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Abstract. Radiation protection in pediatrics radiology particularly in CT deserves unique considerations in
children due to their high radio sensitivity and longer life expectancy than adults. As head CT is the most
frequent pediatric CT examination, the purpose of this study was to assess and analyze the radiation doses during
head pediatric CT in two different CT units (Siemens emotion 6 and General Electric Brightspeed 16) in
Children hospital and National Hospital for Neurology of Tunisia, respectively, to optimize the dose given and
minimize the radiology risk to this category of patients. Patient data and exposure parameters were collected
as a mean value of 10 patients on each CT unit for four age groups (<lyear,1-5years, 5-10years and
10-15years) from head CT examinations. Doses were collected in terms of CTDI,, and DLP values. Effective
doses and Organ doses were calculated using the Monte Carlo simulation software Impact CT Dose. CTDI,,
values demonstrated a wide variation between the two CT units and between the axial and helical scan techniques
in the same unit (from 6,74 mGy to 35 mGy) on Siemens scanner (Children Hospital) and (from 23 mGy to 84,65
mGy ) on Ge BrightSpeed scanner (Hospital of Neurology). A wide variation was also observed for DLP
(from 100 mGy.cm to 864 mGy.cm) and (from 331mGy.cm to 1640 mGy.cm) for Children Hospital

and Hospital of Neurology, respectively. In term of effective doses, the values vary from 0,3 mSv to 3,7 mSv
for the total sample. Organ equivalent doses were estimated for specific radiosensitive organs such us Lens, Brain,
Thyroid. Dose values and variations were comparable with those reported in the literature and the results are useful
for dose optimization and derivation of national diagnostic reference levels.

KEYWORDS: computed tomography; pediatrics; optimization; head CT; CT doses; radiation

protection; diagnostic reference level.

1. INTRODUCTION

The use of CT has increased rapidly as a result of recent advances, particularly multidetector
technology. Radiation protection in pediatric radiology particularly in CT deserves unique
considerations in children since they are considerably more sensitive to radiation than adults and have
a longer life expectancy. The risk of radiation-induced cancer development should be a concern in pediatric
patients because it can develop after a long-latency period [1,2].Therefore, it is important to evaluate radia-
tion exposure in children in order to ensure that pediatric doses are kept to a minimum whilst
maintaining the clinical effectiveness in order to improve the optimization of this high-dose imaging
modality for this especially vulnerable section of the population.

As head CT is the most frequent pediatric CT examination, detailed dosimetric data as presented in the
current study are important for providing patient exposure data for optimization. Organ and effective
doses presented highlight the magnitude of risk in CT examination of children [3,4].

The aim of this study is to assess and analyze the radiation doses during head pediatric CT in two
different CT units and to estimate effective doses and Organ doses for specific radiosensitive organs.

*Presenting author, e-mail: bouaounabir@yahoo.fr
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2. MATERIALS AND METHODS

Data were collected on in two different CT units (Siemens emotion 6 and General Electric

Brightspeed 16) in Children hospital (site 1) and National Hospital for Neurology of Tunisia (Site 2),
respectively.
Patient data and exposure parameters were collected for a total of 290 patients as a mean value of 10
patients on each CT unit for four age groups(<lyear,1-Syears, 5-10years and 10-15years) from head
CT examinations. Doses were collected in terms of Volumetric Computed Tomography Dose Index
(CTDIvol), dose-length product (DLP) values. CT organ doses and effective doses were calculated for
each patient from the Monte Carlo simulation “ImPACT CTDosimetry “software package ver.1.0.4
(27/05/2011) [5] using the tissue weighting factors, Wt of the ICRP60 and the ICRP103.

Dose measurements for the determination of CTDI,, were performed using a CT reference
PMMA 16 cm diameter phantom representing the head of a child placed at the isocentre of the CT
scanner together with a calibrated pencil-type ionization chamber Model RaySafe Xi with 10 cm
sensitive length.

3. RESULT

For the two audited CT installations, The CTDI,, measurement results demonstrate a good
agreement between the displayed and the measured dosimetric quantities.

Table 1 shows the different acquisition parameters used for paediatric head CT examinations in both
site 1 and 2.

Table 1: Summary of acquisition parameters for paediatric head CT examinations

Mean . Slice Width  Rotation
kv mAs*/ mA** Pitch (mm) time (s)
Siemens Emotion 6 .
Unit* (site 1) Helical 110 136 0.8 3 0.6
BrightSpeed 16 helical 0.562 1.25
Unit** (site 2) Axial 120 175 5 !

Figure 1 provides details of the descriptive statistics of mean doses (CTDI,,, DLP) from head
examinations for children arranged in four age groups: <l y, 1-5y, 5-10 y, 10-15y

Figure 1: CTD,, (mGy), DLP (mGy.cm) as Local DRLs for the 2 sites
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The Effective doses per hospital and per age group estimated using the Impact CT software with the
ICRP60 and ICRP103 definition are displayed in Table 2
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Table 2: Mean values of patient Effective dose (mSv) for different pediatric age groups with using the
ICRP60 (E¢p) and ICRP103 (E;03) definitions of Effective dose

Siemens Emotion6 GE BrightSpeed16

(site 1) (Site 2)
Patient Age Eso Eio3 Eeo Eio3
1 0.83 0,91 1,09 1.22
1-5 1,07 1,16 1,15 1,27
5-10 1,2 1,29 1,83 1,98
10-15 1,3 1,4 2,09 2,28

Figure 2 presents the estimated organ doses for selected organs as eye lens, brain and thyroid in terms
of mean values per age groups for the two participating hospitals.

Figure 2: Organ doses (mGy) per hospital for each patient age group
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4. DISCUSSION

Radiation dose from CT mostly depends on the CT acquisition parameters, including tube potential
(kVp), tube current (mAs), pitch, slice width...This study revealed a significant variation in acquisition
parameters among the radiology departments of each site, as displayed in Table 1. The lowest
technical parameters were found in the site 1.In fact, these low values can be attributed to the fact that
this radiology department belongs to a Children Hospital so that all practices and examinations are
dedicated to pediatric patients who need special care and attention.

As an overall trend, dose indicators present a broad range between the two sites. The variations
between hospitals were largely contributed by inherent differences in the equipment and different
scanning protocols used among hospitals. In fact, both axial and helical scan mode are used in hospital
2 and it was effectively observed in figure 1 that it had the highest mean CTDI and DLP values
reaching 56,4 mGy and 977 mGy.cm, respectively. An increase of CTDI with patient age is noted, this
is due to the occasional slight increase in kV and mAs values with children age for both sites.

The results of effective dose estimations (E) in Table 2 show that the mean values per age group do
not vary widely between hospitals with a slight increase in site 2 due to the high DLP values since
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there is a strong correlation between the effective dose and DLP which takes into account CT scanning
parameters.

It is evident from figure 2 that large variations of organ dose (eye, brain and thyroid) exist within and
among hospitals with outstanding values in hospital 2. The eye lens and the brain are usually included
either totally or partially in the irradiation field in brain CT examination and as known organs within
the scan volume receive higher absorbed doses than those outside the scan volume with a high mean
value reaching 56 mGy for the eye lens in hospital 2.

As it is shown, thyroid receives a dose. This is mainly due to the large scan length used in some units
sometimes for clinical needs UH1 and to the over ranging which contributed to the increase in doses to
organs and tissues positioned at the boundaries of the scan length [6]

Detailed dosimetry data as presented in the current study are important for providing patient exposure
data for optimization, and for adoption, adaptation and application of clinical guidelines.

5. CONCLUSION

In this study, pediatric radiation dose was investigated for head CT procedures in two university hospitals in
Tunisia. Our work takes a picture of the local practice in pediatric CT examination ,demonstrates the necessity
of the optimization of the CT procedure especially for site 2 and are useful as a base for the future
optimization studies, dose optimization and derivation of national diagnostic reference levels.
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Spanish Radiation Protection Association (SEPR).

Abstract. The SEPR has promoted the creation and monitoring of Working Groups (WG) on several topics of
interest in the field of Radiological Protection in Medicine. Very often these working groups are joint- tasks with
members from other professional societies and organizations, in particular with the Spanish Society of Medical
Physics. Some of the recent and more Active working groups are presented below. In compliance with the
requirement of the European Directive 43/1997/Euratom about having to determine the distribution of estimation
of individual doses from medical exposures for the population, two WG’s were created: “DOMNES” and
“Registration of Dose in Radiology”. DOMNES project dealt about dose to patients from Nuclear Medicine
studies in Spain. On the requirement of the Directive 59/2013 about including a study of the risk of accidental
or unintended exposure in Oncology Radiotherapy Departments, another WG was created in cooperation with
Nuclear Safety Council: “Matrix Risk Analysis in Radiotherapy”. Regarding the establishment of quality control
programs for medical equipment in order to fulfil the Spanish legislation requirements, we have promoted
three other WGs: “Quality Control in Diagnostic Radiology”, “Quality Control in Nuclear Medicine” and “Dose
estimation in patients in nuclear medicine studies”. Related to his topic, a joint WG with the Federation of
Manufacturers of Medical Equipment in Spain was also created “Acceptance test in diagnostic imaging equipments”.
Another WG about the implications of the new European Directive 59/2013/Euratom has been formed. We aim

to put together all professional societies involved in the practical implementation of the Directive in order to
identify the major points of interest for the professionals, prior to the transposition of the Directive into the
Spanish law. Finally, we also participate and promote the Health Forum of Radiological Protection with the
participation of the Nuclear Safety Council (authority responsible for nuclear safety in Spain).

1 OBJECTIVE

Medical procedures using ionizing radiation are the biggest source of man-made radiation to which
people are exposed. For this reason, the SEPR has promoted the creation and monitoring of Working
Groups (WGs) on several topics of interest in the field of Radiological Protection in Medicine. Very
often these working groups involve members from other professional associations and organizations,
in particular the Spanish Medical Physics Association. Some of the recent and most Active working
groups are presented below.

2 MOTIVATION

In compliance with the requirement of the European Directive 43/1997/Euratom to determine the
distribution of estimated individual doses from medical exposure in the population, in 2011 two WGs
were created: “DOMNES” and “Registration of Dose in Diagnostic Radiology”. The DOMNES
project focused on doses to patients from Nuclear Medicine studies in Spain. Its work was completed
in December 2015. The WG “Registration of Dose in Diagnostic Radiology” remains Active.

On the requirement of the Directive 59/2013 to include a study of the risk of accidental or unintended
exposure in Oncology Radiotherapy Departments, another WG was created in cooperation with the

* Correspondent author: agilagudo@gmail.com
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Risk Analysis in Radiotherapy”, still Active.

Regarding the establishment of quality control programmes for medical equipment in compliance with
Spanish legislation, we have promoted three other WGs: “Quality Control in Diagnostic Radiology”,
“Quality Control in Nuclear Medicine” and “Estimated dose to patients in Nuclear Medicine”. In
relation to this topic, in 2013 a joint WG with the Federation of Manufacturers of Medical Equipment
in Spain was also created: “Acceptance testing in diagnostic imaging equipment”. In this case, the
group has focused on the publication of recommendations for the standardization of tests and criteria
for the acceptance of equipment when first installed.

3 RESULTS

3.1. WG’S created and main objectives

In the next table, there are a description of the WG created, the main associations and organizations

involved and the objectives of each one

Table 1:
WG name Main Creation Objectives
organization date
s participants (year)

Estimated dose to SEFM, 2000 Develop protocols to estimate radiation doses

patients in Nuclear SEPR received by target and critical organs in

Medicine patients undergoing therapeutic procedures

Forum on Radiation CSN, SEPR, 2001 Forum with CSN and scientific associations

Protection in SEFM (SEFM, SEPR ...) to promote implementation

hospitals of Radiation Protection in various health fields,
by creating working groups, preparation of
documents

Human and material ~ CSN, SEPR 2009 Preparation of document to provide guidance

resources in on resources in RPD

Radiological

Protection

Departments (RPD)

DOMNES CSN 2011 Determine frequencies, dose contribution and
DRL to compare with EU values

Analysis of SEPR, 2015 Analysis or review of existing legislation that

implications of SEFM could be affected by transposition of new

Directive 59/2013 Directive

EURATOM
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Registration of dose
in Diagnostic
Radiology

Acceptance testing
agreement

Risk matrix approach
in Radiotherapy

Quality control in
Nuclear Medicine
equipment

Quality control in
Diagnostic Radiology
equipment

SEPR,
SEFM

FENIN,
SEFM,
SEPR

CSN, SEFM,
SEPR,
SEOR

SEFM,
SEPR,
SEMNiIM

SEFM,
SEPR,
SERAM

IRPA14 Proceedings

2013 Establish simple methodology for conducting
periodical "surveys" in Spain on dose levels in

diagnostic radiology scans

2013
Develop consensus documents in all modes of
imaging, both diagnostic radiology and nuclear
medicine
2005 Development of a software tool and a
methodological guide that facilitates the
implementation of the risk matrices in

radiotherapy

2011
Update protocol of quality control in Nuclear
Medicine published in 1999

2011
Update protocol of quality control in
Diagnostic Radiology published in 2002

3.2.Main Actions and Final Documents elaborated by the WG

In the table below, we exposed the main actions and principal documents elaborated by each WG, as
well as the current situation of the WG (ended or Active)

Table 2:

WG name

Creation date-
end date( - )

Main actions and published documents

Estimated dose to
patients in Nuclear
Medicine

Forum on Radiation
Protection in hospitals

(2000-2015)

(2001-Active)

Document on estimation of dose to patients after
administration of I-131 on thyroid carcinoma (2005) and
on hypertyroidism (2015)

Radiation Protection General Manual (2002)

Needs of calibration in Spanish Hospitals in the
different areas of application (2002)

Radiation Protection of pregnant workers exposed to
radiation in Hospitals (2002)

RadioActive waste procedure (2009)

Discharge of in-patients criteria in Metabolic Therapy.
(2011)

Protocol for monitoring by area dosimetry of workers
exposed classified B in the health sector (2009)
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Human and material
resources in
Radiological
Protection

Departments (RPD)
DOMNES

Analysis of
implications of
Directive 59/2013

EURATOM
Registration of dose in

Diagnostic Radiology

Acceptance testing
agreement

Risk matrix approach
in Radiotherapy

Quality control in
Nuclear Medicine
equipment

Quality control in
Diagnostic Radiology
equipment

(2009 —
Active)

(2011-2014)
(Active)

(2013 -
Active)

(2013 —
Active)

(2005- Active)

(2011-2015)

(2011-2013)
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Simulator for calculating minimum human an material
resources required in Hospital RPD (2014)

Document with results (2014)

In progress

Survey on dose levels in Diagnostic Radiology (2015)

Acceptance testing in Diagnostic imaging (X-Ray)
(2014) and in Fluoroscopy (pending edition)

Development of software of SEVRRA ( Ibero-
American Forum of Radiological and Nuclear
Regulatory Agencies, that include the CSN) 2005-2010
Testing of the software by a group of 10 Spanish
hospitals (2013-2014)

New edition of document: Quality control in Nuclear
Medicine equipment (2015)

New edition of document: Diagnostic Radiology
equipment (2011)

4 CONCLUSIONS

One of the missions of our Spanish Radiation Protection Association (SEPR) is the promotion and
development of documents of interest to its affiliated members in the areas of interest. One of the most

relevant areas is the radiation protection in medicine.

Promotion and monitoring working groups in this area by our Association in partnership with other
companies or organizations has demonstrated a very efficient tool for the development of consensus

documents on topics of great interest among professional.
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Abstract. Radiation skin injury (RSI) has been reported in patients that underwent fluoroscopically guided
procedures. RSI ranges in severity from mild erythema to moist desquamation and ulceration. Radiation induced
skin injury can be divided into acute and chronic. Acute injury occurs in hours to weeks after irradiation exposure,
whereas chronic includes ulcers and fibrosis that persist weeks to years after radiation exposure. Chronic
inflammation has been associated to RSI. Human survival from injury and wound healing require an appropriate
inflammatory and immune response. Regulatory T cells (Tregs) belong to a unique subpopulation of CD4+
lymphocytes. It has been demonstrated that CD127 expression is an excellent biomarker of human Tregs,
especially when combined with CD25, in this CD4+ lymphocytes. Tregs represent 5-10% of peripheral CD4+
cells in normal condition in humans and have an important role in mediating immune homeostasis, as well as
maintaining self-tolerance. Several studies about Treg cell radiosensitivity indicated that Tregs were more
radioresistant than other T or B lymphocyte subpopulation. Repeated low dose irradiation has been shown to
suppress inflammation in different autoimmune and allergic conditions in part to upregulation of Tregs. Tregs
could accumulate at inflammatory sites induced by ionizing radiation and could influence the level of DNA
damage and repair through TGFp production in responder cells. Within this context, the aim of the present study
was to evaluate the percentage of Tregs by flow cytometry in patients exposed to fluoroscopy. We particularly
analyzed the frequency of CD4+ CD25+ CD127-. Changes in the level of circulating Tregs in the peripheral
blood, in combination with other inflammatory parameters, might be very important for RSI prognosis.
Additionally, Tregs could be used as a potential follow up biomarker of the radio induced inflammation
process in a radiological accidental scenario and could contribute to efficiently guide a personalized
therapeutic treatment.

KEYWORDS: Regulatory T cells; radiation skin injury; flow cytometry.
1 INTRODUCTION

With the use of X-rays for medical imaging has come the well-known complication of damage to the
skin. Radiation-induced injury to skin (RSI) is an infrequent but potentially serious complication to
complex fluoroscopically-guided interventional procedures. Due to a lack of experience with such
injuries, the medical community has found fluoroscopically-induced injuries difficult to diagnose [1].
This kind of injuries have occurred globally in many countries and hundreds of them have been
reported worldwide. Although, since 1992, the U.S. Food and Drug Administration (FDA) has
received reports of radiation-induced injuries to the skin in patients who had undergone
fluoroscopically guided interventional procedures, treatment of such injuries remain difficult [2].

Skin lesions include a wide spectrum such as erythema, telangiectasias, atrophy, hyperpigmentation
and hypopigmentation, necrosis, chronic ulceration, and squamous cell carcinoma [3]. Sometimes,
these RSI involve deeper tissues to the level of bone and spine.

Radiation skin injury can be categorized as acute or late (i.e., chronic) injuries. Acute effects occur in
hours to weeks after radiation exposure, and involve cellular alterations and inflammation in the
epidermis and the dermis. Chronic RSI includes delayed ulcers, fibrosis, and telangiectasias that
present weeks to years after radiation exposure [4, 5].

* . . . .
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In fluoroscopically-guided interventional procedures, serious injuries most frequently occur on the
patient’s back due to the conventional orientation of the fluoroscope. X-ray beam is delivered from
under the table on which the patient lies during the procedure [6]. But have also diagnosed on the
axillary regions and arms.

Ionizing radiation during interventional procedures is often underestimated. The risk of developing
this reaction is directly related to the radiation dose, which depends on the type of procedure,
technique, time of exposure, and the patient’s body constitution. The period between radiation
exposure and manifestation of RSI varies from 15 days to month or years [3].

There are marked differences between radiation and thermal burns in terms of physio-pathological
mechanisms, clinical aspects and evolution. The main feature of severe radiation burns is the
occurrence of unpredictable successive inflammatory waves leading to the extension, in surface and in
depth, of the necrotic process [7]. RSI involves immediate damage to basal keratinocytes and hair
follicle stem cells, followed by a burst of free radicals, DNA damage and inflammation. The
mechanism about the cascade of inflammatory mediators and continued activation of immune cells is
not well understood. The ionization caused by the radiation is thought to lead to an activation of
histamine-like substances, resulting in a dilation of capillaries [1]. Induction of vascular
hyperpermeability is one of the early vascular responses to radiation exposure and is considered to
contribute to subsequent fibrosis and tissue injuries. Skin ulcer can be triggered and worsening by
minor trauma caused by scratching, applying topical agents or hot packing employed by patients to
relieve the associated pruritus and pain [8].

The medical treatment sometimes involves surgical grafting that results in permanent disfigurement
and compromised mobility. In case of severe RSI, surgeons may face technical difficulty in treatment
due to the occurrence of successive and unpredictable inflammatory waves with progressive extension
of necrosis in both superficial and deep layers. Moreover, such successive and unpredictable
inflammatory waves are associated with uncontrollable pain and often resistance to analgesics [9].
Regulatory T cells (Tregs) are critical regulators of immune tolerance. Numerous studies have
demonstrated the potent influence of Treg cells in suppressing pathologic immune responses in
different disease. Tregs belong to a unique subpopulation of CD4+ cells constitutionally expressing
the Foxp3 transcription factor and having high levels of CD25 on their surface. However, these
markers have proven problematic for uniquely defining this specialized T cell subset in humans. Liu
and colleagues have shown that CD127 can be used to quantitate Tregs and its expression inversely
correlates with Foxp3 [10]. Tregs represent 5-10% of peripheral CD4+ T cells in normal condition in
humans and have an important role in mediating immune homeostasis, as well as maintaining self-
tolerance [11].

Several studies regarding Tregs cell radiosensitivity have indicated that Tregs are more radioresistant
than other T or B lymphocyte subpopulations, due to reduced apoptosis and increased proliferation,
which leads to their systemic enrichment. It is known that ionizing radiation producing functional
alteration of the immune system and breaking self-tolerance could cause autoimmune diseases [12].

It has been suggested that Tregs circulate between blood, skin, and lymphoid tissues to regulate
peripheral immune responses [13]. Zhou and colleagues have identified a role for radiation-induced
alterations in skin regulatory T cells and its effects on immune homeostasis. They have demonstrated
an increase in regulatory T cells in systemic lymphoid organs that is associated with a depletion of
regulatory T cells from the skin [14].

Although most data agree on the fact that radiation altered Treg suppressor capacity, the different
papers show relatively pronounced variations in the level of Treg damage even after comparable
radiation doses [11]. Repeated low dose irradiation has been shown to suppress inflammation in
different autoimmune and allergic conditions due in part to upregulation of Tregs.

Within this context, the aim of the present study was to evaluate the percentage of Tregs by flow

cytometry in patients exposed to fluoroscopy in order to determine differences between them and not
exposed persons and its possible correlation with patient evolution.

550



IRPA14 Proceedings

2  MATERIALS AND METHODS

2.1 Patients

Since 1997 patients were referred to the Radiopathology Committee of Hospital de Quemados del
Gobierno de la Ciudad de Buenos Aires (HQGCBA) for the diagnosis and therapy of RSI. There is an
agreement between the HQGCBA and the Autoridad Regulatoria Nuclear (ARN) with this purpose.
For this study, we include 4 patients that had been exposed to X-ray during fluoroscopically-guided
interventional procedures, and 6 healthy adults as controls.

The study was approved by the Research and Ethics Committee of the HQGCBA and informed
consent was obtained from all patients.

2.2 Sample collection

A total of 3 ml of blood was collected into EDTA venous blood collection tubes (Vacutainer, BD) and
maintained at room temperature until processed.

2.3  Flow cytometry

All samples were analysed the same day of the blood collection.

The assessment of Tregs (CD4+, CD25+, CD127-) was performed by staining 50 pl of whole blood
with anti CD4 FITC, anti CD25 PECy5 and anti CD127 PE (all provided by BD).

Samples were lysed with Facs Lysing Solution (BD) and samples were analysed in a flow
cytometer (BD FACSCalibur) using CellQuest Pro Software.

2.4  Statistical analysis

The statistical significance of the percentage of Tregs values were evaluated by Student’s t test.
Statistical significance was set at p = 0.05.

3 RESULTS

In order to identify the exposed patients, all samples were named as PQ followed by a number and for
data analysed in this study patients were evaluated between August 2015 and March 2016.

In our study Tregs represented 9.87 £ 1.50 % of peripheral CD4+ T cells in normal condition (Control
donors).

PQ20 was a female patient with heart disease, heavy smoker, who was exposed to X rays for 6 hours,
during an interventional procedure(stent) in September 2005.

Early manifestations were blisters, which were diagnosed by a dermatologist as Herpes Zoster
infection. Few months later, in the same localization, a deep ulcer with severe pain appeared. (Fig. 1
A). Treg were 12.08 + 0.34% of peripheral CD4+ T cells. This percentage was not statistically
significant respect to the control value (p=0.0674).

PQ8S5 was a male with multiple fluoroscopically-guided interventional procedures. The last one was in
November 2013 and it took several hours. He presented a chronic ulcer in the arm and lesions in the
back. Treg were 19.30 + 0.85% of peripheral CD4+ T cells. This percentage of Treg was greater than
the control one and this difference was statistically significant (p=0.0001).

PQ89 was a male with multiple fluoroscopically-guided interventional procedures. Between 20 and 30
days after the last procedure the patient started with pruritus and desquamation (Fig 1 B). We took 2
samples from this patient, the first one in November 2015 and the second one in March 2016. He
referred pain and presented a crust when the first sample was taken. Treg were 12.91 + 0.52% of
peripheral CD4+ T cells in November 2015. Compared with control value, this difference is
considered to be statistically significant (p=0.0174). In March 2016, the lesion was bigger, presented
erythema and the pain was higher. At that moment the difference between this value and control value
was considered to be not quite statistically significant (p= 0.0609).
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PQ93 was a male with 25 years’ experience as interventional cardiologist. He presented some lesion
on his hands. Treg were 12.33 £ 0.56% of peripheral CD4+ T cells, and the difference was statistically

significant versus control value (p=0.0457).
All Treg values are graphed in figure 2.

Figure 1: Radiaton injury following interventional cardiology procedure. A) PQ20 B) PQ89

Figure 2: Percentage of Treg from control and exposed patients.
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4 CONCLUSION

Up to now there is increasing published evidence about the presence of Regulatory T cells in tumor
environment and tumor response but not regarding its role in irradiated healthy tissue.

The present study unequivocally demonstrated some differences in the percentage of circulatory Treg
between patients that were exposed to fluoroscopy and controls. Three of the exposed patients
presented differences statistically significant when contrasted with control value. PQ85 showed the
highest level of Treg. In this patient, RSIs started two years before we took the sample. At the moment
of the Treg measurement, the patient presented a deep chronic ulcer on his arm and other lesion on his
back. RSIs have specific characteristics of the post-irradiation delay in the onset of clinical changes
and the successive and unpredictable inflammatory burst [9]. An emerging concept is that Tregs not
only control immune responses, but also promote tissue homeostasis by suppressing inflammation and
aiding in tissue repair [15]. Related to PQ85, we hypothesised that the high level of Treg could be a
positive prognosis sign because it could eventually control the inflammation process. Of course that
we have no evidence of that, but in order to prove that it would be necessary analyse consecutive
blood samples and correlate the level of Treg with the clinical sings of the lesion.

On the other side, we determine the level of Tregs in PQ89 in two different moments. In this case, we
found that the percentage of Tregs was significantly greater than control value of the first sample, but
it did not reach statistically significance in the second sample. This discovery was very interesting
because the RSI worsened from the first to the second time. It has been shown that the depletion or
functional alteration of the Tregs leads to the development of autoimmune diseases [16]. It could be
possible that in this case we started to measure Treg level at the same time that a new inflammatory
wave was ongoing. After an initial period marked by a clinical picture limited to a rash and itching,
subsequent ulceration and necrosis develop, which may extend to the deep dermal and underlying
muscle structures. The uncontrolled extension of the radiation necrotic process is associated to these
inflammatory waves [7].

We propose that changes in the level of circulating Tregs in the peripheral blood might be very
important for patient prognosis and predicting therapy response. Additionally, Tregs could be used as
a potential follow up biomarker of the radio induced inflammation process in a radiological accidental
scenario. This must be continued by the follow up of higher number of patients.
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Abstract. Positioning and immobilization tools are considered essential in order to guarantee that the planned
dose distribution could be efficiently reached in radiotherapic treatments. However, the benefits brought by its use
are confronted by the apparent increase in the patient skin entrance dose. In this work we have studied the dose
surface effects of immobilization thermoplastic masks for head and neck radiotherapy treatments, performed in a 6
MYV linear accelerator beam. The study was conducted using an anthropomorphic head-neck phantom and three
different dosimetric techniques: thermoluminescent dosimetry, radiochromic film dosimetry and computational
simulation using the Pencil Beam Convolution (PBC) method. After irradiation with 180 c¢Gy, TLD chips
positioned in the surface of the SCF (supraclavicular fossa) anatomic region of an anthropomorphic phantom have
detected an increase in the entrance skin dose around 33%. The EBT3 small 2.0 cm2 strips data, averaged among
all strips used, have encountered a medium increase of 70%. Although they have discrepant results, both
dosimetric systems have measured very similar doses with the presence of immobilization masks. Doses evaluated
by the PBC method in electronic desequilibrium regions, unlike TLD and EBT3 dose evaluation, were inaccurate.

KEYWORDS: surface dose; thermoplastic masks; skin sparing; radiotherapy masks, EBT films;
thermoluminescent dosimetry.

1 INTRODUCTION

An immediate benefit attained when using high energy clinical beams, for malign diseases treatments,
consists simply in the low radiation dose distribution along the patient skin surface. In fact, in the dose
distribution versus tissue depth curves, there is an electronic disequilibrium region usually larger than
the skin thickness average, resulting in an advantageous preservation of this sensitive tissue. This effect
is commonly reported in literature as Skin Sparing [1 - 3].

Regardless of this benefit, the employment of immobilization tools such as thermoplastic masks and
molds, both used for patient positioning and immobilization, has competed for the disappearance of the
Skin Sparing effect in radiotherapy procedures. For instances, [4] measured an average 18% increase in
surface dose caused by thermoplastic masks used for intensity-modulated radiotherapy treatments. [5]
measured the increase in surface dose caused by carbon fiber tables to be as much as 400%. Thus, as a
consequence of this increase in surface dose, the correct evaluation of the dose superficialization effect
becomes very important [2]. In clinical practice, the effect of dose superficialization in radiotherapic
treatments confronts the benefits brought by the use of immobilization materials. In spite of this
problem, the immobilization tools are considered essential in order to guarantee the reproducibility of
the patient positioning and immobilization, during the entire period of treatment, ensuring that the
planned dose distribution could be efficiently reached in the last section of the radiotherapy treatment.
In this context, it is very important to evaluate how significant is the utilization of these immobilization
devices, considering the damages provoked by the radiation dose increase in the shallow skin regions.

In this work we studied the dose surface effects provoked by the use of immobilization thermoplastic
masks for head and neck radiotherapy treatments, performed in a 6 MV linear accelerator beam. In this
context, using mega-voltage X-ray beams, [6] tested a mask with larger holes for head and neck
immobilization on the surface of a solid water phantom. They measured an increase in surface dose by a
factor of at least 50% in the best conditions. On the other hand, using a 6 MV linear accelerator beam,
[7] studied these effects using Gafchromic EBT films over a flat surface phantom. In addition, [8], also
using EBT film, measured these effects over a rigid anthropomorphic breast phantom. Both studies have
confirmed the increase in the surface dose. In our study, in order to accurately measure the delivered
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dose to the head and neck skin during a typical radiotherapic treatment, we have employed an Alderson
Rando anthropomorphic head-neck phantom and three dosimetric techniques: thermoluminescent
dosimetry (TLD-100), radiochromic film dosimetry (EBT3) and computational simulation using the
Pencil Beam Convolution (PBC) method. This methodology allows taking into account the dose
variation in non-flat surfaces and the dose comparison among three different dosimetric systems,
providing a more realistic dose surface evaluation.

2 METHODOLOGY
2.1 Size and Page Configuration

Alderson Rando anthropomorphic phantom was used in order to reproduce radiotherapic treatments in
the head and neck regions. The phantom was submitted to a rigorous 3D radiotherapic planning. The
daily dose delivering parameters were obtained through computational calculations. CT scanning was
employed for planning and also for spatial point localization. These spatial coordinates were used to
feed the PBC algorithm simulation. The points were carefully selected in order to provide a correct
evaluation of the dose superficialization effect in various cervico-facial tissue regions. For better
visual identification purposes, milimetric acrylic spheres were positioned at the mapped points over
the phantom skin, before the CT scanning. A fictitious injure occurring next to the base of the tong has
been considered, in order to justify the adoption of a radiotherapic treatment that uses the application
of three daily fields. The treatment was calculated using a 3D conformational method. The
thermoplastic mask and the head support, appropriated for the simulator anatomic dimensions, were
prepared in accordance with therapeutic international protocols.

For calibration purposes, EBT-3 radiochromic films were cut into nine small 2.0 cm2 identified
pieces. They were placed between two virtual solid water plates and exposed to absorbed doses
ranging from 25 to 200 cGy. A schematic diagram of the calibration arrangement is shown in Fig. 1.
Exposures were performed using the 6.0 MeV beam emitted by the Clinac Linear Accelerator, model
2100 C, in accordance with the calibration protocols reported by [9,10]. Films were scanned using the
MICROTEK ScanMaker 9800XL scanner at 600 dpi resolution, in RGB image mode, with no
corrections or digital filtering. Image files were saved in the Tagged Image File Format (TIFF). The
color intensity analysis was performed with the ImageJ® application program
(http://rsbweb.nih.gov/ij/). Statistical tools were used in order to reduce the measurements standard
deviation, following the methodology suggested by [11].

Figure 1: Schematic diagram showing the EBT3 calibration setup using virtual solid water.

EBT3 film pieces with variable forms were disposed over the skin’s anthropomorphic phantom,
covering all mapped points of interest. A thin adhesive tape was used to fix the film pieces on the
surface as seen in Fig. 2. A set of TLD-100 chips, previously calibrated at same condition as EBT3
film, i.e. under virtual solid water plates, were placed between the adhesive tape and the radiochromic
film, exactly above the previously mapped points. This methodology was employed to perform the
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phantom irradiation with and without the thermoplastic mask. The PBC dose evaluation was also
performed under these two conditions.

Figure 2: EBT3 radiochromic films and TLD-100 chips disposed over the skin’s anthropomorphic
phantom, covering all mapped points of interest in an Alderson Rando anthropomorphic phantom.
This setup is covered by a thermoplastic mask.

A group of 170 commercial LiF:Mg,Ti (TLD-100) chips were preselected from a larger group by
exposing the examined samples to 100 mGy of gamma rays with photon energies of 662 keV, from a

137Cs gamma sources at room temperature (RT). This process was repeated three times and the chips

with TL response higher than 4.0 % were discarded. The measurements of TL glow curves were
performed in a Harshaw-Bicron 3500 TLD reader, operating under a linear temperature profile over
the range of 50-300°C, in the resistive mode, by using a heating rate of 10°C/s and reading cycles of

35s. Annealing was performed at 400°C (1 h) and 100°C (2 hs) before irradiation. Pre-reading
annealing was done by heating at 100°C during 15 min. In the generation of the TLD calibration

curve, the top 4.0cm virtual solid water on Fig. 1 was changed to another one with 1.0cm, in order to
compensate the 0.4mm of acrylic placed in each side of the TLD holder.

The pencil beam convolution (PBC) algorithm used in this work is a dose calculation analytical
method employed by the Varian Medial Systems (Cadplan) for radiotherapy planning. According to
Flosi (2011), PBC is divided in two main procedures: beam reconstruction modeling and patient
modeling. For details see Ref.: [12].

3  RESULTS AND DISCUSSION

3.1 Dose Evaluation using TLD chips

Twelve TLD chips were positioned in the surface of the SCF (supraclavicular fossa) anatomic region,
as seen in Fig. 3, in order to measure the skin dose variation in radiotherapy procedures performed
with and without the use of thermoplastic mask. The setups were submitted to an anterior/posterior
irradiation procedure (AP), in agreement with the approved radiotherapic planning for head and neck
radiotherapy treatments.

Figure 3: Experimental setup showing the positioning of the TLD chips over the supraclavicular fossa

surface. This setup was used to estimate the entrance skin dose after the irradiation procedure, with
and without the use of thermoplastic mask.
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The measured skin doses after the irradiation procedure, for each chip position in the anthropomorphic
phantom, are shown in Fig. 4. The planned delivered doses were 180 cGy for both procedures. As one
can see in this graphic, the doses recorded by the TLD-100 chips reveal a higher superficial dose
deposition for the treatment performed with the use of the thermoplastic immobilizer, because every
measuring point over the slices F, E and C recorded increased doses. The average increase in each of
those slices was 30.1%, 34.6% and 34.5%, respectively, resulting in a dose increase of 33% averaged
over the SCF region. We remark that [6] tested an immobilization mask with small and larger holes,
for head and neck irradiation procedures, on the surface of a solid water phantom in a LINAC EX21.
The surface dose was estimated to change from 16% of the delivered dose (with no mask) to 31% and
35% (with mask extended 300%) for small and larger holes, respectively, exposed to 6 MV photo
beams. Thus, we think that the increase in dose surface values registered using TLD-100 over the
anthropomorphic phantom, i.e. 32.3% averaged over the SCF region, are in good agreement with data
reported by these authors.

Figure 4: Superficial dose deposition in the supraclavicular fossa anatomic region measured by TLD-
100 dosimeters, after being exposure to 180 cGy, with and without thermoplastic immobilizer. The F,
E and C letters refer to the slices over the phantom, each of them containing TLD chips positioned as
shown in Fig,. 3.

3.2 Dose Evaluation using Radiochromic Films

The main goal of this work is to provide a more realistic dose surface evaluation, using a methodology
that allows taking into account the dose variation in non-flat surfaces, based on dose comparisons
among three different dosimetric systems. In this context, nowadays, radiochromic films have been
extensively used for dosimetry in radiation medicine [13,14]. They have several advantages when
compared to other alternative dosimeters for dosimetry of gamma and X-rays fields. Its high spatial
resolution is far superior to that of ionization chambers and TLDs, offering greater X-ray sensitivity
when using XR-QA series, and the ability to be used in water without waterproof encapsulation [15].
Besides, as reported by the manufacturers, the EBT series has no energy dependence when irradiated
with 30 kVp, 100 kVp, 150 kVp (all with 2mm Al) and Co-60 photon fields for doses ranging from 1
to 300 cGy. Particularly, the spatial resolution of EBT radiochromic film series, commonly used for
gamma fields, provides a more detailed dose mapping when compared with TLD-100 dosimeters, in
spite of its lower sensitivity.

In order to compare the two dosimetric systems responses, we placed small 2.0 cm2 identified EBT-3
film pieces in the same measuring points used to perform TLD-100 mearuements, i.e. over the slices E
and C in the SCF region, as seen in Fig. 5 and Fig.6. The results for the irradiation performed without
the presence of the immobilization mask are shown in the left side of this Figure while the
corresponding results related to the irradiation performed with the presence of the mask are shown in
the right side. Taking into account the previous information recorded by TLD-100 shown in Fig.4, it is
possible to observe an overall agreement between the two dosimetric systems. An increase in the dose
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surface from 90-110 cGy range to 130-150 cGy range is observed by the EBT-3 film against 90-100
cGy to 120-140 cGy evaluated by TLD-100. The well known high spatial EBT-3 film resolution
provides additional information concerning to the limit between the high dose region (above 90 cGy)
and the low dose region (20 cGy), which is attributed to the secondary collimator in the linear
accelerator head. Also, the EBT-3 films reveal an unexpected increase in the surface dose in the right
upper side (around 150 ¢Gy) when compared to the right side (around 120-140 c¢Gy), provoked by the
presence of the thermoplastic mask.

Figure 5: Photograph of the small 2.0 cm2 identified EBT3 film pieces placed over the SCF region of
the anthropomorphic phantom, after irradiation with 180 cGy in the Clinac Linear Accelerator model
2100 C at 6 MV. Films irradiated without mask are shown in the left side and films irradiated with the
presence of the immobilization mask are shown in the right side. The relationship between skin dose
and color scale is shown in the rightmost side (upper). Corresponding evaluated dose values by the
EBT3 film pieces in slices E and C (bottom).

Figure 6: Superficial dose deposition in the supraclavicular fossa anatomic region measured by EBT-
3 dosimeters, after being exposure to 180 cGy, with and without thermoplastic immobilizer. The tapes
indicated in the graph correspond to slices E and C.

According to the data provided by both TLD and EBT3 dosimetric systems, shown in Fig. 4 and Fig.
5, respectively, it was possible to verify an increase in the entrance skin dose due to the use of the
immobilization mask. Particularly, all FSC regions covered by the EBT3 film strips have registered an
expressive dose increase on the superficial layers, as it can be seen in Table 1. The greatest increase
was observed at the strip number 21 that measured a median increase of 66.77 cQGy, i.e. an additional
superficial dose of 93%. Taking into account that the medical prescription dose was 180 cGy, the
EBT3 data averaged among all strips give a medium increase of 70%, originated by the presence of
the immobilization mask during the treatment.

559



IRPA14 Proceedings

Table 1: Median dose and associated error measured by EBT3 film strips numbers 20, 21, 22, 23, 24
and 25 positioned over the supraclavicular fossa. The medical prescription dose was 180 cGy.

Treatment Strip Strip Strip Strip Strip Strip Strip Strip Strip
performed 16 17 18 20 21 22 23 24 25
with Median
Thermoplastic 125,77 142,61 1344 12335 13879 141.19 119.07 124.80 133.85

Mask Dose (cGy)

Error (¢cGy) 6,3 7,1 0,7 6.17 6.94 71.06 5.95 6.24 6.70

without Median
Thermoplastic Dose (cGy) 92,69 69,71 90,46 83.11 72.02 8049 70.35 68.43 88.27

Mask Error (cGy) 4,63 349 4532 416 3.60 4.02 3.52 342 441

3.3 Dose Evaluation using Pencil Beam Convolution (PBC)

The dose calculation algorithm used elsewhere for radiotherapeutic procedures, known as PBC (Pencil
Beam Convolution), is an important Monte Carlo code based analytical method [16]. In this work we
have performed computational evaluation of the dose delivered to the anthropomorphic phantom
surface, in an attempt to check its accuracy when compared to two other dosimetric systems. In fact,
the PBC accuracy, although largely cited in literature, may present significant failures, mainly for dose
evaluation performed in small field treatments [16] as well as for distribution dose evaluation in
electronic desequilibrium regions [17]. The dosimetric uncertainties observed in these regions, as for
instances in the interface between tissues of different densities, seems somehow to be accepted by the
international organisms that publish radiotherapic protocols. An example is the Task Group 53 AAPM
(The American Association of Physicists in Medicine) recommendation that establishes as 40% the
uncertainty limit in the build-up regions [7,18]. Nevertheless, hospitals and clinics all around the
world make use of softwares that provide treatment planning systems based on the PBC method.

In Figure 6 we present the results of the PBC dose calculation analytical method dose evaluation,
simulating an exposure of 180 cGy, with and without thermoplastic immobilizer. The results point to
an important increase in the superficial dose when using immobilization masks, for most of the
measured points. Although these results are in agreement with the previous results obtained using
TLD chips and EBT3 film dosimeters, we remark the doses measured in electronic desequilibrium
regions, unlike TLD and EBT3 dose evaluation, are inaccurate. Therefore we conclude that PBC dose
calculation method could be of no reliability in radiotherapic procedures that make use of
thermoplastic immobilizers.

Figure 7: Superficial dose deposition in the supraclavicular fossa anatomic region measured by PBC
evaluations, after being exposure to 180 cGy, with and without thermoplastic immobilizer. The F, E
and C letters refer to the slices over the phantom, each of them containing TLD chips positioned as
shown in Fig. 3.
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4 DISCUSSION

Thermoplastic masks used for patient positioning and immobilization have competed for the
disappearance of the Skin Sparing effect in radiotherapy procedures, although they contribute
decisively to a notable increase in the skin dose [4]. The magnitude of this phenomenon and its
consequent clinical influence will clearly depend on some characteristics of the immobilizer material,
such as thickness, and also on the characteristics of the incident beam, such as energy spectrum and
obliquity. The dose surface effects measured in this work, provoked by the use of immobilization
thermoplastic masks for head and neck radiotherapy treatments, also point out to an incontestable
increase in the skin dose. This increase was detected by all three dosimetric systems utilized, i.e. TL
dosimeters, EBT3 radiochromic films and Pencil Beam Convolution (PBC), although the PBC system
has evaluated it with small differences related to the other two systems. TLD-100 and EBT3 films
have found discrepant increasing doses, 33% and 70%, respectively, but both dosimetric systems have
measured very similar doses with the presence of immobilization masks.

Finally, although this work has discussed about the skin dose increase arising by the use of
thermoplastic immobilizers, it is fair to consider that the immobilization instrument is an essential tool
for the radiotherapic treatments success, ensuring the reproducibility of the patient positioning.
Without the immobilizer, the damages to the skin would be clearly greater than the dose
superficialization effect. Thus, it is reasonable to think that the developing of new immobilization
devices, which can maintain the benefits of the immobilization and simultaneously barely contribute to
the dose superficialization in the patient, should be encouraged.

S CONCLUSION

Thermoluminescent dosimeters (TLD-100), radiochromic films (EBT3) and the Pencil Beam
Convolution method (PBC) have been used to evaluate the increase of dose surface provoked by
immobilization masks in head and neck radiotherapy procedures. After irradiation with 180 cGy in the
Clinac Linear Accelerator model 2100 C at 6 MV, TLD chips positioned in the surface of the SCF
(supraclavicular fossa) anatomic region of an anthropomorphic phantom have detected an increase in
the entrance skin dose around 33%. The EBT3 small 2.0 cm2 strips data, averaged among all strips
used, have encountered a medium increase of 70%. Although they have discrepant results, both
dosimetric systems have measured very similar doses with the presence of immobilization masks. The
well-known high spatial EBT-3 film resolution has provided additional information concerning to the
limit between the high dose region (above 90 cGy) and the low dose region (20 c¢Gy), which is
attributed to the secondary collimator in the linear accelerator head. The PBC method has evaluated an
important increase in the superficial dose when using immobilization masks, for most of the measured
points. However, the entrance skin dose evaluated with the presence of immobilization masks were
50% smaller than that measured by TLD-100 and EBT3 dosimeters. Doses evaluated by the PBC
method in electronic desequilibrium regions, unlike TLD and EBT3 dose evaluation, were inaccurate.
Therefore we conclude that PBC dose calculation method could be of no reliability in radiotherapic
procedures that make use of thermoplastic immobilizers.
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Abstract. In this study a comparison between MCNPX and DOSXYZnrc dose calculation was performed.
Unlike most of the previous studies which were used simple inhomogeneous and heterogeneous phantoms to
compare different Monte Carlo photon/electron transport codes, in this study a patient specific voxel phantom
was used, since voxel base phantom dosimetry have become more popular and important these days. A series of
chest CT images contains of 100 frames of chest region of a male patient was used to make a voxel phantom in
both codes. There was a 2.5x2.4x2.4 cm® tumor in middle lobe of right lung exposed to 6MV parallel beam. The
CT images converted to a patient specific voxel phantom in MCNPX and DOSXYZnrc codes using our in-home
developed voxel phantom generator and EGSnrc/CT Create respectively. In order to compare these Monte Carlo
codes with together gross tumor volume (GTV) and organ at risks (OAR) doses and dose volume histograms
(DVH) were calculated. Due to the differences between DOSXYZnrc and MCNPX in physical interaction data
and differences in their computation of electron interactions, some discrepancies were observed. There was a
dose overestimation by DOSXYZnrc. Moreover it was revealed that MCNPX isodoses can better follow the
patient’s anatomy in comparison to DOSXYZnrc. It was concluded that MCNPX has some advantages in
comparison to DOSXYZnrc, but it is important to consider that for equal precision in voxel dosimetery
calculation, DOSXYZnrc runs faster than MCNPX and it is a great advantage.

KEYWORDS: simulation; voxel based phantom; MCNPX; DOSXYZnrc.
1 INTRODUCTION

For many years different Monte Carlo codes have been used for medical modeling. The accuracy of
calculation methods in different codes can determine the accuracy of modeling. Some studies
compared these codes in order to find more accurate codes for special applications [1-7].

Unlike most of the previous studies which were used simple inhomogeneous and heterogeneous
phantoms to compare different Monte Carlo photon/electron transport codes, in this study a patient
specific voxel phantom was used, since voxel base phantom dosimetry have become more popular and
important these days.

2 MATERIALS AND METHODS

A series of chest CT images contains of 100 frames of chest region of a male patient was used to make
a voxel phantom in both codes. There was a 2.5x2.4x2.4 ¢cm’ tumor in middle lobe of right lung
exposed to 6MV parallel beam. The CT images converted to a patient specific voxel phantom in
MCNPX and DOSXYZnrc codes using our in-home developed voxel phantom generator and
EGSnrc/CT Create respectively. In order to compare these Monte Carlo codes with together gross
tumor volume (GTV) and organ at risks (OAR) doses and dose volume histograms (DVH) were
calculated.

3 RESULTS

" Presenting author, e-mail: b.zeinali.r@gmail.com
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Results of DOSXYZnrc and MCNPX were processed. Average dose of target, heart and spinal cord
are illustrated in table 1.

Table 1: Average dose of target, heart and spinal cord. Doses are normalized to 50 Gy.

Anatomy DOSXYZ MCNPX
Dose (Gy) Dose (Gy)
Target 57.055 54.048
Heart 0.147 0.144
Spinal cord 0.067 0.075

DVH of target and organ at risks are shown in figure 1 and 2.

Figure 1: Dose volume histograms of target results from MCNPX and DOSXYZnrc.
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Figure 2: Dose volume histograms of heart results from MCNPX and DOSXYZnrec.
4 DISCUSSION AND CONCLUSION
Due to the differences between DOSXYZnrc and MCNPX in physical interaction data and differences

in their computation of electron interactions, some discrepancies were observed (table 1 and figure 1
and 2). There was a dose overestimation by DOSXYZnrc (figure 1 and 2). It is concluded that for
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problems that need more accurate calculations MCNPX is a better choice and for the problems that
speed of calculation is more important than accuracy DOSXYZnrc is the better option.

5
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Justification of CT examinations
National surveys in Sweden
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Abstract. The Swedish Radiation Safety Authority (SSM) has run two projects to investigate the degree to
which CT examinations in Sweden are justified. Referrals for all CT examinations of adult and paediatric
patients performed in Sweden during one day and two weeks, respectively, were collected and evaluated
retrospectively by a group of experienced physicians. Both of the studies indicated a high number of
unjustified CT examinations, which suggests that clinical guidelines either are not used, or are suboptimal, or
have not yet reached common acceptance and or knowledge.

KEYWORDS: Justification, appropriate imaging, referral guidelines, paediatric examinations,
CT.

1 INTRODUCTION

Medical exposures account for the largest contribution to the dose to the population from

man-made sources and are in a position to exceed exposures from natural sources. The main
reason for this is that the number of CT examinations has increased in past decades.

In Sweden, CT examinations now account for 12% of all diagnostic examinations using

X-rays and contribute up to 70% of the collective dose to the population from medical exposures
[1]. If all examinations were justified, this would not be a problem. However, although justification is
one of the basic principles of radiation protection, the extent to which X-ray examinations are justified
is largely unknown. For this reason, the Swedish Radiation Safety Authority (SSM) has run two
projects to investigate the degree to which CT examinations are justified.

2  MATERIAL AND METHOD

The main object of the studies was to investigate the degree of justification for CT
examinations. In the first study [2], referrals for all CT examinations performed during one day,
2,435 in total, were collected and evaluated retrospectively by a group of experienced
physicians (both radiologists and clinicians). The evaluation included referral quality and the degree
of justification. The second study [3] comprised all referrals (CT, MRI, US), 3,149 in total (of which
628 were for CT), from paediatric examinations of children aged 0-15 performed over the course of
two weeks. These referral were evaluated by a group of experienced paediatric radiologists.

3 RESULTS

3.1 THE FIRST STUDY

The first study showed that about 93% of the referrals contained adequate or relatively adequate
information. Of the examinations, 79% were considered justified, 19% unjustified and for 2% of the
examinations, it was not possible to judge if the examination was justified or unjustified (Fig. 1).
The degree of justification varied strongly between the organs examined, varied moderately by
prescriber affiliation, and varied slightly between geographical regions. The study also indicated a
lower degree of justification for younger patients.

* Presenting author, e-mail: carl.bladh@ssm.se
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Figure 1: Justification according to assessment of appropriateness in per cent of the total number of
evaluations.
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3.2 THE SECOND STUDY

The second study drew the conclusion that the information in 96% of the referrals was judged to
be adequate or relatively adequate. Radiological examinations were judged as justified or probably
justified for 96% of all examinations, and as probably unjustified for 4% of the examinations. The
observers agreed on the choice of examination method, between the observers as well as with the
requested and performed method, in 51% of the requested CT examinations (Fig. 2). The
observers agreed among themselves on preferring another examination method than the one
requested, and other than the performed method, in 14% of the CT examinations. The observers
disagreed among themselves and at least one observer agreed on the requested choice of method in
30% of the CT examinations.

Figure 2: The reviewers’ agreement with referring practitioners and radiologists as regards
choice of the method option CT
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4 DISCUSSION

Both studies indicate a high level of unjustified CT examinations. The fact that the reviewers do not
agree on justification for 21% (study 1) and 49% (study 2) of the examinations indicates that clinical
guidelines either are not used, or are suboptimal, or have not yet reached common acceptance. SSM
has promoted use of the translated version of the European referral guidelines for imaging (RP 118)
[4] since 2001. However, the guidelines have not been updated since 2003 and are now considered to
be outdated. SSM has, on the basis of inspections and cooperation with the profession, concluded that
it is difficult to produce paper copies of the guidelines, available to the referring practitioners for use
on a daily basis. As a result, the guidelines have not become the useful tool for imaging referral they
were intended to be. Both of the present studies support the need for a new approach for ensuring
that only justified examinations are prescribed and performed.

If unjustified examinations could be avoided the population dose from medical exposure in Sweden
would decrease by approximately 800 manSv, which is equivalent to 14% of the total population
dose from medical exposure. This would also shorten waiting times for examinations as well as
lower the cost of diagnostic imaging.

S CHALLENGES

It is of substantial importance to establish consensus on the most appropriate imaging
investigation for a given diagnostic or imaging issue and to ensure that referral guidelines for medical
imaging are available to referring practitioners. For this reason, SSM launched a project in 2016 to
establish a clinical decision support (CDS) system to improve the degree of justification. The CDS
system will be integrated in electronic medical journals and electronic referral systems as a tool to
guide referring physicians in selecting correct examinations for their patients.
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The transposition and the practical implementation of the Council
Directive 2013/59/Euratom in the medical field in Romania

Constantin Milu

Expert Pro-Rad srl, Bucharest, Romania

Abstract. In the Official Journal of the European Union from 17 January 2014 it was published the
Council Directive 2013/59/Euratom of 5 December 2013 laying down basic safety standards for protection
against the dangers arising from exposure to ionizing radiation, and repealing Directive 89/618/Euratom,
90/641/Euratom, 96/43/Euratom and 2003/122/Euratom, according to the Recommendations of the
International Commission on Radiological Protection (ICRP), published in 2007 as ICRP Report No.103.
As a full member of the European Union and with a support from the International Atomic Energy Agency
(IAEA), Romania already started in 2015 several activities related to the transposition and the practical
implementation in the country of the new international standards and recommendations. Some preliminary
results in the medical field are presented.

1 INTRODUCTION

In the Official Journal of the European Union from 17 January 2014 it was published the
Council Directive 2013/59/Euratom of 5 December 2013 laying down basic safety standards
for protection against the dangers arising from exposure to ionizing radiation, and
repealing Directives 89/618/Euratom, 90/641/Euratom, 97/43/Euratom and 2003/122/Euratom (1).
Also in 2014 has been published by International Atomic Energy Agency (IAEA) the safety report
on the International basic safety standards (International BSSs) (Ref.2). Both the revised Euratom
Basic Safety Standards Directive as well as the International BSSs are based on the Recommendations
of the International Commission on Radiological Protection (ICRP), published in 2007 as ICRP Report
No.103 (Ref.3).

As a full member of the European Union, Romania already started in 2015 the activities related to
the transposition and the practical implementation of the new international standards and
recommendations, with a support from IAEA.

2 METHOD

During the early phase, an important task for the Romanian Nuclear Regulatory Authority (CNCAN)
was the establishment of the national approach for the transposition process of the Revised
European Basic Standards.

Regarding the development of radiological safety and of the radiation protection regulations in
medicine, two important CNCAN decisions should be mentioned:

- to repeal the different old regulations and to elaborate a new single document (The new
Fundamental Norms for Radiological Safety — “new NFSR”), representing the transposition of the
Directive 2013/59/Euratom and including several main and new safety requirements in
medicine;

- to keep three of old specific “Norms”, which may be very useful in the near future as parts of the
implementation process, but only after their strong modification, regarding title, purpose, definitions,
content, formulations, requirements, etc, in agreement with the new international documents and the
new planned NFSR.

* . . .
constantinmilu@upcmail.ro
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The three old specific regulations are:

- NSR - 11 — Radiological Safety Norms in Diagnostic and Interventional Radiology Practices;
- NSR - 12 — Radiological Safety Norms in Radiotherapy Practice, and

- NSR - 14 — Radiological Safety Norms in Nuclear Medicine Practice.

The elaboration of the new radiation safety regulation in medicine in Romania was preceded by a
large action, including several technical meetings and discussions for:

- identification of the new provisions in the revised Euratom Directive;

- identification of principal gaps in the current Romanian regulation;

- identification of responsibilities for different Romanian competent authorities which should be
involved and identification of practical regulatory problems;

- detection of main issues in medicine and identification of good practices;

- identification of topical issues which may further require a detailed attention, action and/or
activities in the near future.

According to 2015 CNCAN report, the situation of the number of radiological installlations used
in medicine in Romania is given in Table 1.

Table 1: Number of installations/laboratories in diagnostic and interventional radiology, dental
radiography, nuclear medicine and radiotherapy in Romania (according to 2015 Report CNCAN ).

DIAGNOSTIC AND No. DENTAL No. NUCLEAR No. No.
INTERVENTIONAL RADIOGRAFPHY MEDICINE RADIOTHERAPY
RADIOLOGY
-CT 369 - Intraoral 1835 -In-vive - Orthoveltage
- Mammography 264 - Panoramic 681 diagnostic labs 31 installations 37
- Bone densitometry 208 - Gamma -LINACs 25
- Mobile 733 cameras 37 - Co-60 voits 10
- Angiography 95 -PET/CT units 10 - Gamma Knife 1
- Conventional - SPECT/CT 2 - Brachytherapy
flnorescopy and - Scintigraphy 4 labs 13
radiography 1642 - Iod capture 4

- In-vitro

diagnostic labs n

- Therapy a

TOTAL 3311 TOTAL 2516 TOTAL 89+ TOTAL 36
3 RESULTS

3.1. Identification of the new provisions in the revised Directive

In 2014, the Members of the Group of Experts referred to in Article 31 of the Euratom Treaty and of

the

Working Party MEDMED have identified a useful list of new provisions in the Directive

2013/59/Euratom, regarding radiological safety in medicine:

- New set of definitions and concepts.

- Increased role of justification principle and consideration of occupational doses in
justification and optimization.

- New requirements in relation to exposure of asymptomatic individuals exposed as part of
an approved health screening program.

- Use of diagnostic reference levels (including interventional) and regular review.

- Interventional radiology new defined, reflecting the importance of this modality in relation
to staff and patient doses.
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- Recognition and involvement of the Medical Physics Expert (MPE) and his new role in
the modern imaging.

- Definition and recognition of the Radiation Protection Expert (RPE) and of the
Radiation Protection Officer (RPO).

- Dosimetric information in all diagnostic system and transfer to the patient report.

- Dosimetric information mandatory for all interventional and CT procedures.

- Prevention, registry and analysis of all accidental or unintended exposures of patients.

- Population dose evaluation taking into account the age distribution and the gender.

- New dose limit for lens of the eyes.

- Old medico-legal exposures removed from medical chapter and a new set of
requirements developed for non-medical imaging exposures.

- New criteria of acceptability for equipment.

- Enlarged practical use of the dose constraint concept.

- Education and training dealt with as part of more general requirements in medicine.

3.2 The identification of principal gaps in the current radiation safety regulation in medicine
in Romania

1. All above presented new provitions in medicine, according to the Directive 2013/59/Euratom
should be included and met in the new Romanian regulation in medicine.

2. The “Titles” of the new Romanian regulation should take into consideration the use of the
new term “Planned Exposure situation”, which has to replace the old term “Practice” .
Consequently, the new titles of the three above mentioned regulations should be:

- GSR - 11 — Radiological Safety Guidelines in Diagnostic and Interventional Radiology Planned
Exposure Situation;

- GSR — 12 — Radiological Safety Guidelines in Radiotherapy Planned Exposure Situation, and

- GSR - 14 — Radiological Safety Guidelines in Nuclear Medicine Planned Exposure Situation.

3. The term “Guidelines” ( or “Regulation”) was recommended, instead of “Norms”, to
avoid confusion with the “Fundamental Norms”, which remain the basic national safety
standards for protection again the dangers arising from exposure to ionizing radiation.

4. The term “SHALL” shall be used in all formulations of all requirements, showing
a stronger (mandatory) requirement.

5. The new definitions shall be used uniform, in all documents, special attention regarding
to the following definitions:
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Table 2:

NEW DEFINITIONS

Current use in Romanian regulation

- “Planned exposure situation”
- “Emergency exposure situation”
- “Exposed worker”

- “Referrer”, which replaced “prescriber”

- “Practitioner”

- “Medical radiological installation”

- “Carers and comforters”

- “Radiation Protection Expert”, which replaced
“Qualified expert”

- “Radiation Protection Officer”

- “Practice”

- “Radiological accident”

- “Occupational exposed worker”, “Radiation
worker”

- “Ordering”, “Ordonateur”

- “Medical practitioner”

- “Radiological laboratory”

- “Helper”

- “Qualified Expert in Radiological Protection”

- “Responsible for radiological
protection”, “Radiation safety responsible”

- “Medical Physics Expert” “Medical physicist”, “Expert in radiation
physics”

- “Sealed source” - “Closed source”

- “Licence” - “Authorization”

- “undertaking” - “authorization holder”, “legal person”

- “unintended exposure” - “incident”

- “non-medical imaging exposure” — A NEW DEFINITION

- “occupational health service” — A NEW DEFINITION

3.3. Specific topics

3.3.1 Licence

The licence in medicine is now a complicated procedure. A new guidelines on authorization
procedures need be elaborated soon, applying the graded approach to regulatory control
(notification, registration, licence) and deciding some exception from authorization (ex., for
possession or for renting a radiological equipment, the present Authorization Safety Authorization —
ASR, for European products, a.s.o.).

These new guidelines on authorization shall be used during the final elaboration of new
specific regulations GSR-11, GSR-12 and GSR-14.

3.3.2 Medical Physics Expert

The reference in NSR-11, NSR-12 and NSR-14 on the Medical Physics Expert
old specific CNCAN norm regarding the medical physics expert (published in 2006).

is based on an

In 2014, the European Commission published as Radiation Protection No.174 the “European
Guidelines on Medical Physics Expert” (Ref.4), including a clear and enhanced role of the medical
physics expert (MPE) in medicine, qualification and curriculum frameworks for the MPE, the
recognition of the MPE and the MPE staffing levels in Europe.

Due to mobility of the MPE throughout the Europe, shall be important to adopt this

guidelines in Romania too. In such case, several statements regarding the MPE in the current
legislation shall be reformulated accordingly, in the final phase of its elaboration.
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3.3.3 Careers and comforters

In NSR-11, NSR-12 and NSR-14 there are given some general requirements regarding
individuals knowingly and willingly incurring an exposure to ionizing radiation by helping, other than
as part of their occupation, in the support and comfort of individuals undergoing or having undergone
medical exposure. The new regulation GSR-11, GSR-12 and GSR-14 have to use the new definitions
from Directive and to clarify the procedures regarding :

- “selection” of carers and comforters (exposed workers and pregnant women are not accepted !);
- protection of carers and comforters using appropriate facilities, special provided by undertaking;
- dose evaluation of carers and comforters (using electronic and direct reading detectors, special
provided for carers and comforters !);

- dose constraints applied (usually, SmSv/duration of the procedure);

- registration of the received exposure by carers and comforters involved as their medical
exposure.

The “dose constraint”, here or in any other requirement, shall not be considered as a “dose limit”.
It is only a tool in the optimization of the radiation protection.

3.3.4 Acceptability of medical radiological equipment

The Council Directive 2013/59/Euratom prescribes a number of measures to ensure that
medical exposures are delivered under appropriate conditions. It required, among other things:

- acceptance testing of new equipment,

- identification of criteria of acceptability for equipment safety and performance throughout its life,
and

- establishment of quality assurance programmes.

In Radiation Protection No.162 (2012), the European Commission established new “Criteria for
acceptability of medical radiological equipment used in diagnostic radiology, nuclear medicine and
radiotherapy” (Ref.5) , which addresses the second of these (criteria of acceptability). New
definitions and concepts are included . The criteria for acceptability (for clinical use!) are applied
and they are divided into two categories “qualitative criteria” and “quantitative” criteria, also
known as “suspension levels” (for clinical use!).

The qualitative criteria derive from legislation or widely accepted norms for good practice.
The suspension levels, on the other hand, rely on measurements. They provide numerical limits for
acceptable performance in respect of the parameters identified for each of the equipment types
(diagnostic radiology, nuclear medicine and radiotherapy).

The report has a general part and three separated technical sections, including suspention levels for
three categories of equipment:

- Section 2 — Diagnostic Radiology;

- Section 3 — Nuclear Mewdicine;

- Section 3 — Radiotherapy.

In conclusion, the report may be split in three individual parts and each of them added to the

relevant “Norm” (NSR-11, NSR-12 and NSR-14) or adopted as a single document, within the
implementation plan of the Directive.
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3.3.5 Diagnostic Reference Levels

Diagnostic Reference Levels (DRLs)  means dose levels in medical — radiodiagnostic or
interventional radiology practice, or, in the case of radio-pharmaceuticals, level of activity, for typical
examination for group of standard-sized patients or standard phantoms for broadly defined types of
equipment.

In the new “Norms” (GSR-11 and GSR-12) the new definition mentioned above has to be used, plus:
- some more and clear technical recommendations for the implementation of the DRLs concept;
- new values, particularly for interventional radiology and for different age groups for children.

For this purpose, some recent documents issued by European Commission may be useful (Ref.6 and
the final report of the EC Project PIDRL — Diagnostic Reference Levels for Paediatric Imaging).

Of cause, the Regulatory Authority (CNCAN) has to encourage the Ministry of Health and the
Romanian Professional Associations in Radiology and in Nuclear Medicine in the developing
of National Diagnostic Reference Levels (NDRLs) and for their implication in the
implementation of the new NDRLs.

3.3.6 Accidental and unintended medical exposure

The accidental and unintended medical exposure are a source of continuing concern. Apart the
need to use the new definitions (instead of ‘“accidents and incidents”!), the new Romanian
regulation on radiological safety in medicine has to increase the role of the competent authority in
radiation protection (CNCAN) to address the prevention of accidental and unintended medical
exposure and the follow-up in case of their occurrence. The role of quality assurance management, as
part of a Radiation Protection Programme (RPP), including a study of risks in radiotherapy, to avoid
such incidents should be emphasized, and recording, reporting, analysis and corrective action be
required in such cases.

A very recent (2015) EC- Guidelines on risk management in external beam radiotherapy
(Ref. 8) is very useful for this purpose.

3.3.7 Other competent authorities

According to the Directive 2013/59/Euratom “competent authority” means an authority or system
of authorities designated by Member States as having legal authority for the purpose of this Directive.
CNCAN is the competent authority for radiation protection in Romania.

Other identified competent authorities regarding radiological safety in medicine are: MS — Ministry of
Health

ANM — National Agency for Pharmaceuticals

MAI — Ministry for Internal Affaires

MT — Ministry for Transportation

ME - Ministry of Education

In the new regulation, the role and specific responsibilities of other competent authorities shall be

better clarified , and the ensuring that the technical and practical aspects of radiation safety in
medicine are managed with a high level of competence need to be enhanced.
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Radiation protection education and training shall start at the entry level to the medical, dental and
other healthcare professional schools. The Euratom BSS Directive states that “Member State shall
encourage the introduction of a course on radiation protection in the basic curriculum of
medical and dental schools”. Radiation protection courses should, however, have a different
orientation and content for medical and dental students. Radiation protection courses for medical
students should include knowledge needed by a referring physician. The Ministry of Education has
here an important role.

The Romanian National Agency for Pharmaceuticals (ANM) has to have an increased role in the
new regulation in radiological safety in medicine, particularly regarding the recognition of a
radiological equipment as a “Medical Device” (according to the EC Directive on Medical
Devices) and on authorization of the new radiopharmaceuticals.

4 CONCLUSIONS

After a good start, many problems still have to be solved in Romania for transposition
and implementation of the Council Directive 2013/59/Euratom in the medical field.

According to Chapter X - final provisions and Article 106(1) - transposition "Member State shall
bring into force the laws, regulations and administratiive provisions necessary to comply with this
Directive by

6 February 2018".
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Abstract. Introduction: Level 2 justification must be ensured before new methods and practices in medical
exposure are introduced in general clinical practice by weighting radiation detriments against clinical benefit,
according to the national radiation protection regulations. It is most efficient that the process of justification is an
integrated part of the total risk-benefit evaluation, and therefor implemented in already established systems for
health technology assessments (HTAs). When the Ministry of Health (MoH) introduced a national system for
introduction of new health technologies based on HTAs in 2013, the Norwegian Radiation Protection Authority
(NRPA) identified the possibility to implement level 2 justification in this system. NRPA became a member of the
national system in 2014. National System for introduction of new health technologies: The national system for
introduction of new health technologies is based on four components: Alerts, evaluation, decision and
implementation. The evaluation is based on international principles of HT As where safety and clinical effect, cost-
effectiveness, ethical, organizational, social and juridical aspects are topics under consideration. There are three
categories of HTA: Full-HTA and Rapid-HTA performed at a national level and Mini-HTA performed at a local
level. The national system constitute a standardized and transparent process for the introduction of new methods
and ensure for a national coordination of all the four components and all the involved stakeholders. Conclusion:
Integration of radiation detriment in total risk-benefit evaluation of HTAs is an efficient way to ensure level 2
justification in medical exposure. A national coordinated system for introduction of new health technologies
ensures that NRPA is properly involved in all processes of the system and all categories of HTAs. Cooperation
between radiation protection authorities and HTA competent authorities, both at national and European level, may
contribute to strengthen the awareness on level 2 justification among multiple stakeholders.

KEYWORDS: level 2 justification, generic justification, health technology assessment, risk-benefit
evaluation, radiation detriment, clinical effect.

1 INTRODUCTION

Justification is one of the core principles in the international framework for radiation protection
provided by the International Commission on Radiological Protection (ICRP) and is done by weighting
the radiation detriments against clinical benefit [1, 2]. The overall aim of medical exposure is to do
more good than harm to the patient and the principle of justification applies at three levels: 1) general,
2) generic for particular techniques and 3) for individual patients undergoing a particular examination.
Level 1 justification is no longer being evaluated within medical exposure, since the net benefit is
identified to outweigh the radiation detriment in general. However, level 2 and 3 of the justification
process is crucial within medical exposure and has been part of the European and international radiation
protection regulatory framework for many years [3, 4]. The three levels of justification were introduced
in the national radiation protection regulations in 2004 [5]. In spite of this, many countries including
Norway, has not succeeded to properly implement level 2 justification at a national coordinated manner.
The importance of a proper implementation of level 2 justification has been further strengthened in the
newly revised European and international Basic Safety Standards (BSS) [6, 7] and the European
Commission has identified the need for increased awareness of the challenges of generic justification
and suggests that Member State cooperate on this issue [8].

Medical exposure is facing a rapid technological development and new radiopharmaceuticals,
equipment, methods and practices involving radiation are constantly introduced to the marked. Before
they can be introduced into general clinical practise, their generic justification must be ensured. To be
most efficient, the radiation detriment should not be handled separately, but be integrated in the total
risk-benefit evaluation of the method already done in HTAs. When the Ministry of Health (MoH)
introduced a national system for introduction of new health technologies within the specialist health
service based on HTAs in 2013 [9], the Norwegian Radiation Protection Authority (NRPA) identified

: Presenting author, e-mail: eva.friberg@nrpa.no
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the possibilities to implement the process of level 2 justification in this system. After approaching the
secretariat of the national system, presenting our needs and possible solutions, the MoH acknowledge
the need for integrating level 2 justification and NRPA became a member of the national system in
2014.

2  NATIONAL SYSTEM FOR INTRODUTION OF NEW HEALTH TECHOLOGIES
2.1 Background and purpose

Varying practice for evaluation of new health technologies and different processes for decision-
making among the health regions in Norway raised the need for a national coordinated, standardized
and transparent process for evaluation and decision before new methods were introduced or phased-
out of clinical practice. The main purpose with the new national system is to ensure that patients get
fast and equal access to new health technologies showing a safe, cost-effective and evidence based
clinical effect and to avoid the introduction of unsafe and non-effective methods.

2.2  Structure and members

The national system for introduction of new health technologies (Nye Metoder) is based on four
successive processes: Alerts of new methods, evaluation of methods, decision-making and in the end
the implementation phase. All four processes and involved stakeholders are coordinated at a national
level. The definition of new health technologies or methods within this system is broad and cover all
actions to prevent, diagnose and treat diseases. In addition, actions related to rehabilitation and
organizing of health services are included. The system is owned by the MoH and administrated by the
secretariat, which is placed at the Norwegian Directorate of Health (NDH). Operational members of
the system is the Norwegian Medicine Agency (NMA), The Norwegian Institute of Public Health
(NIPH), the Norwegian Radiation Protection Authority (NRPA) and the four Regional Hospital Trusts
(RHTs) in Norway. The national system has its own web-page (www.nyemetoder.no) where all
method evaluations and decisions are published. A flow chart of the national system illustrating the
four different processes is given in Figure 1. The secretariat is now working with the development of a
monitoring function to be able to evaluation if new methods are implemented according to the
decisions made within the system.

Figure 1: A flow chart of the four processes in the national system for introduction of new health
technologies.

The four components of the national system
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Alerts of new methods

The purpose of the alert function of the national system is a systematic search for new methods
(horizon scanning) and subsequent filtering to identify and prioritize those new methods that is
suitable for method evaluation in Norway. All method alerts are published in a database
(www.mednytt.no) and is publicly available. In addition, all stakeholders’ can submit suggestions for
new methods to be evaluated in the system.

2.2.1 Evaluation of methods

Evaluation of methods is a systematic evaluation of available research on safety and clinical effect of
the method. The evaluation also identifies the consequences associated with the decision to implement
the method by evaluation of cost-effectiveness, ethical, social, organizational and juridical aspects and
is based on international principles of HTAs. The PICO framework is central to form the clinical or
health care related questions to be answered by the HTA. The PICO acronyms stand for: P —
population, I — intervention, C —comparator, O — outcome. There are three categories of HTAs in the
system: Mini-HTA, Rapid-HTA and Full-HTA. A Mini-HTA is a limited evaluation carried out
locally at the hospitals prior to implementation of new health technologies. The evaluation is
performed by filling out a form, and all Mini-HTAs are published in a database (www.nyemetoder.no)
and are in this way made easily available for other hospitals to reduce duplication of work. A Rapid-
HTA is a single evaluation of a method performed at a national level. In a Rapid-HTA, the
manufacturers that provide the new method, are responsible for delivering a documentation package
covering the aspects of an HTA, which at the end is evaluated by a competent authority. Rapid-HTAs
of new pharmaceuticals and medical devices are performed by the NMA and the NIPH, respectively.
A Rapid-HTA has to be finalized within 180 days after the documentation package has been received
and found completed by the competent authority. If there is more than one manufacturer providing the
new method under consideration, each manufacturer has to provide a documentation package to be
allowed to introduce their product in Norway. A Full-HTA is a comprehensive national evaluation of
new methods and is often used to compare alternative methods against each other within a treatment
area (so called comparative effectiveness). A full-HTA is always performed by the NIPH, who collects
all necessary documentation. The time frame of a Full-HTA is one year. NRPA assist both the NMA
and the NIPH in national evaluations (Rapid- and Full-HTAs) of radiopharmaceuticals and medical
devices, methods and practices involving radiation. It is the Ordering-Forum, constituted by
representatives from all the four RHTs, who order evaluation of methods based on method alerts or
received suggestions for method evaluations. Their decision is seen in relation to the actually need in
the national health care system. New methods that are under evaluation cannot be used by the
hospitals. An overview of the three categories of HT As is given in Figure 2.

Figure 2: Overview of the three categories of HTAs that are included in the national system for
introduction of new health technologies in Norway.

N A
H e Local, limited evaluation of a method
M In I-HTA e Carried out by experts in the hospitals (filling out a form)
(1-3 weeks) ) e Decisions for implementation is taken locally by the hospitals )
~ * National, single evaluation of a method )
Ra pld'HTA e Manufacturers provide necessary documentation (according to template)
e Carried out by NMA for pharmaceuticals and by NIPH for medical devices
(180 days J ¢ NRPA assist when methods involv radiation
e Decisions for implementation is taken nationally by the Decision-Forum Y,
N ¢ National, comprehensive evaluation of methods, often comparative )
FU | I_HTA effectiveness of methods within a treatment area
e Carried out by NIPH, who provide all necessary documentation
(1 year) )  NRPA assist when methods involv radiation
» Decisions for implementation is taken nationally by the Decision-Forum )
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2.2.2  The decision-making process

It is the Decision-Forum, constituted of the general directors of the four RHTs, who take the final
consensus based decision to implement or phase-out a method based on the results and conclusions
given in the performed HTA report seen in relation to overall national criteria for prioritizing within
health care. After the competent body has finalized the HTA report, it is evaluated and approved by
the Ordering-Forum to ensure its quality and completeness before it is submitted to the Decision-
Forum as a basis for final decision. Decisions on implementation of new methods based on Mini-HTA
are taken locally by the hospital trusts (HTs). It is the responsibility for the RHTs to ensure that the
HTs has sufficient competence in carrying out Mini-HTA evaluations. However, some regional and
national help functions to assist the HTs in HT As are under development.

2.2.3  The implementation process

When a new pharmaceutical, new medical device, method or practice is decided to be implemented or
phased-out within the specialist health service, national guidelines will be updated if necessary. This
process is coordinated by the secretariat of the national system. On the other hand, if the Decision-
Forum conclude not to implement the new method, it cannot be taken into clinical use by the hospitals.
However, the method can be used in clinical studies to obtain stronger evidence based knowledge if
relevant and appropriate.

3  DISCUSSION
3.1 Level 2 justification and HT As at a national level

The implementation of level 2 justification in existing systems and processes for HTAs can be
challenging and is not always straightforward. Justification of new methods and practices is ensured if
the evaluation based on weighting the radiation detriment (to both patient and staff) against clinical
benefit demonstrate a net benefit to the patient and society. However, radiation detriment should be an
integrated part of the total risk-benefit evaluation of a method, since it is inappropriate to be treated in
a separate evaluation. The rationale behind this statement is to include all the relevant factors that may
influence the final decision whether to implement a new method or not in one process. To ensure a
proper evaluation of the radiation detriment, as part of the total risk evaluation, it is important to
include experts with sufficient competence in radiation protection in the evaluation process in all three
categories of HTAs. Medical physics experts and radiation protection experts are identified as suitable
experts with competence in radiation protection in a clinical setting and a board of national experts
may be established to support national HTAs. The national radiation protection authority should be
responsible for, or at least involved, in the establishment of such a national expert group.

One of the most important, but also challenging tasks in setting up a national HTA system is to
establish precise criteria for when there is a need to perform an HTA on a new method or practice and
at what level it should be performed (Mini-, Rapid- or Full-HTA). This is particularly challenging for
the introduction of new medical devices and even more complicated for the introduction of new
practises using equipment already available in the hospitals. Criteria to distinguish between a new
method and a modification of a method not considered as a new method has to be developed. Inclusion
criteria for new methods to enter the system can be based on the importance of the method, the risk
associated with the method (risk classification systems) and the level of available evidence based
consensus. However, it is important to find the right balance between when a HTA is appropriate and
necessary and when it will not gain any valuable input to the final decision-making process. It is
important also to ensure that the national HTA system is not being an obstacle to innovation and fast
access to new methods. In the latter, available resources and timeframes for HT As is key factors. From
a radiation protection point of view, it is anticipated that Mini-HTAs will be sufficient in most cases to
demonstrate and document level 2 justification. However, the need for a cost-effectiveness evaluation
performed at a national level can result in the ordering of a Rapid- or Full-HTA of the method.
Examples of methods that have been ordered for national evaluations is: renal nerve ablation for
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resistant hypertension, tomosynthesis in mammography (screening and clinical), use of mobile CT in
ambulance for early diagnostic and treatment of stroke.

Further, it is important to stress the need for separate conclusions on the risk-benefit evaluation and
the cost-effectiveness evaluation in the HTA reports. In this way the HT A-report support the decision-
making processes taken by different competent authorities and stakeholders. From a radiation
protection point of view, the conclusion on risk-benefit is the most important input for the level 2
justification, while from a health economical point of view, the conclusion on cost-effectiveness will
be of highest interest. Another aspect to keep in mind is that the documentation available on risk
assessment and clinical evaluation provided by the manufacturer to declare conformity with the
European Medical Device Directive [10] to obtain CE-marking is not necessary sufficient to
demonstrate level 2 justification. Radiation detriment is closely related to the use of medical
equipment and the competence and training of the staff operating the equipment. Such factors may
result in the need for further risk evaluations to identify the actual radiation detriment associated with
the intended use of the equipment.

Implementation of level 2 justification is not always sufficient to ensure proper justification of new
methods alone. However, an established link between HTAs and level 2 justification and the
responsible authorities (HTA competent authorities and radiation protection authorities) is a good
platform for further development of the concept of level 2 justification at a national level. The national
system for introduction of new health technologies in Norway is not a complete solution for national
coverage of level 2 justification, since the system only cover new methods to be introduced in the
public specialist health services. New methods to be introduced in primary health services are not yet
implemented and other solutions need to be developed. When it comes to level 2 justification of
screening programs, individual health assessments of asymptomatic individuals outside screening
programs and non-medical exposure of individuals (like for insurance purposes etc.), these practises
need special attention and may not fit into ordinary HT A-systems.

3.2 Level 2 justification and HTAs at an European level

The need to ensure level 2 justification is strengthened in the revised European BSS directive and need
to be implemented in national legislations within 6™ of February 2018 [7] and, as mentioned earlier,
the European Commission suggest that Member States cooperate on this issue [8]. The European
cooperation between the Heads of the European Radiological Protection Competent Authorities
(HERCA) [11], have launched a working package (WP) on generic justification within their Working
Group on Medical Applications (WGMA). The mandate to this WP is to identify a common
understanding of the requirements regarding level 2 justification in the European BSS Directive and to
assist Member Stats in their work with the transposition of the directive into national legislation. The
outcome of the WP will be a position paper on generic justification and contain different approaches
on how to implement level 2 justification at a national level. One of the approaches that HERCA is
looking into is the possibilities to combine the process of level 2 justification with already established
processes of HTAs.

A European HTA Network (HTAN) were established by the European Commission in 2013 [12]. The
legislative framework for HTAN is the European Directive 2011/24 on the application of patients’
rights in cross-border healthcare, and its structure is described in the Commission Implementing
Decision [13, 14]. According to the implementation decisions, the HTAN shall be supported by a
scientific and technical cooperation mechanism, which today is the European EUnetHTA platform
[15]. This platform is responsible for European cooperation on HTA performance and they have
developed different tools for HT As, including a core model for HT As. They are also the platform used
to conduct European Joint Actions on HTAs, founded by the EC, like EUnetHTA Joint Action 1, 2
and 3 [16, 17, 18].
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It is worth exploring the possibilities to integrate level 2 justification in HTAs at an European level, by
initiate a cooperation between HERCA and HTAN. This can contribute to raise the awareness on
generic justification outside the radiation protection competent authorities and foster good cooperation
between national HTA competent bodies and radiation protection authorities.

4 CONCLUSION

Integration of radiation detriment in total risk-benefit evaluation of HTAs is an efficient way to ensure
level 2 justification in medical exposure. A national coordinated system for introduction of new health
technologies ensures that NRPA is properly involved in all processes of the system and all categories
of HTAs. Such a system foster a close cooperation between NRPA and all relevant stakeholders to
increase the awareness on radiation protection and the process on justification. Cooperation between
radiation protection authorities and HTA competent authorities at a European level may contribute to
strengthen the awareness on level 2 justification among multiple stakeholders and should be
encouraged.
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Abstract. Introduction Interventional theatre procedures using fluoroscopy guidance are becoming
increasingly more complex in many specialities as the types and uses of catheters’ become more advanced.
Long fluoroscopic procedures have the potential to cause severe skin reactions in patients and can increase
the risk of developing stochastic radiation effects. The International Commission of Radiological Protection
(ICRP) advises that in principle Diagnostic Reference Levels (DRL) could be used in fluoroscopically guided
interventional procedures to avoid unnecessary stochastic radiation risk. In this study, we aim to investigate
and propose national DRLs for common interventional procedures specific to the South African population in
the private healthcare sector. Materials and methods: Standard procedures performed in 30 private hospitals’
vascular, cardiac and electrophysiology interventional theatres were identified and included in this dataset.
Each entry in the database includes a procedure description, the Dose Area Product (DAP), the screening time,
patient length and weight. The 3rd quartile of the observed distribution was used to calculate DRLs. The
regulated quality assurance on the equipment and specifically the DAP meter calibration was performed
prior to the start of data collection and routinely thereafter. Results: Dose and exposure data was recorded
for more than 40000 procedures performed. DRLs were calculated for selected procedures with high case
numbers including Coronary Angiograms (57 Gy.cm®), Left Ventriculography (63 Gy.cm®) and Pacemaker
placements (35 Gy.cm®). The DRL improved with between 15 -17 % from the baseline DRLs calculated in
2013. Conclusion: We propose, based on the number of cases recorded and the national spread of
hospitals, that the DRLs calculated could be considered as national guidance to interventionists attempting
to optimize their techniques using DRLs in South Africa.

KEYWORDS: diagnostic reference level (DRL); dose area product (DAP);
interventional radiology; interventional cardiology; interventional theatre.

1 INTRODUCTION

The International Commission of Radiological Protection (ICRP) advises that in principle
Diagnostic Reference Levels (DRL) could be used in fluoroscopically guided diagnostic &
interventional procedures to avoid unnecessary stochastic radiation risk. [1] This is cautiously said
as the ICRP observed that the distribution of doses in interventional radiology is very wide,
which may be attributed to the complexity of individual clinical cases.[1] When radiation is used
in medicine the benefit of the modality needs to be weighed against the possible risk. A well-
known term in radiology is “As Low As Reasonably Achievable” (ALARA) which describes the
process of justification and optimization for the responsible use of x-rays. lonising radiation
produced by interventional radiology has the ability to penetrate tissue and deposit energy in cells.
These effects are damaging to the biological components within cells and can lead to different types
of cellular response. [2, 3] A further danger of radiation is that the damage caused by x-rays does
not stimulate the human sensory system nor does it cause noticeable heat sensation to the patient
being imaged. [2]
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Radiation effects are broadly classified into deterministic and stochastic effects. Deterministic
tissue effects materialize when threshold doses are exceeded and some examples thereof for the
skin are erythema, dermal atrophy and necrosis. [4] X-ray units in interventional radiology
typically have an energy range of between 40 kV — 150 kV. At this x-ray energy skin reactions are
the most prevalent deterministic effect because this is the organ that receives the most
radiation dose during a fluoroscopic procedure. In megavoltage radiotherapy where higher
energy photons deposit their peak dose to deeper tissue, skin sparing is possible. Even so, skin
reactions are common in radiotherapy treatments because of the high dose ranges required to treat
tumours. Management of these reactions is possible to lessen the extent of injury during the course
of treatment. [5, 6] Interventional procedures done using fluoroscopy guidance do not commonly
exceed deterministic threshold doses for routine procedures, but it is possible for long complex
cases or when poor radiographic technique is used. [2, 3, 7, 8] The classification of stochastic
effects or random radiation effects has no threshold dose and some examples are radiation
induced malignancies or cancer, infertility and birth defects. [9]. Stochastic effects are not as
casily measurable as compared with deterministic effects because there is no threshold dose
indicating possible effect and no assurance, especially at low doses, that an effect is related to the
exposure received. [9,10]

Interventional cardiologists have a high usage of interventional x-ray machines. Unfortunately, their
training does not include as much radiation physics or radiation safety as that of radiologists. [11]
One result of the lack of training may be that interventionists are unaware of the amount of
radiation dose to the skin, even today on modern technology.[2] Interventional procedures are
becoming increasingly more complex in many specialities, as the types and uses of catheters become
more advanced [12]. The increase in complexity of interventional procedures combined with a lack
of specialist training on radiation techniques poses a significant risk to patients.

These risks have not gone unnoticed by government authorities worldwide and in 2015 the South
African Department of Health: Directorate Radiation Control issued requirements to license holders
of interventional fluoroscopy units, requiring the use of a medical physicist to optimize their
radiation usage using DRLs.[13] Currently, in the South African environment, there are limited
publications referring to DRLs with none addressing interventional cardiology. This emphasized the
need for this study. The Dose Area Product (DAP) quantity measured for each patient represents a
dosimetry index, the value of which should be optimized against the DRL, this varies for each
procedure and can be used as a tool to comply with the ALARA principle.[14] In this study, we aim
to investigate and propose national DRLs for common interventional procedures specific to the
South African population in the private healthcare sector.

2 MATERIALS AND METHODS
2.1 Data Selection and Collection

Interventional radiology procedures across most disciplines can be broadly classified into
diagnostic studies and interventions. Typically diagnostic studies are for the purpose of diagnosing a
problem or the extent thereof. Interventions normally follow after a diagnostic procedure, aiming to
repair or improve the problem or function. The diagnostic procedure would normally be simpler
and quicker than the intervention, which should result in diagnostic procedures having lower
radiation dose.

584



IRPA14 Proceedings

Through discussion with the clinical stakeholders the most common procedures or procedure
combinations were identified to form part of the study. In total 24 procedures were identified for
investigation and each procedure was assigned a name and detailed description. Although some
interventional radiology procedures were included, this study focused on cardiac diagnostic imaging
and interventions, because that is the focus of most of the catheterization theatres included in
this work. The literature review indicated that in South Africa there is a lack of fluoroscopy DRLs
for both diagnostic and interventional procedures; thus the procedure list aimed to include both
classifications. The following three procedures from the dataset were investigated because of their
high incidence:

1. Coronary Angiography (CA) described as a diagnostic test to determine if there is
any narrowing or blockage of the coronary arteries.

2. Coronary Angiography & Left Ventriculography (CA + LV) described as a diagnostic test
to determine a patient’s cardiac function in the left ventricle which normally includes stroke
volume, ejection fraction and cardiac output. This procedure includes CA, but excludes
Right Ventriculography (RV) studies.

3. Permanent Pacemaker (PPM) described as the insertion of a medical device that uses
electrical impulses, delivered by electrodes on the heart muscles, to regulate the heart
rhythm.

CA and CA+LV were split up intentionally, because not all CA have an LV function test.
However, the LV test requires at least one extra radiographic run, which will lead to a higher dose.
[15]

In total, 30 interventional radiology theatres were identified to participate in this study. The X-ray
machines were all fixed fluoroscopy units used in cardiology, hybrid or vascular theatres and
included imaging equipment built by different Original Equipment Manufacturers (OEM). The data
collection was done using an online system to input procedure information for each clinical case.
Each participating theatre had two persons responsible for data capturing and timeous
submission. Each entry in the database includes a procedure name, the DAP reading, screening time,
patient length and weight.

The selection of these 30 interventional theatres housed equipment form various OEMs which
expressed DAP in different units of measure; this was corrected for in the collection sheet where all

doses were converted to Gy.crnz. Training was given to unit managers and/or radiographers to
ensure accurate data capturing. All procedures that didn’t fit the procedure descriptions exactly and
paediatric patients were excluded for this study.

2.2 Dose Area Product Meter Calibration

The International Atomic Energy Agency (IAEA) Technical Report Series number 457 (TRS457)
recognises that there is an increased need for patient dosimetry measurements in diagnostic and
interventional radiology and that it is important to have traceability of these measurements. [16] The
accuracy of a DAP meter, as with any ionisation chamber, may drift over time and routine cross-
calibration is necessary. The Institute of Physics and Engineering in Medicine Report Number 91
(IPEM 91) recommends calibration annually as per manufacturer specification. [17] The South
African x-ray licensing requirements specify that DAP meter cross-calibration should be confirmed
on acceptance to be within the manufacturer specification and at least annually thereafter. [13]
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A DAP meter is normally installed in the collimator assembly underneath the field shaping device of
the fluoroscopy unit. The DAP meters used for this study all measure dose per area, but are
displayed in different units of Gy.cm’, mGy.cm® or pGy.cm’. The DAP meters were all
calibrated before the start of the study and periodic cross-calibration was performed as required
during its course. In cases where calibration was not possible, a correction factor was used to
correct the measured value. A cross-calibration or verification of a DAP meter requires the
accurate field size and a dose measurement at the same Source to Surface Distance (SSD).

Dose measurements were done using the Raysafe Unfors Xi range of measuring devices designed to
perform measurements in diagnostic beam qualities. These dose meters were all calibrated with
traceable calibration certificates from laboratories with ISO/IEC 17025 accreditation [18]. The
cross- calibration method utilised is based on the methods of cross calibration for DAP/ Kerma-Air
Product (KAP) meters explained in the TRS 457 (pg. 336-340).[16]

2.3 Diagnostic Reference Level Analysis

The exposure data received presented best when using a histogram curve which clearly shows the
population frequency in different DAP (Gy.cm®) bins. There are different ways to define reference
levels; in this study the 3" quartile of the distribution was calculated for each type of procedure
and this was set as the DRL. The 3" quartile DRL simplifies comparisons with work published
from other countries [19]. Further statistical analysis of the DAP distribution included calculation of
the 1*" quartile, interquartile range and the standard deviation for each procedure.

2.4 Optimization System

Throughout the period of data collection, feedback to interventional theatres was done in the form of
a newsletter. The information shared with theatres included their average DAP values for common
cases and comparisons to their neighbouring hospitals as well as comparisons to published
international DRL references. The aim of this communication was to educate, encourage and enable
interventional theatres to track their performance and possible optimization or lack thereof. Where
high doses frequently occurred the focus was to distribute the IAEA radiation protection posters [20]
and provide radiation protection training to staff.

It is noteworthy to mention that during this period of DRL data collection and optimization;
improvements were made to the incident management system to define and quantify possible
occurrences of radiation incidents. Fluoroscopic patient doses exceeding 300 Gy.cm® were required
to be reported for handling by the responsible medical physicist. The incidents were graded
depending on possible severity of the resulting skin reaction and were handled either by electronic
correspondence or site visits. The incident grading was further used to guide the responsible
physicist in management and peak skin dose estimation. These incident reporting requirements
reinforced the same radiation protection principals as the radiation dose optimization system.

3 RESULTS

Dose and exposure data was recorded for 41250 procedures performed from July 2012 to
August 2015. This included 7126 data points for CA, 11080 for CA+LV and 2047 for PPM. The
2012 DAP values were used as a baseline for this study and the DAP values recorded in 2014-
15 as current results. Figures 1-3 show the distribution of the baseline and current DAP values for
the three procedures evaluated. Table 1 lists the calculated 1% & 3" quartiles, interquartile range
and standard deviation for the distribution of data received.
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Figure 1: Distribution of CA DAP readings recorded for (a) 678 procedures performed during 2012
with a 3" quartile of 65.9 Gy.cm® and (b) 3528 procedures performed during 2014-15 with a
3™ quartile of 56.0 Gy.cm®.

Figure 2: Distribution of CA+LV DAP readings recorded for (a) 1548 procedures performed during
2012 with a 3™ quartile of 76.8 Gy.cm® and (b) 3533 procedures performed during 2014-15 with a
3" quartile of 63.5 Gy.cm”.
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Figure 3: Distribution of PPM DAP readings recorded for (a) 466 procedures performed during 2012
with a 3" quartile of 42.8 Gy.cm® and (b) 874 procedures performed during 2014-15 with a 3™
quartile of 36.2 Gy.cn’.

Table 1: Procedure amounts, 1°* & 3™ quartiles and standard deviation values for the three
procedures evaluated. Statistics include DAP data from 30 participating theatres calculated for the
baseline and current time periods.

Procedure CA CA+LV PPM
Record year 2012 2015 2012 2015 2012 2015
n 678 3528 1625 3533 466 374
1 Quartile (Gy.cmz) 23.1 19.7 254 228 7.9 5.6
SW1 Quartile (Gy.cmz) 65.9 56.0 76.8 63.5 42.8 36.2
Interquartile range 42.8 360.3 51.3 40.7 349 30.6
Standard deviation 758 575 70.2 59.6 76.2 63.0

4 DISCUSSION

Initially the wider spread of the DAP baseline histogram is apparent in Figure la, 2a and 3a. The
distribution became narrower with less frequency in high dose components as displayed in Figure
1b, 2b and 3b. The doses exceeding 300 Gy.cm’, which is the incident dose level used by the
incident management system, have also decreased in frequency from the recorded baselines.
The standard deviation became smaller from baseline for CA (75.8 to 58.5), CA+LV (70.2 to 59.6)
and PPM (76.2 to 63.0); this is shown in table 1 which supports the distribution changes in figure
1-3. The reduction in standard deviation shows that the amount of variation in the dataset decreased
during the period of data collection and dose optimization. Further to the improvement of the
standard deviation, the interquartile range decreased for CA (42.8 to 36.3), CA+LV (51.3 to 40.7)
and PPM (34.9 to 30.6).
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Table 2 lists the proposed DRL and quantifies the amount of optimization of DRL in the three years
as and percentage change from baseline. The baseline DAP reading for CA established in 2012 was
65.9 Gycm® and a total of 678 procedures were used for the initial establishment of the DRL. This
value has reduced to 56.0 Gy.cm® in 2015 and 3528 cases were used in the establishment of the
updated DRL. The baseline for CA+LV was 76.8 Gy.cm?, calculated using 1625 procedures. This
improved to 63.5 Gy.cm’, calculated using 3533 procedures. PPM cases showed a similar trend and
improved from 42.8 Gy.cm® determined from 466 cases to 36.2 Gy.cm® for 874 procedures.
These reductions in DRL translate to a 15% improvement for CA, 17% for CA+LV and 16% for
PPM.

Table 2 further compares the proposed DRL with other 3" quartile DRLs published in other
countries. The proposed DRLs compares well with the listed published data; the DRL for CA is
lower that than data published in the United States of America (USA) and Belgium.[21, 22]
Authors from Europe, Ireland and Croatia published DRLs lower than our proposed level for
CA.[23-25])/

Table 2: Proposed reference levels for the private healthcare sector in South Africa; includes
baseline DRLs, amount of optimization and comparison to publications from other countries. The
amount of procedures evaluated for each review period (n) is indicated below the displayed DRL
value.

The literature review found very few articles differentiating between CA with and without
the inclusion of LV. The reference level calculated for both baseline and current data suggests
that the addition of LV function increases the dose needed compared to a normal CA. Padovani
et al. [26] published a CA reference level with LV function included of 70 Gy.cn’. This is
marginally higher than our proposed DRL for CA+LV of 63 Gy.cm’. Clark et al. [15] indicated that
the inclusion of LV function together with a CA procedure significantly increases the dose to the
patient with 6.0 Gy.cm®. The data in this study shows an increase of 7.5 Gy.cm® when LV function is
done as part of CA. The proposed DRL for PPM was similar to data published in Switzerland [27]
and higher than that of

Ireland. [24] This is consistent with the CA comparison with Ireland which was also

higher.

The optimization of radiation dose usage and 3 year improvement in DRLs may be attributed
to various factors. This program, to the involved theatres, managed to increase their awareness and
understanding of the DAP delivered to a patient. The availability of a local DRL metric, indicating a
dose level that should not routinely be exceeded, helped the responsible medical physicist to
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identify, investigate and optimize imaging techniques. The newsletters that were sent out explicitly
mentioned the hospitals’ names, which resulted in a degree of competition between hospitals. The
data helped the responsible physicist to engage with theaters that had the same equipment, but higher
doses, to determine where optimization could happen. The improvements made to the incident
management system included the definition, quantification or grading and guided management of
incidents. This enforced the same radiation protection principals and helped to achieve responsible
radiation usage.

The system made outlier identification possible and theatres continually exceeding the DRL could be
investigated and a lack of improvement could be questioned. The availability of a locally derived
DRL and comparisons with achievements of other centers aided administrators to motivate, where
needed, for the upgrading of equipment. During the course of this work some imaging equipment
was replaced or upgraded with newer technology which also positively impacted the DRL.

S  CONCLUSION

For the majority of the 30 interventional theatres included in this study, the baseline data in 2012
was their first attempt at dose optimization and the procedures evaluated showed an improvement
of 15 - 17%. A total number of 41250 procedures were recorded and DRLs were calculated for the
three most common procedures evaluated. These three procedures account for 49.1% of the total
data points. A total of 24 procedures were identified initially, including complex interventions and
additional DRLs can be expected from this dataset. We attribute the improvement seen to various
factors, including increased awareness created, changes in imaging techniques, new and upgraded
imaging equipment and the improvement of incident management.

We propose, based on the number of cases recorded and the national spread of Netcare Ltd., that
these DRLs could be considered guidance to interventionists attempting to optimize their techniques
using DRLs for the South African population.
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Procedure for measurement of Intrinsic efficiency of a High Energy
collimator Gamma camera

Hugo Pérez-Garcia , Raquel Barquero, Monica Gémez-Incio

Hugo Pérez Garcia, HCUV, ¢/Ramon y Cajal 3, 47005-Valladolid, Spain.

Abstract. PURPOSE: Image quantification for therapy radionuclides with 1-131 is difficult because of cameras

are optimised for diagnostic imaging with Tc-99m. In order to know the sensitivity of camera with High Energy

(HE) collimator, both intrinsic efficiency (1() and geometry efficiency G are needed. nQ is defined as the quotient

between photon/s arriving the Region Of Interest (ROI) and counts/s in that ROI within the crystal detector. nQ

must be estimated in a calibration measurement with a reference '*'I source in air [3]. Here, a Procedure to
perform this calibration measurement is described. MATERIAL AND METHOD: First, a source with ' inside a
150 mmd diameter cuvette (Petri dish) filled with radioactive water in which 111-185 MBq (3-5 mCi) "*'I
activity (Aref) is diluted. This activity of the "*'I in the reference source must be certified as traceable to
national or international standards. Second, this standard reference phantom is centred with respect the crystal of
a Siemens e.cam gamma camera, at a defined distance (10 cm) from the HE collimator face. Third, an acquisition
with a 15% energy window centred on the 364 keV and with a sufficiently long acquisition time t (600 s) is
performed. Fourth, The 2D DICOM image obtained is then analyzed and processed with ImageJ: Defining on
the image a 15 cm diameter circle (a surface ROI SRO[=179 cm®), the number of counts in full-energy peak
(gross counts) ng inside it is measured. From apart, the corresponding geometry efficiency Gref for the geometry
and the camera used in the measurement is determinate with MCNPX code. Finally the intrinsic efficiencyn( is
calculated according to the following formulae: g = —(niit_l/s’;m . RESULTS AND DISCUSSION: The result for
Mo is 5.22:10%. Theoretical value for Mo, is T/u  (photo/total attenuation in sodium iodide) 1.3:10" (40%).
CONCLUSION: The procedure developed allows know experimentally the intrinsic efficiency of a HE gamma
camera for [-131 imaging.

1 INTRODUCTION

In developed countries, the medical use of radiation is widespread and is the main source of radiation
exposure of general public. It includes diagnostic radiology, radiotherapy, nuclear medicine and
interventional radiology. Nuclear medicine procedures can be either diagnostic (90%) or therapeutic
(10%). Therapeutic procedures consist primarily of thyroidal pathologies including cancer (27%) and
hyperthyroidism (69%) [1].

In thyroidal metabolic treatments in Nuclear Medicine a therapeutic activity of I-131 is administered
to patients. Following the 59/2013 Directive from EURATON [2] the radiation absorbed doses in

lesion and critical organs should be estimated. The most accurate procedure to estimate these doses

should consider the temporal evolution of activity uptake in each from these organs [3]. The planar
image which was obtained by a gamma camera (GC) have been used by many authors to determine
the activity uptake in each instant [4-6] In this work, the general procedure used in spectrometric
counters to obtain activity is applied [7-13]. A new point of view is developed to aboard the sensitivity
of planar GC in conjunction with Monte Carlo methods in order to obtain the activity uptaken for
each patient who has been treated with 'L The new procedure stimates the activity from a GC planar
image acquired with a 15% energy window centred on the 364 keV by using this expresion:

4 n,/t /S 1/t )
0 G S

n, is the net counts obtained as the difference of the total gross counts and the background counts

measured in the region of interest (ROI) defined in the image and in the vicinity respectively. ¢ is the
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measuring time in the GC acquisitioBo, is the area in the ROI where total counts are evaluated.
Geometric factorG is the mean fluence of photons of 364 keV which arrive to the crystal at the
projection in the crystal-collimator surface of the ROI, and the volume defined in the crystal by this
ROI. This value is obtained by using Monte Carlo methods. Thesfgeisrithe intrinsic efficiency that
characterizes the specific response of the crystal of the GC (counts/photons), and S is the sensitivity of
the GC usually in units of (cps/IMBQ)y, must be estimated in a calibration measurement with a
reference™!l source. The advantage of this method is that it is only needed to calibrate the GC once,
and then, by using Monte Carlo code, the sensitivity S can be obtained for any geometric arrangement.
In this paper, a procedure to perform this calibration measurement is described.

2 MATERIAL AND METHOD
2.1 Source preparation

A reference source containintl may be used for this purpose. The activity or emission rate of the

311 in the reference source must be certificated as traceable to national or international standards. The
reference source is prepared by dilution from a standardized solution purchased to the supplier. 111-
148 MBq (4 mCi) of*Y| in standardized solution is introduced in a 1-5 egringe and it is accurately
measured by using a dose calibrator (Capintec 15R dose calibraforTiiCsolution is poured out a

larger flat plastic dish (150 mm x 15 mm nominal size standard Petri dish of Fig. 1 recommended in
NEMA test 3.3 [14}which is used in order to reduce the volatility of 131I. The Petri dish should be
filled previously with clean water at least 60% volume, and then, when the solution is inside, the
phaton must be completely refilled. The residual activity remaining in the sydpgeshall be
promptly measured in the dose calibrator and the reading substracted from the original reading to
obtain the amount of activity in the phantofg = Asgr— Ares at the time of preparation.

2.2 Image adquisition

A Siemens E-CAM systemvith two heads is used for experimental measurement. Only a head will be
considered for calibration purpose hereafter in this paper because the intrinsic efficiency of the other
head would be calculated in the same way. The detectr40x50 crharea and 3/8”(0.9525 cm)
thickness Nal (TI) scintillation crystal. The high energy (HE) collimator is hexagonal hole shaped with
a hole diameter of 3.4 mm, a length of 50.8 mm and the septa is lead with a thickness of 2 mm. The
Petri dish is positioned 10 cm bellow the collimator and is centered at the field-of-view and parallel to
the plane of the detector system (composed by crystal and collimator). The acquisition time with the
imaging system is 600 s, an energy window centered in 364 keV and a width of 15%. The acquisition
matrix was 256 pixels x 256 pixels, with a pixel size of 2.398.mm

Figure 1: Petri dish of 7 cm radius filled witfi solution of water

2.3 Processing the DICOM images

As a result of the acquisition, an image was obtained in DICON format. The DICON image are
analyzed and processed with IMAGEJ [15]. Firstly an imaging filter is applied to the image to remove
the collimator artifacts. This filter is called HURRA [16] and is a high-pass filter which eliminates the
undesirable frequencies that the collimator creates. ImageJ is used to define a rectangular selection to
obtain central profile. In Fig. 2 (a) these selections are included in yellow color.
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Secondly, the plot is analyzed. A spreadsheet is used to obtain the corresponding full width at half
maximum (FWHM) in Fig. 2 (b). An oval selection ROI is defined with a diameter of the FWHM
previously measured. Fig. 2(c) show the circular ROI defined in the image. Thirdly, the circular ROl is
measured to obtain the gross countmside the ROI.

2.4 Obtaining factor Gy

The geometrical factor in the calibration conditi@ghsis obtained by using Monte Carlo Code. The
experimental measurement is simulated using the Monte Carlo N-Particle Transport Code MCNPX.
MCNPX is a general purpose Monte Carlo radiation transport that allows the user to simulate the
transport of individual particles (photons in this case). The Petri dish is cylindrical in shape with a
radius of 7 cm and a height of 0.3 cm, and it is simulated as water (H 67% and O 33%) with density of
1 g cn®®. The source emits photons of 364 keV (81.7%), 637 keV(7.17%) and 723 keV(1.77%) from
the surface on the Petri dish (a plane). The position of the source is sampled uniformly in this surface.

Figure 2: (a) Filtered image with a rectangular selections to obtain the central profiles. (b) Plots of the
rectangular selection. (c) The circular ROI with a diameter as the FWHM is shown in yellow.

(b)

The collimator is simulated with the repeated structure capability of MCNPX using the FILL, U and
LAT cards. The model is illustrated in Figure 2: A hexagonal lattice of apothem 0.27 cm is contained
within a 40*50*5.08 cmlead (Pb 100% with density 11.35 g &nplate . Within that hexagon lattice
other hexagon lattice of apothem 0.17 filled by void cell is defined. The crystal is modeled as other
plate of 40x50x0.95 cirof INa (I 50% and Na 50%) with density 3.67 gtfthe photon fluence per
source particle is determined usiRg tally with a circular flat cell in the crystal with the same size as
circular ROl in section 2.3.
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2.5 Intrinsic efficiency definition

At this point, every element to calculate the intrinsic efficiency is known, so there is only one thing
left to do, and it is to obtain it according the following formula:

(7197 S
N 2)
The standard uncertaintyzg] of a is as follow:
_, 4 uA)  uG)
u(7) =1, EE A + G, j 3)

3 RESULTS AND DISCUSSION

The nominal activity obtained after preparing the source A&nas=147778000 Bg3.994 mCi).
Originally there was 4 mCi in the syringe, with a residual activity of 0.006 mCi.

The FWHM in the image is 13.93 cm which matches the size of the source (14 cm). The R4 area
is 151.99 crh The total number of counts, is 2849886 measured tn= 600 s. The mean photon
fluence per disintegration calculated with MCNRXthe 15% window adding left window (4.22:90
and right window (1.35-10) results 4.35-10photon/cri dis. The relative error with 1®particles is
1%. By using equation 2 and 3, the intrinsic efficiengy 5,3 + 0,63 ¢ is obtained.

4 CONCLUSIONS

A new method to quantify the uptake activity in a tumor from a planar image acquired by a GC and
¥ has been used, consisting in the calibration of the Gamma camera system with two factors
calculated separately, the intrinsic efficiengyand the geometry fact@. In this paper, the procedure

to obtain the intrinsic efficiency is defined: An experimental measurement of a calibrated flat source in
air is used to obtain the intrinsic efficiency of a E-cam gamma camera system.

This method improves the accuracy of the traditional calibration measurements based on an only one
planar sensitivity measurement in each equipment relayed on the sensitivity NEMA test.
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Simulation of a High Energy collimator Gamma camera with MCNPX
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Abstract. PURPOSE: In 2D dosimetry 1131 therapy, quantification of patient activity in planar images acquired

with a gamma camera (GC), requires the determination of the sensitivity of detector system constituted by the

Gamma camera INA(TI) crystal and the High Energy (HE) collimator In this study, we pretend estimate the

photon fluence (®) arriving to the Region Of Interest (ROI)in the crystal detector using Monte Carlo simulation

with MCNPX code. MCNPX code can be ideal to simulate the HE hexagonal lead and air net. Different @ values
as a function of the uptake/source radius (r ) at different distances (d) of the HE collimator are investigated.

MATERIAL AND METHOD: Two GC system are simulated: A Siemens E.CAM and a Philips SKYLIGHT. The

crystal is modelled as a parallelepiped plate with INa. The HE collimator is simulated with the repeated structure

capability of MCNP using the FILL, U and LAT cards: A hexagonal net of lead and air with HE specifications is
introduced in the MCNPX input. As sources cylindrical in shape reference 131y with different radius ( r) range
from 1 to 7 cm, made of diluted water solution (Petri dish phantom) are simulated.

RESULTS AND DISCUSSION: The range of all results obtained for the two systems E-CAM and SKYLIGHT
oes from 3.56:107"(£5.17%) photon-cm'2 dis! for r= 7 cm and d= 5 cm, to 3.03-10™ (£11%) photon-cm”
‘dis”" for r= 1 cm and d=40 cm. As can be seen G dependence with size r and distance d are significant.

CONCLUSION: The simulations conducted with MCNPX allow the accurate characterization of a HE gamma

camera for 130y imaging. The geometric factors for any lesion size r and any distance lesion collimator can be
estimated with MCNPX.

1 INTRODUTION

Medical use of radiation is a large and continuously increasing source of radiation dose to the general
public in developed countries. It includes diagnostic radiology, radiotherapy, nuclear medicine and
interventional radiology. In nuclear medicine have procedures therapeutic (10%) which consist primarily
of thyroidal pathologies including cancer (27%) and hyperthyroidism (69%). In thyroidal
metabolic  treatments therapeutic activity of 1-131 is administered to patients where the radiation
absorbed doses in lesion and critical organs should be estimated.

Herer a new procedure to estimate the activity A from a Gamma Camera planar image acquired with a
15% energy window centred on the 364 keV has been developed. A can be known using this expresion:

n,/t/Sg, N/t

n

, G S

A

Nn is the net counts obtained as the difference of the total gross counts and the background counts
measured in the region of interest (ROI) defined in the image and in the vicinity respectively. t is the
measuring time in the GC acquisition. SRQ| is the area in the ROI where total counts are evaluated.
Geometric factor G is the ratio between the total fluence of 364 keV photons which arrive to the crystal
at the projection in the crystal- collimator surface of the ROI, and the disintegrations in the volume or
source region with activity uptake. This value is obtained by using Monte Carlo methods. The
term mQ is the intrinsic efficiency that characterizes the specific response of the crystal of the GC
(counts/photons). N0 (see poster 452) must be

estimated in a calibration measurement with a reference
source.
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Geometric factor G is the mean fluence of photons of 364 keV which arrive to the crystal at the
projection in the crystal-collimator surface of the ROI, and the volume defined in the crystal by this
ROIL. This paper describes the procedure followed by Monte Carlo code for obtaining G.

2  MATERIAL AND METHOD

Computer: PC Pentium 17 frequency 2.5GHz and 4GB RAM with an output time is ~15 min.
Program code: Monte Carlo (MC) method with MCNPX code to simulate the source acquisition with
a entire GC detector, i.e. the crystal and the HE hexagonal net. The acquisition energy window is 15%

and the number of particles transported in each simulation is 1x108
Source: The cylindrical in shape with a radius r is included in the input. It is simulated as water (H 67%

and O 33%) with density 1 g cm'3 . The source emits photons of 364 keV (81.7%), 637 keV (7.17%) and
723 keV (1.77%) from the surface on the Petri dish (a plane). The distance of the phantom-to-
collimator d is included also in the input. The position of the source is sampled uniformly in this
surface.

Collimator: The collimator is simulated with the repeated structure capability of MCNP using the
FILL, U and LAT cards. The model is illustrated in Figure 1: A hexagonal lattice of apothem 0.27 cm

is contained within a lead (Pb 100% with density 11.35 g cm'3) plate of 40 x 50 x 5.08 crn3. Within that
hexagon lattice other hexagon lattice of apothem 0.17 filled by void cell is defined.

Figure 1: Representation of the collimator hexagons simulated with MCNPX d

Figure 1:
Crystal detector: The crystal 3}'5 modeled as other plate of 40 x 25 x 0.95 cm
50%) with density 3.67 gcm ~.

3 of INa (I 50% and Na

Figure 2: Cross sectional view of the Petri phantom, the collimator and the INa crystal
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2.1 Tally

The mean photon fluence per source particle is determined using F4 tally (mean track length) in
a cell defined in the crystal which volume is the surface of the ROI (SRQI) by the crystal
thickness (8gh) 1ndow used in the experimental measurement 15%, is simulated with 4 energy
bins, [0-10 0 3371, [0.337-0.364], [0.364-0.391], and [0.391-0.8] MeV

2.2 Simulation

The MCNP general purpose is to simulate the transport of individual particles (photons in this case) by
using a Monte Carlo radiation transport code. The user creates an input file which contains
information about the problem to be simulated including geometry, material data and cross section
libraries, the location and characteristics of the particle source and the type of quantities or tallies that
are to be calculated by the code. The Petri dish phantom, the collimator and the scintillation crystal
are modeled to be the same dimensions and materials, as realistic as possible using supplier
specifications. In order to simplify the model, some components of the GC as the light guide and
photomultipliers isn’t included. The backscatter component from FM can be considered negligible.
The different parameters that vary from one simulation to another are the distance and the real radius
and the variation of ROI size with lesion size and lesion collimator distance.

3 RESULTS AND DISCUSSION

Simulation for obtain geometry factors G is repeated changing in the input the variables to each case
studied. All vales are represented along with their errors in different diagrams, which depend on the
Gamma Camera used. We show the graphs for both systems simulated.

Figure 3: Geometry factors for Skylight system as a function of the activig radius r and distance
activity HE collimator surface d. The bar error are the MCNPX error with 107 particles simulated for
all sizes
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Figure 4: Geometry factors for Siemens e-cam system as a function of the activity radius r and
distance activity HE collimator surface d. The bar error are the MCNPX error with 1.5 109 particles
simulated for radius 1, 2, 3 cm and 109 for 4, 5,6 and 7 cm
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The range of all r%sults obtained goes from 3.56:10 (£5.17%) photon~crn'2 dis”! for =7 cm and d=
5 cm, to 3.0310" (£11%) photon'cm™ -dis™ for r= 1 cm and d= 40 cm. As can be seen G
dependence with d is significant it cannot be ignored in any way.

4. CONCLUSIONS

A new method to quantify the uptake activity in a tumor from a planar image acquired by a GC and

131 has been developed consisting in the calibration of the Gamma camera system with two factors
calculated separately, the intrinsic efficiency nQ and the geometry factor G. In this paper, the procedure
to obtain G. is defined by Monte Carlo simulations which conducted with MCNPX code allow the

131y imaging.

accurate characterization of a HE gamma camera for
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Local Computed Tomography Dose Index and Dose Length Product
Values Agree with Published European DRLs
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Abstract. Aim: the study aimed to determine the CTDI and DLP values following head CT with a view of
proposing DRLs. Background: modern CT scanners now offer a lot of clinical opportunity. These clinical
capabilities have not been without a price, namely a major source of radiation exposure. Dose optimization
strategies have been developed. One of such strategies is the use of Diagnostic Reference Levels (DRLs) which
serves as a platform upon which radiation workers operate and manage radiation dose to the patient. Methods:
this prospective study was conducted in a densely populated centre located in Northern Nigeria. Data was
collected from consented patients that presented for a routine head CT. The scans were done on a

4-slice GE Brightspeed scanner. The data was classified based on patient’s age. The measured radiation
doses in the present study were compared with reported data from the international communities where there
are established DRLs. The data was analysed using SPSS version (16) to determine the mean and third
quartile values at the 95% confidence interval. Results: The 3™ quartile values of CTDI and DLP for head CT
obtained were for: <1 year (27 mGy and 345 mGy*cm), 1-5yrs (48 mGy and 699 mGy*cm),

6-10 yrs (61 mGy and 1011 mGy*cm), 11-15 yrs (65 mGy and 1085 mGy*cm) and >16 yrs (51 mGy and
805 mGy*cm). The values compared well with data reported in the UK, Germany, and Belgium. Conclusion:
The study has established radiation dose values for head CT that compared well with reported data in the
literature which could be used to propose DRLs for Nigerian population.

KEYWORDS: head CT; DRLs; Northern Nigeria.
1 INTRODUCTION

Since the introduction of computed tomography into clinical practice in 1973, the modality has
witnessed dramatic improvement, and the technique continues to increase and expand. The modern
CT scanners now offer a lot of clinical opportunity. However, these clinical capabilities have not been
without a price, namely a major source of medical diagnostic radiation exposure.'

Therefore, to allow CT investigation to continue without unnecessary exposing patients to
ionizing radiation, dose optimization strategies have been developed which ensure that doses delivered
to patients are kept as low as reasonable achievable.” One of such strategies is the use of Diagnostic
Reference Levels (DRLs) for different CT examinations, which serves as a platform upon which
radiation workers operate and manage radiation dose to the patient.’

DRL is an investigation level used to identify situation where there is unusual high radiation
doses for common radiological procedures.*’

The concept of DRL was first mentioned in the year 1990, in publication 60 of the International
Commission on Radiological Protection (ICRP 60). In the year 1996, DRL was recommended in
greater detail in publication 73 of the (ICRP 73).

*Corresponding Author; Email Address: igarba.radg@buk.edu.ng
Phone Number: +2348034532750
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DRLs allow the identification of abnormally high dose levels by setting an upper threshold at the level
of third quartile value. Standard dose levels should not exceed these values when good practice is
applied. Excessive radiation doses in CT are not as readily identified through image quality as in
standard film-based radiography. This is because CT is a dose dependent modality (i.e. the higher
you give the better the image quality and vice versa). Thus, an awareness of typical dose levels
allows CT users to quickly identify and address any protocol.’

Therefore, it was recommended that every country investigates the radiation dose values for medical
examinations, and establish DRLs. The DRL should be used by regional, national and local
authorized bodies. The numerical values of DRL should be advisory, and the concept requires
implementation by authorized body.’

In line with this, the study aimed to determine the CTDI & DLP with view of proposing DRLs for
head CT.

2 METHODOLOGY

This was a prospective study conducted in a tertiary institution located in Northern Nigeria from May,
2013 to April, 2014. Only patients that came for routine brain CT, and consented to participate were
taken for the study. Ethical clearance was sought from the research ethical committee. All the scans
were done on axial mode. This is because, only axial scan is considered to be ideal for a routine brain
CT. All the scans were done on a 4-slice GE Brightspeed scanner. The scanner is equipped with dose
description parameters namely the CTDI and DLP. Also, the scanner is calibrated by a medical
physicist, and has duly signed acceptance certificates. The information collected from the patients
included: age, gender, and weight. Information collected from the CT was: kV, mAs, slice
thickness, number of slices, scan time, scan mode (axial), CTDI,, and DLP.

2.1 Protocol for routine adult head CT at the study site

The protocol for routine head CT is design to be in sequential (Axial) mode. The slice group is usually
in two batches, namely, batch A for the posterior fossa, and batch B for the cerebrum. In most cases
automatic mA is prescribe due to its dose saving effect. The slice thickness is either

1.25, 2.5mm or 3.75mm for the posterior fossa, and 5Smm for the cerebrum. A single value for the
DLP is obtained by simple adding up the two DLP values displayed on the CT console for the two
sections, however this does not apply to CTDIw. The CTDIw was obtained using the formula adopted
from®

[CTDI, (1) xlength(1)] ®[CTDI  (2) x length(2)]
length(1) @ length(2)

CTDIw (1) =Is the displayed CTDIw for the posterior fossa

CTDIw (2) = Is the displayed CTDIw for the cerebrum

Length (1) = Is the scan length for the posterior fossa

Length (2) = Is the scan length for the cerebrum

CTDI, (average) =

The collected data was classified based on patient age. The measured doses in the present study were
compared with reported data from the international communities where there are established DRLs.
The data was analysed using SPSS version (16) statistical software to determine the mean and third
quartile values at the 95% confidence interval.

3 DATA ANALYSIS
A total of 37 patients that came for routine brain CT were included in the study. The participants

were classified based on age. The 3™ quartile values of the CTDI and DLP were recorded (Table
1 & Figure 1).
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Age Group Dose Parameters 3" Quartile Values
=1 yrs | CTDI (mGy) 27
DLP (mGy*cm) 343
1-5 | CTDI (mGy) 48
DLP (mGy*cm) 699
6-10 | CTDI (mGy) 61
DLP (mGy*cm) 1011
11-15 | CTDI (mGy) 63
DLP (mGy*cm) 1085
16 and above | CTDI (mGy) 51
DLP (mGy*cm) 205

Figure 1: Obtained 3rd quartile CTDI & DLP data in function of age group (years)
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The details of the scan parameters for all the age groups are displayed in Table 2.

Table 2: scan parameters used in the present study

Age Groups Scan Length (mm) Number of slices Slice Thickness (mm)
Range (mean) Range (mean)
<1 yrs 110-130 (120) 22-50 (36) 25,5
1-5 125-180 (148) 40-104 (57) 1.25,253.75
6-10 140-165 (155) 48-132 (72) 1.25,253.75
11-15 150-175 (164) 45-64 (55) 25,3755
16 and above 140-175 (157) 37-55 (42) 255
Age Groups kV Ma Weight (kg)
Range (mean) Range (mean) Range (mean)
<1 yrs 100-120 (115) 120-200 (161) 4-8 (6)
1-5 100-120 (115) 102-300 (196) 5-15 (10)
6-10 120 230-250 (234) 18-39 (26)
11-15 120 230-300 (250) 21-35 (27)
16 and above 120 200-301 (233) 41-88 (61)

Table 3 & Figure 2 show the characteristics of the CTDI in this study compared with the recent data
established in the literature. The results compared well with values published in the literature.
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Table 3: Obtained 3rd quartile CTDI (mGy) data in function of age group (years) compared with data
reported from other countries.

NA: Not available

Figure 2: Obtained 3rd quartile CTDI (mGy) data in function of age group (years) compared with data
reported from other countries.

4 DISCUSSION

The study determined the CTDIw and DLP to patients undergoing routine head CT scans in a
tertiary centre located in Northern Nigeria. Potential Local Diagnostic Reference Levels were
established.

Publications 60 & 73 of the International Commission on Radiological Protection (ICRP) and
European Union Directives 93/43 adopted a concept known as Diagnostic Reference Level
(DRL) in order to investigate incidences where patient dose during a radiological investigation is
unusually high and in urgent need of reduction.” The DRLs help to avoid excessive radiation
doses to patients and population and that does not contribute to the clinical purpose of a medical
imaging task. As such, in recent years it has become an important entity in the management of
radiation doses delivered to the patients in diagnostic and interventional radiology. International,
regional and national bodies have shown a keen interest in establishing DRLs.’

The radiation dose values obtained in the present study, compared well with values reported in the
literature. For the age group <1 year, the study shows slightly lower value. Meanwhile, for age
groups 1-5, & 6-10 years the radiation dose values are comparably higher than the values reported
(table 3). However, for 11-15 years, the radiation dose value is the same for Germany and UK but
higher than that of Belgium.®

From the data obtained it has shown that, the CT users adhere to preset protocols in the machine (table
1). This is because the scan parameters and radiation dose values increase with patient’s age.

The kV appears to be fixed for <5 years, likewise for those that are >6 years. This indicates, in CT,

tube voltage reduction is less straightforward than tube current reduction. Typically, adult CT scans
are performed with a tube voltage of 120 kV, and less frequently at 140 kV as shown in the present
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study. Meanwhile, the use of reduced tube voltage is frequently advocated for children.

Of concern, is the number of slices acquired which is not consistent with the age of the patients
scanned. This is likely related to the clinical task at hand, like hydrocephalus being the common
indication for pediatrics.

Image quality appears to be acceptable for all the age groups. Even though, the mA value for
those that are >16 year is comparably lower than those that are 11-15 years this could be as a
results of manual selection of the mA value which may differ between CT users. More so, the number
of slices acquired in that age group is comparably lower than other age groups which may be related to
the clinical indication, and this could be explained why the radiation dose value is also lower in that
age group.

5 CONCLUSION

The study has established dose values of CTDIw and DLP for head CT using 4-slice GE CT scanner.
The values obtained compared well with data reported in the literature which indicate the CT users
adhere very well to the preset scan parameters.
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A Review of Occupational Radiation Exposure among Medical
Professionals in Canada (1985 —2006)

Jing Chen”
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Abstract. With increased use of advanced radiation technologies in medicine and a remarkable increase in
radiation doses to patients and members of the public in recent decades, it is of special interest in occupational
radiation protection to review the trend of radiation exposure among medical professionals. Using the annual
reports of the National Dose Registry from 1985-2008, a review of occupational radiation exposure was conducted
for six medical job categories: Medical Physicist, Medical Radiation Technologist, Nuclear Medicine
Technologist, Radiation Therapist, Radiologist (Diagnostic) and Radiologist (Therapeutic). In the period from
1985 to 1995, annual average doses decreased significantly in all of these categories. In the subsequent 10 year
period, annual average doses for nuclear medicine technologists showed a steady increase while the annual
average doses for the other five job categories remained practically unchanged. For individuals, most workers
received zero dose in a calendar year. The percentages of workers who received positive doses are small in all job
categories except for nuclear medicine technologists, where approximately 70% of workers received positive
doses. Averaged over 14 years (1993 — 2006), the annual average of positive doses received by nuclear medicine
technologists was around 2 mSv while the annual averages of positive doses were below 1 mSv for all other
medical professions. Even though annual averages of positive doses among medical professionals are low,
individual cases exceeding the occupational annual dose limit did happen occasionally.

KEYWORDS: occupational exposure; diagnostic radiologist; radiation protection.
1 INTRODUCTION

Technological advances and innovations in medicine have produced significant benefits to our society.
The proliferation of advanced technologies has also led to an increased perception of the need for these
technologies for many routine diagnostic procedures, and therefore a remarkable increase in their
utilization. As indicated in the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) 2008 Report [1], medical radiation constitutes the largest artificial source of exposure to
the public, and medical exposure worldwide is increasing quickly. In a recent report, the US National
Council on Radiation Protection and Measurements (NCRP) showed a significant increase in average
medical radiation doses received by members of the public in the past few decades [2]. The large
increase in medical exposure is attributed to the increase in the use of radiological imaging procedures.
Two types of medical imaging, computed tomography (CT) and cardiac nuclear medicine examinations,
appear to contribute most to this increased exposure. Similar increases in medical use of radiation and
associated doses to the patients are also reported in Canada [3, 4]. From 2003 to 2007, the number of
CT scanners installed in Canada increased significantly while the numbers of other imaging
technologies remained almost constant [3]. In 1991, there were 199 CT scanners installed in Canada.
More than fifteen years later, the number of CT scanners had doubled to 419 [2]. Due to the increased
availability of CT examination services and an increased use of this imaging modality, the per capita
annual effective dose from CT examinations in Canada increased by a factor of about 4 from 0.19mSv
in 1991 to 0.74mSv in 2006 [4].

With increased use of advanced radiation technologies in medicine and a remarkable increase in per
capita population effective dose in recent decades, it is of special interest in occupational radiation
protection to monitor radiation exposure among medical professionals, especially diagnostic
radiological technologists [5]. Using annual reports from the National Dose Registry (NDR) [6],
average annual effective doses for selected job classes of medical professionals were assessed for
roughly the same time period as assessed for the patients in a previous publication [4].

" Presenting author, e-mail: jing.chen@hc-sc.gc.ca
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2 SOURCES OF DATA

The NDR has a long and successful history as Canada’s repository for occupational dose records. The
NDR started collecting data in 1951 and now has records for over half a million workers. Annual
reports on occupational radiation exposures in Canada are available on the Health Canada website [6].
These reports provide statistics on occupational radiation exposures of monitored workers in Canada.
The statistics are intended to assist regulatory authorities, organizations, and private individuals in
comparing incurred occupational radiation exposures with national or provincial/territorial averages
and trends in various occupations. This study was prepared using data from a total of 14 reports from
1994 to 2008 [7-20]. In the 1994 Report published in 1995 [7], detailed analyses were given for the
year 1994 with comparisons to the data of 1993. Histograms of average annual doses were provided
for the period 1985 — 1994, however, without numerical values. The final analysis for 1994 was given
in the 1996 Report [8] where numerical values of average annual dose over ten-year periods were
given. Starting with the 1996 Report, annual reports provide data on the two consecutive years prior to
the year in which the data are extracted from the database. An annual report therefore contains
preliminary data analysis on the second year (i.e. more recent year), and more complete data as final
analysis on the first year (i.e. the year before the previous year). In this review article only data from
final analyses were considered. Final analysis data are available for the period 1985 — 2006.

Job category designations are based on a standard list provided by the Registry. For individual
workers, the job category is selected by the organization/employer from the standard list. The NDR
keeps the most recent job category that an organization submits for a worker in a given year. For the
job sector of medicine, this review article considered following 6 job categories: Medical Physicist,
Medical Radiation Technologist, Nuclear Medicine Technologist, Radiation Therapist, Radiologist
(Diagnostic) and Radiologist (Therapeutic).

For each job category in a calendar year, the total number of workers (N1) and number of workers
with zero doses (N) were reported. In addition, an annual collective dose (D.) was given for each job
class. For a job category, the annual average dose (Ap) in the unit of mSv was calculated as D./Nr;
the annual average of positive doses (Ap.) in the unit of mSv was calculated as D./(Nt-Ny,.

3 RESULTS AND DISCUSSION

The number of workers in each of the medical job categories considered here is available for the
period 1994 — 2006. Results are shown in Fig. 1. Generally speaking, numbers of workers have
increased in the recent decade for all six job categories with the most significant increase for

therapeutic radiologists, followed by medical physicists.

Figure 1: The number of workers in the six medical job categories from 1994 to 2006.
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The annual average doses (mSv) are available for the period 1985 - 2006. Results are summarized in
Fig.2. Generally speaking, annual average doses decreased over the past 22 years in all medical
professions except for nuclear medicine technologists. Nuclear medicine technologists also
consistently had the highest annual average dose among the six medical professionals studied here. Of
note, in the period from 1985 to 1995, annual average doses decreased significantly among all medical
professionals; however, in the subsequent 10-year period, annual average doses for nuclear medicine
technologists started to increase significantly while the annual average doses for all other job
categories remained practically unchanged.

Figure 2: The annual average doses for six medical job categories from 1985 to 2006.

The average annual dose for a job category is the annual dose averaged over the total number of
workers employed in that job category in a given year. As can be seen in Fig. 3, most workers received
zero dose (doses below detection limit) in a calendar year. The percentages of workers who received
positive doses are small in all job categories except for nuclear medicine technologists.

Figure 3: Percentage of workers with positive annual doses for six medical job categories (1994 -
2006).
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In radiological protection, what really matters are the annual effective doses received by individual
workers. This is especially true for those workers who received positive doses in a calendar year. The
annual average of positive doses is calculated using the annual dose, averaged over the number of
workers who received positive doses in a calendar year. Figure 4 summarizes the annual averages of
positive doses for the six medical job categories from 1993 to 2006. Averaged over 14 years (1993 —
2006), the annual average of positive dose was below 1 mSv for all medical professions except for
nuclear medicine technologists. In nuclear medicine, the number of workers receiving positive doses
has increased slightly over the past decade (see Fig. 3), and so has the annual average of positive doses
for nuclear medicine technologists (see Fig. 4).

Figure 4: Annual average of positive doses for six medical job categories (1993 - 2006). Averages
over the 14 years are given in brackets.

For nuclear medicine technologists, the highest annual average of positive doses was 2.5 mSv in 2004
[18]. In that year, there were a total of 1780 nuclear medicine technologists registered in the NDR.
Among them, 1427 workers (80%) received positive doses, 615 workers (35%) received positive
doses more than the professional group’s annual average of 2 mSv, and 5 individuals received doses of
more than 50 mSv. Of note, individual doses in excess of 20 mSv/y were rare between 1994 and 2006,
(information at this level of detail is not available in annual reports from before 1994). During this
time period, the number of nuclear medicine technologists who received doses in the range of 20 - 50
mSv was 1 in 2001 and 2003, respectively. Except for the 5 individuals in 2004, no nuclear medicine
technologists received annual doses exceeding 50 mSv.

For the job category of medical physicists, there were significant increases in annual averages of
positive doses in 1996, 1998 and 2001. All of these increases were due to one single case exceeding
the occupational dose limit; one individual received an annual dose of more than 50 mSv in 1996, one
individual received a dose in the range of 20 - 50 mSv in 1998, and one individual received a total
dose exceeding 50 mSv in 2001. It can be seen that even though annual averages of positive doses
among medical professionals are low, individual cases exceeding occupational annual dose limit did
happen occasionally. Occupational radiological protection is still a challenge in some clinical
practices.

As mentioned above, the large increase in medical exposure to members of the public is attributed to
the increase in the use of radiological imaging procedures. In 1990-1991, there were 199 CT scanners
installed in Canada. More than fifteen years later, the number of CT scanners had doubled to 419. It
was estimated that there were about 3.4 million CT exams in Canada in 2006 [3]. In comparison to
only 37 CT examinations per 1000 Canadians in 1991, this number had increased to 103 in 2006 [3,
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4]. While the availability and the use of medical imaging have increased significantly in the recent
decades, the total number of medical radiation technologists and diagnostic radiologists registered in
the NDR was 15775 in 2006, up only 18% from 13295 in 1994 (see Fig. 1). The per capita population
effective dose resulted from CT exams has been found to have increased from 0.19 mSv in 1991 to
0.74 mSv in 2006 for Canada [4]. While the population dose from CT scan alone has increased by a
factor of 4 in 15 years, the annual average doses have remained practically steady at 0.09 mSv for
medical radiation technologists and 0.16 mSv for diagnostic radiologists during the same period from
1991 to 2006 (see Fig. 2). This is also true for annual averages of positive doses in the period of 1993
—2006; 0.51 mSv for medical radiation technologists and 0.73 mSv for diagnostic radiologists, as can
be seen in Fig. 4.

4 CONCLUSIONS

Generally speaking, annual average doses decreased over the past 22 years (1985 — 2006) in all
medical professions except for nuclear medicine technologists. In the period from 1985 to 1995,
annual average doses decreased significantly among all medical professionals. In the subsequent 10-
year period, annual average doses for nuclear medicine technologists showed a steady increase while
the annual average doses for other job categories remain practically unchanged.

The analysis showed that while the population dose from CT scan has increased by a factor of 4 in 15
years, the annual average doses have remained practically steady at 0.09 mSv for medical radiation
technologists and 0.16 mSv for diagnostic radiologists during the same period from 1991 to 2006. The
International Commission on Radiological Protection (ICRP) is considering protection of patients and
staff in most of its recent documents dealing with radiation protection in imaging [21-28]. Led by the
ICRP, a global approach to optimise strategies in both kinds of exposures (patients and medical
professionals) has been considered in medical practices.

This study showed that most workers received zero dose (doses below detection limit) in a calendar
year. The exceptions were often nuclear medicine technologists, about 70% of whom received positive
doses. Averaged over 14 years (1993 — 2006), the annual average of positive doses received by nuclear
medicine technologists was around 2 mSv while the annual averages of positive doses were below 1
mSv for all other medical professionals reviewed here. Even though annual averages of positive doses
among medical professionals are low (well below occupational annual dose limit), individual cases
exceeding occupational annual dose limit did happen occasionally. Occupational radiological
protection is still a challenge in some clinical practices and more support on occupational issues in the
medical field is expected from radiation protection experts in the coming years.
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Abstract. When manipulating radiopharmaceuticals, workers are engaged in some operations which may result
in excessive radiation exposure to the skin of their hands. The aim of the paper is related to the Monte Carlo
simulation of specific handling operations with radioactive material at nuclear medicine departments and
assessing the associated exposure, which is then compared with experimentally obtained data. This approach
allows evaluation of the exposure of the entire hand with all necessary details. Such comprehensive information
can be obtained neither from the reading of official finger thermoluminescent dosimeters (TLDs), usually worn
at the base of one of the fingers, nor from any other special measurements relying on the use of a rather limited
number of dosimeters. The problem of the regulatory control of the skin exposure is mainly associated with the
unrepresentative readings of the current extremity dosimeters which in most cases considerably underestimate
the real skin equivalent dose.

KEYWORDS: nuclear medicine; radiopharmaceuticals; exposure of workers; skin dose; Monte Carlo method;
TLD.

1 INTRODUCTION

In order to determine the personal dose equivalent H,(0.07), which, as an operational quantity, is used
to approximate the equivalent dose to the skin, at selected positions, two kinds of phantoms have been
used. The measurements were carried out using physical phantoms of the hand, on the surface of
thermoluminescent dosimeters (TLDs) were fixed. The geometry of the phantoms corresponded
to selected risky operations which most probably would result in higher exposure to the
skin. Other phantoms were voxel phantoms, which were created to approximate all relevant properties
of the physical phantoms. Using these phantoms, Monte Carlo simulations made it possible to
determine the values of H,(0.07) in the same locations as the positions of TLDs on the
physical phantoms. The values of the local exposure obtained from these experiments and simulations
were compared with the exposure at the location where the finger dosimeter was placed.

The handling of radiopharmaceuticals by workers at nuclear medicine departments always leads to
inhomogeneous exposure of their hands. This exposure can be evaluated by mapping of the dose to the
exposed skin on the surface of the hands, and this mapping is carried out by several TLDs fixed at
various positions on the hand. Such a process is quite laborious and, to certain extent, it imposes some
limitations on the work of the staff. The studies performed under the ORAMED project [1] have
proven the usefulness of introducing physical phantoms representing the hands in order to measure the
distribution of doses to the hands during the selected risky (characterized by higher exposure) working
operations.

Later on, these phantoms were used as models for voxel phantoms intended for the assessment of the
hand exposure based on the Monte Carlo method. Altogether, four voxel phantoms under the
ORAMED study were created: two of these phantoms simulated various means of administering
radiopharmaceuticals by shielded syringes; the third phantom was simulating the administration of
radiopharmaceuticals by a worker assisting the patient to drink them from a glass and the last phantom
was used to simulate the manipulation with such tools as tweezers, forceps, infusion tube etc. These

613



IRPA14 Proceedings

four voxel phantoms were also useful for simulating sequences of some more risky operations,
including the administration of radiopharmaceuticals to patients.

The use of Monte Carlo simulation, compared to the experimental method, presents some obvious
advantages, namely the process is much less time-consuming, the simulation provides complex dose
distribution over the surface as well as inside the hand and, at the same time, no radiation exposure of
personnel is involved.

In this study, the addition of some specific procedures to two voxel phantoms so that the simulation
will include operational procedures associated with the application of radiopharmaceuticals using
unshielded syringes has been suggested. Such procedures could be carried out at nuclear medicine
departments where the overall patient conditions require application with unshielded syringes. In
comparison to the operations with shielded syringes, the exposure of hands with unshielded syringes
can result in much higher doses, and these doses have to be quantified in order to introduce relevant
radiation protection measures aimed at the reduction of the radiation burden of workers [2].

2 METHODS AND MATERIALS

The analysis of video recordings of a chain of operations involving the administration of
radiopharmaceuticals to a patient using unshielded syringes identified some risky operations which are
characterized by dominant local exposure received by the personnel. Fig. 1 shows two frequently
applied techniques of the administration using an unshielded syringe. For the indirect measurement
aimed at skin dose mapping over the hands of workers, physical phantoms made of tissue equivalent
material that are adjustable for modelling various ways of handling radiopharmaceuticals were used
[3-5]. In the present study, selected simple phantoms simulating fairly accurately the individual
investigating operations were applied. They are satisfactory for ensuring a good reproducibility of the
measurement and are suitable for the construction of voxel phantoms appropriate for Monte Carlo
simulation.

Figure 1: The physical phantom modelling of an unshielded syringe held between the index finger
and the middle finger (a) and between the thumb and the index finger (b). The phantoms were made of
epoxy resin of mass density of 1.15 g.cm™ corresponding to a mixture of soft and bone tissue of the
hands.

a) b)

In the process of mapping of radiation doses on hands at selected locations there is no guarantee that
the maximum exposure of the skin corresponds to the locations where the dose is actually measured.
This disadvantage can be overcome by the use of Monte Carlo simulations relying on voxel phantoms
which were based on CT images of physical phantoms. Another advantage of Monte Carlo simulations
using voxel phantoms is in promptly obtaining the dose distribution on the hands for different
geometries and radiopharmaceuticals without being in contact with the source of ionizing radiation.
The validation of Monte Carlo simulations was performed using MCNPX code [6] by the comparison
with the measurements with physical phantoms (shown in Fig. 1a and 1b) at the positions from C up to
K (Fig. 2) injecting "*FDG.
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3 RESULTS
For the purpose of this study, the measurements were carried out at 9 positions on the hands, marked C
to K (Fig. 2), where TLDs of the type MCP-Ns were fixed in order to assess H,(0.07). The Monte

Carlo simulation referred to the same positions so that the results could be compared.

Figure 2: The distribution of the TLDs on the surface of the hands (the positions from C up to K were
used in this study).

The results given in Table 1 correspond to the administration of FDG using unshielded of 10 ml
syringe (Fig. 1a).

Table 1: The comparison of results obtained from the measurement and Monte Carlo simulation.

Position of TLDs MCP-Ns MCNPX MCP-Ns/

[mSv] [mSv] MCNPX
C  Index finger pad 2.27 2.14 1.19
D  Pad of middle finger 2.56 2.20 1.17
E  Pad of ring finger 1.47 1.55 0.96
F  Index finger tip* 4.84 4.79 0.95
G Middle finger tip* 3.57 4.57 1.01
H  Ring finger tip* 1.93 2.16 1.07
I Index finger tip ** 3.48 2.71 0.84
J Middle finger tip ** 2.94 3.67 0.78
K Ring finger tip** 1.63 158 1.04

*PS — palm side, **NS — nail side

It can be seen from Table 1 that the relative deviation of the ratio of results obtained from the reading
of MCP-Ns and calculated by MCNPX is about 13.8 %. This deviation is within experimental
uncertainties reflecting the accuracy of positioning of the dosimeters in locations from C up to K.
Their readings are affected by inhomogeneity of the photon and positron fields. Similar results have
been obtained from the simulation using the voxel phantom in the geometry shown in Fig.1b.

The use of twin TLDs with different sensitivity for the detection of positrons and photons has shown
in [7] that during the administration of FDG by means of an unshielded syringe, some positrons
penetrate through the wall of the syringe, the thickness of which is 1 mm. The Monte Carlo simulation
enables calculation of the contribution to the dose from those penetrating positrons by comparison the
magnitudes of equivalent doses due to local skin exposure at position I (the tip of the index finger on
the nail side of the hand) and in the position of the expected maximum exposure (position MAX on the
hand holding the unshielded syringe and syringe shielded with a 1 mm layer of polyethylene, Fig. 3).
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Figure 3: The cross-section through the fingers of the voxel phantom simulating physical phantom
from Fig. 1a where the hand is holding the syringe with additional 1 mm polyethylene shielding. On
the cross-section of the forefinger the position of MAX is identified; this position corresponds to the
location where the maximum skin exposure occurs.

Thumb Index finger

MAX
Radiopharmaceutical '"*FDG

Shielded syringe

Middle finger

Ring finger
The ratio of the doses using the unshielded and shielded syringes filled with FDG at locations F (index
finger tip, palm side of the hand), I (index finger tip, nail side) and MAX at index finger (Fig. 2 and 3)
assessed by MCNPX are shown in Table 2.

Table 2: Simulated source "*FDG - syringe unshielded/shielded.

Position on index Type of radiation
finger Photons 511keV Positrons from "FDG
MAX 1.09 1.24
F 1.09 1.01
I 0.96 0.99

The positrons penetrating through the wall of a syringe resulted in an increase in the exposure to the
skin of the index finger of approximately 15 % (1.24 -1.09) in position MAX. The MCNPX
simulations revealed that the value of the equivalent dose H,,(0.07) to the skin at the point MAX is 4.7
times higher than at the point F and about 5.8 times higher than at the point [.

The preliminary results have shown a sufficient agreement between the personal dose
equivalent H,(0.07) obtained by experiments and simulations taking into account the shielding and the
geometry of potentially risky operations.

4 CONCLUSION

It has been pointed out on various occasions (e.g., [8]) that there are some problems and
inconsistencies associated with the strict use of radiation protection quantities in accordance with the
ICRP definitions. This also applies to the quantification of the skin exposure to the hands (in terms of
the equivalent dose to the skin) where the relevant dose limit set for regulatory control of exposure of
workers is related to the most exposed position on the surface of the hand. This is obviously not
known in advance and thus readings obtained from TLDs worn on the index or ring finger are only
mere approximations.

Moreover, the finger TLD reading is usually calibrated using the operational quantity of the personal

dose equivalent H,(0.07). In order for this reading to conform to the pertinent dose limit, the
monitoring results are supposed to be averaged over 1 cm® (in the USA, the relevant area is 10 cm® [5].
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In personal monitoring, it would virtually be impossible to comply with this very specific requirement.
In addition, another problem may arise due to the unclear definition of the skin dose as an average
dose to the skin, which has not been defined as an organ.

Nevertheless, the use of the Monte Carlo simulation presented here can be helpful in assessing how far
we are from the ICRP recommendations in practice by relying on finger dosimeters. The simulation of
radiation exposure of hands using voxel phantoms allows us to map very accurately skin doses on the
hands of a worker handling radiopharmaceuticals. The method does not require using TLDs on the
hands or any manipulation of workers with radiopharmaceuticals. In addition, this approach provides
detailed information regarding the place on the hands where the exposure reaches its maximum.

The method presented is applicable not only to the departments of nuclear medicine but it can also
contribute to determining the exposure to personnel engaged in interventional radiology, where the
phantom of a hand can be easily attached to whole-body voxel phantoms. Furthermore, the voxel
phantoms described here can simulate various working operations by the hands and can be useful in
some research or facilities where the personnel is handling radioactive material, e.g., radiochemistry
laboratories, decontamination facilities, radioactive waste treatment plants, etc.
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Radiation dose optimization in paediatric conventional imaging using
automatic dose data management software
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Abstract. The new 2013/59 Euratom directive (ED) requires the registration of individual radiation doses
received by patients in paediatric diagnostic imaging; therefore, automatic dose data management software is
needed, for which local diagnostic reference levels (DRLs) can easily be obtained. For 10 months of 2014, 11,495
imaging studies were performed using Definium 8000 (General Electric) conventional radiology digital
equipment. For application of the ED, all dosimetric and demographic data were registered by the dose
management software DoseWatch® (General Electric). The studies were classified according to the various age
ranges commonly used in paediatrics. Local DRLs were obtained for the most common exams using the 75th
percentile of the population data, and compared with the DRLs proposed by the European Commission (EC). For
the age range [0, 1) year and Chest PA/AP exploration, the local DRL exceeded that proposed by the EC by 113%.
To perform the consequent dose optimization, an analysis of the causes of the high doses observed was performed
using DoseWatch®. The action in room was performed by activating the automatic exposure control and
decreasing the predefined kVp. The postprocessing of the images was also adjusted to compensate for the
expected image quality decrease. To study this effect, an analysis of the physical image quality in terms of signal-
to-noise ratio and high-contrast resolution was performed before and after the action in room. A figure of merit
(FOM) was also obtained to study the relationship between dose and image quality. After the optimization
process, poorer physical image quality was found, although the FOM was improved. Furthermore, three paediatric
radiologists performed a blind test to evaluate possible changes in clinical image quality. No significant
differences were found. In conclusion, the dosimetric optimization procedure performed reduced the patient doses
below the EC’s DRLs in Chest PA/AP exams without significant detriment to clinical imaging quality.

KEYWORDS: diagnostic reference levels; dose optimization procedure; automatic dose management
software; physical image quality; clinical image quality.

1 INTRODUCTION

Plain film radiography is the most common examination in radiology, representing 74% of all
examinations performed in the USA [1]; for example, 129 million chest radiographs were performed
in the USA in 2006 [2]. On average, diagnostic radiological examinations carry a higher cancer risk
per unit of radiation dose in infants and children compared with adults [3]. The average risk is also
higher in infants and young children compared with older children [4]. Following the IAEA and WHO
2012 Bonn call for action recommendations [5], it is therefore imperative that all radiological
examinations be justified and optimized with regard to radiological protection for every paediatric
patient. To perform dose optimization, the use of diagnostic reference levels (DRLs) is necessary [6].
The Spanish regulation on radiation protection currently in force, the Real Decreto 1976/1999 (RD)
[7], requires a minimum of 10 estimates of patient dose to achieve a dose level that can be compared
with DRLs. The 2013/59 Euratom Directive (ED) [8], however, requires the registration of all
individual radiation doses received by patients in paediatric diagnostic imaging. Therefore, automatic
dose data management software is needed, for which local DRLs can easily be obtained. In the
application of ED, we used the dose management software DoseWatch® (General Electric) and we
obtained local DRLs for the most common examinations performed for various age ranges in a
paediatric conventional radiology room in our hospital. These values were compared with the levels of
dose obtained applying RD 1976/1999. Because in some cases the local DRLs exceeded that proposed
by the European Commission (EC) [9], a dosimetric optimization procedure was performed to reduce
patient doses, attempting to not compromise the diagnostic ability of the clinical images. To assess the
possible decrease in image quality, both physical and clinical image quality tests were performed.

* Presenting author, e-mail: luis.alejo@salud.madrid.org
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2  MATERIALS AND METHODS
2.1 Application of Spanish legislation RD 1976/1999

According to RD 1976/1999, information from 10 standard patients (including age, weight and
thickness) was collected during one week in 2014 for the most common examinations performed in a
paediatric conventional radiology room of our hospital (Abdomen, Chest PA/AP and AP Pelvis). The
equipment used was a conventional dual-panel digital radiography system, Definium 8000 (General
Electric). All the patient doses, in terms of entrance surface air kerma (K, ), were obtained through
measurements of equipment output performed with an Unfors RaySafe Xi beam analyser
(http://www.raysafe.com), duly calibrated. A general factor of 1.35 due to the patient’s radiation
backscatter was applied. The average, median and third quartile K, . were obtained for all the exams
considered, and were compared with the EC DRLs.

2.2 Application of Euratom directive ED 2013/59

According to ED 2013/59, dosimetric and demographic data of 11,495 studies of [0, 16) year-old
children, performed during 10 months of 2014, were registered by DoseWatch®. The studies were
classified according to the age ranges commonly used in paediatrics. For children under 1 year of age,
data were obtained for 3 additional age ranges: [0, 3), [3, 6) and [6, 12) months. The dosimetric
information provided by the equipment, in terms of K, ., was verified on a PMMA phantom with a
Radcal 10x5-60 (http://www.radcal.com) flat ionisation chamber, building thicknesses of 4, 8, 12, 16
and 20 cm (simulating the full range of equivalent paediatric patients). The slab was placed on the
table at 100 cm focus-flat panel distance, applying a beam field of 20 cm x 20 cm. The protocol used
in the measurements was Chest PA/AP, and automatic exposure control (AEC) was applied. The
energy dependence of the resulting correction factor for a constant thickness of 12 cm and beams
ranging from 60 to 120 kVp was also evaluated. No anti-scatter grid was used in the measurements.
After the dosimetric verification, local DRLs were obtained for Abdomen (317 exams), Chest PA/AP
(2213 exams) and AP Pelvis (148 exams) in the age ranges mentioned above, using the 75th percentile
of the population data. The local DRLs obtained were compared with the DRLs proposed by the EC.
The values of the percentiles and their uncertainties were obtained through a bootstrap algorithm [10],
for a confidence interval higher than 95%.

2.3  Optimization procedure

Because the local DRL for children below 1 year of age for Chest PA/AP exceeds that proposed by the
EC (see 3.2 Results section), a dosimetric optimization procedure was performed. The optimization
process consisted of a step-by-step procedure that started with an establishment of the initial reference
state (related to patient dose and physical image quality), continued with the action in room and the
establishment of the new reference state (comparing its results with the previous one), and concluded
with an analysis of the evolution of the clinical image quality.

2.3.1 Reference state establishment: patient dose and physical image quality

The Chest PA/AP K, .-corrected values for children younger than 5 years of age, which were obtained
in the ED application, were considered the initial dose reference state. The initial reference state of the
physical image quality was obtained using the agreed protocols of the DIMOND and SENTINEL
European programmes [11], and adapted, in our case, to conventional paediatric radiological
procedures. Therefore, a TOR CDR Leeds phantom (http://www.leedstestobjects.com/) was placed in
the middle of the PMMA thickness during all the measurements (again, building thicknesses of 4, 8,
12, 16 and 20 cm), placing the slab on the table at a constant 100 cm focus-flat panel distance. This
setup provides optimal geometry to simulate real clinical conditions. Three acquisitions per slab
thickness were performed, and no anti-scatter grid was applied. Automatic exposure control (AEC)
mode (at predefined kVp) versus manual mode (at predefined kVp and mAs) in Chest PA/AP exam
were considered. The metrics used were the signal-to-noise ratio (SNR) and the high-contrast

619


http://www.raysafe.com/
http://www.radcal.com/
http://www.leedstestobjects.com/

IRPA14 Proceedings

resolution (HCSR). A figure of merit (FOM), which indicates the necessary dose to obtain a certain
image quality, was also obtained. These parameters are defined as follows:

BG - ROI (1)

SNR=_ BO—ROI
SD;,, +SD; .
2
2
Fom =SMR 2)
HCSR = SDyy 3)

where BG is the mean value of the pixels in the region-of-interest (ROI) in the background region (see
Figure 1); ROI is the mean value of the pixels in the ROI placed in the first high-contrast circle; SDre;
and SDgg are the standard deviations for ROI and BG; K, . is the entrance surface air kerma measured
with the ionisation chamber placed on the PMMA slab; and SDgo; 7, is the standard deviation of the
pixel values of the ROI placed in the 7™ group of the bar pattern.

Figure 1: TOR CDR image used to obtain the physical image metrics for a 4-cm PMMA thickness.
ROIs in the first high-contrast circle, background (BG) and 7™ group bar pattern ROI (ROI 7™) are
shown.

2.3.2  Action in room

Prior to performing the action in room, an analysis of the causes of the high doses observed in Chest
PA/AP was performed using data provided by DoseWatch®. The consequent reduction of doses was
performed, activating the AEC and decreasing the predefined kVp in Chest PA/AP protocol. The post-
processing of the images was also adjusted in agreement with the radiologist and the manufacturer’s
engineer (varying the width and level of the grey window and enhancing the edge detection
algorithm), so as not to compromise the diagnostic ability of the clinical images.

2.3.3  New reference state establishment and comparison

During a period of 6 months in 2015 (20 March to 20 September), 14,315 imaging studies of [0, 16)
year-old children were performed. Local DRLs were obtained for Abdomen (230 exams), Chest
PA/AP (1278 exams) and AP Pelvis (187 exams) in the same age ranges, using the 75th percentile of
the population data. New local DRLs were compared with the DRLs proposed by EC and with the
reference values obtained before the action in room. Metrics used to evaluate image quality were
measured again and compared with the results previously obtained.
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2.3.4  Clinical image quality analysis

To evaluate possible changes in clinical image quality in Chest PA/AP exams through the optimization
process, 3 paediatric radiologists performed a blind test based on the clinical image quality test
published in 1996 by the EC [9], adapted in-home for digital diagnostic images. Eighty Chest PA/AP
images of children younger than 5 years of age were randomly selected, thus there were 40 studies
before the action in room and 40 after (10 images for each age range considered). These images were
anonymised and the acquisition date information was removed. The images were then sent to the
PACS system in 3 groups with a different order (chosen randomly) so the paediatric radiologists could
evaluate each group without mutual influence. Only the images that met all the following geometric
prerequisites were evaluated: visualisation of the anterior ending of the first 5 ribs at the diaphragmatic
level (inspiration prerequisite), visualisation of the bilateral ending of most ribs (rotation prerequisite)
and visualisation of both lateral costophrenic angles and lung apices (field of view prerequisite). Once
accepted, the analysis of the images was divided into 2 sections. The first, Image Criteria Evaluation,
is a true/false (or seen/not seen) test of 9 anatomic items that should be observed in all the paediatric
Chest PA/AP dig