamibi (during stress and rest phases) by
calculating the median values of the patients'
administered activity (MBq), as recommended by ICRP
135 [14]. The results were organized and analyzed as
follows: characteristics of the sampled population [age
(years), weight (kg), height (m), and BMI (kg. m-2)];
and typical values.

3. RESULTS AND DISCUSSION

Table 1 shows the general attributes of the study
population, in total 576 procedures corresponding to
288 patients who performed stress and rest stages.

Table 1. Characteristics of the study population.

Age Weight | Height BMI
(years) | (kg) (m) (kg.m=)
Min 37.0 46.0 1.4 18.2
Max 88.0 125.0 1.9 41.5
Mean 64.4 79.5 1.7 28.3
Standard deviation 10.7 13.5 0.1 4.0

There are several methods to estimate DRLs, such as
those that use the median of the maximum and
minimum administered activity, those that apply the
P75 of the mean, or those that consider the P75 of the
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interval of administered activities [4]-[10]. In this study,
we chose to use the method based on the median value
of distribution of the interval of administered activities,
as used in some European countries [11], [12], because
in Brazil, there are still no DRLs officially established by
national regulatory bodies [13].

Table 2 presents the results for typical values of
administered activities (MBq) for 99mTc-sestamibi in
myocardial scintigraphy procedures, characteristics of
the sampled population, equipment type, and image
acquisition protocol.

Table 2. Estimated typical values of administered activities for
the stress and rest stages.

Administered activity [MBq]
Procedural Min Max Mean SD Median
steps
Rest 370.0 | 518.0 405.6 0.8 407.0
Stress 962.0 | 1,665.0 | 1,245.3 3.1 1,221.0

*SD = standard deviation.

Although there are no DRLs officially established in
Brazil yet, we compared the typical values of
administered activities found with those DRLs
published in another national study. In that study, the
DRLs found for the same procedure were: 444.0 MBq
for the rest phase and 1,110.0 MBq for the stress phase
[4]. In comparison with our results, 407.0 + 0.8 MBq
for the rest and 1,221.0 + 3.1 MBq for the stress, the
typical values are similar to the DRLs values practiced
in other services in Brazil.

This study presented some shortcomings: to analyze
data from a single Nuclear Medicine Service in Santa
Catarina; for this reason, the estimated DRLs are
specific to this institution, although this sample could
be used as an initial parameter. Therefore, they do not
represent other NMS in Brazil. Moreover, data from a
brief period (about five months) were analyzed due to
the change in the recording procedure system at the
clinic, changed from manual to automated form.

In further stages of this study, the period of the
sampled data will be expanded to one year, as
recommended by the ICRP.

4. CONCLUSION

The aim of the study was reached since we estimated
and determined typical values of administered activities
derived from myocardial scintigraphy procedures with
99mTc performed in a private service in the Southern
region of Brazil.

Based on the results of the present study, the
authors expect to encourage the establishment of an
efficient routine for recording and organizing data in
Santa Catarina. In addition, we would like to emphasize
the benefit of optimizing the administered activities and
radiation protection practices for population and
individuals.

Acknowledgements: The authors would like to
thank Bionuclear Nuclear Medicine’ professionals of
Florianopolis for their help in collecting data, and the
Master’s Degree Program in Radiological Protection of
the Federal Institute of Santa Catarina for the financial
support.

1.

10.

REFERENCES

Sources, Effects and Risks of Ionizing Radiation,
Annexes A and B, UNSCEAR 2017 Report, UNSCEAR,
Vienna, Austria, 2017.
Retrieved from:
https://www.unscear.org/docs
CEAR 2017 Report.pdf
Retrieved on: Aug. 20, 2021.
Medical Radiation Exposure of the European
Population Part 1/2, Radiation Protection no. 180,
European Commission, Luxembourg, Luxembourg,
2014.

Retrieved from:
https://ec.europa.eu/ener:
ents/RP180.pdf

Retrieved on: Aug. 20, 2021.
D. M. Seraphim, A.C.F. da S. Fischer, “Definicio de
Niveis de Referéncia em Diagnostico do Servigo de
Medicina Nuclear do Hospital de Clinicas de Porto
Alegre,” Revista Brasileira de Ciéncias da Radiagdo,
vol. 8, ndo. 3, pp. 1 — 13, Set. 2020.

(D. M. Seraphim, A. C.F. da S. Fischer, “Definition of
Diagnostic Reference Levels at the Nuclear Medicine
Service of the Hospital de Clinicas de Porto Alegre,”
Braz. J. Radiat. Sci., vol. 8, no. 3, pp. 1 — 13, Sep. 2020.)
DOI: 10.15392/bjrs.v8i3.1208

J. Willegaignon et al., “Diagnostic reference level: an
important tool for reducing radiation doses in adult and
pediatric nuclear medicine procedures in Brazil,” Nucl.
Med. Commun., vol. 37, no. 5, pp. 525 — 533, May 2016.
DOI: 10.1097/MNM.0000000000000462

PMid: 26657219

M. Lassmann, G. Pedroli, “Dose optimization in nuclear
medicine,” Clin. Transl. Imaging, vol. 4, no. 1, pp. 3 — 4,
Feb. 2016.

DOI: 10.1007/540336-015-0154-7
Diagnostic Reference Levels (DRLs)
imaging, IAEA, Vienna, Austria, 2021.
Retrieved from:
https://www.iaea.org/resources/rpop/health-
professionals/nuclear-medicine/diagnostic-nuclear-
medicine/diagnostic-reference-levels-in-medical-
imaging#7

Retrieved on: Aug. 14, 2021.

Radiological Protection and Safety in Medicine, vol. 26,
ICRP Publication no. 73, ICRP, Ottawa, Canada, 1996.
Retrieved from:
https://journals.sagepub.com/doi/pdf/10.1177/ANIB

26 2

Retrieved on: Aug. 14, 2021.

The Council of European Union. (Dec. 5, 2013). Council
Directive 2013/59/EURATOM on laying down basic
safety standards for protection against the dangers
arising from exposure to ionizing radiation, and

ublications/2017/UNS

sites/default/files/docum

in  medical

repealing Directives 89/618/Euratom,
90/641/Euratom, 96/29/Euratom, 97/43/Euratom
and 2003/122/Euratom.

Retrieved from:

https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:201
4:013:0001:0073:EN:PDF

Retrieved on: Nov. 22, 2021.

T.S. Jornada, D. C. Panciera, R. B. Doro, “Method to
determine a regional diagnostic reference level for
intraoral radiographs in the state of Santa Catarina,
Brazil,” Med. Phys. Int. J., vol. 7, no. 1, pp. 38 — 43,
May 2019.

Retrieved from:
http://www.mpijournal.org/MPI-v07i01.aspx

Retrieved on: Aug. 19, 2021.

E. M. Alkhybari et al., “An Australian local diagnostic
reference level for paediatric whole-body 18F-FDG
PET/CT,” Br. J. Radiol., vol. 92, no. 1096, Apr. 2019.
DOI: 10.1259/bjr.20180879

PMid: 30653334

PMCid: PMC6540867

54


https://www.unscear.org/docs/publications/2017/UNSCEAR_2017_Report.pdf
https://www.unscear.org/docs/publications/2017/UNSCEAR_2017_Report.pdf
https://ec.europa.eu/energy/sites/default/files/documents/RP180.pdf
https://ec.europa.eu/energy/sites/default/files/documents/RP180.pdf
https://www.iaea.org/resources/rpop/health-professionals/nuclear-medicine/diagnostic-nuclear-medicine/diagnostic-reference-levels-in-medical-imaging#7
https://www.iaea.org/resources/rpop/health-professionals/nuclear-medicine/diagnostic-nuclear-medicine/diagnostic-reference-levels-in-medical-imaging#7
https://www.iaea.org/resources/rpop/health-professionals/nuclear-medicine/diagnostic-nuclear-medicine/diagnostic-reference-levels-in-medical-imaging#7
https://www.iaea.org/resources/rpop/health-professionals/nuclear-medicine/diagnostic-nuclear-medicine/diagnostic-reference-levels-in-medical-imaging#7
https://journals.sagepub.com/doi/pdf/10.1177/ANIB_26_2
https://journals.sagepub.com/doi/pdf/10.1177/ANIB_26_2
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2014:013:0001:0073:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2014:013:0001:0073:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2014:013:0001:0073:EN:PDF
http://www.mpijournal.org/MPI-v07i01.aspx

D.C. Panciera et al., Myocardial scintigraphy protocol in south of Brazil..., RAP Conf. Proc., vol. 6, 2021, 52-55

11.

12.

55

E. de Geest, F. Jacobs, R. A. Dierckx, “A multicenter
study of the administered activity in nuclear medicine
departments in Belgium,” presented at the 11th Int.
Conf. International Radiation Protection Association
(IRPA 11), Madrid, Spain, May 2004.

Niveaux de référence diagnostiques en radiologie et en
médecine nucléaire, Institute de Radioprotection et de
Stireté Nucléaire (IRSN), Paris, France, 2012.
(Diagnostic Reference Levels in Radiology and Nuclear
Medicine, Institute of Radiation Protection and Nuclear
Safety (IRSN), Paris, France, 2012.)

Retrieved from:

http://nrd.irsn.fr/document/site 49/fckfiles/File/Arre
te-NRD-24102011.pdf

Retrieved on: Aug. 18, 2021.

13.

14.

C. M. Oliveira, L. V. de S4, T. C. Alonso, T. A. da Silva,
“Suggestion of a national diagnostic reference level for
18F-FDG/PET scans in adult cancer patients in Brazil,”
Radiol. Bras., vol. 46, no. 5, pp. 284 — 289,
Sep-Oct. 2013.

DOI: 10.1590/S0100-39842013000500004

Diagnostic reference levels in medical imaging, vol. 46,
ICRP Publication no. 135, ICRP, Ottawa, Canada, 2017.
Retrieved from:
https://journals.sagepub.com/doi/pdf/10.1177/ANIB
46_1

Retrieved on: Nov. 22, 2021.



http://nrd.irsn.fr/document/site_49/fckfiles/File/Arrete-NRD-24102011.pdf
http://nrd.irsn.fr/document/site_49/fckfiles/File/Arrete-NRD-24102011.pdf
https://journals.sagepub.com/doi/pdf/10.1177/ANIB_46_1
https://journals.sagepub.com/doi/pdf/10.1177/ANIB_46_1

