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MEDICAL PHYSICS EDUCATION AFTER THE ISCO LISTING OF
THE PROFESSION – QUO VADIS?
Slavik Tabakov
Dept. Medical Engineering and Physics, King’s College London, UK, International
Organization for Medical Physics (IOMP)
Abstract
The inclusion of Medical Physics in the International Standard Classification of Occupations
(ISCO-08) underlines the increased significance of the profession. This opens new horizons,
but also challenges in front of the profession. One of these is the need for re-organisation of
the medical physics education. Some Universities already open under-graduate (BSc) courses
on medical physics in order to accommodate the increased volume of professional knowledge.
The paper discusses briefly the background of this trend and presents the urgent need of a
wide professional discussion on the matter.

Introduction
For several decades one of our main professional objectives was the inclusion of medical
physicists in the International Standard Classification of Occupations (ISCO) of the
International Labour Organisation (ILO). This objective was the main reasons for the
formation of the International Union for Physical and Engineering Sciences in Medicine
(IUPESM) – a Union of the International Organisation for Medical Physics (IOMP) and the
International Federation for Medical and Biological Engineering (IFMBE). One of the main
steps of the IUPESM was the inclusion of these professions in the International Council for
Science (ICSU) in 1999. During 2011 another great step was made through the inclusion of
medical physicists and biomedical engineers in the ISCO-08.



Presenting author: slavik.tabakov@emerald2.co.uk
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The main text of ISCO-08 [1] states - citations:
Unit Group 2111
Physicists and Astronomers
…
Examples of the occupations classified here:
Astronomer
Medical physicist
Nuclear physicist
Physicist
…..
Note:
It should be noted that, while they are appropriately classified in this unit group with other
physicists, medical physicists are considered to be an integral part of the health work force
alongside those occupations classified in sub-major group 22, Health professionals and
others classified in a number of other unit groups in major group 2, Professionals.
…..
Further
Unit Group 2149
Engineering Professional Not Elsewhere Classified
……..
Examples of the occupations classified here
Biomedical engineer
Explosive ordnance engineer
Marina salvage engineer
…..
Further
Sub-major Group 22
Health Professionals
………
Note:
In using ISCO in applications that seek to identify, describe or measure the health workforce,
it should be noted that a number of professions considered to be a part of the health
workforce are classified in groups other than Sub-major Group 22: Health Professionals.
Such occupations include, but are not restricted to: addiction councillors, biomedical
engineers, clinical psychologists and medical physicists.
…..
End of citations
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This text and professional number (medical physicist – 2111) opens new horizons in front of
the profession, as it reflects the official recognition of Medical Physics as a separate
profession – linked both to Physics and Healthcare. The ISCO listing will allow medical
physicists to be employed as such in many countries, where the profession did not have its
official professional status. This will lead to significant increase of our colleagues – a trend
supporting the increased use of medical technology in contemporary healthcare.

Post-graduate Education and Training in Medical Physics
The special requirements for education and training of medical physicists are an essential part
of their professional status. This way the increased need of such specialists led to opening of
numerous educational programmes around the world [2,3]. During the last decade the number
of these programmes at least doubled. This required special guidance from the large national
and international organisations. A number of recommendations and policy statements were
issued on this subject [4,5,6,7], the most recent in medical physics being the IOMP Model
Curriculum [8]. This document specifies:
- Overall number of contact and self-reading hours;
- MSc project and thesis;
- Structure of the Curriculum;
- Models of content delivery;
- Entry requirements;
- Students’ assessment;
- Principles of Validation of Courses/Programmes;
- Indicative content of the Curriculum:
Basic modules:
Basis of Human Physiology and Anatomy ~10%
Basis of Radiation Physics ~10%
Research Methods ~10%
Radiation Protection and Hospital Safety ~10%
Optional modules:
Medical Imaging Physics and Equipment 1 ~10%
(non-ionizing radiation - MRI, Ultrasound)
Medical Imaging Physics and Equipment 2 ~10%
(ionizing radiation – X-ray, Nuclear Medicine)
Radiotherapy Physics and Equipment ~15%
Other optional modules could also be included.
MSc project ~ 25%
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As all other recommendations, the IOMP Model Curriculum refers to the level of education as
a post-graduate (MSc) type education – a typical pattern followed almost everywhere.
The practical training in medical physics is also linked to MSc-level education. The first elearning materials of the profession, EMERALD and EMIT, developed specific training tasks,
based on MSc education [9].
However, the constantly expanding professional knowledge, presents the education delivery
with the problem of squeezing far too many topics within the limited volume of an MSc-level
course. Recently a new MSc Curriculum was introduced in the UK National Health System
(NHS) requiring the MSc-education in a specific sub-field of Medical Physics to be tripled –
e.g. Radiotherapy Physics to be expanded from 15 credits to 45 credits. The same
requirements were placed to the education of the sub-specialities of Radiation Safety, Imaging
with Ionising Radiation and Imaging with Non-ionising Radiation. The following practical
training is also tripled in volume/time and the suggestion for this to be achieved by increased
e-learning will be quite expensive [10].
The only possibility to answer this educational requirement of the profession, within the
volume of an MSc programme, was to specialise narrowly the students in one field (e.g.
Radiotherapy), while decreasing their credits (teaching hours) for the other sub-specialities.
While this approach educates very well the students in one sub-speciality, it also truncates the
breadth of their overall medical physics knowledge and might reduce their future employment
perspectives and research horizons.

Under-graduate Education and Training in Medical Physics
The problem of including the large volume of Medical Physics education into a limited
number of Post-graduate contact hours needs special discussion by the whole profession. One
possible outcome is opening of Under-graduate (BSc-level) Education in Medical Physics.
Opening of BSc-level programmes has started in a number of countries (e.g. Poland, Brazil,
India).
Opening of such programmes already has a precedent in the field of Engineering, where
increased number of Universities open Under-graduate programmes in Biomedical
Engineering. An international discussion in this field began during the 1980-ties [11] and
surely this should be way ahead for Medical Physics.
Some Universities take a similar way by opening Physics programmes with increased
elements of Physics applied to Medicine. Such BSc-level programmes attract many students –
11
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both those intending to specialise in Medical Physics, and others planning a career in
Medicine (knowing that contemporary medicine requires good background in medical
technology).
The high-level World Conference of UNESCO ‘Physics and Sustainable Development’,
(South Africa, Durban, 2005) underlined one of the main areas of applied physics as Physics
for Health [12]. This showed new opportunities for Medical Physics and also required
broadening of its scope. Once again a way to achieve such objective is to begin development
of professional education for medical physicists at an early (BSc-level) University stage.
Quo Vadis?
The above professional status was on place before 2011, but the ISCO listing, and the related
status of medical physicists, requires an urgent discussion on the subject. Discussion not in
the direction of “Shall we do it?”, but “How to do it well?”. IOMP is now opening a new
Journal to address specifically professional and educational topics and we shall ask specialist
in all areas for input and exchange of information. The new book on Education and Training
in Medical Physics and Engineering (part II, expected in 2014) will also cover this question.
As in Budapest (1994), when the first Conference on Medical Physics Post-graduate
Education opened a number of new collaborative pathways, the profession needs a new
Conference on Medical Physics Under-graduate Education to specify the direction of this new
trend.
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REQUIREMENTS TO MRI AND MRS DATA TO BE APPLICABLE
FOR RADIATION TREATMENT
A. Torresin *, M.G. Brambilla, P.E. Colombo, M.Minella, A. Monti, A.Moscato
Struttura Complessa di Fisica Sanitaria,Azienda Ospedale Niguarda Ca’ Granda and
Università degli Studi di Milano – Dip. di Fisica, Milano, Italy
Introduction
The goal of modern Radiotherapy is to deliver a lethal amount of dose to the tumor while
sparing surrounding healthy tissue. Since the discovery of the x-ray by Roentgen in 1895,
radiation therapy has a long history in the use of advancements in technology with the goal of
improving patient care.
The future may lie in biologically guided radiation therapy, in which morphological and
functional imaging is used to characterize tissue biological function.
Magnetic Resonance Imaging (MRI) use for Radiotherapy planning began in the 1980 and is
still developing today. MRI is now an important morphological and functional imaging able
to open new diagnostic and planning scenario
As new technologies become more complex, their best clinical application often becomes
very difficult The intent of this paper is to highlight methods and requirements necessary to
apply MRI in radiation treatments.
The starting point
Before reviewing MRI imaging used in Radiotherapy, a few important concepts will be
summarized.
The International Commission of Radiation Units (ICRU) [1], [2] established several
important definitions in order to obtain a common vocabulary among radiotherapists in tumor
volume delineation. The following volumes have been definitively defined (see Fig.1): Gross
Tumor Volume (GTV): the visible or palpable tumor volume; Clinical Target Volume (CTV):
GTV plus a margin for sub clinical tumor spread; Planning Target Volume (PTV): CTV plus
margins for setup inaccuracy and organ movements.
Accurate margins around the GTV are relevant in particular when external beam radiotherapy

*
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is considered for boosting this volume.
A radiotherapy treatment planning system (RTPS) is a complex combination of hardware and
software by which a team consisting of radiation oncologists, radiation therapist, and medical
physicists plan the appropriate external beam or internal treatment technique in order to
predict the dose distribution emparted to the patient. Typically, medical imaging are used to
create a virtual patient for a computer-aided design procedure. Treatment simulations are used
to plan the geometric and radiological aspects of the therapy using radiation transport
simulations and optimization

Figure 1. Definition of different tumor volume defined by ICRU [1], [2]
RTPS requires different types of images: Computed Tomography (CT), MRI, 2D/3D
angiography, Ultrasound (US). Any image needs a calibration in terms of electron density and
geometrical reconstruction before a clinical use in a RTPS.
“Pros” in CT image use in Radiotherapy are information about tissues electron density inside
this kind of images, geometrical accuracy and the quick availability.
“Cons“ in CT image use in Radiotherapy are poor soft-tissue contrast and dose delivery to
patient.
The role of MRI in radiotherapy planning.
The utilization of conformal radiotherapy planning requires sophisticated imaging modalities.
Also for this reason, MRI has become an important imaging modality in radiotherapy
planning, complementing the use of CT and introducing several additional benefits.
“Pros” in MRI use in Radiotherapy are very good soft-tissue contrast, use of non-ionizing
radiation, the possibility to acquire functional imaging, unrestricted multiplanar, volumetric
imaging as well as physiological and biochemical information and no dose delivery to patient
“Cons” in MRI use in Radiotherapy are absence of electron density content in images, cost
and availability, geometrical distortion and necessity of image registration with CT images.
Concerning the possibility to use MRI images to calculate the patient electron density, some
15
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authors published important contributions to solve the problem and use only MRI images for
dose calculation. Dowling et al [3] proposed a radiation therapy dose planning directly on
MRI scans, because this solution reduces costs and uncertainties due to multimodality image
registration. The aim of their work was to develop an atlas based method to map realistic
electron densities information (pseudo-CT) from MRI scans for dose calculations and
digitally reconstructed radiograph (DRR) generation. Dose calculations based on the pseudoCT scans were in close agreement with the full density CT-based plans. Dose differences
were found to be less than 2%. Other researchers, Kerkhof et al [4] , published the feasibility
of treatment plan adaptation using solely MRI data.
The “minimum requirements” for CT scanner used in Radiotherapy are the following: large
bore of the scanner, flat table, specific laser for patient’s positioning, patient’s immobilization
devices, breath management. All these requirements are the state of art of the scanner CT used
to produce images for planning in Radiotherapy.
These “minimum requirements ” must be applied also for MRI scanner technology usable for
Radiotherapy, but MRI scanner technology needs also:


Uniformity of magnetic field (1.5T, 3T) is very important (inside 40 cm sphere diameter)



Image distortion is an important consideration in the use of magnetic resonance images for
radiotherapy planning



Open MRI technology is better for patient positioning, as patient’s immobilization devices
can be easily fitted



RF Coil (Surface Head Body) characteristic should have optimized; specific coils for
radiotherapy should be used were the quality for this specific application must be
optimized.

Geometrical distortion
The MRI geometrical distortion (GD) is defined in Fig 2 .

Figure 2. Geometrical distortion: GD%=100 * Max ([(Li-Lnom)/ Lnom];[(DiDnom)/Dnom]) Where Lnon and Dnom: nominal values
16
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GD is a consequence of system distortion from main magnetic field inhomogeneity,
nonlinearities in the applied magnetic field gradients and MRI eddy currents.
For MRI application in Radiotherapy a specific consideration should be done for GD: a
systematic distortion is introduced by the patient; GD can be mitigated by appropriate choice
of MRI sequence. GD reduction can be obtained through 2D and 3D correction and through
Bo localized shimming. Large Fields of View (FOV) may increase the GD, particularly at the
edges of the image matrix.
In order to produce the best RTPS dose distribution, it is important to measure the GD of the
system for the MRI sequences used, to evaluate its effect on the treatment planning. In
general Echo Planar Imaging (EPI) have severe distortion. In Fig 3 some examples are
presented for three different scanners: the same EPI MRI acquisition protocol is used; the
GD% of scanner (c) is the best.

Figure 3. GD% from EPI sequences: MRI system(a):3.2%, MRI system(b):3.6%, MRI system(c):0.7%
Distortions have been shown to range from typically 0.2 to 5 mm as the distance from the
centre of the magnetic field increases from 5 to 10 cm (Prott et al. [5] ). The same authors
investigated the effects of MRI distortion on RTPS. They investigated 27 MRI units. The
distortions were found to cause small variations in maximum dose (±0.5%). ICRU reports [1],
[2] suggested a dose uniformità inside the PTV from -5% to +7% for 3DCRT. Changes in the
95% isodose volume were seen (25% cases showed an increase and 60% a decrease). Organ
at risk dose variations were found to be comparable to those in the PTV.
Different approaches concerning the MRI GD are presented; Baldwin et al. [6] proposed
methods for predicting, measuring and correcting geometric distortions in a 3 T MRI with the
purpose of

image guidance in RTPS: distortions due to gradient non linearities were

separated from distortions due to inhomogeneities in the background Bo field and the image
slices were corrected for distortion in order to provide geometrically accurate phantom
images; Tanner et al. [7] applied correction procedures to remove MRI system distortion:
their esults are presented which show that the scanner and the phantoms used in measuring
17
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distortion give highly reproducible results with mean changes of the order of 0.1 mm between
repeated measurements of marker positions in the same imaging session.. The measured MRI
distortion maps were evaluated by Chen et al [8]. They used to perform point-by-point
corrections for patients with large dimensions inside the effective FOV. Using the point-bypoint method, the geometrical distortion after the gradient distortion correction was reduced to
less than 3 mm for external contour determination and, from their results, the effective FOV
was expanded from 36 cm to 42 cm.
Concerning some clinical application, the conclusion of Mah et al [9] were that for patients
with lateral separation less than 40 cm, a homogeneous dose calculation using a 1.5 T MRI or
a 0.23 T MRI with a gradient distortion correction will yield a monitor unit calculation not
significantly different from that generated using CT simulation.
MRI and image registration technique
Multimodality imaging is generally used to improve delineation of a static target by
combining information. MRI image information are important in radiotherapy application but
image registration methods and pre-processing techniques are mandatory to superimpose in
the same “coordinate references” different information coming from different image
modalities.
Image registration or alignment refers to the process of aligning two or more images of the
same scene so that their details overlap accurately in order to improve diagnosis accuracy
(Bankman et al. [10]; Goshtasby et al. [11] ). Typically, one image, called the “reference
image”, is considered the reference to which the other images, called “target images”, are
compared. The objective of image registration is to align the target image into alignment with
the reference image by applying a spatial transformation to the target image. A lot of
approaches concerning the registration exist in the literature: from rigid body registration to
deformable morphing of datasets. In addition, fiducial markers, either external to the patient,
or implanted close to the tumor, have been used.
The most popular approach in multimodal image registration maximizes the Mutual
Information (MI) between the reference and target images (Maes et al. [12]). Various methods
have been proposed to improve the robustness of MI-based registration, (Cahill et al [13]),
including normalized mutual information (it is a robust similarity measure that allows for
fully automated intermodal image registration algorithms)

and Rényi entropy based

approaches (this generalized entropic divergence method enjoys appealing mathematical
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properties affording a great flexibility in a number of applications).
Deformable motion models are generally necessary when targets are soft tissues prone to
deformation (e.g. lung and liver tumor). The main approach adopted for the application to
RTPS is the use of a B-splines (Rueckert et al. [14]). For example, non-rigid image
registration was implemented (van der Put et al. [15]) using a transformation based on Bspline control points.
Quality assurance procedures of CT and MR image registration are discussed by Brunt [16].
The quality of CT and MRI image registration can be favorably influenced by aspects of scan
acquisition, including patient positioning/immobilization and acquisition protocols. Quality
assurance of the whole procedures must be developed.
MRI and brachytherapy
Brachytherapy is a form of radiotherapy in which the sealed radiation source is close to the
tissues to be treated (target volume). Sometimes brachytherapy needs specific patient’s
applicators; if we need MRI for RTPS, specific devices must be used. Titanium device and
plastic ring cap are generally used; distortion and RF heating are negligible but should be
controlled and susceptibility artifact should be considered. Finally, MRI acquisition protocols
must be carefully chosen.

(a)

(b)

Figure 4. Examples of tandem and ring applicator outside (a) and inside (b) patient during
MRI acquisition
Some authors [17] studied the feasibility and accuracy of CT and MRI data fusion for MRI
based treatment planning. The registration inaccuracy of applicators and soft tissue was
assessed in 42 applications with CT/MRI data fusion. Dolezel and coll.’s results suggest that
this technique is feasible and safe with an acceptable inaccuracy of soft-tissue registration:
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median absolute difference of the center of tandem on CT and MRI was 1.1 mm.
MRI and radiosurgery
MRI is essential in stereotactic therapy; images should have superior diagnostic quality, and
in this case, MRI generally have poor geometric distortion depending on the scan protocol
used. Gamma Knife application is an example: the GammaPlan RTPS uses principally MRI
images for planning and strong quality assurance must be applied before using MRI for
planning. Saconn et al. [18] investigated the efficacy of 3.0 T MRI for detecting brain
metastases for stereotactic radiosurgery planning. The 3.0 T MRI system appears to be
superior to a 1.5 T MRI system for detecting brain metastases, which may have significant
implications in determining the appropriate treatment modality.
Advanced MRI images for planning in Radiotherapy
Magnetic Resonance Spectroscopy (MRS), functional MRI (fMRI), Diffusion Tensor
Imaging-Fiber Tracking (DTI-FT) are now applied in Radiotherapy for dose calculation after
images registration with the reference CT images. The RTPS workstations can’t generally
manage advanced MRI images, so image transferring from other computer system to them is
needed. This transfer is not generally easy and different technical problems must be solved:
data format transformation (DICOM standard format may not be in each data set of Advanced
MRI) and integration of the advanced MR images with the RTPS reference images.
Concerning the patient applications, Hoskin et al. [19] investigate the ability of blood oxygen
level–dependent (BOLD) MRI to define clinically significant prostate tumor hypoxia;
Groenendaal et al [20] proposed a study to quantify if diffusion weighted imaging and
dynamic contrast-enhanced-MRI are able to identify suspicions of tumor tissue.
Van As et al. [21] analysed the apparent diffusion coefficient (ADC) generated from
diffusion-weighted magnetic resonance imaging with respect to repeated biopsy findings and
time to radical treatment in patients in a prospective study of active surveillance. Tumour
ADC on DW-MRI may be a useful marker for prostate cancer progression and may help to
identify patients who may benefit from radical treatment.
DTI tractography helps the definition of marginal prescription isodose of the tumor. In Fig. 5
treatment planning of a patient with granulocytic astrocytoma treated with Gamma Knife
Radiosurgery is presented: the blue line contour motor tract, the yellow line contour marginal
prescription isodose around the tumor.
As it has already been observed, a key point is represented by image registration (Koga et at
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[22] ),and the integration of fMRI and DTI-FT could lead to consistent advantages during
treatment planning in order to reduce potential damages (Pantelis et al. [23]).

Figure 5. Granulocytic astrocytoma treated with Gamma Knife: the blue line contour motor
tract fibbers, the yellow line contour marginal prescription isodose to the tumor
MRS is a helpful approach to define tumor target definition for RTPS and to evaluate
response and recurrence. MRS is able to detect signals from low molecular weight
metabolites such as choline and creatine that are present at concentrations of a few mM in
tissue. Spectra may be acquired from single voxels, or from a 2D or 3D array of voxels using
spectroscopic imaging. Correlated conventional MR images are acquired in the same
examination. The application of MRS in Radiotherapy needs a registration with reference
image for dose evaluation made by RTPS. The contrast achieved with MRS, based on tissue
biochemistry, provides a promising opportunity to identify tumor extent and regions of high
metabolic activity. MRS should become an essential tool for treatment planning when other
modalities lack the necessary contrast.
PET and MRI for planning in Radiotherapy
CT and MRI are standard imaging modalities for radiotherapy evaluation. Functional imaging
with 18F fluorodeoxyglucose (FDG) positron emission tomography (PET), combined with CT
(FDG-PET/CT) gives additional functional information to define the shape and the size of
GTV in the correct way.
Evaluation and changes in the shape and size of the GTV are published by Brandengen et al.
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[24] using the combination of GTV-MRI and GTV-PET in rectal cancer cases. Target
volume definition for fractionated radiotherapy in patients with intracranial meningiomas by
correlation of CT, MRI, and [68Ga]-PET is reported by Milker-Zabel et al. [25] and by
Thorwarth et al. [26]. The experience of target volume definition in oropharyngeal cancer is
reported by Thiagarajan et al. [27].. Jansen et al. [28] (Fig. 6) correlate proton 1H MRS,
dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI), and

18

F-labeled FDG

PET for tumor biology assessment in nodal metastases of head and neck squamous cell
carcinoma for assessment of tumor biology; fig. 6(A) has coronal T1-weighted image, fig. 6
(B) has the axial STIR with 1H-MRS voxel overlaid , and fig. 6 (C) has axial T1-weighted
postcontrast MR images. The node is indicated with white arrows (fig. 6A and C). The voxel
of interest for 1H-MRS is indicated in red (fig. 6(B)). In fig.6 (D) the corresponding [18F]FDG
intensity map is shown overlaid on a CT, indicating [18F]FDG uptake in the node. In fig. 6 (E)
the localized 1H-MR spectrum from the node of patient is displayed and in fig. 6 (F) the
LCModel analysis of the spectrum, highlighting Cho resonance is presented.

(E)
1

(F)
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Figure 6. Image Correlation between H-MRS, DCE-MRI, and [ F]FDG-PET of nodal
metastases in patients with head and neck squamous cell carcinoma (from Jansen et al. [28])
Except Thorwarth et al. [26], all authors use specific scanners for MRI, PET, CT.
Now the combination of PET and MRI scanners is available and truly simultaneous
acquisition is possible, creating a kind of bridge between molecular and systems diagnosis.
Zaidi et al. [29] summarize the state-of-the-art of this new technology and latest advances in
22
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

dedicated hybrid PET/MRI instrumentation. This technology seems to be promising for
radiotherapy applications too.
Future trends
Finally, new prospective application of MRI in Radiotherapy are presented concerning Hybrid
and integrated systems and nanoparticles.
Kron et al. [30] proposed to combine a MRI scanner with a helical tomotherapy (HT) system
in order to enable daily target imaging improving conformal radiation dose delivery to the
patient using

60

Co radioactive source. HT uses an intensity-modulated fan-beam rotating

around the patient, while he slowly advances through the plane of rotation, yielding a helical
beam trajectory.

60

Co is used as a radiation source, because a linear accelerator may be

incompatible with the pulsed radiofrequency and the high and pulsed magnetic fields required
for MRI. An open low field (0.25 T) MRI system is proposed, with the tomotherapy ring
gantry located between two sets of Helmholtz coils that can generate a sufficiently
homogenous main magnetic field. This hybrid system would offer excellent target definition
and allow target motion tracking during treatment by fast imaging techniques, thus providing
the input for adaptive radiotherapy.
New logistics model with strong integration between MR and radiotherapy units are proposed
by Karlsson et al. [31]: a 1.5 T MRI unit with a 70-cm-bore size was installed close to a
linear accelerator, and a special trolley was developed to transport patients, who were fixed in
advance, between the MRI unit and the accelerator. As reported by the authors, the new
logistics model with an integrated MR unit is efficient and will allow for improved tumor
definition and geometrical precision without a significant loss of dosimetric accuracy. The
most significant development needed is improved bone imaging.
The University of Utrecht (Lagendijk et al. [32]) is working on a new integration between 1.5
T MRI functionality and a 6MV linear accelerator. The realization of a prototype of this
hybrid system is a joint effort between the Radiotherapy Department of the University of
Utrecht (the Netherlands), Elekta

(Crawley, U.K.), and Philips Research (Hamburg,

Germany). The aim of the system is high precision radiation dose delivery, based on
diagnostic quality MR images. No degradation of the performance of either system was found
(Raaymakers et al. [33]) and both of them operate independently. The integrated 1.5 T MRI
system and radiotherapy accelerator allows simultaneous irradiation and MR imaging. MRI
full diagnostic imaging abilities can be used and dedicated sequences for MRI guided
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radiotherapy treatments were developed.
Gating and tracking strategies are most effective in cases where anatomic motion can be
visualized directly and an integrated MRI accelerator is able to support them (Crijns et al. [34]).
To establish a solid relationship between the imaging coordinate system and world
coordinates Crijns at al.[35] proposed inherently distortion-free MR images for image-guided
radiotherapy on an MRI accelerator.
Other future trends are also available in the literature; for example, nanoparticles and MRI
should be able to open new scenario. MacDonald et al. [36] studied lymphotrophic
nanoparticles able to identify lymph node metastasis of breast cancer with high accuracy.
These particles circulate systemically and travel to the interstitium, where they are
internalized by macrophages located within lymph nodes. Normal or benign nodes show
homogenous uptake and signal drop on postcontrast MRI, whereas areas of tumor infiltration
retains their high signal intensity with no signal drop. Thus, this technique allows detection
and anatomic localization of benign as well as malignant lymph nodes in relationship to
adjacent vascular structures and bony anatomy.
Conclusion
This review has focused on the use of MRI in Radiotherapy.
The concept of image is still in progress, following the evolution of human body knowledge.
Many different methods to get diagnostic information of a tumour will be acquired; MRI
images will be more and more important in the next future.
The combination of information from complementary imaging modalities is expected to have
a great benefit in cancer treatment. This fact is particularly relevant for target definition,
which remains, one of the most important sources of error in Radiotherapy.
Anatomical imaging with CT and MRI produces different gross tumour volumes. Functional
imaging with modalities such as MRI and PET will generally reveal an even different volume.
Thus a decision has to be taken about how to combine such information in clinical
applications. The solutions of these new problems are “in progress” and a lot of researches in
clinical applications are in discussion.
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Abstract
On the basis of their fundamental principle of operation Radiation Detectors can be divided
into two main categories: (a) Energy integrating devices and (b) Particle (photon) counting
devices. Detectors operated in energy integrating mode produce an output electronic signal,
which is directly proportional to the total radiation energy absorbed within their mass. On
the other hand detectors operated in photon counting mode produce a series of time
separated output pulses, each one originating from a corresponding photon absorbed in the
detector. Most systems employed in Diagnostic Radiology and Radiation Therapy Portal
Imaging (i.e. flat panel arrays)) are energy integrating. Nuclear Medicine detectors are
principally photon counting devices. Some photon counting prototypes (silicon strip arrays,
Medipix) are also used in Diagnostic Radiology. Considering the physics of photon detection,
detectors can be characterized as “direct” or “indirect”, depending on whether photon
energy is directly converted into an electronic signal or whether the energy conversion
process passes through an intermediate stage of radiation to light conversion (i.e.
scintillation). Description of detector performance is currently based on the Linear Cascaded
Systems Analysis (LCSA) theory, incorporating signal and noise analysis in both space and
spatial frequency domains. Within this theoretical interpretation basic quality metrics, such
as the Modulation Transfer Function (MTF), the Noise Power Spectrum (NPS) and the
Detective Quantum Efficiency (DQE) can be defined and evaluated. Methods of experimental
evaluation as well as novel detector design (flat panel or ring configurations) and
development follow the basic principles of this theory.
Introduction
Most imaging systems are built on a radiation detector aiming to map the spatial distribution
of photons incident on its front side facing the radiation source (human body). This front face
*
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may be either a flat surface, in projection imaging, or a ring-arc shaped surface, in
tomographic imaging. Imaging detectors are very often referred toasposition sensitive
(PSD)or two dimensional detectors (2DD).Ιn Diagnostic Radiology (DR) and Portal Imaging
(PI) for Radiation Therapy (RT), detectors are most often operated in energy integration
mode. Theyproduceanoutputsignalproportional to the sum (integral) of photon energies
imparted within their mass. In Nuclear Medicine (NM) detectors are photon counting systems,
i.e. their output consists of a number of electronic pulses corresponding to the number of
incoming photons interacting with detector mass. Concerning the physics of radiation
detection, modern image detectors can be classified into three principal categories: (i)
Luminescent materials (e.g. scintillators and phosphors), (ii)Photoconductors or electrostatic
detectors. (iii) Semiconductors.[1-3].
Direct and Indirect Systems
Scintillators (phosphors) are fluorescent materials (fast luminescence, i.e. conversion of
absorbed energy into light within a very short time). The ability to absorb and convert
radiation into light (absorption efficiency and conversion efficiency) as well as the light
emission duration (decay time) are of high importance for medical imaging detectors. The
light

produced

by

a

scintillator

iscapturedbyanopticalsensororphotodetector

(e.g.

photocathodes and photomultipliers, photodiode arrays, charge coupled devices-CCDs,
complementary metal-oxide semiconductors-CMOS, films etc) optically coupled to the
scintillatorto convert its light into electronic signal (charge, current, voltage), which is then
suitably processed to form an image. Scintillators such as Cesium Iodide (CsI), gadolinium
oxysulfide (Gd2O2S) and some other rare earth based compounds are very often used in
image detectors employed in Diagnostic Radiology. OntheotherhandinNuclearMedicine,
where short decay time is a prerequisite, Sodium Iodide (NaI) as well as CsI are mostly
employed. In special NM applications demanding extremely short decay time, such as
Positron Emission Tomography (PET), Bismuth Germate (BGO) and fast emitting Cerium
activated Gadolinium or Lutetium Orthosilicates (GSO, LSO) have been employed.
Scintillators (phosphors) employed in projection imaging are usually in the form of large area
flat phosphor screens or scintillating screens (in Diagnostic Radiology)or large area flat
single crystals (in Nuclear Medicine). Large area multi-crystal arrays are also used in both
DR and NM. Scintillators in the form of nanograins (nanophosphors) as well assingle crystals
with two ion activators seem to be of particular interest for DR and NM applications. Most
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current photodetectors used in x-ray detectors (photodiodes, CCDs, CMOS) are based on
silicon (Si), either in its crystalline or in the amorphous silicon form (a-Si). In addition
cadmium telluride (CdTe), as well as organic materials have been used. On the other hand
photocathodes are usually incorporated in special devices called photomultiplier tubes (PMT),
which capture light and produce largely amplified number of electrons at their output.
Magnetic field resistive Silicon Multipliers (SiPM) are recently introduced to avoid magnetic
effects in combined MR-PET imagers. [1,3,4,5, 6].
Photoconductors are based on the creation of charge carriers (electrons and holes) after
absorption of ionizing radiation. Charge carriers arriving at the surface of photoconductors are
captured by electronic components (diodes, transistors, CMOS sensors) acting as storage
capacitors. Amorphous selenium (a-Se) is the most popular photoconductor in Diagnostic
Radiology. However materials such as Η2Ι,CdTe etc are becoming increasingly interesting for
both Diagnostic Radiology and Nuclear Medicine applications. Detectors based on
photoconductors are often referred to as direct detector systems, since they convert ionizing
radiation directly into electronic signal.On the other hand, scintillator and phosphor based
detectors areindirectdetectorsystems. This is because ionizing radiation is first converted into
light and in a later stage, in the photodetector, light is converted into electrons. In these
systems additional signal conversion stages (i.e. light generation, light detection and
conversion) are included in the whole signal propagation procedure. According to the linear
cascaded systems theory, these additional signal conversion stages may cause signal
degradation and introduce additional noise sources.
Medical Imaging
Diagnostic Radiology detectors are designed to detect broad spectrum x-ray beams passing
through human body; and thus largely and non-homogeneously attenuated, hardened and
contaminated by scattered photons. Detectors must be capable to accurately map the spatial
distribution of this non-homogeneous radiation attenuation and simultaneously to reject
scattered photons. To avoid image quality degradation by scatter, special anti-scatter grids are
incorporated in front of detectors face. Nuclear Medicine detectors are designed to count oneby-one photons emitted from regions within the human (or animal) body where radioactive
isotopes (radionuclides) have been distributed. This distribution must be depicted as
accurately as possible; correcting for radiation attenuation effects and scatter in human tissues
intervening in the mid-space between the region of interest and the detector. A large fraction
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of photons scattered within the human body may be rejected by collimators; devices specially
designed to delineate the imaged field of view and limit the acceptance angle of photons
entering the detector. A short description of the principal types and forms of image radiation
detectors employed in Diagnostic Radiology or in Nuclear Medicine is given below:
Diagnostic Radiology and Portal Imaging
(i) Active matrix flat panel imagers (AMFPI). A CsI or Gd2O2S phosphor screen or a
photoconductive (a-Se) layer is deposited on a photodetector consisting of an array of a-Si:H
photodiodes coupled to thin film transistors (TFT) (active matrix). CMOS based active matrix
sensors are also lately introduced in a number of systems. AMFPIs are incorporated in most
modern digital radiography (DR), Full Field Digital Mammography (FFDM) and fluoroscopy
(DF) units as well as in some computed tomography (CT) systems. They are also employed in
Portal Imaging, however suitably modified to detect higher energy RT x-rays. [1-3,5]
(ii) Phosphor screens coupled to CCD arrays. The light from the phosphor screen is usually
transferred to the CCD via demagnifying fiber optics taper. Detectors may be either in onedimensional (linear) form or in two dimensional flat arrays. Screen-CCD based detectors are
used in digital radiography and digital mammography systems. [1-3, 5]
(iii) Photostimulated Storagephosphors (PSP). Thesedetectorsarebasedontheso-calledphoto
stimulated

luminescence

(PSL)

effect;x-ray

energy

is

first

trappedwithinintermediateenergylevelsofthephosphormaterial. Then it is liberated, in the form
of light,afterexcitationbya scanning laser beam. Since the energy is temporarily stored within
the phosphor material, these detectors are called storage phosphors. They are employed in the
form of reusable phosphor imaging plates (IP) (screens). To obtain digital radiography
images, the plates (screens) are “read” via a laser scanning device incorporated within the socalled Computed Radiography (CR) systems. [4]
(iv) x-ray ComputedTomography(CT) detectors. Tomographic imaging aims to the
elimination of limited contrast problems originating from overlapping structures. Images of
consecutive thin slices can be obtained which represent the three-dimensional distribution of a
structure. Detectors are shaped in curvedarrays incorporating a large number of arc type
multi-detector

rows

(MDCT)

consisting

ofsmallscintillatingcrystal

(orceramic)

elementscoupledtosiliconphotodiodes. Systems with up to some hundreds of detector rows are
used today. Various scintillators such as CdWO4, BGO, CsI, Gd2O2S etc have been used. The
signals from the photodiodes are electronically processed, digitized and used to feed the
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Tomographic image reconstruction algorithm softwarewith input data. Active matrix flat
panel technology has been also lately introduced in a number of CT systems. [2,3]
Nuclear Medicine
(i) Anger scintillation cameras and Single Photon Emission Computed Tomography (SPECT).
These devices are used for both planar and tomographic imaging of gamma-ray emitting
radionuclide distributions. A collimator is placed in front of a large area single crystal
scintillator; usually from NaI:Tl or CsI:Tl. A flat panel array of some decades of
photomultipliers (PMTs) is used to capture the light emitted by the scintillator and to produce
electronic signals. Normally each gamma-ray photon, if absorbed, should be represented by
one electronic pulse. The latter, after suitable processing, is employed to determine the spatial
position of each count in ( x, y ) coordinates. In addition to the Anger camera structure,

various other designs including multi-crystal scintillators, silicon avalanche photodiodes as
well as CdZnTe semiconductors have been proposed and used. SPECT systems are often
based on Anger camera detectors incorporating one, two or more such cameras rotating
around the patient. Planar images of radionuclide distribution, obtained at various angles
during rotation, are used as input data to a Tomographic reconstruction algorithm. Ring
shaped detector configurations, consisting of multiple scintillator crystals or single cylindrical
shaped-crystals coupled to photomultipliers or photodiodes, are also used in some systems.
(ii) Positron Emission Tomography (PET). PET detectors are designed to capture annihilation
photons. Fast and thick Scintillators coupled to PMTs, avalanche photodiodes or SiPMs,
arranged in ring shaped structures, are used. [6]

C. Linear Cascaded Systems Analysis

Generalanalysisofimagingdetectorsperformancecanbeappliedthroughtheuseofthetheoryoflinea
rcascaded stages systemsanalysis (LCSA).cascadedstageslinearsystemstheory). Systems
having the properties of linearity, shiftinvarianceandergodicitymay conveniently be modeled
through this theory by decomposing the imageformation process inaseriesofstages, each one
representing a particular physical process contributing to image formation (e.g. radiation
absorption, conversion into secondary information carriers (light photons or electrons),
electronic processing and amplification, display etc). Within this modeling the output (both
signal and noise) of a previous stage is seen as the input of the next stage. Stages are
characterized by their particular signalandnoisetransfercharacteristics and can be divided into:
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(i) quantumgainstages, (ii) spreading or blurringstages. Depending on the statistics of
signals, stages can be also characterized as either (a) stochasticor (b) deterministic.
Gainstagesshowanaveragegain (gi), and an averagegainvariance (σgi2). Blurring stages are
characterized by a Modulation Transfer Function (Ti(u,v)). Some examples of stage modelling
are given below:
(i) A gainstageisexpressedbytherelation:
 i ( x, y )  g i  i 1 ( x, y )

Where  i ,  i 1 are functions expressing the spatial distribution of output and input signals
(mean number of quanta) respectively at the i-th stage. For stochastic gain stages, these
functions and the gain express averages over repeated measurements.
(ii) A stochastic blurring stage is given as:
 i ( x, y )   i 1 ( x, y ) s Pi ( x, y )

Where **Sdenotesa stochastic blurring process (stochasticconvolution) and Pi(x,y)is the
corresponding Point Spread Function (PSF). The Noise Power Spectrum (NPS)- Si (u , v ) - in a
stochastic gain stage can be written as follows:

Si (u , v)  g i2 Si 1 (u, v)   gi2  i 1 (u , v)
For stochastic blurring stages NPS is
Si (u, v)   Si 1 (u , v)   i 1 Ti 2 (u , v)   i 1

Noise has then two components: (a) the correlated noise component (incorporating MTF) and
(b) the uncorrelated noise component (not including MTF). In case of stages following
binomial statistical distribution (e.g. absorption or not absorption), the total output signal, the
total gain is:
Φι= gιΦι-1=gigi-2Φi-2=gολΦi-2
n

g i   g j k
k 0

Hence binomial cascaded stages can be replaced by only one stage. Finally the spatial
frequency dependent DQE of a cascaded linear N-stage system has been expressed by
relations of the form:

1

DQE ( ) 
1

1   T ( )
2
g1 1

g1T12 ( )

  

1   gN TN2 ( )
g1    g N T12 ( )    TN2 ( )
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Whereεg1iscalledthePoissonexcessfactor. The effects of gain ( gi ) and blurring ( Ti ) of image
formation

are

separately

shown

for

each

stage.

For

stages

that

the

product

N

PN ( )   giTi 2 ( ) is lower than unity a quantum sink is said to occur, which causes DQE
i 1

degradation. [1,5,7, 10].
Modeling Radiation absorption and light generation in scintillator detectors

The light emitted (output signal) by an irradiated scintillating screen may be expressed by
either the emitted light energy fluence-   (light energy per unit of area) [7-9]:
  ( E0 ) 

E0

  0 ( E ) ( E )C g ( E, , )dE
0

where  0 ( E ) denotes the incident x-ray energy fluence spectral distribution (energy fluence
per energy interval) at energy E and E0 is the maximum energy of the x-ray spectrum.   ( E )
isthe energy absorption efficiency (EAE), which is the fraction of incident x-ray energy
absorbed locally at the points of x-rays interaction within the scintillator.  C is the intrinsic xray to light conversion efficiency expressing the fraction of absorbed x-ray energy converted
into light energy within the screen material, g  is the light transmission efficiency, which
represents the fraction of light escaping the scintillator. Finally  and  are optical
attenuation

coefficients

Theintrinsic

conversion

efficiency

of

a

scintillator

is:

 C  ( hc /  ) / E g , where hc /  is the average light photon energy, E g represents the
average energy that must be transferred by a fast electron (e.g. a photoelectron) to create an
electron-hole pair in the scintillator material. E g is the forbidden energy band-gap between
valence and conduction energy bands and  is a parameter related to energy losses to lattice
vibrations. [7-9]
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Abstract

Intensity modulated radiotherapy (IMRT) is a complex procedure requiring proper dosimetric
verification. IMRT dose distributions are characterized by steep dose gradients which enable
to spare organs at risk and allow for an escalation of the dose to the tumor. They require
large number of radiation beams (sometimes over 10).

The fluence measurements for

individual beams are not sufficient for evaluation of the total dose distribution and to assure
patient safety. The methods used at the Centre of Oncology in Warsaw are presented. In
order to measure dose distributions in various cross-sections the film dosimeters were used
(radiographic Kodak EDR2 films and radiochromic Gafchromic EBT films).

The film

characteristics were carefully examined. Several types of tissue equivalent phantoms were
developed.

A methodology of comparing measured dose distributions against the

distributions calculated by treatment planning systems (TPS) was developed and tested. The
tolerance level for this comparison was set at 3% difference in dose and 3 mm in distance to
agreement). The so called gamma formalism was used. The results of these comparisons for
a group of over 600 patients are presented. Agreement was found in 87 % of cases. This film
dosimetry methodology was used as a benchmark to test and validate the performance of
commercially available 2D and 3D matrices of detectors (ionization chambers or diodes).
The results of these validations are also presented.
Introduction

The use of intensity modulated radiation therapy (IMRT) and its newest modalities such as
tomotherapy or volumetric modulated arc therapy (VMAT), is increasingly widespread in
radiation oncology. Contemporary medical accelerators allow for an extensive dynamic
modulation of the beam resulting in sophisticated dose distributions obtained around the
tumor. The IMRT dose distributions are characterized by steep dose gradients which enable
to spare organs at risk and allow for an escalation of the dose to the tumor. However the steep
dose gradients may result in dangerous over-dosage of the organs at risk or, on the other hand,
*
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in under-dosage of the tumor when positioning errors occur. These may cause higher normal
tissue complication probability (NTCP) or lower tumor control probability (TCP)
respectively. Furthermore, the limitation of calculation algorithms applied in the computer
treatment planning systems (TPS) may be the cause of such undesirable effects. New
techniques of radiotherapy are followed by adequate developing of the dosimetry equipment
and methods of verification of calculated dose distributions in order to assure the patient
safety. Dynamically modulated beams require simultaneous measurement over the entire field
of irradiation. The first choice is film dosimetry which allows both for single beam dose
measurements and for total dose distribution measurements produced by several beams in the
phantom in conditions identical to the patient treatment. Obvious benefits of the use of
dosimetry films such as excellent spatial resolution or easy positioning in the
anthropomorphic phantoms, are undermined by a high workload required for film positioning,
processing, scanning, calibration and dose readout, especially when single fields are verified.
The results of the comparison of the calculated and measured dose distributions are typically
obtained a few hours after the irradiation. Due to the long time required for the film
processing the response in form of electronic devices was developed. Initially, flat arrays of
diode detectors or ionization chambers were introduced as a response to the drawbacks of film
dosimetry. Such solutions supported by dedicated software allowed for immediate verification
of the planned dose. On the other hand, the poor spatial resolution, as well as the limitation in
the positioning of the flat arrays made such devices insufficient for reliable verification of
total planned dose distribution. The latest achievements in the planned dose distribution
verification are systems consisting of the phantoms with a volumetrically distributed array of
electronic detectors or flat detector arrays mounted on the gantry of the accelerators integrated
with the computing software.

This allows for dose distribution reconstruction. The

reconstruction algorithms require the data obtained during the measurements and the
information about the geometry of the planned beams. In this manner the computed
reconstructions of dose distributions are used for verification of the dose distributions
calculated with the TPS. In fact, during the verification two calculated dose distributions are
confronted. In this study the method based on the film dosimetry for validation of the
performance of commercially available 3D detector arrays for patient treatment plan
verifications is presented.
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Materials and Methods

For the clinical pretreatment verification of the planned dose distributions the CarPet
anthropomorphic phantom and Kodak EDR2 films were used [1]. The films were sandwiched
between the phantom slabs made with water equivalent material and irradiated according the
patient IMRT plan. The calibration film was irradiated apart in order to obtain the dose
response curve [2]. The irradiated films were digitized together with the calibration films
using a VIDAR VXR-16 scanner. From the digital images of the films the dose distributions
were reconstructed and compared with the planned ones using the in-home made software
(INH) with the gamma formalism calculation algorithm [3].
The Delta4®(Scandidos, Sweden) and ArcCHECK® (Sun Nuclear, USA) volumetrically
arranged diode arrays (see Figure 1) were examined in order to validate the performance of
their dose distribution reconstruction algorithms. The Delta4array consists of three flat arrays
of semiconducting detectors placed inside the 40 cm long cylindrical

Figure 1.Delta4®Scandidos (left) and ArcCHECK® Sun Nuclear (right) diode detector arrays.

phantom of 22 cm diameter. The main array is placed inside the phantom made of PMMA in
plane of its diameter. Two remaining “wing” arrays are placed from both sides of the main
one almost perpendicularly at an angle of 80º or 100º. The phantom was irradiated in order to
measure the doses in plane of the flat arrays and to reconstruct the dose distribution in the
remaining volume of the cylinder. The reconstruction algorithm beside the measured data
requires also the plan geometry information provided by a digital file generated with TPS. For
the validation of the Delta4 performance the cylindrical phantom of 22 cm diameter and 40
cm length was manufactured (see Figure 2). The phantom consisted of two cylinders made
with paraffin and PMMA and allows for positioning of the film between them. During the
validation the reconstruction of the axial planar dose distributions generated within Delta4was
compared against the dose distribution measured with films in the homemade phantom of the
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same shape after the irradiation with the beams of patient treatment plans. ArcCHECK is a
21 cm long tube-like array of diode detectors positioned helically at a depth of 2.9 cm in the 6
cm thick wall of the array. The Pa 3DVH software available with the array allows for the dose
distribution reconstruction over the patient computer tomography (CT) and for DVH
calculation for the structure volumes defined in TPS basing on the measuring data and the
provided treatment plan parameters. The films irradiated in the phantom manufactured for
validation of Delta4 were also used for validation of the system consisting of ArcCHECK
array and Pa 3DVH software, because the phantom CT and its outline contour were used
instead of the patient data.

Figure 2.The cylindrical phantom of 22 cm diameter and 40 cm length made of PMMA and
paraffin designed for film dosimetry.

The beams defined in the patient were used for irradiation of the Delta4 as well as the
ArcCHECK arrays. The plans were prepared and the dose distributions in the CT of the
phantom were computed with Eclipse (Varian, USA) TPS using the analytical anisotropic
algorithm (AAA). Three IMRT treatment plans of three patients were used for the validation.
The plans were prepared for radiotherapy of head and neck tumors with 6 MV photon beams.
Clinac 2300C/D (Varian, USA) linear accelerator was used for irradiation the validated arrays
and the films in the phantom for the treatment verification. The Gafchromic EBT (ISP, USA)
radiochromic dosimetry films were used in the validation procedures. The EBT films do not
need chemical processing and are not sensitive to room light. Nine calibration films were
irradiated with doses from 10 cGy to 1 Gy in order to transform the distributions of the optical
density over the films into the dose distributions. The irradiated films were digitized using a
Perfection V750 (Seiko Epson Corporation, Japan) flat bed CCD scanner. FilmQA
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(3Cognition, USA) software was used for comparison of the reconstructed/calculated dose
distributions with the measurements made with films. The axial dose distributions
reconstructed both with Delta4 and ArcCHECK/Pa 3DVH systems as well as the ones
calculated with Eclipse TPS were imported into FilmQA application. Also the digital images
of the irradiated films obtained with the scanner were imported. The examined dose
distributions were registered (shifted, rotated etc.) against each other and the gamma index [3]
analysis was performed using FilmQA. The parameters of the gamma index were set at 3% of
the local dose and 3 mm as a distance to agreement.

Results

Results for a group of over 600 patients for which the pretreatment plan verifications with
Kodak EDR2 films were performed are presented on the Figure 3. The plan-to-measurement
agreement was found in 87% of cases when the acceptance criteria was set for at least 90% (at
3 % dose and 3 mm) accepted points in a rectangular region embedding the 80% isodose.
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Figure 3.Histogram presenting the number of plans vs fraction of accepted points for the INH
gamma evaluation method.

The gamma analysis of compared axial dose distributions were preformed in a 10 × 10 cm2
square region of interest (ROI) centered in the isocenter of each plan. The fractions (%) of the
ROI area for which the gamma index Γ ≤ 1 (i.e. accepted) were acquired as the results for
three axial dose distribution comparisons: Delta4 vs. film, ArcCHECK Pa 3DVH vs. film and
additionally Eclipse vs. film as the reference standard technique. The results of the gamma
analyses for three different patient plans are presented in Table 1.
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Table 1.Results of the comparisons of dose distributions calculated with Delta4 or ArcCHECK Pa
3DVH verification systems or Eclipse TPS with the distributions measured using films.
Patient

Delta4 vs. film

ArcCHECK Pa 3DVH vs. film

Eclipse TPS vs. film

no.

(%)

(%)

(%)

1

89.19

86.05

93.67

2

79.22

74.77

89.71

3

88.89

87.46

90.03

Discussion

The results (in Table 1) show that the fractions of accepted points for each patient are similar
for three different methods of dose distribution calculation. The film dosimetry used as a
benchmark allowed for the comparison and the evaluation of the performance of two dose
reconstruction algorithms based on 3D detector arrays and the advanced AAA calculation
algorithm of one of TPS. The highest degree of agreement with the measurement data
obtained using films was obtained for the AAA calculation algorithm of Eclipse TPS (last
column of Table 1). However, the results obtained for the two remaining verification systems:
Delta4 and ArcCHECK Pa 3DVH are similar to each other (two middle columns of Table 1)
and are in range1.5%-5% depending on the patients. Moreover the results obtained for tested
3D systems differ in range 3%-10% from the results obtained for AAA. The commercially
available contemporary dosimetry systems for the verification of the patient treatment based
on 3D detector arrays allow for the reconstruction of the dose distributions over the CT of the
phantom volume or over the patient body.
Recently, a new solution to the problem is proposed by some manufacturers [5]. This is the use
of EPID (Electronic Portal Imaging Device) to establish the dose distribution on line (Figure 4).

Figure 4.EPID (Electronic Portal Imaging Device)
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The dose distribution is calculated on the basis of measured open and transit doses. Then, the
resulting dose is backprojected to multiple CT planes to form a dose grid using the CT data.
Subsequently the patient scattered dose, based on transmission, is added. When properly
validated, this method could become the ultimate solution.
Conclusion

The commercially available dosimetry systems for the 3D verification of the patient treatment
based on detector arrays allow for the reconstruction of the dose distributions over the CT
images of the phantom or of the patient body. They cannot be assumed as the basic reference
dosimetry equipment or benchmark of the dosimetry verification because of the calculation
algorithms involved in the reconstruction of volumetric dose distributions. The systems
examined in the study use both the dosimetry data and the calculation models in a way similar
to TPS and hence the results of the obtained dose reconstructions or treatment verifications
may be affected by limitations of the applied calculation models. The difference between TPS
and the 3D detector array verification systems is that the beam data for TPS are acquired and
configured once every few years while for the latter – during each verification session. Due to
the significant impact of limitations of the calculation models used in the commercially
available systems for 3D radiation treatment verifications on the safety of the patients the
detector arrays and the provided software should be validated before the clinical use. The
validation can be performed in two proposed ways. The first “absolute” way uses a
benchmark method such as film dosimetry to validate the performance of the examined
system. The other “relative” way compares results of two similar but independent systems. If
the results of one system are confirmed by the results obtained with the other, both of them
are validated. Otherwise, none of them can be used.
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Abstract

Brain cancers are one of the most important diseases. BNCT (Boron Neutron Capture
Therapy) is used to brain tumor treatment. In this method the

10

B (n,α)7Li reaction is used.

The purpose of this study is absorbed dose evaluation of tumoral and healthy parts of brain.
To achieve this aim the brain was simulated by a cylindrical phantom with the dimensions of
20 cm in diameter and height. In BNCT treatment the BSH (Na2B12H11SH) is injected to the
human body and absorbed in the healthy and tumoral parts by the ratios of 18 and 65 ppm
respectively. So in this research the absorption of BSH in tumoral and healthy parts of brain
was considered as the mentioned ratio. Then the neutron with the energy range of 50 eV - 10
keV was exposed to the brain and maximum absorbed dose in healthy and tumoral parts of
brain were calculated for a cylindrical tumor with the thickness of about 1 cm which was
considered in 5.5 cm depth of brain. This research showed the suitable energy to treat this
tumor by BNCT is interval 4 keV- 6keV. The average of dose which is met with healthy and
tumor tissue was gained for 6 keV energy of brain 1.18×10

-12

cGy/n and 5.98×10-12cGy/n

respectively. Maximum of dose which is met with healthy tissue was 4.3 Gy which is much less
than standard amount 12.6 Gy. Therefore BNCT method is known as an effective way in the
therapy of this kind of tumor.
Introduction

Neutron therapy by boron was submitted by locher in the 1936 by use of thermal neutron at
first. In some cases neutrons didn’t have enough energy to react with boron because of the
deepness of tumor. So, Hiroshi Hatanaka suggested epithermal neutrons usage. In this method
when epithermal neutrons pass along brain tissue, they lose energy and get to thermal range
(E<10 eV). Nowadays many countries use this way to treatment the tumors. At present time
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many clinical research are done at countries such as Japan, Netherlands, England, Australia ,
Finland and etc in this way.
Fast neutrons are made in core of reactor which is used for BNCT. Then they pass through
heavy water tank and reach to epithermal area. Besides epithermal neutrons, there are thermal
neutrons and gamma in the outlet. The most appropriate beam along with the least pollution is
made by use of bismuth shield and cadmium shutter in the outlet (Figure1).
Epithermal neutron are absorbed less in the frontal area of brain, until they tend to be
absorbed more by passing along brain and losing energy. So they arrive in the thermal area at
5 cm of brain deepness where the tumor place is visualized. Therefore they become
appropriate to 10B (n,α)7Li reaction which ensures to make helium particles and lithium ions
and they are along with 487 keV gamma radiation in 94 percent of reactions. They can
collapse DNA structure of tumor cells and they don’t damage surrounded healthy cells
because of their short range (Figure2). The deep distributed dose in healthy and cancerous
tissue of brain for mono-energy neutron means 35 eV and 4 keV with GEANT code has been
simulated for a tumor with 1cm thickness at 5 cm deepness in brain and brain was simulated
by a 1 m3 dimension cubic phantom. This was done at the year 2000 because of
particularization neutron energy for deep tumor brain therapy in BNCT way by Biscelgie.
Now in this research brain was simulated by a 20cm×20cm cylindrical phantom and a tumor
inside the cylinder with the dimensions of 3 cm in diameter and 1 cm in thickness at 5.5 cm
depth of brain. The results of this research work were compared with Biscelgie work.
Materials and methods

There are many elements in the human brain such as hydrogen and nitrogen which each one
react with various neutron energy include H(n,n´)H ,1H(n,γ)2H ,14N(n,p)14C and

10

B (n,α)7Li

as the most important reaction among others. These reactions are considered in the simulation
with MCNPX code. Dose in the healthy and cancerous brain tissues is calculated by below
formula:
D (Gy-eq) =WBDB +WγDγ +WN(DH+DN)

(1)

Each W coefficient shows different biological effects of beams which relate to weight factors.
WB 1.3 and 3.8 for healthy and cancerous tissue respectively, WN=3.2 and WB=1 as well. DB
dose which is made by neutron absorption and boron fission that is led to make He ion with
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1.47 MeV energy and lithium ion with 0.48 MeV energy and it is along with 487 KeV gamma
radiation in 94 percent of reactions. DH is dose which relates to hydrogen rejection which
ensures proton shooting from atom or molecule and releases energy very much. This reaction
usually occurs with high neutron energy. DN is dose which is arised from neutron absorption
in the 14N which ensures (n,p) reaction. Dγ relates to 1H(n,γ)2H reaction which produces 10.83
MeV gamma energy. In this simulation the human brain was simulated by a 20 × 20 cm2
cylindrical phantom. The cylinder was made of plexi-glass material. BSH drug in 18:65 ppm
concentration was distributed in the healthy and tumor tissues respectively. Cells in 3 cm
diameter and 0.5 cm thickness were arranged in the direction of phantom center of axis and
energy which releases in their mass unit was calculated. Tumor was set as cylindrical form in
3 cm diameter and 1 cm thickness in the 5.5 cm deepness of brain surface (Figure 3).
Results

It is tried to maximize the absorbed dose to tumor and minimize it to healthy tissues. As it has
been shown in Figure4, this goal was achieved in this research until the average absorbed
dose to tumor was calculated 5.98×10-12 cGy/n and to healthy tissue 1.8×10-12 cGy/n.
Nuisance reaction releases such as hydrogen rejection because of increasing of energy.
Because it causes to increase dose in the healthy tissue near tumor, hydrogen rejection is
known as a limited factor in the energy selection. Results comparison is shown reasonable
concordance of this simulation results and results of other´s. The difference is seen in these
two figures is because of the difference in the used geometrical figure and materials. In the
reference article a tumor in 1 cm thickness was simulated in the 5 cm deepness and brain was
considered as a cubic phantom in 1 m3 dimensions. Real elements of brain in natural
percentage are used in material card.

Figure 1. Epithermal neutron spectrum formation [5].
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Figure 2. Boron 10 nucleus is split because of epithermal neutron absorption and is made
alpha particles and lithium ion which has a range about cell diameter [5].

Figure 3. The 20 × 20 cm2 cylindrical brain phantom with 0.5 cm plexi-glass material
thickness (red colored). This image is like that at the direction of any axis . Tumor has the
dimensions of 1 cm in thickness and 3 cm in diameter at 5 cm in depth of brain. To calculate
the absorbed dose, Cells with the dimensions of 0.5 cm in thickness and 3 cm in diameter

Dose rate (RBE cGy/n)

were considered at direction of center axis.

7.00E‐12
6.00E‐12
5.00E‐12
4.00E‐12
3.00E‐12
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(a)
Figure 4. a. Absorbed dose of healthy and tumoral tissues at direction of phantom axis. Dose
has maximized in the tumor place (5.5 cm depth).
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(b)
Figure 4. b. Reference of depth dose for a tumor in 1 cm thickness at 5 cm depth from a cubic
phantom in 1 m3 dimensions [1].
Conclusion

As it shown in the results, the best interval energy is 4-6 KeV for the therapy of a tumor with
1 cm thickness which is at 5.5 cm of depth from brain surface. Absorbed dose of tumor is
maximized by this energy. Energy can’t be more than this range because, proton rejection is
considered as limited factor of radiating neutron energy. It can’t happen because nuisance
dose increases in the healthy tissue. In the future work the results will be compared with
clinical research.
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Abstract

Our aim is to present a method for pre-treatment IMRT total plan verification, representative
for more clinical cases, through the establishment of appropriate phantom models. The IMRT
plans are created for 3 different patient cases using Step & Shoot technique with 6MV X-ray
beams. On an anthropomorphic phantom, BenchmarkTM, are created three anatomotopographic models with different embedded tissue inhomogeneities. The phantom contains
two point detectors. The treatment plans are imported on the phantom in two different ways –
once in the phantom isocenter and once in one of the point detectors. Six different phantom
configurations for every patient case are irradiated. The two ion chambers, used for point
detectors, are calibrated in 6MV. For the evaluation of the difference between measured and
planned dose are used verification points in both low and high dose gradient. For all points
comparison is made between TPS calculated dose point and measured dose and for the points
in the high dose gradient comparison is made also with the average TPS calculated dose for
the ion chamber volume. The results show agreement better than 1.6% in the cases when the
plans are imported in one of the point detectors, 3.7% in the verification points in region with
low dose gradient and 8.9% in region with high dose gradient. The differences between the
measured and the average calculated dose are less than 2.8%.The overall results are within
recommended levels and adopted criteria. The method can be used for a large range of
clinical cases.
Introduction

Intensity Modulated Radiation Therapy (IMRT) is the most advancedand modern approach to
planning and implementation of radiotherapy. The method allows optimization of
thetherapeutic effect by the maximum coverage of the tumor volume and keeping normal
tissues. The clinical application of the method has already 10 to 15 years of history and is the
result of developing the technical feasibility and implementation of radiation and accurate
*
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computer algorithms for inverse planning of dose distribution.
Using a multileaf collimator (MLC), IMRT can be implemented either statically (“step and
shoot”) or dynamically.
The IMRT qualityis directly related to the physical quantity “absorbed dose” and can be
checked quantitatively. The precise dose, which is a scalar function in patient coordinate
system, is at the heart of quality control and quality assurance [1]. The dose distribution
combines error of patient positioning and dosimetric error. The quantity “absorbed dose” is
the parameter linking medicine to physics. A number of international documents are dedicated
to quality assurance in IMRT [2] [3] [4].
The Quality Control for IMRT can be divided into two maingroups: a) Quality Control related
to the proper functioning of the therapeutic system, its components and software for planning
and b) Quality Control of the particular patient.
Our purpose is to create a method for pre-treatment “step and shoot” IMRT total plan
verification, representative for more clinical cases, through the establishment of appropriate
phantom models and using two or more ionization chambers .
Materials and Methods
A. Patient plans

The IMRT plans are created for 3 different patient cases using Step & Shoot technique with
6MV X-ray beams. The inverse planning is performed with Oncentra Optimizer TM.
Plan1 is prepared for 49 year-old man with H&N cancer, stage: T2N1N0. Prescription levels

are: Primary tumor – 70 Gy, positive lymph node – 70 Gy, oropharynx and bilateral neck
lymphnodes – 60 Gy and 2 Gy per fraction. The delineated organs at risk (OAR) are: eye
lenses, optical nerves, chiasm, medulla, spinal cord, cochlea and salivary glands. For the
IMRT plan 5 beams are used segmented intoa total of 90segments.
Plan 2 is prepared for the 29 year-old woman with squamouscell carcinoma of theanal canal.

Prescription levels are: Primary tumor + pelvis lymph nodes – 50 Gy and bilateral inguinal
lymph nodes – 50 Gy and 2 Gy per fraction. The delineated organs at risk are: femoral head,
bladder and small bowel. For the IMRT plan 7 beams are used segmented into a total of 50
segments.
Plan 3 is prepared for 44 year-old woman with cervix cancer, stage: T1NHM0. The tumor

was surgically removed. Planned target volume (PTV) includes pelvic lymphnodes, vaginal
stump and upperthird of the vagina. Prescription levels are: PTV – 41.4 Gy and 1.8 Gy per
52
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

fraction. The delineated organs at risk are: bladder, colon and small bowel. For the IMRT plan
7 beams are used segmented into a total of 62 segments.
B. IMRT QA Phantom models

For the IMRT pretreatment verification BenchmarkTM phantom is used. The phantom is made
of virtual water with density 1.03 g/cm3. On an anthropomorphic phantom are created three
anatomo-topographic models with different embedded tissueinhomogeneities – virtual water,
lung equivalent material with density 0.27 g/cm3 and bone equivalent material with density
1.2 g/cm3.
Plugs for two ion chambers are drilled around the tissueinhomogeneity and thus the phantom
contains two point detectors.
The phantoms are made of three CT studies with slice thickness 1 mm and with different
inserts, as described above. Thus we have obtained three phantoms: "water", "bone" and
"lung" in order to evaluate not only the absorbed dose in water but near
tissueinhomogeneities. The chambers sensitive volume is delineated and the effective points
of measurement are marked in the treatment planning system.
C. Calibration of dosimetry systems

The measurements are performed using linear accelerator PRIMUS HE-Siemens operating at
energies of 6MV X rays, in isocentric conditions. The measurement calibration steps are
performed according to the IAEA’s TRS-398 protocol [5], using Unidos dosimeter, equipped
with Farmer type ionization chamber, which was calibrated for absorbed dose in water in60Co
-  rays. The beam quality index (QI) is defined using measured tissue-phantom ratio (TPR
20/10).

The calibration is performed in reference conditions, at a depth of 10cm, in a large

water phantom. Under the same conditions, two 0.125 cm3 ion chambers, used for point
detectors, are calibrated in 6 MV and for both are set calibration coefficients for absorbed
dose in water.
D. Set-up for pretreatment verification

The treatment plans are imported on the phantoms “water” “bone” and “lung” in two different
ways – once in the phantom isocenter i.e. the isocenter of the patient plan coincides with the
isocenter of the phantom, and once in one of the point detectors i.e. the isocenter of the patient
plan coincides with the point of measurement, (Ghent method [4]), and calculated with
Collapsed Cone algorithm. Six different phantom configurations for every patient case are
irradiated on LINAC Primus-HE.
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For the evaluation of the difference between measured and planned dose are used verification
points in both low and high dose gradient. We accept that the high dose gradient region is the
region, wherethe dose ischanged by more than5%in the ion chamber volume. For all points
comparison is made between TPS calculated dose in point and measured dose and for the
points in the high dose gradient comparison is made also with the average TPS calculated
dose for the ion chamber volume.
Results

The results are as follows: for H & N cancer case in Table 1, for the case of anal cancer in
Table 2 and in Table 3 for the case of the cervix cancer.
Table 1. Differences between calculated and measured dose for H&N cancer case – Plan 1
Phantom

Detector placement

Calculated
dose [Gy]

Average
dose
[Gy]

Measured
dose [Gy]

Difference between measured
and calculated dose [%]

The isocenter of the patient plan coincides with the isocenter of the phantom
"water"
point 1
point 2
"bone"
point 1
point 2
"lung"
point 1
point 2

low dose gradient region
low dose gradient region

1.29
1.15

1.250
1.171

-3.06%
1.83%

low dose gradient region
low dose gradient region

1.37
1.19

1.320
1.229

-3.66%
3.26%

low dose gradient region
low dose gradient region

1.33
1.20

1.332
1.230

0.19%
2.49%

The isocenter of the patient plan coincides with the point 1
"water"
point 1
point 2
"bone"
point 1
point 2
"lung"
point 1
point 2

isocenrter
low dose gradient region

2.00
1.09

1.976
1.085

-1.22%
-0.42%

isocenter
low dose gradient region

2.00
1.14

1.980
1.143

-1.01%
0.24%

isocenter
low dose gradient region

2.00
1.09

1.980
1.117

-0.99%
2.51%

Table 2. Differences between calculated and measured dose for anal carcinoma case – Plan 2

Phantom

Detector placement

Calculated
dose [Gy]

Average
dose
[Gy]

Measured
dose [Gy]

Difference
between
measured and
calculated
dose[%]

Difference
between
measured
and
calculated
average
dose[%]

The isocenter of the patient plan coincides with the isocenter of the phantom
"water"
point 1
point 2

high dose gradient region
low dose gradient region

1.24
2.04

1.28

1.299
2.054

4.76%
0.71%
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-1.46%

"bone"
point 1
point 2
"lung"
point 1
point 2

high dose gradient region
low dose gradient region

1.26
2.06

1.31

1.284
2.078

1.90%
0.85%

2.03%

high dose gradient region
low dose gradient region

1.24
2.09

1.26

1.261
2.087

1.68%
-0.15%

-0.07%

The isocenter of the patient plan coincides with the point 1
"water"
point 1
point 2
"bone"
point 1
point 2
"lung"
point 1
point 2

isocenter
low dose gradient region

2.00
1.83

1.971
1.832

-1.44%
0.12%

isocenter
low dose gradient region

2.00
1.85

1.982
1.855

-0.92%
0.27%

isocenter
low dose gradient region

2.00
1.86

1.977
1.870

-1.13%
0.51%

Table 3. Differences between calculated and measured dose for cervix cancer case – Plan 3

Phantom

Detector placement

Calculated
dose [Gy]

Average
dose
[Gy]

Measured
dose [Gy]

Difference
between
measured and
calculated
dose[%]

Difference
between
measured
and
calculated
average
dose[%]

The isocenter of the patient plan coincides with the isocenter of the phantom
"water"
point 1
point 2
"bone"
point 1
point 2
"lung"
point 1
point 2

high dose gradient region
high dose gradient region

0.95
0.79

1.01
0.75

1.007
0.771

5.99%
-2.41%

-0.31%
2.79%

high dose gradient region
high dose gradient region

0.95
0.84

1.01
0.76

1.007
0.765

6.03%
-8.88%

-0.27%
1.38%

high dose gradient region
high dose gradient region

0.97
0.81

1.00
0.76

0.996
0.775

2.64%
-4.36%

-0.44%
1.94%

The isocenter of the patient plan coincides with the point 1
"water"
point 1
point 2
"bone"
point 1
point 2
"lung"
point 1
point 2

isocenter
high dose gradient region

1.80
0.98

1.01

1.806
0.990

0.32%
1.02%

-1.98%

isocenter
high dose gradient region

1.80
0.98

1.01

1.829
0.996

1.60%
1.63%

-1.39%

isocenter
high dose gradient region

1.80
0.97

1.00

1.816
0.995

0.89%
2.61%

-0.47%

The results show agreement better than 1.6% in the cases when the plans are imported in one
of the point detectors, 3.7% in the verification points in region with low dose gradient and
8.9% in region with high dose gradient. The differences between the measured and the
average calculated doses in ion chamber volume for high dose region areas are less than 2.8%.

55
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Discussion

To evaluate the results we adopt the criteria given in [3], [4]. i.e. the dose, measured in points,
matching the isocenter of the patient plan must be less than 5% of the planned dose. In low
dose gradient areas, regardless of the presence of tissue inhomogeneities the tolerance is also
5%, and in high gradient areas the tolerance is 10%.
From the results it is apparent, that this method of verifying the patient plan is credible. Our
studies have shown that in areas with high dose gradient the measured dose has to be
compared with the average calculated dose for the ion chamber volume. The acceptable
criteria for patient plan in these cases can be assumed 5%.
Conclusion

The overall results are within recommended levels and adopted criteria. The results do not
depend on the presence of inhomogeneities. For the verification of the patient plan should be
chosen the mostappropriate phantom model. The method can be used for a large range of
clinical cases.
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Abstract

This work presents a comparative study of the 6 MV percentage depth dose curves for photon
beams of VARIAN Clinac 2300 C/D, ELEKTA Synergy Platform, and SIEMENS Primus
Linacs. The measurements were performed for a set of 7 field sizes (5×5, 10×10, 15×15,
20×20, 25×25, 30×30, 40×40) cm2, keeping the same conditions (e.g.,

geometry, ion

chamber voltage and polarity, incremental step and direction). During our study we used the
Mephysto MC2 software and two semiflex ion chambers from Physikalisch-Technische
Werkstätten GmbH, calibrated in water under 60Co gamma ray beam.
Introduction

Linear accelerators, available with a wide range of capabilities, have become the common
treatment machines in most radiation oncology departments. In Romania, in the last few
years, the radiotherapy services have been significantly improved due to installations of new
equipments provided with 3D conformal planning system from VARIAN, ELEKTA, and
SIEMENS. From the physicist point of view, a very important issue is the homogeneity of the
beam parameters. Regarding this matter, we are bringing into discussion the possibility of
obtaining a similar treatment quality in all radiotherapy centres by providing a very useful
database for the commissioning process and a comparison between beam parameters for all
megavoltage medical units already mentioned. The design of the collimation systems is
different for all three linacs (Fig. 1). Considering this facts, we present a comparative study of
the 6 MV PDD curves for photon beams of VARIAN Clinac 2300 C/D, ELEKTA Synergy
Platform and SIEMENS Primus linacs, and how PDD is reflected in clinical outcome.
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Figure1. Schematic geometry for VARIAN, ELEKTA and SIEMENS collimator systems
(Modified, after [1])
Materials and Methods

In order to characterise the central axis dose distribution it has to normalize the dose at depth
with respect to dose at a reference depth. The quantity, PDD, may be defined as the quotient,
expressed as a percentage, of the absorbed dose at any depth, d, to the absorbed dose at a
fixed reference depth, d0, along the central axis of the beam (Fig. 2). For high energies of
linacs beams, the reference depth is taken at the position of the peak absorbed dose (R100 = d0
= dmax). In clinical practice, the peak absorbed dose on the central axis is sometimes called the
maximum dose, the dose maximum, or simply, Dmax. The percentage depth dose, PDD
(beyond the depth of maximum dose) increases with beam energy. Higher energy beams have
greater penetrating power and thus deliver a higher PDD. As seen in Fig. 2, the PDD
decreases with depth beyond the depth of maximum dose. However, there is an initial buildup of dose which becomes more and more pronounced as the energy is increased. The region
between the surface and the point of maximum dose is called the dose build-up region. The
dose build-up effect of the higher energy beams gives rise to what is clinically known as the
skin-sparing effect. For megavoltage beams, the surface dose is much smaller than the Dmax.
This offers a distinct advantage over the lower energy beams for which the Dmax occurs at the
skin surface. Thus, in the case of the higher energy photon beams, higher doses can be
delivered to deep tumours without exceeding the tolerance of the skin. As the high energy,
photon beam enters the patient or the phantom, while high speed electrons are ejected from
the surface and the subsequent layers. These electrons deposit their energy at a significant
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distance away from their site of origin. Due to these two reasons, the electron fluence and the
absorbed dose increase with depth until they reach a maximum. However, the photon energy
fluence continuously decreases with depth. Concerning the field size, this may be specified
either by the geometry or dosimetry point of view.

Collimator
Central Axis
Surface

d

Dd0

d0
Phantom

Dd

Figure 2. Percentage depth dose is (Dd/Dd0) ×100 %, where d is any depth and d0 is reference
depth of maximum dose [2]
The geometrical field size is defined as the projection, on a plane, perpendicular to the beam axis,
of the distal end of the collimator as seen from the front centre of the source. The dosimetric or
the physical field size is the distance intercepted by a given isodose curve (usually, 50 % isodose)
on a plane perpendicular to the beam axis at a stated distance from the source. The field size is
also defined at a predetermined distance such as the source-surface distance (SSD) or the sourceaxis distance (SAD). The latter term is the distance from the source to gantry rotation axis known
as the isocentre. For a sufficiently small field one may assume that the depth dose at a point is
effectively the result of the primary radiation, i.e., the photons which have traversed the overlying
medium without interacting. In this case, the contribution of the scattered photons to the depth
dose is negligibly small or even zero. But as the field size is increased, the contribution of the
scattered radiation to the absorbed dose increases, too. Since this increase in scattered dose is
greater at larger depths than at the depth, Dmax, the PDD increases with increasing field size.
However, in practice, since the dose rate decreases with distance, the SSD is set at a distance
which provides a compromise between dose rate and PDD [3]. Our comparative study is based on
the 6 MV PDD curves for photon beams in VARIAN Linac 2300 C/D, ELEKTA Synergy
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Platform, and SIEMENS Primus Linacs for a set of 7 field sizes (5×5, 10×10, 15×15, 20×20,
25×25, 30×30, 40×40) cm2, keeping the same conditions (e.g., geometry, ion chamber voltage and
polarity, incremental step and direction). The measuring equipment consisted of a 3D water
phantom, Unidos radiation dosimeter, Mephysto MC2 software, one reference Semiflex ionization
chambers and one Semiflex ionization chamber for field measurements, calibrated in water under
60

Co gamma ray beam, all this from Physikalisch-Technische Werkstätten GmbH Germany.

Results

The first step of the study was to introduce a normalization procedure for PDD curves to
create an appropriate method of comparing PDDs for various accelerators, but at the same
energy and field size. Usually, for a given machine, the depth of the maximum dose slightly
changes with field size. However,afterthenormalizationprocedure, the differencesbetween
PDDvaluesdo not appeartobesubstantial. The second step of the study was to analyze the
differences between the normalized depth curves, for each field size. An appropriate way to
do it, is to calculate the mean of the PDD values for all 3 accelerators (at the same energy and
field size) on every normalisation depth value and to compute the relative deviation, for every
case. The results shows that, the maximum relative deviation as a function of normalisation
depth for a 10×10 cm2 field size and a 6 MV photon beam was around 0.5 % for all measured
depth. Also, there was good agreement between PDD curves in build up region and maximum
difference was observed for SIEMENS machine (around 6 %) (Fig. 3).

Relative deviation [%]

VARIAN
ELEKTA
SIEMENS

Normalisation depth

Figure 3. Relative deviation as a function of normalization depth for energy of 6 MV, field
size (10×10) cm2, SSD = 100 cm, for VARIAN, ELEKTA and SIEMENS linacs
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It is well known that, for commercial medical linear accelerators, the sources of radiation that
determine dosimetric characteristics of clinical photon beams are: direct radiation, indirect
radiation and contaminant electrons/positrons.
Using the same procedure to analyze the data obtain from linacs, it can be seenthat,for the
entire rangeoffieldsizes, the VARIAN acceleratorkeepsrelatively constanttendencytowardsthe
mean with smalldeviation(around1 %),unlike the SIEMENS and ELEKTA systemsthat swap
thetrendfromfieldsize (5×5)cm2 to (40×40) cm2 with the deviationfrom themeanof2 %. Based
on our PDD measurements, we can say that, for field sizes (10×10, 15×15, 20×20, 25×25,
30×30) cm2, the maximum deviation was below 1 %, for all 3 accelerators. For field sizes
(5×5, 40×40) cm2 the deviation was no more than 2 %, for SIEMENS and ELEKTA linacs
(Figs.4, 5).

VARI
AN

Relative deviation [%]

Relative deviation [%]

VARI
AN

Normalisation depth

Normalisation depth

Figure 4. Relative deviation as a function of Figure 5. Relative deviation as a function of
normalization depth for energy 6 MV, field normalization depth for energy 6 MV, field
size 5×5 cm2, SSD = 100 cm, for VARIAN, size (40×40) cm2, SSD = 100 cm, for
ELEKTA, and SIEMENS linacs

VARIAN, ELEKTA, and SIEMENS linacs

Discussion

In clinical practice, there is a need for dose calculations, whenever irradiation of the patient
follows the same treatment plan, but a different accelerator. Except for comparing of dose
distributions for various combinations of energy, field size and accelerator, the normalization
procedure is a convenient way as a part of accelerator check-up. Changing of energy or
energetic spectrum in accelerator could cause each change in PDD shape. These parameters
are very important for planning, because they constitute the base for computer calculations.
They must be verified routinely. Dose normalization enables an easy and fast way of checking
the accelerator standard parameters loaded into treatment planning systems.
61
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Summarizing, the normalization procedure, when dose is normalized to the depth selected by
physicist, gives us advantages as follows:it provides the possibility of comparing the dose
distributions for various energies, achieved in linear accelerators, both in scattering and
scanning mode, it is a convenient way of comparison of dose distributions, it enables to
check and control beam energy generated by a linear accelerator (during routine
measurements).
Conclusion

Comparing PDD curves, obtained for the three linacs, one notices that the relative depth dose
values were very close together and their differences were less than 2 % for all depths and all
field sizes. There is a good agreement between PDD curves in build up region and differences
observed around 6 % which can be explained due to contamination spectra. The two main
contributions to the dose, at the phantom surface and build up region, are electrons generated
both by primary and secondary photon interactions within the water. The photon energy
spectra of the three linacs have very similar patterns and if normalized to maximum value,
they almost overlapp each other. This small difference could have caused a negligible
discrepancy between PDD curves of linacs. Our results are consistent with those of Mesbahi
et al. 2007 [4]. Despite of the fact that the architectures of the VARIAN, ELEKTA, and
SIEMENS Linac treatment headsare quite different, the comparison between normalized
percentage depth dose curves showed that the clinical results should be the same, provided
that the treatment plan and biological response of the tumour are the same.
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Abstract

High-energy beams of protons offer significant advantages for the treatment of deep-seated
local tumors. Their physical depth-dose distribution in tissue is characterized by a small
entrance dose and a distinct maximum -Bragg peak- near the end of range with a sharp falloff at the distal edge. Therefore, research must be done to investigate the possible negative
and positive effects of using proton therapy as a treatment modality. In proton therapy,
protons do account for the vast majority of dose. However, when protons travel through
matter, secondary particles are created by the interactions of protons and matter en route to
and within the patient. It is believed that secondary dose can lead to secondary cancer,
especially in pediatric cases. Therefore, the focus of this work is determining both primary
and secondary dose. Dose calculations were performed by MCNPX in tumoral and healthy
parts of brain. The brain tumor has a 10 mm diameter and islocated 16 cm under the skin
surface. The brain was simulated by a cylindrical water phantom with the dimensions of
19×19cm2( length× diameter), with 0.5 cm thickness of plexiglass (

). Then beam

characteristics were investigated to ensure the accuracy of the model. Simulations were
initially validated with against packages such as SRIM/TRIM.Dose calculations were
performed using different configurations to evaluate depth-dose profiles and dose 2D
distributions.The results of the simulation show that the best proton energy interval, to cover
completely the brain tumor, is from 152 to 154 MeV.
Introduction

Radiotherapy plays an important role in the treatment of cancer. After surgery it is the most
frequently and most successfully applied form of therapy. More than 50% of all patients with
localized malignant tumors are treated with radiation. In radiotherapy the key problem is to
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deliver the dose in such a way that ideally the planned target volume receives 100% of the
dose needed to kill all cancer cells in the tumor, while the surrounding normal tissue should
not receive any dose. In practice, this cannot be achieved because of the unavoidable dose
deposition in the entrance channel of the radiation [1]. The application of high-energy beams
of heavy charged particles to radiotherapy was first considered in 1946 when Robert R.
Wilson investigated the depth dose to characteristics of proton beams (primarily for shielding
purposes) [2]. He recognized the potential benefits of proton beams and predicted “that
precision exposures of well-defined small volumes within the body will soon be feasible”.
High energy protons suffer little angular deflection at the end of their trajectories, so the
Bragg peak can be precisely placed anywhere in the tumor region, to achieve the desired dose
and dose distribution over the tumor volume by irradiation with particles of varied energies
and intensities. Taking full advantage of the well-defined range and the small lateral beam
spread, modern scanning beam systems allow delivery of the dose with millimeter precision,
and the main benefit of proton therapy over the photon beam radiotherapy is the absence of
exit dose, which offers the opportunity for highly conformal dose distributions, while
simultaneously irradiating less than the normal tissue [3]. These characteristics make the
proton therapy an excellent choice for the treatment of tumors located next critical structures
such as the spinal cord, the eyes, the thyroid and the brain, as well as for pediatric
malignancies [4]. As well as, the radiation treatment of the spinal canal in children usually
causes side effects such as nausea, vomit and diarrhea; using proton therapy, it can be possible
to stop the exposure before it gets into the abdomen, thereby giving the patients a better life’s
quality during their treatments. In this study, we have calculated the proton energy deposition
in brain tumor, for different protons energies (150-160MeV) by using the MCNPX Monte
Carlo code [5], also calculating the secondary neutron due to bombarding soft tissue by high
energy protons, that is very important in order to evaluate the risk of secondary cancers [6,7].
Materials and Methods

In this study, the Monte Carlo simulations were carried out using the MCNPX version 2.6.0.
It is a general purpose radiation transport simulation code which is capable to simulate proton
beams. This code uses tabulated cross- sectional data up to a maximum energy, which is
particle and material dependent andbased on this maximum energy, the program uses model
transport parameters. The code requires an input file data that defines the geometry, the
physical parameters and the tallies of the simulated problem.
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We used a simplified brain geometry, which is a cylindrical water phantom, having a length
of 19cm and a diameter of 19 cm. The outer shell of phantom has a 5mm thickness of
plexiglass (

1.17 g. cm-3). A mono-energetic proton source, like a pencil beam, has been

used in our simulation.We have applied the MCNPX code for proton beam energies ranging
from 150 to 160 MeV, with steps of 1 MeV, to obtain the range and ionization values, which
are related to the cell damage or dose, in the tissue.

Results

Simulations were initially validated with against packages such as SRIM/TRIM [8]. In Figure
1, Proton dose as a function of energy beam in normal tissue is shown. In 153 MeV minimum
dose deposited in normal tissue is achieved.
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Figure 1. Proton dose as a function of energy beam in normal tissue
In Figure 2, Proton dose as a function of energy beam in tumor is shown. In 153 MeV
maximum dose deposited in tumor is achieved. Figure3 shows, Target Ionization of proton
(E=153MeV) obtained from the TRIM computer program.
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Figure 2. Proton dose as a function of energy beam in tumor

Figure 3. Target Ionization of proton (E=153MeV) obtained from the TRIM
computerprogram
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Figure 4 is depict proton ranges and straggle in target and obtained from the TRIM .

Figure 4. Proton range and straggle in target and obtained from the TRIM
Table 1. Proton and neutron dose obtained from MCNPX
Region

Proton dose (Gy )

Neutron dose (mSv)

Normal tissue

3.922E-12

1.297E-10

tumor

2.459E-9

6.033E-10

Discussion

Results from this study indicate that the mean dose of proton in tumor is 2.459E-9
Gy/s/particle and the mean dose of normal tissue is 3.922E-12 mSv/s/particle.
Conclusion

Results from this study indicate that the appropriate energy for treatment of this tumor is 153
MeV. The dose rate of normal tissue in this energy is 1.59E-3 times the dose rate in the tumor
and this results indicate the effectiveness of proton therapy. Also because the amount of dose
in normal tissue is also remarkable proton therapy devise parameters such as proton energies,
thickness of moderator and etc. must be carefully designed by consider the location of the
tumor that obtained from CT and/or MRI images to achieve the minimum dose in healthy
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areas. This study also showed that the Monte Carlo simulation method can be used to
optimize treatment planning in proton therapy.
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Abstract

Unlike treatment with static fields, using a dynamic multileaf collimator (dMLC), there are
significant dosimetric issues which must be assessed before dynamic therapy can be
implemented. The advanced techniques require some additional commissioning and quality
assurance tests. The results of standard quality assurance (QA) machine tests and
commissioning tests for volume modulated arc therapy (VMAT) using electronic portal image
device (EPID) and “EPIQA” software are presented.
Introduction

In recent years EPID is widely used for commissioning and QA for Linacs, because of its
several advantages: simple and quick set up, controlled by the machine and high resolution
detector. We used EPID Varian aS-1000 detector and “EPIQA” software for analyzing the
results.
The new dose delivery techniques for radiotherapy such as intense modulated radio therapy
(IMRT) and volume modulated arc therapy (VMAT) require the synchronization of the
dynamic MLC, dose rate, and gantry speed to deliver a specific dose to a point in space.
Additional testes are mandatory. RapidArc is an extension of IMRT and incorporates
capabilities such as variable dose-rate, variable gantry speed, and accurate and fast dynamic
multileaf collimators (dMLC), to optimize dose conformity, delivery efficiency, accuracy and
reliability. In order to do these tests, one can use a number of different software products.
Commercial software such as “EPIQA” offers 4 modules for QA. The software compares the
measured and the calculated dose distribution. We present some routine QA tests and also
tests for commissioning of the VMAT technique.
1. dMLC dosimetry – measurements at gantry angles 0,180,90, 270 for 4x10 dMLC field
with 0.5 slit to test the effect of gantry on leaf position and the dosimetry system;
2. Picket Fence (PF) test vs. gantry angle;
*
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3. PF test during VMAT –to test effect of gantry rotation on the MLC positional
accuracy;
4. PF test during VMAT with intentional errors ;
5. Accurate control of Dose rate and gantry speed during VMAT;
6. Accurate control of leaf speed and dose rate to give equal dose to four strips .
Material and methods
All tests are made using Varian medical accelerator Clinac iX with electronic portal image
device (EPID) type- aS1000 with dimensions 40x30 cm. The set up is shown on fig.1
Fig1
Example for 6MV source detector distance SDD=100cm. Source surface distance
SSD=SDD-dmax= 98.7 cm

Figure 1. Geometry setup for mix configuration.
Standard quality assurance machine tests:
Test 1: The measured with the ionization chamber output and wedge factors were
compared.

There

were

made

6

measurements

for

square

field

sizes

from

2

3x3,5x5,10x10,15x15,20x20,30x30 cm . They were made in a PMMA phantom at dmax in the
field center and SSD=100 cm. Profiles we get from EPID as an images and analyzed with
“EPIQA” and the data were compared with the profiles calculated by the treatment planning
system (TPS)
VMAT Commissioning Tests:
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Test 1. Measurement of the output and gantry angels 0o, 180o, 90o, 270o for 4x10cm2
dMLC fields with 0.5 slit to test the effect of gravity on leaf position. This test is made on
EPID and analyzed by “EPIQA ”.
Test 2. Test 3,4 - Picket Fence test vs. gantry angle ; test effect of gantry rotation on
the MLC positional accuracy; the same test with intentional errors.
To assess the accuracy of MLC leaf positions the first picket fence patterns were
obtained at stationary gantry angle for comparison with tests during VMAT. In the fence test
all leaf pairs move simultaneously at constant speed creating alone uniform background.
Stops of the leaf during irradiation are inserted at predefined positions creating lines of
increased dose. If leaf positions are accurately aligned, the resulting dose pattern will have a
fence like appearance, showing dark lines regularly placed at equal distances over a light
background. The results are analyzed with “EPIQA”.
Test 5. Accurate control of Dose rate and gantry speed during VMAT;
This test uses 7 combinations of dose rate, gantry range and gantry speed to give equal
dose to 7 0.8 cm strips in a RapidArc field.
Test 6. Accurate control of leaf speed and dose rate to give equal dose to four strips.
This test uses 4 combinations of leaf speed and dose rate to give equal dose to 4 strips
in a VMAT field.
Results

The results of standard machine QA tests are presented in Table 1, Table 2, Table 3, Table 4
Table 5 and Fig 2 to 6.
Table 1. Output factor comparison between “EPIQA” and ionization measurements
OF

OF

ionization chamber

EPIQA

3x3

0.924

0.921

-0.3

5x5

0.943

0.953

+1.0

10x10

1

1

0

15x15

1.04

1.043

+0.3

20x20

1.065

1.07

+0.5

30x30

1.104

1.099

-0.4

S, cm

Diff., %
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Table 2. Dynamic Wedge factors comparison with “EPIQA” and TPS calculations
Wedge

Wedge

Gy/100 MU

Gy/100 MU

angle

orient.

ECL

PV

10x10

10

in

0.981

10x10

10

out

10x10

15

10x10

Field size, cm

Diff.,

∆%

OFTPS

OFPV

0.976

0.5

Ref TPS

Ref PV

0.982

0.978

0.4

1.001

1.002

-0.1

out

0.957

0.956

0.1

0.976

0.979

-0.4

15

in

0.955

0.956

-0.1

0.974

0.980

-0.6

10x15

10

out

1.006

0.973

3.4

1.006

0.999

0.8

10x15

60

in

0.618

0.614

0.7

0.619

0.631

-1.9

10x15

60

out

0.623

0.61

2.1

0.624

0.627

-0.5

%

Table 3. Analysis of measured and computed profile for field 10x10cm2
Field size

Left

Right

Dmax

Dmin

Homogeneity

Symmetry

penumbra
2.2

101.1

99.3

0.9

100.6

X PV

10.05

penumbra
2.4

X TPS

10.21

3.8

4.0

101.0

100.0

0.5

100.0

X DIFF

0.16

1.4

1.8

-0.1

0.7

-0.4

-0.6

Y PV

10.07

2.8

2.7

102.1

100.0

1.0

100.5

Y TPS

10.19

3.4

3.7

101.3

100.0

0.6

100.1

Y DIFF

0.12

0.6

0.9

-0.8

0.0

-0.4

-0.4

Table 4. Analysis of measured and computed profile for field size 10x10cm2,
dynamic wedge 45o
Field size, cm

Left penumbra

Right penumbra

Dmax

Dmin

Homogeneity

Symmetry

X PV

10.05

2.4

2.2

101.0

99.2

0.9

100.6

X TPS

10.06

4.2

4.4

101.0

100.0

0.5

100.0

X DIFF

0.00

1.8

2.2

0.0

0.8

-0.4

-0.5

Y PV

10.07

5.5

2.3

124.9

83.4

19.9

149.1

Y TPS

10.04

7.7

3.2

125.4

82.7

20.5

150.8

Y DIFF

-0.04

2.2

0.9

0.5

-0.7

0.6

1.7
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Table 5 dMLC dosimetry
Image name

Gantry angle [deg]

Deviation from ref value [%]

RI.DosimetryM1.dcm

180

-0.500

RI.DosimetryM2.dcm

90

-0.673

RI.DosimetryM3.dcm

0

0.145

RI.DosimetryM4.dcm

270

1.028

Reference average value: 0.135 ± 0.001

A

B

C

Figure 2. PF vs gantry angle : A-2700, B-00, C-1800, D-900

Figure 3. PF-Test during VMAT

Figure 4. PF-Test during VMAT with intentional errors
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D

Figure 5. Accurate control of Dose rate andgantry speed during VMAT. Max divination from
reference value is 1.34 %

Figure 6. Accurate control of leaf speed and dose rate to give equal dose to four strips .
Max divination from reference value is -1.44 %
Discussion

VMAT is increasingly used in Radiotherapy, due to its advantages over competing
approaches. The commissioning procedures are still in development. We did Varian’s
recommended tests. A set of tests were made using EPID and EPIQA. VMAT commissioning
tests include verification of gantry speed stability, dose rate accuracy, dMLC position
accuracy, gravity effects on leaf position. Successful implementation of these tests provides
assurance that the Clinac has the functional ability to deliver VMAT accurately. The
approaches of VMAT verification procedures are open and each contribution to the solution
of the problem is welcome. The second phase is to verify the patient’s plan and the same set
up can be used.
Conclusions

1. The comparison of EPIQA and ionization chamber measurements for standard machine
QA showed that the differences are within the uncertainty of the measurement. Therefore
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we can use the EPID+EPIQA for QA.
2. Based on the results of VMAT commissioning tests the following conclusions can be
made:
 Test 1: the dose delivery is consistent and stable in dMLC mode at different gantry

angles
 Test 2: PF test for all gantry angles appear linear, uniformed, well aligned and has

consistent widths. The dMLC performance is stable regardless of gantry angle
 Test 3: dMLC in VMAT mode is acceptable
 Test 4: tested sensitivity is acceptable
 Test 5: deviations from reference value show that dose output is consistent despite

the use of different combination of MLC
 Test 6: deviations from reference value show that machine can vary dose rate and

gantry speed during VMAT to achieve specified values
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Abstract

The aim of the study is to investigate whether and how QRS-complex and T-wave
heterogeneity is influenced by different cardiac risk factors and clinical data.
Digital ECG during stress test was acquired in 106 patients (age 63±10 years, 45 males).
Two indices obtained by Principal Component Analysis (PCA): complexity (PCA1) and nonlinear components (PCA2) were used for the analysis of the heterogeneity of the different
clinical groups. Mean, max, min and standard deviation values were examined in the study.
Significant difference (p<0.01÷0.05) between PCA1 of QRS (PCA1_QRS) was found between
subgroups of patients defined according to the presence or absence of angina pectoris, stroke
and smoking status. Significant difference for PCA2_QRS was obtained in the presence of
angiographically significant coronary artery disease, MI, stroke, percutaneous coronary
intervention, triglycerides (>1.7mmol/l) and gender. For the T wave significant difference
was found respectively for PCA1_T in gender and for PCA2_T in: triglycerides (>1.7mmol/l),
age and gender.
Introduction

The principal component analysis (PCA) is a technique that aims to represent a large number
of signals by means of a limited number of fundamental values [1]. When applied to digital
ECG tracings, the method determines the “principal components” which represent most of the
ECG information. The first three eigenvalues of the PCA provide nearly the total energy of
the ECG. Since the mathematical procedure calculates fundamental orthogonal components,
PCA analysis of the ECG signal is a modern approach, which can substitute in a certain
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degree the vectocardiography based on the orthogonal X, Y, and Z leads [1].
The study of the heterogeneity of the ventricular repolarization has been implicated by long in
the analysis of the genesis of ventricular arrhythmias [2]. Theoretical and experimental studies
suggest that ventricular repolarization occurs in a nonlinear and inhomogeneous fashion.
Measures of repolarization that take into account the T-wave complexity using PCA should be
a useful surface ECG marker of heterogeneity of repolarization.
Whilst the diagnostic [3-5] and prognostic [2,6] value of PCA of the T wave has been
demonstrated, the effect of physiological factors on the QRS and T wave complexity is
unknown. The T wave shape or polarity can be influenced by age, sex, heart rate, body
position, autonomic activity, respiration, temperature, electrolyte concentration, food and
mental activity [7-11]. It is possible that these factors can also affect T wave complexity. PCA
has been used for the investigation of the effect of heart rate and body position on QRS and T
wave complexity [12] and also for the analysis of the post-extrasystolic changes of the Twave and QRS complex [13].
The aim of the study is to investigate whether and how QRS-complex and T-wave
heterogeneity is influenced by different cardiac risk factors and clinical data.
Materials and Methods

We studied 106 patients: age 63±10 years, 45 males, 39 with diabetes mellitus (DM), 85 with
AP, 34 with positive stress test, 18 with a history of myocardial infarction (MI), 48 with
angiographically significant coronary artery disease (AS-CAD). Controllable risk factors
(smoke, high blood pressure, high blood cholesterol, and obesity), not controllable risk factors
(gender, age and heredity) and other clinical data for this group of patients are presented in
Table 1. Ex smokers are considered individuals who quitted from at least 6 months.
Ethics: Signing an inform consent was a prerequisite for inclusion in the study. The study
protocol was approved by the local ethical committee and complied with the Declaration of
Helsinki.
Patients were included regardless of their sex or age. Exclusion criteria were left ventricular
systolic dysfunction with ejection fraction < 40%, haemo-dinamically significant valvular
heart disease, history of ventricular tachycardia, patient unable to perform the stress ECG test
or unwilling to sign the inform consent.
Digital 12-lead electrocardiograms (ECG) were acquired during stress ECG test using
veloergometer (GE Marquette Stress PC ECG Application) – 2-min stages 25W incremental
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workload.
Table 1. Distribution of the cardiac risk factors and clinical variables for the whole group of
patients. SD – standard deviation; BMI – body mass index; DM – diabetes mellitus; AH –
arterial hypertension; MI – myocardial infarction; AS-CAD - angiographically significant
coronary artery disease; PCI – percutaneous coronary intervention; n – number.
Clinical variable

Distribution (n = 106)

Age – mean ± SD

62.8 ± 10.3

Male – n (%)

45 (42%)

BMI – mean ± SD

28.0 ± 4.3

AH – n (%)

96 (90%)

DM – n (%)

39 (36%)

Dyslipidemia – n (%)

87 (81%)

Total cholesterol (mmol/l) – mean ± SD

5.09 ± 1.1

Triglycerides (mmol/l) – mean ± SD

2 ± 1.8

Family history of CAD – n (%)

11 (10%)

Smokers (present or ex) – n (%)

41 (39%)

Angina pectoris – n (%)

85 (80%)

History of MI – n (%)

18 (17%)

Positive stress ECG test – n (%)

34 (32%)

AS-CAD – n (%)

48 (45%)

PCI – n (%)

40 (37%)

Coronary artery bypass grafting – n (%)

10 (9%)

Stroke

6 (6%)

The test was considered positive in the setting of ≥ 1 mm horizontal or downward-sloping ST
depression 80 msec after J-point.
For this analysis, QRS detection algorithm [14] and automatic delineation of the QRS and T
wave onsets and offsets [15] were performed to bound the segments for the PCA estimation.
Two indices by PCA analysis have been used for this analysis: 1) complexity index, the ratio
between the second and the first eigenvalues:
PCA1:

2/

1,

and 2) non linear components (or relative residuum), the ratio between the sum of all the
eigenvalues excluding the first three and the sum of all:
PCA2: (

4+

5+…+

n)/sumi=1:n( i).

PCA1 and PCA2 are applied to the QRS complex and to the T wave. Mean values, max and
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min values and standard deviation are the parameters examined in the study.
Considering the presence of k beats in the examined stress test ECG record, the parameters
based on mean and standard deviation of PCA1 values are defined by:
mean_PCA1_QRS= mean i=1:k (PCA1_QRSi)
mean _PCA1_T = mean i=1:k (PCA1_Ti)
std_PCA1_QRS= std i=1:k (PCA1_QRSi)
std_PCA1_T = std i=1:k (PCA1_Ti)
In addition in order to capture short term dynamics, the max value and the min values of the
mean values of 3 consecutive beats are considered:
max_3_ PCA1_QRS = max i=1:k (mean j=i-1:i+1 (PCA1_QRSi))
max_3_ PCA1_T = max i=1:k (mean j=i-1:i+1 (PCA1_Ti))
min_3_ PCA1_QRS = min i=1:k (mean j=i-1:i+1 (PCA1_QRSi))
min_3_ PCA1_T = min i=1:k (mean j=i-1:i+1 (PCA1_Tj))
The PCA2 parameters are calculated in the same way.
For this study, we tested the distribution of different parameters using the Kolmogorov
Smirnov test. This analysis showed that the majority of the considered parameters did not
present a normal distribution. Consequently, we compared the results of different groups with
the non parametric Mann-Whitney U test.
Results

For this study all the 106 patients have been considered. The ECG stress test records have a
variable length, in relation of the duration of the stress test the patients were able to support,
and varies from 2’20” to 11’55”. The results of PCA1 and PCA2 for the QRS complex and the
T wave considering all the beats in the ECG stress test records are reported in [16]. In the
present study we considered the results of the first 2 minutes of stress test, which is common
to all patients.
Table 2 reports a summary of all the comparisons with statistically significant difference of
PCA1 and PCA2 indices for QRS complex and T wave.
Significant difference between the PCA of the QRS was found between subgroups of patients
defined according to the presence or absence of AP (p<0.01 for PCA1), AS-CAD (p<0.05 for
PCA2), PCI ( p<0.05 for PCA2) and subject with or without a history of MI ( p<0.01 for
PCA2), stroke (p<0.01 for PCA1 and p<0.05 for PCA2 ), triglycerides > 1.7 (p<0.05 for
PCA2), and present or ex smokers (p<0.01 for PCA1). The only clinical parameters that are
79
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

not providing statistically significant difference in the QRS complex analysis are: DM, stress
test, and age.
Significant difference between the PCA of the T-waves was present between subjects
Table 2. Summary of the results for PCA1 and PCA2 for QRS and T wave considering
the first 3 minutes of stress test. The most significant difference among mean, std,
max_3 and min_3 are illustrated.
Presence vs

QRS complex

T wave

absence

PCA1

PCA2

PCA1

PCA2

MI

-

p<0.01

-

-

AP

p<0.01

-

-

-

AS-CAD

-

p<0.05

-

-

DM

-

-

-

-

Pos. Stress Test

-

-

-

-

Stroke

p<0.01

p<0.05

-

-

Gender M

-

p<0.01

p<0.01

p<0.01

Age (> 65 years old)

-

-

-

p<0.01

Triglycerides >1.7 mmol/l

-

p<0.05

-

p<0.05

Smokers

p<0.01

-

-

-

PCI

-

p<0.05

-

-

according to gender (p<0.01for PCA1 and PCA2), age (p<0.01) and triglycerides (> 1.7
mmol/l) (p<0.05 for PCA2), The clinical parameters that are not providing statistically
significant difference in the T wave analysis are: AP, AS-CAD, DM, PCI, positive stress test,
stroke, smokers and subject with or without a history of MI.
Decreased PCA values of the QRS complex were found in the groups of triglycerides (>1.7
mmol/l) and smokers. Increased PCA values were found for the QRS complex in AP, MI, ASCAD, PCI, stroke and age (>65 years old), and for the T wave in triglycerides (>1.7mmol/l). In
addition, females show higher PCA values than males in T waves, and lower for QRS wave.
Discussion

Different cardiac risk factors and clinical parameters have a distinct influence on the two
indices based on the Principal Component Analysis applied on the QRS complexes and Twaves during stress ECG Test.
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From clinical perspective it is important to predict which patients are at risk for ventricular
arrhythmias and sudden cardiac death in order to adopt primary prophylactic measures.
History of MI is a well known risk factor for future ventricular arrhythmias and in the present
analysis PCA of the T wave showed a significant difference between groups of patients with
or without MI, supporting previous knowledge [17]. Some authors are analyzing the T wave
PCA in the course of acute transmural ischemia, induced by prolonged balloon occlusion
during PCI [18]. The population with a history of MI, however, is not a homogeneous one and
maybe PCA has the possibility to distinguish those subjects, who are at a particularly
increased risk. This will be evaluated in a further study with prospective follow-up of the
selected cohort.
There is some initial work done on QRS complex PCA in the setting of previous MI [19],
accentuating mainly on the methodology and not on the clinical results. In the present analysis
we have found that patients with a previous MI have significantly higher PCA values for the
QRS complex. Searching the database (Pubmed, Medline) we were not able to find another
study showing higher PCA values for the QRS complex in this clinical setting. The clinical
significance of this finding requires further investigations.
Few comparable studies concerning the influence of demographic and clinical variables on
QRS or T wave PCA are present in literature [18-20]. Higher values for PCA of the T wave in
patients with CAD have been reported [20], supporting our findings.
As it was mentioned, we have previously investigated the QRS complex and T wave
heterogeneity during stress test ECG considering the complete recordings [16]. Some results
reported in this article [16], concerning mainly the decreasing of PCA values in the groups of
patients with CAD and MI, are conflicting with some studies in literature. This fact suggest
the assumption of a dynamic load-dependent behaviour of the heterogeneity of the QRS
complex and T wave during the stress test ECG, and not a static influence with the cardiac
risk factors and clinical conditions. The results in the present paper (increase of PCA values
of QRS wave in groups of individuals with CAD and MI in the first 2 minutes of a stress ECG
test) are supporting this characteristic.

The dynamic trend of heterogeneity of cardiac

depolarization and repolarization in groups of patients with multiple and different risk factors
and clinical conditions distribution requires further investigations.
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Conclusion

The general conclusion of our study is that the cardiac risk factors and clinical data influence
the heterogeneity of the QRS-complex and T-wave, and this effect has a dynamic loaddependant nature during stress test. The indices of the QRS complex based on PCA analysis
showed a higher number of significant differences and proved to be more sensitive to the
different clinical conditions.
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Abstract

Considering core temperature measurement, telemetric systems based on ingestible
gastrointestinal sensors (i) enable continuous measurement, (ii) present good acceptability
and (iii) improve reliability of collected data. The main shortcomings of the existing systems
are related to transmission distance and rate of data loss. Thus, the aim of this study was to
assess the performances of the prototype version of a new device: the e-Celsius®. After that, a
calibration procedure was performed, 9 rats were intraperitoneally implanted with a pair of
sensors, one e-Celsius® (8.2mm diameter, 17.2mm length) and one Jonah® (8.7mm diameter,
23mm length). Temperature data were collected and compared during a 24h period of free
ranging. Transmission distance was assessed for e-Celsius® by moving the animal cages
away from the e-Celsius® receptor.
The results of calibration process indicate an e-Celsius® - Jonah® mean difference of
0.04±0.04°C. During free ranging, the mean difference observed was 0.1±0.2°C but the
instantaneous difference values between devices could sometime reach 0.96°C (0.2<
interquartile range 90 <1.1°C). The differences exceeding 0.1°C, observed during free
ranging could hardly be explained by the sensors’ variability but rather by animal
physiology.
Concerning the transmission distance assessment, when the distance between the animal and
e-Celsius® receptor reaches 5m, 48% of the data were still collected. These performances
largely exceed Jonah® technical data which indicate a maximal transmission range of 1m.
Furthermore, weight change and anatomopathology results reveal the system’s minor impact
on the animals’ life.
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Introduction

Temperature measurement is one of the oldest known diagnostic methods [1] which is still
used routinely in diagnosis and medical monitoring of patients. This measure classically aims
at detecting hypo/hyperthermia and fever. The increasing use of this variable combined with
technological improvement led to the evolution of tools dedicated to temperature
measurement.
Telemetric sensors measuring the gastrointestinal temperature are among the latest disposable
tools in this area. The earliest scientific publications mentioning temperature measurements
by telemetry are over 35 years old [2] and were initially conducted with animals [3, 4]. The
use of this telemetric technology for gastrointestinal temperature investigations in humans
appeared soon after [5]. These telemetric devices are based on an ingestible electronic capsule
that continuously collects and transmits gastrointestinal temperature data to a dedicated
monitor. However, the limits of the currently available devices do not allow a widespread use.
The emission distance of the existing systems ranges from 0.6m (CorTemp®) to 1.5m
(VitalSense®), their actual size prevents some cases of use (L=26mm, =13mm for
CorTemp® and L=23mm, =8.7mm for VitalSense®), and data recorders are relatively
cumbersome for ambulatory applications [120x60x25mm, 200g (CorTemp®); 120x90x25mm,
200g (VitalSense®)]. This tends to explain why the use of this kind of device is limited to the
areas of animal and human research.
Despite these limiting characteristics, the gastrointestinal temperature sensors present many
advantages compared to conventional tools including the capacity to obtain continuous
measurement and to detect fine temperature variation and the improvement of data reliability
or user acceptability compared to probes. Furthermore, recent developments in
miniaturization, radiofrequency communication, and computer data in hospital structures lead
to reconsider the drawbacks previously listed. In this context, e-Celsius® is a new telemetric
device developed to take into account user needs and using constraints. The aim of this study
was to assess the performances of an e-Celsius® prototype version including a calibration
assessment step and an in-vivo testing in rodents. The validity and reliability of the
temperature data collected were evaluated during a free ranging 24h period; distance of
transmission and harmlessness were also tested.
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Materials and Methods

Ten commercially available Jonah® capsules (VitalSense® system) (Respironics, Herrsching,
Germany) previously calibrated by the manufacturer and 10 e-Celsius® prototypes were used
[BodyCap, Paris, France]. The tested device (e-Celsius®) is composed of an electronic capsule
equipped with a band gap sensor (SE 95®) integrated on a “Wafer Level Package” (WLP),
itself integrated in a flex coating of biocompatible resin (L=17.2mm; =8.2mm). The data
sampling frequency of this sensor can be pre-selected by the user from 30s. to 2min.
depending on application needs. Data are then transmitted by a telemetric technology to a
dedicated monitor for recording and direct reading.
At first, 10 pairs of capsules (1 Jonah® + 1 e-Celsius®) were constituted and activated and
immersed in a thermostated water bath successively heated to 35, 37 and 39°C. A thermostat
bridge (JULABO®, model SE, Germany) was placed on the bath along with a heating and
stirring system. This thermostat bridge was equipped with an internal temperature sensor. A
PT-100® was connected to the thermostat bridge; this traceable thermometer was used as the
standard measure of water bath temperature (external sensor).
For the second step of the experiment, 9 male Sprague Dawley rats (weight 636.7±54.8g)
underwent an Intra-Peritoneal (IP) implantation of one pair of sensors (1 Jonah® + 1 eCelsius®) attached to the right iliac fossa of IP cavity.
After surgical implantation the animals were individually housed in transparent polycarbonate
cages fitted with wood chip beddings. Rodent laboratory food and water were provided ad
libitum under standard laboratory conditions (21°C, 12-12h light-dark reverse cycle).
Three days after implantation, data collection started in free ranging conditions for a 24h
period and with a sampling frequency of 1 min for both devices. In order to assess the
maximal distance of emission of the tested device, the animal compound and the e-Celsius
receptor system were laid at table height (0.75m) in an open field. The test began with a
distance of 2m between the compound and the receptor; and then remoteness was increased
by steps of 0.5m up to a distance of 5m and then 1m beyond. The data were collected for 10
minutes at each step. The remoteness was conducted until the signals were lost. For each
distance tested, the criterion adopted for transmission quality assessment was the proportion
of collected data.
Eighteen days after implantation, samples of tissue in contact with e-Celsius® sensors were
collected and analyzed in each rat.
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Results

Temperature values issued from e-Celsius® and Jonah® sensors during the accuracy
assessment at 35, 37 and 39°C, were compared. As the normality hypothesis was violated for
all three samples (test of Shapiro-Wilk, p<0.01 for each temperature bath) Wilcoxon’s signed
rank test was used for analyze the differences between the sensors. The observed differences
(e-Celsius® - Jonah®) are significantly different from 0; their median value lies at 0.02, 0.03,
and 0.04°C for 35, 37 and 39°C, respectively. Moreover, the differences never exceed 0.2°C;
except for three extreme values and in most cases the differences were in the range ±0.1°C.
Furthermore, we calculated the Standard Deviation (SD) and the length of the 90% quantile
(IQR90) for each sensor to investigate the variability of the measurement for the 37°C bath.
Comparing the resulting values pair-wise with Wilcoxon test indicates a significantly greater
variability of the e-Celsius® sensors. However, the differences are small: the median value of
the differences observed between respective SD equals 0.02°C (p<0.01) and the median of the
differences between the respective IQR90 value equals 0.06°C (p<0.01).

Table 1: Characteristics of the mean circadian model issued from

during

each of the 3 locations.
Amplitude

Acrophase

Raw data collected in rodents

Batyphase

Mesor value

the

free

ranging

conditions allow to model
temperature rhythm with a

(max-min)
Jonah®

0.54°C

16h28

3h59

37.5°C

e-Celsius®

0.60°C

16h34

4h17

37.5°C

classical

Cosine

function

(Nelson et al., 1979; De Prins
et

Waldura,

1993).

The

characteristics do not depend on the sensors (Table 1).
In contrast to the calibration assessment

Table 2: Statistics for the differences (°C)

process, most of differences observed within

between sensors (e-Celsius® - Jonah®)

each pair of sensors exceed the range ±0.2°C;

during 24h of free ranging condition.
Rat Median Mean SD IQR90
1
-0.34
-0.34 0.14
0.47
2
-0.07
-0.09 0.16
0.49
3
-0.13
-0.09 0.33
1.11
4
0.01
-0.01 0.22
0.77
5
-0.16
-0.19 0.14
0.46
6
-0.04
-0.02 0.12
0.39
7
0.01
0.01
0.06
0.21
8
-0.06
-0.05 0.12
0.39
9
0.09
0.09
0.25
0.86

all differences are included in the range ±1°C.
Table 2 presents some statistics, by rat basis.
The mean calculated differences are included in
the range ±0.2°C except for rat n°1 with a mean
of differences of -0.34°C. Simple t-tests carried
out for each rat show that the mean of
differences is never equal to zero (all p<0.05).

The results of the Wilcoxon test are similar, except for rat number 4, where the hypothesis of
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a location at zero cannot be rejected (at 95%-level). The variability of the e-Celsius® and
Jonah® temperature data was also compared during the 24h free ranging conditions. As
described previously, we compared the SD and IQR90 of the raw data on a per-animal basis.
In the in-vivo conditions, Wilcoxon’s tests do not indicate any significant difference between
e-Celsius® and Jonah® temperature data, neither for SD (median = -0.03°C, p=0.1) nor for the
IQR90 (median = -0.06°C, p=0.13).
Concerning transmission distance testing of e-Celsius® prototype, the rate of data recovered
decreased gradually as the distance between the capsules and the monitor increased. 60% of
the data are still recovered at a distance of 8m. However, it seems that the system presents a
shadow zone around 5m, since at this distance, the rate of recovered data punctually
decreased to 45%.
Sample of tissues collected and analyzed indicate a slight inflammation of adipose tissue for 5
rats.
Discussion

After a calibration assessment process, the performances of the e-Celsius® temperature sensor
prototypes were evaluated in in-vivo conditions. The preliminary step of the experiment
allowed to check that temperature data collected by e-Celsius® and Jonah® sensors were
identical. While sensors were immersed in a water bath heated to 35, 37 or 39°C, a large
majority of the calculated differences between e-Celsius® and Jonah® values remains in the
range ±0.1°C. However, for each target temperature tested, a larger dispersion of the values
was observed for e-Celsius® compared to Jonah®. Considering the respective levels of sensor
accuracy, the observed variabilities are entirely negligible. The larger dispersion of the values
observed in e-Celsius® could be due to the lack of data smoothing, whereas each Jonah® value
was obtained from the average of 4 successive data collections.
A first examination of temperature data collected during the 24h of in vivo free range
conditions allows to model a classic temperature rhythm. Both the parameters of the model
and the parameters of the temperature rhythms do not seem to depend on the sensor used;
mean amplitude, acrophase batyphase and Mesor issued from the e-Celsius® and Jonah®
sensors are relatively similar. However, while the means of e-Celsius® - Jonah® differences
are within the range ±0.2°C, (at the exception of 1 rat), simple t-test indicated that the mean of
differences is not equal to zero for each rat. In this tested situation, the Wilcoxon test did not
indicate any difference in values dispersion issued from the Jonah® and the e-Celsius®sensors.
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Differences observed in in-vivo conditions do not seem to be explained by the sensors’
variability.
However, high differences exceeding 1°C are occasionally observed in the in vivo conditions;
considering the results obtained in calibration process, this level of difference may be hardly
technologically explained. Food or water intake effect hypothesis, described by Chapon et al.,
[6] tends to be confirmed, even if devices are implanted in the same place.
Concerning the assessment of maximal transmission distance, the rate of data collected range
from 74% to 50% for distances from 6 to 8m; we observed a rather weak transmission
performance at a 5m distance (lower than 50% of collected data), this phenomenon could be
explained by the existence of a shadow zone. The observed performances largely exceed
VitalSense® technical data which indicate a maximal transmission distance of 1m, this could
be explained by the quality of antenna, emission power, kind of modulation or transmission
processes used in e-Celsius®. In comparison with results previously reported in Chapon et al.,
[6], it seems that putting the e-Celsius® receptor at table 0.75m height should improve the
transmission performances with sensors. Concerning the harmlessness of the devices, no
important weight change was observed and the slight inflammation of adipose tissue observed
does not seem to correspond to a contact with toxic material or to the emission of radio
frequency waves but could be rather due to the frictions of devices and tissues.
Conclusion

Our study indicates that, during both the calibration assessment procedure and in-vivo condition,
e-Celsius® presents an accuracy and reliability corresponding to existing solutions. Furthermore,
transmission distance of the e-Celsius® largely exceeds the Jonah® device. Weight change and
anatomopathology results reveal the system’s minor impact on the animals’ life.
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Abstract

This study aims to test the usability of the transthoracic impedance cardiogram (ICG) for
assessment of the quality of myocardial contractions in atrial fibrillation (AFIB) vs. sinus
rhythm (SR), using signals recorded via defibrillation pads during external cardioversion
(ECV). Data from 88 patients with persistent AFIB who received planned ECV are processed.
AFIB is treated with cardioverter/defibrillator DG4000 (Schiller Médical, France) using a nonescalating protocol 200J/200J/200J. Successful ECV is defined as restoration of SR for >1min.
The electrocardiogram (ECG), thoracic baseline impedance (Z) and dynamic impedance
components dZ, dZ/dt captured via self-adhesive pads in antero-apical position are processed.
Heartbeat contractions are evaluated by several measures extracted from the mean ICG
patterns during systole: from dZ pattern - ICG peak (amplitude, range, area); from dZ/dt
pattern - ICG velocity peak (range, area) and left ventricular ejection time (LVET). The
hemodynamical indices measured before and after ECV are: mean heart rate over 2 minutes
(HR), standard deviation of HR (HRV), systolic (SysBP) and diastolic (DiaBP) blood pressure.
When the rhythm converts from AFIB to SR (74 patients), all measures on dZ, dZ/dt patterns
significantly increase: dZ (64-102%), dZ/dt (31-67%), LVET (18%), p<0.05. Significant
decrease of HR (-36%), HRV (-53%), SysBP (-11%) and DiaBP (-19%) are also observed.
Unsuccessful ECVs without conversion to SR (14 patients) are, however, associated with nonsignificant increase of dZ (10-21%), dZ/dt (0.3-29%), LVET (9%), p>0.05 when comparing
initial AFIB vs. post-shock AFIB. No clear change in HR (-9%) and HRV (6%), and slight
decrease of SysBP (-10%) and DiaBP (-8%) are observed.
The superiority of dZ, dZ/dt pattern measures in post-shock SR vs. pre-shock AFIB is related to
clinical data.
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Introduction

The monitoring of cardiac hemodynamics could provide valuable additional information to the
electrocardiogram (ECG) analysis for determination of the patient’s clinical status. Impedance
cardiography (ICG) is a technology that presents a cost-effective, noninvasive monitoring of
hemodynamic parameters by applying a constant, low-amplitude, high-frequency current to the
thorax and measuring the corresponding voltage to detect changes in thoracic electrical
impedance. Recently, a number of reports on the clinical use of ICG are published. Authors have
suggested that ICG measurements are useful for diagnosis of heart failure, monitoring of the
patient clinical status, and assisting in medicine decisions [1]. The dynamic beat-to-beat changes
in impedance are shown to be applicable for calculation of hemodynamic parameters, such as
stroke volume and cardiac output [2, 3]. The common 4 electrode measurement of ICG is also
shown to be a useful technique for monitoring the hemodynamic effect (stroke volume and
cardiac output) of the electrical therapy in patients with atrial fibrillation or sinus bradicardia who
restore sinus rhythm after cardioversion or stimulation [4]. The application of ICG acquired via
defibrillation pads as an additional sensor for detection of pulseless electrical activity in
defibrillators has been studied in [5].
The aim of this study is to test the usability of the transthoracic impedance cardiogram for
providing information about the different quality of myocardial contraction in atrial fibrillation vs.
sinus rhythm when using the signal recorded via the defibrillation pads during cardioversion.
Materials and Methods

This study comprises clinical data from 88 patients admitted to receive elective external
cardioversion (ECV) of persistent atrial fibrillation (AFIB) from May 2010 to March 2012 in
the Intensive care unit, National Heart Hospital, Sofia. The ECV is following standard
hospital procedures, all patients signing a written informed consent. The shocks are
administered by a commercial cardioverter/defibrillator DG4000 (Schiller Médical, France)
via standard self-adhesive defibrillation pads with active area (2x75cm2), placed in anteroapical position. AFIB is treated with a maximum of 3 biphasic shocks 200J/200J/200J,
followed by a 360 J monophasic if required. Successful ECV is defined as a restoration of
sinus rhythm (SR) for at least 1 min, thus dividing the patients into successful group (74
patients) and unsuccessful group (14 patients). Clinical data related to patients’ demographic
information, diagnosis indicators, prehistory and supporting treatment are collected.
The thoracic impedance baseline component (Z) and pulsatile component (dZ) are measured
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as the attenuation of a low-intensity, high-frequency current under the defibrillator pads. The
electrocardiogram (ECG), Z and dZ are continuously recorded by a prototype device (Z-Meter
[6]). Two signals of the impedance cardiogram (ICG) are considered – dZ and the derivative
dZ/dt. ICG patterns are extracted to study dZ and dZ/dt waveform measures during systole,
separately considering both the AFIB rhythm before ECV and the restored post-shock rhythm.
An example of recorded signals and identified patterns is shown in Figure 1.
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Figure 1. Extract of 10-second segment, including an episode of AFIB and the restored SR
after the shock – ECG (1st trace), dZ (2nd trace), dZ/dt (3rd trace), baseline Z (4th trace).
The defined pattern windows during systole are depicted in red (AFIB) and blue (SR).
Signal averaging of ICG patterns in noise-free episodes (10s to 2 min) is applied to improve
the signal-to-noise ratio of the mean pattern. By detection of extrema over the mean dZ and
dZ/dt patterns, the following measures are defined to describe the ICG waveform during
systole (see Figure 2a):
 dZPeak, dZRange, dZArea – the ICG peak amplitude, peak-to-peak range, area during
systole;
 dZ/dtPeak, dZ/dtRange, dZ/dtArea – the ICG velocity peak, range, area during systole;
 LVET – left ventricular ejection time measured from dZ/dt pattern.
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Two indexes are calculated to estimate the total improvement of dZ, dZ/dt measures in postshock SR compared to the pre-shock AFIB:
Index(dZ)   (dZPeak,dZRange,dZArea) SR

 (dZPeak,dZRange,dZArea)

Index(dZ/dt)   (dZ/dtPeak,dZ/dtRange,dZ/dtArea) SR

AFIB

 (dZ/dtPeak,dZ/dtRange,dZ/dtArea)

AFIB

The cardiac hemodynamic parameters measured before and after ECV are defined as:
 HR as the mean heart rate over a 2 minutes period;
 HRV as the heart rate variability estimated by the standard deviation of the mean HR;
 SysBP and DiaBP as non-invasive measurements of systolic and diastolic blood pressure.
Results

Figure 2 illustrates an example where the mean dZ, dZ/dt pattern waveforms in pre-shock
AFIB are considerably suppressed in comparison to the post-shock patterns during SR.
T-test is applied to study pre-shock vs. post-shock changes of all measures on dZ, dZ/dt
patterns, HR, HRV, SysBP and DiaBP (see Table 1). The relative change of the post-shock
means compared to the respective pre-shock means is also computed (denoted as Δ).
In case of successful SR restoration accompanied with improved post-shock cardiac
hemodynamics (74 patients), the comparison of pre-shock AFIB vs. post-shock SR (Table 1,
2nd column) reveals significant increase of all ICG measures, decrease of HR, HRV, SysBP
and DiaBP (p<0.05), but without change of the baseline impedance Z (p>0.05).
In case of unsuccessful SR restoration associated with non-improved post-shock cardiac
hemodynamics (14 patients), the comparison of pre-shock AFIB vs. post-shock AFIB (Table
1, last column) reveals insignificant changes of all ICG measures, baseline Z, as well as the
hemodynamical measures HR, HRV, DiaBP (p>0.05), but post-shock reaction with
significant decrease of SysBP (p<0.05).
The total ratio of post-shock to pre-shock ICG indices indicateabout 14-fold increase of mean
Index(dZ) and 4-fold increase of mean Index(dZ/dt) for successful vs. non-successful patients
(Index(dZ)=9.5±22.1 vs. 0.66±0.13, p=0.14; Index(dZ/dt) = 3.1±5.7 vs. 0.7±0.6, p=0.12).
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Figure 2. ECG, dZ, dZ/dt patterns for post-shock SR (left) compared to pre-shock AFIB
(right) of the patient in Figure 1. The mean patterns (bolded curves) are obtained after signal
averaging of all superimposed patterns (gray dotted curves). The reference points for dZ,
dZ/dt measures are marked by ‘*’.
Table 1. T-test for comparison of all measures on ICG patterns (dZ, dZ/dt), Z, and
hemodynamic indices in case of: (1) initial AFIB vs. SR after successful ECV; (2) initial
AFIB vs. post-shock AFIB after non-successful ECV. Delta of means ( SR/AFIB after
successful ECV, AFIB after non-successful ECV) is used to quantify the
differences.*p>0.05: Non significant differences.
Successful ECV, 74 patients

Unsuccessful ECV, 14 patients

dZPeak (m)

Initial
Post-shock

pAFIB
SR
SR/AFIB
mean±std mean±std value
(%)
136±92
245±108 <0.001 80 %

Initial
AFIB
mean±std
98±40

Post-shock

AFIB
pAFIB
mean±std value (%)
108±41
0.94* 10 %

dZRange (m)

152±88

109±84

125±103

0.99*

15 %

dZArea (m.s)

3311±3211 6686±4704 <0.001 102 % 1731±1027 2091±1398 0.44*

21 %

dZ/dtPeak (/s)

1.5±0.9

2.5±1.0

<0.001 67 %

1.04±0.5

1.34±0.5

0.14*

29 %

dZ/dtRange (/s) 2.3±1.1

3.2±1.1

<0.001 39 %

1.789±0.6

1.794±0.6 0.98*

0.3 %

0.002 31 %

15.3±6.9

17.0±8.3

0.56*

11 %
9%

249±107

<0.001 64 %

dZ/dtArea ()

28.4±19.6 37.2±18.9

LVET (ms)

256±69

303±77

<0.001 18 %

250±49

272±46

0.22*

Z ()

93±17

92±17

0.65* -1 %

110±18

107±16

0.59* -3 %

HR (bpm)

104±20

67±11

<0.001 -36 %

107±16

97±14

0.09* -9 %

HRV (bpm)

19±5

9±7

<0.001 -53 %

18±5

19±6

0.42*

SysBP (mmHg)

131±16

116±14

<0.001 -11 %

135±12

122±11

0.009 -10 %

DiaBP (mmHg)

86±10

70±12

<0.001 -19 %

89±10

82±7

0.06* -8 %
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6%

Linear regression correlation coefficients (r) are calculated to study whether patients’ clinical
data influence Index(dZ), Index(dZ/dt), and change of LVET before and after ECV (ΔLVET).
In case of successful ECV the following significant dependencies are found:
 Index(dZ, dZ/dt) are correlated to: Beta-Blocker (-0.25), Number of anti-arrhythmic drugs
(-0.29), ΔST (0.37), pre-shock HR (0.43), ΔHR (-0.40), pre-shock HRV (0.30);
 ΔLVET: ALT (0.46), ΔCK-MB (-0.32), ΔHR (-0.26), pre-shock DiaBP (0.24).
In case of unsuccessful ECV the following significant dependencies are found:
 Index(dZ, dZ/dt) are correlated to: Echocontrast (0.62) and ΔHRaverage (-0.71);
 ΔLVET is correlated to: Ejection fraction (-0.79), AST (0.77), ALT (0.87).
Discussion and conclusion

The signal-averaging technique over ICG acquired via defibrillation pads is used for
extraction of mean dZ, dZ/dt patterns with well-defined extrema during heart systole.
When the rhythm converts from initial AFIB to post-shock SR, all amplitude and time-related
measures on dZ and dZ/dt patterns in Table 1 (2nd column) manifest significant increase: ΔdZ
increases by 64-102%, ΔdZ/dt by 31-67%, ΔLVET by 18% (p<0.05). On the contrary, for
patients with initial AFIB vs. sustained post-shock AFIB (Table 1, last column), we observe a
non-significant increase of ΔdZ by 10-21%, ΔdZ/dt by 0.3-29%, ΔLVET by 9% (p>0.05).
These results could be paired to the observed rhythm and hemodynamics that is to say:
When the rhythm converts from AFIB to SR, a significant decrease of HRaverage and HRV
(36% and 53% respectively) and a significant decrease of SysBP and DiaBP (-11% and -19%
respectively) is observed.
When the rhythm does not convert from AFIB to SR, no clear change in HRaverage and HRV
(-9% and 6%) and a slight decrease of SysBP and DiaBP (resp. -10% and -8%) is observed.
Increase in dZPeak, dZRange, dZArea and dZ/dtPeak, dZ/dtRange, dZ/dtArea, LVET are
related to an improvement of the patient’s rhythm after delivery of an electric shock during
ECV of AFIB. These parameters could be valuable descriptors of the myocardial contraction
quality improvement in post-shock SR vs. initial AFIB, and could be used as markers of
hemodynamics.
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Abstract

Product properties depend among other things on material chemical composition, its
metallurgical purity, parameters of production process and surface modification. The purpose
of the study was to determine resistance to electrochemical corrosion of wire made of
stainless steel X2CrNiMo 17-12-2 in artificial blood plasma. Tests, whose aim was to
determine the effect of strain in drawing process and surface modification on wire resistance
to corrosion, were performed. Wire rod drawn to diameter of 1.25 mm was used as starting
material for tests. Potentiodynamic method was used to evaluate pitting corrosion resistance
on the ground of registered anodic polarisation curves with application of electrochemical
testing system VoltaLab® PGP 201. Registered anodic polarisation curves enabled to
determine typical characteristics of corrosion resistance, i.e.: corrosion potential, perforation
potential, polarisation resistance, corrosion current density. The tests were performed for
samples with modified surface after drawing process, by means of grinding, electrochemical
polishing and chemical passivation. Test results prove explicitly deterioration of corrosion
resistance together with the increase of strain in drawing process. As the result, decrease of
corrosion potential, perforation potential and polarisation resistance is observed. Corrosion
current density and corrosion rate increase. The tests also proved that further steps of surface
treatment cause significant improvement of electrochemical corrosion resistance of tested
materials. Wire with chemically passivated surface features the best corrosion characteristics
in artificial plasma.
Introduction

Wire and wire products made of stainless steel are widely used in invasive cardiology treatment,
among other things for guide wires and cardiologic implants. They should feature proper
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biotolerance, and thereby high resistance to electrochemical corrosion when coming into contact
with blood. Corrosion properties of materials depend to a large extent on production technology
(among other things strain in drawing process, the way of surface preparation) [1-3].
Technological treatment used in surface engineering in order to improve physical and chemical
characteristics of products used in medicine must take sterilisation process into consideration [4-7].
The most frequently used method of medical products sterilisation is antibacterial action of water
steam. Therefore, it is crucial to analyse the impact of pressurised water steam sterilisation on
functional characteristics of products in service conditions.
The purpose of the study was to analyse the impact of surface modification, sterilisation with water
steam and strain in drawing process on corrosion characteristics of wire for invasive cardiology.
Materials and Methods

Annealed steel rod made of X2CrNiMo 17-12-2 steel with diameter of 5.58 served as stock material
for tests. Wire rod was drawn to diameter of 1.25 mm with logarithmic strain

c

= 2.99. After

drawing process, wire was subject to surface treatment: grinding, electrochemical polishing and
chemical passivation. Three groups of samples prepared in this way were in turn subject to
sterilisation with pressurised water steam in sterilisation device Basic Plus by Mocom in
temperature of T = 134 C, pressure p = 1.1 bar for the time of t = 12 min.
Evaluation of the impact of hardening, the way of surface preparation and sterilisation process of
wires used in cardiology were evaluated on the ground of their corrosion resistance in artificial
blood plasma in temperature of T = 37±1 C. Corrosion tests included tests of resistance to pitting
corrosion

performed

with

application

of

potentiodynamic

method.

Testing

system

VoltaLab®PGP201 by Radiometer was used for measurements. Saturated calomel electrode (SCE)
of KP-113 type served as the reference electrode, while platinum electrode of PtP−201 type served
as auxiliary electrode. The tests started with determination of open circuit potential EOCP. Next,
anodic polarisation curves were registered, the measurement started with potential equal Estart = EOCP
− 100 mV. Potential changed in anodic direction at the rate of 1 mV/s. When anodic current reached
density of 1 mA/cm2, polarisation direction was changed. It enabled to register return curve. Open
circuit potential EOCP of tested samples stabilised after 60 minutes. On the ground of registered
anodic polarisation curves, typical factors characterising pitting corrosion resistance were
determined, i.e. corrosion potential, breakdown potential and repassivation potential. Stern method
was used for determination of polarisation resistance.
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Results

The first stage of tests included pitting corrosion resistance tests of steel rod (d = 5.58 mm)
with grinded, mechanically polished as well as electrolytically polished and chemically
passivated surface, but not subject to steam sterilisation. The average value of corrosion
potential of samples with ground surface was Ecorr = -179 mV. Polishing and passivation
caused increase of corrosion potential to the value of Ecorr = -19 mV. The course of anodic
polarisation curves registered for this group of samples is presented in fig. 1a,c,e. Next, wire
rod was subject to sterilisation with pressurised water steam, which had a beneficial effect on
corrosion potential by improving its value (fig. 1b,d,f.) The values of polarisation resistance
Rp and breakdown potential Eb and repassivation potential Ecp determined for individual
variants of tested samples were, respectively:


grinded samples – Rp = 791 kΩcm2, Eb = +490 mV, Ecp = +27 mV,



grinded samples after steam sterilisation – Rp = 534 kΩcm2, Eb = +510 mV, Ecp = +80
mV,



polished samples – Rp = 341 kΩcm2, Eb = +371 mV, Ecp – none,



polished samples after steam sterilisation – Rp = 801 kΩcm2, Eb = +230 mV, Ecp = +72
mV,



passivated samples – Rp = 1030 kΩcm2, Eb = +1159 mV, Ecp = +27 mV,



passivated samples after steam sterilisation – Rp = 467 kΩcm2, Eb = +722 mV, Ecp - none.

Next stage included tests of pitting corrosion resistance of samples deformed in drawing process (d =
1.25 mm) – fig. 1a,c,e. In this case, steam sterilisation process had an unfavourable effect on their
corrosion potential - fig. 1b,d,f. Decrease of its value was registered for this group of samples,
irrespective of the way of surface preparation. Determined values of polarisation resistance Rp and
breakdown potential Eb and repassivation potential Ecp for individual variants of tested samples were,
respectively:


grinded samples – Rp = 145 kΩcm2, Eb = +380 mV, Ecp = +39 mV,



grinded samples after steam sterilisation – Rp = 149 kΩcm2, Eb = +383 mV, Ecp = +32
mV,



polished samples – Rp = 126 kΩcm2, Eb = +284 mV, Ecp = +30 mV,



polished samples after steam sterilisation – Rp = 209 kΩcm2, Eb = +240 mV, Ecp = +26
mV,



passivated samples – Rp = 779 kΩcm2, Eb = +639 mV, Ecp = +66 mV,



passivated samples after steam sterilisation – Rp = 889 kΩcm2, Eb = +615 mV, Ecp = +45 mV.
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a)

b)

c)

d)

e)

f)

Figure 1. Anodic polarisation curves for samples: a) grinded (before sterilization), b) grinded
(after sterilization), c) polished (before sterilization), d) polished (after sterilization),
e) passivated (before sterilization), f) passivated (after sterilization)
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Discussion

Potentiodynamic tests performed in artificial blood plasma solution enabled to gather
information how, as the result of strain in drawing process, resistance to electrochemical
corrosion of wire made of stainless steel X2CrNiMo 17-12-2 changes. Comparative analysis
of anodic polarisation curves showed that corrosion properties decrease with increase of strain
applied in drawing process. Annealed wire rod featured the highest corrosion resistance.
It was also proved that consecutive stages of surface modification (grinding, electrochemical
polishing and chemical passivation) improve wire resistance to electrochemical corrosion.
Performed tests of X2CrNiMo 17-12-2 steel wires used in cardiologic treatment show in
addition that sterilisation process with application of water steam influences corrosion
resistance of tested wires. Analysis of test results describing changes of all corrosion
resistance parameters shows differentiated impact of steam sterilisation, depending on the
way of surface preparation. It was proved that chemical passivation has a favourable effect on
improvement of corrosion resistance under sterilisation conditions. Chemical passivation is
responsible for creation of compact and continuous layer of oxides with mostly amorphous
structure, which in turn serves as a barrier for reaction products diffusing into the solution or
which serves as chemically adsorbed coating. This layer is more resistant to water steam
during sterilisation process when compared to the layer created by mechanical or
electrochemical polishing.
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Abstract

The key to providing life-saving definitive therapy in acute myocardial infarction is the rapid
identification of ST elevation myocardial infarction. Incorporation of a 12-lead
electrocardiogram (ECG) into pre-hospital triage refines the process leading to a reduction
in delays in identifying patients requiring thrombolysis. An approach combining wireless 12channel high-resolution (1 kHz) ECG system with 4G modem for uninterruptable data
transfer between emergency medical services and emergency department is presented in this
paper. A novel algorithm for precise evaluation of the zone and size of acute myocardial
infarction necrosis is embedded at the ECG system software.
Introduction

The early diagnosis and treatment of acute myocardial infarction (AMI) is a primary responsibility
of all emergency medical services (EMS). There is no question that time is critically important as it
applies to providing artery-opening therapy. The key to providing life-saving definitive therapy in
AMI is the rapid identification of ST elevation myocardial infarction (STEMI). Similarly, a patient
with unstable angina who presents dynamic or changing ST segments requires more aggressive
therapy that will likely include early admission to the cardiac catheterization lab. Because STEMI,
non-ST elevation AMI and unstable angina are part of the same disease continuum, the term acute
coronary syndrome (ACS) is often used to refer to these entities.
EMS providers now have the opportunity to help rapidly identify patients with ACS. The American
Heart Association’s and American College of Cardiology’s current guidelines specifically address
the responsibilities EMS has in the early diagnosis of AMI [1]. There are five ways to definitively
diagnose AMI-s by ECG: 1) ST elevation of 1 mm or more in two or more contiguous leads; 2)
reciprocal ST depression; and 3) non-typical Q waves (in comparison with R and S segments); 4)
changes compared with an old ECG; and 5) current changes seen from one new ECG to the next.
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Paramedics can play a key role in diagnosing ACS and be an integral part of the chest pain
center team. To do so requires that all patients at risk for ACS get a 12-lead ECG performed
in the field. Most EMS systems that perform a 12-lead will transmit it to the hospital and/or
provide a pre-arrival alert to the receiving emergency department (ED) if ischemic or
diagnostic ECG changes are noted. Multiple studies [2 - 6] have shown that high-quality
prehospital ECGs can be performed very rapidly and rarely add significant on-scene time.
With short training periods, paramedics should be able to complete a 12-lead in less than two
minutes. Optimally, paramedics should be able to recognize the classic AMI patterns of an
anterior (including anterior septal and anterior lateral), inferior and lateral AMI. However, it
doesn’t require an ECG expert to perform an ECG and either bring it to the hospital or,
preferentially, transmit it.
Hardware and software solutions

ECG data acquisition and processing system
Taking into account the specific application, the basic requirements to the prehospital ECG
data acquisition system were defined as follows: sampling frequency of 1KHz per channel,
12-bit amplitude resolution, wireless data transfer, portable size, battery power supply.The
architecture of thedesigned portable ECG system is shown in Figure 1. Generally, the system
consists on three parts: (i) portable ECG acquisition module; (ii) remote mini computer (ITX
computer) installed at the ambulance, with software for ECG data processing, visualization,
recording and printing; and (iii) wireless 4G modem (WiMAX), providing uninterruptible
connection with emergency department.

Figure 1. ECG data acquisition system
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The data between the (i) and (ii) are transmitted by wireless interface based on the Bluetooth
technology.
The battery-powered portable ECG module has 8 analog input channels (for acquisition of
signals from 6 precordial and 2 peripheral electrodes), which are captured with the
microcontroller by embedded 8-channel analog-to-digital (ADC) converter. Then the digital
signals are compressed and transferred to the PC host using Bluetooth interface. The standard
12 ECG leads are calculated according to the mathematical transforms described in [7].
The ECG module is based on the ultra low-power MSP430F139 chip (Texas
Instruments). The MSP-controller is programmed to support the following operations:
 Capture and convertionof 8 input

analogue ECG signals;

 Measurementof the battery status;

 Bufferring, compression and package

of the digital ECG data;
 Control

of

communication;

 Control

of

the

ADC

sampling

frequency.

the

Bluetooth

 Test of the electrodes proper connection.

The complex signal processing operations are performed by the mini computer ITX host modelIntel D525MW, Intel NM10 + Atom D525, 2xDDR3, PCI, Mini PCI-E, Gbit LAN,
2xSata, 2xRS232, LPT, Mini-ITX.The embedded PC application software is responsible for
the following operations on data reception from the portable acquisition system:
 Decompression;
 ECG channels separation;
 ECG data buffering;
 Filtration: 50 Hz, 35 Hz;
 Calculation of 12 ECG leads;
 QRS

detection

and

heart

rate

calculation;
 Parametric analysis;
 Visualization and printing;
 Data transfer to remote centre.
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The ITX is connected with WiMAX Modem (standard IEEE802.16e), allowing real-time 4G
data transfer between ECG acquisition system and emergency department. In such a manner
the specialized team at hospital has enough time to analyze the incoming data and organize
itself in advance, during the patient transportation.
Method

An approach for analysis of high-resolution ECG recordings [8] aiming to provide adequate
information about the infarct size and localization was used. The method is based on
assessment of the orthogonal leads X, Y, Z, which form the vectorcardiogram (VECG). Since
the developed wireless ECG acquisition system operates only with 12 standard leads, a
transformation (Eq. 1) [9] to derive the synthesized orthogonal Xo,Yo, Zo leads is applied:

Xo  0.4*II-0.8*(II  III)/3  0.2*V5  0.5*V6  0.1*V4
Yo  0.3*III  0.8*II  0.5*(II  III)/3-0.2*V5-0.3*V6

(1)

Zo  -0.1*III-0.2*II  0.4*(II  III)/3-0.3*V1-0.1*V2-0.1*V3-0.2*V4-0.1*V5  0.4*V6
The most informative indexes extracted from the orthogonal leads, which show maximal
deviations compared to the respective norms, are assessed for each infarct localization type.
Taking for a basis an amplitude change of A = 1mm for these indexes, the equivalent
increase in the serum enzyme activity is calculated [10]:

E  A * ( E 2  E1) /( A2  A1) [U/L],

(2)

where E1 is the initial enzyme value [U/L], E2 is the peak enzyme activity [U/L], A1 is the
initial index amplitude [mm], A2 corresponds to the index value when maximal amplitude
change is reached [mm].
The practical implementation of the high-resolution ECG acquisition system is demonstrated
in Figure 2. Here is presented an example of ECG recordings (12 standard leads + synthesized
orthogonal leads ) from a patient with acute anterior AMI. The indexes are measured from: (i)
Frank orthogonal leads (X,Y,Z); (ii) the synthesized orthogonal leads (X1,Y1,Z1); (iii) the
synthesized orthogonal leads with inversion of the lead avR (X2,Y2,Z2).
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Figure 2. Example of high-resolution ECG recordings: (a) - 12 standard leads; (b) synthesized orthogonal leads
Table 1 contains the equivalent changes of the calculated serum activity (CK and CK-МВ) for
Q-wave and R-wave amplitude change of 1 mm. The correlation between the
electrophysiological and enzyme variables gives the possibility for very fast estimation of the
volume of the necrotic tissue in gram/equivalents, after preliminary calculation on the basis of
serum peak levels of the enzyme activity, taken from [10].
Table 1.Enzyme activity increase for 1mm Q-wave and R-wave amplitude change
Inferior AMI

Infero-lateral AMI

Anterior AMI

IN

CK

CK-MB

IN

CK

CK-MB

IN

CK

CK-MB

DEX

[U/L]

[U/L]

DEX

[U/L]

[U/L]

DEX

[U/L]

[U/L]

Z1Q 348,6±168,5 26,8±3,7
Z2Q

249,8±28,8 28,1±4,3

Y1Q 166,55±88,9 14,1±3,9 X2 Q 266,0±193,7 15,6±6,7
Y2Q

201,1±97,7 14,9±2,9 Y2 Q 647,5±427,7 14,3±4,9

Y1Q 433,2±48,9 14,8±2,7

Z1Q 263,0±288,4 28,1±4,9 X1 R 159,6±63,7 5,48±2,3

Y2Q 668,1±283,4 13,9±4,2

Z2Q

Y1R 175,5±76,2 18,7±2,1

Y1R 179,8±101,8 19,0±1,4 Y1 R

Y2R

Y2R

76,9±13,9

18,4±1,6

154,6±66,2 28,5±4,7 X2 R 115,8±47,1 6,88±3,06
168,8±3,7 3,1±0,88

103,8±64,8 19,5±0,8
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Conclusion

Exploration into the pre-hospital ECG transmission protocols and development of newer
technologies has recently led to wireless ECG transmission by EMS directly to a
cardiologist’s personal digital assistant. Improving the delivery of cardiac care to patients with
AMI should encompass a multi-layered approach including patients, paramedics, ED
personnel, cardiologists, and policy makers working together to decrease the symptom onset–
to–reperfusion time that will translate into improved survival.
The high-resolution 12-channel ECG is adequate electrophysiologic method for diagnostics of
the acute coronary syndrome with ST-elevation. The synthesis of orthogonal ECG leads by
transformations of the standard 12 leads ECG advances the possibility for precise evaluation
of the zone of AMI necrosis.
Combining the proposed method for early AMI diagnose with hardware solution based on
uninterruptable communication between EMS and ED, with real-time 12-chanel highresolution ECG data transfer, manifests significant advantages of the pre-hospital monitoring:


Quality is increasingly high.



Allows early diagnosis of AMI.



Allows a pre-alert to the hospital for a STEMI patient.



Gives the cath lab personnel time to prepare.



Provides the ED with a ECG to compare to past ECG-s and to the one performed on
ED arrival.



Improves patient outcomes.
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Abstract

Cardiac electrotherapy consists in implantation of pacemakers and cardioverterdefibrillators. A crucial factor that influences proper course of treatment is selection of
proper instruments that include guide wires used for insertion of electrodes into heart. Guide
wires in the form of wire are produced by means of drawing method. They should feature
suitable mechanical characteristics and resistance to electrochemical corrosion. The purpose
of the study is to analyse changes of structure and geometrical features of stainless steel
X10CrNi18-8 wires surface after drawing process and after further stages of surface
treatment (mechanical grinding, electrochemical polishing and chemical passivation).
Potentiodynamic tests in artificial blood plasma enabled to evaluate the impact of surface
treatment on their corrosion resistance. They showed favourable effect of polishing and
passivation on corrosion characteristic of stainless steel wires used for cardiologic guide
wires.
Introduction

Cardiac electrotherapy is a dynamically developing branch of invasive cardiology.
Electrotherapy includes implantation of multiple devices, the most important of which are:
cardiac stimulators, popularly known as pacemakers, and ICD (Implanted Cardioverter
Defibrillator). Thanks to development in microelectronics, devices that are used at present are
smaller and they feature wider programming possibilities. Electrodes of stimulators have
become thinner and more durable. The purpose of improvements and modifications –
concerning both, equipment and programming – is to provide proper heart beat electrical
stability and conduction blocks corrections. Implantation of pacemakers and cardioverter defibrillators is an increasingly popular kind of treatment.
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Success of electrotherapy depends on a number of factors, one of which is proper selection of
instruments and auxiliary materials. Various types of guide wires are of vital significance for
proper execution of this treatment. Guide wires in commercial use have the form of wires,
straight or with J- shaped end. They are made of stainless steels [1, 2].
One of problems connected with application of steel guide wires is formation of micro-clots
on their surface. It is caused by haemostatic activity of metallic materials. Therefore, proper
modification of the surface of wires after drawing process is a significant issue.
As the material surface quality has a significant effect on its electrochemical corrosion
resistance, the purpose of the study is to analyse changes of structure and geometrical features
of the surface of stainless steel X10CrNi18-8 wires after drawing process and after further
stages of surface treatment. The surface of drawn wires was successively subject to
mechanical grinding, electrochemical polishing and chemical passivation. The purpose of
such treatment was to increase wire resistance to electrochemical corrosion. Structural tests
were performed on scanning microscope Hitachi S-4200. Measurement of surface geometrical
features was made on optical profilometer Micro’prof. (CWL3000) by FRT. Next,
potentiodynamic tests of wires performed in artificial blood plasma solution confirmed the
validity of successive surface treatment.
Materials and Methods

Wire rod made of stainless steel X10CrNi 18-8 with diameter of 5.65 mm drawn to diameter
of 1.5 mm was used as stock material. Wire samples were cut off wire rod and wire after each
course of plastic working and after each surface treatment. It should be noted that wire rod for
drawing is each time subject to proper surface preparation, which means application of
coatings under grease, which improves adhesion of grease used in drawing process.
Stages of surface treatment included:


mechanical grinding, i.e. pre-treatment, performed with abrasive paper of granulation
from 80  1200,



Electrochemical polishing the parameters of which are presented in Table 1,



Chemical passivation in 40 % solution of nitric acid in temperature of 65 oC for 20  60
min.
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Table 1. Solution composition and parameters of wires polishing
Substance
Phosphoric acid
Sulphuric acid
Oxalic acid
Acetanilide
Corrosion inhibitor

Quantity
5560 % mas.
3545 % mas.
4060 g/dm3
4060 g/dm3
3 g/dm3

Process parameters
Temperature
60 ± 1C,
Current density
40 ± 1 A/dm2,

Images of wire structure after plastic forming and surface modification treatment were made
by means of electron scanning microscope with field emission FE SEM S-4200 Hitachi.
Measurements of surface geometrical features were made with optical profilometer
Micro’prof. (CWL3000) by FRT.
Resistance to electrochemical corrosion was evaluated on the ground of anodic polarisation
curves registered by means of potentiodynamic method with application of electrochemical
testing system VoltaLab® PGP 201 by Radiometer [3 - 5]. Potentiodynamic tests of wires
were performed in artificial blood plasma solution. Stern method was used in order to
determine polarisation resistance. Potentiodynamic tests were performed in temperature of T
= 37 ± 1 C, and pH = 7.0 ± 0.2. Saturate calomel electrode (NEK) of KP-113 type served as
reference electrode, and platinum electrode of Pt=P-201 type served as auxiliary electrode.

Results
Figure 1 presents images of wire rod with diameter of 5.65 mm and wire after drawing with
diameter of 3.0 mm and 1.5 mm before surface modification. Coating under grease (wire rod)
and grease (wire) can be seen on the surface.

a)

b)

c)

Figure 1. Surface of wire rod (a) and wire with diameter of 3 mm (b) and 1.5 mm (c)
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Figure 2 presents surface of wire rod and wire after mechanical grinding, Figure 3 – after
electrochemical polishing and Figure 4 after chemical passivation.

a)

b)

c)

Figure 2. Surface of wire rod (a) and wire with diameter of 3 mm (b)
and 1.5 mm (c) after grinding

a)

b)

Figure 3. Surface of wire rod (a) and wire with diameter of 3 mm (b)
and 1.5 mm (c) after polishing

a)

b)

Figure 4. Surface of wire rod (a) and wire with diameter of 3 mm (b)
and 1.5 mm (c) after passivation
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c)

Table 2 presents compilation of selected roughness parameters obtained on optical
profilometer Micro’prof. (CWL3000). Table 3 presents the results of electrochemical
corrosion resistance tests.
Table 2. Roughness parameters of wire after surface treatment (m)

R
Rz
Rt
Ra

grindin
1.150
2.500
2.990
0.405

diameter 5.65 mm
polishin
passivatio
0.769
0.756
1.550
1.520
2.460
2.360
0.185
0.184

grindin
0.799
1.553
1.980
0.237

diameter 3.00 mm
polishin
passivatio
0.680
0.689
1.390
1.361
1.730
1.700
0.159
0.152

grindin
0.814
1.510
1.870
0.233

diameter 1.5 mm
polishin
passivatio
0.722
0.701
1.320
1.307
1.790
1.696
0.158
0.151

Table 3. Test results of pitting corrosion resistance
Wire
diameter
d, mm

Strain in drawing
process c

Breakdown

Polarisation

Corrosion current

potential

resistance

density

Eb, mV

2

Rp, kcm

Electrochemically polished wires
0
+612
567
1.27
+510
459
2.65
+380
229
Electrochemically polished and chemically passivated wires
0
+858
2220
1.27
+778
1230
2.65
+695
1070

5.6
3.0
1.5
5.6
3.0
1.5

icorr., A/cm2
0.04
0.10
0.11
0.012
0.021
0.024

Discussion

The tests proved that there are defects on the surface of wire rod after plastic working process.
As for drawn wire rod, there is a visible presence of deep cracks and grooves that are arranged
in accordance with the direction of strain. On the surface there are also visible remains of
coating under grease as well as drawing grease. Grinding eliminated or decreased those
defects to a great extent. After electrochemical polishing, substantial surface smoothing was
obtained. Roughness parameters improved substantially. It can also be seen that roughness did
not change as the result of chemical passivation.
Performed potentiodynamic tests in artificial blood plasma enabled to determine how
resistance to electrochemical corrosion of wires changes, depending both - on strain applied in
drawing process as well as on the way of wire surface preparation. It was proved that strain
applied in drawing process decreases wire corrosion characteristics. With increase of strain,
perforation potential and polarisation resistance decrease. Corrosion current density increases.
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The tests also showed favourable effect of performedsuccessively surface modification
treatment on electrochemical corrosion. Wire that has been successively subject to grinding,
electrochemical polishing and chemical passivation featured the best corrosion characteristics.
To sum up, it must be stated though that irrespective of the kind of surface treatment, pitting
corrosion is present on the surface of wires, which can bring about the formation of microclots. It shows the necessity of application of protective coating on wires made of tested steel
and used for cardiac electrotherapy.
Conclusion

On the ground of performed tests, the following conclusions can be drawn:
1. Surface modification treatment (mechanical grinding, electrochemical polishing and
chemical passivation) eliminates or decrease substantially defects of wires after drawing
process.
2. Strain applied in drawing process decreases wire corrosion characteristics.
3. Suggested surface treatment processes improve wire corrosion characteristics. The
highest resistance to electrochemical corrosion can be attributed to wires the final process
for which was chemical passivation.
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DEFINITION OF A NEW CARDIOVASCULAR PARAMETER
L. Ivanov Radkin*

Radkin Ltd., Sofia, Bulgaria
Abstract

In the typical cardiovascular monitor ECG and saturation are taken independently. Thus the
reason - the electrical activity of the myocardium is monitored isolated from the consequence
– the distribution of the pulse wave into the aorta, arteries and capillaries. The author uses a
new approach for assessment of the pulse wave, defines a set of physiological parameters,
one of which binds ECG and pulse wave, and justifies the need they to be studied and used in
prognostic intensive monitoring. Parameters can be measured at different points of the body
using standard noninvasivetechniques.
Introduction

Since the first ECG record made by Einthoven in 1903 the electrical activity of myocardium
remains leading in monitoring of cardiovascular system. It is well studied and standardized.
Its nominal values and criteria for pathology are well defined.
Pulse wave has been subject to research:
 as a part of general physiology and particularly the physiology of the cardiovascular
system ;
 with respect to study of blood circulationand attempts to evaluate cardiac stroke volume
using chest impedance plethysmography;
 with respect to invention of non-invasive pulseoximetry by Takuo Aoyagi in 1972 and
followed improvements of this method.
As ECG is only an indicator of the electrical activity of the myocardium, this approach
separates the reason – myocardium depolarization from the consequence - creation and
spreadof pulse wave. To sustain the system circulation, electrical excitation should be
followed by myocardial contraction, cardiac valves should work without malfunction,aorta
and large arteries should be elastic enough to provide continuous ejection of blood to the
periphery and to maintain minimal blood pressure (Figure 1).
*
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Each of these factors may alone or in combination with others to compromise the system
circulation. Parallel tracking of ECG and pulse wave has the meaning of prognostic
monitoring with respect to further organic changes of the myocardium.

Figure 1. Electrical excitation and mechanical response of myocardium


The ability of the myocardium to response the electrical excitation with mechanical
contraction depends on ion concentration ofCa2+ and K+, as well as on mediators of the
sympathetic and parasympathetic systems – acetylcholine and noradrenaline. Ineffective
filling and contraction of the ventriclesas well as reduced stroke volume affect the shape
and amplitude of the pulse wave, even can cause its absence.



Function of the aortic valve is a passive mechanism, driven by pressure differences of
the left ventricle and the aorta and assisted by turbulence of blood ejection. Aortic valve
insufficiency affects the slope and amplitude of the pulse wave.



Aorta and large arteries act as an elastic buffer that stores a certain amount of blood
during the diastolic phase of the cardiac cycle. This mechanism maintains continuous
ejection to the periphery and ensures minimum diastolic blood pressure. This is needed
for functioning of the metabolic processes that are based mainly on the diffusion. Vessel
changes associated with aging, hypovolemia, changes in blood viscosity, changes in
peripheral resistance as a physiological reaction or drug influenced, change conditions
for distribution of pulse wave, its amplitude, shape and duration.
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The stated above gives the reason to consider parameters of the pulse wave equally important
to ECG regarding functioning of the cardiovascular system.
Materials and Methods

The parameters that describe the pulse wave should reflect the physiology of the
cardiovascular system. Their systematization, study and determination of normal and
pathological values should have specific diagnostic meaning.
Pulse wave is product of the function of the myocardium. Parameters that describes shape and
propagation of the pulse wave should basically follow classification groups of the ECG:
morphological and rhythm.
Besides this logical similarity between the ECG and pulse wave, there is one important
difference. ECG has only one source in the body, so these two groups are sufficient for
systematization of its parameters. Reaching different areas of the body the pulse wave
changes speed of propagation, duration, amplitude and shape, influenced by various factors.
Measurement of these changes at different points of the body has diagnostic meaning. This
requires introduction of another group – differential parameters.
Considerations for definition of pulse wave parameter are:


Rhythm parameters should reflect the relationship between electrical activity and
mechanical contraction of myocardium and conditions of spread of pulse wave in
one point of the body;



Morphological parameters should provide a rapid assessment of ventricles filling,
function of the valves, condition of the aorta and peripheral vessel resistance;



Differential parameters should provide a quantitative assessment of the differences
in the rhythm and morphological parameters measured in two different points of
the body. They are suitable for synchronous study of left-right side, upper-lower
limb, body- head, etc.

Results

Figure 2 represents pulse wave parameters that could be measured directly.Table 1 contains
notation and description of measured and calculated parameters.
Figure 3 illustrates definition of the effective value and explains how two pulse waves with
equal rates and amplitude could have different effective values.
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Figure 2. Definition of pulse wave parameters
Table 1.

Measurement and calculation of pulse wave parameters

Parameter

Description

Получаване

T(RR)

R-R interval

Measurement of ECG

T(PP)

P-P interval

(1)

Measurement of pulse wave
Synchronous measurement of ECG

T(rp)

Delay of the pulse wave

T(pm)

Pulse wave rise time

Measurement of pulse wave

T(pn)

Time to appearance of dicrotic notch (2)

Measurement of pulse wave

T(pw)

Duration of the pulse wave

Measurement of pulse wave

A(pm)

Maximum amplitude of the pulse wave

Measurement of pulse wave

A(pn1)
A(pn2)
A(pn)

and pulse wave

Local dicrotic extremum 1

(2)

Measurement of pulse wave

Local dicrotic extremum 2

(2)

Measurement of pulse wave

Dicrotic wave amplitude

(2)

A(pn) = |A(pn2) – A(pn1)|

PWS

Pulse wave slope

PWS = A(pm) / T(pm)

S(pulse)

Area of the pulse wave above isoline

Measurement of pulse wave

Aeff

Effective value of the pulse wave

Aeff = S(pulse) / T(PP)

PWP
NPW

Pulse wave phase

(3)

Normalized duration of the pulse wave

RPP = T(rp) / T(RR)
NPW = T(pw) / T(PP)
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(1)

The pulse interval T(PP) is defined independently, in order its variability to be studied

independently from variability of the R-R interval T(RR).
(2)

Shape of dicrotic notch varies even with healthy individuals. In some cases it is a plateau with

A(pn1) = A(pn2), in others it is a change in falling slope of the wave with A(pn1) > A(pn2).
Sometimes it is not presented and than it is assumed that A(pn)=0 and T(pn)=0.
(3)

In physics, time shift of two periodic phenomena with the same frequency is called phase. The

causal link between ECG and pulse wave gives the reason to introduce such a notation.

Pulse delay T(rp) and pulse phaseRPP givedirect connection between the electrical and
mechanical activity of myocardium.

Figure 3. Explanation of effective value of the pulse wave
Discussion

Pulse wave can be measured noninvasively with different techniques at different points of the
body,according to demanded phenomena. The amplitude in Figure 2 and Figure 3 has
dimension pressure when measured by a blood pressure cuff. Dimension is volume of
perfused blood when a sensor for pulseoxymetry is used. When an ultrasonic Doppler scanner
is used dimension is speed, that can be turned into volume, performing appropriate derivative
calculations. This allows parameters of blood circulation to be obtained with standard
noninvasive techniques widely used in clinical practice.
For proper parameters measurement, the equipment has to meet several requirements:


Signals from different points should be measured synchronously;
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Sampling frequency should ensures at leas 1ms resolution in the time domain;



Input stages should not introduce frequency-dependant phase error and delays.

Conclusion

Pulse wave brings essential information for functioning of cardiovascular system. It reflects
the influence of cardiac and vascular pathologies, sympathetic and parasympathetic mediators
and electrolyte balance. In the present work the parameters of pulse wave are defined and
systematized. The pulse phase is a parameter that directly binds electrical and mechanical
activity of the myocardium. A new group of differential parameters is introduced. It reflects
influence of vessels and tissues on the morphology and propagation of the pulse wave.
The pulse wave should be used along with the ECG in intensive monitoring. Parameters are
derived by using standard noninvasive techniques. A great advantage is the ability to monitor
the pulse wave from entry into the aorta and large arteries up to the capillary network of the
limbs.
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REAL TIME PULSE DEFICIT MEASUREMENT
L. Ivanov Radkin*

Radkin Ltd., Sofia, Bulgaria
Abstract

Appearance of periods with persistent pulse deficits may be a predecessor of cardiovascular
complications and even of hemodynamic collapse. For determination of pulse deficit patient
monitors compare heart rate measured on ECG channel and pulse rate, measured on channel
of pulseoximety. The accuracy of the obtained values is affected by many factors. The author
introduces the method of the open time window to detect the absence of pulse wave to
periphery for each cardiac cycle and to measure the actual value of pulse deficit, according
to its definition. The additional opportunity to keep statistics for grouping and distribution
over time provides clinicianswith early information about the risk of furthercritical situations,
which introduces the concept of predictive intensive monitoring.
Introduction

Pulse deficit (Figure 1) is a cardiac pathology, where, despite the registered electrical activity
of the myocardium, the periphery remains poorly or not perfused for one or several cardiac
cycles, due to which blood pressure may fall to a critical level. This condition can be caused
by atrial fibrillation, ectopic ventricular contractions during diastole, changes in electrolyte
balance, abnormalities of the aorta, and in some cases, implanted pacemakers.

Figure 1. Appearance of pulse deficit
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Although known as a phenomenon, pulse deficit rarely presents in the group of parameters
measured by patient monitors. For its determination heart rate measured on ECG channel is
compared to pulse rate measured on pulseoximetry channel. The technique used to measure
these frequencies includes algorithms for averaging and suppression of supposed artifacts.
Therefore, this method gives only rough idea of the pulse deficit value and no information
about the grouping and distribution over time of its manifestation.
The emergence and especially persistence of pulse deficit can be a notice for further serious
cardiovascular complication. Considering the tendency of patients with harmed myocardium
or valve function to quickly develop acute heart failure, particularly with concomitant
diseases, this parameter must be correctly measured and used in intensive monitoring.
Materials and Methods

The purpose of this research is to create a method for correct determination of the pulse
deficit in real time, according to its accurate definition: the number of RR intervals without
peripheral perfusion for one minute.
In order to have input data for operation of such a system, ECG cable and sensor for
saturation must be connected to the patient. RR intervals are measured on ECG channel, while
peripheral pulse wave is retrieved from oxigen saturation channel.
Following the formal definition of a pulse deficit, the decision would be a counter of RR
intervals without perfusion which is read and cleared every minute. It would give values of
the deficit, without meeting two major requirements: to update data with every new cardiac
cycle and to monitor grouping and distribution of the deficit over time as a predictive feature.
The last one is particularly important for predicting the risk of hemodynamic collapse, which
may occur for less than a minute during intensive monitoring.
Chart of algorithm that meets these requirements is given in Figure 2.
Segment 1-2 checks for presence of ECG signal and oxigen saturation data. The absence of
signal on any of the two channels resets readings of the pulse deficit PD.
Segment 2-3 checks for a new received R wave, which marks the end of current cardiac cycle.
Segment 3-4 sets the flag for pulse deficit of the last cardiac cycle. Address in X points to a
new location of both arrays. Duration of the last RR interval is stored in array RR (i), the flag
for pulse deficit - in array FLAG (i).
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Figure 2. Correct determination of the pulse deficit for every new cardiac cycle
After each RR interval segment 4-5 writes the current value of RR (i) and initializes variables
RR_SUM and PD. In segment 5-6 by decreasing of Y pointer, the number of RR intervals
with total duration of one minute is determined, along with the count of RR intervals with
pulse deficit during the same time. For this purpose, the variable RR_SUM accumulates
values of RR (i), until reaches 60 seconds. The array FLAG (i) is addressed by the same
pointer Y. Its cells have numerical value 1 for any RR interval with pulse deficit and 0
otherwise. This way the exact number of pulse deficit for the last 60 seconds is accumulated
in the variable PD after the end of the last cardiac cycle. With this algorithm a 60 seconds
time window is formed after each cardiac cycle, where pulse deficit is determined in real
time. The number of RR intervals covered by this window depends on their individual
duration. The higher heart rate means shorter RR interval, hence the number of cardiac cycles
that form time interval of one minute will increase. The dimension of arrays N is determined
by the maximum pulse frequency that should be monitored. By physiological reasons, for
maximum heart rate of 280 bpm, N has to be at most 300.
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Algorithmic chart and function of pointers on Figure 2 are simplified, just to illustrate the
principle. In the real system arrays RR (i) and FLAG (i) are organized as circular FIFO
registers. Values of the pointers X and X, should be properly corrected at physical boundaries
of the arrays.
Besides to retrieving the actual values of the pulse deficit the algorithm described herein has
another important feature. Tracking the deficit after each cardiac cycle allows to keep
statistics on its occurrence and clustering in time. This is a separate, parallel algorithm
denoted in Figure 2 with dashed lines.
Results

Figure 3.Operation of the algorithm
System performance in real time can be seen in Figure 3. The first graph is ECG, second pulse wave. The third graph shows how the pulse deficit values are updated at the end of each
RR interval.
Figure 4 shows how the statistics is displayed. Histograms represent how many groups of 1,2
3 etc. consecutive occurences of pulse deficit have been encountered during last 60 seconds,
also updated after each cardiac cycle. The total number of occurences for each group since the
beginning of investigation is also displayed.
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Figure4.Visualization of statistics for the appearance of pulse deficit
Discussion

The accuracy of the method depends mainly on how much accumulated value in RR_SUM
differs from the true 60 seconds interval at the moment when the adding of recorded RR
intervals stops. Thus the length of the last added RR interval can be considered as a
summation aperture error. The relative error is inversely proportional to the pulse rate. For
pulse rate 40 bpm it is 2.5%, for 70 bpm it is 1.4%, for 100 bpm it decreases to 1.0%.
Conclusion

With the present monitoring concepts, clinicians can discover that the patient is in a certain
critical condition after it has already caused substantial changes in physiological parameters.
In acute cardiac complications, this approach leaves little time to react and reduces the chance
of preserving the life and health of the patient. For example, one of the most common
complications leading to persistent pulse deficit is aortic dissection. Consequences are
hypotension, limb ischemia, renal function failure and coma.
The author has developed amethod that provides advance information about the risk of
developing critical cardiac condition. This introduces the concept of predictive monitoring: to
inform clinicians about the trends of the physiological parameters and associated risks,
before reaching of critical condition, these changes would cause.
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INTRODUCTION OF NEW LEADS SYSTEM
FORCARDIOPULMONARY MONITORING AND APPROPRIATE
SIGNAL PROCESSING
L. Ivanov Radkin*

Radkin Ltd., Sofia, Bulgaria
Abstract

In modern intensive monitoring breathing data are extracted by plethysmography, applied
between two of ECG electrodes on the body. Monitoring is one-dimensional and does not
reflect the lungs anatomy even when is possible to choose which pair of ECG electrodes to be
used. The author introduces a new combined system of leads for cardio-pulmonary
monitoring and describes the major considerations for data acquisition and processing.
Introduction

Plethismography is a standard method for obtaining data on respiratory activity in intensive
care monitoring. A small value of AC current i (t) is applied between two of ECG electrodes,
Figure 1. Variations of the thoracic impedance Z due to respiration are registered as voltage
changes u(t)between electrodes. After appropriate processing, they are displayed on the
monitor graphically as a respiratory curve and numerically as a number of respiratory cycles
per minute.

Figure 1. Principle of thoracic electrical plethysmography
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In the older equipment generation, ECG electrodes, used to monitor breathing activity were
factory set. In the new generation there is an opportunity to choose ECG electrodes between
which thoracic plethysmogram is taken. Even with this option, monitoring remains onedimensional and provides only general information about the functioning of the lungs.
Materials and Methods

The author has developed a new cardio-pulmonary system of leads, that allows breathing to
be monitored in accordance with the anatomy and function of the lungs. This system of leads
provides also a reach set of ECG signals. One chest, three amplified and three peripheral ECG
leads as well as ten chest leads can be monitored, using a standard five-electrodes ECG cable.
The location of electrodes on the chest and the axes where lung leads are measured are given
in Figure 2. Retrieving and processing of ECG signals is standard and is not discussed herein.

Figure 2.Location of electrodes and axes of lung leads
Electrodes R, L, F and N are placed in standard locations for capture of ECG from the chest.
The electrode C is placed on the sternum at the level of the fourth intercostal space (the level
of V1 and V2) for two main reasons:


ECG signal captured from C is similar to the unipolar chest leads V1 and V2 and is
subject to standard interpretation.



For capturing of the segmental pulmonary leads, the C electrode is on midway
between the upper and lower lung segment.
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Table 1 below contains definition, axes notation and description of the ten lung leads,
retrieved by the combined cardio-pulmonary system. The axis is defined as a straight line that
connects the ECG electrodes a lung lead is taken between.
Table 1. Lung leads - definition, axes notation and description
Lung Leads

Axes

Segmental

C--R, C--L,

4 leads

C--F, C--N

Diagonal
2 leads
Lateral
2 leads
Transverse
2 leads

R--F,L--N
R--N,L--F
R--L,N--F

Description
Comprise separately the upper and lower segments of the right
and left lobes and provide the most detailed information on lung
function taken by means of plethysmography
Comprise both lobes of the lung and provide general information
on respiratory activity
Comprise two separate lobes of the lung and provide information
about the individual function of the left and right lobe.
Comprise the upper and lower segments of the two lobes and
provide information for thoracic and abdominal breathing

The technique for retrieving of lung lead signals is based on multiplexing of the AC source
and the input of measurement stage through selected pairs of electrodes, Figure 1. After
appropriate signal processing, the respiratory curve and respiratory rate are shown on the
display as a graph and a numeric value. At maximum breathing rate of 150 per minute and
simultaneous acquisition of four lung leads, the multiplexing frequency should be 300 Hz.
The time for sampling of one lung lead signal is about 3.3 ms, that is why the frequency of the
current sourse must be at least 75 kHz.Total thoracic impedance varies according to age,
weight and condition of the patient. This requires amplification of signals taken on the
breathing channel to be controlled dynamically in order to achieve optimal results.

Figure 3. Technique for capture pulmonary leads
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Results

A new practical system of combined cardio-pulmonary leads has been developed . It allows
both to extract basic standard ECG signals and a variety of lung plethysmograms, whose axes
are selected accordingto the anatomy and function of the lungs.
In clinical practice, depending on the objectives and desired precision of the survey from one
to four chest leads can be monitored:


Segmental leads on axes C--R, C--L,C--F и C--Nare retrieved simultaneously and
provide most detailed information on the breathing. They reflect the function of the
upper and lower segments of the right and left lung lobe, asymmetry between the left
and right lobe, between the upper and lower segments. Also determine the
predominant type of breathing - chest or abdomen;



Diagonal leads are the simpliest option for monitoring of respiration. Most commonly
one of them is selected on axes R - F or L - N. Both diagonal leads are monitored
simultaneously when you need to examine the vertical asymmetry between the left and
right lobe, as they cover two opposite segments of lobes;



Lateral leads on axes R - N and L - F are taken simultaneously and provide
information about the function of the entire left and entire right lung lobe and the
asymmetry between them;



Transverse leads on axes R - L and N - F could to some extent replace the segmental
ones when there is no opportunity to put electrode C.Retrieved data are averaged for
both lobes. They also could be used to determine prevailing type of breathing - chest
or abdomen.

For research purposes all the ten lung leads can be taken, after appropriate hardware upgrade.
Discussion

For convenience, in the apparatus for clinical use frequently used combinations of settings
and limits are stored for easy change in modes of operation. The lung leads settings should be
included to the group of preset parameters.
In surgery, trauma or burns of the chest, there may be difficulties in placing the electrode C.
In this case only segmental leads can not be taken. Using transverse leads will allows
monitoring of upper and lower segments of the two lobes simultaneously.
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Conclusion

Using the developed cardiopulmonary lead system the following signals can be retrieved:


Three standard bipolar ECG leadsI, II andIII;



Three standard amplified bipolar ECG leadsaVL, aVR and aVF;



One standard unipolar ECG lead, similar toV1 andV2;



Four segmental pulmonary leads,that cover separately upper and lower segment of the
left and right lung lobe;



Two diagonal pulmonary leads, that coverthe opposite segments of the left and right
lung lobe;



Two lateral pulmonary leads, that cover separately the entire left and the entire right
lung lobe;



Two transverse pulmonary leads, that cover the upper and lower segment of both lung
lobes;

The combined cardiopulmonary lead system has the following major advantages:


Retrieved ECG leads are subject to standard interpretation;



Axes of pulmonary leads correspond to lung anatomy;



The comprehensive set of lung leads allows monitoring of respiratory function with
the necessary degree of precision;



A standard 5-leads ECG cable for patient monitor is used;



A standard consumable - disposable ECG electrodes is used



Clinical applications include anesthesiology and intensive care, cardiology,
pulmonology, prevention of sleep apnoea, prevention of infant's sudden death
syndrome, emergency medicine and ambulatory monitoring with holters.



Scientific applications include cardiology, pulmonology, anesthesiology and intensive
care, physiology.
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CARE STATION – NEXT STEP IN PATIENT MONITORING
L. Ivanov Radkin*

Radkin Ltd., Sofia, Bulgaria
Abstract

Modern technologies allow to extend the possibilities of intensive care equipment. The
concept CARE STATION, along with the standard monitor functions has lung leads, pulse
deficit in real time, monitors changes in patient weight and fluid balance.It can control
perfusors and infusion pumps.It keeps information on prescribed medication and infusions. It
provides access to the results of laboratory tests and images obtained from scanners, X-ray
machines and ultrasound. It records data for the periods of artificial ventilation.Patient's data
are interpreted on the principle of predictive monitoring.
Introduction

In intensive care units the following main groups of equipment are used:


Monitors for physiological parameters;



Anesthesia machines and ventilators;



Mobile X-ray machines and ultrasound scanners;



Defibrillators and external pacemakers;



Biochemical and blood gas analyzers;



Perfusors and infusion pumps;



Equipment for transfusion;



Aspirators;

Over time different groups of equipment have been designed, introduced and improved
without connection to each other. An exception can be considered adding inputs for external
signals in some models of patient monitors and providing interface to a patient monitor on
newer models of anesthesia machines. The medical staff is the only link that is responsible for
using this technique. Using modern technology a platform that provides unified access to
different types of equipment and prognostic analysis of the incoming patient data can be built.
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Materials and Methods

The author introduces the concept of Care Station as a next step in the development of
intensive monitoring, Figure 1. It has the following main features:
Electronic form of the patient
When a new patient is adopted an electronic form is created. It integrates information from
various sources during the intensive treatment: pre-made tests, records of monitoring,
diagnostic imaging files, prescribed medications and infusions, blood transfusions,
biochemical tests, weight measurements, data for manipulations and interventions and free
comments. Information from this form is sent to the hospital computer network. It is used to
fill the electronic patient record.
Measurement of physiological parameters


ECG and cardiac parameters;



Oxygen saturation, pulse wave parameters and pulse deficit;



Respiratory function monitored with a combined cardio-pulmonary leads system;



Arterial pressure;



Absolute and differential temperature on two channels;



Blood flow velocity with integrated Doppler.
Weight measurements

All weight measurements are provided with tare zeroing. Measuring elements are designed
and situated according to the type of measurement: pendent for infusions and flat for bags
and aspirators.


Patient's weight measurement at four pillars of the bed;



Weight of fluids for infusion, measurement of 1 to 4 banks on a stand;



Weight of content intended for infusion, measurement of 1 to 3 infusion pumps;



Weight of urine or other fluids, measurement of 1 to 4 free standing bags or
aspirators on a mobile platform that can be placed next to or under the bed.
Interface for infusions control

The interface allows programming, delayed start and control of up to 8 perfusors and up to 3
infusion pumps.
Interface for medical imaging
The interface provides access to files taken from x-ray machines, ultrasound scanners and
CTs through the hospital computer network.
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Interface to laboratory tests data
The interface allows data access to biochemical and blood gas analyzers in the intensive care
unit or in the clinical laboratory via hospital's computer network.
Defibrillator
In the station there is a built biphasic defibrillator - cardioverter.
Tablets of the staff
Tablets are provided to the chief of the intensive care unit as well as to the staff on duty. With
them they have access to all information in the intensive care stations. For safety reasons, the
control of the perfusors and infusion pumps is not available on tablets. It is only possible at
the patient's bedside either using the Care station features or control functions of pumps.
Another useful feature of the tablet is the ability to provide voice and text communication in
the hospital and receiving warnings from prognostic monitoring algorithm of a Care stations
in intensive care unit.
Predictive monitoring
Data in the Care station are accumulated and tracked using the principle of predictive
monitoring. It is based on the idea clinicians to be aware of the trends of the physiological
parameters and the risks associated with them, before these changes to result in critical
condition. Initially this concept was introduced in reference to several new parameters in
patient monitors. In the intensive care station, it is enlarged with the analysis of biochemical
and blood gas data.
Environmental parameters
Care station measures and keeps records for environmental parameters that may be relevant to
the patient condition: temperature, humidity and atmospheric pressure. The station has an
interface for control of a local conditioner.
Compatibility with other devices
The station has a protocol for data exchange with other devices and could be connected to
biochemical analyzers, pacemakers, anesthesia machines, perfusors, infusion pumps etc.There
are two versions of the technical connection - directly when the device supports compatible
protocol with the platform and via protocol converter otherwise. The data format of the
protocol is freely available to equipment manufacturers and developers of software for
hospital information networks.

138
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Figure 1. The Care Station Features
Results

By introducing the concept of Care Station physicians get an integrated platform that can
monitor physiological, physical and biochemical patient data.The station has two displays graphic and control. The graphics and numerical values of physiological parameters as well as
medical diagnostic images are displayed on the graphic display. The control display is used
for communication with devices installed in the intensive care unit like perfusors, infusion
pumps, biochemical analyzers, anesthesia machines, for access to medical imaging files and
other patient data over the hospital network.
Discussion

Any change in the technique changes to some extent the organization of work in the in the
intensive care unit. Integration of data in the station and personnel tablets of the staff allow
flexible communication with physicians from other departments and other hospitals. The way
these data will be accessed and protected should be regulated on the hospital level.
Conclusion

The concept of Care Station provides access to a wide range of patient information "at a
glance". This approach facilitates the interpretation of parameters and making decisions and
makes control of the equipment in intensive care unit easier. The approach of predictive
monitoring gives the physicians early information on the condition of patient. The remote
access via tablets allows keeping permanent contact with the patient and quick reaction of staff.
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Abstract

EMITEL is an innovative e-Learning tool - large searchable Web site, including multilingual
Digital Dictionary of Terms and explanatory articles for each term. The Dictionary includes
29 languages - English, French, German, Swedish, Italian, Spanish, Portuguese, Finnish,
Polish, Czech, Hungarian, Latvian, Lithuanian, Estonian, Romanian, Greek, Turkish, Arabic,
Thai, Bulgarian, Russian, Bengali, Chinese, Persian, Malay, Slovenian, Croatian, Japanese
and Korean. The total number of terms in English is approx. 3500-4000. Each term has an
explanatory article in English.
EMITEL turned out into a one of a kind one-stop knowledge database for those who want to
acquire a specific competence, to refresh their knowledge or to learn about the new
developments in the area.
Introduction

EMITEL (European Medical Imaging Technology e-Encyclopaedia for Lifelong Learning)
Project is an original e-learning tool developed by an International Consortium between the
world’s leading Medical Physics & Engineering departments and professionals.
EMITEL is to be used for lifelong/continuing learning of a wide range of specialists in Medical
Physics and Medical Imaging Technology. EMITEL comprises and on-line Medical Physics
Dictionary with cross-translations in more than 25 different languages and online Encyclopaedia
with over 4000 explanatory articles. The on-line learning resource is available on-line under
www.emitel2.eu.
Following the success of the first e-Learning projects in the profession (EMERALD and EMIT now used in 70 countries), the core of the Consortia initiated the EU project EMITEL to widely
spread its expert knowledge throughout various professional and geographical areas.
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Materials and Methods

The EMITEL project is developed and managed by an international consortium between the
following institutions [1]:
-

King's College London, Dept. Medical Engineering and Physics, UK

-

International Organisation for Medical Physics (IOMP)

-

University of Florence, Italy

-

Lund University Hospital, Sweden

-

University of Lund, Sweden

-

King's Healthcare NHS Trust, UK

-

AM Studio Ltd., Bulgaria

The EMITEL project was financially supported by the Partners above and the EU programme
Leonardo da Vinci. Additionally, a number of distinguished colleagues generously agreed to
support this important for our profession project by contributing to the translation of terms,
development of articles, refereeing and dissemination of EMITEL.

Results & Discussion

EMITEL is an innovative e-Learning tool - a large searchable Web database, including
multilingual Digital Dictionary of Terms with explanatory articles for each term (Figure 1).
The total number of terms in English is over 4000. The Dictionary cross-translates to/from
any two languages from its database. Each term is also covered by an explanatory article in
English.
EMITEL additionally attracted new contributors - senior professionals from all over the
world.
These formed an International EMITEL Network currently consisting of over 250 specialists
from 35 countries, whose primary objective is continue to support the EMITEL eEncyclopaedia and Dictionary (Figure 2).
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Figure 1. EMITEL web – Encyclopaedia, Multi-lingual dictionary with cross-translation and
Advanced/combined functionality
EMITEL encyclopaedia offers access to specialized medical engineering and physics terms
and articles. This section not only provides encyclopaedic knowledge, but also contemporary
search engine and a reference guide to assist the users locate the most suitable data matching
their search.
EMITEL is an on-line resource - one of the world’s largest databases of medical terms and the
only one of its kind cross-translational platform in the area of medical engineering and
physics. The use of the medical dictionary facilitates professionals around the world in their
scientific and daily activities in exchanging their knowledge.
EMITEL advanced feature combines the functionality of the encyclopaedia and the dictionary
in one tool. Search results generate both translational data and reference to articles in various
areas of the medical engineering and physics.
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Figure 2. EMITEL network of medical physics & engineering professionals
Conclusion

EMITEL project is one of the leading achievements in the area of medical engineering and
physics.
The dynamic real-time electronic resource now provides professionals and communities
throughout the world with a reliable source of knowledge in the field of medical engineering
and physics.
Following the success of the preceding projects in the profession (EMERALD and EMIT now used in 70 countries), the EU project EMITEL has spread widely its expert knowledge
throughout various professional and geographical areas.
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Abstract

The International Organization for Medical Physics (IOMP) represents over 18,000 medical
physicists worldwide and 81 adhering national member organizations. The mission of IOMP
is to advance medical physics practice worldwide. The following article presents the official
Bulletin of the IOMP – electronic Medical Physics World (eMPW).
Initially started as an IOMP Bulletin in 1984, then transformed into Medical Physics World
as hard copy, and recently eMPW turned recently into an educational and scientific resource
of global value not only for Medical Physicists, but also Medical Doctors, Radiology
Technicians and related specialties. It was given a new design very recently to give a better
look and feel. Although being primarily an electronic publication for dissemination through
IOMP website (http://iomp.org/?q=content/e-medical-physics-world), it is intended to be
partially printed and distributed in important conferences around the world including the
European Congress of Radiology (ECR) and other radiological and medical conferences.
The interdisciplinary area of Medical Physics develops in parallel with other major medical
and technological specialties. Providing a good level of communication and disseminating the
most recent information among IOMP members is one of the major tasks conducted by
eMPW. The main contributions of eMPW are in the areas of education, training, scientific
and professional activities, expanding the links with the related professions. eMPW is
targeting a wider popularity by providing scientific and educational content meant not only
for Medical Physicists, but also Medical Doctors and Radiology Technicians.
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eMPW is bringing relevant educational materials and other pertinent information to Medical
Physicists and other related specialties which turn it into a resource for global awareness.
Introduction

The International Organization for Medical Physics (IOMP) was formed in January 1963
initially with four (4) affiliated national member organizations [1]. The Organization currently
has 81 national members representing over 18,000 medical physicists worldwide. The
Organization is affiliated to IUPESM, IUPAP and ICSU and is officially connected to
IFMBE. Medical Physics World (MPW) was founded in 1984 as the official bulletin of
IOMP. Recently MPW was upgraded to electronic Medical Physics World (eMPW) [2].
Throughout the years, MPW and eMPW have both played a significant role as one of the
main informational resources of IOMP, reaching medical physicists around the world.
Materials and Methods

Throughout its 30 years of existence MPW was chaired by some of the leading professionals
in the field of Medical Physics & Engineering (Figure 1).

Figure 1. MPW/eMPW Chair Editors timeline
Current eMPW Editorial Board:
Virginia Tsapaki-Chair Editor
Magdalena Stoeva-Associate Editor
Ibrahim Duhaini-Calendar Editor
Members:
KY Cheung
Slavik Tabakov
Madan Rehani
Anchali Krisanachinda
A.W.K Kyere
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It went through a major renovation very recently and the new version is already distributed
during the annual meeting of American Association of Medical Physicists (AAMP) in
Charlotte, USA. Although being primarily an electronic publication for dissemination through
IOMP website, it is intended to be partially printed and distributed in important conferences
around the world including the European Congress of Radiology (ECR) and other radiological
and medical conferences. The links to IOMP webpage having the new issues are sent to all
IOMP member countries. It is also going to be sent to various international bodies such as the
World Health Organization (WHO), International Atomic Energy Agency (IAEA), etc.
Results

The editorial team is really very proud to present to all of you the brand new version of the
eMPW. Figure 2 shows the front page of the July issue with a picture of the opening
ceremony of the World Congress on Medical Physics and Biomedical Engineering 2012,
Beijing, China.

Figure 2. The front page of the new eMPW
Below, some of the highlights of the current issue are presented:
1)

Report on the World Congress on Medical Physics and Biomedical Engineering 2012,
Beijing, China (Figure 3)

2)

Reports of Regional Organizations such as the Report of the European Federation of
Organizations for Medical Physics (EFOMP) (Figure 4)

3)

IOMP Policy Statement No. 1: The Medical Physicist: Role and Responsibilities

4)

IOMP Policy Statement No. 2: Basic Requirements for Education and Training of
Medical Physicists
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Figure 3: Report on the World Congress on Medical Physics and Biomedical Engineering
2012, Beijing, China as presented at the eMPW, July 2012 issue

Figure 4: Report of the European Federation of Organizations for Medical Physics (EFOMP)
as presented at the eMPW, July 2012 issue
Deadlines for submission of material relating to scientific, research, educational or
professional subjects are April 1 and October 1 for publication of July and December
respectively. The feedback of readers will be greatly appreciated (please contact us at
virginia@otenet.gr). The suggestions and comments would facilitate better communication
between IOMP and its members.
Last but not least, it must be noted that very recently IOMP produced a new special webservice (IOMP e-Zine) to inform subscribers of the latest news and updates at IOMP [3].
Further more detailed information will be available through eMPW the coming months.
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Conclusion

Quoting the mission of IOMP”: “advance medical physics practice worldwide by
disseminating scientific and technical information, fostering the educational and professional
development of medical physicists, and promoting the highest quality medical services for
patients”, the eMPW team will work so that the eMPW becomes the IOMP tool for
accomplishing this mission.
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Abstract

The medical physics specialisation aims at providing high level interdisciplinary theoretical
and practical knowledge and readily applicable skills, which can put into action in both the
clinical and the R&D field. The first competence based gradual medical physics course in the
B.Sc./M.Sc. system in Hungary was launched two years ago at the Faculty of Natural
Sciences of Budapest University of Technology and Economicsmanaged by the Institute of
Nuclear Techniques. The MSc programme was compiled on the base of EFOMP, IPEM,
AAPM and IAEA recommendations. The course curriculum comprises fundamental physical
subjects (atomic and molecular physics, nuclear physics and particle physics) as well as
fundamental medical knowledge (anatomy, physiology and radiobiology) required for
subjects of diagnostic and therapy. Students of this MSc branch may chose further subjects
from a “compulsory optional” set of subjects, which contains medical imaging, X-ray
diagnostics, radiation therapy, magnetic resonance imaging, radiation protection, Monte
Carlo calculation and its clinical applications, ultrasound diagnostics and nuclear medicine.
Introduction

Following a two year organization effort, a Medical Physics (MP) specialization to the
Physics MSc was launched during the autumn semester of 2010 at the Budapest University of
Technology and Economics (BME). In May 2012, eleven students graduated successfully,
with comparable number of students starting in 2011 and 2012. As the field must comply
with medical legislations and keep up with the sprouting new technologies, competence-based
education required close cooperation with stakeholders such as hospitals, clinics, medical care
providers, preclinical research centres, medical equipment developing companies and
vendors.
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Conditions at the initiation and historical prepositions

Background for high competence levels in Medical Physics was never amiss in Hungary, with
a still existing radiation oncology centres dating back as early as thirties and nuclear medical
instrumentation development at Gamma Művek producing gamma cameras since the 70’s.The
Hungarian Association of Medical Physicists as the Hungarian member society of EFOMP is
entitled to prepare the Training Scheme, and has appointed a Training and Education
Committee to administer the Training Scheme in 1996 [1]. In accordance, organizing formal
gradual education was first pursued by our co-author Pál Zaránd by developing a later
EFOMP-approved (1998) curriculum [2] and achieving the launch of a MP specialization to
the newly initiated Biomedical Engineering ‘gradual as a second degree’ education of the
Faculty of Electrical Engineering of BME as a joint program of three universities: BME,
Semmelweis University of Medicine, and University of Veterinary Sciences. It was the first
high-level comprehensive education form in Hungary that granted an MSc in Biomedical
Engineering [3]. At that time Hungary used the German system of education (e.g., an MSc in
physics being equivalent with Diplom Physiker). Therefore, some medical courses started
during the last two semesters of education followed by four additional full semesters usually
sponsored by companies. The program successfully achieved congregating lecturers for most
MP topics but almost all the specific field experts were invited lecturers and an independent
competence base did not build up in its wake. After having a few students trained, the medical
physics specialisation ceased also due to the lack of company funding [4,5].
Initiated by the Bologna process in higher education changing to the dual system of BSc and
MSC programs and also in an attempt to find more closely connected competencies, the
Faculty of Natural Sciences of BME offered to host the MP education at the Institute of
Nuclear Techniques (NTI). This institute had originally nuclear reactor oriented education
with broad radiation physics expertise ranging from instrumentation and measurement
techniques through radiation protection to particle transport calculations but severely lacking
medical applications.
The above education programme was tailored to accommodate conditions given or since then
emerged such as the Bologna process that required the cross-country unification of MSc
programmes, and the resulting educational legislation prescribed “medical physics” to be a
part of the Physics MSc education; or further the achieved competences had to be broadened
to also fulfil the human resource needs of medical R&D companies gaining more and more
momentum in Hungary. A further bounding condition was raised by the medical legislation
requirement for experts with hands-on training in radiation therapy for which the necessary
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theoretical knowledge must be provided. Unfortunately legislation still does not require the
presence of MP experts in diagnostics hindering the development of a fully functioning
quality control culture.
Building a competence base

Delivering competence based education first of all requires a strong competence base. For
gaining up-to-date information on job market demands, stakeholders were surveyed to name
the necessary competences let that be clinical institutions, vendors or R&D companies. The
lack of a formal education showed in the ambiguity of the answers while during the past two
years of educational and research collaborations with the same stakeholders increased the
level of certainty of the demands and raised the confidence in the competence of the students,
leading to a conclusion that developing a competence base improves the competence of the
stakeholders in turn when they have learned that high level, up-to-date and field-specific
knowledge can really be conveyed.
Building the high level competence was achieved by a strategy of selecting for each MP
subtopic (Radiation therapy (RT), MRI, Nuclear Medicine, X-ray, Ultrasound etc.):
-

a theoretical expert, a lecturer employed by NTI with research field closely related to
acquire the necessary knowledge;

-

a medical institution making use of the technique in question;

-

a company (R&D or vendor) providing necessary insight into the state-of-the-art even
regarding technological details.

As RT always requires special attention and a very close connection to the clinical
environment, part time employment of an RT expert was offered to an clinical medical
physicist with academic background as a lecturer to invite RT competence to the NTI while
keeping up the connection – by keeping daily involvement in RT work – to the clinical world.
At the end about half to two third of the lectures and practices are given by and at NTI, the
rest covered by invited lecturers, at clinical, industrial or licensing authorities.Medical courses
such as anatomy and medical physiology are given by lecturers from the Semmelweis
Universityof Medicine.
Curriculum

Physics MSc is a 120 credit (conforming to ECTS) programme, 30 credits are allocated for
core physics studies involving subjects such as atomic, molecular and nuclear physics, here
also a 6 credit worth special laboratory is included specialized to MP; further 10 credits are
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allocated for general subjects, 50 credits are given for research work leading to the Master’s
thesis and finally 30 credits are fully specific to the MP specialization. Educational legislation
prescribes 10 credits to be allocated for “medical biology and physiology”, and further 16 to
therapy and diagnostics. Available MP specialized subjects are (with theoretical credits /
practical credits, in parenthesis, respectively) Functional Anatomy (2/2), Physiology (3/1),
Ethics in Medical Research (2/2), Radiobiology (2/1), Physics of Radiotherapy (2/2),
Radiotherapy II. (2/0), Radiation Protection in Medical Physics (3/1), Brachytherapy (2/0),
Quality Control and Legislation Issues (2/1), Medical Imaging (3/1), X-ray diagnostics (2/1),
Nuclear Medicine (2/1), Magnetic Resonance Imaging (2/1), Ultrasound diagnostics (2/0).
Further subjects to select are related to various lectures on Optics and on Monte Carlo
methods. Module of Specific Lectures is collected on the base of IPEM, EFOMP, AAPM and
IAEA recommendations [6].
Skills development and a competency oriented approach

Commonly, universities are seen as knowledge centres as opposed to skill or competence
bases. As our MP education is hosted by a university of technology, emphasis on skills is not
out of tradition; moreover physics students complain that during their BSc and MSc times
they are obliged to carry out above 160 different laboratory exercises. In our case, venturing
into the more vocational domain of training, aiming at reaching competence is a must given
the two safety hazardous factors: the medical and the nuclear aspects. The latter field
struggled to introduce ‘attitudes’ amongst competence factors, putting emphasis on radiation
safety culture. Patient treatment legislation is left for an also newly instated post-gradual
education of “Clinical Radiation Physicist” organized by medical universities, though our
students are obliged to carry out full RT planning until the point of actually treating a patient
and also in QA/QC until the point of assessing an equipment without the right of formal
approval. Regarding nuclear safety culture national qualification of the 2nd level (being 3rd the
highest) can be obtained based on the regular radiation protection lectures with an extra exam
requiring the presence of a nuclear safety authority examiner.
Teaching up-to-date skills and competencies heavily need access to state of the art
instrumentation. As the MP education was initiated by the enthusiasm of the field experts and
a foreseen qualified workforce shortage rather than a push from a governmental initiative,
stakeholders were approached for donations of equipment and/or equipment time, and a very
limited institute budget was also allocated for this purpose. Institutes and companies that are
involved in the process: National Institute of Oncology, BME Institute of Physics, "Frédéric
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Joliot-Curie" National Research Institute for Radiobiology and Radiation Hygiene,
Semmelweis University, University of Debrecen, HAS ATOMKI Institute of Nuclear
Research, Mediso Ltd., GE Healthcare Hungary, Richter Gedeon Plc., Siemens Health
Hungary Ltd., Varian Medical Systems Hungary Ltd., PTW Freiburg Ltd., Canberra-Packard
Ltd, SUN Nuclear, Fototronic Ltd., Pozitron-Diagnosztika Health Centre. Further equipment
was developed using the institute’s nuclear instrumentation stock. The most specific 6 credit
worth (14 x 6 hours) laboratory practices include amongst others dosimetric measurements
with linear accelerators radiation treatment planning with VARIAN Eclipse and Philips
ADAC Pinnacle and QA/QC based on the IAEA-TECDOC-1583 with Cirs IMRT Thorax
phantom, brachytherapy I-125 seed prostate treatment; working with a Mo-Tc generator and
including handling activities above 100 MBq in liquid form, measuring with a thyroid
gamma-camera; working with a preclinical 33 by 33 crystal PET module, exercising nuclear
instrumentation with various coincidence measurements, single-pixel transmission gamma
tomography using collimators and consequent filtered backprojection image reconstruction,
thin layer chromatography for PET isotopes, ultrasound, brachytherapy, just to name a few.
A full list of lab exercises can be found in our website [7].

Most of the needed

instrumentation is donated to the institute and more than half of them can be carried out inhouse. The effort is ongoing to grow the independence of these measurement exercises from
outside institutes as much as possible. This effort is aided by a non-MP specific EU laboratory
funding offered for use for MP instrumentation by the faculty. As a result new MP equipment
is expected to arrive in autumn 2012, including radiochromic film dosimetry, gel dosimetry,
workstations, demonstrational MRI and Ultrasound equipment, RT and ultrasound phantoms
and a preclinical small animal CT and further preclinical PET modules.
Present state and outlook

The first group of students of the MP specialization graduated successfully in May 2012. Out
of these 11 students 5 started MP PhD studies: 3 in the RT field, 1 in MRI and 1 in dosimetry.
A further student starts PhD studies in Nuclear Medicine. In the lower years 10 students are
expected to graduate in the 2012/2013 school year, 8 new students are admitted for the 1st
year.
The list of further goals to achieve starts with raising international awareness of our
education. International educational and research cooperation must be joined or initiated for
assuring long term quality, professional and financial sustainability, and for developing the
specialisation further. With the stabilization of the specialization the scope of education is
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envisaged to be broadened with education and trainings for physicians, and with general
dosimetry education and training. It is also planned to offer the gathered equipment and
training potential in a regional scope.
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Abstract

Research and technological improvements have been driving Single-Access Surgery (SAS) to
wider acceptance. Since most SAS practitioners have consolidated expertise in Conventional
Laparoscopy (CL), it is difficult to compare experts in SAS with experts in CL. The influence
of the learning order of CL and SAS on the preference of twenty-six students without surgical
experience was studied. The selected trainees were asked to perform a task in a box trainer.
The participants were divided into two groups. Group A (13 participants) trained 6 times with
CL and 6 times with SAS. Group B (13 participants) followed the reverse order. Participants
were asked to evaluate their last trial on a scale from 1 (very difficult) to 10 (very easy) and
to express their preferred approach. Results were post-processed with ANOVA. Significant
difference (p=0.003) was observed for the last SAS trial: 5.77 (STD 1.16) for Group A and
7.46 (STD 1.39) for Group B. These results show that trainees that start with SAS, find this
approach easier than trainees that start with CL. Furthermore, 100% of the participants that
start with CL preferred CL, while 38% from those starting with SAS like practicing this
approach. It was concluded that the order in which the approaches are learnt influences
participants’ evaluation and preferred approach.
Introduction

Since the introduction of minimally invasive surgery, surgeons have been interested in its
advantages, disadvantages and further potential. The amount of surgical procedures
performed using conventional laparoscopy (CL) and single-access surgery (SAS)
progressively increased over the past years. Both laparoscopic approaches allow surgeons to
perform surgical procedures with less scarring, pain and wound problems. Due to improving
*
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laparoscopic instruments, better adapted procedures and increasing number of practitioners,
SAS becomes more and more accepted. Regardless its potential benefits, conventional
laparoscopy is still the leading choice amongst surgeons. Objective comparisson of experts in
SAS with experts in CL is difficult, since most of the SAS practitioners have consolidated
expertise in conventional laparoscopy.
By training participants without previous surgical experience, in a simulated environment, we
study if the order in which CL and SAS are practiced influences the participant's preferred
approach.
Materials and Methods

Two groups of participants performed a task on a custom-made training platform inside a box
trainer. This tissue manipulation task has been developed to mimic some basic surgical
actions performed during laparoscopic surgery. Inside the box trainer, a webcam (Webcam
C600, Logitech) was placed to capture images of the workspace of the instruments with 30°
inclination in a position that avoids conflict with the graspers. The camera provided a live
feed on an elevated LCD monitor placed in front of the box trainer. The camera and LCD
monitor were used to simulate the two-dimensional laparoscopic view of the operative field.
Two battery powered light sources, each with three white LEDs, were placed under the top
plate of the box to create a small light beam on the working area. Comparable with real
laparoscopic camera systems, the light beam creates a more realistic vision inside the box
trainer.
Two different settings instrument configurations were compared in this study. The first
configuration mimics conventional laparoscopy, in which two commonly used trocars and
two standard hand-instruments were used. The second configuration simulates the singleaccess surgery with conventional instruments, in which a SILS™ port (Covidien™), with two
5mm cannulas (Covidien™) and two hand instruments are used. The participants use only the
straight Endopath® Endoscopic Instruments (Ethicon Endo-Surgery) in conventional and in
single-site configurations. Using only one type of instruments in both configurations gives a
better comparison. Furthermore, straight instruments in SAS are still widely used in many
surgical procedures.
To check the difficulty level of the task, a group of four expert surgeons in conventional
laparoscopy with significant experience in single-access surgery were asked to complete the
task. Three trials were performed with each approach, resulting in 24 trials in total.
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Twenty-six medical students without experience in surgery were selected for the experiment.
The participants were divided into two groups. Group A, consisted of 13 participants that
executed the task 6 times according to the laparoscopic approach and switched for the seventh
till twelfth trial to the single-access approach. Group B, consisting of 13 participants,
performed the surgical approaches in the opposite order: for the first 6 trials according to the
single-access approach and ending with the conventional laparoscopic approach. Each
approach was executed six times by each group.
Before the start of the training session, each student was asked to watch a 1 minute video,
previously recorded. Students were allowed to watch the video more than once. While watching
the video, students were briefed on the goal of the task, handling of the instrumentation, and the
rules. The goal was to guide a worm-like object through a metal ring and attach it to a steel pin.
After the measurement session, participants were asked to fill in a questionnaire by rating the
first and last trial of each approach, on a scale from 1 (very difficult) to 10 (very easy) and
expressing their preferred approach. Comparison between groups was made for the first CL, the
sixth CL, the first SAS and the sixth SAS trial (Figure 1).

Figure 1. Schematic overview of the training session.

The results from the evaluation of the participants were post-processed with Excel (Microsoft
Office®). ANOVA, a statical analysis in SPSS version 19 (IBM®)was used to compare the marks
given for each group. A p-value of less than 0.05 was considered to be a significant difference.
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Results

The experts filled in four questionnaires, while novice participants filled in twenty-six.
Experts were 4 males, aged between 41 and 53 years old. Novices were characterized by 14
males and 12 females, aged between 18 and 22 years old. All participants were right-handed.
The experts rated the difficulty of the first and third CL with 8.5 (std 1.3), 9.3 (std 1.0) on
average, and the first and third SAS trials with 6.6 (std 2.9) and 7.8 (std 2.2) on average
respectively (see Table 2). The averaged difficulty of the first CL trial was rated 5.1 (std 2.1)
by the students in group A and 4.6 (std 2.1) by the students in group B. Easier was the last CL
trial, rated with 7.8 (std 0.8) and 7.7 (std 1.2) on average, in group A and B respectively. The
most difficult among the other trials, demonstrated to be the first SAS trial which was rated on
average 2.8 (std 1.6) in group A and 3.0 (1.5) in group B. A significant difference (p=0.003)
was observed for the last SAS trial: 5.8 (std 1.2) and 7.5 (std 1.4), respectively for group A
and B.
Table 1. Average ratings per trial expressed by expert surgeons.
1st CL trial

3rd CL trial

1st SAS trial

3rd SAS trial

Expert Surgeons

8.5

9.3

6.5

7.8

(4 participants)

(std 1.3)

(std 1.0)

(std 2.9)

(std 2.2)

Table 2. Average ratings per trial and preferred approach expressed by students.
1st CL trial

6th CL trial

1st SAS trial

6th SAS trial

Group A

5.1

7.8

2.8

5.8

(13 participants)

(std 2.1)

(std 0.8)

(std 1.6)

(std 1.2)

Group B

4.6

7.7

3.0

7.5

(13 participants)

(std 2.1)

(std 1.2)

(std 1.5)

(std 1.4)

Preference

Preference

for CL

for SAS

13

0

8

5

Regarding the preference, all 13 participants from group A expressed preference for the CL
approach. In contrast, 5 out of 13 (38%) students from group B preferred the SAS approach,
while the other 8 students (62%) preferred the CL approach.
Discussion

After the establishment of conventional laparoscopy, single-access surgery became an
alternative option in some surgical procedures. As a substitute, SAS is characterised by less
scars [2, 3] and potential patient benefits such as increase in patient satisfaction and a
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decrease in post-operative pain and recovery time [4]. Despite the improvement of surgical
tools in the latter technique, there are factors that keep this approach in a secondary position

Figure 2. Bar chart representing the difficulty rating for the first and sixth CL and SAS trials
expressed by the students. Grey bars represent the difficulty rating by group A, while black
bars represent the difficulty rating by group B.
compared to conventional laparoscopy. Thus, this study aims to research if one of these
factors is the order of execution of the CL and SAS training.
The questionnaire used for this study was designed to be simple and quick to answer. The
results obtained from the experts' evaluation (Table 1) helped demonstrating that the task is
not simple and trivial for novices.
A significant difference (p=0.003) was observed from the last SAS trials performed by groups
A and B (Table 2). The last SAS trial (Figure 2) was evaluated as more difficult for group A
than for group B. This result indicates that a SAS training session followed by a CL training
session leads participants to evaluate the difficulty at a similar level. In contrast, group A, that
started the training with CL, rated the last SAS trial as more difficult in comparison with the
last CL trial. This result can be used to improve the learning of the CL approach and thus
increasing its potential.
The choice of preferred approach was also biased by the order in which students performed
the training session. All 13 participants from group A expressed preference for the CL
approach. The majority of group B (62%) also preferred the CL approach. The 5 students
(38%) from group B that preferred the SAS approach, expressed that they like practicing this
approach.
In order to compare the results obtained from this study, it would be necessary to perform
further investigation on a larger population, with more laparoscopic instruments and tasks.
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The results of the present study can be considered preliminary, as similar studies were not
found in literature. With independent confirmation of these results, we recommend that
laparoscopic training sessions start with SAS and followed by CL, in order to increase the
number of practitioners of single-access surgery.
Conclusion

Although the conventional approach may appear preferred (81% from all novice participants),
the SAS approach shows potential in the group that started the training session according to
the SAS approach (19% from all novices). Furthermore, trainees that start the training session
with SAS find this approach easier, than trainees that start with CL. These preliminary results
demonstrate that the order in which the approaches are learnt influences the evaluation and
preferred approach of trainees.
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Abstract

Emergency radiology is the part of radiology primarily focused on acute diagnosing
conditions in ER patients.
This advanced area of radiology improves the quality of care and treatment of patients and of
the emergency medicine as a whole.
The educational course in Emergency (ER) Radiology is available for medical students in
their 8th and 9th semester.
The main objective of the ER course is to obtain knowledge about the indications, possibilities
and diagnostic value of the contemporary imaging methods in ER cases.
Therapeutic methods under imaging control are also covered by the course.
The curriculum of the course consists of 6 lectures and 12 practical classes.
Introduction

Emergency Radiology (ER) is a subsection of Radiology directed towards providing fast/urgent
imaging mainly in acute or critical situations. The main objective of the emergency radiology is
delivering reliable diagnostic information within the shortest possible timeframe in order to
contribute to the proper patient management/treatment.
Emergency radiology is among the most dynamic areas of diagnostics.
The major difference between emergency radiology and standard/planned/on-call radiology is that
ER situations occur at various, unplanned and unpredicted patterns and require immediate action.
ER importance grew tremendously during the past years with the latest achievements in medical
imaging. Not only ER uses the latest state-of-the-art imaging techniques, but also combines all
major radiology sub-specialties.
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Materials and Methods

Medical Imaging Dept. at Medical University – Plovdiv is among the oldest, best equipped
and best experienced diagnostic centers in Bulgaria (Figure 1).
As a part of its standard teaching curriculum the Medical Imaging Department has developed
an additional selectable discipline – Emergency Radiology. An educational course has been
developed by an interdisciplinary team to cover the major aspects of ER.
The educational course in Emergency Radiology is currently available for medical students in
their 8th and 9th semester.
The main objective is to obtain knowledge about the indications, possibilities and diagnostic
value of the contemporary imaging methods in ER cases.
Therapeutic methods under imaging control are also covered by the course.

Figure 1. Medical University - Plovdiv
Results & Discussion

The curriculum of the course consists of 6 lectures and 12 practical classes.
The ER curriculum covers various aspects of ER Radiology – diagnostic imaging methods,
contrast enhanced examinations, imaging topography, traumatic and acute conditions,
physical and technical aspects (Table 1).
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Table 1. Emergency Radiology course curriculum
ID

Description

1.

Technical capabilities of the imaging methods in the emergency radiology.

2.

Introduction.
Abdominal, thoracic and combined trauma.

3.

Imaging techniques:
-

Conventional radiology

-

US

-

CT

-

MRI

-

Intra-venous contrast

-

Oral contrast

4.

Side reactions upon contrast-enhanced imaging.

5.

Topographic anatomy.

6.

Traumas:
-

Introduction

-

Traumas of:
Spleen
Liver
Pancreas
Kidneys
Intestinal
Bladder

7.

Abdominal inflammations
Abscesses
Colitis
Cholecystitis
Appendicitis
Pancreatitis
Renal Colic

8.

Thoracic traumas.
Emergency conditions of the respiratory system.

9.

Central Nervous System and neck traumas.

10.

Complex transport traumas.

11.

Traumas of major blood vessels.

The teaching process and practical lessons are conducted in small groups and under the close
supervision of the experienced departmental staff. Students are given the ability to observe or
participate in some of the daily diagnostic procedures and gain experience from real cases and
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situations. Various types of imaging equipment are used during the ER procedures.
The whole curriculum is balanced in such a way that students get both theoretical knowledge
and practical experience from a real department’s environment.
An internal assessment is planned at the end of each academic year to collect sufficient
feedback and help improve the curriculum structure, contents and teaching methods.
Conclusion

Imaging methods take an important part in the diagnostic process due to their high reliability
and quality of the data they provide. Emergency Radiology is a time-critical highlyinformative sub-section of the Radiology. ER contributes mainly towards directing patients to
the right treatment area; taking proper clinical decisions; quick, reliable and in most of the
cases non-invasive diagnosis; improved treatment management; better healthcare and patient
status.
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Abstract
Prof. Elizaveta Karamihailova (1897-1968) is the first Bulgarian nuclear physicist and the first
Bulgarian woman with an academic degree. Prof. Karamihajlova spent a significant period of time
working at the Radium Institute in Vienna (1923-1935) and at the Cavendish Laboratory in
Cambridge (1935-1939). She studies the nuclear reactions and the most up-to-date problems of the
nuclear physics during the 1930’s – neutron discovery, artificial radioactivity, split of atom nuclei.
Following her return in Bulgaria (1939), E. Karamihailova continues the studies of Prof. P.
Penchev to measure radioactivity of natural objects such as drinking and mineral water, soil, rocks,
mud-curing. She also studies the radioactive pollution of the uranium mining regions, radioactivity
due to nuclear tests. She is the founder of the first radiation protection activities in Bulgaria.
Introduction
E. Karamihailova (1897-1968) graduated the University of Vienna
as a PhD in Physics and Mathematics. During the period 1922-1935
she worked at the Radium Institute in Vienna and later at the
Cavendish Laboratory in Cambridge (1935-1938). Her work is
related to the measurement techniques of the ionizing radiation,
studying radioactive reaction induced by alpha particles and
neutrons. Some of her studies are among the pioneers in neutron
research and splitting the atom nuclei. All these studies prove the
role of Dr. E. Karamihailova as the first Bulgarian nuclear physicist.
Figure 1.
Prof. E. Karamihailova
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In 1939 she has been appointed as an Associate Professor at the Sofia University and a Head of
the newly created Atom Physics Department. In 1955 she was employed as a head of the
Radioactivity Laboratory at the Faculty of Physics, Bulgarian Academy of Sciences. In 1963 she
has been promoted as a Professor.
This paper is an overview of the studies Prof. E. Karamihailova conducted in the area of
health and ecology related to the population in Bulgaria.
Materials and Methods

E. Karamihailova was appointed a Head of the Radioactivity section of the Bulgarian
Academy of Sciences in 1955. Immediately after that she pointed out the main objectives in
the organization and the activities of the Radioactivity section, problems related to the
radiation situation, radiation hygiene assurance and radiation protection. At that period the
major sources of radioactive risk in Bulgaria have been the Uranim mining and nuclear
weapons. To better assess the contributions of Prof. E. Karamihailova we have studies in
detail the activities of the Radioactivity section.

Results

1. Immediately after the WWII Bulgaria started Uranium mining. The first installation to
concentrate Uranium ore was founded in 1947 near the village of Buhovo. Later this
installation grew to a hydrometallurgy factory. Uranium ore processing caused huge
contamination of the whole surrounding region.
Dr. Karamihailova started activities to control the radioactive situation at the Buhovo area.
Her studies proved Radium-226 (and its decay products Polonium, Bismuth, Lead)
contamination. Contamination at certain areas reached 1000 µRo/h. Prof. Karamhailova and
her team proposed the first Radiation Protection activities in Bulgaria.
2. Prof. A. Puhlev created an interdisciplinary team of experts to study the occurrence of
Endemic Nephritis in large parts of the Bulgarian population during 1950’s. Prof.
Karamihailova is part of this team of experts. She studies the presence of radioactive elements
in the water sources of the observed areas. Standard methods have been used to measure
Radon, Radium and Thorium, while Uranium has been measured using the luminescence
method. The regions have been mapped to nearly 100%. Studies showed low presence of
these elements and did not prove the hypothesis for a direct influence of the radiation over the
disease.
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3. E. Karamihailova and her team also studied Bulgarian mineral waters and mud-curing
trying to find the relation between their healing capabilities and the radioactivity. They
concluded that the healing effect is not due to the presence of Radium because of its low
concentration. These results have been published in 1962 [2].
4. The trends in Nuclear science have developed at the Bulgarian Academy of Science and the
Sofia University developed during the 1960’s after the installation of the scientific nuclear
reactor IRT-1000. In 1961 E. Karamihailova initiated the formation of a new section –
masspectroscopy of Lead isotopes. The objective was to define the presence of stable Lead
isotopes in various ores, collect information about the genesis and geochronology of the rocks
and ores.
5. As a part of the design of the scientific nuclear reactor in the Institute of Physics, E.
Karamihailova and her team initiated an observation/study of the radioactivity of rain and
atmosphere aerosols in the Sofia region. The study has been conducted for 14 months (19571958) and included regular checks of the radioactive contamination of air and rainfall (Figure
2) [1].

Figure 2. Regular checks of the radioactive contamination of air and rainfall [1]
136 rain samples have been studied. The results have been published in 1960 at the Physical
Faculty newsletter [1]. The annual average value of beta-activity is 0,288x 10-12 curie/ml.
184 air samples have been studied. The publication shows activities caused by Radon and
Thorium decay elements (Figure 3) [1].
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Figure 3. Measurement of decay [1]
An important finding is the activity in the period 11-14 October 1958. The activity increased
20 times compared to the annual average. Based on these findings the team concludes that the
nuclear explosion had taken place on 3.October (Figure 4) [1].

Figure 4. Calculation of nuclear explosion date [1]
One of the authors of this publication (N. Balabanov) had the chance to spend certain amount
of time at E. Karamihailova’s laboratory during the described period. He will share his
personal impressions and thoughts:
In 1958 Moscow hosted the International Conference “Peaceful application of the nuclear
energy and the young people” (1-8 August 1958) [3]. Young scientists from 27 (the Eastern
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block, USA, France, UK, Western Germany, Japan, Brasil) countries took attended this
conference. I was the representative of Bulgaria.
I was advised to contact Dr. Karamihailova to assist me in preparation for the conference. At
that period the Institute of Physics was located at one of the Bulgarian Academy of Sciences’
buildings at the 4th Kilometer of Tzarigradsko Shosse blvd. This is where I med Dr.
Karamihailova for the first time. I was impressed by her openness and how active she was.
She immediately arranged a “working place” for me and started introducing me to their
activities. There is where I spent the whole month of July – in her office-laboratory. She
provided me with a lot of books and materials related to the problems I was interested in and
also to her work and own studies.
During the time I spent at E. Karamihailova’s laboratory I prepared a paper reporting the
increased activity in the rainfall and the aerosols due to the nuclear and thermo-nuclear
weapons tests. I also emphasized that “experimental detonations of nuclear bombs is not only
dangerous for us, but also the future generations”. I have lost my original paper for a long
time, but I took the above citation from the International Live magazine’s article about the
conference in Moscow where they used my speech as an example [4]. I also stated the opinion
of the Bulgarian people, including the young people, that we support the immediate cease of
nuclear tests and nuclear weapons. My speech at the conference was emotional, just like my
age and following the ideology of these times. These were all my thoughts provoked by the
political atmosphere and the tense international situation
I am grateful to E. Karamihailova for the helps, for the information and literature she gave me
and for the self-confidence she inspired me with as a participant in an International event. I
saw and learned many things at the Moscow Conference – speeches of famous scientists, visit
of Dubna (founded 2 years prior the conference), the world’s first Nuclear Power Plant in
Obninsk, factories and scientific institutes using nuclear methods.
I am happy I had my chance in 1958 to meet the first Bulgarian Nuclear Physicist,
international specialists and the first achievements in using the atom for peaceful purposes.
Discussion

The summary of E. Karamihailova’s activities at the Bulgarian Academy of Scientists proved
the personal involvement and leading role in completing an enormous amount of radioecological activities.
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Conclusion

The best conclusion for this paper are B. Amov’s words: „At that point not all of us could
evaluate these studies, taking them as a routine work. But right now when the terms
environmental safety, ecology and radioecology are filled with real meaning and people better
realized their meaning, we need to give our appreciation for the noble and humane activities
of Prf. E. Karamihailova. She is one of the pioneers of our Nuclear Physics (she is the first
Bulgarian nuclear physicist) and one of the pioneers of the Bulgarian Radioecology.”
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Abstract
Our investigations are a part of a clinical trial for introduction of optical biopsy spectral diagnostic system for skin cancer
detection. We apply autofluorescence and diffuse reflectance spectroscopy to several different classes of malignant nonmelanoma cutaneous lesions. Autofluorescence

spectroscopy is very attractive tool for early

diagnosis of cancer due to its high sensitivity, possibilities for real time measurements and
noninvasive tumor detection. However, when the lesion is highly pigmented diffuse
reflectance spectroscopy is applied, including malignant melanoma diagnosis.
Skin optical biopsy diagnostic clinical trial is currently under implementation and we expect
to receive objective tool for detection and evaluation of skin lesion type, which could become
a basis for reliable system for skin cancer detection. Based on the results obtained during
initial diagnosis we start additional task – to monitor the lesion treatment process, where the
non-invasive character of the optical biopsy procedure is acclaimed by the patients.
Autofluorescence detection is applied for monitoring of electrochemotherapy of tumours. The
therapeutic procedure itself - electrochemotherapy (ECT) combines chemotherapy and
electroporation to increase locally anticancer drug delivery into the cancer cells.
The origins of diagnostically significant spectral peculiarities are evaluated on more than 400
patients up to now and possible differentiation features useful for skin cancer detection and
evaluation of their stage and sub-type are discussed in our report.
Introduction

Biomedical optics is one of the fastest growing areas of research. The non-ionizing nature of
light applied for investigation and detection of abnormalities in human tissues make this area
very attractive for development of new diagnostic techniques and modalities [1]. The optical
spectra provide biochemical and morphological information about the tissue under
*
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investigation based on its absorption, reflectance, fluorescence and elastic scattering
properties [1, 2].
Optical biopsy technique is a term used in the last few years in biophotonics, as a parallel with
the standard histological sampling of the tissues under investigation. It could be any optical
technique, which give diagnostic information about the nature and type of given pathology,
but mostly is used for fluorescence and reflectance spectroscopy of biological tissues.
Promises of this technique for rapid, non-invasive, highly-sensitive detection of tissue
changes allow to detect morphological and biochemical changes occurred in early stages of
pathology development [1-3].
Tissue autofluorescence, where signal from naturally occurred fluorophores is detected is
absolutely non-invasive and extremely sensitive technique, which theoretically could detect
single tumor cell, appeared in this tissue. Problems related to its applicability are due to not
enough sensitivity of the detectors applied and appearance of superposition of fluorescent
signals from variety of compounds in the tissue under investigation. Autofluorescence spectra
are observed mainly in blue-green spectral region for the most of the human tissues. The
overlapping of the absorption and emission spectra of the most of diagnostically important
compounds leads to slight differences in the observed fluorescence spectra for different
pathological conditions and variations from patient to patient, due to significant dependence
from the anatomic area investigated, general health status, ages, sex, even from the light
sources and detectors applied [1-5]. For highly pigmented pathologies autofluorescence
spectroscopy has low specificity and suboptimal diagnostic value [6]. This diagnostic
modality is extremely sensitive on early changes of the tissues and if proper differentiation
algorithms are applied, significant diagnostic information could be extracted from the spectra
detected [1-6].
In general the fluorescence detection gives a possibility for real-time, noninvasive diagnosis
of tumors and other tissue pathologies with high sensitivity on early stage of the lesion
growth. Autofluorescence spectroscopy is used for investigation of different skin lesions, as
well as for differentiation between malignant and benign cutaneous neoplasia. Fluorescent
technique is also widely applied for other cutaneous lesions’ investigations, including
erythema [5], psoriasis, and vitiligo [1, 4, 7]. This method gives information about
biochemical composition of the tissue under study.
Diffuse reflectance spectroscopy from other side is responsible mainly about morphological
information, which could be received from the tissues. Scattering intensity and spectral
distribution of the signals detected could give information about scatterers’ size and
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distribution (cells, nuclei, etc.). As the detected diffuse reflectance signal is superposition
from diffuse scattering and absorption from tissues’ pigments, the resultant spectrum also
reveal information about main absorbers in the biological tissues, like hemoglobin and
melanin in the skin and its pathologies [2, 6]. Diffuse reflectance in the field of dermatology
has been applied to evaluate skin color and erythema doses, as well as for skin cancer
diagnosis [7]. Reflectance spectra could be used for quantitative and qualitative evaluation of
major tissue pigments, such as melanin, hemoglobin, oxy-hemoglobin, bilirubin [1, 8].
There are some attempts to introduce such diagnostic systems into standard clinical practice,
such as fiber-based fluorimeter - SkinScan system (JobinYvon, France), where fluorescence
of endogenous aminoacids is used for cutaneous lesions’ investigations [9], or more recently
developed DYADERM system (Biocam GmbH, Germany), which is applied for
photodynamic diagnosis with exogenous photosensitizers [10]. However, up to our days there
is no such universal clinical apparatus, based on autofluorescence and/or reflectance detection
of skin surface, which could be used as a general tool for early cancer detection and
differentiation. The reasons for such instrument absence in the field of clinical equipment
based on the optical biopsy of skin cancer are very complex.
Problems for development of such reliable universal diagnostic fluorescence system for skin
cancer detection are related to the great variety of benign and malignant forms of cutaneous
pathologies, for example basal cell carcinoma lesions have more than 15 sub-types, squamous
cell carcinoma lesions, have about 10 different subtypes, and all of them have variety of
benign and dysplastic forms. Positive is the fact that due to these changes, depending on the
lesion growth, we could use light-induced autofluorescence spectroscopy (LIAFS) for
evaluation of the lesion stage, negative is that we will need to compare this exact situation
with great variety of other possibilities, such as lesion kind, stage of growth, and even patient
skin general conditions, such as influence of medicines, ages, cutaneous phototype, typical
work conditions, etc.
However, that variety of spectral information, which we could obtain from different skin
pathologies and its diversity, does not mean that we could not use optical biopsy, as a tool for
early cancer detection. Moreover, exactly due to high sensitivity of fluorescence, LIAFS
could be applied, as a very precise tool for initial diagnosis, for planning, and monitoring of
therapeutic procedures. In the current report we will present several practical applications of
LIAFS system as an initial diagnostic tool, as well as a tool for therapeutic monitoring and a
decision tool for treatment planning.
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Materials and Methods

This investigation is a part of a clinical trial for introduction of spectral diagnostic system for
skin cancer detection in the daily practice of the dermatological department of University
Hospital “Queen Jiovanna” [8], as well as for monitoring of electrochemotherapy procedures
in the frames of National Oncological Center. Autofluorescence and diffuse reflectance
spectroscopy are applied to several different classes of malignant non-melanoma cutaneous
lesions. Initially, they were classified visually and dermatoscopically. Second step was
detection of lesion’ and surrounding normal skin autofluorescence and reflectance spectra,
using different excitation wavelengths, namely 365, 385, and 405 nm for the first technique –
narrow-band light-emitting diodes (LEDs) and broad-band halogen lamp for irradiation in the
region of 400-900 nm for the second technique. In the end for every lesion histological
examination is used as a “gold standard” for all our investigations. The spectra and
dermatoscopic evaluations were obtained from more than 400 patients up to now. Spectral
properties of variety of benign cutaneous lesions are also evaluated for development of more
precise discrimination algorithms for diagnosis of cancer lesions. The origins of
diagnostically significant spectral features are evaluated and differentiation schemes are
developed.
Optical fiber probe is used to deliver the light from LEDs and lamp and to collect the
fluorescence signals from the skin surface. It consists of 7 fibers in circular geometry. Central
fiber is used for autofluorescence and reflectance signal detection and it is connected to
microspectrometric system and surrounding six fibers are used for delivery of
excitation/illumination light from the LEDs and lamp to the skin under investigation.
Both kinds of spectra – autofluorescence signals and diffuse reflectance signal are recorded
and stored using a fiber-optic microspectrometer (USB4000, Ocean Optics, Dunedin, FL,
USA). A personal computer is used to control the system and to store and display the data
using the specialized microspectrometer software OOI Base ("Ocean Optics", Inc., Dunedin,
FL, USA). Normal tissue spectra detected are used as a basis for comparison with the
pathologies observed.

Results and discussion

Typically the patients observed have one cutaneous tumour which needed to be diagnosed.
Major trends in the autofluorescence signals obtained are related to changes in the
fluorescence intensity, as well as appearance of secondary fluorescent maxima, depending
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from the tumour subtype, and observation of increased absorption from the major skin
pigments – melanin and hemoglobin, related to the tissue conditions. Basal cell carcinoma
(BCC) lesions have decreased fluorescence intensity than surrounding normal skin, squamous
cell carcinoma (SCC) in opposite, has revealed fluorescence intensity usually comparable and
higher than that of normal skin tissues. Compounds, which fluoresce are collagen type I – at
400-405 nm; its cross-links – at 460 – 490 nm; elastin – with maxima at 400-420, 460 nm;
elastin cross-links – about 500 nm; NADH – at 440-470 nm; keratin – at 430 – 460 nm, and
around 500-520 nm, and flavins.
Reflectance spectra have not many specific spectral shape changes and were used in
comparison of melanin-pigmented pathologies, such as dysplastic nevi and malignant
melanoma lesions, where the reflectance was applied as additive diagnostic tool to the
autofluorescence measurements, which improve the diagnostic accuracy of the diagnostic
procedure. Reflectance spectra also reveal some specific features, useful for differentiation
algorithms development for benign and malignant cutaneous lesions. Significant differences
are observed in comparison of papilloma, keratocanthoma, BCC and SCC, as well as in
comparison with other reflectance data, including amelanotic malignant melanoma lesions
and atypical nevi, which could be misdiagnosed very easily in the process of initial clinical
examination.
In the cases of advanced BCC lesions, a red fluorescence, related to endogenous porphyrins
accumulation is also observed. This feature is useful and has been applied in our clinical
practice for development of treatment planning for patients, having multiple BCC lesions,
which clinical condition does not allow simultaneously treatment of all pathologies. We
planned our treatment according received fluorescence data for the lesions, which correlate
with the stage of growth and severity of tumour itself.

Figure 1. Fluorescence spectra of normal skin and two BCC lesions of one patient, second
lesion has appeared about eight months before the light-induced fluorescence measurements
carried out (a) and the first about two years before the observation (b)
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Convenient fact is that when we compare spectra of multiple lesions from same kind in one
patient, we do not need to develop compensation procedures, related to inter-patient
differences. Based on fluorescence spectra results initially more advanced lesion was treated,
and after patient recover – initial tumour was also treated. The benefits for treatment planning,
using fluorescence data from the lesions are very obvious when the patient has multiple
lesions on different stage of growth. For example, such “porphyrin-like” signals in advanced
stages of the BCC lesions allow developing mixed treatment plan for one 69 years old patient.
Based on the fluorescence spectra obtained, lesions #2 and #5 (see figure 2), which were on
the most advanced stage, where surgically removed and chemotherapy was applied as well.
Lesion #4 – intermediate stage was treated using chemo- and radiotherapy, and lesions #1 and
#3 – initial stage – where treated using local chemotherapy 3 months later.

Figure 2. Red part of the fluorescence signal of BCC lesions on one patient, having multiple
BCC tumours on different stage of growth. Excitation at 405 nm is applied.
Autofluorescence detection is applied for monitoring of electrochemotherapy of tumours as
well. The therapeutic procedure itself - electrochemotherapy (ECT) combines chemotherapy
and electroporation to increase locally cytostatic drug delivery in the cancer cells. The
electroporator is battery supplied, associated with isolated ECG signals amplifier, QRS
detection and synchronization circuits. The injection of local anesthetic (1% lidocain) and
cytostatic drug (Bleomycin®) in very small concentration direct to the tumor lesion, which is
followed by application of electrical pulses. Drug delivery conditions (electric field intensity)
and dose of cytostatic drug are personal for every single case. To monitor the effects of
application of the electrochemotherapy fluorescence spectra are taken from the lesion and
surrounding healthy skin, prior to, immediately after treatment and at the control check-ups.
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Figure 3. Fluorescence spectra of normal skin, BCC lesion before and immediately after ECT
procedure, as well as one-week follow up of the lesion.
Patients are followed up at the first week after treatment, the first month and third month. On
the fig.3 are presented results from such therapeutic monitoring, using 365 nm excitation of
BCC lesion and normal skin. BCC tumour has lower intensity than normal tissue. It is clearly
observed immediate reaction after therapeutic procedure application – appearance of specific
minima at 543 and 575 nm, related to increased hemoglobin absorption. One week later the
fluorescence intensity of the lesion area is higher and approach to the “normal skin” spectral
shape, which is indication for successful treatment of the tumour.
Conclusion

It was received a good correlation between histological analysis of the skin and repeatability
of the features of the fluorescence and reflectance signals from patient to patient with onetype lesion obtained. Although the number of reported cases does not permit us to create
general diagnostic algorithms for all variety of cutaneous tumours, on the base of the observed
spectral changes, results of the present study suggest that the used approach, related to
creation of algorithms between specific wavelengths of obtained lesions and normal skin
spectra can provide useful information on the given lesions, that could be transformed into
diagnostic algorithms for clinical usage. Clinical trial is currently under implementation and
with broadening of the database with fluorescence and reflectance spectra of major skin
benign and malignant pathologies we expect to receive objective tool for detection and
evaluation of skin lesion type, as well as noninvasive treatment monitoring modality, based on
tissues’ spectral properties.
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Abstract

Based on the modified Heisenberg model including single-site uniaxial anisotropy and the
usage a Green’s function technique we made a study of the influence of size, shape and
composition effects on the Curie temperature TC and coercive field Hc of magnetic
nanoparticles.
We investigate on a microscopic level to what extend the different ferromagnetic and ferrites
nanoparticles can find an application in self-controled magnetic hyperthermia.
We have discussed various possibilities that could lead to the presence of magnetic
nanoparticles with a Curie temperature in the range of 42–46°C and low Hc. We have shown
that reducing of the particle’s size can lead to change of TC. In order to obtain particles with
low TC and Hc we have considered composite nanoparticles. We have shown that spherical
Ni–Cr, Ni–Pd, Zn–Co ferrites and Mn-Zn ferrites are appropriate for magnetic hyperthermia
applications. Finally, we have discussed the influence on the particle’s shape on TC and Hc.
Introduction

Magnetic hyperthermia (MHT) is the most promising method in cancer treatment because of
its capability to destroy the tumour cells selectively by heating them up to a desired to a
temperature range (e.g. 42–46°C), at which the healthy tissues can still survive. MHT is the
method of heating body tissue by using magnetic materials. It is based on the fact that
magnetic nanoparticles (NPs), subjected to an alternating magnetic field, produce heat [1,
2].If the magnetic NPs have a Curie temperature in range of 42–46°C this is called selfcontrolled MHT.
Magnetic NPs, suitable for self-controled MHT for which the magnetic properties should
comply with a variety of requirements, include: (i) bio-compatibility (Fe, Co, Ni, Mn, Zn,
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d);(ii) Curie temperature around 42–46°C; (iii) a large saturation magnetization; (iv) a low
coercive field; (v) a limiting case on the order of 20 nm for in vivo applications.
Magnetic NPs show a variety of unusual magnetic behaviour when compared to the bulk
materials, mostly due to finite size, doping effects and surface/interface effects. One of the
most studied materials for application in MHT are ferrites. Most experimental data for Mn–Zn
ferrite NPs shows a drop of TC with decreasing particle’s size [3].An increase of concentration
of Zn in Co–Zn and Mn–Zn ferrite NPs [4]leads to smaller TC values.
Materials and Methods

Our study is based on the Heisenberg model including single-site uniaxial anisotropy. A
nanoparticle is defined by fixing the origin at a certain spin in the centre of the particle and
including all spins within the particle into shells. The shells are numbered by n = 1,…,N,
where n = 1 denotes the central spin and n = N represents the surface shell of the system. Due
to breaking of the symmetry on the surface, the changed number of next neighbours on the
surface or due to defects on the surface the exchange interaction constant J can take different
values. The Hamiltonian of the magnetic particle is given by:

H   Jij (Si S j  Siz S jz )   Di (Siz )2  gB H  Siz , whereSi+, Si-and Sizare the spinij

i

i

operators for the localized spins at site i, Jijis the exchange interaction between sites iand j,
Di(D <0) is the single-site anisotropy parameter, |D| <J,H is an external magnetic field.
The Green’s function method still seems probably the most appropriate tool to study complex
systems with low symmetry. In contrast to extended materials the Green’s function for small
particles has to be formulated in real space.
To study the magnetic excitations of the magnetic particle we introduce the following Green's
function: Gij (t )  i (t )  [ Si (t ), S j ]  Si (t ); S j (0)  . After calculation the energy of i
spin is: Ei   Eij 
j

2
1
J im  S mz    J ij  Siz   2 Di  SiZ   g B H .

N' m
N' j

The average magnetization for arbitrary magnitude of S is given by:
M n  S nz  ( S  0.5) coth ( S  0.5)  En   0.5 coth( 0.5 En ) ,

where

=1/kBT,

Boltzman constant and T is the absolute temperature.
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kBis

the

Results and discussion

We present now the numerical results based on our theoretical calculations for NPs which can
be applied for self-controlled MHT. The most ferromagnetic materials have Curie
temperatures much above 315-320 K which are not suitable for self-controled MHT.
Therefore, we should look for ways to reduce this bulk Curie temperature. One way is the
reduction of the size; it is well established that the magnetic properties of surfaces and
nanostructures may differ drastically from those of the bulk [5, 6]. Due to breakage of the
symmetry on the surface, the exchange interaction constant J can take different values on the
surface Js, either bigger or smaller, compared to the value in the particle Jb.
We have investigated the size dependence on Curie temperature TCfor Ni and Gd
nanoparticles. As we control the size of the particle, the TC of magnetic nanoparticles changes.
The results are shown in Fig. 1. TCincreases with decreasing N for the case of Gd (where Js<
Jb) and decreases with decreasing particle size N for Ni nanoparticles (where Js> Jb). This can
be explained by the surface spin disorder. The obtained behaviour is in accordance with the
given experimental data [5, 6, 7, 8].
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nanoparticles. (1) x=0.3; (2)
x=0.4; (3) x=0.5. The straight
line 4 denotes the optimal
value of TC=315 K for MHT.

Fig. 2demonstrates the dependence of the size d on the phase transition temperature T of the
Mn1-xZnxFe2O4 NP. In order to reduce Curie temperature to be about 315-320°K we have
taken the case Js< Jb [9].With the decrease of d the phase transition temperature also
decreases in correlation with the experimental data [3].There exists a NP size for which TC is
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nearly 315 K, i.e., it could be appropriate for MHT: for x=0.3, dx=0.3 = 13 nm; for x=0.4,
dx=0.4= 16 nm; and for x=0.5, dx=0.5 =24 nm.
We have also studied the influence of composition effects on the Curie temperature. The
application of nonmagnetic (Cu, Zn), paramagnetic (Pd, Pt) or magnetic ions with low
temperature of phase transition(Gd, Cr) can reduce the exchange interaction constant between
the magnetic ions in the nanoparticle.
We have calculated the dependence of the Curie temperature TC on the Cr concentration in
Ni1-xCrx nanoparticles. The results are as follows in Fig. 3. We obtain TC = 315 K for x=5.5%.
The reduced Curie temperature is obtained in agreement with the experimental data of Akin et
al [10] - x=5.63%.
In Fig. 4we show the dependence of the phase transition temperature, TC, on x, i.e., on the
concentration of the doped Zn-ions in the bulk Mn1-xZnxFe2O4 ferrites. With the increase of x
the critical temperature TCdecreases. Since Zn does not contribute to the magnetic moment
due to its filled 3d and 4s shells it results in the decrease of Curie temperature. The triangles
outside the curve denote the experimental data reported by Smit and Wijn [11].There is a
significant agreement between our theoretical results and the experimental data which is
indirect evidence for the preasion of our calculations and approximations. We have shown
that spherical Mn0.5Zn0.5Fe2O4 NPs with a size of dx=0.5= 24 nm are appropriate for MHT
applications. This concentration, x=0.5 is experimentally confirmed [12].
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As already mentioned the magnetic NPs for MHT must have a small coercive field. The most
ferromagnetic nanoparticles have high magnetic anisotropy and so high coercivity, that they
are not suitable for magnetic hyperthermia. It was shown that the reduction of the coercive
field depends on the composition and cationic distribution [4, 13]. Consequently, we ought to
look for ways to change TC in appropriate range and simultaneously reduce this coercive
field Hc.
The reason for studying Ni–Pd nanoparticles is the fact that TC of bulk Ni–Pd is in the range
of interest for self-controlled MHT. Bulk Ni30 Pd70 has a Curie temperature of 45°C. It should
be mentioned that Pd has a smaller exchange interaction constant compared to Ni due to the
smaller TC value and can reduce the exchange interaction between the Ni ions. The
substitution with Pd ions can reduce the Curie temperature of the composite nanoparticle. In
Fig. 5, is shown the dependence of the Curie temperature TC and coercive field Hc on the Pd
concentration x. We have obtained that TC andHc decreases with increasing of Pd (for x=75%,
TC=315 K). This behaviour is in agreement with the experimental data [14, 15].
Another substituent can be the nonmagnetic Zn ion. Co ferrite is an oxide with inverse spinel
structure and exhibits high Hc. The increase of Zn-concentration in Co–Zn and Mn–Zn ferrite
nanoparticles leads to smaller TC and Hc values [24] due to the increase in the number of
nonmagnetic Zn ions in the shells of the Co–Zn ferrite nanoparticle. The increased Znsubstitution will weaken the exchange interaction between the Co ions and between the Co
and Fe ions which causes to the smaller values of the coercive field of the nanoparticles. It is
observed that the Curie temperature in Co–Zn ferrite nanoparticles also decreases with
increase of Zn content (Fig. 6, curve 2), and for x = 37% it is 315 K. The obtained results are
in accordance with the experimental data for Co–Zn ferrite nanoparticles [4, 16, 17].
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The Curie temperature, coercive field and all magnetic properties are also dependent on the
shape of the nanoparticles. The shape is more often spherical, cylindrical and plate-like. We
have studied the size dependence of Fe nanoparticle with spherical and cylindrical shape.
Thus, we obtain that the coercivity and the Curie temperature are smaller in spherical
nanoparticles which is in good agreement with experimental results [18, 19].
Conclusion

In conclusion, using a modifed Heisenberg model and a Green’s function technique we have
calculated the magnetization, the coercive field Hc and the Curie temperature TC of magnetic
nanoparticles in order to suggest that they are suitable for magnetic hyperthermia. The Curie
temperature must be about 315-320 K. The particles must be non-toxic and biocompatible,
such as Fe, Ni, Co, Gd etc. The most ferromagnetic materials have Curie temperatures higher
than 310-315 K. So one should look for ways to reduce this bulk Curie temperature. We have
shown that reducing of the particle size can lead to change of TC. In order to obtain such low
TC particles we have considered further composite nanoparticles. By application of
nonmagnetic (Cu, Zn), paramagnetic (Pd, Pt) or magnetic ions with low phase transition
temperature(Gd, Cr) the exchange interaction constant between the magnetic ions in the
nanoparticle can reduce. It leads to lower coercive field and Curie temperature. We have
shown that spherical Ni94.5Cr5.5, Ni25 Pd75 and Co63Zn37Fe2O4 –ferrite with d ≈ 10 nm are
applicable for magnetic hyperthermia. We have shown that spherical Mn0.5Zn0.5Fe2O4 NPs
with a size of d = 24 nm are appropriate for MHT applications. Finally, we have discuss the
influence of the particle shape on TCand Hc.
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OPTIMIZATION OF RADIATION PROTECTION IN DIAGNOSTIC
AND INTERVENTIONAL RADIOLOGY: WHICH IS THE FUTURE?
V.Tsapaki*

Konstantopoulio Hospital, Athens, Greece
Abstract

As quoted in the latest UNSCEAR 2008 report “it appears that the world is entering another
period of major technological changes, where the impact of these changes on the population
dose worldwide in the future will be difficult to predict”. It is more than true that in this fast
changing world and immense technological advances, especially in the medical sector,
scientists run a marathon to be able to follow the new techniques that are continuously
introduced for the benefit of the patient. Almost half of the radiation to the population in
diagnostic radiology arises due to CT and interventional techniques. More and more medical
specialties as well as other professions (nurses, technicians, managers, etc) are currently
being introduced into the term “radiation safety culture” and “optimization”. Some of these
stakeholders were not aware of these expressions and were never trained or educated on
these subjects. Each of these specialties should therefore be approached in a different way,
indicating and underlining the specific roles of the experts, in order to persuade them to
include radiation safety in their every day clinical routine. Below, some of these issues are
identified and possible ways to move forward in the future are suggested.
Introduction

Medical procedures using X-ray ionizing radiation constitute by far the largest contribution to
people by man-made sources [1]. Despite the fact that the benefit for the patients will
probably outweigh the risk associated with the radiation, there is concern that patients may
undergo radiological examinations that will not have any positive impact on their health, or
even that unnecessary high radiation doses could be delivered with regard to the diagnostic
outcome. Furthermore, the last years, various medical specialties treat their patients using
ionizing radiation with interventional techniques being the most complex imposing the
highest radiation dose to the patient. At the same time, the level of knowledge of these
specialties in terms of radiation protection is often questioned. Complex Computed
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Tomography (CT) protocols such as perfusion, multiphase or cardiac CT, interventional
procedures using CT guidance, X-ray procedures outside the radiology department and inside
the operational theater are some of these situations [2-4]. Complex clinical cases may be
treated in repeated X-ray procedures, therefore, increasing the risk of skin injury especially
when performed within a short period of time between X-ray techniques. It is interesting to
note that safety culture and radiation protection awareness seems to be quite different not only
between developed and developing countries but also between neighboring European
Countries, or even within the same country. The literature proposes a number of ways to
improve the situation. Unfortunately, these are not currently applied in the every day clinical
practice, possibly because these ways are not communicated to the various medical
specialties. However, there is no other way to strengthen radiation protection in the medical
field and to encourage optimization in x-ray procedures but to identify a number of practical
simple steps which should be communicated to the different specialties within the hospital
involving not only the medical specialists but all relevant stakeholders. These include the
manager, administrators, the X-ray equipment manufacturer, the engineer, the related
clinicians, nurses or technologists. These specialties should be approached in a different way
in order to persuade them to include radiation safety in their every day clinical routine. Below,
some of these issues are identified for the more complex X-ray techniques, such as CT,
interventional procedures and X-ray procedures outside the X-ray department and possible
ways to move forward in the future are proposed.
Optimization in CT

Techniques for adapting standard protocols to individual patient size should be simplified. To
facilitate this procedure, the regulatory bodies or/and the CT manufacturers could work on a
commonly agreed classification system for adaptive dose modulation techniques for easier
comparison between technical settings in each CT protocol. Individual adaptation of kV
settings and contrast material dose should be encouraged.All the CT manufacturers could
work together in order to be able to provide a single dose indicator on the scanner console that
could also relate the dose to a diagnostic reference level (DRL) or other reference dose
quantity. A warning could be given if DRL is exceeded. It must be noted that today, CT DRL
appear to be limited and actions must be taken so that they are established by more countries.
Another issue is that the existing DRL, even across Europe, show large variations. Regarding
Computed Tomography Dose Index (CTDI), these variations are usually attributed to
variation in the technical protocol and differences in the CT scanner. Therefore, more
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standardized protocols could harmonize CTDI-DRL values. Variations in Dose Length
Product (DLP) are mainly due to variations in clinical protocol. For example in some
countries abdomen means the whole abdomen whereas in others it means only the upper
abdomen. Also the number of series as well as the definition of series varies. For the abdomen
examination the number of series can be from 1 to 4 series between countries. The large
variations found, especially for DLP, show that substantial optimization can be achieved. It is
possible that different definitions cause this and mutually agreed terms could partly overcome
this problem. This could be addressed to relevant professional societies such as the
radiologists and radiation technologists for joint attempts for optimization. Paediatric CTDRL should also be established. Currently such values exist in a very limited number of
countries across the world. Finally, it would be very helpful if, DRL are set up for more
complex CT examinations such as cardiac or perfusion CT.
Optimization in interventional procedures

Quite a number of studies exist on optimization in interventional cardiology procedures. The
same is not true for interventional radiological techniques. Furthermore, more and more
advanced techniques are introduced in interventional cardiology resulting in a continuous
effort for radiation dose optimization. It is, therefore, strongly recommended to record patient
radiation dose, fluoroscopy time and total number of images at the end of each procedure.
Kerma-Area product (KAP) could be the radiation dose quantity for this purpose. The KAP
meter should be mandatory, included in all equipment and properly calibrated. As the recent
literature reveals, there is a lack of DRL for paediatric interventional procedures. In the near
future, paediatric interventional DRL should be established to facilitate optimization efforts.
Patient follow-up should be planned in order to avoid radiation skin injuries, in collaboration
with a dermatologist with knowledge on radiation skin effects.
Staff radiation dose and radiation protection tools are 2 important issues that should be
addressed specially in complex interventional procedures. Particularly, monitoring and
evaluating staff eye dose is very important due to reduction of equivalent dose limit for the
lens of the eye to 20 mSv in a year [5]. All personnel inside the interventional room should
wear a wrap-around protective apron and a protective collar with lead-equivalent thickness of
more than 0.35-mm, despite the fact that complaints concerning musculoskeletal problems are
reported. Radiation protection glasses of more than 0.5 mm lead-equivalent thickness with
side panels are also strongly recommended despite the complaints of staff that they are heavy
or uncomfortable. This is particularly important in over-couch X-ray systems. The use of X189
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ray protective gloves is still controversy. However, best practice for the physician would still
be to keep hands out of the X-ray beam. The best position for the ceiling suspended shield is
just above the patient and the presence of additional lead drapes hanging under the suspended
shield that touches the patient offers very high protection of the hands.
The above could provide further steps to optimization in every day clinical practice. However,
it is also very important that manufacturers work together with the medical physicist, the
radiation technologist and the related physician so as to produce the most optimized protocols.
It is therefore, essential to develop accredited radiation protection training programs by
regulatory authorities at a national or a regional level, with the help of academic institutions,
scientific and/or professional societies with continuous production of training material to
support this aim.
Optimization in the operational theater

The recent literature reveals that there is very limited information on radiation doses arising
from fluoroscopy-guided procedures in areas such as gastroenterology, orthopedics surgery,
vascular and neurosurgery, urology and anesthesiology, outside the radiology department.
Despite the fact that the frequency of these procedures is rapidly increasing, knowledge on
patient and staff radiation dose is still scarce. In the near future these techniques should be
more closely monitored and investigated. This will allow more accurate conclusions on the
level of patient and staff radiation dose as well as more precise identification of methods for
radiation dose optimization. Extensive studies should be performed in order to also establish
DRL for the most frequent of these procedures. These values practically do not exist today.
The results of these studies could then be used to plan the future strategy in terms of radiation
protection and optimization. All these should also be communicated to all relevant
stakeholders such as nurses, technologists, medical physicists, service engineers, regulators,
managers and administrators through their scientific and professional bodies. As this field is
yet to be explored, close monitoring and investigation could facilitate the all these efforts to
set up a way to optimize these procedures.
Conclusion

It is apparent that as technology is evolving, more and more complex radiation procedures are
going to be introduced for the benefit of the patient. It is apparent that more and more health
professionals will be involved with ionizing radiation in the near future. It is therefore crucial
that everybody is informed/educated/trained as far as radiation protection and dose reduction
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measures are concerned. Optimization in diagnostic radiology appears to be a
multidisciplinary task with a number of challenges (training costs, not clear responsibilities of
each person involved, new techniques introduced very often by manufactures, etc).
Optimization should be considered a continuous task by every member of the staff. This will
probably have to include in the future more and more professionals not previously considered
in this process. All these efforts should be coordinated by radiation protection, medical
physics or other related experts for successful optimization actions.
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EYE LENS RADIATION DOSE OF RADIOLOGISTS AND
CARDIOLOGISTS PERFORMING INTERVENTIONAL PROCEDURES
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NRPA, Østerås, Norway
Abstract

The background for this chart study is that ICRP now recommends an annual dose limit to the
eye lens of 20 mSv for occupational exposure. We aimed to investigate the eye lens dose for
cardiologists and radiologists performing interventional procedures, and discuss the
probability of exceeding the dose limit.
The study included 17 cardiologists and 8 radiologists from four separate hospital trusts in
Norway. Each participant were instructed to wear a TL-dosimeter measuring Hp[3] in
proximity of their left eye during all performed procedures in a time span of 3-4 weeks. The
placement of the dosimeter was unshielded from prospective leaded glass eyewear. Additional
data from each procedure was collected through a questionnaire. All dosimeter readings
were corrected for background radiation.
20 % of the participants, all of them cardiologists, received dosimeter readings higher than 2
mSv during the 3-4 weeks. When extrapolating the measuring period to 300 working days,
this indicates that they might receive an annual lens dose above 20 mSv if leaded glass
eyewear is not used. Of all the participants, only 40 % used leaded glass eyewear during all
interventional procedures. For cardiologists performing mostly ablation procedures, there
was a linear relation between the accumulated dose area product (DAP) and dosimeter
readings. From other known parameters, such as fluoroscopy time and the number of
procedures, it is difficult to estimate the lens dose. This study has shown that lens doses can
be high, and it is therefore important with an increased focus on the use of radiation
protection tools.
Introduction

The lens of the eye is one of the most radiosensitive tissues in the body. Ionizing radiation can
induce lens changes or cataract that develops in the posterior subcapsular or cortical region in
the lens [1]. Newer studies have shown that radiation induced lens changes have appeared
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below the earlier threshold values for developing such damages [2-5].
On the basis of new studies, the International Commission on Radiological protection (ICRP)
published a statement where the threshold values for developing lens damages were lowered
to 0.5 Gy. They further lowered the equivalent dose limit for occupational exposure from 150
mSv to 20 mSv in a year, averaged over defined periods of 5 years, with no single year
exceeding 50 mSv [6]. In Norway, cardiologists and radiologists performing interventional
procedures constitute the profession who receive the highest personal dose readings of all
health professionals [7]. Lowered dose limit to the eye lens, may therefore affect them. This
study aimed to assess typical lens doses for this occupational category and the probability of
exceeding a lens dose of 20 mSv in a year.
Materials and Methods

17 cardiologists and 8 radiologists from four different Norwegian hospital trusts contributed
to the results. The physicians worked with fluoroscopic x-ray equipment with an under-couch
x-ray tube and some of the cardiologists worked with biplane x-ray units. A leaded glass
screen was installed and available for use at each x-ray room.
EYE-D™ produced by Radcard, is the dosimeter system used in this study. The system
consists of a headband with an attached dosimeter batch, that was modified to fit DXT-RAD
Extremity Dosimeters, TLD-100, produced by Saint-Gobain crystals & detectors. The
personal dose equivalent in this study is Hp[3]. The Secondary Standard Dosimetry
Laboratory at the Norwegian Radiation Protection Authority (NRPA) developed and
completed the calibration of the dosimeter system using the method of Behrens [8]. All
dosimeter readings were done at the personal dosimetry service of the NRPA. All readings
were corrected for the background radiation. The accumulated dosimeter reading for each
physician in the measuring period, is termed the lens dose.
Each of the physicians was instructed to wear the dosimeter batch in proximity of their left
eye during all performed procedures in the measuring period. The placement of the dosimeter
was unshielded from prospective leaded glass eye wear. The physicians registered data from
each procedure in a questionnaire, including: type of procedure, date, DAP, fluoroscopy time
and use of leaded glass eyewear.
Results

Nine of the cardiologists performed mostly interventional coronary angiography and
percutaneous coronary intervention, hence referred to as cor. cardiologists. Eight of the
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cardiologists performed mostly electrophysiological studies followed by ablations, hence
referred to as abl. cardiologists. The radiologists in this study, performed a wide spectra of
interventional procedures, including embolizations, stenting, angioplasty and nephrostomy.
See table 1 for an overview of the physicians.
Table 1. Overview of the physicians and the measuring period from each hospital trust.
Cor.

Abl.

Measuring period

cardiologists

cardiologists

(days)

Hospital trust (H)

Radiologists

H1

3

-

-

22

H2

-

-

6

29

H3

3

3

2

21

H4

2

6

-

25

Total

8

9

8

The cardiologists received the highest lens doses in the measuring period. When extrapolating
each measuring period to 300 working days, an estimate of the annual lens dose is found, see
figure 1. We see that 20% of the physicians, all of them cardiologists, might exceed 20 mSv
annually. Among the radiologists, one was very close to this limit. Of all the participants, only
40% reported that they always used leaded glass eyewear during interventional procedures.

Figure 1. Estimated annual lens dose for the physicians from each hospital trust (H).
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Correlations between lens dose and the parameters: number of procedures, accumulated DAP
and fluoroscopy time, were assessed. No correlation was found, except for abl. cardiologists
from H2 who showed a nearly linear correlation between lens doses and accumulated DAP
(fig. 2). Physicians in this group, also showed the highest lens doses per accumulated DAP.

Figure 2. Lens doses versus accumulated DAP for the physicians from the different hospital
trusts (H). One cor. cardiologists does not contribute because of wrong registration of DAP.
Table 2. Number of procedures, lens dose per procedure: median and interquartile range, DAP
for each procedure: median and interquartile range.
Physicians

Total no. of
procedures

Median lens dose per

Interquartile

procedure

range

(µSv)

(µSv)

Median DAP
2

(Gycm )

Interquartile
range
(Gycm2)

Radiologists

123

30

64

45,9

113,0

Abl.cardiologists

130

62

156

19,7

42,2

Cor.cardiologists

246

27

27

35,7

39,2

Total

499

34

43

33,5

51,2

Number of performed procedures and calculated lens dose per procedure is presented in table 2.
Discussion

This study has estimated that 5 cardiologists may exceed an annual lens dose of 20 mSv if
leaded glass eyewear is not used. The validity of the estimates depends if the measuring
195
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

period was typical when it comes to workload and complexity of the performed procedures.
Other factors that decrease the validity of the results are uncertainties around background
detection. There were also few participants in the study and it was difficult to arrange them in
occupational categories because of the large variation in performed procedures. This implies
that one should not generalize the results.
The DAP-values and measured lens doses obtained in this study are associated with a large
variation, also among similar procedures. Important factors that relate to the lens dose, and
also DAP, are the type of procedure performed, the complexity of the clinical case and the
associated working technique. Working technique is again dependent on the operators training
in use of the x-ray equipment, experience and their positioning relative to the patient. How the
leaded screen is used of major importance, since optimal use of the screen can reduce the dose
rate to the lens by a factor of 5 to 25 [1]. Short physicians may also receive higher lens doses
then taller colleagues, because their eyes are closer to the patient. Short physicians may
therefore consider standing on a platform when performing the procedures. Type of x-ray
equipment may also affect the lens dose, and use of a biplane X-ray system may increase the
dose [9].
Only the abl. cardiologists from H2 indicated a linear relation of lens dose versus accumulated
DAP. This may be because of similar types of procedures and associated working technique
on the same x-ray equipment, and similar use of the leaded glass screen. For the other
physicians no correlation was found, probably because too many variable factors influenced
the lens dose. Other parameters like fluoroscopy time and number of procedures, did not show
a correlation to the lens dose. This indicates that it is difficult to estimate the lens dose from
known parameters and indicate the need for monitoring lens doses for radiologists and
cardiologists who performs interventional procedures. However, the lens dose seems to
increase with the personal dose reading, but lens doses relative to the personal dose readings
may vary considerably and even be larger than unity [9].
Conclusion

This study indicates that interventional radiologists and cardiologists have the potential to exceed
the proposed annual dose limit of 20 mSv. This highlights the importance of increased focus on
radiation protection, optimal working technique and correct use of personal protective gear like
leaded glass eyewear and leaded glass screen. Cardiologists and radiologist receiving high
personal doses on their dosimeters should also be offered lens dose monitoring and an eye
examination for radiation induces lens changes should be included in the periodic health control.
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Abstract

During imaging in diagnostic radiology, X-ray beam is scattered on all media between
X-ray source and X-ray image receptor. The most important one from these is the patient
itself. Scattered radiation, reaching X-ray image receptor – which may be even 5-6 times
more intensive than X-ray pattern, in case of pelvis of a corpulent patient – reduces image
contrast, impairs detail visibility and, moreover – in case of examinations during which staff
stays in the controlled area, it causes radiation exposure of the staff. For diminishing scattered
radiation, in principle, there are two possibilities. One of them is the so-called air gap, i.e.
increasing the distance between the patient and the X-ray image receptor; however, because
of the geometric magnification it is not always applicable or appropriate. The other way is
application of anti-scatter grids directly in front of the X-ray image receptor.
Interest of the patient is firstly the image, appropriate for diagnosis, and only after it
the possible lowest radiation exposure. In most cases radiation exposure is optimized if image
quality impairing effect of scattered radiation is decreased, although entrance skin dose and so
radiation exposure of the patient may increase then by a factor of 2 to 5. Examinations of
babies and small children as well as extremities, however, are exceptions: in these cases antiscatter grids are to be removed from the beam as amount of scattered radiation is very small,
therefore optimizing radiation exposure in these cases reached by examination without grid.
The presentation deals with the most important characteristics of anti-scatter grids as new
edition of their international standard will be published next year
Introduction

During imaging in diagnostic radiology, X-ray beam is scattered on all media between X-ray
source and X-ray image receptor. The most important one from these is the patient itself.
Scattered radiation, reaching the X-ray image receptor – which may be even 5-6 times more
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intensive than X-ray pattern, in case of imaging of the pelvis of a corpulent patient – reduces
image contrast, impairs detail visibility and, moreover – in case of examinations during which
staff stays in the controlled area –, it causes radiation exposure of the staff. For diminishing
scattered radiation, in principle, there are two possibilities. One of them is the so-called air
gap, i.e. increasing the distance between the patient and the X-ray image receptor; however,
because of the geometric magnification it is not always applicable or appropriate. The other
way is application of anti-scatter grids directly in front of the X-ray image receptor. A sketch
of the physical arrangement of an anti-scatter grid is shown in Figure 1.

Figure 1. Physical arrangement of an anti-scatter grid in an X-ray imaging chain

Primary interest of the patient is the image, appropriate for diagnosis, and only after it the
possible lowest radiation exposure. In most cases radiation exposure is optimized if image
quality impairing effect of scattered radiation is decreased, although entrance skin dose and so
radiation exposure of the patient may increase then by a factor of 2 to 5. Examinations of
babies and small children as well as extremities, however, are exceptions: in these cases antiscatter grids are to be removed from the beam as amount of scattered radiation is very small,
therefore optimizing radiation exposure in these cases is reached by examination without grid.

Materials and Methods

Properties, manufacturing technology and testing procedures of diagnostic anti-scatter grids
have had a long development. Scientist, founding this topic was W. Hondius Boldingh
(Amsterdam 1896 – Eindhoven 1976), one of the leaders in X-ray equipment design at
Philips, who has published many papers about grids, and also his PhD thesis dealt with grids
[1] (Figure 2).
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Figure 2. PhD thesis of W. Hondius Boldingh about grids (1964)

The first international performance standard of anti-scatter grids IEC 60627 was published in
1978 while a similar one for mammographic anti-scatter grids in 1997. The second edition of
IEC 60627 published in 2001 [2] (Figure 3) merged together the earlier two separate
standards for general purpose and mammographic anti-scatter grids. Since then a need has
arisen for technical revision of this standard. The revision was initiated above all by the fact
that calcium tungstate phosphors have become obsolete and is no longer available.
Instrumentation with fluorescent screens made of gadolinium oxysulphide (GOS) is the
present state of the art. It was also investigated whether any new quality parameter can be
introduced which better describes properties of anti-scatter grids, especially for digital
detector applications. Special laboratory provisions and carefully controlled test conditions
are needed for the measurements described in the standard; it means that these tests are type
tests to be performed at the manufacturer’s site or in specially equipped type testing
laboratories only. There was also a need for a restructuring of the text, to be aligned to the 3rd
edition of the general safety standard for medical electrical equipment IEC 60601-1.
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Figure 3. Title page of international standard IEC 60627:2011 (2nd ed.) about grids

The second edition of IEC 60627 defines three groups of terms, used for characterizing antiscatter grids. First (general terms) are: anti-scatter grid, linear grid, parallel grid, focused grid,
tapered grid, cross-grid (orthogonal, oblique), stationary grid, moving grid, and
mammographic anti-scatter grid. The second group of terms contains geometrical
characteristics: grid ratio (r), focusing distance (f0), application limits (f1, f2), true central line,
central line indication, and strip frequency (N). For r and N see Figure 4. The third group of
terms contains physical characteristics which are related to transmission of radiation:
transmission of primary radiation (Tp), transmission of scattered radiation (Ts), transmission of
total radiation (Tt) (these are to be measured); grid selectivity (), contrast improvement ratio
(K), and grid exposure factor (known also as Bucky factor) (B) (these are calculated from the
measured ones).

201
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Figure 4. Structure of anti-scatter grids and definition of main geometrical parameters

Measurement of transmission factors Tp, Ts, and Tt is performed with a special radiation
detector using a fluorescent screen (Figure 5), applying special phantoms, diaphragms and
specified geometric arrangements. Parameters f1, f2, , K, B are calculated from the former
ones.
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Figure 5. Radiation detector, used for radiation transmission measurements of grids
Results and discussion
In testing conditions of anti-scatter grids, the earlier calcium tungstate phosphor which is not
available any more, was replaced by gadolinium oxysulphide (GOS). Applicability of GOS
phosphor was investigated both theoretically and experimentally – these considerations are
attached to the standard as an informative annex. Furthermore, a new quality parameter, the
so-called “image improvement factor” or Q-factor, is introduced which better describes the
properties of the anti-scatter grid, especially for digital detector applications. Q= (Tp2 / Tt)
increases with the square of the signal-to-noise ratio of the image. A new possibility is offered
to manufacturers in calculating application limits: if wished it is allowed to take into account
also the absorption of absorbing strips. Structure of the standard was adapted to the new
approach of IEC standardization. Moreover, some minor improvements were also made.
This work was performed by Maintenance Team MT50 of IEC SC62B during the period
2010-2012. Convenor of the team was Joos van Vroonhoven (Philips, Holland) while the most
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active participants were Christiaan Kok (Philips, Holland) and Peter Strattner (Siemens,
Germany). Author of this paper was also a member of the group. There were only two
meetings of the group (November 8-9, 2010, Eindhoven, Holland and May 23-24, 2011,
Frankfurt, Germany) while the joint work was completed by four telephone (internet)
conferences.
Conclusion

The third edition of the standard is now in final draft stage, it will be issued probably in
January 2013. Therefore an updated and usable standard, aligned also to the new approach of
IEC standards, will be available for evaluating parameters of general purpose and
mammographic ant-scatter grids.
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Abstract

Although mammography is the main diagnostic method for breast cancer, but the
interpretation of mammograms is a difficult task and depends on the experience and skill of
the radiologists. Computer Aided Detection (CADe) systems have been proposed to help
radiologist in interpretation of mammograms. In this paper a novel filter called Sector filter is
proposed to detect masses. This filter works based on the analysis of convergence of gradient
vectors toward the center of filter. Using this filter, rounded convex regions, which are more
likely to be pertained to a mass, could be detected in a grayscale image. After applying this
filter on the images with two scales and their linear combination suspicious points were
selected by a specific process. After implementation of the proposed method, promising
results were achieved. The performance of the proposed method in this research was
competitive or in some cases even better than that of other suggested methods in the
literature.
Introduction

Breast cancer is the most common cancer among women. Early detection can increase the
chance of the diseases to be cured. Although mammography is the main diagnostic method for
breast cancer, but the interpretation of mammograms is a difficult task and depends on the
experience and skill of the radiologists. Therefore many cancerous cases may be diagnosed as
normal especially in the screenings. Computer Aided Detection (CADe) systems have been
proposed to address this problem.
Kobatake et al [1] proposed a method in which masses as rounded convex regions in the
mammograms was detected using gradient convergence analysis. They proposed a filter
called Iris filter which had an adaptive structure for detecting the degree of gradient
convergence toward a point of interest.
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Ring filter was proposed based on the Iris filter by Wei et al [2, 3] and was an effort for
reducing problems of the Iris filter. In this paper a novel filter called Sector filter is proposed
to detect masses. This filter is designed based on the Iris filter and the Ring filter.
Materials and Methods

The proposed method in this research is based on multi-scale analysis of convergence of
gradient vector. The block diagram of the proposed method is shown in Figure 1. First the
mammogram image is decomposed by a Gaussian pyramid in two scales (1/2 and 1/4). After
that, for each of the images the horizontal and vertical components of the gradient vectors at
each point are calculated and then all of the vectors are normalized to unit vector. Then the
Sector filter is applied to the images by sliding its center only on the points that have been
selected in the background removal stage. After increasing the size of the smaller filtered
image to the size of the bigger one, these two images are linearly combined and process of
suspicious point selection is applied on it. Then centers of the selected regions are sent to the
output as suspicious points.

Figure 1. Block diagram of the proposed method
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As the convergence analysis method works only on directions of gradient vectors (not their
magnitudes), our method is sensitive to high frequency noise that exists in mammograms. To
address this problem Gaussian pyramid decomposition method [4] is used. Each level of the
pyramid is produced by applying the Gaussian kernel on its previous (lower) level and downsampling the resultant image by a factor of two. The base of the pyramid which is its level
zero is the original image. The images in levels one and two, that are half and quarter scales
respectively, are used for next steps.
It was shown by Kobatake et al [1] that gradient convergence analysis method is capable of
detecting rounded convex regions. Since masses have such structures in mammograms,
convergence of gradient vectors in a region toward a central point can be a good sign of
existence of a mass in that region. The cosine of the angle between the vector that connects
the point of interest to the center of filter and the gradient vector in that point has been used as
the criterion of the convergence in the literature.
The way of calculating output of the filter based on the criterion values at each point inside
the filter is different between Iris filter method [1], Ring filter method [2, 3] and our proposed
one means Sector filter method.
As it can be seen in Figure 2, Sector filter kernel is composed of sectors that are shown by
black or white colors. A bunch of sectors that have same angles is highlighted in the figure.
First the gradient convergence criterion values are averaged at points inside each of the
sectors. Then the maximum of these averaged values are found through sectors that have
similar angles. Finally the average of the maximum values (one value for each angle) is
calculated and is sent to output of the filter.

Figure 2. Sector filter kernel is composed of sectors that are shown by black or white colors.
A bunch of sectors that have same angles is also highlighted.
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The filter is applied on the two images with different scales due to adding the capability of
detecting masses with different sizes to our proposed method. The filter is not applied on all
of the pixels but rather it is applied on the selected ones. This is due to reduction in burden of
computation. Those points are selected in the background removal stage. In this stage, first the
background of the mammogram image, which is the projection of the fat tissue and has
smooth gray structure in the image, is removed by using the top-hat morphological operator.
Then 5 percent of points with highest gray-level are selected. This number was selected
experimentally.
The reasoning behind selection of pixels with highest gray-levels is that masses in
mammograms usually have highest gray-levels. Although only the selected pixels in this stage
are used for sliding the center of the filter on them, but when the filter is applied on one of
these points all of the pixels within the filter kernel will be used in output calculation of the
filter at that point.
After linear combination of two filtered images (previously the size of the smaller one was
increased by interpolation) an image with highest gray-level at regions that have masses is
obtained.
The final step in our suggested method is process of suspicious point selection. The flowchart
of this process has been shown in Figure 3. There is a loop in this process that if none of the
conditions was satisfied the threshold level is decreased one step and the loop is repeated.

Figure 3. The flowchart of process of suspicious point selection
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As it can be seen in Figure 3, if each of two conditions is satisfied, means if either three regions
have been detected (this number is called as Minimum Number of Selected Regions or MNSR)
or the threshold level has reached to the first minimum while at least one region has been
detected, the loop will be broken and the center of detected regions will be sent to the output.
If none of these conditions is satisfied and the threshold level reaches to the second
minimum, the loop will be broken and the image will be reported as normal in the output. In
this process, values such as number of regions to be selected and first and second minimum of
threshold levels were obtained experimentally.
In this research 155 mammographic images of the publicly available database, namely miniMIAS database [5], were used for testing the proposed method. The dimensions of all of the
images in this database are 1024 by 1024 pixels and their resolution is 200 micrometer per
pixel. There is a text file in the database that includes information about each patient like
breast density, type of lesion(s) and approximate coordinates and radius of the lesion.
Among 155 used images, 103 of them were normal and 52 were abnormal. There were 57
masses in these 52 images which 20 of them were malignant and 37 were benign. The
proposed method was implemented by MATLAB and its image processing toolbox.
Results

To evaluate our suggested method a criterion is needed to determine the output as being true
or false positive. If the output of our method, which is a point that is an approximate center of
the suspicious region, was inside the boundaries of a mass it was considered as true positive
and if it was not inside any of masses it was considered as false positive.
Since the annotations of the masses in the database were circles including the masses and
were not exact boundaries of them, by an expert physician their boundaries were drawn and
these boundaries were used in the evaluation stage.
By setting the Maximum Number of Selected Regions (MNSR) to 3, 89.5% of the masses
were detected and 1.98 average false positives per image were produced. The results for
MNSR equal to 1, 2, 3 and 4 have been shown in the Table 1. Furthermore promising results
were achieved for detection of malignant masses as all of them were detected (100%
sensitivity) for MNSR equal to 3.
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Table 1. Final results of evaluation of the proposed method for various MNSRs
MNSR = 1

MNSR = 2

MNSR = 3

MNSR = 4

Sensitivity

70.18%

82.46%

89.47%

91.23%

Average FPs/I

0.7

1.39

1.98

2.5

Discussion

As it was said the difference between the Iris filter [1], Ring filter [2, 3] and the proposed
filter (Sector filter) is the way to calculate output of the filter based on the criterion values at
each point inside the filter.
In the Iris filter, the convergence criterion is averaged over radiating half-line from the center
of filter to the point of interest, the maximum value over each half-line is saved for that halfline. Finally average of the saved values of half-lines is sent to the output of filter. Despite of
adaptive structure of the Iris filter to the grayscale distribution of the region of support, it has
some disadvantages that limit its performance. Although by averaging over radiating halflines, the noise is suppressed through radial direction, but it still remains unchanged through
angular direction. Furthermore there are many points that are between half-lines and are not
used for calculation of output of the filter.
The name of Ring filter is after its ring like structure. In this filter the convergence criterion is
averaged over rings. Although the design of this filter is an effort to solve the Iris filter's
sensitivity to noise, but this filter has its problems. The most important problem of this filter is
that it is sensitive only to masses with circular shapes.
The sector filter is designed to solve the problems of the Iris and Ring filter. This filter
includes both the adaptive structure of the Iris filter and the noise suppression of the Ring
filter and avoids their problems. It is because of the fact that this filter averages through both
radial and angular directions and there are multiple sectors in each angle and each radius that
can give the adaptive structure to the filter.
Conclusion

The performance of the proposed method in this research was competitive or in some cases
even better than that of other suggested methods in the literature. For future work testing the
proposed method on more images from multiple databases and including a false positive
reduction stage can be considered.
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Abstract

In these two decades breast cancer is one of the leading cause of death among women. In
breast cancer research, Mammographic Image is being assessed as a potential tool for
detecting breast disease and investigating response to chemotherapy. In first stage of breast
disease discovery, the density measurement of the breast in mammographic images provides
very useful information. Because of the importance of the role of mammographic images the
need for accurate and robust automated image enhancement techniques is becoming clear.
Mammographic images have some disadvantages such as, the high dependence of contrast
upon the way the image is acquired, weak distinction in splitting cyst from tumor, intensity
non uniformity, the existence of noise, etc. These limitations make problem to detect the
typical signs such as masses and microcalcifications. For this reason, denoising and enhancing
the quality of mammographic images is very important. The method which is used in this
paper is in spatial domain which its input includes high, intermediate and even very low
contrast mammographic images based on specialist physician’s view, while its output is
processed images that show the input images with higher quality, more contrast and more
details. In this research, 38 mammographic images have been used. The result of purposed
method shows details of abnormal zones and the areas with defects so that specialist could
explore these zones more accurately and it could be deemed as an index for cancer diagnosis.
In this study, mammographic images are initially converted into digital images and then to
increase spatial resolution power, their noise is reduced and consequently their contrast is
improved. The results demonstrate effectiveness and efficiency of the proposed methods.
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Introduction

Breast cancer is the second factor for death among women especially in industrial countries
[1]. Mammography is considered as one of the primary studies on tumor diagnosis and breast
disease, however this method has some limitations such as dependence of image quality on
factors like type of the film, intensity non uniformity, imaging condition, etc. To improve the
visibility of breast disease for human observers some image processing methods has been
used. The goal of this computer aided methods is to reduce noise, contrast improvement and
the interference from some structures that may be similar to tumor.In this study, by using
some images processing techniques, two methods has been used which the input images
includes high and very low quality images based on specialist’s view while the output consists
of very high quality images which indicate image details more precisely. These two methods
are spatial field method and frequency field method.
Method

To conduct the above method, first according to radiology specialist’s view, 38
mammographic images were classified into four groups: high quality, fair, low and very low
quality.
Afterward, images was initially converted into digital images and then by using Matlab and
some image processing techniques different stages were implemented including conversion of
the image into grey image, passing the image through the designed median filter, etc (spatial
method), and computation of image Fourier Transform and passing it through the designed
Butterworth filter, calculation of image Fourier Inverse Transform and using its histogram and
histogram equalization over digitalized images (frequency method). These stages cause
reduction of noise and improvement of images contrast. After using some image processing
techniques, the output images indicate defects, piles and tumors in the least dimensions.
Mentioned stages are completely explained in next sections.
Spatial field method:

The field of space refers to image pixels and spatial methods are work on pixels [2]. Spatial
field method and its functions can be explained as follow:
(1)

g(x,y)=T[f(x,y)]

Where f(x,y) denotes input image, g(x,y) is processed image, and T is an operator over f
which is defined in the neighborhood of (x,y) pixel. The main method for definition of
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neighborhood around (x,y) is to use quadrangular or square small sub- images with (x,y) as
origin. By starting from image top left corner, sub-image center changes from one pixel to
other, and using T operator. Application of spatial masks for images processing is usually
called spatial filtering while in frequency field filtering methods use Fourier Transform [35].In this method, Laplacian Low- Pass spatial filter is used. The conducted stages are as
follows:
• Converting mammogram images to digital images
• Converting colored image into grey scale image
• Spatial filtering

In this paper, Laplacian filters have been used to improve images quality. Laplacian of image
f(x,y) is a derivative operator which causes better distinction in image edges.
(2)

2ƒ= [ ƒ(x+1 ,y)+ƒ(x-1,y)+ ƒ(x, y+1)+ƒ(x, y-1)] - 4ƒ(x,y)

Thus, by using Laplacian Filter, this improvement in images quality is obtained based on the
following equality:
(3) g(x,y) =ƒ(x,y) + c[ 2ƒ(x,y)]
In the mentioned equality, f(x,y) denotes input image, g(x,y) is the improved image. If the
used mask central coefficient is positive, c is 1 and otherwise it will be -1.
• Using image histogram and its equalization

Image histogram indicates how to distribute luminance intensity values throughout the image.
Similarly, histogram information efficiently contributes in selection of optimization
appropriate operation. For example, if histogram of an image is around the accumulated small
values (in this condition, image seems dark), then one could spread it within wider range in
order to improve image contrast. This is called histogram equalization [4-7].
• Using Median filter

Median filter is a nonlinear digital filtering which causes noise reduction. This stage is a
typical pre-processing stage for improving the results of later processing such as edge
detection on an image [5-6] .Image smoothing by filter is a technique which causes noise
omission in image, so the smoothing occurs along fixing of information at the edge of image.
These filters intensify the pixels which are numerically similar to mask internal pixels and
also it omits the pixels which their values are different from mask internal pixels. Therefore, it
is known that such type of filter is appropriate for de-noising of
mammogram images[8].
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Frequency field method:

Convolution theorem is the basis for frequency field techniques. Take g(x,y) as an image
which is derived from f(x,y) image convolution with time-independent linear operator h(x,y).
(4) g(x,y)=h(x,y)*f(x,y)
Then, according to convolution theorem, the following expression in frequency field applies
to it:
(5) G(u,v)=H(u,v)F(u,v)
In this equation H,F and G denote transformations of h, f, and g, respectively.
In an application, image upgrading is usually given as f(x,y), and the objective is to choose
H(u,v) to obtain a favorable image after calculation of F(u,v).
(6) g(x,y)= F-1[H(u,v)F(u,v)]
F signifies main image, g denotes processed image, and H(u,v) is filter function. [5-6]
This method is summarized in the following stages.
• Calculation of image Fourier Transform

Fourier Transform includes representation of an image in the set of different outlines with
various range, frequency and phases. Fourier Transform plays significant role in most of
subjects of image processing field such as filtering, compression, optimization, retrieval and
image analysis [5, 9, 10].
• Using Butterworth Low- Pass Filter

Edges and other quick changes of images (like noise) are in the content of high frequency in
image Fourier Transform. Thus, such attenuation in frequency field is resulted by weakening
of certain limit in high frequency components at image Fourier Transform so this is likely
done by application of
Butterworth Low- Pass filter and is defined by cutoff frequency [5, 11, 12].
(7) H(u,v)=1/(1+[D(u,v)/ D0])2n
• Placement of using filter over image Fourier Transform

G = H*F
• Calculation of image Fourier Inverse Transform
• Using image histogram and its histogram equalization
Results

After image digitalization of mammographic films, these images were used as input image of
proposed methods in this paper (Fig. 1(a) and Fig. 2(b)). Despite of this fact that in these
figures mammographic digitalized images have low quality and details are not clearly shown,
215
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

in figures ( 1(b),1(c) & 2(b), 2(c) ) which are processed by the suggested methods , these
regions are indicated with better resolution and precision. All of the images are collected from
Dr Siroos Radiology center, Isfahan, Iran.

c:processed

image via spatial

method

b: Processed image via frequency

a:Digitalized

image

method

mammographic

of
film

(before processing)

Fig1: Original image and processed images via proposed methods
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Fig2: Original image and processed images via proposed methods
Discussion and conclusion

The studies and researches, which conducted by physicians and specialists indicate that the
women who were exposed to mammographic ray before the age of 20 are threatened by breast
cancer 2.5 times greater than others. But if due to low quality of mammographic images
physicians have to repeat mammography inevitably for the tested person, the hazardous and
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irrecoverable effects of the given ray may be augmented for the patient. Therefore,
improvement in quality of mammographic images in addition to economic aspects reduces
such risks due to repetition of radiography to great extent.
In this study, 38 mammographic images with different quality and in various dimensions of
piles and defects have been assessed under examination, and with respect to this fact that
some of them have a very low quality and were not easily identifiable by specialists, so using
the suggested methods in this study may contribute skillful physicians and specialists to
diagnose accurately the given disease with least error.
In general, both suggested methods in this study are appropriate techniques to diagnose breast
piles and defects. In fact, idea of linear filtration in frequency field is remarkably more
attractive and intuitive than spatial- field method. In practice, of course small spatial masks
are used noticeably more than Fourier Transform due to their easily implementation and
quickly action.
Nevertheless, it requires understanding frequency field concepts in solving many problems
which could not be resolved by spatial techniques. In frequency method, because the used
filter is of low- pass type and this filter weakens a certain limit of image high frequency
components (like edges and quick changes at image grey level such as noise), it is possible to
omit some of the important details in the image as well. For the mentioned reasons, the best
results come from spatial- field method.
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Abstract

A rapid increase in number of Computed Tomography (CT) examinations has been observed
world wide. As haed CT is the most frequent CT examination, the purpose of this study was to
collect and analyse patient doses in children and adults in different CT units for this
procedure. The study included 8 CT units from three manufacturers (Siemens, Toshiba and
General Electric). Data for adults and pediatric patients were collected in terms of CTDIvol
and DLP values. The doses were estimated as a mean value of 10 patients on each CT unit.
For pediatrics, doses were collected for four age groups (0-1year, >1-5years, >5-10years
and >10-15years). Comparing different manufacturers and the same number of detector rows
it was observed that, in case of 16 slices units, doses were very similar on Siemens and
General Electric scanner. CTDIvol and DLP on Siemens scanner were 60 mGy and 1066
mGy·cm, respectively, while on General Electric those values were 66 mGy and 1050
mGy·cm. However, this trend was not observed in case of 64 slices units. CTDIvol and DLP
values collected on Toshiba were much higher (177 mGy and 2109 mGy·cm) than in case of
Siemens scanner (59 mGy and 1060 mGy·cm). Doses on 16 and 64 slices Siemens scanners
were very similar, while on 4 slices were higher. Except in two units, doses were were in line
with DRLs. In case of pediatrics, doses increase with patient age and again Siemens scanner
showed the lowest values while the highest were observed on Toshiba.
Introduction

During the past years, an increased number of CT examinations and available CT scanners
has been observed world wide [1, 2, 3]. According to most recent data, CT scanning
contributes over 44% to the total collective effective dose from medical exposures [3].
Furthermore, patient doses in CT can be very high, resulting in an increased risk of radiation
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induced cancerogenesis [4, 5]. This risk is higher in children as they are more radiosensitive
and have longer life expectancy. Brenner et al. [6] reported a pediatric fatal cancer risk of
approximately 1 in 900 and 1 in 1800 for abdomen or head CT respectively, for a single slice
CT scan in case of a 1-year old child. Therefore, patient exposure in CT and possibility for
dose reduction were investigated in many studies during the past ten years [7, 8, 9, 10, 11].
As CT examination of head is the most frequent CT examination [12, 13], the purpose of this study was
to collect and analyze patient dose levels in children and adults in different CT units for this examination.
Materials and Methods

Data were collected on 8 CT units from three manufacturers (Siemens, Toshiba and General
Electric). CT units are labeled with capital letters from A to H, for the purposes of this paper.
Study included scanners with different number of detector rows (4, 16 and 64). Three CT
units were dedicated only to pediatric patient. The characteristics of CT units are presented in
Table 1. Annual frequencies of examinations were collected from hospital archive. The
number of examinations is presented in Table 2.
Patient doses were collected for standard head CT examination for adults and pediatric
patients in terms of CTDIvol and DLP values. According to the definition of these quantities
[14, 15], CTDIvol for one patient was estimated as a mean value of all phases while DLPs were
taken as a sum of DLPs for a phase. The doses were determined as a mean value of doses
from 10 patients on each CT unit using the values available on CT console. For pediatrics,
doses were collected for four age groups (0-1year, >1-5years, >5-10years and >10-15years).
Data for 120 pediatric patients, 170 in total, were included in this study.
Table 1. Characteristics of CT units included in this study
Manufacturer

Siemens

General
Electric
Toshiba

Number of

Model

detector rows
4

Somatom Plus 4

16

Somatom Emotion 16

64

Somatom Sensation

16

Bright Speed

16
64

Dedicated to
adults/pediatrics

CT unit

Adults

A

Adults

B

Pediatrics

C

Adults

D

Adults

E

Pediatrics

F

Aqulion 16

Pediatrics

G

Aqulion 64

Adults

H
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Table 2. Number of examinations in 2010
Number of examinations
CT unit

Head exam

Total Exams

A

1950

6000

B

2870

6900

C

1130

1380

D

1690

6140

E

21000

47800

F

900

1140

G

320

630

H

350

1200

Results

Results from this investigation are presented in Table 3. CTDIvol and DLP values represent a
mean value of at least ten patients on particular CT unit.
Table 3. Mean dose values for standard head CT examination
CT unit

Dedicated to
adults/pediatrics

Mean dose values
CTDIvol

DLP

(mGy)

(mGy·cm)

A

Adults

74

1020

B

Adults

60

1066

0-1

15

250

1-5

20

340

5-10

20

500

10-15

25

600

C

Pediatrics

D

Adults

59

1060

E

Adults

66

1050

0-1

25

400

1-5

35

570

5-10

35

570

10-15

40

600

0-1

25

500

1-5

45

1200

5-10

50

1080

10-15

70

1900

177

2109

F

G

H

Pediatrics

Pediatrics

Adults
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Discussion

The number of head examinations ranged from 29 to 82% of the total number of examinations
performed annually on particular CT unit. The highest percentages (82, 79 and 51%) were
observed on CT units dedicated to pediatric CT examinations.
CTDIvol values obtained for adults in this study range from 59 to 177 mGy, while DLP values
were from 1020 to 2109 mGy·cm. Doses collected for pediatric patients were much lower
compared to those in adults. In addition, the results from this study showed an increasing
trend in doses while going to higher age group, indicating the use of appropriate protocols
depending on patient age.
Doses estimated in this study were compared with DRLs. These levels for pediatric patients
are available only as national DRLs. In this investigation, much higher values compared to
DRLs [13] were observed only on Toshiba CT unit (unit H) for adult patients. DLP was twice,
while CTDIvol was almost three times higher than reference level. Regarding CT units
dedicated to pediatric patients, CTDIvol values were in line with estimated national DRLs [16,
17, 18, 19]. However, an increased DLP values were observed on Toshiba CT unit (unit G).
Comparing scanners with different number of detector rows, values observed in this study for
adults showed very similar trend for 16 and 64 slices CT units from Siemens and GE (units B,
D and E). Four slices Siemens CT unit (unit A) showed higher value in CTDIvol, while DLP
was in line with previous mentioned units. Doses that came from 64 slices Toshiba CT unit
(unit H) were much higher compared to other units in this study. There are published results
that show increased trend in patient dose with multislice CT (MSCT) technology [20, 21, 22].
The increase in dose with MSCT is partly associated with the need to scan a slightly larger
volume than is planned in order to get sufficient data interpolated to reconstruct the first and
last slice. Usually there is an additional half rotation at the beginning and the end of the
intended scan length, which may account for an increase in dose [20, 21, 22]. From the other
hand, there are also investigations that showed different trend in dose while increasing
number of detector rows [23]. Regarding the doses on CT units with the same number of
detector rows, but from different vendors, it can be seen that those are very similar on
Siemens and GE 16 slices units (units B and E). However, comparing 64 slices Siemens and
Toshiba CT scanners (units D and H) much higher values are obtained on Toshiba.
Conclusion

This paper presents data on patient exposure level on different CT units for adults and
pediatric patients for standard head CT. Even the estimated values on 6 of 8 CT units were in
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line with reference levels and pediatrics doses were much lower than those in adults, special
attention must be paid when performing head CT. Patient doses in CT can be very high,
especially if the patient is a child. Therefore, only justified CT examinations should be
performed using protocols that are optimized according to patients’ size.
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Abstract

Background and objective: Children diagnosed with congenital heart disease often undergo
cardiac catheterization for their treatment, which involves the use of ionizing radiation and
therefore a risk of radiation induced cancer. Our objective was to calculate the effective (E)
and equivalent organ doses (HT) in those children and estimate the risk of radiation induced
cancer (REID).
Materials and methods: Fifty three children were divided into three groups, atrial septal
defect (ASD), ventricular septal defect (VSD), and patent ductus arteriosus (PDA), depending
on their heart condition. In all procedures, the exposure conditions and the Dose-Area
Product (DAP) meters readings were recorded for each individual acquisition. Monte Carlo
simulations were run using the PCXMC 2.0 code and mathematical phantoms simulating
children anatomy. The HT values to all irradiated organs and the resulting E and REID
values were calculated.
Results: The average DAP values were respectively 40±12 Gy.cm2 for the ASD, 17.5±0.7
Gy.cm2 for the VSD and 9.5±1 Gy.cm2 for the PDA group. The average E values were 40±12,
22±2.5 and 17±3.6 mSv for ASD, VSD and PDA groups, respectively. The respective
estimated REID values per procedure were 0.109, 0.106 and 0.067 %. For all groups the
most heavily irradiated organs were the thymus, heart, breast, lung and stomach.
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Conclusion: Cardiac catheterization of children involves a considerable risk for radiation
induced cancer. However, this risk is acceptable in view of the therapeutic benefit and the fact
that the alternative therapeutic method (surgery) also involves the risk of moderate to lethal
complications
Introduction

Roughly 1% of infants born yearly are diagnosed to have a type of congenital heart disorder.
The most common disorders are: atrial septal defect (ASD), ventricular septal defect (VSD)
and patent ductus arteriosus (PDA). In such cases, the physician has to choose between
surgical treatment and cardiac catheterization taking into account the special characteristics of
each individual case.
Cardiac catheterization involves the use of ionizing radiation and therefore a risk of radiation
induced cancer. This risk is higher for children than adults and increases with the decrease of
the child’s age at the time of the intervention. It is believed that is both the rapidly dividing
cells and the long life expectancy of children which are responsible for the increase of their
susceptibility to cancer as a result of radiation exposure.
Our objective was to calculate the effective dose (E) and equivalent organ doses (HT) the risk
of radiation induced cancer (REID) in these three different types of cardiac catheterization.

Materials and Methods

Fifty three children aged between 3 months and 11 years, diagnosed with congenital heart
disease and treated with cardiac catheterization (under general anesthesia), were studied.
These were divided into three study groups, according to the type of heart disorder. The first
study group consisted of 19 patients (6-11 years old with an average age of 8.5 years) with
ASD. The second study group consisted of 16 patients (7-11 years old with an average age of
8.8 years) with VSD. The third study group consisted of 18 patients (3-12 months old with an
average age of 6.8 months) with PDA.
In all procedures, the exposure conditions, tube orientations and the Dose-Area Product
(DAP) meters readings were recorded for each individual acquisition. Monte Carlo
simulations were run using the PCXMC 2.0 code and mathematical phantoms simulating
children anatomy. The equivalent organ doses (HT) to all irradiated organs and the resulting E
and REID values were calculated.
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The calculation of E and HT was made using the PCXMC 2.0 Monte Carlo simulation
software. The PCXMC (STUK – Radiation and Nuclear Safety Authority, Helsinki, Finland)
is a Monte Carlo program for calculating organ doses and effective doses in patients which
undergo medical x-ray examinations. The program calculates the effective dose with both the
present tissue weighting factors of ICRP Publication 103 [1] and the old tissue weighting
factors of ICRP Publication 60 [2]. In our study however the ICRP 103 data were used. The
anatomical data used by this program are based on the mathematical hermaphrodite children
phantom models of different age categories: new-born, 1, 5, 10 and 15-years old [3,4].
PCXMC allows a free adjustment of the X-ray beam and other examination parameters used for
projection radiography and fluoroscopy, as seen in Figure 1. All organ doses calculated by
PCXMC are relative to the incident air kerma at the point where the central axis of the x-ray beam
enters the patient (free-in-air without backscatter) and it is given in units of milligray (mGy). The
user must supply this information to the program or alternatively the DAP value (in mGycm2).

Figure 1. The interface of the PCXMC 2.0 Monte Carlo simulation software used to
determine the geometric set-up of different projections is shown.
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The projections most often used were the anteroposterior (AP) with 0 degrees cranial
angulation (0o/0 o) and the lateral oblique (left lateral at 35o for ASD, left lateral at 40o for
VSD and right lateral at 37o for PDA) with 0 degrees cranial angulation. For every patient
included in the sample a number of simulations were run at the respective angles using the
DAP values recorded at each one of the different projections used during the interventional
procedure.
For estimating the cancer risk resulting from exposure to ionizing radiation a set of models
has been developed by the BEIR [5]. The BEIR VII committee has derived risk models both
for cancer incidence and for cancer mortality. These models, which are included in the
PCMXC 2.0 software package, take into account the cancer site, sex, age at the exposure and
attained age. PCMXC 2.0 allows the estimation of the relative risk as a result of a single or
multiple radiation exposures. The risk estimation for each therapeutic group was performed
by using the average values of the cumulative organ doses and the cumulative air kerma from
all exposures.

Results

The average DAP values were respectively 40±12 Gy.cm2 for the ASD, 17.5±0.7 Gy.cm2 for
the VSD and 9.5±1 Gy.cm2 for the PDA group. The average E values were 40±12, 22±2.5 and
17±3.6 mSv for ASD, VSD and PDA groups, respectively. For all groups the most heavily
irradiated organs were the thymus, heart, breast, lung and stomach as can be seen in Figure 2.
The respective estimated REID values per procedure were 0.109, 0.106 and 0.067 %.
Discussion

There is limited number of studies in the literature reporting DAP and E data for such
procedures in children [6-9] and only one reporting REID estimates [6]. The reported E values
for ASD range from 2.8 to 6.6 mSv, for VSD they are around 2.2 mSv and for PDA range
from 4.9 to 7.6 mSv [6,8,9]. In another study values among 8.6 and 18 mSv are reported for
different age categories, however, these do not refer only to ASD, VSD and PDA procedures
but to other types of interventions as well [7].
The E values observed in the present study are relatively high compared to those reported by
other authors. However, it must be noted that in the referred studies, estimations of E are
based on Monte Carlo simulation software packages of older versions that were using the
ICRP 60 data where the tissue weighting factors for the heart and the chest are much lower
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than in ICRP 103. Another reason for observing these high values may be the fact that the
image intensifier is rather old (15 years) and in order to obtain a good image quality the
entrance dose levels to the image intensifier, for fluoroscopy and digital cinematography
mode, have been adjusted close to the maximum allowed limits.

Figure 2. The average organ doses are shown for the three types of cardiac catheterizations.
Conclusion

Cardiac catheterization of children involves a considerable risk for radiation induced cancer.
However, this risk is acceptable in view of the therapeutic benefit and the fact that the
alternative therapeutic method (surgery) also involves the risk of moderate to lethal
complications.
Efforts to reduce the dose to the patient should be always pursued (e.g. by reducing the
number of views acquired, reducing to the extent possible the entrance dose levels to lower
values or even by modifying the interventional techniques used), taking always into account
that the successful outcome of the intervention is what matters most and therefore image
quality should not be compromised if this may endanger the intervention success.
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Abstract

Breast cancer is the major cause of mortality among female population in Serbia. It is
presumed that the introduction of screening programme will reduce mortality and therefore,
47 new mammography units were installed for the purpose of population-based screening
program in 2011. In parallel, Quality assurance and Quality control (QC) in mammography
has received increasing attention as an essential element of -the successful breast cancer
campaign that is for the first time initialed in Serbia. The purpose of this study is to
investigate the need for and the possible implementation of

the comprehensive QC

programme for the mammography screening in Serbia, with special focus on physical and
technical aspect. In the first phase, a QC protocols containing list of parameters,
methodology, frequency of tests and reference values for screen-film, computed radiography
and full-filed digital mammography) units, were developed. The second phase is focused on
the initial implementation of these protocols. The paper presents results of tests of the
selected parameters in 35 mammography units, with special emphasis on patient dose and
image quality descriptors. After initial implementation at the beginning of the populationbased breast cancer screening campaign, it is essential to establish system of regular and
periodic QC equipment monitoring and to ensure high quality mammograms with minimal
possible radiation dose to population included in the screening.
Introduction

Breast cancer is the major cause of mortality among female population in Serbia.
Mammography is an extremely useful non-invasive imaging technique for early detection of
breast cancer and for detection and diagnosis of cancer in any stage of the disease.
Introduction of screening programme along with better oncology care has reduced mortality
considerably in many countries [1]. It is presumed that the introduction of screening
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programme will reduce mortality in Serbia as well, and therefore, 47 new mammography
units were installed for the purpose of population-based screening program in 2011.
Quality Assurance (QA) in mammography has received increasing attention as an essential
element of a successful clinical mammography and breast cancer screening programme. QA
requires multidisciplinary approach, continuous education, evaluation, effectiveness and
detriment minimization [1-3]. In Serbia, the use of ionizing radiation in medicine is framed by
national regulation, however, this legal framework does not cover sufficiently the area of QA
in medicine, including clinical mammography and mammography screening [4,5]. In addition
to legal documents, there is a lack of national guidelines for Quality Control (QC), whereas
operating staff commonly do not have sufficient knowledge about equipment and their
responsibility in optimizing daily practice. Performance of mammography centers is evaluated
by licensed external technical services annually. These activities frequently do not include
internal QC that should encompass more frequent tests performed by local staff.
The purpose of this study is to investigate the need for and the possible implementation of a
comprehensive QC programme for the mammography screening in Serbia, with special focus
on physical and technical aspect of both screen-film and digital mammography units.
Materials and Methods

This work consisted of two phases. In the first phase, a QC protocols containing list of
parameters, methodology, frequency of tests and reference values for screen-film (SF),
computed radiography (CR) and full-filed digital mammography (FFDM) units, were
developed. The second phase is focused on the initial implementation of these protocols. The
paper presents results of tests of the selected parameters, with special emphasis on patient
dose and image quality descriptors. Detailed recommendations for the implementation of the
QA programme in mammography are given in the “European Guide lines for Quality
Assurance in Breast Cancer Screening and Diagnosis” [1]. Daily and weekly test are to be
performed by local staff, while six-monthly and annual tests are performed by medical
physicists.
For the evaluation of the mammographic practice, the developed QC protocol was
implemented in 35 mammographic units of different technological properties: 22 digital
mammography units with CR as image receptor, 11 mammography units with SF
combination as image receptor and two FFDM units. All hospitals using SF were equipped
with a same model of mammography unit (Lorad IV, Hologic) and same film-screen
combination (Agfa Mamoray HDR-C). Those that used CR detector were equipped with
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mammography units from two manufacturers (Lorad IV, Hologic-15 units and Mammomat
1000, Siemens-7 units), whereas CR detector and reader in all cases was Agfa CR MM 3.0
Mammo Cassette and AGFA CR 35-X, respectively. Both FFDM units were Hologic Selenia,
with a-Se detector. As a part of QC tests, image quality was evaluated using images of the
TOR (MAS) test object (Leeds Test Object, Leeds, UK). Test object TOR MAS, containing
structures for the assessment of low and high contrast resolutions, as well as those for the
visualization of small details such as micro-calcifications and low contrast sensitivity, was
used in this survey [3]. Sensitometry and densitometry tests were performed with calibrated
sensitometer and densitometer (X-Rite, Germany). For the assessment of the parameters of Xray tube and generator multimeter Barracuda (RTI Electronics, Mölndal, Sweden) with a
calibrated solid-state detector Multi Purpose Detector. Additional tool for QC test
implementation as PMMA plates, spacers, Al filters and other tools were also used.
Results

Results of the measurement of selected parameters of mammography units’ are presented in
Figures 1-7. For two FFDM units, all parameters of detector and x-ray tube and generator
were satisfactory, while a selected image quality and dose parameters contrast to noise ratio
(CNR) and mean glandular dose (MGD) are presented in Figures 8 and 9.
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Figure 1. Tube voltage accuracy measure at 28 kV for

Figure 2. Half-value layer for Mo/Mo target/filter

screen-film and CR mammography units

combination for screen-film and CR mammography
units
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Discussion

As demonstrated in previous studies [4,5], parameters of x-ray tubes and generators were
among the most stabile elements of mammography units. However, compared to previous
studies, the performance of image receptors, film processors and viewing conditions has been
significantly improved [4-6].
Image quality and dose are the most important indicators of mammography practice and
important components of a quality control programme. Quantitative assessment of dose is
well defined and straightforward as there are well developed dosimetry protocols [1].
Although it is difficult to establish correlation between clinical and physical image quality [?],
the results of image quality assessment using test object presented here were of importance
for comparison of different mammography units, different technologies and for establishment
of minimal standards in mammography [3,7].
The presented results are the first efforts to implement comprehensive QC in the
mammography, in particular in DR (direct radiography) and FFDM units. While
implementation of test in SFM and FFDM (groups of parameters related to detector and x-ray
tube and generator)…., there were difficulties related to inabilities of workstations in CR
mammography units for extraction of basic statistics of selected region of interest, as mean
pixel value and standard deviation. Also, there were problems with import of DICOM QC test
images for monitor and printer QC test. Such problems highlighted a need to carefully analyze
technical specification of the purchased equipment and establish close cooperation with
manufacturers.
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Conclusion

After initial implementation at the beginning of the population-based breast cancer screening
campaign, it is essential to establish system of regular and periodic QC equipment monitoring
and to ensure high quality mammograms with minimal possible radiation dose to population
included in the screening.
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Abstract

Purpose: Extensive literature exists on patient radiation doses in various interventional
procedures. This does not stand for endoscopic retrograde cholangiopancreatography
(ERCP) where the literature is very limited. This study compares patient dose during ERCP
procedures performed with different types of X-ray systems. Methods and Materials: Four
hospitals participated in the study with the following X-ray systems: A) X-ray conventional
system (X-ray tube over table), 137 pts, B) X-ray conventional system (X-ray tube under
table), 114 pts, C) C-arm system, 79 pts, and D) angiography system, 57 pts. A single
experienced endoscopist performed the ERCP’s in each hospital. Kerma Area Product (KAP),
fluoroscopy time (T) and total number of X-ray films (F) were collected. Results: Median
patient dose was 6.2 Gy.cm2 (0.02-130.2 Gy.cm2). Medium linear correlation between KAP
and T (0.6) and F (0.4) were observed. Patient doses were 33 % higher than the reference
value in UK (4.15 Gycm2 with a sample of 6089 patients). Median KAP for each hospital was:
A) 3.1, B) 9.2, C) 3.9 and D) 6.2 Gy.cm2. Median T was: A) 2.6, B) 4.1, C) 2.8 and D) 3.4
min. Median F was: A) 2, B) 7, C) 2 and D) 2 films. Conclusion: Patient radiation dose
during ERCP depends on: a) fluoroscopy time and films taken, b) the type of the X-ray system
used, with the C arm and the conventional over the couch systems carrying the lower patient
radiation dose and the angiography system the higher.
Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is a widespread interventional
therapeutic procedure during which the duodenum, papilla of Vater, bile ducts, gallbladder and
*
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pancreatic duct are investigated. This is done using fluoroscopic guidance to verify in real time
the position of the endoscope and its relationship within the duodenum. The placement of
various other instruments, such as catheters and guidewires are also verified with fluoroscopy.
In more detail, once the contrast is injected to the patient, fluoroscopy is used to evaluate the
anatomy of ductal systems of the biliary tree and pancreas. Images are usually taken to record
the findings, either by capturing the last fluoroscopic image or taking spot radiographs. Finally,
the use of fluoroscopy to assist therapy, such as sphincterotomy, stone extraction, biopsy or
cytology, and stent placement is required. Gastroenterologists who are involved in ERCP
procedures may perform multiple procedures daily. Most gastroenterologists are familiar with
the use of radiographic methods for diagnosing gastrointestinal tract abnormalities, evaluating
solid organs in the abdomen. However, they have no in-depth training in radiation protection
nor are they aware of the potentially harmful effects of radiation to both patients and staff.
The last years a number of studies is published that investigates the radiation dose to patients
and staff [1-3]. Recognizing the urgent need to guidelines in radiation protection, the World
Gastroenterology Organization developed guidelines on minimizing radiation exposure for
patients and staff in endoscopy in a joint effort with the International Atomic Energy Agency
and the American Society for Gastrointestinal Endoscopy [4]. Very recently, the European
Society of Gastrointestinal Endoscopy (ESGE) commissioned and funded guidelines in
radiation protection using the methodology used for all other ESGE guidelines [5].
Despite the fact that a number of studies investigate patient radiation dose in ERCP, there was
no study found in the recent literature that examines the possible difference in patient dose
when different types of X-ray systems are used. The aim of this study was therefore to
investigate patient radiation doses during interventional ERCP procedures and their potential
relation to X-ray system type.
Materials and Methods

Table 1 presents the 4 X-ray systems in hospitals A, B, C and D participating in the study.
Table 1. The 4 X-ray systems in hospitals A, B, C and D participating in the study are shown.
Hospital

X-ray system

Type

X-ray tube above/under table

A

Philips Essenta

Conventional

above

B

Philips Easy Diagnost

Conventional

below

C

Philips BV Pulsera

C-arm

below

D

Siemens Axiom Artis

Angiography

below
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All X-ray systems had a KAP meter installed in the X-ray tube housing. The meter was
calibrated according to the method summarized in the ‘national protocol for patient dose
measurements in diagnostic radiology’ developed by the National Radiological Protection
Board [6]. Kerma Area Product (KAP) in Gycm2, fluoroscopy time (T) in min and total
number of X-ray films (F) were collected.
The study lasted for approximately one year. Patients referred for ERCP examination were
included without setting any restrictions on patient weight, sex or condition. Written informed
consent was obtained from all patients in accordance with guidelines set forth by the
institutional boards of the hospitals. All ERCP procedures were interventional and were done
under local sedation and with a fixed set-up for the patient. This meant that each patient
remained in the same position, so the same anatomical area was exposed during the entire
examination. The techniques were performed by one endoscopist with more than 5 years of
experience in each hospital. There was no digression from standard unit practice in terms of
the procedures performed. The X-ray systems were controlled by the radiographer according
to the indications of the endoscopist. The endoscopist was positioned next to the patient
procedures (figure 1).

Figure 1. The positions of endoscopist, assistant and anesthesiologist during the ERCP
procedure are shown.

Results
Median patient dose was 6.2 Gy.cm2 (range: 0.02-130.2 Gy.cm2). Medium linear correlation
between KAP and T (0.6) and F (0.4) were observed. Table 2 shows the results of the study
for every hospital and X-ray system..
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Table 2. The results of the study in terms of KAP, T, F are shown for every hospital and Xray system.
T(min)

F films

KAP (Gycm2)

X-ray system

72

2,6

2

3.1

Philips Essenta

120

69

4,1

7

9.2

Philips Easy Diagnost

C

99

73

2,8

2

3.9

Philips BV Pulsera

D

57

73

3,4

2

6.2

Siemens Axiom Artis

Hs

N patients

A

152

B

Age

Median KAP for each hospital was: A) 3.1, B) 9.2, C) 3.9 and D) 6.2 Gy.cm2. Median T was:
A) 2.6, B) 4.1, C) 2.8 and D) 3.4 min. Median F was: A) 2, B) 7, C) 2 and D) 2 films. The
results of the study were compared with values given by the National Radiological Protection
Board (NRPB) of United Kingdom (NRPB W-14) [7] .Median KAP (6.2 Gy.cm2) was 33 %
higher than the reference value in UK (KAP: 4.15 Gycm2, as reported in the NRPB W-14
document. The study involves over 5000 patients). However, these data come from an
unknown mixture of diagnostic and therapeutic ERCP procedures. As stated in the NRPB
report, the limited data from a small number of rooms showed that mean KAP and T values
per room were about 3 times higher in interventional procedures than in diagnostic ERCPs.
Finally, there were statistical significant differences amongst the four different types of X-ray
systems regarding KAP with the C arm having the lowest X=5.92 and the angiography system
the higher X=35.97, with the corresponding values for the tube over the patient being X=7.95
and under the patient X=11.87 (Mann-Whitney U and Wilcoxon W tests).
Conclusion

The results of this study show that patient radiation dose during interventional ERCP depends
on: a) the fluoroscopy time and b) the total number of films taken. As far as the type of the Xray system is concerned, it appears that the C arm may impose lower radiation dose, whereas
the angiography system the higher.
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Abstract

Background and objective: Multiple myeloma (MM) is a haematolytic neoplasma which
produces osteolytic lesions and necessitates the periodical radiological examination of the
skeleton for monitoring the disease progression. This involves the acquisition of multiple
radiographs every 3 to 6 months, depending on the extent and the stage of the disease. Our
objective was to estimate the cumulative patient dose during the radiographic investigation of
MM.
Materials and methods: Sixty eight MM radiographic examinations performed with a digital
X-ray unit were recorded on a CD-rom in DICOM format. The DICOM data were extracted
using appropriate software (DICOM Info Extractor) and were input into a Microsoft Excel
based spreadsheet, containing embedded algorithms for the identification of the radiological
examination type and the estimation of entrance surface air kerma (ESAK), dose area product
(DAP) and effective dose (E) in each radiograph. The DAP to E conversion coefficients for
each examination type were derived using the PCXMC 2.0 Monte Carlo simulation software
for the case of a standard adult patient utilizing the irradiation geometry as this was
perceived from the images and the DICOM data.
Results: The mean values [and ranges] were: for number of radiographs= 14 [7-23], for
cumulative ESAK 13 [2-44] mGy, for cumulative DAP= 6 [1.35-16.5] Gycm2 and for E= 0.9
[0.14-2.4] mSv.
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Conclusion: The average E value calculated is smaller than the values of 1.7 and 2.4 mSv
reported in the literature and even smaller than the values of 4.8 and 4.1 mSv reported for
MM diagnosis using whole-body CT.
Introduction

Multiple myeloma (MM) is a haematolytic neoplasma which produces osteolytic lesions in
various positions in the human skeleton. Staging and follow up of the disease for monitoring
its progression is traditionally performed with conventional radiography. This involves the
acquisition of a large number of radiographs every 3 to 6 months, depending on the extent and
the stage of the disease.
Some authors have proposed the use of low-dose whole-body CT for staging and follow-up of
MM instead of conventional radiography, reporting better or at least equivalent sensitivity and
reliability in the detection of osteolysis compared with conventional radiography [1-2].
In our hospital, staging and follow-up of patient with MM is currently performed using a
digital radiograhic unit. Our objective was to estimate the cumulative patient dose during the
radiographic investigation of MM.

Materials and Methods

Sixty eight MM radiographic examinations performed with a digital X-ray unit (AXIOM
ARISTOS MX, SIEMENS) were recorded on a CD-rom in Digital Imaging and
Communication in Medicine (DICOM) format. It must be noted that though this specific unit
is not equipped with a Dose Area Product (DAP) meter, a relevant DICOM header exists for
storing the DAP value in case that a DAP meter is installed.
Using specialized software (DICOM Info Extractor†, by Savvas I. Metallidis {Infomed
Computer Services SA} and Ioannis A. Tsalafoutas) that is described elsewhere [3], all dose
related DICOM headers shown in Table 1, were automatically extracted into a home made
Microsoft Excel based spreadsheet, containing embedded algorithms for the identification of
the radiological examination type and the estimation of entrance surface air kerma (ESAK),
dose area product (DAP) and effective dose (E) in each radiograph.
†

The

Dicom

Info

Extractor

can

be

downloaded

for

http://www.infomed.gr/en/links.aspx
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free

at

The DAP to E conversion coefficients for each examination type were derived using the
PCXMC 2.0 Monte Carlo simulation software. The PCXMC (STUK – Radiation and Nuclear
Safety Authority, Helsinki, Finland) is a Monte Carlo program for calculating organ doses and
effective doses in patients which undergo medical x-ray examinations. The program
calculates the effective dose with both the present tissue weighting factors of ICRP
Publication 103 [4] and the old tissue weighting factors of ICRP Publication 60 [5]. The
anatomical data used by this program are based on the mathematical hermaphrodite adult
phantom model [6,7].

Table 1.The tag addresses used for identification purposes (given in italics) and the technical
parameters regarding the ESAK and DAP value calculations are shown.
Parameter

Tag address

Parameter

Tag address

Exam date

0×0008, 0×0020

Tube current (kVp)

0×0018, 0×0060

Patient name

0×0010, 0×0010

Tube current (μAs)

0×0018, 0×1153

Date of birth

0×0010, 0×0030

FDD: Focus-detector distance (mm)

0×0018, 0×1110

Age

0×0010, 0×1010

Dose Area Product (blank)

0×0018, 0×115E

Protocol

0×0018, 0×1030

Pixel Size

0×0018, 0×1164

Filter material

0×0018, 0×1160

Pixel Rows

0×0028, 0×0010

Exposure Index (EXI)

0×0018, 0×1405

Pixel Column

0×0028, 0×0011

Image No

0×0020, 0×0013

The calculation of ESAK was made using the tube potential and tube loading values given in
the DICOM headers and output (O/P) measurements (see fitting factors a,b,c in eq. 2 derived
for a specific reference distance FRD) performed during the commissioning of the specific Xray system, according to the following equations [8]:
ESAK(FSD)  mAs  O/PFRD (kVp )  (

FRD 2
)
FSD

(1)

O/P FRD (kV p )  a kV p 2  b kV p  c

(2)

Since the actual focus-skin distance (FSD) is not included in the DICOM headers, the FSD
was derived by the simulation of each X-ray projection with the PCXMC software. For each
type of examination included in the radiological investigation of MM, a single simulation was
carried out assuming a FDD, radiation field size at FDD and kVp value equal to the most
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frequently values used for this examination and an ESAK of 1 mGy at FSD. The field size
was derived by multiplying the row and column values by the pixel size value while the
radiation field was positioned on the phantom after reviewing representative patient images.
As can be seen in Figure 1, when the field size at FDD is defined and the field center is
positioned on the phantom, the PCXMC software calculates the FSD and field size at FSD. It
must be noted that for the calculation of DAP the FSD is not needed, since in our spreadsheet
the DAP value is derived by multiplying the ESAK value recalculated at FDD by the field
size on the same distance (i.e. on the flat panel detector).
From the simulations run and the resulting E values the DAP to E conversion coefficients
were derived for each X-ray projection, using the ICRP 103 tissue weighting factors. These
were input into our spreadsheet and depending on the examination protocol the respective
conversion coefficient value was automatically selected.

Figure 1. The interface of the PCXMC 2.0 Monte Carlo simulation software used to
determine the geometric set-up of each X-ray projection is shown for the case of Lumbar
Spine AP.
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Results

The statistical analysis of the most important data calculated by our spreadsheet is
summarized in Table 2.
Table 2.The statistical analysis is shown regarding the number of radiographs and the
cumulative ESAK, DAP and E values from all projections within each MM examination.
Statistical parameter

ESAK

X-ray No

DAP

E
2

(mGy)

(Gycm )

(mSv)

7

2.0

1.35

0.14

1st quartile

12.8

9.4

4.3

0.6

Median

14.0

11.5

5.4

0.7

Mean

13.9

13.0

6.0

0.9

Standard deviation

2.6

7.5

3.0

0.5

3 quartile

15.0

14.3

7.1

1.0

Maximum

23

43.8

16.5

2.4

Min

rd

Discussion

As aforementioned, for all X-ray projections the DAP to E conversion coefficients were
derived for the standard sized adult patient, a specific kVp value, a specific field size
(dimensions and point of intersection with the patient) and a specific FDD distance. It is
obvious that if different assumptions are used, e.g. for patients of different sizes, then the FSD
will be different and the DAP to E conversion coefficient will be different too. However, we
consider that the conversion coefficients used are accurate enough for dose survey purposes.
A possible source of errors that was observed during this automated procedure was the
incorrect use of preset anatomic examination protocols for projections other than those
indicated in the Protocol DICOM header. It was seen that some examinations recorded as
Pelvis AP, where rather Pelvis/Hip/Femur projections. These projections cover different
anatomy and therefore required the calculation of a different DAP to E conversion coefficient.
These specific projections had very high EXI values and this is how most of them were
identified. Though the EXI indicates the dose incident on the detector and has nothing to do
with patient dose calculations, it was included in the DICOM headers of interest since if its
value is too low or too high this could suggest that the protocol used was not suitable for the
radiographic exam in question.

246
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Conclusion

The average E value calculated in this study is smaller than the values of 1.7 and 2.4 mSv
reported in the literature for conventional radiography examination of MM and even smaller
than the values of 4.8 and 4.1 mSv reported for MM diagnosis using low-dose whole-body
CT.
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ESTIMATION OF ENTRANCE SKIN DOSE, DOSE AREA PRODUCT
AND EFFECTIVE DOSE IN RADIOLOGICAL EXAMINATIONS
PERFORMED IN A DIGITAL RADIOGRAPHIC UNIT USING DICOM
HEADERS AND MONTE CARLO DERIVED CONVERSION
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Abstract

Background and objective: Digital radiographic units store images in DICOM format and
thus apart the radiographic image, data regarding the examination type, the geometrical
conditions and the exposure parameters of each acquisition are also stored. These data can
be used for the estimation of the Entrance Surface Air Kerma (ESAK), Entrance Skin Dose
(ESD), Dose Area Product (DAP) and Effective dose (E). Our objective was to develop a
method that enables automatic dose calculations from DICOM data.
Materials and methods: More than 1000 radiological examinations performed with a DR Xray unit were recorded on a DVD-rom. Using appropriate software (DICOM Info Extractor)
all necessary DICOM headers were extracted. These data were input into a Microsoft Excel
based spreadsheet, containing embedded algorithms for the identification of each
radiological examination type and the estimation of ESAK, ESD, DAP and E. The ESD and
DAP to E conversion coefficients for each examination type were derived using the PCXMC
2.0 Monte Carlo simulation code. For each examination type, a simulation was performed
using the mathematical adult phantom and the examination data deduced from DICOM
images and data.
Results: Analysis of data exhibited that in the vast majority of examinations the correct
protocol was used. The average E values (in mSv) were: Skull AP/LAT=0.01/0.01; Cervical
Spine

*

AP/LAT=0.024/0.011;

Chest

PA/LAT=0.016/0.044;
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Thoracic

SpineAP/LAT=0.117/0.079; Lumbar Spine AP/LAT=0.159/0.150; KUB AP=0.202; Abdomen
PA=0.111 and Pelvis AP=0.133.
Conclusion: The methodology and spreadsheet that we developed offers to medical physicists
a useful tool for conducting patient dose surveys in radiological examinations.
Introduction

The continuous increase of the number of radiological examinations performed worldwide has
raised serious concerns about the consequent increase in the collective radiation dose to the
population and the possible effects that this may have. In answer to these concerns, radiation
protection authorities in Greece collect data concerning the number of radiological
examinations performed every year in each radiological facility. Recently, they have also
requested the implementation of patient dose surveys, which for radiographic X-ray units
involve the manual recording of certain dose related exposure and geometrical parameters that
will enable an estimate of patient doses. Note that at present, the installation of Dose Area
Product (DAP) meters is not compulsory for simple X-ray units. The collection of these data
may be a tedious task for conventional X-ray units, however, it can be easily performed for
digital X-ray units.
Digital radiographic units store images in DICOM format and therefore apart from the
radiographic image, data regarding the examination type, the geometrical conditions and the
exposure parameters of each acquisition are also stored. These data can be used for the
estimation of the Entrance Surface Air Kerma (ESAK), Entrance Skin Dose (ESD), Dose
Area Product (DAP) and Effective dose (E). Our objective was to develop a method that
enables automatic dose calculations from DICOM data.

Materials and Methods

More than 1000 radiological examinations performed with a digital X-ray unit (AXIOM
ARISTOS MX, SIEMENS) were recorded on a DVD-rom. Using specialized software
(DICOM Info Extractor‡, by Savvas I. Metallidis {Infomed Computer Services SA} and
Ioannis A. Tsalafoutas) that is described elsewhere [1], all DICOM headers of interest (shown

‡
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Dicom

Info

Extractor

can
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downloaded

for

http://www.infomed.gr/en/links.aspx
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in Table 1) were extracted. It must be noted that though this specific X-ray unit is not
equipped with a Dose Area Product (DAP) meter, a relevant DICOM header exists for storing
the DAP value in case that a DAP meter is installed.
These data were input into a Microsoft Excel based spreadsheet, containing embedded
algorithms for the identification of each radiological examination type and the estimation of
ESAK, ESD, DAP and E.
The DAP to E conversion coefficients for each examination type were derived using the
PCXMC 2.0 Monte Carlo simulation software. The PCXMC (STUK – Radiation and Nuclear
Safety Authority, Helsinki, Finland) is a Monte Carlo program for calculating organ doses and
effective doses in patients which undergo medical x-ray examinations. The program
calculates the effective dose with both the present tissue weighting factors of ICRP
Publication 103 [2] and the old tissue weighting factors of ICRP Publication 60 [3]. The
anatomical data used by this program are based on the mathematical hermaphrodite adult
phantom model [4,5].

Table 1.The tag addresses used for identification purposes (given in italics) and the technical
parameters regarding the ESAK and DAP value calculations are shown.
Parameter

Tag address

Parameter

Tag address

Exam date

0×0008, 0×0020

Tube current (kVp)

0×0018, 0×0060

Patient name

0×0010, 0×0010

Tube current (μAs)

0×0018, 0×1153

Date of birth

0×0010, 0×0030

FDD: Focus-detector distance (mm)

0×0018, 0×1110

Age

0×0010, 0×1010

Dose Area Product (blank)

0×0018, 0×115E

Protocol

0×0018, 0×1030

Pixel Size

0×0018, 0×1164

Filter material

0×0018, 0×1160

Pixel Rows

0×0028, 0×0010

Exposure Index (EXI)

0×0018, 0×1405

Pixel Columns

0×0028, 0×0011

Image No

0×0020, 0×0013

The calculation of ESAK, ESD and DAP was made using the tube potential and tube loading
values given in the DICOM headers and output (O/P) measurements (see fitting factors a,b,c
in eq. 4 derived for a specific reference distance FRD) performed during the commissioning
of the specific X-ray system, according to the following equations [6]:
ESAK(FSD)  mAs  O/PFRD (kVp )  (

FRD 2
)
FSD

(1)
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ESD(FSD)  BSF(HVL, area)  ESAK(FSD)

ESAK(FDD)  mAs  O/PFRD (kVp )  (

(2)

FRD 2
)
FDD

(3)

O/P FRD (kV p )  a kV p 2  b kV p  c

(4)

DAP  ESAK(FDD)  AREA(FDD)

(5)

It can be seen in eq. 2 that BSF is dependent on the beam half-value layer (HVL) and the field
area. Since the dosimeter that we used for output measurements allowed the immediate
measurement of HVL, it was easy to obtain an equation converting kV to HVL. Using the
tabulated BSF values [7] we devised an equation that estimates BSF from kV and the area of the
radiation field size. However, since BSF does not dramatically change with HVL and field size,
and for most projections is within 1.3 and 1.4 a single value of BSF=1.35 can be used instead.
Since the actual focus-skin distance (FSD) is not included in the DICOM headers, the FSD
was derived by the simulation of each X-ray projection with the PCXMC software. For each
type of examination studied, a single simulation was carried out assuming a FDD, radiation
field size at FDD and kVp value equal to the most frequently values used for this examination
and an ESAK of 1 mGy at FSD. The field size was derived by multiplying the row and
column values by the pixel size value while the radiation field was positioned on the phantom
after reviewing representative patient images. In the PCXMC software, when the field size at
FDD is defined and the field center is positioned on the phantom, the software calculates the
FSD and field size at FSD. From the simulations run and the resulting E values the DAP to E
conversion coefficients were derived for each X-ray projection, using the ICRP 103 tissue
weighting factors. These were input into our spreadsheet and depending on the examination
protocol the respective conversion coefficient was automatically selected.

Results

From the examinations studied, 772 were falling within 13 specific radiological examinations.
The statistical analysis of the extracted DICOM data and the ESD, DAP and E values
calculated by our spreadsheet is summarized in Table 2. The E values derived by ESAK
values and ESAK to E conversion coefficients are not shown since differences are
insignificant. It must be noted that EXI is the exposure index indicating the relative dose
absorbed by the flat panel detector.
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Discussion

As aforementioned, for all X-ray projections the DAP to E conversion coefficients were derived for the
standard sized adult patient, a specific kVp value, a specific field size (dimensions and point of
intersection with the patient) and a specific FDD distance. It is obvious that for patients of different sizes
the FSD will be different and the DAP to E conversion coefficient will be different too. Furthermore as
can be seen in Table 2, differences also appear in the FDD and the radiation filed size used and rarely on
kVp and therefore in these cases the conversion coefficients may be also different. However, for dose
survey purposes there is no need to perform different simulations for individual patients, especially when
considering the known differences among actual patients and the mathematical phantom.
Table 2.The statistical analysis of data from 772 radiographs is presented.
EXAM
SKULL
PA
SKULL LAT
CERV.
SPINE AP
CERV.
SPINE LAT
CHEST
PA
CHEST LAT
THOR.
SPINE AP
THOR.
SPINE LAT
LUMB.
SPINE AP
LUMB
SPINE LAT
KUB

64
60
63
68
51
50
74
70
73
75
11

AP
ABDOMEN
PA
PELVIS
AP

No

28
85

FDD

Area
2

EXI

kVp

mAs

ESD

DAP

(mGy)

(Gycm2)

E(mSv)

(cm)

(cm )

114.8

767

203

73.0

8.7

0.74

0.27

0.010

± 1.5

± 152

± 27

± 0.0

± 3.0

± 0.25

±0.08

±0.003

115.6

753

249

66.0

11.0

0.71

0.28

0.010

± 4.5

± 75

± 19

± 0.0

± 2.6

± 0.14

±0.06

±0.002

115.6

412

227

60.3

11.9

0.57

0.14

0.024

± 6.7

± 45

± 49

± 1.3

± 6.1

± 0.29

± 0.08

±0.014

118.0

431

249

61.7

8.3

0.42

0.10

0.011

± 10.1

± 74

± 39

± 1.4

± 6.6

± 0.44

±0.10

±0.010

180.0

1661

137

125.0

1.0

0.09

0.08

0.016

± 0.0

± 91

± 27

± 0.0

± 0.2

± 0.02

±0.02

±0.003

180.0

1448

265

125.0

3.6

0.40

0.23

0.044

± 0.0

± 112

± 28

± 0.0

± 1.7

± 0.19

± 0.11

±0.022

103.2

804

292

77.0

11.2

1.46

0.53

0.117

± 7.1

± 44

± 25

± 0.0

± 7.0

± 0.96

± 0.40

±0.088

104.0 ±

874

296

81.0

11.0

2.31

0.59

0.079

11.1

± 150

± 46

± 0.0

± 8.5

± 1.72

±0.42

±0.057

102.4

812

300

80.7

13.6

2.00

0.71

0.159

± 6.5

± 67

± 36

± 2.5

± 7.3

± 1.11

± 0.41

±0.091

102.2

841

329

90.1

21.5

5.71

1.28

0.150

± 5.9

± 150

± 470

± 1.2

± 20.9

± 4.43

±0.73

±0.085

104.8

1561

271

81.0

10.5

1.49

1.00

0.202

± 6.6

± 144

± 62

± 0.0

± 5.5

± 0.77

± 0.49

±0.099

128.0

1590

214

81.0

11.6

1.01

0.74

0.111

±24.2

± 166

± 58

± 0.0

± 9.4

± 0.76

± 0.53

±0.079

102.6

1494

362

81.0

9.4

1.39

0.90

0.133

± 5.9

± 159

± 65

± 0.0

± 4.0

± 0.62

± 0.41

±0.060
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A possible source of errors that was observed during this automated procedure was the
incorrect use of preset anatomic examination protocols for projections other than those
indicated in the Protocol DICOM header. Radiation technologists should be aware that apart
from the effect that this may have in dose surveys like this presented, the improper selection
of the examination protocol may also affect image quality and patient dose, since the
examination parameters (the automatic exposure control ionization chambers activated, the
KVp value, the field size, the grid etc) are not optimum when performing e.g. a head
examination using the chest protocol.
Conclusion

The methodology and spreadsheet that we developed offers to medical physicists a useful tool
for conducting patient dose surveys in radiological examinations and dispenses with the need
of performing manual data recording.
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Abstract

Background and objective: Digital mammography units store images in DICOM format.
Thus, data regarding the acquisition parameters are available within DICOM headers,
including among others, the anode/filter combination, tube potential and tube currentexposure time product, compressed breast thickness, entrance surface air kerma (ESAK) and
mean glandular dose (MGD). However, manual extraction of these data for the verification of
the displayed values’ accuracy and for dose survey purposes is time consuming. Our objective
was to develop a method that enables the automation of such procedures.
Materials and methods: Two hundred mammographic examinations (800 mammograms)
performed in two digital units (GE, Essential) were recorded on CD-roms. Using appropriate
software (DICOM Info Extractor) all dose related DICOM headers were extracted into a
Microsoft Excel based spreadsheet, containing embedded algorithms for the calculation of
ESAK and MGD according to Dance et al (Phys. Med. Biol. 45, 2000) methodology.
Results: The ESAK and MGD values stored in the DICOM headers were compared with those
calculated and in most cases were within ±10%. The basic difference among the two
mammographic units is that, the older one calculates MGD assuming a breast composition
50% glandular-50% adipose tissue, while the newer one calculates the actual breast
glandularity and stores this value in a DICOM header. The average MGD values were 1.21
mGy and 1.38 mGy, respectively.
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Conclusion: For the units studied, the ESAK and MGD values stored in DICOM headers are
reliable. Utilizing tools for their automatic extraction provides an easy way to perform dose
surveys.
Introduction

Digital mammography is a great breakthrough against breast cancer, since it improves the
diagnostic accuracy in women under the age of 50 years, women with heterogeneously dense
or extremely dense breasts on mammography and premenopausal or perimenopausal women,
and furthermore reduces breast dose [1].
During the last 20 years a number of studies have been published describing methods for
calculating the dose to the breast that is commonly referred to as mean or average glandular
dose (MGD or AGD, respectively) [2-8]. Manufacturers of digital mammography units have
incorporated some of these methods in software that enables the automatic calculation of the
MGD and readily displays it on the console and the digital mammographic image. This
capability dispenses with the need of using manual recording of exposure parameters to
perform this calculation in individual patients. However, when it comes to the verification of
the displayed values’ accuracy and to dose surveys it still needs to use manual methods.
Digital mammography units store images in Digital Imaging and Communication in Medicine
(DICOM) format. Thus, data regarding the acquisition parameters are available within
DICOM headers, including among others, the target/filter combination, tube potential and
tube current- exposure time product, compressed breast thickness, entrance surface air kerma
(ESAK) and MGD. Our objective was to develop a method that enables the automatic
extraction of DICOM data for purposes of testing the displayed MGD value accuracy and
dose surveys.

Materials and Methods

Two hundred mammographic examinations (800 mammograms) performed in two different
mammographic facilities equipped with the same digital mammography unit model
(Senographe Essential, GE, France) were recorded on CD-roms. Using specialized software
(DICOM Info Extractor§, by Savvas I. Metallidis {Infomed Computer Services SA} and
§
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http://www.infomed.gr/en/links.aspx
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Ioannis A. Tsalafoutas) that is described elsewhere [9], all dose related DICOM headers
shown in Table 1, were automatically extracted into a home made Microsoft Excel based
spreadsheet, containing embedded algorithms for the calculation of ESAK and MGD
according to Dance et al [6] methodology. The independent calculation of these values
(henceforth denoted by ESAKc and MGDc) was based on output measurements performed
with the same calibrated solid state dosimeter whose accuracy for the target/filter
combinations and tube potential ranges used is within ±10%. Statistical analysis of the
extracted DICOM data was performed.

Table 1.The tag addresses used for identification purposes (given in italics) and the technical
parameters regarding the ESAK and MGD values calculated by the mammography unit
software and those required for their independent re-calculation are shown.
Parameter

Tag address

Parameter

Tag address

Exam date

0×0008, 0×0022

Age

0×0010, 0×1010

Patient name

0×0010, 0×0010

Target material

0×0018, 0×1191

Date of birth

0×0010, 0×0030

Filter material

0×0018, 0×7050

Image No

0×0020, 0×0013

Tube current (kVp)

0×0018, 0×0060

Projection

0×0018, 0×5101

Tube current (μAs)

0×0018, 0×1153

AEC mode

0×0018, 0×7062

FDD: Focus-detector distance (mm)

0×0018, 0×1110

Angle

0×0018, 0×1510

FTD: Focus-table distance (mm)

0×0018, 0×1111

Compression force

0×0018, 0×7062

Focus-skin distance-FSD (mm)

0×0040, 0×0306

ESAK (mGy)

0×0040, 0×8302

CBT: Compressed breast thickness (mm)

0×0018, 0×11A0

MGD (dGy)

0×0040, 0×0316

Glandularity (%)

0×0040, 0×0310

Results

The results of the analysis of extracted and calculated data are given in Table 2 and Figures 1,
2 and 3. The ESAK and MGD values stored in the DICOM headers were compared with those
calculated and in most cases were within ±10%. As seen in Figure 1, for unit A the ESAKc
values are slightly lower than those given in DICOM headers whereas for B they are
practically equal.
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Table 2. Analysis of extracted and calculated data. Age is in years, CBT is in cm, and ESAK,
ESAKc, MGD, MGDc in mGy. For unit A MGDc is for 50% glandularity.
Sampl

Age

CBT

CBT

ESAK

ESAKc

MGD

MGDc

Target/filte

e

(range

(range

(mean±SD

(mean±SD

(mean±SD

(mean±SD

(mean±SD

r

%

)

)

)

)

)

)

)

A-All

100

33-79

2.4-9.3

5.9±1.4

6.2±1.9

5.9±1.8

1.21±0.2

1.20±0.2

B-All

100

28-77

2.9-8.9

5.8±1.2

5.9±1.8

5.9±1.8

1.38±0.3

1.31±0.3

A-Mo/Mo

1

77-77

3.6-3.7

3.7±0.1

6.0±0.5

6.5±0.6

1.37±0.1

1.53±0.12

B-Mo/Mo

1

46-77

3.7-4.5

4.0±0.3

4.5±1.8

4.5±0.6

1.19±0.1

1.12±0.1

A-Mo/Rh

10

33-79

2.4-5.0

3.7±0.8

3.8±0.9

3.7±1.0

1.01±0.2

1.07±0.2

B- Mo/Rh

11

31-77

2.9-4.8

3.9±0.5

4.7±2.1

4.7±2.2

1.23±0.4

1.18±0.4

A- Rh/Rh

89

33-79

3.1-9.3

6.2±1.2

6.5±1.8

6.2±1.8

1.23±0.2

1.22±0.2

B- Rh/Rh

88

28-77

3.1-8.9

6.1±1.0

6.1±1.7

6.1±1.7

1.41±0.3

1.33±0.3

A

1.
11.
14

1.
06
-1
.1

06
1.
02
-1
.

02
0.
98
-1
.

0.
94
-0
.

98

B

0.
90.
94

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
0.
86
-0
.9

Frequency (%)

Unit-

ESAKc/ESAK ratio

Figure 1. Distribution of differences among ESAKc and ESAK values.
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-

0.

0.
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-
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0%

MGDc/MGD ratio
Figure 2. Distribution of differences among MGDc and MGD values.
In Figure 2 it can be seen that for both units the agreement of MGD and MGDc is also good.
However, there is a basic difference among the two mammographic units; the older one (“A”)
calculates MGD assuming a breast composition 50% glandular-50% adipose tissue (in the
DICOM header glandularity is always 50%), while the newer one (“B”) calculates the actual
breast glandularity for each mammography. In Figure 3 it can be seen that using the average
glandularity factors which are determined according to the age category and CBT, as
proposed by Dance et al [6], produces quite different results, as these average glandularity
values do not always agree with those given in the respective DICOM headers.
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Figure 3. Distribution of differences among MGDc values calculated assuming average
glandularity and this given in the DICOM headers.
Discussion

The exact way that glandularity estimation is done is an industrial secret and exploring its
validity falls outside the scope of this work. However, from Figure 3 it is apparent that the
glandularity strongly affects the MGD values and therefore its accuracy is important.
It must be noted, that for both units the FTD value given in DICOM headers is equal with that
for the FDD and therefore the FSD is inaccurate. This has been notified to the manufacturers
that have answered that it is a known issue but the ESAK is not calculated using these values
and therefore it is not affected by this error. For the calculation of ESAKc the FSD was
calculated by subtracting the CBT value from the actual FTD value measured during output
measurements.
Conclusion

For the units studied, the ESAK and MGD values stored in DICOM headers are reliable.
Utilizing tools for their automatic extraction provides an easy way to test their accuracy,
perform dose surveys and other statistical analysis regarding specific technical aspects (e.g.
the frequency of use of low, standard and high dose protocols, the projection angle used for
lateral projections) or the women population examined (e.g. compressed breast thickness, age
etc.).
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PATIENT EXPOSURE EVALUATION IN ROMANIAN
RADIOLOGICAL DEPARTMENTS
O. Girjoaba*, A. Cucu

National Institute of Public Health, Bucharest, Romania
Abstract

Purpose: A nation-wide evaluation of ionizing radiation exposure of the Romanian
population due to the radiological examinations is performed in accordance with European
Directive 97/43 EURATOM implemented in national regulations.
Method: The study is applied to the collected data from radiological departments from
Romanian hospitals during 2010. The radiological examinations were grouped in three
categories: conventional diagnostic radiology, interventional radiology and computed
tomography. The annual collective dose was determined from the reported data about the
mean effective doses and the frequency for each type of radiological examination, in
conformity with the national regulations. Regarding the frequency aspects, the results include
the age and gender distributions.
Major results: More then 6 million radiological examinations were performed in 2010,
Romania having a population about of 20.3 million inhabitants. The collective effective dose
for 2010 resulted from the study is 152 mSv per 1000 inhabitants.
Conclusions: Medical practitioners must select the best medical imaging investigation for
each clinical case taking into account the importance of keeping the patient dose as low as
possible. Medical physicists should be strongly involved in the establishing of the dosimetry
procedures.
Introduction

Medicalexposureis the mostimportantsourceof populationexposureto ionizing radiation. Under
these conditions,it isnecessary to monitorandrecordtheexposurelevelsinorderto ensure the
radiation

protection

of

the

patientsin

relation

tothis

technology.

Nationallegal frameworkharmonized withthe relevant Communityprovisionsstipulatethe
obligationand

responsibility

ofthe

public

healthnetworkto

provideradiological

protectionformedical exposureofpatientsto ionizing radiation.
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Inthis respect,it was promoted theOrder of Health Ministryno.1542/2006 [1]concerning the
registration and reporting of patient doses, which ensured recording system regulation,
centralization, andreporting data onmedical exposuresto ionizing radiation. The normative
actis

in

accordance

with

Directive97/43/EURATOMonhealth

protection

of

individualsagainstthe dangersof ionizing radiationinrelation to medical exposure.
In order to reduce therisk associated withdiagnosticmedicalexposureby optimizingthe quality
of radiological imaging, a nation-wide evaluationconcerning the monitoring of the
patientradiation protectionindiagnosticradiology and interventionalradiologywas initiated.
Materials and Methods

The main objectiveof the studyis theestimation ofpopulation exposuredue todiagnostic and
interventionalradiologyexpressedin terms ofannualcollectivedose. Information necessaryto
estimate

thecollectivedoseofone

yearofpracticaldiagnosis

areannual

frequencyof

variousdiagnostic examinations(conventional diagnostic radiology, interventional radiology,
computed tomography anddental), theirdistributionby ageandsex groups and averageeffective
dosesper type ofprocedure.
The

centralized

data,

at

thehospitallevel,

are

reportedquarterly

bythe

licenseetoRadiationHygieneLaboratoryof thePublic Health Departments, depending on the
territorialassignation.
RadiationHygiene Laboratoriesof thelocalPublic Health Departments evaluate thedatareported
bythehospitals, control their complianceand centralize the annual date of the patient radiation
protection monitoring in each countylocatedin supervision. The annual reports from every
RadiationHygiene Laboratoryof thelocalPublic Health Departments are sent to National
Instituteof Public Health- BucharestPublic Health Regional Centre, which belongs to
Ministryof Health. Ministry of Healththrough the National Instituteof Public Health- Regional
Centre forPublic Health,centralizesthedata of medical exposure to ionizing radiationreported
bycounties and Bucharest, andelaborates an annual reportthat is made known tothe
Commission ofRadiology-Medical Imaging andNuclear Medicine.
According to the legally binding provisions, the recording system at the hospital level shall
include at least the information concerning: patient data (name, personal identification
number, gender, sex, height, weight, in cases of female – the possibility of pregnancy); data
on individual exposure parameters used (examination type, projection, procedure code,
source-patient distance, field, kV, mAs); data for patient dose assessment, as appropriate
(DAP-meter values, skin absorbed dose, DLP/CTDI indication).
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The reporting forms of the centralized data, both at the hospital level and RadiationHygiene
Laboratories level, have to contain the exam type, procedure code, total number per exam
type and its distributions on age groups and gender groups. Dose information should be
available in terms of DAP-meter values, DLP/CTDI indication, skin dose, effective dose, as
appropriate.
In our study for 2010, the available data for patient doses assessment were DAP and DLP
indications, because the hospitals have not yet medical physicist to apply an unitary
methodology for patient dose estimation where the X-ray units are not equipped with DAPmeters. Conversion coefficients for relating measured values of DAP/DLP indications to
effective doses are estimated by the NRPB Report 262 [2].
Taking into account the number of X-ray units per type (radiography, fluoroscopy, CT,
mammography) and their distribution at the national level, the percentage for reported data is
different for every type of X-ray units. For estimation, we assume that the total number of
reported procedures per number of units that reported the data in one year is proportional with
the total (estimated) number of procedures per total (real) number of units at the national
level.
For example, the estimated number of CT examination at national level is: c = m · N / M,
where "m" is the total number of reported CT examinations for a number "M" of CT units;
"N" is the real number of CT units at the country level.
Results

The

studywas

performedfrom

the

datareported

by

theterritorialRadiation

HygieneLaboratoriesfrom 29 counties from a total of 40 counties and Bucharest,representing
49%of totalradiologicalinstallations. The main absent from this study is Bucharest where the
population represents almost 10% from the total number of inhabitants at the national level
and also the number of radiologicallaboratories represents 26.5% from the total number at the
national level.
The total number ofX-rayexaminations performed in 2010, estimated on the base of the
reported data is 7,418,353. Mean effective doses per exam typeandtheir contributions tothe
collectivedosewerecalculatedon a sampleof 64% of those reported. The annual collective
effective dose per 1000 population for all X-ray based radiology without dental radiology is
151.92 mSv/1000 capita and for all X-ray based radiology is the 168.39 mSv/1000 capita.
For Top 20radiological procedures, in accordance with RP 154 [3], were estimated the total
number of X-ray examinations, meaneffective doses and annual collective doses per exam
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type (Table1). The data for CT examswas conducted onsevencategories ofexposure: head,
cervical spine, lumbar spine, thorax, abdomen, pelvis and extremities.
Table 1. Top 20 of X-ray examinations performed at the national level in 2010

X-ray Procedure type

Total number
per year

Mean effective
dose per exam
(mSv)

Annual
collective
effective dose
(manSv)

Chest/Thorax

1595099

0.10

154.72

Cervical spine

248917

0.09

21.66

Thoracic spine

212654

0.14

29.98

Lumbar spine

574202

1.27

731.53

Mammography

188606

0.12

22.63

Abdomen

141330

0.22

30.39

Pelvis & hip

220431

0.29

64.81

Ba meal

152509

12.61

1923.14

Ba enema

40099

9.95

399.03

Ba follow-through

15388

2.43

37.32

IVU

61206

3.67

224.87

Cardiac angiography

8215

4.83

39.64

CT head

305032

3.92

1196.95

CT neck

18768

2.51

47.05

CT chest

68056

2.03

138.36

CT spine

24213

2.38

57.55

CT abdomen

102526

2.61

267.80

CT pelvis

44770

2.15

96.17

PTCA

3499

8.71

30.49

From the summary of the X-ray examinations performed at the national level in 2010 (Table
2) is necessary to underline the plain radiographs that are not included in Top 20 are
radiographs of head (9.3% from the total number) and extremities (24% from the total
number). The difference between the number of All Radiography/Fluoroscopy and the
Radiography/Fluoroscopy Top 20 are the object of Chest/Thorax examinations.
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Table 2.Summary of the X-ray examinations performed at the national level in 2010
Total number

Annual frequency

Mean effective dose

per year

per 1000 pop

(mSv)

Plain radiography Top 20

3,181,239

156.71

0.33

All plain radiography excluding Dental

4,786,032

235.77

0.13

Radiography/fluoroscopy Top 20

269,202

13.26

9.60

All Radiography/Fluoroscopy

848,973

41.82

2.05

Cardiac angiography

8,215

0.40

4.83

All angiography

14,071

0.69

1.69

CT Examinations Top 20

563,365

27.75

3.20

All CT

578,360

28.49

1.16

PTCA

3,499

0.17

8.71

All interventional radiology

3,675

0.18

8.01

All Angiography and Interventional radiology

17,746

0.87

3.00

SUM all X-ray based radiology ex. Dental

6,231,111

306.95

0.49

Dental

1,187,242

58.48

0.28

SUM all X-ray based radiology

7,418,353

365.44

0.46

X-ray Procedure type

Regarding the frequency aspects, the results include the age and gender distributions are
presented in Figure 1 and 2. Ahigh frequencyforintra-oraldental radiographs is reveals, almost
80% from the total number of dental X-ray examinations.

Dental
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Figure 1. Distribution of X-ray exams on gender groups
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Discussion

Annualconsumptiondistribution

analysisby

type

ofradiologicalexaminationrevealsthat

bothradiographyandfluoroscopy examinations of chestremainthemostcommon (50% from the
total number of radiographyexaminations and 68% from the total number of fluoroscopy
examinations), followed by radiography of extremities. The frequency of X-ray examinations
are balanced on gender groups, with two exemptions - cardiac angiography and PTCA where
the female over 40 years old group is predominant. Concerning de age groups distribution, the
higher frequency is for patients over 40 years old with the exemption of dental examinations.
The annual collectiveeffective dose has a high contribution from Ba meal x-rayexaminations,
followed by CThead, lumbar spineradiographs, Ba enema and CT abdomen.

Dental
PTCA
CT extremities
CT pelvis
CT abdomen
CT spine
CT chest
CT neck
CT head
Cardiac
IVU
Ba followBa enema
Ba meal
Pelvis & hip
Abdomen
Mammography
Lumbar spine
Thoracic spine
Cervical spine
Chest/Thorax

< 15 years old
16 - 40 years old
> 40 years old

0%

20%

40%

60%

80%

100%

Figure 2. Distribution of X-ray exams on age groups
Conclusion

Medical practitioners must select the best medical imaging investigation for each clinical
case, specially for these examinations with a higher contribution to the collectiveeffective
dose, taking into account the importance of keeping the patient dose as low as possible.
Medical physicists should be involved for patient dose estimation, specially for these
departments where the X-ray units are not equipped with DAP-meters.
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TEN YEARS EXPERIENCE IN ACCEPTANCE TESTING OF
DIAGNOSTIC RADIOLOGY EQUIPMENT IN HUNGARY
R. Elek, T. Porubszky*, Cs. Váradi, L. Ballay

„Frédéric Joliot-Curie” National Institute for Radiobiology and Radiohygiene (NRIRR),
Budapest, Hungary
Abstract

The EURATOM directive for the radiation protection of patients, which declares the
mandatory evaluation of the performance of diagnostic X-ray machines, took effect in 1997.
In Hungary, this became a harmonized act, the 31/2001. (X. 3.) decree of the Minister of
Health. The most highlighted segment of the evaluation of technical performance is
acceptance testing.
The NRIRR’s Department of Radiohygiene performs acceptance tests since 2002. From then
on we have performed more than 400 examinations on different modalities such as
radiographic, fluoroscopic, DSA, mammographic, CT and dental panoramic X-rays.
The tests were performed according to IEC = EN = MSZ EN international, European and at
the same time Hungarian standards.
This oral presentation discusses our experience and gives a comprehensive overview of the
examinations by the evaluation of the measurement data. Our results show the importance of
testing, done independently from the manufacturer and installer: in est. 25 % of the cases
overall we have found inadequacies which required remedial action on the part of the service.
Introduction

Since the introduction of acceptance tests in Hungary in 2001, the notified Institute was the
NRIRR to perform such tests, as the Euratom 97/43 directive became harmonised and
implemented in the same year. As the 31st decree of the Minister of Health states: “Before
putting into operation [medical X-ray] machines, the NRIRR performs an acceptance test, to
determine the baseline values of operational parameters, which later on will be used as part of
the quality assurance system”. However acceptance tests are regularly performed, not every
new X-ray unit have been evaluated, due to the questionable stance of the Radiation Hygiene
Centres (RHCs) responsible for the supervision of the operation of medical X-rays.
*
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Materials and Methods

As a technical reference and basic guide, the Hungarian standard family, 61223-3, which is
identical with the the IEC and EN standard family, has been in use. However, from modality to
modality, the measured parameters are different, the following group of parameters are
determined: the quality of X-ray generation (a), the accuracy of the automatic exposure (rate)
control (b), geometrical accuracy (c), image quality (d) and dose characteristics of the system (e).
(a) The quality of X-ray generation is quantified by RTI Barracuda universal X-ray parameter
measuring device. Among other parameters, the accuracy of the X-ray tube voltage and
exposure time is measured; the linearity of dose with time and current-time product (Q).
(b) AEC or AERC is examined according to the standard, by measuring dose or the density of
radiographic films. This is a crucial element of several medical imaging devices.
(c) The coincidence of X-ray field and light field, centralisation and external patient
positioning system accuracy falls into this category. To characterise these parameters different
phantoms are in use, for the given modalities, commonly available from different
manufacturers.
(d) To assess image quality, several phantoms are available, including special ones developed
for CT (RMI 461A), general diagnostic radiology (Wellhöfer ETR-1; Funk-53)
mammography (Wellhöfer Mammo-152) and for DSA (Wellhöfer RöVi-8).
(e) The dose as a function of different parameters is obtained from the measurements. The
dosimetry of mammography as it is part of a national health screening program and CT as it
causes the greatest radiation burden, are more emphasised. Concerning mammography,
recently several steps were made forward to the improvement of quality control of this
modality – a device to measure light output of displays was calibrated and put into service, to
let the laboratory perform tests according to EUREF guidelines. However, we would need to
have some further phantoms for full implementation of the latter.
Results and discussion

The territorial distribution of the measurements shows that in the eastern region of Hungary
only several tests were done during the ten years discussed (Figure 1.).
This is mainly due to the different RHCs’ approach, but another reason is, which could not be
considered as the main contributor to this trend, is that the eastern regions are considerably
poorer, as the GDP per capita is the fraction of that of Budapest, the capital of Hungary.

270
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Figure 1. Territorial distribution of acceptance tests in Hungary, since 2002, until 2012 2nd
quarter
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Figure 2. The number of acceptance tests performed in Hungary, since 2002,
sorted by modality and year, *until the 2nd quarter of 2012
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During the years, between 2002 and the second quarter of 2012 (until the end of June), the
laboratory’s team performed a total of 432 tests on different modalities (Figure 2.).
Most of the machines (> 97 %) were recent made ones, installed and regularly serviced by the
manufacturer’s representative or the distributor, the remaining were refurbished ones.
During this lot of tests taken, we have collected experience and our statistical evaluation
shows that the following were the most common mistakes, errors or problems, distressing
immediate remedial actions on the part of the user or the service:
 The calibration of the beam limiting device (not exclusively for radiography) – the
light-field and X-ray field coincidence was over the range specified by the standards in
every 4th case.
 In 11 % of the tests, the automatic exposure (rate) control was incorrectly calibrated and
once faulty.
 The operating interface of two machines were found to be faulty
Conclusion

To draw a general conclusion, it could be stated that most of the machines are manufactured,
transported and installed successfully, but acceptance testing of the X-ray equipment could
identify faults, which could lead to unnecessary over- or underexposures of the patients. The
most common mistakes identified are made during the installation of the equipment, thus
acceptance tests are really necessary.
Acceptance tests are mandatory, have positive outcome, but in Hungary, we still have to work
better and harder to close up to our western neighbours, both in numbers and instrumentation.
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PERFORMANCE OF AUTOMATIC EXPOSURE CONTROL OF
DIGITAL IMAGING SYSTEMS IN THREE BIG HOSPITALS
S. Avramova-Cholakova*, I. Dyakov

National Centre of Radiobiology and Radiation Protection, Sofia, Bulgaria
Abstract

The digital imaging systems are quite new in Bulgaria and there is still no clear evidence
between all the servicing companies how to set the automatic exposure control (AEC) of the
systems. The aim of this work is to study the AEC settings of the digital imaging systems in
three big hospitals, serviced by different engineering companies. This study included seven
systems, one with digital radiography (DR) and the others with computed radiography (CR)
detectors. The AEC settings were tested in terms of mean pixel value (MPV), air kerma at
phantom exit and detector dose indicator (DDI) dependence from AEC chamber selection,
tube voltage and phantom thickness. Relatively small variations in MPV up to 8 % were
observed for 4 of the CR systems, usually with small variations in DDI as well (except for one
system, for which up to 40 % difference in DDI consistency between chambers was found).
Air kerma at phantom exit for these systems had bigger variations up to 29 %. The other CR
systems had big variations in MPV up to 57 % with DDI variations up to 30 % while air
kerma changes were not small – from 8 to 38 %. The DR system showed smaller variation in
air kerma at phantom exit up to 8 % and bigger variations in MPV and DDI up to 20 % and
15 % respectively. There is no systematic approach in the AEC settings used in the 3
hospitals. Further investigation and collaboration with the servicing companies is needed
aiming to establish the optimized selection of AEC calibration parameters in each case.
Introduction

Although the digital methods in general radiography exist more than 30 years [1], there is no
universal parameter accepted for calibration of automatic exposure control (AEC) systems in
digital applications. In film-screen systems the optical density of the exposed films must be
within the linear part of the charachteristic curve. It is established that the human eye has the
best contrast perception at luminance of the image around 100 cd.m-2 [2]. With the viewing
boxes used for conventional radiography this condition is achieved at mean optical density
*
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(OD) of the clinical radiographs between 1-1.4, which is assured by the AEC system [3].In
digital radiography the dynamic range of the image receptor is much wider and the image
brightness and contrast can be adjusted on the display monitor,hence other criteria for AEC
setting should be used. Ideally the relevant clinical information should be present in the image
at the lowest achievable patient dose. The digital detectors have different absorption and
conversion characteristics and energy dependence of the response than film-screen
combinations. The parameters that could be used to set the AEC calibration are detector air
kerma (DAK - the air kerma at the image detector surface), detector dose indicator (DDI),
which is manufacturer specific and represents the absorbed dose at the detector, the mean
pixel value (MPV) of the image, the signal-to-noise ratio (SNR), the signal difference to noise
ratio (SdNR) or the contrast to noise ratio (CNR) [4, 5].
The digital imaging systems are quite new in Bulgaria and there is still neither clear evidence
nor general recommendations between all the servicing companies how to set the AEC of the
systems. The aim of this work is to study the AEC settings of the digital imaging systems in
three big hospitals, serviced by different engineering companies.
Materials and methods

Seven X-ray systems were included in this study, one with digital radiography (DR) and the
others with computed radiography (CR) detectors, situated in three big hospitals. The systems
are described in Table 1. The AEC settings were tested during the regular quality control
(QC), in terms of MPV, air kerma at phantom exit and DDI dependence from AEC chamber
selection, tube voltage and phantom thickness. Water phantom was positioned on the patient
table, with the clinically used source to image detector distance and the anti-scatter grid in
place. Exposures in AEC mode were performed at 70 kV with 20 cm water phantom and with
central, left and right chambers selected consecutively; with water phantom thicknesses of 10
and 20 cm at 70 kV and central chamber; and at 90 kV with the central chamber and 20 cm
water phantom. Thus, consistency between chambers, attenuator reproducibility and tube
voltage compensation were estimated. Air kerma at phantom exit was measured with
electrometer Barracuda (RTI Electronics, Sweden) and parallel plate 6 cm3 ionization
chamber type 34069 (PTW Freiburg, Germany). This parameter was chosen because of the
difficulties encountered to measure DAK, the recommended parameter by the Institute of
Physics and Engineering in Medicine (IPEM) [4]. Our approach was used by other authors as
well [6]. The phantom was lifted at 2 cm above the table surface by small supports and the
ionization chamber was positioned in the space between the phantom and the table, not
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covering the AEC chambers. The phantom was covering the whole image detector and the Xray field was adjusted to do so, otherwise DDI values could not be accurate [4].
Table 1. Digital X-ray systems, included in the study.
Readout speed

No

X-ray system

Type of detector

System 1

Process 800

CR Agfa

200

System 2

Process 800

CR Agfa

200

System 3

Editor MP 601

CR Agfa

unknown

System 4

Clisis (Primax)

CR Agfa

200

System 5

PMX-3B (Primax)

CR Protec

unknown

System 6

Duo Diagnost (Philips)

CR Konica Minolta

250

System 7

Axiom Aristos FX (Siemens)

DR indirect conversion

400

class

The CR plates were read out around 5 min after exposure, using the clinical mode. MPV was
measured on the acquired images with Sante Dicom Viewer in a 5 x 5 cm2 region of interest
in the central part of the image, outside the ionization chamber. Percentage differences
between air kerma, MPV and DDI values were calculated.
Results and discussion

The results from AEC testing are presented in Table 2. The percentage differences between
MPV, air kerma at phantom exit and DDI are shown for each system. For consistency
between the three AEC chambers, at fixed other conditions, the biggest difference is included
in the table. The last column shows the absolute value of the air kerma at phantom exit,
measured at 70 kV with the central AEC chamber and 20 cm water phantom.
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Table 2. AEC settings estimated in terms of MPV, air kerma at phantom exit and DDI,
depending on AEC chamber selection, phantom thickness and tube voltage.
Consistency between

Attenuator

kV compensation

chambers(%)

reproducibility (%)

(%)

3.1

1.5

0.2

29.2

5.1

21.8

DDI

2.4

4.1

0.9

MPV

5.9

1.9

0.4

29

14.2

6.4

DDI

4.8

0.6

0.6

MPV

6.3

2

2.6

25.2

6.1

24.3

DDI

5

1.6

2.6

MPV

3.2

0.4

2.4

16

19.7

13.3

DDI

4

1.12

3.2

MPV

30

56.9

4

28.6

8.2

37.9

DDI

22.5

29.6

23.1

MPV

8

4

4.1

18.7

17.5

19.9

DDI

40.3

5

0.3

MPV

19.8

3.4

3

8.3

6.6

1.2

15.4

3.9

3.3

No
MPV
System 1 Air kerma at phantom exit

System 2 Air kerma at phantom exit

System 3 Air kerma at phantom exit

System 4 Air kerma at phantom exit

System 5 Air kerma at phantom exit

System 6 Air kerma at phantom exit

System 7 Air kerma at phantom exit
DDI

Air kerma at
phantom exit
(µGy)
53

56

24

34

66

27

28

Relatively small variations of MPV up to 8 % were observed at the CR systems from 1 to 4
and system 6, usually with small variations of DDI as well up to 5 %, except at system 6, for
which up to 40 % difference in DDI consistency between chambers was found. Some
manufacturers can set the sensitivities of the lateral chambers to be 40 % more sensitive than
the central chamber [4]. This is not the case for DDI consistency between chambers at
system 6 – the central chamber had 33 % higher sensitivity and the lateral chambers had
sensitivities differing by 15 % between each other. Air kerma at phantom exit at the
mentioned systems had bigger variations up to 29 %. The other CR system 5 had big
variations of MPV up to 57 % with DDI variations up to 30 % while air kerma changes were
not small – from 8 to 38 %. The DR system 7 showed smaller variation of air kerma at
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phantom exit up to 8 % and bigger variations of MPV and DDI up to 20 % and 15 %
respectively. Systems 1, 2 and 3 were serviced by the same engineer and discussion with him
revealed that the AEC settings were adjusted aiming the same MPV of the images. Systems 4
and 5 were serviced by another company and the settings were adjusted according the
recommendations of the X-ray unit manufacturer. It is not clear what these recommendations
are for system 5, for which none of the parameters showed any consistency. We could not
contact the servicing companies of systems 6 and 7, but MPV at system 6 and air kerma at
phantom exit at the DR system 7 had small varaitons, up to 8 % in both cases.
The air kerma at phantom exit values seem quite high compared to the same parameter
measured by other authors. Bowden et al. measured mean dose at phantom exit 17.1 µGy with
the same measurement configuration, but with 15 cm water equivalent phantom and only for
DR systems [6]. Taking into account the differences in the phantoms used we could consider
that the lowest values we measured (24, 27, and 28 µGy at systems 3, 6 and 7 respectively)
are high compared to 17.1 µGy, due at some extent to the thicker phantom, and probably to
the CR detectors on most systems in our study. But the highest values 53, 56 and 66 µGy at
systems 1, 2 and 5 respectively have to be due to the AEC setting. We have no information
about all the anti-scatter grids used in the systems, included in our study. However, for main
general radiography purposes it is recommended to use a grid with ratio 10:1, which should
have Bucky factor of 5 [3, 7]. If we suppose a 10 cm distance between the patient table
surface and the image detector, a Bucky factor 5 for all the systems, and neglecting the
attenuation from the table, then DAK could be calculated as follows: 8.6, 9.1, 3.9, 5.5, 10.7,
4.7, 4.5 µGy at systems from 1 to 7 respectively. Systems 4 and 6 are set at speed class 200,
approximately corresponding to 5 µGy DAK. For these systems there is a good
correspondence with the calculated DAK values. For systems 1 and 2 with speed class 200
and system 7 with speed class 400 (approximately corresponding to 2.5 µGy DAK) the
calculated DAK values are high. However the error associated with this estimation could be
big.
Conclusions

There is no systematic approach in the AEC settings used in the 3 hospitals. Even more,
different companies are servicing the X-ray systems situated in the same hospital, and
different approaches are used by these companies to set AEC systems. Further investigation
and collaboration between the medical physicits, the servicing companies and the CR
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manufacturers is needed aiming to establish the optimized selection of AEC calibration
parameters in each case.
References

1. Korner, M., Weber, C., Wirth, S., Pfeifer, K.-J., Reiser, M., Treitl, M. Advances in
digital radiography: physical priniples and system overview. RadioGraphics, 2007; 27:
675-686.
2. David, E. Physiology of vision. In: Imaging systems for medical diagnostics, Edited
by A. Oppelt, Erlangen, Publicis Corporate Publishing, 2005: 18-41.
3. European commission. European guidelines on quality criteria for diagnostic
radiographic images, Luxemburg, EC, 1996.
4. Institute of Physics and Engineering in Medicine. Measurement of the performace
characteristics of diagnostic X-ray systems: digital imaging systems. Report 32, Part
VII, 2010.
5. European commission. European protocol for the quality control of the physical and
technical aspects of mammography screening. In: European guidelines for quality
assurance in breast cancer screening and diagnosis (Fourth edition), Luxemburg, EC,
2006: 57-104.
6. Bowden, L., Faulkner, R., Clancy, C., Gallagher, A., Devine, M., Gorman, D.,
O’Reilly,

G.,

Dowling,

A.

Dosesunderautomaticexposurecontrol

(AEC)

fordirectdigitalradiographic (DDR) X-raysystems. Radiat. Prot. Dosimetry, 2011;
147(1-2): 210-214.
7. Tsoukatos, G. Utilization of radiographic grids in medical imaging: everything you
wanted to know... but were afraid to ask. 2011;
8. http://www.eradimaging.com/site/article.cfm?ID=763

278
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

RADIATION EXPOSURE TO STAFF AND PATIENTS DURING TWO
ENDOUROLOGICAL PROCEDURES
J. Hristova-Popova1*, I. Saltirov2, K. Petkova2 , J. Vassileva1
1

National Center of Radiobiology and Radiation Protection, Sofia, Bulgaria; 2Military

Medical Academy, Department of Urology and Nephrology, Sofia, Bulgaria
Abstract

The purpose of the present work is to obtain information about the exposure to patient and
staff during percutaneous nephrolithotripsy and ureteroscopy with intracorporeal lithotripsy
and to search for a correlation between these parameters. The collected data for each
procedure consist of the total air kerma-area product, PKA, cumulative dose, CD, fluoroscopy
time, FT, number of images acquired, as well as clinical patient data. Average, minimum,
maximum and median values were calculated for 38 patients. Mean values and median in
parentheses were as follows: 355 (383) cGy cm2 (PKA for PCNL); 433 (286) cGy cm2 (PKA for
URS); 42 (37) mGy (CD for PCNL); 12 (7) mGy (CDfor URS); 3.5 (3.0) min (FT for PCNL);
1.4 (1.3) min (FTfor URS). The typical operator doses for PCNL and URS were assessed to
be 66.1 µSv and 34.3 µSv, respectively, while the maximum doses for the same type of
procedures were 152.6 µSv and 124.1 µSv. Good correlation was observed between the staff
dose and PKA for both procedures, while the correlation of staff dose with CD and FT was
found to be weak. While applying principles of radiation protection and normal load in the
clinic, there is no possibility to exceed the new annual dose limit for eye lens of 20 mSv per
year averaged over 5 years. The correlation of PKA with FT and CD was also explored and no
significant interconnection was observed.
Introduction

With the increasing use of endourologic procedures for the diagnosis and treatment of various
urologic pathologic conditions, urologist’s and patient’s exposure to radiation from
fluoroscopy becomes an important safety consideration.
Percutaneous nephrolithotomy (PCNL) is a minimally invasive endoscopic procedure for
removal of large and/or complex kidney stones through a percutaneous tract to the collecting
system of the kidney created under fluoroscopic guidance. Ureterorenoscopy is a minimally
*
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invasive endoscopic procedure performed under fluoroscopic guidance for diagnosis and
treatment of various pathologic conditions of the upper urinary tract. Ureterorenoscopy with
intraluminal lithotripsy (URS) is most commonly performed for the treatment ureteral and/or
kidney stones, during which the stones are fragmented by means of laser (Holmium laser
lithotripsy), ultrasonic (US lithotripsy) and electrokinetic energy.
Due to the increased use of radiation during endourological procedures, protection of patients
is becoming increasingly important. Few studies are found in literature concerning patient
exposure during such procedures. One of them is our first research in the same department
(X-ray unit) two years ago [1] and with present work we aim at tracing current situation and
comparing results. At the same time there is possibility of personnel getting high exposure in
fluoroscopy room if radiation protection principles and tools are not correctly applied. A
special attention needs also the use of over-couch X-ray systems in urology that can lead to
significantly greater staff doses compared to the under-couch systems. An increased incidence
of lens injuries has been found in radiologists who have used over-couch systems without
protective screens [2]. The influence of shielding devices is significant for determining the
dose to the eyes and thyroid, and the position of the operator, which depends on the
procedure, is the most significant factor determining doses to the hands [3]. The main source
of exposure to urologist during endourological procedures is radiation scatter from the patient.
Its amount depends in vast degree on the patient weight and body habitus. During most
endourological procedures the patient is in lithotomy position and the bony pelvis and
abdomen serve as the major source of radiation scatter from the patient. This radiation is
directed toward the endoscopist’s head and upper extremities as he/she looks into the
ureteroscope. Exposure to staff could not be negligible and radiation protection measurements
need to be taken. Urologists should be aware of this radiation risk, and the concepts of time,
distance, and shielding are critically important to know, in efforts to reduce radiation exposure
[4]. The World Gastroenterology Organization, in collaboration with the American Society
for Gastrointestinal Endoscopy and the International Atomic Energy Agency, has developed
guidelines on minimizing radiation exposure for patients and staff in endoscopy [5].
Recording radiation exposure factors for the patient, such as fluoroscopy time, air kerma-area
product and measuring radiation exposure to staff are recommended for dose optimization in
the guidelines. Following these recommendations, it was recorded radiation doses of
personnel and patients during PCNL and URS procedures and the main purpose of present
work become searching for correlations between them.
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Materials and Methods

The study was conducted from April 2012 to June 2012in the Department of Urology and
Nephrology, Clinic of Endourology and Shockwave Lithotripsy in Military Medical
Academy, Sofia. The upper urinary tract operating theatre is equipped with Siemens Access
Uroskop X-ray system with over-table X-ray tube and 36.7 cm image intensifier, integration
of endoscopy solutions and available ultrasound device.
Two procedures were included in the study: ureteroscopy with intraluminal lithotripsy (URS)
and percutaneous nephrolithotripsy (PCNL), since they were found to be the most commonly
used and with significant radiation exposure [1]. They were carried out by same experienced
urologist who wore a 0.35-mm equivalent lead apron. No ceiling suspended lead equivalent
protective screen was available. Doses to the operator were evaluated with an Unfors EDD-30
personal dosimeter with sensor attached to the front side of the protective collar. This
dosimeter is calibrated in the operational quantity Personal dose equivalent Hp (0.3), in mSv.
The mean measured value at the collar level was considered to be a good approximation of
the exposure of the eye lenses.
Data on patient dose in total air kerma-area product, PKA, cumulative dose, CD, fluoroscopy
time, FT, number of images acquired, as well as clinical patient data were collected
prospectively. The PKA values were recorded in cGy cm2, measured with KAP-meter
integrated in the X-ray unit. The KAP-meter was calibrated using a multimeter Barracuda
(RTI, Sweden) configured with ionisation chamberTW34069 (PTW, Germany) with a
calibration traceable to a national standards laboratory. In addition to calibration, a
characterisation of the system was performed using PMMA phantom and a solid-state
detector T20 which does not influence the system automatic exposure control (AEC).
Results and Discussion

In Table 1 dose results for ureteroscopy with intraluminal lithotripsy and percutaneous
nephrolithotripsy are summarized for a total of 38 patients. It presents mean, minimum,
maximum values and median of staff doses, PKA, CD, the corresponding FT values and
number of images. Figure 1 presents a summary of mean and median values of PKA, CD, FT
and staff dose for the procedures.
The mean value of PKA 433 cGy cm2 was found to be higher for URS versus 355 cGy cm2 for
PCNL (Table 1). The results show a large variation in individual patient radiation doses for
URS: PKA values varied between 34 and 1446 cGy cm2. Because the values did not exhibit a
normal distribution, the median PKA value of 286 cGy cm2 is more representative (Figure 1).
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This big variation was mainly attributed to the varying complexity of the interventions, the
strictly individual treatment of every patient and large number of technical factors. For PCNL
the FT varied between 2.3 and 7.8 min with mean value of 3.5 min, while the mean FT for
URS was 1.4 min with maximal value of 4.1 min. The total number of images acquired for
URS and PCNL were 2 and 3, respectively. Fluoroscopy is the main contributor to the total
patient dose, as the number of images in the procedures is comparatively small. The mean
values of CD for URS and PCNL are 12 and 42 mGy, respectively; it is well seen that values
are well below the threshold for deterministic effect in the skin.
Table 1. Summary of data for staff dose (μSv), PKA (cGy cm2), CD (mGy), FT (min) and
number of images for Ureteroscopy with intraluminal lithotripsy and Percutaneous
Nephrolithotripsy.

Procedure

Age, y

Ureteroscopy with
intraluminal lithotripsy
(number of patients = 21)

Percutaneous
nephrolithotripsy
(number of patients = 17)

Staff dose,

PKA,

μSv

cGy cm2

CD, mGy

FT, min

Nimages

mean

52

34.3

433

12

1.4

2

min.

32

1.4

34

1

0.1

0

max.

74

124.1

1446

48

4.1

5

median

52

24.8

286

7

1.3

1

mean

46

66.1

355

42

3.5

3

min.

23

11.3

160

6

2.3

1

max.

68

152.6

724

88

7.8

4

median

47

67.5

383

37

3.0

3

Median values of parameters

Mean values of parameters
400

450
400

URS

350
300

PCNL

350

URS

300

PCNL

250

250

200

200
150

150

100

100

50

50
0

0

PKA,
CD, mGy
cGy cm2

PKA, CD, mGy
cGy cm2

FT, min Staff dose,
μSv

FT, min Staff dose,
μSv

Figure 1. Comparison of mean versus median values of PKA, CD, FT and staff dose for the
procedures.
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Table 2 presents comparison of mean and median PKA values, CD and FT in this work with
previous published data. Figure 2 illustrates data for URS and PCNL, separately. It is shown
that the new results are similar to the previous study, taking into consideration the above
comments and the procedure URS in this study corresponds to Ureteroscopy and US
lithotripsy in the previous research.
Table 2. Comparison of mean and median PKA values, CD and FT for the procedures obtained
in this work with previous one.
PKA, cGy cm2

Procedure

CD, mGy

FT, min

Nimages

URS

mean

433

12

1.4

2

Current

(number of patient = 21)

median

286

7

1.3

1

study

PCNL

mean

355

42

3.5

3

(number of patient = 17)

median

383

37

3.0

3

296

14

*

1.2

3

12

*

0.9

2

**

4.0

4

3.7

4

mean

URS
Previous

(number of patient = 92)

study
*

median

214

PCNL

mean

457

54

(number of patient = 101)

median

354

45**

values corresponding to 6 patients

**

values corresponding to 12 patients

a. URS

b. PCNL

14

60

Current study

12

Current study

50

Previous study

10

Previous study

40

8

30

6

20

4

10

2

0

0
PKA, Gy cm2

CD, mGy

FT, min

PKA, Gy cm2

Nimages

CD, mGy

FT, min

Nimages

Figure 2. Comparison of mean values of PKA (in Gy cm2), CD (in mGy), FT (in min) and
number of images for URS (a.) and PCNL (b.) between this study and previous one
The typical operator doses for PCNL and URS were assessed to be 66.1 µSv and
34.3 µSv, respectively, while the maximum doses for the same type of procedures were
152.6 µSv and 124.1 µSv (Table 1). The ICRP now recommends an equivalent dose limit for
the lens of the eye of 20 mSv in a year, averaged over defined periods of 5 years, for
occupational exposure in planned exposure situations [6]. Taking into account the workload
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of the department (1 PCNLprocedure per day), annual eye lens dose is estimated to be
17.2 mSv. Performing one URS per day, annual eye lens dose is assessed to be 8.9 mSv.
According to some recent researches, values above the limit can cause cataract after
protracted radiation exposure. Thus it is essential to apply principles of radiation protection.
The use of protective lead glasses is recommended as they can reduce the lens dose by a
factor of 5–10 [7].
The results of the study of staff doses were compared with values found in the
literature. The comparison is shown in Table 3. Occupational doses from this work are three
times lower that reported values from Ritter at al. for both procedures [8]. Since the X-ray
system in their study were with over-table tube, like in this study, the big difference probably
is due to the large number of clinical and technical factors, operator’s experience and
knowledge of radiation protection measures. Safak et al. reported mean staff dose value only
for PCNL, and it was lower than our result [9]. The other data were recorded on systems with
an under-couch X-ray tube, thus the values corresponding to dose of the eye are so negligible
small and 100 times lower than dose to legs [10, 11].
Table 3. Comparison of mean staff dose values obtained in this work with other published
values
Procedure
URS
PCNL

Comments

Mean values of staff dose (µSv) corresponding to dose of eye lens
This work

Ritter at al. [8]

Safak et al.[9]

Hellawell et al.[10]

Majidpour [11]

34.3

100

(21 patients)

(39 patients)

N/A

N/A

N/A

66.1

180

26

(17 patients)

(11 patients)

(20 patients)

over-couch

over-couch

48 μGy to

11.6 µGy to

system

system

the collar

the lower leg

1.9 (N/A)

0.04 μGy*
(100 patients)
* to the eye glasses;
0.47 μGy to the head;
4.1 μGy to the legs

Notwithstanding that a relation between patient dose in means of PKA and occupational dose is
difficult to determine, particularly because staff doses are associated with working methods,
use of protective devices, positions with respect to the patient, in this study the relationship
was found to be good. The statistical analysis of the data established a linear relation between
patient and staff doses. For URS R2 = 0.898, while for PCNL R2 = 0.8598 (Figure 3). The
reduction of operator doses is especially important during interventional procedures, and it is
necessary to be aware of practical radiation protection measures. Actions that reduce patient
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dose will also reduce occupational exposure. PKA provides a good reference value for
dosimetric monitoring of staff.
The correlation of staff dose with CD and FT was found to be weak. The correlation of PKA
with FT and CD was also explored and no significant interconnection was observed.

PKA, cGy.cm

2

1600

URS
2
R = 0.898

1200
800

PCNL
2
R = 0.8598

400
0
0

50

100

150

200

Staff dose, μSv

Figure 3. Correlation between staff dose and PKA in URS and PCNL.
Conclusion

The exposure of the interventionalist varied depending on the type and the complexity
of the procedure, operator’s position relative to the radiation field and experience. While
applying principles of radiation protection and normal load in the clinic, there is no possibility
to exceed the new annual dose limit for eye lens of 20 mSv per year averaged over 5 years.
For optimization the use of protective lead glasses is recommended.
Good correlation was observed between the staff dose and PKA for both procedures,
while the correlation of staff dose with CD and FT was found to be weak. No significant
interconnection was observed between PKA and FT, as well between PKA and CD.
Values of estimated CD are well bellow the threshold for deterministic effect in the
skin. The PKA values for PCNL and URS obtained in the current study are comparable with
previously published data.
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Abstract

The aim of this work is to demonstrate the use of a simulation platform for phase contrast
imaging (PCI) in the field of x-ray imaging of breast. The software platform is based on a
previously developed and validated in-house XRayImagingSimulator used with software
phantoms in x-ray imaging simulation studies. With this platform, a phantom has been
modelled as a 4 cm thick slab filled with a polymethyl methacrylate material. The phantom
also contained cylinder objects from water designed with various diameters, arranged at
different planes. Planar projections images were simulated in phase contrast and absorption
mode. The detectability of the cylindrical objects was quantitatively and visually assessed.
This phantom has been manufactured and comparison with experimental data obtained at
synchrotron facilities was accomplished. Image contrast of the cylinder objects was increased
due to edge enhancement in both, the simulated and experimental images when PCI
configuration geometry was used.
Introduction

Nowadays, x-ray mammography is considered the best practice for screening and early
diagnosis. European studies have shown that breast mortality is reduced by about 37% in
women, 50-69 years of age, who are subjected to screening mammography [1]. However, a
significant number of breast cancers still remain undetected in their early phase. Basic causes
for this are the insufficient soft tissue contrast and the effect of overlying structures in
projection imaging [1].
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Phase contrast imaging (PCI) is an approach that has been studied since earlier 90’s. This
imaging technique is based not only on x-ray attenuation but also on the x-ray phase
changerising during x-ray scattering. Tissues composed of low Z-elements, such as breast
masses, produce low absorption contrast but considerable phase contrast.
Our overall goal is related with the development of three-dimensional algorithms for
reconstruction of projection images acquired with tomosynthesis and phase contrast setup
applied for imaging the breast. To obtain this goal, we set our first objective to develop a
simulation platform for PCI. Here, we report preliminary results from the development and
initial use of this simulation platform in creating phase contrast images of simple geometrical
objects.
Materials and Methods

1. Phase Method. X-ray photons interact with the tissues in the mammography energy range
by one of the following main interaction mechanisms: the photoelectric effect, Compton
scattering and coherent scattering. Photons that are coherently scattered deflect from their
initial path at small angles. This kind of refraction of radiation occurs at the boundaries
between materials whose x-ray refractive indices differ from each other and lead to the phase
contrast effect [2]. As demonstrated in figure 1, the arrangement is similar to the traditional
absorption x-ray imaging, where the detector is placed as close as possible to the irradiated
object.

Figure 1. Schematic presentation of the mechanism of edge enhancement due to x-rays
refraction at the edges of an object in the free space.
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As shown in this figure, the x-rays refract from the edge and the corresponding beam
deviation by the edge region produces a sharp fringe pair on the detector that results in
improvement in the edge visibility. This edge will be very well visualised at a sufficient
distance between the object and the detector. This distance gives time for the phase introduced
by the sample to develop into phase contrast.
The simulation of PCI in this study is based on the Fresnel-Kirchhoff diffraction theory [3].
Specifically, the study considers pure coherent radiation emerging from a point
monochromatic source, located at a distance zso from the object plane. The object is placed in
an object plane that is at z = 0 and the detector is located at a distance zod from the object
plane.
The radiation from a point source is a spherical wave that in the free space may be presented
as:
E0 x1 , y1  

2
2
 2i 

1
 z so  zod   x1  x0    y1  y0  
exp 

z so  zod
2z so  zod  2z so  zod  
  

(1)

where the coordinates x0,y0 are the coordinates of the source in the source plane, while x1,y1
and x,y are coordinates on the detector and the object plane, respectively. A small angle
approximation has been applied to the Fresnel diffraction equation in order to obtain its
simplified form (eq. 1).
When a wave interacts with an object, both its amplitude and phase are modified. The relative
intensity distribution on the detector wave can be described as:
E  x1 , y1   E0  x1 , y1 1  c1 x1 , y1 
c x1 , y1  

 2i  x  x 2   y  y 2
z so  z od
1
0
 1 0
exp 
iz so z od
2z so  z od 
  

In the last equation,
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B x, y   

2



(2)

expi x, y   B ( x, y )  1



  s ds

(3)

(4)

where the integrals are over the ray path s, λ is the wavelength, δ is the refractive index
decrement that is responsible for the x-ray phase shift, and β is responsible for the x-ray
absorption. ф(x,y) and Β(x,y) are the z-projection of the object phase and the linear
attenuation coefficient, in case the wave propagates in z direction [4]. The intensity,
normalized to the background value is given by:
I x1 , y1   1  2 Rec1 x1 , y1   c x1 , y1 

2

(5)

2. Simulation Setup. The XRAYImagingSimulator is an in-house developed software platform
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used for investigations in x-ray imaging [5]. Main parts are the module for object creation and
the module for image formation. The latter exploits the concept of ray tracing, as this includes
the definition of the ray and its intersections with the objects. The transmitted intensity
reaching the detector pixel is calculated using the Beer’s law. We exploit the subroutine used
to find the total path length that the x-rays travel inside the object in order to define the
functions ф and B (eq. 4).
To test the new software subroutine, a simple phantom has been modelled as a 4 cm thick slab
filled with a polymethyl methacrylate material. The phantom also contained simulated
cylinders having diameters ranging from 0.5 to 3 mm, arranged at different planes (figure 2a).
The cylinders, filled with water, were placed at different heights to make the phantom suitable
also for three-dimensional tests like tomosynthesis or cone-beam CT tests. Planar projections
images were simulated with the new subroutine used for phase contrast. At this stage of initial
settings and simulations, no dose considerations were taken into account.

(a)

(b)

(c)

Figure 2.(a) Mathematical phantom designed for phase contrast studies; (b) manufactured
phantom; (c) experimental arrangement at SYRMEP beamline, Elettra.
In order to study the performance of the in-line mode, a hardware version of the software phantom
(in figure 2a) was produced in the University Workshop as shown in figure 2b.
3. Experimental Setup.The experiment has been accomplished at the SYRMEP (SYnchrotron
Radiation for MEdical Physics) beamline at ELETTRA Synchrotron Light Laboratory [6]. The
produced x-ray beam is highly intense and monochromatic. The hardware phantom shown in figure
2b was utilized. The tubules were filled with water and placed on a stage that moves vertically in
order to take an image over the region of interest, while the detector is placed at a distance from the
object in order to detect phase contrast effects (figure 2c). Two two-dimensional projection images
from this phantom were acquired in normal and in-line mode. In order to obtain them, the phantom
and the detector were scanned vertically, with a scan speed of 2 mm/s. Dose issues were not
290
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

concerned in this study. The incident energy was set to 17 keV. The size of the images was 512
pixels in both directions. In case of in-line imaging, the object to detector distance was set to 50 cm.
Results and Discussion

Figure 3 shows simulated projection images of one of the cylinders filled with water in
absorption (figure 3a) and phase contrast (figure 3b) mode. The influence of the sample-todetector distance is shown in figure 4. It is observed from these graphs that peaks are well
outlined in terms of width and visibility at an object to detector distance of 50 cm. This
distance was also used in the experimentation. The improvement is also visually noticed in the
images shown in figure 3b.

(a)

(d)

Figure 3. Comparison of images simulated at absorption (a) and phase contrast (b) mode. The
corresponding profiles taken across the images are shown next to the projection images.
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Figure 4. Influence of the distance between the object and the detector on the phase
contrast signal for a point source and incident energy of 17 keV. Detector resolution was set
to 2.5 µm. The radius of the simulated cylinder filled with water was 50 µm. The horizontal
scale shows the distance on the detector in mm, while the vertical scale depicts the relative
intensity.
Figure 5a-b shows the experimentally acquired projection images in absorption and phase
contrast mode. The intensity line profiles taken across these images are shown in figure 5c,
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0.5

respectively. Both, the image taken in phase contrast mode (figure 5b) and the corresponding
intensity profile show phase contrast edge enhancement at the boundaries of the cylinders.

(a)

(b)

(c)

Figure 5. Experimentally acquired projection images of the phantom shown in figure 2b in
absorption (a) and phase contrast (b) mode; (c) line profiles taken across the absorption image
- upper row and phase contrast image - lower row.
Conclusions

The existing XRayImagingSimulator has been updated with a new subroutine to calculate
phase contrast images. Simulation and experimental images show edge improvement when a
phase contrast mode is applied. Further improvement is related to expansion of the software
code to simulate phase contrast effects for complex objects and its application in case of
breast.
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Abstract

The objective of this work is to present the capabilities of the NUMERICS web platform for
evaluation of the performance of image registration algorithms.
The NUMERICS platform is a web accessible tool which provides access to dedicated
numerical

algorithms

for

registration

and

comparison

of

medical

images

(http://numerics.phys.uni-sofia.bg). The platform allows comparison of noisy medical images
by means of different types of image comparison algorithms, which are based on statistical
tests for outliers. The platform also allows 2D image registration with different techniques
like Elastic Thin-Plate Spline registration, registration based on rigid transformations, affine
transformations, as well as non-rigid image registration based on Möbius transformations. In
this work we demonstrate how the platform can be used as a tool for evaluation of the quality
of the image registration process.
We demonstrate performance evaluation of a deformable image registration technique based
on Möbius transformations. The transformations are applied with appropriate cost functions
like: Mutual information, Correlation coefficient, Sum of Squared Differences. The accent is
on the results provided by the platform to the user and their interpretation in the context of
the performance evaluation of 2D image registration.
The NUMERICS image registration and image comparison platform provides detailed
statistical information about submitted image registration jobs and can be used to perform
quantitative evaluation of the performance of different image registration techniques.
Introduction

The NUMERICS platform is an online toolkit for medical image processing. The platform
provides access to dedicated numerical algorithms for image comparison and image
*
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registration. The algorithms are specifically designed for application to noisy medical images.
The platform offers an intuitive and user-friendly web interface for uploading images and
selecting the parameters and the components of the requested image processing job.
Submitted jobs are processed server-side and the obtained results from the calculations are
displayed back to the user via a compact graphical interface (hereafter called “dashboard”).
The dashboard provides the user with detailed statistical results for each of the intermediate
steps of the performed calculation. This information can be used to quantitatively evaluate the
performance of the selected image processing algorithms.
The focus of this work is on the application and evaluation of the performance of the image
registration algorithms that are integrated in the NUMERICS platform. We present the
necessary steps required to submit an image registration job to the platform and then we
discuss the meaning of the obtained results.
Materials and Methods

All of the algorithms implemented in the NUMERICS platform currently operate with 2D
images. There are two general categories of image registration algorithms available on the
platform – “Standard” and “Elastic Thin-Plate Spline” (TPS) image registration.
The image registration algorithms in the standard category are based on the parameter
optimization technique in which the user specifies a family of geometry transformations, a
cost function and an optimization algorithm. The available geometry transformations on the
NUMERICS platform are: rigid (translations and rotations only), affine (translations,
rotations, scaling, shearing and reflection) and Möbius transformations (for more information
about the Möbius transformation approach, see Ref. [1]). The available cost functions on the
platform are: Sum of Squared Differences (SSD), Cross-Correlation (CC) and Mutual
Information (MI). The user can choose between the following optimization algorithms:
Levenberg-Marquardt

Algorithm

(LMA),

Broyden-Fletcher-Goldfarb-Shanno

(BFGS)

method and the Nelder-Mead downhill simplex method.
The TPS image registration algorithm available on the NUMERICS platform is based on the
thin-plate splines interpolation approach, which has been introduced in medical image
analysis by Bookstein [2]. In this approach the elastic deformation of the initial image is
performed by interpolating feature point displacements in the coordinate plane using thinplate splines. In the current implementation, the feature points in the two registered images
are automatically detected and matched by a dedicated preprocessing algorithm.
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Figure 1. The front page of the NUMERICS platform. On this page the user uploads the two
images that are to be registered. The user also specifies the type and the parameters of the
algorithms that will be used.
Figure 1 shows the front page of the NUMERICS platform. On this page the user uploads the
two images that will be registered. The platform supports the DICOM file format, as well as
some of the most commonly used image file format types. After the images are selected, the
user selects the image registration options in the “Registration options” section and submits
the job for processing. The obtained results for the submitted job are displayed back to the
user on a separate page (see Fig. 2). On this page, the dashboard gives the user access to the
results from the intermediate steps of the selected image registration algorithm. For example,
the user can choose to see the originally submitted images – image A and image B, the
registered image A, the difference image A-B before and after the registration, etc. For each
image the user can click on the “Image statistics” button in the upper-right corner of the
dashboard to get detailed statistical information about the pixel intensities in the selected
image. The statistical information includes: mean, median, maximum and minimum intensity,
standard deviation of the intensities, 3-rd and 4-th moment of the distribution of the intensities
and a histogram of the intensity distribution. The dashboard also provides some additional
processing operations that are useful for analyzing the results – rendering of contours that
visualize areas of statistically significant differences between the two submitted images and
displaying the images in different color schemes, in order to improve the visualization quality.
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Figure 2. An overview of the dashboard containing the results from a submitted job. On the
right side of the dashboard is a list of all the intermediate steps performed in the job.
In this work we present an image registration example with the NUMERICS platform using
typical tomographic images from a stress/rest myocardial perfusion SPECT study. The
SPECT images are taken from [3]. The image registration algorithm for this case is
configured to use Möbius transformations. The optimization algorithm is set to the
Levenberg-Marquardt Algorithm. The cost function used is Sum of Squared Differences.
Results

A screenshot of the dashboard showing the obtained results from the submitted stress/rest
image registration job is shown in Fig. 3. In the center of the dashboard the rest image is
shown after it is registered to the stress image. A histogram of the distribution of pixel
intensities in the image is shown in the bottom part of the dashboard. On the right side of the
dashboard, in the “Misc. Statistics” section, the user can find information about the best
parameters of the Möbius transformation that were found by the optimization algorithm. In
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this case the parameters for the geometry transformation are the translation coordinates and
the rotation angles of the projection sphere that is used to perform the Möbius transformation
[1]. At the bottom of the section are shown the values of the available cost functions. Figure 4
shows an overview of the described registration job. The figure contains the originally
submitted stress/rest images, the registered rest image and the difference images before and
after the registration. These images allow the user to check visually the results from the
registration. For example, we see that the big differences in the initial difference image (Fig.
4c) are largely reduced after the registration (Fig. 4e). In addition, quantitative information
about the registration results can be extracted from the difference image statistics, available
on the dashboard (see. Fig. 3). Finally, it is evident that a perfect image registration algorithm
will match the two images and will reduce as much as possible the (statistically significant)
differences between them. Therefore the statistics on the detected differences after the
registration, which are also available on the dashboard, can be used as a standalone tool for
evaluation of the performance of the NUMERICS image registration algorithms and can as
well be used to evaluate the performance of other, third-party image registration algorithms.

Figure 3. Results from the stress/rest image registration job. The figure shows the obtained
statistical information about the registered rest image and the used geometry transformation.
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(a)

(b)

(c)

(d)

(e)

Figure 4. An overview of the job presented in this work. (a) and (b) - the original stress/rest
images. (c) - the difference image of the original images. (d) - the rest image registered to the
stress image. (e) - the difference image after the registration.

Conclusion
The NUMERICS image registration and image comparison platform is a useful tool that
provides the user with accessibility to a variety of image registration and image comparison
algorithms. The platform provides detailed statistical information about submitted image
registration jobs and can be used to perform quantitative evaluation of the performance of
different image registration techniques. Therefore, the platform can be used by medical
physicists developing and using numerical image processing algorithms.
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Abstract

Recent developments have made available free software tools that would expedite local
quality assurance (QA) in MR imaging, incorporating nationally established methodology.
Several free software packages for DICOM image analysis have been reviewed, specifically
considering the availability of the analysis tools that are required to analyse MRI QA images,
based on methodology described in the UK national guidance provided by the Institute of
Physics and Engineering in Medicine (IPEM).
IQWorks emerged as the most suitable software. Key advantages are provided by its analysis
tree functionality which facilitates user-implementation (without the need for further
programming) of automated or partially automated analysis schemes incorporating the IPEM
methodology. Aspects of the analysis tree include automated ROI positioning relative to the
position of a detected edge, and production of results as PDF reports. Results are presented
here specifically for the analysis of SNR although the techniques employed are applicable to
more general image quality parameters.
Results were produced using images from actual scanners (various models), and compared
with those obtained from other sources including propriety manufacturer’s software and
other image analysis software.
The use of analysis trees in IQWorks was found to provide faster image analysis which is
automated without relying on manual placement.
The conclusion was made that software tools which have recently become freely available,
expedite development of local MRI QA incorporating nationally established methodology.
Introduction

In the UK quality assurance (QA) for MRI is less established than it is for other imaging
modalities. A survey of MRI QA programmes across 24 hospitals has been performed by
Koller et al where 19 undertook some form of QA. The survey responses also showed a
*
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considerable variation in the frequency and range of tests undertaken [1]. MR QA is mostly
concerned with image quality which is performed by acquiring images of phantoms which are
analysed by software tools. For any Quality Control (QC) programme it is important find a
balance between adequate assessment of system performance and ensuring that the equipment
is taken out of clinical use for the least amount of time possible. The aim of this study is to
produce a QC analysis scheme for MRI which can be performed by the local user with
minimal input and can be adjusted without the need for further programming. This study has
set out to build an analysis scheme for each recommended test; however, this paper will focus
on signal-to-noise ratio (SNR) employing the background method and in some cases the
subtraction method [2].
A review of freely available DICOM viewing software was undertaken to determine the best
candidate with the criteria being: the availability of the essential software tools for image
analysis such as a region of interest (ROI), distance measurement and pixel profile tools and
also the ability to construct a flexible analysis scheme that does not require additional
programming.
Both IQWorks [3] [4] and Image J [5] are equipped with the essential tools required for image
analysis. Image J offered extended capability through the use of plugins that could be created,
however, these required knowledge of programming in Java. IQWorks on the other hand
offers the capability of creating an analysis scheme through building an ‘analysis tree’ which
consists of a sequence of analysis tools applied to the image where each individual analysis
tool is referred to as a module. An analysis tree can be saved and re run later and may consist
of the following:


The ability to detect the edge of the test object or features within the object through the
use of the edge detect module.



A sequence of analysis modules such as ROI or distance measurement which can be
positioned either relative to a detected object or another analysis module.



Formulae can be implemented through the use of the simple math tool which can perform
mathematical operations on results of analysis modules.



A report is produced in PDF format displaying results and selectable DICOM header
information. Pass and fail criteria can be set for each test.
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Materials and Methods

Images have been acquired from 14 different scanners including those manufactured by
General Electric (GE), Philips and Siemens. Eleven of the scanners operated at a magnetic
field strength of 1.5T, two scanners at 3T and one scanner at 0.35T. From each scanner
images were acquired with the Eurospin flood field object TO1, apart from the 3T scanners
where a test object filled with oil was used instead. Images were acquired using a spin echo
pulse sequence with scan parameters suggested by IPEM [6]. These were: an echo time of
30ms, a repetition time of 1000ms, flip angle of 90, field of view of 250mm x 250mm, a
matrix size of 256 by 256 pixels, slice thickness of 5mm and signal averaging from 1
acquisition.
An IQWorks analysis tree (figure 1) was created to measure SNR using the background
method. The signal value is taken as the average of the mean pixel value (MPV) from 5 small
ROI’s positioned at the center and near the north, east, south and west edges of the object.
The noise value is taken as the average standard deviation (SD) of 4 ROI’s in the background
region. SNR is then calculated as the ratio of the mean signal value to the mean noise value
multiplied by 0.66. The 0.66 factor is used to correct for the standard deviation which is
necessary since the image is a magnitude reconstructed one that results in the background
noise following a Rayleigh distribution. For comparison results from some of the scanners
have been obtained following the subtraction method where the 0.66 factor is replaced by √2
and noise values are taken from the subtracted image in the same location as the signal values.

Figure 5 - Screenshot of analysis tree applied to a flood field image
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Results

Table 1 compares normalised SNR results between those that were calculated by IQWorks
analysis tree and those from replicating the same method at the scanner console with manual
placement of the ROI tool. Normalised SNR values were calculated using the following
equation where V is the voxel volume in cm3, NSA is the number of averages, NPE is the
number of phase encoding steps and TR is the repetition time. Bandwidth is in kHz [6].

.

√

.

√

∙

∙

Table 2 - Comparison of Normalised SNR results between IQWorks analysis tree employing
background method and following the same method using ROI tool at scanner workstation.
For a few scanners results have also been acquired following subtraction method. C1, C2 etc.
are different examples of the same model and similarly coils B1, B2 etc. are different
examples of the same model of coil
Manufacturer

Model

NSNR result

NSNR result

Difference of scanner

Strength

acquired by

acquired following

console result compared

(T)

IQWorks.

subtraction method.

to IQWorks result

Field

Coil

A

A

1.5

A1

77

-10%

A

A

1.5

B1

147

-1.1%

A

B

3

B2

220

-11%

A

B

3

C

231

A

C1

1.5

A2

79

-5.6%

A

C2

0.35

A3

13

2.5%

A

C2

0.35

D

17

2.0%

A

D

1.5

A4

71

-5.6%

A

D

1.5

B3

87

2.4%

B

E1

1.5

E1

65

B

E2

1.5

F1

51

B

E3

3

E2

136

B

F

1.5

F2

75

C

G

1.5

G1

253

C

H1

1.5

H1

193

C

H2

1.5

I1

216

C

I1

1.5

I2

87

C

I1

1.5

J

59

202

62

-5.9%

-6.1%
-2.7%

144

-4.2%
-3.6%

134

-70%
-50%

104

-19%
-19%

68
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-16%

Discussion

The noise value can be sensitive to the spatial location of the background ROI. Ghost signal
may be present just outside the object area which will produce an artificially high noise result
if the background ROI overlaps this area.
The difference in a result of 10% for the image acquired with the scanner A with coil A1 may
be due to the difference in the noise value. The noise value that was determined by IQWorks
was 9.0 compared to 9.7 at the scanner console which suggests that for the latter the
background ROI may have been placed over an area which contained some ghost signal. The
cause for the 10% difference in the results for scanner B with coil B2 may be also be caused
by the difference in noise value which was 6.0 for IQWorks compared to 6.87 for results
obtained at the scanner console.
For images acquired with the 0.35T scanner signal was “cut off” in some areas of the field of
view. For this image the position of the background ROI’s in both the South East and South
West was altered so that it didn’t overlap the non-signal areas. Also, when measuring SNR at
the console it may not be obvious that the signal is “cut off” in these areas and there is the
potential for this area of non-signal to be included in part of the background ROI’s which will
increase the standard deviation.
The difference in results seems to vary more for the images acquired with the scanners from
Manufacturer C. Images acquired with scanners G, H1 and H2 seem to consist of ghost areas
surrounding the test object followed by very low background noise further out which can be
made visible on the image by reducing the window level. The background noise value
determined by IQWorks for the models G, H1 and H2 scanners are 1.7, 2.5 and 2.4
respectively. These are a lot lower than for the other 1.5T scanners suggesting that some sort
of signal reduction is located around the edges of the FOV resulting in an inhomogeneous
distribution of noise in the image. Such a reconstruction filter has been discussed in a study by
Dietrich et al and they concluded that SNR results acquired from taking the noise in the
background region will be affected [7]. The signal values within the test object used by
IQWorks and by the scanner console were compared to rule out inconsistent application of
scaling factors and were found not to differ significantly. The results obtained using the
subtraction method are more typical of scanners at 1.5T suggesting that this method is less
effected by the above mentioned post processing. For the results obtained at the scanner
console the background ROI may have overlapped some of the ghost area.
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Conclusions

For each test an analysis tree has been created. Since building an analysis tree does not
involve programming they may be altered without such skills and hence are more flexible for
a wider range of users. The analysis trees allow the tests to be performed by any member of
staff that can operate the scanner and hence do not require a specialist input from a physicist
or engineer. PDF reports are produced that display a pass or fail result for each test. If a result
returns as a pass then the test is complete where a fail result may be used to prompt specialist
investigation.
The advantage of IQWorks being open source means that bugs may be more easily reportable
and more likely to be fixed more quickly. This was evident over the period of the project as
version 0.6 of IQWorks had a bug which produced an incorrect result for the minimum pixel
value of an elliptical ROI. This was reported to the program author and was corrected in
version 0.7.
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THE ESTIMATION OF TOTAL BODY FAT BY INELASTIC NEUTRON
SCATTERING-A GEOMETRICAL FEASIBILITY STUDY
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About Fats

It has always been hard to distinguish fats and oils. The reason is that there is not a clear
definition for either of them. The two words are frequently used by nutritionists to refer to
foods that are fatty in nature and greasy in texture and they are both insoluble in water. We
can differentiate fats from oils only by their melting points; fats are solids at room
temperatures but oils are liquids (Chemical Abstracts Service 1999).
By looking at the chemical properties of fats and oils, the differentiation between them
becomes even harder because they are both regarded as esters of glycerol with fatty acids.
Because of these problems, we can introduce the word “lipid” in order to describe a group of
chemical substances that are insoluble in water and soluble in specific chemical solvents such
as chloroform, alcohol and various others. In this particular chapter the word “lipid” will refer
to triacylglycerols, which make up a specific category of fats (Sharon 1998).
Fats are mainly comprised of triacylglycerols. They are important as a source of energy for
the human body and the main reason for excessive weight among all humans (Chemical
Abstracts Service 1999).
The main body lipids are: storage, structural and metabolic. In this presentation we will be
concerned with the definition of the quantity we are going to simulate and measure, which is
fat and comprises of triacylglycerols and is located I the adipose tissue.
The predominant constituent of triacylglycerols is the isotope 12C and during the presentation
we will introduce a set–up to accurately measure it and as a result estimate the amount of
triacyglycerols, contained within a certain volume of storage fat.
Since carbon can be found in other types of fat (DNA and other organic cell constituents) it is
not possible to estimate the amount of storage fat with accuracy, without allowing for a
correction factor.
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Methods of Fat Measurement

A rough quantitative representation of the basic elements in a human body is shown below. It
deals with a hypothetical, normal adult weighting 70 kg. it is possible to measure two basic
quantities, the FFM, standing for Fat Free Mass and the FM, standing for Fat Mass. Because
there are three kinds of fat in the body (see previous chapter), the word fat, for the purpose of
this chapter will refer to the storage fat. Measuring fat is essential in order to define the
energy store of the human body. We can deduce the latter be calculating the amount of
various chemicals delivered to the human body from various nutrients, but this procedure is
by far too complicated and inaccurate.
1. Water
2. Fat
3. Glycogen
4. Potassium
5. Calcium
6. Protein (12kg)
7. Sodium
8. Phosphorus
9. Magnesium, Zinc, Copper, Iron, Chloride
A quantitative approximation of the substances contained in the human body
By examining the different methods of fat measurement, one can say that there is no direct
method for the in vivo evaluation of body fat. Fat can be determined, either by subtraction of
lean body mass weight or by measuring the effect that fat has on macroscopic physical
properties of the body (hydrodensitometry, photon absorptiometry, Quetelet’s index e.t.c.).
The lack of direct fat measuring method creates two major problems in the evaluation of body
composition. The first is related to the methodological accuracy; meaning that small
systematic errors in estimating FFM can be translated to gross errors in evaluating fat by
subtraction from body weight. The degree of the error propagation depends inversely on the
fat content of the body. The second methodological problem involves the assumptions
inherent in indirect methods. For example, determining FFM either by total body potassium or
water alone, assumes a constant content of these substances in lean tissue.
Combined techniques reduce these assumptions and have been found to work well in the
normal population for determining FFM. They remain assumption-depended and there are
well-established circumstances that most models fail to account for.
After those types of problems that we face in determining body fat, we need to adopt a
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radiation-based technique that will solely target upon the predominant element of fat which is
carbon.
The Simulation

The present simulation deals with the most important aspect of the estimation of storage fat in
the human body and in order to accomplish such a task, we consider a representation of the
human body, containing a uniform distribution of triacylglycerols, in a shape of cylindrical
phantom
A deuterium-tritium neutron generator fires a fast neutron beam of 14.7 Mev kinetic energy
towards the phantom where

12

C atoms of the triacylglycerols are excited, via a fast neutron

inelastic scattering interaction. As a result, gamma rays are emitted and by using a bismuth
germanate inorganic scintillation detector, we detect the out coming gamma radiation of 4.44
Mev photon – energy.
The whole process is analyzed and simulated by a geometrical model and with the aid of a
computer program which takes into consideration the different attenuation for neutrons and
photons, we calculate the amount of gamma radiation reaching the detector. The net result is
the determination of sensitivity for a particular set-up and by relating the out coming data to
the amount of carbon; the quantity of fat is estimated. In addition, the non-uniformity is
calculated, from the computer programs expressing the consistency of our system.
During the simulation, there are numerous parameters that we alter, in our set-up, such as the
position and the number of the sources and detectors and the size and shape of the phantom,
in order to observe the behavior of our system and deduce the changes in the sensitivity and
non-uniformity under different circumstances.
So in order to determine the storage fat we built a simulation model that will enable us to
represent the detection of the carbon atoms in triacylglycerols. The basic set-up comprises of
a moving bed, which is placed between two detectors and one source underneath the bed. A
similar system has already been used for the in-vivo work and is proven to be optimum. For
simplicity the phantom we use in out simulation has a cylindrical shape and it is filled with
triacylglycerol compound in order to simulate the human body the best we can.
The source is a 14.7 Mev neutron generator and neutrons are emitted isotropically reacting
with the carbon atoms in the triacylglycerols, resulting in 4.44 Mev gamma rays, which are
detected from the BGO detector. Neutrons are attenuated quite differently from gamma
radiation but we assume a simplified model of attenuation because otherwise we need to use
the Monte – Carlo software to accomplish accurate calculations.
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Calibrating our set-up for phantoms of different sizes containing known amounts of carbon is
accomplished by irradiating each phantom and measuring the amount of gamma radiation (Nγ
factor) for every single one. Using the Nγfactor we can assure the safety of our experiment by
checking our dosimetry figures and how well they lie within the dosimetry boundaries of
NRPB.
We can then get measurements from a subject by scanning for about 15 minutes, starting from
the shoulders and ending at the knees.
It is better to perform other measurements as well in order to allow for a better accuracy in
our results. Namely, we can take into consideration radiation resulting from carbon container
in protein and glycogen and as a result do the calculation for a total body fat estimate the
errors involved in the experiment.
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DETERMINATION OF CONDITIONS AND POSITIONS LEADING TO RAISE THE
SAR VALUES IN THE HUMAN HEAD FOR MOBILE PHONE USED IN CLOSED
SPACE
N. Atanasov*, G. Atanasova

Higher State School College of Telecommunications and Pos, Sofia, Bulgaria
Abstract

The purpose of this paper is to determinate conditions and positions leading to raise the
specific absorption rate (SAR) values in a human head exposed to the electromagnetic field
emitted from a mobile phone operating at 900 MHz in a metallic closed space. The finitedifference time-domain method has been used to evaluate the SAR in the specific
anthropomorphic mannequin (SAM). The mobile phone was modeled as a resonant dipole
antenna, vertical arrange to SAM in the left ear’s reference point at 10 mm distance between
feed point of the dipole and the nearest point of the equivalent head tissue. The graphical
presented SAR values corresponded to 108 positionsin the cross-section of the metallic closed
space with follow configuration: vertical metallic wall, antenna, SAM. The presented SAR
values were normalized to antenna input power 1 W. The peak 10-g average SAR values are
in range from 7.5 to 9.8 W/kg, and SAR values averaged over whole exposed object are from
0.150 to 0.185 W/kg, depending on positions in the metallic closed space. The maximum SAR
increases are obtained in the positions corresponded to distance (2n+1)/4 between the
vertical metallic wall and dipole antenna. Finally, the results evidence a minimal SAR
increases in thepositions corresponded to distance (n+1)/2 between vertical metallic wall
and dipole antenna.
Introduction

In recent years, there has been increasing concern about health implication of electromagnetic
(EM) wave exposures due to mobile phones used in closed space as cars, trains, and elevators.
Numerical investigation to determine whether or not an increased specific absorption rate
(SAR) in model of human head using a mobile phone inside a closed metallic space due to the
multireflections of EM waves from the walls exceed the RF-exposure guidelines has been
calculated in several works [1-6].
*
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The purpose of this paper is to investigate and determinate conditions and positions leading to
raise the SAR values in a human head exposed to the electromagnetic field emitted from a
mobile phone operating at 900 MHz in a metallic closed space.
Materials and Methods

The SAR spatial distribution in a human-head model has been computed using finitedifference time-domain (FDTD) numericaltechnique. The SAR is given by the well-known
relationship
(1)

.

where E is electric-field strength, and  and  denote the conductivity and mass density,
respectively, of the tissue. For calculating peak spatial-average SAR, we chose a scheme
presented in the IEEE Standard 1528 [7].
The all simulations have been accomplished in the following condition:
The non-uniform mesh FDTD technique has been used to calculate the SAR and input
characteristics of the antenna. The 2-mm fine-size cells are used around the human head
model and the antenna and up to 20 cells in the space around them. Therest of the problem
space is modelled by the coarse-size cells of 10 mm.
For human head model was used a specific anthropomorphic mannequin (SAM) with
dielectric properties of the equivalent head tissue, shell and ear spacer defined in [7].
For phone model was used a resonant dipole antenna with dimensions: length 150 mm, radius
1.8 mm, and material perfect electrical conductor (PEC). The distance between feed point of
the dipole and the nearest point of the equivalent head tissue of SAM has beenestablished at
10 mm.
The interior dimensions of the closed space used in this study were taken as the following:
1,000 mm depth, 1,000 mm width, and 2,000 mm height. The thickness of metallic walls was
30 mm and modeled as a PEC.

dx

y
dy

x

Figure 1. Cross section of metallic closed space.
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The position of SAM with antenna in the closed space is described in terms of x - and y-axis,
marked as dx and dy respectively(as indicated in Fig. 1). The numbers following indexes
show the corresponded distances to the walls. To represent therealistic cases of user’s
positions in closed space, the SAM and dipole antenna have been placed at 100 mm to the
interior surface of the metallic wall,and then have been moved to the center with increment of
30 mm (about 1/10 wavelength) at commonly 27 positions in xaxis(Fig. 1). The distance to
the wall in the y-direction is kept constant, as have been accomplished simulations at the
following cases dy: 168, 252, 502 and 670 mm for each position at x-axis.
Results and Discussion

All results have been normalized to net input power level 1 W for the dipole antenna.
The distribution in cross-section (xy-plane) of metallic closed space of peak 10-g average
SAR and average SAR in whole exposed SAM are shown in Figs. 2 and 3, respectively. There
are clearly expressive repeated, consecutive maximum and minimum along x-axis.
From the results presented in Fig. 2 we can see that maximum SAR values were obtained in
position of SAM and antenna along x-axis approximately equal to (2n+1)/4 (where  is
wavelength in free space at 900 MHz). The SAR values profile in the cross-section of the
metallic closed space (in the xy-plane) has a quasi-sine function shape. The shape of SAR
profile is consequence of the relationship between SAR and E-field intensity presented with
formula (1). When the electromagnetic energy is radiated from dipole antenna the SAM is a
dielectric body appears a load, absorbing part of the incident electromagnetic energy. The rest
part of the electromagnetic energy formed a standing wave with the surface of the metallic
wall normal to the line joined SAM-antenna. The electric field is at a null on the conductive
surface of wall, but come to a node at a quarter of a wavelength. The minimum of peak 10-g
average SAR is observes at positions of the SAM and antenna along x-axis at dx160, dx340,
dx500, and dx690, approximately /2, , 3/2, and 5/2. The behavior of the average SAR in
whole exposed SAM in the cross-section is analogical to the peak 10-g average SAR. From
the obtained results presented in Figs. 3 and 4 the minimum and maximum of the peak 10-g
average SAR and average SAR in whole exposed object coincide with the minimum and
maximum of the standing wave of the electric field. With increasing the distance from the
wall to antenna the influence over SAR values is more weakly expressed. Similar results were
observed in [4]. The presented results in Figs. 2 and 3 show that the interaction between the
antenna of mobile phone and metallic walls parallel to the linejoined SAM-antenna alter
negligible the peak 10-g average SAR and more vastly average SAR in whole exposed SAM.
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Therefore average SAR in whole exposed SAM shows more weakly dependence on standing
wave pattern and higher dependence on reflected waves.

Figure 2.Distribution of the peak 10-g average SAR in cross-section.

Figure 3. Distribution of average SAR in whole exposed SAM in the cross-section.
There isan exception from the considered above results. In position dy252 and dx310 has been
observed maximum value for both, peak 10-g average SAR and average SAR in whole
exposed SAM. This position corresponded to distance  between the metallic wall and
antenna along x-axis. We suppose that this exceptionis due to the influence of metallic walls
whose surface is parallel to the line joining SAM antenna.
For facilitate the comparison of the considerable amount of data obtained for SAR values in
closed space, probability density function (PDF) curves have been derived (Figs. 4 and 5).
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The exposure of the SAM to a dipole in the free space has been chosen as a reference
situation, and the obtainedresults are peak 10-g average SAR 9.484 W/kg, and average SAR
in whole exposed SAM 0.1606 W/kg.
Fig. 4 showspeak 10-g average SAR PDF curves, calculated at 900 MHz, for 108 unique
user’s positions in the cross-section of the metallic closed space. From Fig. 45, we can see
that in 75.9 %, inducedSAR in closed space is comparable with SAR induced in free or alters
with ±10%.
Fig. 5 showsaverage SAR in whole exposed SAM PDF curves. From the figure, we can see
that in 81.5 %, inducedSAR in closed space is higher than SAR in free space.

.
Figure 4.Peak 10-g average SAR in metallic Figure 5.Average SAR in metallic closed
closed space.

space.

Conclusion

This investigation presented a detailed electromagnetic analysis of the interaction between
dipole antenna, metallic walls of the closed space and human head, at 108 unique positions in
distinct cross-section. The conditions and positions leading to raise the specific absorption
rate values in a human head exposed to the electromagnetic field emitted from a mobile phone
operating at 900 MHz in a metallic closed space were estimated. An assessment of the peak
10-g average SAR and average SAR in whole exposed object were accomplished for different
positions in the cross-section.
The results show that the influence over the interaction between antenna of mobile phone and
metallic walls over the peak 10-g average SAR values in human head is most visible in
positions where the electric field exhibits a standing wave pattern with the node located
approximately a quarter-wave from the wall and the null located approximately a half-wave
from the wall. The maximum SAR values have been obtained at distances (2n+1)/4 and an
exception at distance  between metallic wall and antenna along x-axis. The presence of the
peak SAR values along x-axis in position  was provoked from the standing waves pattern
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among the metallic walls, whose surfaces are parallel to the line joined the SAM and antenna.
The minimum SAR values have been obtained at distances n/2 between the metallic walls
and antenna. The influence of the interaction between antenna of mobile phone and metallic
closed space over the average SAR values in whole exposed human head is similar to that at
the peak 10-g average SAR.
The results from simulating RF-field exposure of human head model in closed space, at
different positions show that peak 10-g average SAR values and average SAR in whole
exposure object, obtained by the XFDTD code are not significantly different from SAR
values in human head model exposed to the same source of RF-field in free space.
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Abstract

The purpose of this study is to investigate the effect of mammographic image compression on
the automated segmentation of individual microcalcifications. The dataset consisted of
individual microcalcifications of 105 clusters originating from mammograms of the Digital
Database for Screening Mammography. A JPEG2000 wavelet-based compression algorithm
was used for compressing mammograms at 7 compression ratios (CRs): 10:1, 20:1, 30:1,
40:1, 50:1, 70:1 and 100:1. A gradient-based active contours segmentation algorithm was
employed for segmentation of microcalcifications as depicted on original and compressed
mammograms. The performance of the microcalcification segmentation algorithm on original
and compressed mammograms was evaluated by means of the area overlap measure (AOM)
and distance differentiation metrics (dmean and dmax) by comparing automatically derived
microcalcification borders to manually defined ones by an expert radiologist. The AOM
monotonically decreased as CR increased, while dmean and dmax metrics monotonically
increased with CR increase. The performance of the segmentation algorithm on original
mammograms was (mean±standard deviation): AOM=0.91±0.08, dmean=0.06±0.05 and
dmax=0.45±0.20, while on 40:1 compressed images the algorithm’s performance was:
AOM=0.69±0.15, dmean=0.23±0.13 and dmax=0.92±0.39. Mammographic image compression
deteriorates the performance of the segmentation algorithm, influencing the quantification of
individual microcalcification morphological properties and subsequently affecting computeraided diagnosis of microcalcification clusters.
Introduction

Various studies have focused on investigating the effect of mammographic image
compression on radiologists’ ability in detecting and diagnosing breast lesions [1]. However,
the effect of image compression on the performance of computer-aided detection [2] and
diagnosis of breast lesions is currently under-researched. Zheng et al. [2] demonstrated that a
**
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JPEG image compression algorithm did not adversely affect the performance of a computeraided detection scheme for detecting masses, but it did significantly affect the detection of
microcalcification (MC) clusters.
The aim of this study is to investigate the effect of mammographic image compression on the
automated segmentation of individual MCs, being a crucial first step of computer-aided
diagnosis schemes for MC clusters in mammography. For this purpose, the performance of a
MC segmentation method on original and corresponding compressed mammograms is
assessed quantitatively assessed by comparing automatically derived MC borders to manually
traced ones by an expert radiologist.
Materials and Methods
Dataset

The dataset consists of 858 individual MCs originating from 105 MC clusters (56 malignant
and 49 benign) of 105 digitized mammograms (12-bit pixel depth, spatial resolution 50 μm).
Mammograms originated from the Digital Database for Screening Mammography (DDSM)
[3]. Mammograms spanned the four types of breast composition, while the MC clusters
spanned the five subtlety levels (level 1 corresponds to “subtle” and level 5 corresponds to
“obvious”). The distribution of MC clusters with respect to morphology was: 71 pleomorphic,
13 punctate, 6 fine linear branching, 9 pleomorphic-fine linear branching and 6 punctatepleomorphic.
ImageCompression

Each mammogram of the dataset was compressed to seven CRs: 10:1; 20:1; 30:1; 40:1; 50:1;
70:1; and 100:1, employing a JPEG2000 wavelet-based compression algorithm [4]. The
algorithm is included in the public domain evaluation version of the View-Med application
(Pegasus Imaging Corporation, Tampa, Florida). The default irreversible transform for image
decomposition is implemented by means of the Daubechies 9-tap/7-tap filter, proposed by the
JPEG2000 standard [5].
Segmentation of Individual Microcalcifications

A gradient-based active contour segmentation method was employed to segment individual
MCs [6]. Following selection of a MC seed point, the method employs a robust scale selection
algorithm for initializing a multiscale active contour algorithm, while MC final delineation is
achieved exploiting a coarse-to-fine strategy.
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Segmentation Accuracy Evaluation

The performance of the MC segmentation method on original and corresponding compressed
mammograms was quantitatively assessed by means of area overlap and shape differentiation
metrics [7], by comparing automatically derived MC borders to manually traced ones. An
expert radiologist defined the ground truth by generating manual outlines of all individual
MCs of each cluster as depicted on original mammograms.
The area overlap measure (AOM) between manual delineations (M) and automated
delineations (A) is defined by [7]:
AOM =

M ∩A
M ∪A

(1)

where ∩ denotes intersection (the number of common pixels in the manual and the automated
delineation) and ∪ denotes union (the number of all pixels defined by the manual and the
automated delineation). The value of AOM is bound between zero (no overlap) and one (exact
overlap).
The mean distance dmean and the maximum distance dmax between automated delineations (A)
and ground truth (M) were calculated by [7]:

∑
p

d mean =

q =1

dq

(2)

p

d max = max d q
q

(3)

where p is the number of pixels on the computer-defined border and dq is provided by

d q = min { ( x qA - x rM )2 + ( y qA - y rM )2 }
r

(4)

where ( x qA , y qA ) is the computer-defined (automated) border pixel location and ( xrM , y rM ) is
the ground truth border pixel location.

Results

Figure 1 illustrates a 513x513 pixel ROI depicting a malignant MC cluster (a) on original and
compressed mammograms at seven CRs: 10:1 (b), 20:1 (c), 30:1 (d), 40:1 (e), 50:1 (f), 70:1
(g) and 100:1 (h). As observed, image quality is decreased with CR increase. Table 1 provides
mean and standard deviation values of the three segmentation accuracy evaluation metrics
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summarizing performance of the automated algorithm in segmenting the 858 individual MCs
in original and compressed mammograms. Differentiation of each metric mean value with
respect to CR is also graphically illustrated in Figure 2.

Figure 1. Mammographic ROI depicting malignant MC cluster (a) and corresponding
compressed images: 10:1 (b), 20:1 (c), 30:1 (d), 40:1 (e), 50:1 (f), 70:1 (g) and 100:1 (h)
Table 1. Segmentation accuracy evaluation metrics (mean and standard deviation values) for
the 858 microcalcifications as depicted in original and compressed mammograms.
Compression
ratio

AOM
Mean

Dmean
Standard

Mean

deviation

Dmax

Standard

Mean

deviation

Standard
deviation

1:1

0.91

0.08

0.06

0.05

0.45

0.20

10:1

0.85

0.10

0.11

0.06

0.60

0.25

20:1

0.77

0.13

0.16

0.10

0.75

0.34

30:1

0.73

0.14

0.20

0.15

0.85

0.37

40:1

0.69

0.15

0.23

0.13

0.92

0.39

50:1

0.64

0.16

0.27

0.16

1.01

0.45

70:1

0.58

0.17

0.33

0.21

1.14

0.55

100:1

0.53

0.18

0.40

0.22

1.27

0.64
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Figure 2. Differentiation of segmentation accuracy evaluation metrics with respect to
compression ratio
Discussion and Conclusion

Various studies have been reported for the determination of optimal CR threshold up to which
mammographic image quality is reserved employing diagnostically and visually lossless
approaches [1]. The effect of image compression on the computer-aided detection of breast
lesions has also been investigated [2]. The current study focuses on investigating the effect of
image compression on the performance of a MC segmentation algorithm, being a crucial first
step for the computer-aided diagnosis of MC clusters in mammography.
Results of the current study demonstrated that automated segmentation accuracy of individual
MCs, assessed quantitatively by means of AOM and shape differentiation metrics, is reduced
with CR increase. Specifically, AOM monotonically decreased as CR increased, while dmean
and dmax metrics monotonically increased with CR increase.
These preliminary results are only indicative of trends and additional efforts are required to
determine optimal CR threshold up to which the quantification of MC morphological
properties and subsequently the automated classification of malignant from benign MC
clusters is significantly affected.
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Abstract

In modern conformal radiotherapy, a more precise delivery of a higher dose to the tumor
while sparing the healthy tissues is aimed. The implementation of these new treatment
techniques requires advanced imaging and dosimetry to guarantee patient safety.
In this study, we investigated the dosimetric response of Al203:C optically stimulated
luminescence droplets that can be used as online dosimeters. The dosimeters are composed of
microparticles of Al2O3:C with diameters ranging from 5 µm to 35 µm, and which are mixed
with a photo-curable polymer. Drops of dosimetric compound, of 1 µl in volume (1 mg of
powder per ml of polymer) with a diameter of about 2 mm, were fabricated.
Introduction

One of the keys developments in the acceptance of OSL as a tool in radiation dosimetry was
the introduction of Al2O3:C as detector sensitive to ionizing radiation. This material has been
largely used as whole body personal dosimeter, in its powder form – LuxelTM – and, more
recently, for space and medical dosimetry.
As for medical dosimetry, the precision and accuracy of modern radiation therapy techniques
relies on robust and comprehensive quality assurance and quality control. Sophisticated
dosimetry tools are required for beam calibration and characterization, verification of dose
distribution, identification of malfunctioning of the equipment, or potential human
mishandling. The sensitivity and speed of readout of the stimulated luminescence signal from
Al2O3:C and the small response variations with dose rate, field size and depth, plus a linear
response from few Gy to5 Gy, has given dosimetrists the ability to assess dose and dose rate
in real-time. The attempts already published in this field indicate that Al2O3:C might also be
used for radiation therapy dosimetry [1,2].
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In this paper we present the characterization of Al2O3:C droplets, which consist of thin
Al2O3:C powder mixed with a "homemade" polymer, and its comparison with the
commercially available Al2O3:C material, LuxelTM.

Materials and Methods

Droplets (Figure 1.b) were prepared mixing Al2O3:C crystal powder from Landauer Inc.
(Stillwater, OK, USA) consisting of grain sizes between 5 and 35 μm, with a "homemade"
photo-curable polymer, obtained from DTU Risø Radiation Research Division (Roskilde,
Denmark). This polymer hardens when exposed to a strong UV light source (90 W). Previous
results showed that this polymer is not sensitive to ionizing radiation, that it does not show
any OSL response and it does not absorb light in the luminescence wavelength of Al2O3:C.
The polymer (Figure 1.a) consists of the following components [3]:
a) 2 ml of Tetrahydrofurfuryl acrylate from Sigma Aldrich (408271).
b) 3 ml of Di(trimethylolpropane) tetraacrylate from Sigma Aldrich (408360).
c) 25 mg of 2-Hydroxy-2-methylpropiophenone 97% pure from Sigma Aldrich (405655), which is the UV photo-initiator.
Luxel™ are round and thin detectors of 4.5 millimeters diameter obtained from a commercial
Al2O3:C dosimetric tape from Landauer Inc. (Figure 1.b). The tape consists of Al2O3:C
powder mixed with a polymeric binder and coated onto a roll of polyester film. The aluminum
oxide layer was about 0.13 mm thick and was packed between polyester foils 0.05 mm thick
(top) and 0.08 mm thick (bottom).
OSL measurements and beta irradiations were performed using a Risø TL/OSL reader system,
model TL/OSL-DA-20 [4], equipped with blue stimulation light (470 nm), bi-alkali EMI
9235QA photomultiplier tube and Hoya U-340 filters to block the blue light. The OSL
readout consisted of stimulating the dosimeters for 600 seconds while recording the
luminescence from the samples.
Beta irradiations were performed in SCK•CEN using the

90

Sr/90Y source from the Risø

TL/OSL reader (124 ± 8 mGy.s-1 on July/2012).
Irradiations with 5, 7, 9, 12 and 14 MeV electrons and 6 and 15 MV photons beams, with
nominal given dose of 1 Gy, were performed at the UZ Turnhout. For the setup of the
irradiations Source-to-surface Distance (SSD) was 90 cm and the measurement was
performed at a depth of 10 cm and field size of 10 cm x 10 cm.
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Figure 6. a) Al2O3:C white powder and transparent polymer and b) Droplets (lower samples)
compared to Luxels (bigger and upper samples).
Droplets and Luxels were bleached prior to any test by exposing them to the blue light source
from the Risø reader, for 1000 seconds at full LED power.
OSL measurements used the following protocol:


Luxels – LED 50% power for 600 seconds



Droplets – LED 50% power for 600 seconds



Calculation of the background signal: average of the last 20 seconds-signal.
20



Total integrated value: average of the 600 seconds-signal minus the background.
600



Peak value: average of the first two seconds-signal minus the background.
2

Results
The Al2O3:C droplets were characterized using

90

Sr/90Y sources and electron and photon

medical beams - Artiste accelerator from Siemens– at several energies. The droplets were
compared to the commercially available OSL detectors LuxelTM. OSL readout was performed
using a Risø TL/OSL reader system model TL/OSL-DA-20, equipped with blue stimulation
light (470 nm), a bi-alkali EMI 9235QA photomultiplier tube and a Hoya U-340 filter.
Al2O3:C is not tissue equivalent (Zeff=11.3) as it would be expected for a good dosimeter. It
has a higher mass energy absorption coefficient than tissue, water or air for X-ray energies
below 400 keV. For energies typically used in therapy (electrons and photons) the energy
dependence is not a major concern. Preliminary results already showed high-precision
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measurements (experimental standard deviation of 0.7%) in radiotherapy, when using
LuxelTM[5].
The samples were irradiated with medical beams and read in the Risø TL/OSL reader
(XMedBeam), then the same samples were completely bleached with the blue leds sources from
the Risø TL/OSL for 1000 seconds and irradiated during 5 seconds (610 mGy) with the
90

Sr/90Y source. New OSL measurements were then made (XCalib) and used as calibration

factors for the XMedBeam. As a result, doses were calculated (using the Total and Peak value, as
explained in the previous session) and compared to the nominal received doses (1 Gy for all
the medical beam irradiations) as can be seen in Figure 2. Each data point is an average of 6
measurements using different detectors.

Figure 2. Calculated dose from the droplets irradiated in electron (blue) and gamma (green)
medical beams. The graph presents the calculated doses using the Total OSL value.

Discussion
When analyzing the results obtained with electron beams we did not find any dependence
with respect to energy. The average dose, for all the energies used, is (1.01±4%) Gy and the
highest deviation of 5% is observed at 14 MeV. The minimal deviation of 3% is found at 9
MeV.
For gamma beams, the average dose for the two energies gives (1.07±3%) Gy. The highest
deviation, 11%, can found at 6 MeV. At 15 MeV the deviation was not greater than 5%.

325
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Conclusion

Promising results were obtained in this study, showing that arbitrary shaped OSL dosimeters
can be fabricated with fine Al2O3:C powder. This offers the possibility of performing one
and/or 2D dosimetry with high spatial resolution, particularly important in steep dose
gradients, which are common in conformal radiotherapy. The dosimetric precision was
above95% for all the measurements, except at 6 MeV X-rays.
Further investigation is currently focused on improving the homogeneity in distribution of the
powder per sample and the development of a dedicated reader, optimized for small sized
detectors.
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TECHNIQUES- SPECT/CT AND PET-CT AND IS THERE ANY
ADVANTAGE OF THEIR APPLICATION?
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Abstract

The hybrid imaging methods- Single photon Emission Tomography-Computer Tomography /
SPECT-CT / and Positron Emission Tomography-Computer Tomography / PET-CT/ allow
receiving of combined image of two different techniques. In such a way it is possible to
superimpose detailed anatomical image of the multislice spiral computer tomography with
specific and sensitive molecular images of the SPECT and PET in a single study, allowing
utilization of the full possibilities of the both techniques. They have advantages and
disadvantages, which basically stem from the differences in the used radiopharmaceutiacls
and their physical properties. In PET-CT – positron emitters are applied, most often 18F and
11C, while in SPECT-CT – single photon emitters, most often 99mTc and 131I. A disadvantage
of PET is a high cost, which is produced in cyclotron and its logistics is complicated. The
great advantage of PET is its better spatial resolution, compared to SPECT, because of the
possibility for simultaneous detection of pared photons and better registration. These
techniques, especially PET-CT are nowadays the most increasing imaging methods in the
world in making diagnosis, staging and following the effect of treatment in patients with
oncological, neurological, cardiological, orthopedic diseases and infections. Recently, they
are applied for the purposes of radiotherapy planning on the basis of the metabolically active
tumor. As a final result, compared to the conventional techniques- rentgenography, CT and
MRI, it is possible in many cases to make an early and more precise diagnosis, saving
patients’ time and using most appropriate treatment. As a conclusion it is clear, that the
hybrid imaging has future and its application will increase.
The subject of nuclear medicine / NM / is the clinical application of the radiopharmaceuticals
for diagnosis and therapy of the patients. Using diagnostic methods, objectively organ
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function could be visualized and evaluated. The therapeutic methods can be applied in
diseases, refractory to other treatment methods.
Using NM methods makes it possible:
 to diagnose the disease in the earliest stages before morphological changeshave

occurred, which could be detected using computer tomography / CT/ or magnetic
resonance imaging / MRI /
 to make whole body investigation and to see the spread of the disease
 to give qualitative information for the organ’s function

Nowadays the most often used instrumentation in NM are gamma cameras / planar-for a two
dimensional or tomographic-for a tree dimensional functional image / and hybrid scannersSPECT-CT / single photon emission computed tomography, combined with computer
tomography, using gamma emitted radiopharmaceuticals / and PET-CT / Positron Emission
Tomography,

combined

with

Computer

Tomography,

using

positron

emitted

radiopharmaceuticals.
Worldwide the application of NM diagnostic and therapeutic procedures are increasing thanks
to the quick development of the multimodal diagnostics SPECT/CT and РЕТ/СТ for making
diagnosis, staging and therapeutic control of the number of oncological and non-oncological
diseases / 1 /.
Advantages of the hybrid imaging, using PET/CT and SPECT/CT are as follows:
 They give complex information for the structure and function of the organs
 They shorten the time for making diagnosis and consequently the initiation of therapy
 The scintigraphic images are with a higher quality because of a correction of the

attenuated gamma rays through CT
 A precise localization of the pathological changes

is possible and absolutely

necessary for surgery and radiotherapy
 Receiving whole body imaging it is possible to give very important information for

making diagnosis, spread of the disease, for determination of the most adequate
therapy and to follow its effect.
The differences between SPECT/CT and PET/CT are:
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 They use different emitters: SPECT-only gamma emitted radioisotopes and PET-

positron emitted.
 Most often used isotopes for SPECT are 99mTc and 131I and for PET- 18F and 11C.
 The most common use of CT in both techniques is for a higher quality and a higher

specificity of the scintigraphic image, because of the correction of the attenuated
gamma rays and a possibility for a precise localization.
 SPECT/CT is ten times less expensive than PET/CT
 SPECT/CT gives less radiation burden to the patient than PET/CT
 PET has better spatial resolution / around 5mm / compared to SPECT / around 10mm

/, because of the possibility for a simultaneous detection of pared photons and better
registration
The final result of the use of the hybrid scanners is the higher diagnostic accuracy.
Principal application of

SPECT/CTare in the field of cardiology, oncology and

orthopedics,but nowadays its application is expanding for the visualization of thyroid masses,
parathyroid glands, brain pathology, inflammatory processes and recently also for the
radiotherapy planning in order to irradiate only tumor volume and sparing neibourghing
healthy tissue /Fig.1/.The literature data show that nearly 35% ofSPECT-investigations have
to be combined with СТ for an increase of the specificity.As a final result- the interpretation
has changed in 56% of the patients and in 26% of them there are principal mismatches / 2 /.

329
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Figure 1. Whole body SPECT-CT with series of tomographic slices of a patient with thyroid
cancer and metastasis in bones and neck lymph nodes.
Nowadays PET/CT, which is a new hope in oncology, is considered as“One-stop oncology
shop “, as it gives exept metabolic / functional /, but also morphological
/ anatomical / organ changes, as well as blood flow and perfusion, using contrast enhanced
images.The most often used radiopharmaceutical is18F]-FDGq, which is a glucose analog
and a precise information for the cells glucose metabolism is achieved / 4 /. In the tumor cells
it is highly upstaged.
The main applications of PET/CT are /5/:
 In diagnosis for differentiation of benign from malignant tumors of the lungs

and pancreas/ Fig.2 / and for searching of a tumor with unknown localization,
as well.
 For staging of tumors, using the possibility of whole body imaging for

visualization of local recurrence and distant metastases of breast, lung,
gastrointestinal tract, head and neck cancers, lymphoma, melanoma.
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Figure 2. PET-CT of a patient with rectal cancer and a liver metastasis
 For determination of the type of therapy, for following its effectiveness and

determination of patient’s prognosis
 For radiotherapy planning

Often with PET/CT are visualized metastasis that are not diagnosed with the other imaging
methods, which changes the therapy and prognosis of the patient. As a whole, this technology
changes the therapy in 40% of the patients and quit surgery in 30% of them. Nowadays it is
the most quickly developing imaging method. As a final result, compared to the conventional
techniques- rentgenography, CT and MRI, it is possible in many cases to make an early and
more precise diagnosis, saving patients’ time and using most appropriate treatment. As a
conclusion it is clear, that the hybrid imaging has future and its application will increase.
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Abstract

The most basic and sensitive routine quality control (QC) of gamma camera is that of
intrinsic flood–field uniformity. The routine QC test must be assessed daily and any
nonuniformity must be eliminated before patient testing toeliminate artifacts and falsepositive or false-negative patientresults.
The purpose of this study was to compareuniformity analysis results for scintillation crystal
hydration with symmetric and asymmetric energy windowon the Siemens Symbia T2 SPECTCT camera. Integral and differential uniformity analysis was performed by placing a point
source

99m

Tc in front of the detector with removed collimator to measure the effect of

correction matrix, a count rate and activity volume on intrinsic uniformity. A15% energy
window set symmetrically over the

99m

Tc photopeak is equivalent to 140±10% keV or a

window spanning 126-154 keV. The results, received from Detector 2 gave the following
uniformity parameter values:
Both asymmetric energy window images show clearly multiple focal spots due to
crystalhydration: discrete hot spots in the asymmetric low window image and discrete cold
spots in theasymmetric high window image. The above results are not seen yet on the
symmetric window image.We had replaced Detector 2 in order to avoidspotsbecome visible in
flood images obtained with the clinical energy window. The uniformity of a gamma camera is
maybe the most important parameter that expresses the quality of the camera’s performance.
Non uniform areas in the field of view can result in misdiagnosed patients and low quality of
clinical services.
Introduction

Uniformity test is the most common practice in present gamma camera quality control
procedures, suggested by NEMA (National Electrical Manufacture Association), IAEA
(International Atomic Energy Agency) [3, 5]. Uniformity is a measure of camera’s response
*
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to uniform irradiation of the detector surface.The routine quality control (QC) test must be
assessed daily and after each repair, it must be critically evaluated and any non-uniformity
must be eliminated before patient testing toeliminate artifacts and false-positive or falsenegative patientresults. The intrinsic uniformity is the response of the system without a
collimator to a uniform flux of radiation from a point source, to monitor the condition of the
NaI crystal and electronics. Two different uniformity parameters shall be determined: integral
uniformity and differential uniformity. Integral uniformity is a measure of the maximum pixel
count deviation in the central field of view (CFOV) or useful field of view (UFOV).
Differential uniformity is a measure of the maximum deviation over a limited range designed
to approximate the size of a photomultiplier tube.The purpose of this study was to
compareuniformity analysis resultswith symmetric energy window, asymmetric energy
window set low and asymmetric energy window set highon the Siemens Symbia T2 SPECTCT camera[4, 7].
Materials and Methods

Integral and differential uniformity analysis was performed by placing a point source 99mTc in
front of the detector with removed collimator to measure the effect of correction matrix,
source-to-camera distance, a count rate and activity volume on intrinsic uniformity. NEMA
(2001) and IAEA (1991) approach for the measurement of intrinsic uniformity was followed
[3, 5]. The integral uniformity represents the maximum pixel count rate change over the
indicated field of view expressed as percent. The differential uniformity is the maximum
change over a five pixel distance in the X or Y direction thereby representing the maximum
rate of change of regional count rate. A 15% energy window set symmetrically over the 99mTc
photopeak is equivalent to 140±10% keV or a window spanning 126-154 keV.
Results

The results, received from Detector 1 gave the following uniformity parameter values:
The integral uniformity for the CFOV was found to be between 2.77% and 3.01% while the
integral uniformity for the UFOV was between 3.52% and 3.54% . The differential uniformity
for the CFOV was between 1.57% and 1.70% while that of the UFOV was between 2.45%
and 2.00% .
The results, received from Detector 2 gave the following uniformity parameter values:
The integral uniformity for the CFOV was found to be between 10.05% and 9.46% while the
integral uniformity for the UFOV was between 10.86% and 10.12% . The differential
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uniformity for the CFOV was between 7.09% and 7.72% while that of the UFOV was
between 7.07% and 7.76% . Both asymmetric energy window images for Detector 2 show
clearly multiple focal spots due to crystalhydration: discrete hot spots in the asymmetric low
window image (Fig.1 A) and discrete cold spots in theasymmetric high window image (Fig.1
B). The above results are not seen yet on the symmetric window image. We had replaced
Detector 2 in order to avoidspotsbecome visible in flood images obtained with the clinical
energy window (due to a defect within the crystal itself).
Figure 1.

A. 10% asymmetric low energy window B. 10% asymmetric high energy window
Discussion

The hydration on this camera was discovered during acceptance tests [5, 6, 7]. Thisexample
stresses the importance of checking the detector thoroughly at acceptance testing, and ofbeing
prepared for unexpected results. For confirmation of crystal hydration, additional images
should be made with anasymmetrically positioned energy window [4]. The hydrated areas
will appear more obviously as hotspots on the asymmetric low image and in the
corresponding positions as cold spots on the asymmetrichigh image [6].
Conclusion

The uniformity of a gamma camera is maybe the most important parameter that expresses the
quality of the camera’s performance[1, 2]. Non uniform areas in the field of view can result in
misdiagnosed patients and low quality of clinical services. Thus, it is essential to perform
regular checks to ensure optimal performance of the gamma camera. Gamma cameras require
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regular testing, responsible operation and expert knowledge of it’s governing principles to
make sure that it’s performance stays within clinically acceptable levels.
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Abstract

Radiopharmaceuticals are used in nuclear medicine in a variety of diagnostic and therapeutic
procedures and generally delivered to the patient via intravenous injection. 201Tland99mTC are
the two most used radiopharmaceuticalsinnuclear medicine. The maximum activityinjectedto
the patientinnuclear medicine for

201

Tl and99mTc is 5 and 20-25 mCi respectively. In this

research by using Monte Carlo method and MCNPX code the absorbed dose to Gonads due
to drop of Radiopharmaceutical on foot thigh during injection to the patient has been
calculated. The activity of

201

Tland99mTC has been considered 1 and 5mCi respectively. The

amount ofabsorbed dose in gonads for 99mTc for male and female during 8 hours of work has
been measured 0.37 and 0.055 µSv respectively. Also the amount ofabsorbed dose for

201

Tl

duringworking hours at first day, second day and third day after workfault for male has been
measured 0.387, 0.308 and 0.246 μSvand for female 0.06, 0.048 and 0.038µSv respectively.
The total dose inthese threeworking days for male and female has been 0.941 and 0.146 µSv
respectively. Since absorbed dose of gonads was far enough from the limits of ICRP, so it can
be concluded that if a fault work occurs and even staff does not be aware there is no need to
treat him.
Introduction

Radio-pharmaceutics are used in nuclear medicine in a variety of diagnostic and therapeutic
procedures and generally delivered to the patient via intravenous injection. Nuclear medicine
continues to employ radio-nuclides such as 99mTc, 18F, 111In, 123I, 131I, 201Tl, etc. in diagnostic
procedures. Such procedures are used to scan bone, cardiovascular, thyroid, liver and etc. [1].
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In this research

201

Tl and

99m

TC were used.

201

Tl and

99m

Tc are two favorite gamma emitter

radioisotopes in nuclear medicine which are widely used as approved radioimaging drugs in
nuclear medicine imaging procedures [2]. The maximum injected activity to the patient in
Nuclear medicine for 201Tl and 99mTc is 5 and 20-25 mCi respectively. Inthis study, by using
Monte Carlo method and MCNPX code, absorbed doseofthegonadsfor male and female due to
drop of radiopharmaceutical on foot thigh during injection to the patient has been calculated.
Materials and Methods
1) Monte Carlo simulation

In this study, to simulate the gonads and estimation of absorbed dose, MCNPX method was
used. MCNP is a general purpose Monte Carlo radiation transport code designed to track
many particle types over broad range of energies [3].
Stimulation of source

Source as a disc with a size of 1 cm in diameter was considered one time coated by
the second time by
(p,3n)

201

Pb.

99m

Tc.

201

201

Tl and

Tl is a produced cyclotron radioisotope by the reaction of

201

Pb decays by a 9.4 h physical half-life to

201

203

Tl

Tl by electron capture and β+

emission [4]. 201Tl decays by electron capture to 201Hg, which emits x-rays primarily at 68-80
keV but also gamma-rays at 137 and 167 keV with a mean percentage per disintegration of
94.5%, 3%, and 10%, respectively. 201Tl has a half-life of 73.1 h.
Table 1. Principal Radiation Emission Data [5]
Radiation

Mean %/Disintegration

Mean Energy (KeV)

Gamma

3

137

Gamma

10

167

Mercury X-rays

94.5

68-80

99m

Tc with a half-life of 6.02 h and gamma-ray spectrum with an energy peak at 140.5 keV

has a vast application in nuclear medicine [6,7]. More than 85% of administered
radiopharmaceuticals are produced from 99mTc [6].
Stimulation of body

In simulationofbodyphantomthree important parts means head,trunkandlegswere considered.
Toview theseparts, cylindersmade ofPlexiglaswith a thickness of0.5 cm, filled of water were
considered. A cylinder witharadius of9.36cm andheight of24 cmfor head, a cylinder
witharadius of15.86cm andheight of70 cmfor trunk andacylinder witharadius of15.86cm
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andheight of80 cmfor legs were used (Figure 1).

Figure 1. Phantomof the adulthuman bodymade ofPlexiglasandwater
Simulation of ovaries

Due to moresimilarity of body with cylindrical shape, female'sovaries were considered as
cylinder. Ovarieswithradius of 0.8 cm andheight of 4.5 cm were simulated[8].

Figure 2. Ovarieswithradius of0.8 cm, height of 4.5 and density of 1g/cm3 (Due to proximity
of soft tissue density to water density) [8].
Simulation of testes

In simulation of testes the recommended sizes by MIRD-Phantom were used.

338
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Testes

Figure 3. Viewsfrom front and side
2-Dosecalculations
The principal quantity of interest in internal dosimetry is the absorbed dose, or the dose
equivalent. Absorbed dose, D, is defined as :
D = dε/dm
Where dε is the mean energy imparted by ionizing radiation to matter of mass dm. The units
of absorbed dose are typically erg/g or J/kg. The special units are rad (100 erg/g) or gray (Gy)
(1J/Kg = 100 rad = 104 erg/g). the dose equivalent, H, is the absorbed dose multiplied by a
quality factor, Q, the later account for the effectiveness of different types of radiation in
causing biological effects:
H = DQ
Because the quality factor is in principle dimensionless, the pure units of this quantity are the
same as absorbed dose (i.e. erg/g or J/kg). However the special units have unique names,
specifically the rem and sievert (Sv). Values for the quality factor have changed as new
information about radiation effectiveness has become available. Current values, recommended
by ICRP (30), are given in Table 2.
Table 2. Quality factors recommendedIn ICRP 30 [1].
Radiation type

Quality factor, Q

Alpha particle

20

Beta particles

1

Gamma rays

1

X-rays

1

Both the F6 and *F8 tallies of MCNP code can be used for determination of absorbed dose by
MCNP method. In this study F6 tally was used to calculate absorbed dose [7]. Following
formula to calculate the absorbed dose have been used.
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Dγi = DEi-F6 ×1.602 × 10-10
Where Dγi is photon dose in the cell i (J kg-1or gray) and DEi-F6 is deposited energy of photons
in the cell i which was estimated by the F6-tally. Because absorbed dose obtained in the
MCNP code is for one particle this value was multiplied in the activity. Following formula to
calculate the cumulated activity at during 8 hours of work has been used.

Where A is the cumulated activity and A0 is the activity at time t0 [9].

Table 3. Activity 99mTC and 201Tl at the different times
99m

TC

201

Tl

t=0

18.5×107

3.7×107

t=24h

-

2.952×107

t=48h

-

2.35×107

Results
The amount ofabsorbed dose in gonads for 99mTc for male and female during 8 hours of work
has been measured 0.37 and 0.055µSv respectively. Also the amount ofabsorbed dose for
201

Tl duringworking hours of first day, second day and third day after workfault for male

0.387, 0.308 and 0.246 µSv and for female 0.06, 0.048 and 0.038µSv has been measured
respectively. The total dose inthese threeworking days for male and female has been 0.941
and 0.146 µSv respectively.
Discussion & Conclusion
Since absorbed dose of gonads was far enough from the limits of ICRP, so it can be
concluded that if a fault work occurs and even staff does not be aware, there is no need to
treat him.
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Abstract

According to the current and previous regulation related to the safety use of ionizing
radiation, the personnel involved must obtain special qualification in radiation protection. In
Hungary the radiation protection trainings are performed by appropriately certified training
centers on basic, advanced and comprehensive levels. Certification of the training centers is
given by the competent radiological health/radiation protection authority. The Office of the
Chief Medical Officer is the certifying authority for advanced and comprehensive levels’
trainings, as well as competent Regional Radiological Health Authority is responsible for
basic level courses.
The content and length of courses are specified in the regulation for all three levels of
industrial, laboratory and medical users, in general.
Some of the universities, technical and medical oriented are certified for advanced training
for students as gradual course.
Recently in Hungary there are 47 certified training centers for advanced and comprehensive
courses, where the trainers should have a five years job experience in radiation protection
and successful completion of comprehensive level course in radiation protection.
Introduction

It is generally accepted that the radiation protection training for the users of ionizing radiation
and radioactive isotopes is necessary for several reasons. On all of the areas of the use of the
ionizing radiation and the radioactive isotopes the knowledge in radiation protection is
necessary to keep the exposure of radiation workers on a justified level. Especially on the area
of the medical application the qualification is one of the tools of the patients’ dose
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optimization and to the decision of the justification related to the given intervention. The
employer's radiation protection qualification together with excellent expertise meant to ensure
that the activity entails more benefit than harm.
The International Basic Safety Standards for Protection against Ionizing Radiation and for the
Safety of Radiation Sources (BSS) [1] established general requirements for training,
experience and recognition, gave safety orientation to national regulators in this topic.
Publication of Radiation Protection No. 116. also giving useful guidelines to establish the
curriculum for different levels of training and retraining courses.
In Hungary, radiation protection training for radiation workers has been introduced in very
early, just following the publication of the ICRP recommendation No. 26 [2]. Since 1988,
radiation protection training regulated by the Ministry of Health and required for all of the
workers in radiation workplaces licensed by the authority the State Public Health and Medical
Officers Service. The Order No. 7/1988 of Ministry of Health and Social Affairs [3] required
the necessity, demanded level, fitted to responsibility and risk, as well as the frequency of
radiation protection training.Recently, theDecree No. 16/2000. (VI. 8.) EüM [4] of the
Minister of Health on the enforcement of Clauses of the Nuclear Law CXVI/1996 regulates
the radiation protection training of radiation workers on a comprehensive way. Annex 4 of
Decree sees about radiation protection training and in-service training: „Persons performing
conducted work in the field of the use of the nuclear energy and any other work within legal
relationship shall be educated in training and in-service training at an interval of 5 years.”
Materials and Methods

According to the regulations, three levels of courses required for radiation workers; basic,
advanced and finally the comprehensive level. Basic level radiation protection training shall
be provided for those employees do not work with radiation sources. Comprehensive RP
training shall be provided to workers involved in medical, industrial, research application of
open and sealed radiation sources, handling the source independently or supervising such
practices. Comprehensive training required for radiation protection experts (RPE) who are
designing the radiation protection of workplaces, also to whom are designing and performing
or supervising radiation therapy. The requirement is the same for members of regulatory
control, decision makers in nuclear emergency management, as well as trainers and
supervisors of advanced and comprehensive training. Several institutions are involved in
performing radiation protection training, such as universities, scientific institutions, Regional
Radiological Health Centers, private enterprises etc. All training course material is subject to
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accreditation by Office of the Chief Medical Officer (OCMO). At the end of RP training a
written or oral examination shall be performed by the trainer, together with the invited
representative of the OCMO and finally the successfully trained donated a certificate.
In this publication, the data related to the training period 2005-2011 were collected with a
questionnaire method directly from the accredited training providers and processed.
Results

Between 2005 and 2011, first or refresher radiation protection courses were completed by
20069 persons (workers or graduated students) altogether. Most of them (70%) worked in the
field of medicine or industry and acquired advanced radiation protection qualification.

Figure 1. Number of individuals successfully passed the first (left) and refresher (right)
coursesbetween 2005 and 2011
The number of people performed first and refresher courses are 9958 (53%) and 8839 (47%),
respectively. Considering the education levels, there are significant differences between the
first and refresher courses (Figure 1.). Most of the people trained on first courses work in the
field of medicine (72%) and completed an advanced level course. Regarding refresher
courses, this ratio is much lower.
Distribution of the number of trained persons working in the field of medicine can be seen in
Figure 2. It is important to recognize, that on the vertical axis of the graph there is logarithmic
scale because of the great differences of the presented values. During the period examined,
altogether 12273 medical workers completed first courses (4773) and refresher courses
(7936). Most of workers were from the human radiology and completed an advanced
radiation protection course (52%). The number of trained persons from the field of veterinary
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radiology, radiotherapy, nuclear medicine and on comprehensive level is much lower,
implicitly.

Figure 2. Number of individuals successfully passed the medical profession courses
between 2005 and 2011

Figure 3. Number of individuals successfully passed the first and refresher courses
between 2005 and 2011
A temporal analysis of radiation protection education can be performed by the Figures 3-5. It
can be seen that from 2005 till 2009 there was a steady increase in the number of persons on
the advanced level courses, but from 2009 a decrease can be observed. The reason can be a
statistical fluctuation or some kind of periodicity. The same trend can be found for the
comprehensive radiation protection education. The number of persons on the basic level
educations can be considered constant in time.
The trend in the number of persons on the advanced level courses can be explained by the
same trend in the medical field (Figure 4.)
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Figure 4. Number of individuals trained between 2005 and 2011
sorted by profession
In Figure 5. the distribution of the educated persons in the field of medicine can be seen.
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medical

No. of individuals

Adv. lvl.,
nucl. med.
Adv. lvl.,
radiotherap
y
Adv. lvl.,
veterinary

Year

Adv. lvl.,
human rad.

Figure 5. Number of individuals trained in the field of medicine
between 2005 and 2011 sorted by specialisation
Conclusion
It can be concluded, that radiation protection education system in Hungary is harmonized with
the international recommendations and regulations. The trainers are qualified experts of
radiation protection. The radiation protection courses are licensed and controlled by
competent radiation protection authority. More than 90% of workers obliged to regular
radiation protection education have the adequate radiation protection knowledge. However,
there is always need to improve the effectiveness of radiation protection education. We try it
by specialization of the curriculum of radiation protection courses to the different type of
workplaces.
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Abstract

Ensuring minimal risk of personnel exposure without exceeding the dose limits is the main
task of the General Program for Radiation Monitoring of Nuclear Scientific Experimental and
Education Centre (NSEEC) with research reactor IRT. Since 2006 the IRT-Sofia is equipped
with a new and modern Radiation Monitoring System (RMS). All RMS detectors are
connected to the server RAMSYS. They have online (real-time) visualization in two
workstations with RAMVISION software.
The RMS allows the implementation of technological and environmental monitoring at the
nuclear facility site. Environmental monitoring with the RMS external system includes
monitoring of dose rate; alpha and beta activity; radon activity; Po-218, Po-214, Po-212
activity; gamma control of vehicles. Technological control of reactor gases includes: Alpha
beta particulate monitor; Iodine monitor; Noble gases monitor; Stack flow monitor.
The General Program based on the radiation monitoring system allows real-time monitoring
and control of radiation parameters in the controlled area and provides for a high level of
radiation protection of IRT staff and users of its facilities. This paper presents the technical
and functional parameters of the radiation monitoring system and radiation protection
activities within the restricted zone in IRT facilities.
Introduction
Radiation and radioactive substances have many beneficial applications, ranging from power
generation to uses in science, medicine, industry, and agriculture. The radiation risks to
workers, the public and the environment that may arise from these applications have to be
assessed and, if necessary, organizational and technical measures for radiation protection have
to be developed and implemented in depth.
Radiationsafety in allactivities at theIRT-Sofia premises and facilities (regular maintenance
and refurbishment works; work withsourcesof ionizingradiation)is secured in the General
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Program (GP) by comprising a set oftechnical and organizationalresources andactivities
related to theimplementation of theALARA principle. The main objectiveof the GP for
radiation protection at NSEEC is to createconditions so that theradiation exposureof the staffis
kept at a reasonably achievable level, which is lower than the limits set in regulations [1, 2].
The GP takes into account the resources of the modern Radiation Monitoring System (RMS)
for environmental and technological monitoring of IRT-Sofia delivered in the frames of the
BUL/04/14 “Refurbishment of Research Reactor” 2005-2010 Project supported financially by
the PHARE program in 2006. The research reactor IRT-Sofia is under major reconstruction
and the GP performance was proved successful during the execution of the partial dismantling
of reactor components and shipping of spent fuel.
Basic characteristics of RMS
The detector units of the RMS are placed in control posts distributed on the site (Figure 1).
Environmentalmonitoring via the RMSexternal systeminvolves: monitoring of gamma dose
rate, alpha and beta activity, radon activity, Po-218, Po-214, Po-212 activity; gamma control
of vehicles. Technological control of gaseous effluents includes alpha beta particulate
monitor, Iodine monitor, noble gases monitor and stack flow monitor.

Figure 1. Scheme of radiation monitoring stations in IRT-Sofia
Gammabackground is measuredcontinuouslyin all sixcontrol stations using gamma radiation
monitorsGIM-204 mountedtwo metersabove the ground (Figure 2). All gamma monitorsare
connectedand are part ofRMS (Figure 3). The GIM-204 employs a silicon detector and
operates in the range(IEC 60532) from 10-6 to 10 Sv/h for energies ranging from 60 keV to 3
MeV.
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Figure 2. Gamma monitor GIM 204

Figure 3. Principal scheme for connection with gamma monitor GIM 204
Three aerosol monitors ABPM 201L are located in threepoints selected according to the wind
rose at the site. The ABPM 201L (Dual large area silicon detector; MILIPORE filter FSLW2)
measures alpha, beta and gamma radiation. Typical energy windows are: 2 - 10 MeV for
alpha, 80 keV to 2.5 MeV for beta, and 80 keV to 2.5 MeV for gamma, typical energy range:
alpha 10-2 to 3.7x106 Bq/m3, beta 1.0 to 3.7x106 Bq/m3.
The monitoring of the restricted zone in reactor hall to this moment includes two personal
whole-body contamination monitors, mobile alpha beta particulate monitors and mobile noble
gas monitors (Figure 4). The mobile monitors may be connected to a laptop and the data from
the measurements can be visualized in respect to the particular needs by using the possibilities
offered by the RAMVISION software. All the detectors of the RMS have connection with a
RAMSYS server. They have online (real –time) visualization in two workstations with
RAMVISION software (Figure 5).
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Figure 4. Mobile ABPM 203 M and NGM 209 M

Figure 5. Scheme of RMS structure
Monitoring of gaseous effluents is done by a PING SYSTEM (Figure 6) which includes:
alpha-beta particulate monitor ABPM 201 L, Iodine monitor IM 201L, Noble Gas monitor
NGM 204, and Ultrasonic flow rate sensor.
The monitor NGM 204 (dual large area Si; sampling chamber 300 ml) detects β and γ
radiation. Typical energy windows: β 80 keV to 2.5 MeV, γ 80 keV to 2.5 MeV. Typical
measurement range: 85Kr 3.7x10+4 to 7.4x10+13 Bq/m3; 133Xe 3.7x10+4 to 3.7x10+12 Bq/m3.
The monitor IM 201L (11/4”x1” NaI (Tl) scintillator +PMT, Iodine cartridge: 57.7 mm)
detects γ radiation in energy range 100 keV to 3 MeV. Typical energy windows: 314 - 414
keV (131I, Eγ 364.5 keV); 1024 channels spectrum. Typical measurement range: 3.7 to
3.7x10+6 Bq/m3.
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Figure 6. PING monitoring system
The RM Program of the NSEEC - IRT-Sofia at the Institute for Nuclear Research and Nuclear
Energy of the Bulgarian academy of sciences includes the following sections: a) Identification
of relevant safety criteria; b) Operational limits and conditions; c) Preliminary analysis of
abnormal events and incidents; d) Assessment of potential consequences.
Results
All the measurements (gamma background, aerosol activity) in the observed zone of the
NSEEC site demonstrate that before, during the preparations for shipment of spent nuclear
fuel (SNF), in the course of the partial dismantling of IRT components and after all other
operations and occupation of personnel related with radioactive waste treatments and interim
disposal, the gamma background did never exceed the normal level. Figures 7 and 8 illustrate
that during the SNF removal from the site the controlled parameters levels were well below
the national regulation limits, even in the reactor hall where the works took place.

Figure 7. Gas (left panel) and Alpha (right panel) activity in Reactor hall during SNF
shipments
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Figure 8. Gamma Dose rate in Reactor Hall during SNF shipments
The results from the measurements from the control posts at the research reactor site are
transmitted daily to the National Regulatory Agency and from the beginning of January 2011
they are submitted also to the Executive Environment Agency of the Ministry of Environment
and Water of Bulgaria.
Conclusion
The automated radiation monitoring system provides for early detection of abnormal
radiological incidents and accidents. Integrating this system into the national system for
continuous monitoring of the environment will be of help for a quick assessment of the
radiological status at the NSEEC site in Sofia and in taking adequate management decisions.
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Abstract

Effective Individual dosimetric control is the main goal of the Program for radiation
protection of IRT personnel of the Nuclear Scientific Experimental and Educational Centre
(NSEEC). Strict rulesfor work with sources of ionizingradiation on the nuclear facility
territoryare imposed in full compliance with the currentEuropean and nationallegislation. We
report on the experienceaccumulated in the field of radiationprotection of personnel and
environmental monitoring.
The staff safety is provided for by using two types of individual dosimeters (TLD and
electronic) and two RTL whole-body contamination monitors. The controlof the workplace
environmentand monitoring of the radiologicalstatusis achievedby a stationary radiation
monitoring system providing continuous monitoring of reactor workplace and its
surroundings by continuousmeasuringof gammabackgroundand aerosols and by analyses
ofenvironmental samples(aerosols, soils,plants, underground water and rainfall) collected in
the protected area. Portable devices for measurement of equivalent dose rates and surface
activities are used regularly in time on a planned basis.
Radiation protection of personnel is demonstrated by data obtained during the partial
dismantling of the IRT-2000 equipment. The results show lack of contamination,which prove
thereliability of themeasures taken to ensuretheemployees’safety during thedismantling
activities. The results obtained for the radiation status of the site during the last year are also
presented. The data show that the radiation situation is normal and all monitored parameters
are in the range of norms limits. Thus, the individualdosimetriccontrol andenvironmental
monitoring are effective andprovide safeenvironment forprofessionals andpeople innearby
areas.
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Introduction
One of the main components at realization of the all-round monitoring of ionizing radiations
at action of radiation and radioactive materials is the individual dosimetric monitoring of
workers and public. The dosimetric monitoring enables the protection of safety and health of
personnel working with sources of ionizing radiation and allows the assessment of actual
exposure of humans.
Another important part of the all-round monitoring is the control of environmental conditions
because it contributes to the reliability and quality of the initial scientific foundations on
which any measures will be based and developed. Deviations from the typical mean values of
the environmental parameters can be considered as a primary signal of threats. Therefore,
environmental monitoring and dosimetric control of the personnel can be successfully used to
obtain reliable information about workplace conditions.
The safety of the IRT-Sofia personnel and NSEEC staff is ensured by strict rules, which are in
accordance with the European and national legislation [1-3]. Control of the working
environment and the radiological status at the IRT area is performed through continuous
measuring of gamma background and analysis of environmental samples collected at the
protected area. The information on the composition, quantity, and distribution of
contaminants and on the soil cover in which they are found is a prerequisite for an unbiased
overall assessment of the current radiochemical status of the environment at the site being
studied.
The aim of this work is to present the experience of IRT professionals in the field of radiation
protection of environment and workers exposed to radiation.
Materials and Methods
Monitoring of reactor environment and surrounding laboratories is accomplished through
monitoring, measuring, evaluating and recording of dose rates, activities, volume activities,
and mass activities. It serves for checking of following the limits of allowed discharges, and
for early detection and evaluation of eventual releases, their consequences to the people
workplace's surrounding and to the environment. Monitoring of environment is performed at a
net of pre-selected observation posts, in which the quantity and distribution of effective doses
and their loads are determined. The determination is based on taken samples and
determination of radionuclide contents in air, water and in selected components of the
environment. Particular detector systems are placed at selected locations of reactor workplace.
The radiation monitoring systemis in continuous operation; at ordinary situation the data are
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recorded in the interval of one hour; if warning or emergency levels are exceeded, in the
interval of six seconds. The exceeding of warning or emergency level is indicated by acoustic
and optical signals. In case of power loss, the system is fed by standby batteries. Real time
information about gamma dose level can be displayed on the INRNE website.
Individual dosimetry control of the IRT staff is carried out using two types of individual
dosimeters – thermo-luminescent detector (TLD) and electronic direct-reading dosimeter
DMC 2000S (Merlin Gerin Provence Instruments, France) with integrated semiconductor
detector with energy response better than ± 20 % from 60 keV to 1.3 MeV for

137

Cs and

measurement range 1 µSv – 10 Sv (Figure 1a). Electronic dosimeters are reported wirelessly
using the software (DOSIMAS), and the results are entered into the database. All personnel
working in the ionizing radiation environment is provided with TLD and DMC dosimeters,
which are reported periodically. At the end of the reporting period each worker receives
information about the individual dose obtained.
Radiologicalassessment of theworkplace environment inthe IRT areais doneby measuringthe
gammabackground and monthlyanalysis oftotal betaactivityand gammaemittingnuclides in
soils, plants, aerosols, groundwaterandrainfall. Samplesare collectedfrom severalcontrol
points (CP). Aerosols are sampledusinghigh-volume air sampler VOPV-12 andPS02 pump.

a) Electronic dosimeter DMC

b) UniversaldeviceUVJ-01

c)α/β counterPIC-MDS-8

2000S and dosimeterreader
Figure 1. Laboratory equipment
Total beta activities of water, soil and plant samples are measured by universal measuring
device UVJ-01 with a Geiger detector with 0.23 cps/Bq efficiency for Sr-90/Y-90 (MK-30
Measuring Chamber) and background ≤ 2 cps, produced by VF s.r.o. Žilina
(http://www.vf.cz). The total α/β activity in aerosols is measured by Multi-Detector Systems
PIC-MDS-8

(8

detectors),

produced

by

Protean

Instrument,

http://www.proteaninstrument.com/, with background 0.03 - 0.07 cpm for alpha and 0.4 - 0.7
cpm for beta activity. Efficiency varies between 35 % and 55 % depending on energy and
geometry of sources. (Figure 1b), c)).
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Sampling and analyses are carried out by the standard methods used at the NSEEC in
compliance with ISO standards ISO 10523 (94-08-01), ISO 7888 (85-05-15) and IEC 1452M.
Results
Cumulative doses of IRT staff accumulated during the partial dismantling of IRT-Sofia,
shipping of highly active sources of ionizing radiation and performing the final radiological
survey at the NSEEC site are given in Figure 3.
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Figure 3. Cumulative dosesof IRTstaff for the period 01.2008 – 05.2011
In the last year gamma background levels and more than 100environmental samplescollected
within the monitored nuclear site were measured. Some ofthe resultsare shownin Figures 4 - 5.
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Figure 4Meanmonthly valuesof gammabackground for year 2011 as determined from the six
radiation monitoring stations set up to detect the local radiation status around the site
boundary.
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Figure 5. Mean total beta activity values in environmental samples from IRT area
Discussion

Individual dosimetry monitoring:
Figure 2 shows that the measured values for cumulative dosesof personnel that took partin the
IRT activities during the period January 2008 – May 2011 vary in the range 0.05 - 0.57 mSv.
Every three months data are obtained from TLD dosimeters and in the end of year the
individual cumulative dose of each worker is calculated. Data for the past 2011 year show that
the doses vary between 2.28 mSv and 4.67 mSv.
All doses received during the entire period are below the regulation limit of 20 mSv/y [1].

Radiological monitoringof the IRT area:
The radiation monitoring system can around the clock monitor the environmental radiation
status of the site. Meanmonthly valuesof gammabackgroundfor2011range from0.10 to0.12
μSv/h (Figure 3). No increase was observedafterthe accident at theJapanese nuclear power
plant"Fukushima I"in March 2011 and later on. At control station"Metro" the mean monthly
valueobtained after June 2011 varies between0.112and 0.115 μSv/h.The variationsare
minimal butsystematic andcould be due to the high summer temperatures and the gamma
detectors location.
Data for volumetrictotal betaactivity inaerosolsare very low (5.3 -18.2 mBq.m-3). The
minimum valueswere measured during the summerof 2011. The total beta activity in the
groundwater samples vary from 0.24 to 0.81 Bq.l-1(Figure 4). An exception is CP-1 where the
obtained values in June and August 2011 were little higher - 1.39 and 1.15 Bq.l-1respectively.
The dataobtained for the total betaactivity insoils arehigher thanthose measuredin plants,
which is normal and related tothe type ofanalyzedsamples.As can beseen from the Figure 4,
the values measured insoilsvaryfrom 577to824Bq.kg-1atCP-1 and in the interval 505 732Bq.kg-1 at CP-2. Significantly lower are the values measuredin the twoplant species-90146Bq.kg-1wet weightforSequoiadendron giganteum (redwood) and 155- 194Bq.kg358
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1

ofRobinia pseudoacacia (acacia). The minimumtotalbeta activityinrainfall(0.57 Bq.l-1) was

registeredin July andOctober 2011 and the maximum (2.77and1.62 Bq.l-1) in August
andSeptember 2011, when the temperatureswere higher andrainfalllow.
Radionuclides 40K and 137Cs were determined in a small number of samples and the measured
values are within the normal and commonly published data for soils, plants and waters
collected at different Bulgarian regions [4-6].
Conclusions
Implementing stringent regulations and strict radiation control in compliance with the
ALARA principle ensures the radiation exposure of IRT personnel to be below the regulation
limits. The comprehensive long-term monitoring of the IRT area allows obtaining accurate
information for the typical levels and concentration ranges of various parameters including
radiation level in the atmosphere and to get an unbiased assessment of the quality of
workplace environment. The amount of radionuclides being introduced into the environment,
if any, is very low; in majority of cases it is under the detection limits of measuring devices
being used, generally demonstrating a high level of environmental safety in accordance with
the requirements of existing legislation. The results prove the absence of any anthropogenic
impact in the IRT site boundaries; consequently there is no radiation exposure on residents of
nearby Sofia districts.
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Abstract

One of the most critical risks to humans in reactors environment is radiation exposure.
Around the tokamak hall personnel are exposed to a wide range of particles, including
neutrons and photons. International Thermonuclear Experimental Reactor (ITER) is a
nuclear fusion research and engineering project, which is the most advanced experimental
tokamak nuclear fusion reactor. Dose rates assessment and photon radiation due to the
neutron activation of the solid structures in ITER is important from the radiological point of
view. Therefore, the dosimetry considered in this case is based on the Deuterium-Tritium
(DT) plasma burning with neutrons production rate at 14.1 MeV. The aim of this study is
assessment the amount of radiation behind bio-shield wall that a human received during
normal operation of ITER by considering neutron activation and delay gammas. To achieve
the aim, the ITER system and its components were simulated by Monte Carlo method. Also to
increase the accuracy and precision of the absorbed dose assessment a body phantom were
considered in the simulation. The results of this research showed that total dose rates level
near the outside of bio-shield wall of the tokamak hall is less than ten percent of the annual
occupational dose limits during normal operation of ITER and It is possible to learn how long
human beings can remain in that environment before the body absorbs dangerous levels of
radiation.
Introduction
ITER is an international nuclear fusion research and engineering project, which is currently
the most advanced experimental tokamak nuclear fusion reactor at Cadarache in the south of
France. The machine is expected to get more energy out of the fusion process than is used to
*
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initiate it, something that has not been achieved with previous fusion reactors. The nominal
inductive operation produces a DT fusion power of 500 MW for a burn length of 400 s, with
the injection of 50 MW of auxiliary power with a pulse repetition period of 1,800 s. It will
perform experiments with DT plasma that will achieve the level of 1013 n.cm-2.s-1 [1, 2].
The major components of the tokamak are the superconducting toroidal and poloidal field
coils which magnetically confine, shape and control the plasma inside a toroidal vacuum
vessel. The magnet system comprises toroidal field (TF) coils, a central solenoid (CS),
external poloidal field (PF) coils, and correction coils (CC). Inside the vacuum vessel, the
internal, replaceable components, including blanket modules, divertor cassettes, and port
plugs. The tokamak hall has been shielded by a 2 meters thick bio-shield made up of
removable specific concrete.
Dose rates assessment of ITER was only considered by transport of particles emitted from the
plasma in previous analyses by Arione Ara´ujo [1]. The gamma radiation due to the neutron
activation of the solid structures in ITER is important therefore the dosimetry considered in
this case is the neutron activation due to the Deuterium-Tritium (DT) plasma burning with
neutrons production rate at 14.1 MeV. The aim of this study is evaluation the amount of
radiation behind bio-shield wall that a human received during normal operation of ITER and
assessment of dose rates by considering neutron activation and delay gammas in ITER
system. To achieve the aim, the ITER system and its components were simulated by Monte
Carlo method. Also to increase the accuracy and precision of the absorbed dose assessment a
body phantom with appropriate details were considered in the simulation.
Materials and Methods
The dose rate during operation is mainly due to the neutrons of plasma interactions, prompt
gamma photons and decay gammas emitted by the radioactive nuclides generated during
neutron irradiation. Therefore, a coupled neutron and photon transport code is needed for
calculation.
This tokamak is a complex and large machine that uses several technologies of last generation
and its project has high detail level. Nevertheless, for the simulation, the model like previous
analyses by Arione is convenient. However, to ensure the reliability of the particles transport
it was necessary to specify accurately the composition and thickness of the materials system.
The geometric model is basically built using concentric finite cylinders. The cylindrical
surfaces are 24 meters high and they have the same axial alignment. Each region between two
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successive cylindrical surfaces was filled with the appropriate material in order to represent
the different layers of each component along the radial reactor direction [1].The typical
sample of simulation for this geometric model can be seen in figure 1. The plus symbol (+) in
center demonstrates the center of symmetric simulated system. This simplified model
disregards the detailing of more complex components, omits the vertical and horizontal slits
between blanket modules and does not consider components that do not involve the whole
machine.

Figure 1. Typical sample of simulation for whole tokamak geometric model

Some of these materials have a composition of base metals or elements with specific atomic
fraction. This point should be regarded in simulation of composition materials and equivalent
density calculation. For instance Incoloy908 includes Fe, Ni, Cr, Nb, Al, Ti, Si and C. Also
Resin is composed of 70% Polystyrene and 30% Polyethylene.
In this simulation a ring shape source was defined in which its cross section was square with
0.60 m height and 0.60 m wide. The position of source was set to be in the central part of the
plasma chamber perpendicular to z-axis uniformly emitting 14.1 MeV neutrons isotropically.
This source does not take into account the plasma emissions asymmetries in the poloidal and
toroidal directions, like previous work. Considering the aims of dosimetry, this simplification is
acceptable. The parameters of emission spectrum were adjusted by suitable code in MCNPX
through the choice of standard libraries. This simulation is based on Monte Carlo method by
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using MCNPX 2.6.0 (Monte Carlo All-Particle Transport Code).The advantage of this version
is the capability of delay Gamma production and transportation that affect dose results.
The Organ Dose Measurement Using the MIRD-MIT Phantom employed a model human
head and torso, contains over 60 cells to measure absorbed dose to specific organs during
normal operation of tokamak. MIRD-MIT body phantom used in this simulation represents a
male shown in figure 2. He is comprised of the MCAT phantom plus testes, thyroid, legs,
bladder, and intestines. Dose rate has been calculated for some important organs like head,
brain, thyroid, liver, kidney, testes and skin.

Figure 2. MIRD-MIT Phantom employed in different cross section

In the simulation total dose and neutron flux evaluated by using ring detector tally because
ITER is rotationally symmetric about a coordinate axis. Ring detectors are Monte Carlo
methods used in all problems with axial symmetry. A ring detector usually enhances the
efficiency of point detectors for problems that are rotationally symmetric about a coordinate
axis [4]. Also Geometry splitting/Russian roulette variance reduction method was used to
reduce the errors. Geometry splitting/Russian roulette is one of the oldest and most widely
used variance-reducing techniques in Monte Carlo codes [5]. By using these methods relative
errors near bio-shield reduce to 3% that is acceptable accordance to the international
standards. Also the radiation doses were calculated using flux-to dose conversion factors
(DE/DF cards) based on ICRP-21 reports [5].
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Results
Neutron flux and dose rate was determined in all cylindrical surfaces along the radial machine
direction from the plasma chamber to the outer surface of the bio-shield. Also total dose on
phantom organs has been evaluated. The results are shown in tables 2 to 4.
Table 2. Neutron flux from plasma chamber to bio-shield wall (n.cm-2.s-1)
Component

Position (cm)

Neutron Flux

Plasma Chamber

602

4.132 E+13

BLK-Shield Block

875

1.691 E+12

VV-Filling

935

5.100 E+09

Vacuum

1200

9.604 E+02

Inside Bio-Shield

1432

5.597 E+02

Outside Bio-Shield

1660

1.859 E-03

Table 3. Total dose from plasma chamber to bio-shield wall (Sv/h)
Component

Position (cm)

Total Dose

Plasma Chamber

602

6.228 E+04

BLK-Shield Block

875

3.825 E+04

VV-Filling

935

5.742 E+01

Vacuum

1200

3.067 E-06

Inside Bio-Shield

1432

1.487 E-06

Outside Bio-Shield

1660

4.900 E-10

Table 4. Total dose on phantom organs (Sv/h)
Organ Name

Total Dose

Organ Name

Total Dose

Head

6.7032 E-10

Liver

9.6040 E-10

Brain

1.2024 E-10

Kidney

1.0608 E-9

Thyroid

4.0964 E-10

Testes

8.7906 E-10

Lung

5.1450 E-10

Skin

1.8889 E-10
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Discussion
One of the most critical risks to humans in reactors environment is radiation exposure.
Around the tokamak hall personnel are exposed to a wide range of particles, including
neutrons and photons. Exposure to radiation found in this field can cause cataracts, cancer,
damage to reproductive organs and the nervous system, and changes in heredity.
Conclusion
This calculation will help scientists more accurately predict the radiation exposure personnel
will experience inside their bodies, especially to critical organs. No previous work has done to
measure radiation doses in multiple, discrete locations in the body. By performing this
simulation, it is possible to learn how long human beings can remain in that environment
before the body absorbs dangerous levels of radiation. The research may lead to protective
procedures to safely prolong human exposure to radiation.
It is important to remember that the contributions due to the presence of slits between blanket
modules and also the various holes in the cryostat and bio-shield were not considered in the
calculation. These simplifications decrease the actual value that would be obtained if they
were taken into account. Also the results showed that total dose rates level near the outside of
bio-shield wall of the tokamak hall are expected to be less than ten percent of the annual
occupational dose limits during normal operation of ITER.
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Abstract

The purpose of this work is to compare the indicators and results from the analysis of samples
used for the environmental monitoring by the Department of Radiation control in Ruse during
the nuclear accidents at Chernobyl Nuclear Power Plant(1986) and Fukushima Nuclear
Power Plant (2011).120 samples (food, drinking water, vegetation, soil, water from the
Danube, bottom sediments, atmospheric deposition and air) from six districts in NorthEastern Bulgaria were analyzed. Parameters measured were total-beta activity, Cs-137, Sr90, Ra-226, U-235, at a later stage – K-40, Pb-214 and others. The results were compared
with the levels in the existing regulations and with the background levels.Measured values of
technogenic radionuclides were increased in all samples taken after the accident at
Chernobyl NPP. After three months the measured values were still high with trending to
decrease. One year after the accident at Chernobyl NPP a significant decrease has been
already seen in atmospheric depositionapproaching the normal range. In food samples high
level of activity of Cs-137, Sr-90 and total-beta activity were observed, resulting from the use
of contaminated feed.In samples analyzed after the Fukushima NPP no increase was found
above the background values. After the nuclear accident at Chernobyl NPP increased values
of radionuclides in the samples analyzed were found compared to the reference levels in the
regulation. For samples after the accident at the Fukushima NPP no increase was detected.
The results show the role of health-radiation control during emergencies - rapid detection of
high levels of radionuclides in products directly related to public health.
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Introduction
The purpose of this work is to compare the indicators and results from the analysis of samples
used for the environmental monitoring performed by the Department of Radiation control in
Ruse during the nuclear accidents at the Chernobyl NPP (1986) and Fukushima NPP (2011).
Materials and Methods
The department of Radiation control at the Regional Health Inspectorate in Ruse controls six
districts in North-Eastern Bulgaria – Ruse, Veliko Tarnovo, Gabrovo, Silistra, Turgovishte,
Razgrad.In this work 120 samples were samplled from this region. Samples were separated in
groups- food, drinking water, vegetation, soil, water from the river Danube, bottom
sediments, atmospheric deposition and air. Particular attention is given to fresh cow milk.
Radiophysical and radiochemical measurement methods were used. During the accident at the
Chernobyl NPP (1986)the following radiophysical methods were applied: measurement
activities with low background equipment for total beta activity, Cs-134 and Cs - 137, Sr - 90
and radon (Ra-226) in water. The content of natural uranium in water samples was
determinesusing radiochemical method .
During the accident at Fukushima NPP (2011) in addition to the above methods, gamma
spectrometric analysis of food, soil and vegetation was performed. Gamma spectrometer
ORTEC was used, obtained in 1991. It allows efficient detection of a large number of
radionuclides in the energy range from 80 to 2000 keV, as well as natural K-40, Cs-137, Pb214, Pb-212, Bi-214, Bi-212, Ra-226 and technogenicI-131, arising from the accident and
directly related to the internal exposure of men.
Results
Samples analyzed after the accident at the Chernobyl NPP were: atmospheric deposition,
drinking water, water from the Danube, milk, and food. Table 1 presents the average values of
the studied parameters for the periods: one month after the accident, three months and one
year after the accident.
Increased levels of technogenic radionuclides were found in all samples after the Chernobyl
accident. Three months after the accident the values continue to be high, but with a tendency
to decrease. A significant decrease is seen an year after the accident, and approximation to the
normal range of atmospheric deposition. In February-March 1987 a new increase was
observed of the total beta activity and in cesium and strontium content in food samples, in
result of the use of contaminated feed.
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Samples and measurement results after the accident at the Fukushima NPP(2011) are
presented in Table 2.
Table 1. Averagetotal betaactivity (Aβ), Cs-137, Sr-90 in water[Bql-1], milk [Bq l-1] and in
atmospheric deposition[Bq m-2] after the Chernobyl accident (1986)
Period
1-st month
3-rd month
1987
1-st month
3-rd month
1987
1-stmonth
3 - rdmonth
1987

Type ofsample

Unit

-1

[Bq l ]
[Bq l-1]
[Bq l-1]
[Bq l-1]
[Bq l-1]
[Bq l-1]
[Bq m-2]
[Bq m-2]
[Bq m-2]

water
water
water
milk
milk
milk
atmospheric deposition
atmospheric deposition
atmospheric deposition

Studiedparameter
Cs-137
Aβ
0.7117
0.1002
0.0800
252.68
58.396
51.199
31728
88.415
39.85

0.0322
0.0658
122.8
35.033
19.1816
9036
47.725
15.98

Sr-90
0.023
0.0437
3.4653
0.7395
0.443

Table2. Averagetotal betaactivity (Aβ), Cs-137, Sr-90 in water[Bql-1], milk [Bq l-1] and in
atmospheric deposition[Bq m-2] after the accident at the Fukushima NPP (2011)
Period

Type ofsample

Unit
-1

[Bq l ]

1-stmonth

water

3 - rdmonth

water

2012

water

[Bq l-1]

1-stmonth

milk

[Bq l ]

3 - rdmonth

milk

2012

milk

1-stmonth
3 - rdmonth

atmosphericdeposition
atmospheric deposition

2012

atmospheric deposition

[Bq l-1]
-1

[Bq l-1]
[Bq l-1]
[Bq m-2]
[Bq m-2]
[Bq m-2]

Studiedparameter
Cs-137
Aβ
0.3064

U-235

0.0475

<2.5E-06
<2.5E-06

0.0432

<2.5E-06

35.4902

0.029

34.1177

0.0593

30.2489

0.061

33.0859

0.0821

53.0544
51.7041

0.4666

In samples analyzed after the Fukushima NPP no increase was found in the studied
parameters above the usual levels.
In adition to the samples and analysis presented in Table 2, after the accident in Fukushima
NPP gamma spectrometric measurements were carried out on these samples - air, soil and
vegetation. Studied radionuclides were K-40, Cs-137, Pb-214, Pb-212, Bi-214, Bi-212, Ra226, I-131. No anthropogenic radionuclides were found in the samples, and the measured
values did not differ from the background samples taken before the accident.
Fig. 1 showsa comparisonof the measuredtotal betaactivity ofmilk samplesafter theaccident
atChernobyl NPP andFukushima NPP.
369
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

300

Fukushima

Chernobil

50

Fukushima

100

Chernobil

150
Fukushima

Bq/l

200

Chernobil

250

0
1

2

3

Fig.1Comparison oftotal betaactivity ofmilk samplesafter the accident atChernobyl
NPPandFukushima NPP.
1 – first month after accidents, 2 – third month after accidents, 3 – one year after accidents.
The graph shows high levels of contamination of the samples immediately after the Chernobyl
accident. Three months after the accident it shows a fall in the value of total beta activity.
During the accident at Fukushima NPP measured total beta activity levels are in the range of
the background.
Discussion
Measures to protect the population after the Chernobyl accident have been introduced by an
Expert Committee to assess the situation and protection, formed in May 1986 [1]. Following
the accident at Fukushima, the results obtained are compared with the EC Regulation № 733
2008 of 15 July 2008 about the conditions imports of agricultural products originating in third
countries following the accident at the Chernobyl [2] and Order № RD 15-2688 of 09.09.2008
of the Ministry of Health about the control of radiation factors of environment [3].
In both accidents the Department of Radiation control at the Regional Health Inspectorate
responded timely and efficiently to the nuclear accident. As a result,the Ministryof Health
hasreceivedreliable information aboutthe basic health environmental factors.In 1986this
informationbecame part of adatabase used by the Expert committeetodraw up measures
forprotection.In 2011the information obtained by measurements servedto obtain objective
information and to mitigate the radiophobia among thepopulation.
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Conclusion
During the accident at the Chernobyl NPP high content of radionuclides in the analyzed
samples was detected. From all the samples measured after the accident at Fukushima NPP no
increased activity of samples was found.
The results show the role of the Radiation health control during emergencies - the timely
detection of products with high levels of anthropogenic radionuclides and directly related to
the health of the population, provides opportunity to take measures to reduce radiation
exposure of the population by proposing restrictive consumption measures.
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Abstract

In this study we present the risk of cataract among medical staff in neurosurgical department
occupationally exposed to radiation compared to those of non-radiation workers.
Cataract is the most common degenerative opacity of the crystalline lens developing with
aging. Other risk factors for cataract are: infrared and ultraviolet radiation, systemic
diseases (diabetes, hypertonic disease), eye diseases (glaucoma, high myopia), drugs
(steroids), etc. High risk of developing cataract we find among staff occupationally exposed to
radiation during operations – interventional cardiologists and neurosurgeons.
This study includes 30 people between 33 and 60 years of age working in neurosurgical
department and control group (the same amount and age of people not exposed to radiation
in their work). After visual acuity measurement, the lens was examined by retroillumination
method (red reflex) and using a biomicroscope. The patients were asked for presence of
ocular and systemic diseases, eye trauma, drug, alcohol and tobacco abuse and for how many
years they work in this department.
There was one case with cataract among neurosurgeons. The doctor doesn’t have eye or
systemic diseases, doesn’t take any drugs and is not alcohol or tobacco abuser.
In the control group there were two persons with subcapsular cataract but they have diabetes.
Radiation is one of the risk factors for cataract. Continuing of this epidemiological survey
will provide further knowledge on the potential risk of occupational radiation-induced
cataract among neurosurgical staff and will contribute for optimization of radiation
protection.
Introduction
Cataract is one of the most common eye diseases. It is partial or complete opacification of the
eye lens that progresses and leads to diminishing visual acuity [1]. Impaired vision from
*
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cataract is surgically curable. There are many kinds of cataract classified by their morphology
(cortical, nuclear, subcapsular) or etiology (cause and time of occurrence). The most common
cataract is age related. It develops in 96% of people after sixty years of age [2]. Other risk
factors for cataract development are: other eye diseases (glaucoma, uveitis, high myopia, eye
injury), infrared and ultraviolet rays (non-ionizing), system diseases (diabetes, hypertension),
prolonged steroid treatment.
The purpose of the study is to detect opacities in the eyes of medical and paramedical staff
involved in interventional procedures in two neurosurgical departments in Bulgaria. The aim
is to learn whether long-term chronic low-dose occupational exposure to X-rays is associated
with higher risk for cataract development.
Materials and methods
1. Every person involved in this study was questioned about:

 Profession;
 Ocular history – personal and family history if eye diseases (glaucoma, cataract,
uveitis, high myopia, eye injuries, surgery for cataract, previous eye
examinations, etc.);

 Relevant medical history – diabetes, hypertonic disease, cancer (chemotherapy,
radiotherapy), nuclear diagnostic procedures, history of autoimmune disease or
use of systemic corticosteroids, etc.)

 Other factors – years working with radiation, exposure to the sun, smoking,
alcohol abuse.
2. Visual acuity measurement with the best correction of the refraction (myopia,
hyperopia or astigmatism.
3. Ophthalmoscopy for fundus reflection.
4. Slit lamp examination.
The study included a total of 60 patients – 30 persons working in neurosurgical departments
(22 doctors and 8 nurses) and a control group of 30 non-radiation workers. The participants
were 30- to 60-years of age. Figure 1 present the distribution of participants by occupation.
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Figure 1. Distribution of the participants in the study.
Results
Table 1 presents the distribution of staff and control group by occupation, gender and system
diseases.
Among the staff there was only one neurosurgeon with corticonuclear cataract of his left eye
who underwent cataract surgery. He is 47 and has worked with radiation for 15 years in
neurosurgical operating room every day. His right eye has high myopia (-6,50 Dsph) and is
amblyopic (12/20 visual acuity) and his left eye is less myopic (-2,50 Dsph and -0,75 Dcyl)
and after the cataract surgery the visual acuity is 20/20 (100%). No lens opacities were
detected in the other personnel.
Individual monitoring of the staff is regularly performed by only one dosimeter worn under
the apron. No correlation between the eye lens opacities and individual doses was found.
In the control group there were 2 persons with posterior subcapsular cataracts but they both
had diabetes – one from 4 and the other from 7 years.
Table 1. Distribution of the participants in the study by occupation,
gender and system diseases
Occupation

Gender

System diseases

Neurosurgeons

22 M

No

Nurses

8F

No

Control group

19 M / 11 F

2 with Diabetes – 1 M /1 F

374
European Medical Physics and Engineering Conference, Sofia, October 18‐20, 2012

Discussion
It is known that ionising radiation also can lead to cataract development [3, 4]. Radiation
induced cataract has been classified by the International Commission of Radiological
Protection (ICRP) as a deterministic effect with a threshold of 2 Gy for acute and 5 Gy for
protracted exposure. A number of new epidemiological studies have suggested and elevated
risk for cataract development in populations exposed to low doses of ionizing radiation bellow
these assumed thresholds. For example, dose-related lens opacification has been reported at
exposures significantly lower than 2 Gy among patients undergoing computed tomography
examinations scans [5] or radiotherapy [6, 7], in astronauts [8, 9, 10] , atomic bomb survivors
[11, 12], residents of contaminated buildings [13, 14], victims of the Chernobyl nuclear
accident [15, 16], radiologic technologists [17], interventional radiologists [18] and
interventional cardiologists [19, 20].These human epidemiological studies, as well as recent
work with experimental radiation cataract in animals, suggest that cataract may occur
following exposure to significantly lower doses of ionizing radiation than assumed
previously. Some observations even suggest a stochastic basis for radiation cataractogenesis,
with an absence of a dose threshold and described by a linear, no-threshold model. Such
observations have implications for individuals undergoing radiotherapy or diagnostic
procedures and for those occupationally exposed to ionizing radiation, such as interventional
medical personnel (cardiologists, neurosurgeons, enterologists, urologists), nuclear workers or
astronauts.
Conclusions
Only one case of eye lens cataract was found among the studied group. The data from
personal dose monitoring of the neurosurgeons has not indicated any extreme doses.
The patient with cataract exhibits also symptoms of dermatitis on his palms, and these
symptoms in combination with patient’s age and exclusion of other cataractogenic factors
suggest radiation genesis of his cataract. Further actions are planned to study the practice in
the department and particularly of the suffered neurosurgeon.
The available data are not enough to find correlation between cataractogenesis (effect) and
dose to the eyes. Second dosimeter at a collar level or head level (on the lead glasses) would
give the dose of the eye lens during the interventional procedures. This study indicates the
urgent need of introduction of legislative measures for interventionists to wear second
dosimeter as recommended by the international organisations [IAEA, ICRP].
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More studies are needed to precise the conclusions about dose-effect relation in
cataractogenesis among medical staff working with radiation.
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