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From the editor 
Dr. Ken Shortt, Ph.D., P. Phys., FAAPM, Head of the Dosimetry and Medical 
Radiation Physics (DMRP) Section, left the IAEA in December 2007 and re-
turned to Canada. Appointed in August 2001, Ken led the DMRP Section for 
more than six years. Under his supervision, the IAEA's calibration and audit ser-
vices were strengthened, and its Calibration and Measurement Capabilities ob-
tained international recognition. Guidance documents on quality assurance in 
radiation oncology and education material were prepared and published. Ken 
also contributed significantly to the success of the International Symposium on 
Dosimetry held in 2002 and the International Conference on Quality Assurance 
and New Techniques in Radiation Medicine (QANTRM) held in 2006, being the 
scientific secretary of both these events. 
This issue of the SSDL Newsletter contains two meeting reports. The first one is 
on imaging in radiotherapy. The IAEA assembled a team of medical physicists 
with experience in radiation therapy and imaging and charged them to examine 
the increasing role of imaging in the radiation therapy process, and to make rec-
ommendations related to their observations. Their report provides a perspective 
on the issues related to imaging in radiation therapy, assisting the IAEA in ac-
commodating these issues in the years ahead.  
The second report was prepared by a group of consultants participating in the 
regional Technical Cooperation project RAF/6/032. The report provides guide-
lines on the implementation of quality control procedures in nuclear medicine. 
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STAFF OF THE DOSIMETRY AND MEDICAL 
RADIATION PHYSICS (DMRP) SECTION 
International Atomic Energy Agency, Wagramer Strasse 5, P.O. Box 100, A-1400 Vienna, Austria 

Telephone: (+43-1) 2600+extension; Fax: (+43-1) 26007, e-mail:Official.Mail@iaea.org 
 
Name Position/tasks E-mail address Extension 
Meghzifene, Ahmed SSDL Officer, Acting Section Head 

Editor, SSDL Newsletter 
a.meghzifene@iaea.org 21653 

Bera, Pranabes  Senior Laboratory Technician, TLD p.bera@iaea.org 28330 
Czap, Ladislav Senior Laboratory Technician  

Ionization chamber calibration 
l.czap@iaea.org 28332 
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s.vatnitsky@iaea.org 21660 

Flory, Rosemary Secretary r.flory@iaea.org 21662 
Danker, Sabine Secretary/Clerk s.danker@iaea.org 21665 
Ciortan, Simona Secretary/Clerk s.ciortan@iaea.org 21634 
DMRP Section  Dosimetry.Contact-

Point@iaea.org  
21662 

* This is the e-mail address to which messages on dosimetry and medical radiation physics in general should be  
addressed, i.e. correspondence not related to specific tasks of the staff above. Each incoming general correspondence to 
the DMRP Section mailbox will be dealt with accordingly. 
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SERVICES PROVIDED BY THE IAEA IN 
DOSIMETRY AND MEDICAL RADIATION 

PHYSICS 
The IAEA’s Dosimetry and Medical Radiation Physics Section focuses on services provided to Member States through 
the IAEA/WHO SSDL Network and on a system of dose quality audits. The measurement standards of Member States 
are calibrated, free of charge, at the IAEA’s Dosimetry Laboratory. The audits are performed through the IAEA/WHO 
TLD postal dose assurance service for SSDLs and radiotherapy centres. 
The IAEA Calibration and Measurement Capabilities (CMCs) have been reviewed and published in the CIPM’s 
(Comité International des Poids et Mesures) Appendix C. The Dosimetry Laboratory’s Quality Management System has 
been reviewed and accepted by the Joint Committee of the Regional Metrology Organizations and the BIPM (JCRB). 
Confidence in the calibration services is strengthened as a result of the Dosimetry Laboratory’s participation in  
international comparisons. 
Additional information can be found at the following web site: http://kcdb.bipm.org/AppendixC/search.asp?met=RI 
The range of services is listed below. 

Services Radiation quality 
Calibration of ionization chambers (radiotherapy, diagnostic  
radiology including mammography and radiation protection,  
including environmental dose level) 

X rays (10–300kV) and gamma rays from 
137Cs and 60Co 

Calibration of well type ionization chambers for low dose rate 
(LDR) brachytherapy 

γ rays from 137Cs 

Comparison of therapy level ionization chamber calibrations (for 
SSDLs) 

γ rays from 60Co 

TLD dose quality audits for external radiotherapy beams for SSDLs 
and hospitals 

γ rays from 60Co and high energy X ray 
beams* 

TLD dose quality audits for radiation protection for SSDLs γ rays from 137Cs 
Reference irradiations to dosimeters for radiation protection  X rays (40–300 kV)* and γ rays from 137Cs 

and 60Co beams 
* Calibrations in X ray beams will not be available during 2008, because of X-ray equipment replacement 
Member States who are interested in these services should contact the IAEA/WHO SSDL Network Secretariat for  
further details, at the address provided below. Additional information is also available through the Internet at the web 
site: http://www-naweb.iaea.org/nahu/dmrp/ssdl.asp. 
IAEA/WHO SSDL Network Secretariat 
Dosimetry and Medical Radiation Physics Section 
Division of Human Health 
Department of Nuclear Sciences and Applications    
International Atomic Energy Agency 
P.O. Box 100 
A-1400 Vienna 
Austria 
Telephone: +43 1 2600 21662 
Fax: +43 1 26007 21662 
E-mail: Dosimetry.Contact-Point@iaea.org  
 

Note to SSDLs using IAEA calibration services: 
 
1. To ensure continous improvement in IAEA 
calibration and audit services, SSDLs are 
encouraged to submit suggestions for 
improvement to the Dosimetry Contact Point. 
2.  Complaints on IAEA services can be addressed 
to the Dosimetry Contact Point. 
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Imaging in Radiotherapy 
Report of a Consultants’ Meeting 

IAEA, Vienna  
15-19 October 2007 

 

FOREWORD 
The adaptation and integration of imaging into the proc-
ess of cancer detection, diagnosis, and intervention is an 
area of medicine that is undergoing extremely rapid de-
velopment. Radiation therapy is a prime example of this 
change. The role of the medical physicist in the radiation 
therapy process accelerates the development and intro-
duction of these technologies into the clinical setting. As 
a result, imaging is now a pervasive component of radia-
tion therapy with all major imaging modalities repre-
sented and numerous examples in which these modalities 
have been used in treatment planning to allow increased 
accuracy and precision in the delivery of dose. While the 
objectives of these developments are clear, they raise 
numerous issues regarding the skills and resources that 
assure these technologies are appropriately integrated 
and applied. Specifically, these developments place 
enormous pressure on the clinical staff to extend their 
knowledge base and their scope of responsibility. 
The IAEA assembled a team of medical physicists with 
experience in radiation therapy and imaging consisting 
of: D. Jaffrey (Princess Margaret Hospital, Toronto, Can-
ada), P. Keall (Stanford University Cancer Center, Stan-
ford, USA), B. Mijnheer (The Netherlands Cancer Insti-
tute, Amsterdam, The Netherlands), M.O. Leach (The 
Institute of Cancer Research and The Royal Mardsen 
Hospital, Sutton, United Kingdom), J. Humm (Memorial 
Sloan-Kettering Cancer Center, New York, USA) and 
charged them to examine the increasing role of imaging 
in the radiation therapy process and make recommenda-
tions related to their observations. The current report 
provides a perspective on the issues related to imaging in 
radiation therapy assisting the IAEA in accommodating 
these issues in the years ahead. 

1. OVERVIEW, OBJECTIVES, AND 
CHARGE OF CONSULTANTS 
The high rate of technology advancement in today’s 
world is astounding. These technological advances are 
having an enormous impact on all aspects of life and 
their impact on the practice of medicine is not to be un-
derestimated. One area of medicine that is undergoing 
extremely rapid development is the adaptation and inte-

gration of imaging into the process of cancer detection, 
diagnosis, and intervention. Radiation therapy is a prime 
example of this change. The role of the medical physicist 
in the radiation therapy process accelerates the develop-
ment and introduction of these technologies into the 
clinical setting. As a result imaging is now a pervasive 
component of radiation therapy with all major imaging 
modalities represented and numerous examples in which 
these modalities have been adapted to the treatment ma-
chine to allow increased accuracy and precision in the 
delivery of dose. While the objectives of these develop-
ments are clear, they raise numerous issues regarding the 
skills and resources that ensure these technologies are 
appropriately integrated and applied. Specifically, these 
developments place enormous pressure on the clinical 
staff to extend their knowledge base and their scope of 
responsibility. 
In 2007, the IAEA assembled a team of medical physi-
cists with experience in radiation therapy and imaging 
and charged them to examine the increasing role of im-
aging in the radiation therapy process and make recom-
mendations related to their observations. A report was 
commissioned that should achieve the following objec-
tives. 
• Review the status of mature imaging modalities 

currently employed in radiation therapy practice. 
These include pre-treatment imaging for target 
definition to in-room imaging for improved preci-
sion and accuracy of delivery. 

• Review the availability and applicability of exist-
ing practice and quality assurance guidance 
documents related to the use of imaging informa-
tion in the radiation therapy process. 

• Identify of shortcomings in these documents while 
being cognizant of the broad range of needs found 
in the IAEA Member states. 

• Develop a set of recommendations to the IAEA 
related to the needs and opportunities for further 
development with respect to imaging in radiation 
therapy. These recommendations may take the 
form of either detailed, prescriptive recommenda-
tions (e.g. formation of a CRP, preparation of an 
IAEA-TECDOC) or broader recommendations re-
garding future directions. 

The resulting report was to be employed for the use by 
the IAEA, providing a perspective on the issues related 
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to imaging in radiation therapy and assisting the IAEA in 
accommodating these issues in the years ahead.  

2. IMAGING IN THE RADIOTHERAPY 
PROCESS 
In the developed nations, radiation therapy is employed 
in over 50% of cancer patients at some point in the man-
agement of their disease. As a local therapy, radiation 
therapy seeks to exploit technology to conform the 
treatment to the targeted structure while avoiding sur-
rounding critical normal tissues. Overall, the process of 
radiation therapy has become increasingly complex as 
the technology for its delivery advances. Recent devel-
opments in radiation collimation (e.g. multi-leaf collima-
tors), computation (inverse planning), and imaging (tar-
get definition and targeting) have resulted in a far more 
complex radiation therapy process which promises 
higher quality of intervention, dose escalation, and/or 
reduced toxicity. The radiation therapy process contains 
many steps with imaging distributed throughout the 
process. 
Imaging has become the primary source of information 
in the design of radiation therapy. As such, it is of critical 
importance that (i) the signal contained in these images is 
well understood, and, (ii) the spatial distribution is pre-
cise and accurate. Failure in this aspect to do so can re-
sult in serious deleterious effects including failure to con-
trol the disease and/or induction of unforeseen toxicities.  
2.1. Imaging for target determination 
The use of imaging to define the cancer target is, in many 
ways, ideal, however, it is important to understand the 
limits of the imaging signal if it is to be appropriately 
applied. As with any measurement, it is useful to con-
sider the precision and accuracy of the reported signal. 
The precision relates to the minimum quantity that can 
be detected by the system and the accuracy of its spatial 
resolution. In the context of cancer, this is highly rele-
vant when considering the desire to treat not only the 
gross tumour volume (GTV) but also deliver a dose to 
the surrounding clinical target volume (CTV), which 
may contain microscopic extension of the disease and is 
by definition not visible on the available images. Incor-
rect interpretation of the imaging signal can result in ei-
ther underestimating or overestimating the extent of 
these volumes. It can be anticipated that this problem 
will persist regardless of the specific imaging modality 
being employed. The complex nature of the disease 
makes complete characterization of the radiation target 
via imaging somewhat unlikely. As a result, the imaging 
systems effectively provide surrogate signals of the dis-
ease (e.g., a mass on a CT image). These surrogates are 
often referred to as ‘the target’ although they are clearly 
not a precise or accurate representation. It is important to 
emphasize that the image signal is, therefore, only a sur-
rogate of the target and must not be over-interpreted. In 

fact, the traditional practice of treating to bony anatomy 
recognizes that the bones are reasonable surrogates of the 
adjacent disease targets. 
As in any measurement, there can be uncertainty in the 
quantities extracted from images. This is particularly the 
case in the determination of target location in treatment 
planning images (e.g., CT images for planning). Given 
that there are random uncertainties in any measurement, 
it is reasonable to expect that any image that is used to 
design the therapy will contain some geometric deviation 
from the mean. As a result, the use of such an image to 
design the therapy can introduce a systematic error that 
will persist over the course of therapy. The sources of 
this deviation are numerous and include, for example, 
momentary displacement of an internal structure at the 
time of planning image acquisition (e.g., rectal gas) or 
the random variations in the contouring of the structure 
by a busy clinician. In addition, there could also be sys-
tematic errors associated with a miscalibration of scale in 
an imaging system or sag in the level of the imaging 
couch. 
As the field seeks dose escalation and reduced normal 
tissue complications, the need to reduce, manage and 
accommodate these uncertainties has been highlighted. 
The development of ICRU guidance documents on radia-
tion prescription [1, 2] has created an important vehicle 
for development of image-based radiation therapy. The 
concept of the planning target volume (PTV) has allowed 
the radiation therapy field to relate the geometric uncer-
tainties to a volume that can be included in the design of 
an appropriate dose distribution. 
2.2. Imaging modalities in use in radiation ther-
apy 
2.2.1.  Computed tomography 
2.2.1.1.  Current issues and future developments 
Computed tomography (CT) is and will be likely to re-
main the predominant volumetric imaging modality for 
radiotherapy. In common with other volumetric imaging 
modalities, CT is used to delineate tumour (Gross Tu-
mour Volume, GTV), suspected tumour (Clinical Target 
Volume, CTV) and normal structures. Margins are as-
signed for geometric uncertainties, creating the Planning 
Target Volume (PTV) and Planning Organ-At-Risk Vol-
umes (PRV).   
In addition to its role in structure delineation, CT is the 
primary modality for treatment simulation and treatment 
planning, including dose calculation. The role of CT in 
simulation requires that geometric fidelity of the image 
faithfully representing the object, both at the CT scanner 
and after transfer to the treatment planning system (TPS) 
is critical. The role of CT in dose calculation means that 
appropriate CT number-to-electron-density conversion 
are developed and tested in the TPS, both for validation 
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of the density of the object being scanned, as well as for 
the effect of heterogeneities on the dose calculation algo-
rithm. The CT scan also forms the basis for the digitally 
reconstructed radiograph (DRR), which is used as the 
template for verifying delivery using portal imaging or 
in-room or gantry mounted kV imaging. Note that there 
are efforts to perform the entire CT simulation-planning-
treatment process efficiently in a single session on a lin-
ear accelerator with volumetric imaging linked to a 
treatment planning system [3]. 
There are two main methods of CT simulation. The first 
involves the alignment of the patient, often with the aid 
of a CT scout view to ensure appropriate skeletal align-
ment, with the marking of the patient isocenter with a 
tattoo and overlaid radioopaque marker prior to the scan. 
The second approach to CT simulation involves the as-
signment of the isocenter after the patient scan, the iden-
tification of which occurs through the shifting of the 
couch and external lasers. The isocenter is typically 
marked with tattoos at the intersection of the lasers. The 
second approach has the advantage that the CT itself can 
be used for the isocenter selection, but this is perhaps 
outweighed by the disadvantage that patient motion be-
tween the imaging and the final marking, and miscali-
brated external lasers and couch sag can cause systematic 
errors to be introduced to the radiotherapy process. For 
both approaches, careful attention to appropriate patient 
immobilization and recording the patient pose for repro-
duction of the set-up during treatment delivery are criti-
cal to accurate radiotherapy.  
In order to accommodate patient position and immobili-
zation devices for radiotherapy treatments, large bore 
(>70 cm) CT scanners are popular for CT simulation. 
Large bore dedicated PET-CT simulators are also avail-
able. 
2.2.1.2. Issues 
CT in radiotherapy is a well established and mature tech-
nology and enables 3-D conformal and intensity modu-
lated radiotherapy. Nevertheless, for institutions that do 
not have 3-D technology, the 2-D to 3-D transition is a 
significant change. Training is needed on 3-D imaging, 
planning, data transfer, process QA and delivery. An 
IAEA-TECDOC under development entitled Transition 
from 2-D to 3-D Conformal and Intensity Modulated Ra-
diotherapy is addressing this issue.  
A QA programme for the CT simulation process should 
address the following points: radiation safety, dosimetry, 
laser/couch and other geometric alignment, image quality 
including geometry and HU-density at CT and TPS, and 
DRR production.  
2.2.1.3. Review of Guidance Documents 
Comprehensive guidelines for the quality assurance for 
CT simulators and the CT-simulation process are given 

in the report of the AAPM Task Group TG 66 [4]1. This 
document is comprehensive and discusses appropriate 
quality assurance tests to be performed for image acqui-
sition, image transfer, treatment planning and DRR gen-
eration. An important extension of the TG 66 report is 
the addition of dose validation in the ‘Sample overall 
CT-simulator process test’. The addition of dose valida-
tion to these end-to-end, or integral process tests is a rec-
ommendation of this consultant group.  
Further guidelines for CT simulator QA can be found in 
the IAEA textbook [5]2 (particularly chapter 12), and 
also IPEM report 81 [6]. Several websites have useful 
information on CT and CT simulation3’4’5. 
There is a general lack of education on CT simulation 
and imaging requirements for radiotherapy. This could 
be partly assisted by supplementing the continuing IAEA 
efforts in the Clinical training guide for radiation oncol-
ogy initiative. No freely available web-based training on 
CT simulators exists. The IAEA is recommended to as-
sist in filling the void in education. There is an opportu-
nity to collaborate with the ongoing efforts of AAPM TG 
#131: Medical Physics Training in Developing Coun-
tries.  
There is an increased focus on the management of respi-
ratory motion in radiotherapy [7]6. One approach to man-
age respiratory motion is to acquire respiratory corre-
lated, or 4-D, thoracic CT scans. 4D-CT can be used for 
estimated tumour and normal tissue motion and can form 
the basis of motion-inclusive, respiratory-gated or tu-
mour-tracking planning and delivery. 4D CT results in an 
order of magnitude more imaging data to be acquired, 
processed, stored and used for planning [8]. This tech-
nology is maturing, and further guidelines for the acqui-
sition and specific applications of 4D-CT in radiotherapy 
are needed. Note that breath hold and abdominal com-
pression approaches can also be used in the CT simula-
tion process to manage respiratory motion.  
CT can also be used for adaptive radiotherapy, in which 
the changing anatomy throughout the treatment course 
can partially be accounted for by an additional loop or 
loops through the CT-based process, using prior informa-
tion of the anatomy, treatment plan and treatment deliv-
ery. Adaptive radiotherapy is clearly a treatment para-
digm that will have a large impact on radiotherapy and 
the radiotherapy process, although as yet, there is little 
clinical implementation and few commercially available 
tools or guidance documents for adaptive radiotherapy.  

                                                 
1 http://aapm.org/pubs/reports/rpt_83.pdf 
2http://wwwpub.iaea.org/MTCD/publications/PDF/Pub1196_web.pdf 
3 http://dosimetrytrainingtool.com/dtt/portal/portal 
4 http://www.emerald2.eu/ 
5 http://impactscan.org/ 
6 http://aapm.org/pubs/reports/RPT_91.pdf 
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2.2.2.  Magnetic resonance imaging 
 2.2.2.1.  Current use and future developments 
Since its initial clinical use in the early 1980s, MR has 
become a core modality in most diagnostic oncology fa-
cilities, and the primary diagnostic resource for CNS dis-
ease. Based primarily on superconducting horizontal cy-
lindrical 1.5T magnets, with a growing number of 3T 
cylindrical magnets and of lower field open magnets with 
vertical fields, MR utilises the changing mobility of wa-
ter molecules to obtain a wide range of manipulable im-
age contrasts, complemented by an increasing range of 
contrast agents. Spatial resolution is traded for signal to 
noise and imaging time and typically ranges from 0.5-
2.0 mm, with a slice thickness typically ranging from 
0.5-7.0 mm. Images are usually obtained as 2-D sets of 
slices or as 3-D volume acquisitions, and although usu-
ally obtained parallel or transaxial to the magnet axis 
they can generally be obtained at any arbitrary plane. 
Imaging currently uses multi component local coils to 
maximise signal. Each imaging acquisition involves 
specifying many adjustable parameters that can vary the 
appearance and properties of the image.  
Recently, a range of functional imaging techniques have 
been introduced, using intrinsic contrast mechanisms 
such as BOLD for brain activation, or water diffusion to 
provide maps of the apparent diffusion coefficient. Ex-
trinsic contrast agents can inform on tumour properties, 
and modelling techniques can derive a range of func-
tional parameters [9, 10]. Cellular metabolism can be 
monitored using MR spectroscopy, where either single 
voxels, or 2-D or 3-D metabolic maps are obtained [11].  
There is increasing dependence of advanced radiotherapy 
techniques on image guidance [8]. MR often plays an 
important role in defining the location and local extent of 
disease. It provides a primary role in CNS disease, and in 
some diseases (e.g., prostate cancer [12]), head and neck 
cancer [13]). It defines organ or disease extent more ac-
curately than other modalities. Bone marrow metastatic 
involvement and cord compression are seen well. Recent 
advances in USPIO contrast agents offer the potential to 
identify lymph nodes with macroscopic involvement. 
Diffusion provides a sensitive method of identifying dis-
ease and following changes in cellularity, and it is show-
ing promise in whole body surveys of metastatic disease 
and identifying involved lymph nodes, with potential to 
identify areas for treatment. Contrast agents often iden-
tify disease extent more clearly, depending on permeabil-
ity of vasculature. Quantitative assessment allows func-
tional tumour parameters to be calculated using models 
[9]. These techniques, together with spectroscopic map-
ping, may aid in defining tumour extent [14]. Cine-mode 
acquisitions can define target tissue motion [15]. Brain 
activation [16, 17] and tractography [18-20] may aid 
definition of CNS treatment volumes, and sparing of 
critical functions. Contrast agents and BOLD techniques 
may inform on tissue oxygenation [21] and MR based 

hypoxic markers are also being evaluated [22]. Polymer 
gels, read out by MRI, provide a powerful tool for map-
ping complex 3-D dose distributions [23, 24]. MR simu-
lation has been developed at a number of centres [25, 
26]. 
2.2.2.2.  Issues 
Generation of MR images is a complex process with 
many variables that may be affected by the user, during 
service, and with instrumental variability and drift. The 
geometric integrity of images is not dictated only by en-
gineered components, but also by electronic controls. 
Practical considerations lead to intrinsically non-linear 
spatial relationships, particularly towards the edges of the 
field of view. Correction software may be provided, may 
be user accessible and switchable, and is unlikely to be 
completely accurate, to correct for drift in machine ad-
justment. It will also not correct for intrinsic distortions 
due to patient susceptibilities. Accurate correction meth-
ods for all of these have been proposed, but they rely on 
implementation of special sequences and the use of spe-
cific phantoms. Chemical shift artifact, due to a spatial 
shift in images from water-based tissues and from fat, 
can cause a problem particularly at the edge of the body 
and at tissue interfaces. This can be corrected by using a 
large imaging bandwidth or by the correction method 
identified above. Bone as well as air spaces, and with 
some sequences vascular spaces, produce a void in the 
MR image. 
Imaging in the treatment position is recommended to re-
duce the demands on any subsequent registration. For 
this a flat table insert is required. Radiotherapy set-up 
lasers are required to minimise mis-registration and en-
sure longitudinal alignment. These are best incorporated 
when the facility is planned. Frames, masks and other 
equipment must be MR compatible and safe, and may 
require compromises with standard optimised imaging 
procedures, particularly in selection and location of RF 
coils. Patients must be screened to ensure they have no 
contraindications to MR. Implants that are safe to scan 
may still produce large image artefacts. Motion may af-
fect images in various ways, and produce a range of arte-
facts. Care needs to be taken in selecting image acquisi-
tion protocols that will provide positional information 
relevant to the planning process. 
Image acquisition methods can vary widely, and selec-
tion of parameters can vary the true spatial resolution of 
the sequence, which may not equate to pixel size. There 
are many potential artefacts that depend strongly on 
choice of image parameters. In spectroscopic imaging, 
selected voxel size may vary from 5-20 mm for 1H, with 
the actual resolution being a complex function of loca-
tion and imaging specification. Equally slice profile and 
effective slice width can also vary strongly both with 
imaging parameters and with the relaxation properties of 
the tissues. Image intensity values may vary across im-
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ages, dependent on the site imaged, and a range of set up 
and instrumental parameters. 
MR images provide information that is either visually 
transferred to CT, or outlines are generated that are trans-
ferred via registration and fusion directly to CT. Alterna-
tively there is increasing interest in the direct use of MRI 
data for treatment planning, via bulk tissue attenuation 
coefficient assignment [27]. As well as assuring the ac-
curacy of spatial information and its registration, it is 
also important to ensure that spatial orientation and dis-
placement as well as signal intensity are correctly en-
coded in the DICOM headers and transferred success-
fully to the treatment planning system. MR can provide a 
number of data sets with differing imaging information, 
comprising a substantial volume of data. Protocols for 
appropriate selection and combination of data for target 
and critical normal tissue definition need to be estab-
lished. 
2.2.2.3.  Guidance documents 
There are a number of guidance documents and papers 
relating to quality assurance and phantoms for MR, al-
though most of these are not designed specifically for 
radiotherapy. IPEM report 81 [6] is probably the most 
specific and does consider the QA required for the use of 
MRI images in radiotherapy. This introduces a range of 
standard MR QA tests, but as stated in the text, it draws 
attention to the problems rather than providing definitive 
advice. Some attention is given to the issue of spatial 
linearity, and existing test objects for spatial linearity, 
slice warp, resolution, relaxation parameters and signal 
to noise are considered. This may provide some of the 
parameters required where MR data are transferred to 
and registered with CT, and CT is used as the base image 
set for planning treatment. If MR is to be used directly, 
or where registration issues are to be minimised, more 
detailed QA is required. Reference to the section on CT 
provides a range of parameters that need to be defined 
and tested, including couch deflection and positioning 
accuracy, on board marker accuracy and external posi-
tioning laser accuracy. Tests for separation of points 
need to be extended to identify and correct image linear-
ity in 3-D over the maximum field of view (head or body 
depending on use) and assure the accuracy of image ori-
entation in left-right, anterior-posterior and head-foot 
directions. Signal to noise and contrast performance need 
to be assured both for head and body imaging. The utility 
and robustness of functional images, taking account of 
specific issues such as motion and coils, relating to indi-
vidual organs or regions of the body, need to be ad-
dressed. Standardised acquisition and analysis protocols 
are desirable. 
Documents specifically on MRI quality assurance in-
clude IPEM Report 80 [28], AAPM Report 28 [29], 
AAPM TG 1 [30], AAPM TG 6 [31], Lerski et al. [32], 
MDD [33], Purdy [34], Sano [35], Barker and Tofts [36], 
Firbank et al. [37], Chen et al. [38]. AAPM TG 117 is 

developing a report on the use of MR imaging in RT and 
stereotactic procedures. AAPM TG 132 is developing a 
report on image registration and data fusion in relation to 
radiotherapy. Walker et al. [39] described phantoms to 
accurately measure MR relaxation times. 
Khoo et al. [40] reviewed the use of MRI in RT treat-
ment planning. Mah et al. [26] report on the use of and 
QA of a low field MRI system used for radiotherapy 
simulation. Moore [41] reports on the QA of CT and 
MRI images used for treatment planning and Koch et al. 
[42] have assessed the accuracy of MRI in planning lung 
cancer treatment. References [43-49] report on the accu-
racy of high precision radiotherapy techniques. 
Finnigan [50] reports on a spatial linearity phantom used 
to characterise MRI image distortion, and methods to 
correct this, with more recent work providing read out 
methods and more accurate correction methods for MR 
system distortions [51-54]. Mutic et al. [55] have repor-
ted on multimodality registration for conformal radiothe-
rapy. De Brabandere et al. [56] assessed the use of MRI 
and CT in assessing seed positioning in the prostate. 
A series of papers describe phantoms and methods of 
signal analysis for magnetic resonance spectroscopy de-
veloped through an EU concerted action [57-59]. Al-
though not developed with radiotherapy applications in 
mind, the methods proposed have usefullness in this area. 
2.2.2.4.  Summary 
MR Simulation and MR measurements are playing a 
growing role in planning radiotherapy treatments. A 
specification for minimum performance and quality as-
surance of MR devices and MR data used for MR simu-
lation needs to be developed. This should include: 
• Performance requirement for MR simulation includ-

ing couch performance, patient alignment, spatial 
linearity, signal and contrast to noise, relaxation time 
linearity, sequences and approaches to enable deliv-
ery of accurate morphological and functional imag-
ing. 

• Quality assurance requirements for MR data used for 
treatment simulation and planning, to ensure consis-
tent and reliable data are provided for treatment plan-
ning.  

• Suitable audit processes within radiotherapy and re-
lated imaging departments are required to provide 
assurance that MR images meet the required stan-
dards.  

2.2.3.   Positron emission tomography 
2.2.3.1.   Current use and future developments 
Nuclear imaging is a powerful tool that uses radiotracer 
principles to detect disease based on functional or meta-
bolic irregularities of the disease process. Two detection 
modalities dominate this imaging domain: single photon 
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emission computed tomography (SPECT) and positron 
emission tomography (PET). Where SPECT gamma 
camera imaging is routinely employed for diagnostic 
studies, at this point, its use for RT treatment planning is 
limited by inadequate spatial resolution (around 12-15 
mm) since it has been explored by very few centres. As a 
consequence, the committee decided that this technology 
is not yet a mature component of the RT process and 
therefore it is not discussed further in this report. How-
ever, there are a number of commonalities between 
SPECT and PET and therefore issues and concerns dis-
cussed under PET apply to SPECT and SPECT-CT sys-
tems. 
PET is playing an increasing role in the radiation therapy 
treatment planning process since the emergence in 2000 
of combination PET-CT scanners followed by dedicated 
PET-CT simulators. Ninety-nine percent of all PET stud-
ies performed worldwide today use [18F] fluorodeoxy-
glucose (FDG), because of its known uptake in viable 
cancer cells and its availability without on-site cyclotron. 
As a consequence, current applications of PET for radia-
tion oncology applications (in particular in the non-
developed countries) focus on FDG. 
The current use of PET-CT for radiotherapy includes 3 
focus areas. The first is the use of FDG to better select 
patients undergoing radical radiotherapy by up or down-
staging disease as well as to assist in the determination of 
the GTV, including differentiation of viable from ne-
crotic tissue. 
The second is the use of PET with novel tracers to ascer-
tain specific tumour biologic and microenvironmental 
features relevant to the radiobiology of the cancer. PET 
is capable of imaging a wide variety of biochemical and 
biologic features of the tumour which are of potential 
radiobiological importance and could be utilized for pa-
tient management and treatment planning. By using such 
tracers (e.g., of hypoxia, angiogenesis, proliferation) PET 
can provide prognostic information on the aggressiveness 
of the cancer as well as information for a ‘dose painting’ 
treatment [60, 61]. Such PET application, however, is not 
yet in routine clinical practice.  
The third is the use of PET for the evaluation of tumour 
response based on imaging signals associated with tu-
mour/tissue viability and metabolic changes, rather than 
anatomic changes acquired from the CT component of 
the PET-CT exam. Prospective monitoring of tumour 
response during a course of radiation therapy (at least 
with FDG) is probably neither practical nor useful given 
the confounds of radiation induced tumour cell death and 
inflammatory response. However, FDG PET scans per-
formed at a consistent interval post-treatment may yield a 
reproducible measure of tumour response [62]. Evidence 
is available in studies of combined chemoradiation in 
esophageal cancers, colorectal cancers, lymphoma, etc. 
of the value of FDG in assessing the persistence or recur-
rence of viable tumour post therapy [63]. In particular for 
reliable treatment response assessment, there are signifi-

cant challenges to maintaining the constancy of PET 
camera performance over time.  
2.2.3.2.   Issues 
It is common practice for radiation oncologists to use 
subjective judgment when defining target volumes from 
PET-CT image data. This can be problematic when arbi-
trary PET window display settings are used. Algorithms 
have been proposed that identify tumour boundaries on 
FDG PET images [62, 64, 65]. Numerous PET edge de-
tection algorithms are under development, but much 
work is still required before reliable tumour segmenta-
tion algorithms can be used confidently for treatment 
planning. There is an issue of physician subjectivity ver-
sus objective algorithms of uncertain accuracy. Gold 
standard measures to aid the definition of objective crite-
ria are sorely needed such as histological verification 
from patients undergoing surgery post FDG PET [66] 
and also from computer lesion simulations, where ground 
truth can verify the accuracy of different algorithms. Fur-
thermore, for tumours located close to the diaphragm, the 
accuracy in defining tumour boundaries is limited also by 
the effects of respiratory movement, causing a loss in 
resolution, distortion and mis-registration between PET 
and the corresponding CT.  
Defined quality assurance and protocol design proce-
dures will be required to maintain consistency between 
studies at the same centre or in multi-centre trials. This is 
necessary to obtain accurate PET volumes as well as 
quantitative voxel intensities for dose painting. Issues of 
maintaining similar camera performance will be chal-
lenging, in particular for multi-centre trials involving 
response assessment. Furthermore, PET scanner technol-
ogy is rapidly evolving at the current time. For example, 
time-of-flight scanners are now available. These changes 
are going to result in changes in image quality and quan-
titative accuracy, which may impact upon comparisons 
between institutions using different scanners and scan 
protocols. Issues of maintaining similar camera perform-
ance are difficult because different PET scanner vendors 
use different detectors, energy windows, scatter correc-
tion algorithms, kilovoltage settings on the CT for at-
tenuation correction, different reconstruction algorithms 
etc., indicating a need for external standardization. Also, 
these systems are updated over time, rendering difficult 
the process of continuously maintaining constancy. 
Clearly, other radiotracers will be available, which may 
prove more relevant for radiotherapy applications in the 
quest to determine non-invasively the radiobiological 
properties of the cancer [67]. The most likely second 
PET tracer to be approved for cancer will be fluoro-
thymidine (FLT), which provides a direct measure of the 
spatial distribution of tumour proliferative activity. Other 
important future tracers will be fluoromisonidazole or 
Copper compounds, which selectively target tumour hy-
poxia or perfusion. For dose painting to be feasible, 
many more detailed studies of tracer uptake will be re-
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quired to verify consistency. Also issues of image resolu-
tion and partial volume effects will need to be addressed. 
2.2.3.3.  Review of existing guidance documents 
There are no guideline documents that currently address 
the requirements of PET studies specifically for radiation 
oncology planning, perhaps because of the novelty of 
PET in radiotherapy applications compared to the other 
imaging modalities. One important source is the publica-
tion by Coleman et al [68], which addresses how to op-
timize the use of combination PET-CT imaging systems. 
This manuscript addresses the inter-specialty needs to 
achieve best results with PET-CT, a relevant objective 
for all disciplines in medicine, but not catering especially 
to the needs of radiotherapy practice. 
The National Institute of Health (NIH) supports the ref-
erence image database resource (RIDER) serving to 
benchmark software for response assessment including 
PET-CT images. Although this resource does not focus 
on target volume delineation for radiotherapy, it does 
support efforts to accurately and reproducibly segment 
PET-CT tumour volumes, recognizing the importance of 
the goal for the evaluation of therapeutic response.  
An introductory review of the use of PET for radiother-
apy planning is the one by Zanzonico [69] and a second 
giving a radiation oncologist’s perspective by Grégoire 
[70]. 
2.2.3.4.  Summary 
PET-CT simulation in which the FDG exam is fully inte-
grated into the treatment planning process is rapidly 
growing as a consequence of the increasing availability 
of these scanners, and of the new tracers designed to 
provide quantitative measures of radiobiological parame-
ters. As this technology takes off, it will be essential that 
a set of common quality control practices is adopted 
which includes scanner hardware QA tests to ensure con-
stant instrument performance, as well as a reproducible 
and well-defined patient scan protocols that address 
questions such as scan time post tracer injection, respira-
tory gating, standard reconstruction parameters etc.  
Special attenuation should be paid to the development of 
a standardized procedure for the use of PET scans in the 
delineation of target volumes as well as for the use of 
PET for the evaluation of treatment response. Also guid-
ance documentation is sparse in the use of PET-CT for 
radiation oncology applications, and more practical ‘how 
to’ manuscripts are required. 

 

 

 

2.2.4.  Portal imaging and portal dosimetry 
2.2.4.1.  Current Use and Future Developments 
(i) Portal Imaging 
Portal imaging is frequently applied to verify patient set-
up with respect to the radiation beam. Generally the posi-
tion of the isocentre of the beams relative to the patient’s 
anatomy, obtained from DRRs, is verified using either 
the actual treatment fields or two additional orthogonal 
fields. If the treatment fields are used, the portal image 
also provides information about the correct beam aper-
ture or positioning of the blocks. Portal films are applied 
to verify patient set-up during treatment. A disadvantage 
of the use of the film technique is its off-line character, 
which requires a certain amount of time before the result 
can be applied clinically. For this reason on-line elec-
tronic portal imaging devices (EPIDs) have been devel-
oped for acquiring megavoltage images during patient 
treatment as reviewed by Boyer et al. [71] and more re-
cently by Kirby and Glendinning [72]. Megavoltage im-
ages, obtained in digital format with such a device, can 
then be used for further analysis. The systems most 
commonly used are: the fluoroscopic screen/camera-
based Philips/Elekta SRI-100 and TheraView (Cablon) 
imager, and the Varian liquid-filled matrix ionisation 
chamber system. The next generation of EPIDs, using 
amorphous silicon (a-Si) flat panel imagers [73], is 
nowadays commercially available from Varian, Elekta 
and Siemens.  
In order to apply portal imaging in the clinic, local proto-
cols have to be established stating the frequency of portal 
imaging, the criteria for acceptability of observed set-up 
deviations, and the responsibility for making decisions 
for changing the patient position. If properly trained, ra-
diation therapy technologists (RTTs) can perform these 
corrections under the responsibility of a radiation on-
cologist. For several treatment sites it has been shown 
that a considerable improvement in patient set-up accu-
racy can be achieved by applying portal imaging. Careful 
analysis of the results of a portal imaging programme can 
trace several systematic errors such as the imperfect 
alignment of lasers or differences in couch sagging dur-
ing CT scanning and actual patient treatment. Portal im-
aging may also lead to various strategies to improve 
treatment accuracy even further in a department, for in-
stance with respect to patient immobilisation and patient 
positioning by the RTTs. Knowledge of the random and 
systematic uncertainties of patient set-up for a specific 
treatment technique can be used for the adjustment of 
margins for this patient group, for instance in combina-
tion with dose escalation. A detailed review on the clini-
cal use of EPIDs for portal imaging purposes has been 
given by Langmack [74] and Herman et al. [75]. 
If the target volume is moving with respect to the bony 
anatomy, the position of markers inside the target vol-
ume, as observed with an EPID, can be used to adjust 
patient set-up. For such an application it is assumed that 
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the position of the markers does not change during a full 
series of fractions, which seems to be valid for gold 
seeds during prostate treatment. Such an approach may 
give more accurate information about the actual position 
of the target volume than a surrogate such as the bony 
anatomy. Because a relatively large number of images 
can be made during one treatment fraction, EPIDs can in 
principle also be used to measure set-up variation during 
one treatment session. This application has, however, 
been explored more comprehensively using other meth-
ods of imaging. 
Portal imaging systems are becoming mature. The new 
amorphous silicon type detectors promise significant im-
provement in image quality over older systems. To fully 
utilize a portal imaging system, it is important to use 
tools for quantitative analysis. Improved image analysis 
software, provided by the manufacturers of EPIDs, 
would increase the clinical use of their systems. By using 
protocols having well-defined decision rules it is possible 
to reduce systematic set-up errors with an acceptable 
workload.  
(ii) Portal Dosimetry 
The information available in a portal image can also be 
related to the dose delivered to the EPID. Various groups 
have therefore studied soon after their introduction the 
usefulness of EPIDs for dosimetry purposes [76-78]. 
EPIDs have the advantage that in principle dose informa-
tion is available in a plane instead of one or a few points. 
In vivo dosimetry using such a device is therefore an at-
tractive alternative compared to the use of TLD or diodes 
for the determination of exit and/or midplane dose deliv-
ery. Pre-treatment dosimetric verification of conformal 
beams [79] and intensity-modulated radiotherapy 
(IMRT) beams is another application of EPIDs [78, 80].  
Before using an EPID for dosimetry purposes, a number 
of basic dosimetric characteristics have to be determined, 
such as the dose-response curve, reproducibility of the 
signal, temperature, dose rate and dose per pulse depend-
ence and response variation with gantry rotation angle. 
The results of these measurements show that video-based 
systems are fast and have a good linear response [79]. 
These systems need, however, a relatively large correc-
tion for light scatter in the detector, which is position 
dependent. The matrix ionisation chamber system has a 
non-linear response and is relatively slow; i.e., it needs 
more MUs for the same signal compared with video-
based systems [76]. A problem to be solved with the Si 
type of EPID is the ‘ghosting’ effect, i.e., the additional 
signal after the irradiation has been stopped [81, 82]. As 
a consequence the EPID response is not completely lin-
ear with dose and dose rate. This effect might not be of 
great concern if only a few fields are applied but is of 
importance during dose verification of IMRT if a large 
number of segments with few MUs are given. Because a-
Si EPIDs incorporate high atomic number materials, they 
exhibit a disproportionately large response to low-energy 
photons [83]. This is reflected in a reduced sensitivity if 

a patient or phantom is in the beam, and an increased 
sensitivity at off-axis positions due to spectral changes of 
the photon beam. The effect can be reduced by covering 
the EPID with a layer of several mm of copper.  
Various approaches have been reported for using portal 
dosimetry clinically. Some groups have reported the pre-
diction of portal dose images using the planning CT data 
of patients and comparing these images with measured 
portal dose images [78, 79]. Other groups have proposed 
to back-project the energy fluence, obtained from a 
measured portal dose image, to the target of the accelera-
tor and then to recalculate the patient dose distribution 
using a treatment planning system [84]. The transmission 
dose can also be back-projected directly to the patient 
level, either in a plane through the isocentre or in several 
planes, i.e., in 3-D [85]. 
2.2.4.2. Issues 
Portal imaging systems are becoming mature. The new 
amorphous silicon type detectors promise significant im-
provement in image quality over older systems. To fully 
utilize a portal imaging system, it is important to use 
tools for quantitative analysis. Improved image analysis 
software, provided by the manufacturers of EPIDs, 
would increase the clinical use of their systems. By using 
protocols having well-defined decision rules it is possible 
to reduce systematic set-up errors with an acceptable 
workload.  
If new complex treatment techniques are applied such as 
IMRT, the need for verification will increase. For such 
techniques, single-point detectors are not very efficient 
and a two-dimensional detector such as an EPID is an 
attractive tool for pre-treatment verification as well as for 
in-vivo dosimetry. If an EPID, which is attached perma-
nently to the linear accelerator, were used for dosimetry 
purposes, this would not only yield dose information in a 
plane, but also decrease the workload compared to plac-
ing conventional dosimeters or films in/on a phantom for 
pre-treatment verification. Various in vivo-dosimetry 
approaches using EPIDs are currently under development 
by several groups. If these methods would result in 
commercial products, EPID transit dosimetry might be-
come a very powerful tool to verify the dose delivery in 
an entire plane or in 3D during patient treatment. 
2.2.4.3. Review of guidance documents 
Portal imaging as part of the QA process of radiotherapy, 
as well as the advantages and limitations of the various 
detector systems and the ways they are clinically imple-
mented, has been discussed in several textbooks, e.g., 
[5]. A disadvantage of some of the older types of EPID is 
their limited contrast and spatial resolution. Recent de-
velopments in flat-panel display technology have al-
lowed the creation of new types of flat panel detectors 
for X ray imaging, both for diagnostic purposes and for 

SSDL Newsletter, No. 55, April 2008 SSDL Newsletter, No. 55, 8  8Oc April    2008



12 

use as an EPID [73]. Characteristics of these types of 
EPIDs have been discussed in detail in this article. 
Over the last years, EPIDs have become available in a 
large number of institutions to measure set-up errors. The 
increasing ability to measure patient set-up during treat-
ment, in combination with the demand to reduce set-up 
errors in order to reduce PTV margins, has led to a grow-
ing number of studies on this topic. An overview of set-
up error determination strategies using portal imaging 
and the results of these studies has been given by Hurk-
mans et al. [86]. A detailed review on the clinical use of 
EPIDs has been given by Langmack [74] and can be 
found in the report of AAPM Radiation Therapy Com-
mittee Task Group 58 [87].  
In a recent study van Elmpt et al. [88] elucidated how 
EPIDs have contributed to the verification of the dose 
delivered either prior to treatment or during the actual 
treatment of a patient. After briefly reviewing the charac-
teristics of the different types of EPIDs relevant for do-
simetry applications, the various strategies to apply EPID 
dosimetry in the clinic have been summarized in that re-
port. The current clinical practice of portal dosimetry has 
also been reviewed with special attention to acceptance 
and rejection criteria applied in the various institutions. 
2.2.5. Volumetric and kV radiographic imaging 
for RT 
2.2.5.1. Current use, future developments, and is-
sues 
The desire to escalate dose while avoiding normal tissues 
has placed great scrutiny on the geometric uncertainties 
present in the radiation therapy process. The accurate and 
precise placement of a conformal dose distribution 
within the human body is challenging due to the mobile 
and facile nature of the body’s internal structures. To 
address this issue, there has been significant advance-
ment in the development of imaging systems that reside 
within the radiation treatment room and provide images 
of internal anatomy referenced to the reference frame of 
the treatment unit. 
There are four major imaging methods employed in the 
systems that are currently available on the market. These 
are: (i) ultrasound, (ii) megavoltage CT, (iii) kilovoltage 
radiography, and, (iv) cone-beam CT (both kilovoltage 
and megavoltage). These are briefly reviewed with re-
spect to their use and future developments. 
(i) Ultrasound imaging has been available for image-
guidance in radiation therapy since the late 1970s [89-
92]. In this approach, conventional ultrasound systems 
are employed in conjunction with a tracking system (op-
tical or robotic) to allow US images of internal anatomy 
to be related to the isocentre of the treatment unit. The 
units are in broad use in the radiation therapy community 
with a variety of applications, but are predominantly 
used in localization of prostate cancer treatments. These 

systems have the advantages of low-cost, easy integra-
tion within the RT process, and freedom from toxicity. 
There continues to be some controversies. These include, 
the dependence of precision and accuracy on the skill 
and training of the operator, and the potential for errors 
arising from displacement of the relevant anatomy during 
the placement of the US probe.[93, 94] Despite these 
issues, there are continued improvements in the systems 
and new products being advanced. One manufacturer has 
proposed the use of US in both the simulation and treat-
ment room to allow US-US registration to avoid the 
variations in interpretation associated with CT-US regis-
tration. 
 (ii) Megavoltage CT for image guidance has been re-
ported in the literature for nearly two decades with early 
prototypes employed in both research and clinical set-
tings [95, 96]. The development of the Tomotherapy unit 
has provided the ideal platform for maturation of this 
technology [97-99]. In the Tomotherapy approach, a fan-
beam of X rays is generated by the same system that 
generates the treatment beam. The transmitted fluence is 
detected using a conventional xenon-based CT detector 
array and stored for subsequent helical reconstruction. 
The images generated with this system are registered to 
the treatment unit reference image and can be employed 
to adjust the patient position with respect to the delivered 
fluence pattern. The use of the MV beam results in a loss 
in contrast-to-noise as compared to kilovoltage systems 
when equivalent doses are applied (~3 cGy to isocenter). 
However, the images generated are of remarkably high 
quality with excellent 3-D visualization of bony anatomy 
and some capacity for localization of soft-tissue struc-
tures such as rectum, bladder, or lung lesions. The geo-
metric accuracy of these images is high and should per-
mit precise and accurate positioning of the patient. The 
use of the megavoltage beam provides accurate electron 
density estimation and reduces the magnitude of artifacts 
associated with metal implants. The issues facing this 
technology include lower spatial resolution in the longi-
tudinal direction (typically ~3 mm), limitations on the 
ability to monitor motion during treatment, and the lower 
CNR at the megavoltage energies. 
(iii) Kilovoltage radiography has seen resurgence in its 
use for guiding radiation therapy. Early developments 
[100] in these approaches carried into adaptation of kV X 
ray tubes to medical linear accelerators [101]. With the 
exception of exotic systems being developed to support 
stereotactic applications [102, 103], kV systems had 
largely disappeared from the radiation therapy treatment 
room by the 1990s. Developments in X ray detector 
technology enabled these systems to re-enter the field. 
Initial systems employed flat-panel amorphous silicon 
detectors mounted on the treatment table directly below 
the patient and paired kV X ray tubes on the ceiling to 
relate the patient’s bony anatomy or implanted markers 
to the isocentre of the treatment unit. These systems offer 
high geometric targeting precision and accuracy for high 
contrast surrogates of the target and normal tissues. The 
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low imaging dose and high level of integration make it 
possible to perform multiple localizations during the 
course of a single fraction to verify correct and stable 
targeting of the treatment beam [104, 105]. The exten-
sion of these approaches to evaluate soft-tissue targeting 
and normal structure avoidance is difficult due to the low 
contrast and 3-D extent of these structures. The potential 
for very frequent monitoring (~15 fps) is made possible 
with the development of high-performance fluoroscopic 
modes of the amorphous silicon flat-panel detectors 
[106]. These approaches have the potential to allow auto-
mated tracking of fiducials (gold markers, visicoilsTM, 
surgical clips) or high-contrast anatomical structures 
(e.g., focal lung lesions) during radiation delivery. These 
developments are likely to be re-energized by the devel-
opment of numerous kV equipped accelerators offering 
cone-beam CT for image-guidance purposes (see below). 
The major challenge with this technology is the presence 
of overlying anatomy in the radiographic images and the 
potential for registration to composite features formed by 
these structures.  
(iv) The same technological developments that enabled 
the re-development of kV radiographic imaging has also 
allowed the creation of both kV and MV cone-beam CT 
volumetric approaches that readily adapt to the conven-
tional medical linear accelerator [107-109]. In these ap-
proaches, a very high quality series of low-dose radio-
graphs (either kV or MV) are accumulated during the 
rotation of the gantry (190o to 360o) about the patient. 
Provided appropriate mapping of the system geometry 
has been performed, it is possible to employ filtered 
back-projection methods [110] to reconstruct an X ray 
cross-section map (effectively a 3-D, high resolution CT 
image) of the patient’s internal anatomy while positioned 
on the couch of the treatment unit. This allows the opera-
tor to detect, localize, and adjust the location of the inter-
nal anatomy with respect to the treatment beam just be-
fore the start of irradiation. These approaches have the 
advantage of soft-tissue detection and imaging of the pa-
tient in the treatment position. The challenges for these 
approaches are numerous despite their rapid penetration 
into the clinical setting. It is estimated that nearly 80% of 
conventional accelerators being delivered to the market 
by major manufacturers are equipped with kV imaging 
capabilities (radiographic and cone-beam CT). The 
greatest issues facing these systems arise from intra-
acquisition motion, X ray scatter on the detectors, detec-
tor lag, and limited field of view of the X ray detector. 
These lead to variable image quality, inaccuracy of CT 
numbers, presence of shading, and truncation artefacts. 
The additional dose due to the imaging is a concern and 
is considered in the selection of the imaging technique. 
For the kV systems, the geometric stability is a perceived 
concern due to the independence of the kV and MV 
components. However, the geometric performance has 
been demonstrated to be highly stable through numerous 
studies [111]. The MV cone-beam CT systems have their 
merits with respect to common isocentre and avoiding 
the need for additional hardware. However, the presence 

of the treatment collimator limits the field-of-view of the 
imaging system to a 400 mm diameter cylinder. 
The breadth of imaging technology being introduced into 
the radiation treatment room is remarkable. This breadth 
will challenge the knowledge of the staff involved in the 
process. The physicist will be seen as a central player in 
this activity with respect to addressing imaging perform-
ance, explaining artifacts, and providing evidence of the 
geometric accuracy. The interpretation of these images 
by the radiation therapist and oncologist will also require 
additional training. Furthermore, the quantity of images 
produced with these systems will shift the radiation ther-
apy department’s information technology needs quite 
substantially. Per patient, these systems generate at least 
an order of magnitude more image information than all 
the other imaging activities combined. This will increase 
the need for electronic charting and coordination of data-
flow in the radiation therapy centre. 
2.2.5.2. Review of guidance documents 
While there are relatively few published guidance docu-
ments for the quality assurance and appropriate use of 
image-guidance technologies this is likely to change in 
the next few years. The AAPM Task Group Report 58 on 
electronic portal imaging technology (the dominant im-
age-guidance technology in the field to this point, see 
section 2.3.4) was published in 2001 and provides a basis 
for the issues at play in image-guidance that the commu-
nity can draw upon for the radiographic and volumetric 
methods. The components of the report that are most 
relevant relate to (i) the modes of using imaging technol-
ogy to guide the therapy, and (ii) human resources that 
are necessary to support the appropriate use of the tech-
nology. 
The magnitude of doses delivered in kV radiographic 
image-guidance has recently been reviewed by Murphy 
et al. in the AAPM Task Group Report 75 [106]. This 
report highlights the appropriate dosimetry methods and 
quantities to report. There is no specific utilization guid-
ance provided with the exception of the general principle 
of applying the ALARA methods when considering the 
development of imaging techniques. 
Generally, the lack of guidance documents for the appro-
priate use of novel image-guidance systems has been 
recognized and is being addressed by a number of 
AAPM task groups that are underway. 
The long use of ultrasound imaging for IGRT without a 
guidance document is unfortunate. This is now being 
addressed through the AAPM Task Group 154 entitled 
Quality Assurance of Ultrasound-Guided Radiotherapy 
(Chair: Janelle Molloy). The group carries the charge: 
1. To produce a guidance document for clinical medi-

cal physicists describing recommended quality as-
surance (QA) procedures for ultrasound-guided ex-
ternal beam radiotherapy localization.  
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2. The task group is designed to produce a focused, 
fast-track report.  

3.  Specifically, the report will:  
•  Briefly summarize the relevant literature 

and state of the art;  
•  Briefly summarize general US imaging 

physics and QA considerations; describe 
existing commercially available systems,  

•  Describe simulation, treatment planning 
and treatment delivery considerations in 
the context of the application of US local-
ization, including patient selection;  

• Llist recommended QA test procedures, fre-
quencies and tolerances” 

This is the first task group on this technology since its 
broad introduction in 1997 and is long overdue. 
Radiographic imaging using kilovoltage systems has in-
spired the creation of AAPM Task Group 104 (Chairs: F-
F Yin and J.W.Wong). The charge for this group is: 
1.  Review the current existing kV x-ray systems used in 

the radiation treatment room, including system con-
figurations, specifications, operation principles, and 
functionality. 

2.  Discuss the current clinical application methods 
about how these systems could be used to improve 
treatment accuracy and their limitations. 

3.  Discuss issues related to effective implementation in 
the routine clinical procedures. 

4.  Discuss issues related to acceptance testing and 
quality assurance….”.  

This report is currently under review within the AAPM 
Task Group system and should be published by the end 
of 2008. This represents a general review of radiographic 
guidance on conventional medical linear accelerators.  
The rapid deployment of the Tomotherapy system [98] 
has created demand for guidance beyond that provided 
by the manufacturer. Guidance documents can be found 
in the literature [112] and the AAPM Task Group 148 is 
under development with specific application to the To-
motherapy unit. It is entitled QA for Helical Tomother-
apy (Chair: Nikos Papanikolaou) and has the following 
charge: 
1. To make recommendations on quality assurance 

techniques, frequencies, and tolerances.  
2. To make recommendations on dosimetric verification 

techniques. 
In addition to the AAPM Task Group literature, there are 
other guidance documents available. These include the 
textbook edited by J. van Dyk (Modern Technology of 
Radiation Therapy, Volume 1 & 2) with a chapter dedi-
cated to the implementation and QA of image-guided 
RT. In addition, Yoo et al. and Lehman et al. have de-

scribed a QA program for use with the Varian On-Board 
Imager (OBI) and Elekta Synergy Cone Beam CT sys-
tem, respectively, in their publication [113, 114]. 
ESTRO has recently established a scientific organisation, 
the European Institute of Radiotherapy (EIR) to promote 
awareness, research and development in radiation oncol-
ogy, and to provide an authoritative European view on 
newly emerging topics important to radiation oncology. 
Topics to be included in these activities will be oncology 
research related to radiation therapy, basic biology, clini-
cal practice issues, primary radiotherapy technology and 
related technology such as imaging. Potential topics for 
task groups (TGs) are therapy approaches using complex 
modalities such as hadron therapy, molecular imaging, 
biological modelling, (hypo)fractionation and image-
guidance to improve target volume delineation and pa-
tient set-up accuracy. The topic chosen by the first TG, 
coordinated by Dr. Stine Korreman, was image-guided 
radiotherapy. The activities of the task group are to ex-
plore and evaluate the implementation of 3-D CT- based 
image-guided in-room systems, to contact departments to 
gather information about the image-guided method(s) 
used in their department, to collect information about 
two common case of head & neck cancer and prostate 
cancer, and to compare the work flow processes. The 
ultimate aim of the TG is to inform specifically people 
working in smaller departments involved in the purchase 
of such equipment in order to allow them to make the 
best decision based on their needs/budget/capacities. It is 
expected that each TG will generate a consensus state-
ment or publishable paper in a relatively short time pe-
riod (~ one year). After review it will be distributed 
through existing ESTRO communication channels (web-
site, newsletter, green journal). 
2.2.5.3. Summary 
Overall, the use of imaging in the treatment room is ex-
panding rapidly with a variety of technologies being in-
troduced. These systems are critical in the therapy proc-
ess, as they verify the geometric placement of the radia-
tion distribution within the body. Furthermore, the per-
ception in the community is that these systems are highly 
precise and accurate. This will tend to push the field to 
reliance on this precision and accuracy. The greatest risk 
is misplaced confidence resulting in geographical miss of 
the tumour and excess irradiation of the normal critical 
structures. Clearly, there is need for guidance on its safe 
and appropriate use. Organizations are in the process of 
developing these documents with the intention of rec-
ommending models of use and assisting the clinical prac-
titioner in their safe and effective application. 
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2.2.6. Review of guidance documents for serial 
and multi-modal image use in RT 
2.2.6.1. Current use, future developments, and is-
sues 
As the frequency and variety of imaging increases, asso-
ciated tasks such as the registration and fusion of sequen-
tial and multimodality images is increasing. Furthermore, 
the increased demand requires faster solutions to be de-
veloped. Understanding the limitations of the data input, 
and limitations of the algorithms used for registration is 
important to avoid geometric errors and therefore do-
simetric errors during treatment. Ensuring that the input 
images are acquired in the treatment position using flat 
couch inserts and the same immobilization devices for 
the different modalities is of particular importance Care-
ful patient alignment, including the use of lasers, will 
reduce the difficulty of the registration problem. MR im-
aging proposes a particular challenge, given the potential 
for geometric distortion and artifacts. AAPM Task Group 
117 is developing guidelines for the use of MRI data in 
treatment planning and stereotactic procedures with an 
emphasis on spatial accuracy and quality control. 
Rigid registration within and between image modalities 
is available on most treatment planning systems. Almost 
all systems offer manual registration and some offer 
automatic registration algorithms (mutual information, 
Chamfer matching etc). Often manual matching can be 
used for a good input to the automatic algorithm, and the 
results of the automatic algorithm can be adjusted manu-
ally. Guideline documents for rigid registration include 
Mutic et al [115] and the use of an FRE/TRE formalism 
[116]. AAPM Task Group 132 is currently reviewing and 
preparing guidelines for the use of image registration and 
data fusion algorithms and techniques in radiotherapy 
treatment planning. 
There are a number of deformable algorithms to account 
for intermodality registration, e.g. MR-CT and serial in-
tramodality registration, e.g. 4-D CT and repeat CBCT. 
Task Group 132 as mentioned above is including the 
evaluation and guidelines for deformable algorithms in 
their charge. Deformable registration algorithms include 
different similarity metrics, such as mutual information 
and cross correlation, as well as interpolation methods 
such as finite element, optical flow and b-spline methods. 
Verifying deformable algorithms is challenging, as often 
there is a vector connecting the source and target image 
for each image voxel. There is much activity in the vali-
dation of deformable algorithms including the develop-
ment of phantoms [101-102], and the validation of algo-
rithms on these phantoms [103] and patient images [104, 
105]. 
It is important to note that all registration algorithms 
have uncertainties, and these uncertainties are spatially 
dependent. Also, local rather than global approaches are 
often more appropriate in radiotherapy. For example, 

when registering an MR scan to a CT scan for a stereo-
tactic spinal lesion treatment, it is more important to 
match the vertebrae on the two modalities than obtaining 
a good match over the entire volume of anatomy imaged. 
In such cases carefully selecting the parameters for 
automatic registration or performing manual registration 
are required. 

2.3. Imaging in the radiation therapy workflow 
Imaging is included in the radiation therapy process in a 
variety of ways. The approach taken depends upon: the 
type of imaging, the availability of the imaging technol-
ogy (directly in the radiation therapy department or in an 
adjacent radiology department), the clinical objective, 
and, and the presence of other imaging modalities. The 
variation in imaging workflow in RT is illustrated below. 

2.3.1. CT Imaging in radiotherapy workflow 
CT images are utilized for pre-treatment imaging, treat-
ment planning and treatment verification for almost all 3-
D conformal and IMRT treatments – see figure 1. Many 
centres are predominantly or exclusively performing 2-D 
radiotherapy using conventional simulator based verifi-
cation and the introduction of CT-based radiotherapy has 
significant implications for workflow. The IAEA is de-
veloping a IAEA-TECDOC for this transition from 2-D 
to 3-D and IMRT.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Workflow for CT-based radiotherapy.  

CT scans for radiotherapy can be acquired with a CT 
scanner dedicated to radiation oncology, or shared with 
other resources, particularly radiology. Dedicated CT 
scanners for radiation oncology typically have fixed flat 
couch inserts, immediately available immobilization de-
vices, lasers and software for CT simulation and a sched-
ule controlled by radiation oncology that accommodates 
the increased time for CT simulations compared with CT 
scanning alone. When a CT scanner is a shared resource, 
a flat couch insert and immobilization devices need to be 
available. There may not be lasers for virtual simulation, 
and there can be time pressures. Whether a scanner is 
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dedicated or shared, CT images and the isocenter posi-
tion are imported into the treatment planning system. 
Depending on workflow and equipment, volume seg-
mentation of tumour and normal anatomy, and margin 
assignment, can be performed with CT simulation soft-
ware, or by the treatment planning system. Volume de-
lineation can also be assisted through images from other 
modalities, including MR and PET – see figure 2. Once a 
treatment plan has been created, digitally reconstructed 
radiographs (DRRs) are computed if planar imaging is to 
be performed for verification in the treatment room. 
These DRRs can either be from the treatment beam an-
gles or from an orthogonal image pair. 
Once a treatment plan has been approved, the plan, iso-
center and DRRs or CT scan itself (for 2-D to 3-D 
matching) are sent to the linear accelerator. DRRs are 
used for comparison with megavoltage or kilovoltage 
planar images for appropriate patient alignment. The CT 
scan is used to estimate appropriate patient alignment by 
registration and fusion of the CT scan with volumetric 
images acquired at the linear accelerator which can be 
kilovoltage or megavoltage, cone beam or fan beam. CT 
images pervade the entire workflow of 3-D conformal 
and IMRT treatments. Appropriate staffing, protocols for 
use and quality assurance are required to safely imple-
ment CT-based treatments.  

 
Figure 2: Progression of the radiation therapy workflow towards an 
image-informed process, in which images from a variety of sources 
are used in the design of the therapy.  These images are registered 
(see +) and fused for visualization and manual or automated 
segmentation.  The use of these images requires a strong 
understanding of the origin of the image signal and verification that 
this signal is faithfully transferred through to the planning and 
delivery components.  Imaging in the room is now being more broadly 
employed to both evaluate the radiation delivered (portal dosimetry) 
and geometric targeting (e.g., cone-beam CT, tomotherapy, US).   

 

 

2.3.2. PET and SPECT for target definition RT 
PET and SPECT provide functional information on tu-
mour behaviour, and may also identify the extent and 
location of active disease. Depending on local equipment 
and local practice, CT may be integrated into the ra-
dionuclide examination, facilitating localization of dis-
ease and also enabling local CT simulation of treatment 
and acquisition of morphological CT planning scans. 
Target identification will be best performed in conjunc-
tion with imaging staff. Scans may be performed prior to 
treatment for planning, during treatment to adjust target 
volumes, after treatment to assess response and identify 
recurrence. 
Image information for radiotherapy treatment planning 
may be acquired in the following ways: 
•  Areas of active disease may be transferred visually to 

CT based treatment planning. 
•  Areas of active disease may be integrated with CT 

and transferred to plans based on a separate CT 
simulation session. 

•  PET/CT or SPECT/CT may be performed in the 
treatment position with appropriate patient set-up 
procedures, with CT simulation performed on the 
same device prior to transfer to planning. 

•  Where diagnostic radionuclide scanning is performed 
separately to a planning radionuclide/CT scan, it may 
be possible to rescan the patient for a radionuclide 
planning scan utilizing the same radionuclide dose. 

Transfer of radionuclide derived data for planning use 
may require registration, and steps to assure spatial fidel-
ity. Imaging should follow a pre-determined protocol, 
and the location and extent of disease should be deter-
mined on the basis of an established evaluation protocol, 
with appropriate input from radionuclide staff. 

2.3.3. Processes for MR image use in planning 
and response 
MR image data can be used to inform the planning proc-
ess in several ways. Currently morphological data from 
MR based on T1, T2 and similarly weighted images, to-
gether with contrast agents can be used to define tumour 
and organ extent. There is growing use of functional and 
metabolic information to complement morphological 
images. These data are used in a number of ways: 
•  Data can be transferred visually onto CT based plans. 
•  Data can be digitally transferred to a planning system 

and co-registered with CT – with and without prior 
distortion correction. 

•  Data can be used directly for planning after distor-
tion correction and with bulk assignment of attenua-
tion corrections (MR simulation).  
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MR simulation requires appropriate set up of the patient 
in the treatment position, registration of surface markers, 
and assurance of spatial fidelity. Registration to CT also 
benefits from these steps. MR may also be used to assess 
changes in target volume during therapy and to assess 
response and residual disease following treatment. MR 
sessions need to booked for appropriate times prior to 
and during therapy, using an established protocol, ensur-
ing appropriate expertise is available for set-up and 
evaluation, and that planning software can receive and 
handle the required types of MR data. 

2.3.4. On-line and off-line analysis for in-room 
image guidance 
After the technical development and optimization of in-
room imaging tools integrated with the actual treatment 
process, the next important step is the development and 
implementation of clinical protocols for image-based 
guidance. Currently there is information available in the 
literature describing such protocols for portal imaging, 
but to date few articles have been published for other in–
room imaging methods. Therefore, these protocols have 
to be developed, or adapted from portal imaging experi-
ence, which will be a topic of interest for the coming 
years.  
The information available on the clinical use of elec-
tronic portal imaging can be separated into off-line and 
on-line applications. Off-line analysis has been used to 
quantify and separate random and systematic uncertain-
ties for individual patients. This information can be used 
to design decision rules to indicate when to correct a set-
up deviation for a particular type of treatment, e.g., 
[119]. Off-line set-up verification protocols can be based 
on decision rules using a shrinking action level (SAL) 
[120]. Other approaches are based on average deviations 
observed during the first number of fractions and assum-
ing these deviations are valid for the whole treatment, 
e.g. the no-action level (NAL) protocol [121]. The same 
approaches can be applied for other in-room imaging 
data driven, for instance, by 3-D bony anatomy registra-
tion to the planning CT data. Additionally, soft tissue 
driven off-line correction protocols have to be imple-
mented, for instance for prostate, lung and bladder cancer 
treatments. Furthermore, adaptive radiotherapy (ART) 
protocols [122] have to be developed. By using image 
information obtained during the first week of treatment, 
the PTV margin can be adapted for an individual patient. 
A new plan can then be designed using the average GTV 
and OAR positions. In the following weeks, new scans 
are used to monitor the adequacy of the ART treatment 
plan. It should be noted that the clinically applied GTV-
to-PTV margins should compensate for all geometrical 
uncertainties in the radiotherapy chain including those 
induced by target definition, which are not improved by 
in-room image guidance. 
EPIDs and other modern in-room imaging tools profit 
from the availability of fast and user-friendly software 

for image analysis. An advantage of on-line analysis 
compared with off-line analysis is that the image is 
available a few seconds after the start of the irradiation. 
This allows, in principle, a quick decision to terminate 
the treatment if the comparison of such an image with the 
simulator image or DRR does not show unacceptable 
discrepancies. On-line correction protocols are therefore 
of particular importance for set-up verification if only a 
few fractions are applied, e.g., during hypo-fractionated 
treatments. 
Radiotherapy technicians generally perform the acquisi-
tion of in-room images. The evaluation of these data can 
also be performed by them if they are properly trained in 
applying the special registration software tools, using 
protocols having well defined criteria for acceptability of 
(small) patient set-up deviations. These protocols should 
be developed in close cooperation with radiation oncolo-
gists and physicists, dividing also the responsibilities for 
making clinical decisions. This is an area that requires 
significant attention and will stress the need for continu-
ously revised curricula and inter-professional relations if 
the image information is to be fully exploited.  
2.3.5. Staff training for imaging in radiotherapy 
Imaging plays a central and increasingly important role 
in radiotherapy. It has been observed that acquisitions of 
new technology in Member states often represent a mas-
sive change of capabilities and that staff are generally not 
appropriately educated to manage the safe and optimal 
use of the new technology. Often the new technology has 
emerged after most of the current staff completed their 
formal training and therefore do not have an in-depth 
understanding of the emerging technology. Therefore 
appropriate and relevant training of physicists, radiation 
oncologists and radiation therapists on the aspects of im-
aging in radiotherapy is needed.  
Current training curricula and textbooks do not reflect 
the central role and importance of imaging in radiother-
apy. More over, the use of imaging is rapidly increasing 
with time and it is expected that this increase will con-
tinue to evolve and demand an ongoing continuous learn-
ing effort by the entire treatment team. Training curricula 
for medical physicists, radiation oncologists and radia-
tion technologists have been slow to adapt and incorpo-
rate the growing role of imaging in radiotherapy. Curric-
ula, certification and recertification should be revised to 
include appropriate training and competencies for the use 
of imaging in radiotherapy. 
The additional complexity and tasks associated with im-
aging in radiotherapy mean that staffing levels need to be 
increased appropriately. Even the additional training re-
quires a substantial time commitment for all personnel 
involved in the process. The appropriate increased staff-
ing levels required to safely include imaging into the 
practice of radiotherapy is not clearly quantified. The 
IAEA should proactively seek to determine and provide 
guidance on appropriate staffing levels.  
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Radiology, nuclear medicine and other departments have 
expertise in imaging. Collaborating with departments 
with imaging expertise, and where available didactic 
courses, such as courses taught to medical residents and 
trainees in radiology, should be taken advantage of by 
the radiation oncology professionals.  
In the recommendations section are several proposed 
mechanisms for increasing the education and appropriate 
use of imaging in radiotherapy. These include exchanges, 
hands-on teaching courses and web-based training. 
Important areas of education on the role of imaging in 
radiotherapy include, but are not limited to: 
•  Understanding of the sources, applications, and 

magnitudes of geometrical variations and uncertain-
ties of imaging in radiotherapy. 

•  Appropriate interpretation of images and factors 
generating image signal.  

•  Understanding the workflow and appropriate quality 
assurance of the various subprocesses of imaging in 
radiotherapy.  

•  Patient immobilization and isocenter marking. 
•  Rigid and deformable image registration methods 

and limitations. 
•  Segmentation of tumour and normal anatomy on 

volumetric images from multimodal sources. 
•  Treatment planning using 3-D, 4-D and multimodal-

ity information. 
•  Appropriate understanding of the sources of errors 

and error management to guide margin definition. 
•  Evaluation and assessment of images acquired within 

the treatment room. 
•  Image acquisition, registration and appropriate use 

during the treatment process. 
•  Verification of radiation treatments. 
•  Information technology requirements to manage the 

increase in imaging during the treatment process.  
Note: the choice of topics and depth of topics will vary 
with the professional responsibilities of the medical 
physicist, radiation oncologist and radiation technologist.  
Throughout the report, resources for training in particular 
areas are given. Some general resources for imaging in 
radiotherapy include an NCI-supported dosimetry train-
ing tool7 and EMERALD, a European Union initiative8; 
however these resources could be expanded to emphasize 
the role of imaging in radiotherapy. There are several 
organizations, including the AAPM, ASTRO, and ES-
TRO developing guideline documents for topics associ-
ated with imaging in radiotherapy. In particular, AAPM 
                                                 

7 http://dosimetrytrainingtool.com/ 
8 http://www.emerald2.eu/ 

Task Group 131 is actively developing resources for 
medical physics training in developing countries.  

2.3.6. Data handling and information technolo-
gies 
The growing use of imaging is resulting in a substantial 
demand on the data communication and storage systems 
of the radiation therapy department. Modern radiation 
therapy practice is moving toward a highly integrated 
electronic patient chart for executing, recording and, 
verifying the radiation treatments. This has allowed the 
field to pursue advanced methods of treatment such as 
IMRT, in which hundreds of parameters are used to spec-
ify the treatment machine operation. Clearly, this could 
not have been initiated without digital communication 
methods. The efficient use of imaging will also rely this 
infrastructure with greater and greater levels of integra-
tion foreseeable in the near future. 
The creation of the DICOM standard has been an impor-
tant step in allowing these developments to move from 
the academic centres to the community at large. The DI-
COM standard, which is still evolving, is now paying 
dividends for the community by streamlining workflow 
and allowing developments of third party tools within the 
radiation therapy market. There are numerous out-
standing issues related to ‘non-standard image work-
flows’. While radiation therapy employs significant 
numbers of images, it is not a workflow that has been as 
well developed as the conventional diagnostic workflow. 
As a result, it is not uncommon to find that image sets of 
non-standard orientation are not accurately reformatted 
when carried into the radiation therapy environment. The 
community is addressing this issue through the Radiation 
Oncology domain of the IHE (Integrating the Healthcare 
Enterprise, www.ihe.net, and IHE-RO - 
http://www.ihe.net/Technical_Framework/index.cfm#rad
_onc).  
The quantity of imaging data (in Mb) being generated 
continues to climb from both a demand for higher resolu-
tion imaging (1, 4, 16, and 64 slice CT) and the devel-
opment of volumetric imaging in the treatment room. It 
is likely that the volumetric imaging in the treatment 
room will generate ~95% of the entire radiotherapy re-
lated patient storage requirements. This is related directly 
to the number of fractions used to deliver the total radia-
tion dose (e.g., 20 fractions with volumetric imaging for 
every planning dataset). Restated, the storage demands of 
the department will increase by a factor of 20. Out-
standing issues include the lack of direction regarding the 
long-term storage needs for planning and guidance im-
ages (for both patient re-planning and legal issues). The 
development of rational guidelines will serve to reduce 
the cost of these systems as they mature over the next 
several years. 
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FOREWORD 
The objective of the Regional Technical Cooperation 
Project RAF/6/032 in promoting regional and national 
quality assurance programmes for medical physics in 
nuclear medicine is to improve the effectiveness and 
safety of nuclear medicine procedures by providing 
support for the design and implementation of quality 
assurance (QA) programmes and by establishing train-
ing and education programmes in medical radiation 
physics, focusing on aspects related to the application 
of nuclear medicine techniques. 
Eighteen national project coordinators (NPCs) nomi-
nated by participating AFRA9 Member States are assist-
ing in the project. 
RAF/6/032 was approved by the International Atomic 
Energy Agency (IAEA) in 2005 for an initial five year 
duration. A coordination meeting is held every two 
years where the NPCs and IAEA Technical and Project 
Management Officers establish the project's training 
and development programmes. 
During the first coordination meeting at Cape Town in 
January 2005, it was decided to convene a Task Force 
Meeting to harmonize the QC protocols used in Nuclear 
Medicine Centres. 
The members of the Task Force Meeting who drafted 
this guidance document are: Joshua Audu (Nigeria), 
Andries van Aswegen (South Africa), Moustafa Mo-
hamed Elhasan (Sudan), Bertil Axelsson (Sweden), 
Aziz Mwangolombe (Tanzania), Gashaw Wolde (Pro-
gramme Management Officer), and Stig Palm (Techni-
cal Officer). 
                                                 
9 African Regional Cooperative Agreement for Research, Develop-
ment and Training related to Nuclear Science and Technology. 

1. INTRODUCTION 
The title of this task force meeting was confined to 
harmonizing the quality control protocols. However, it 
was felt that it was appropriate to provide guidance on a 
somewhat broader scale. Recommendations on the 
staffing, responsibility and authority to conduct the 
tests were therefore included. This report does not ad-
dress aspects such as positron emission tomography, 
acceptance testing of equipment and quality control 
(QC) on processing software. 
Ensuring good clinical practice involves teamwork be-
tween different professionals (i.e., physicians, medical 
physicists, technologists, etc.) who contribute towards 
this goal through their different expertise. Quality con-
trol on nuclear medicine equipment plays an integral 
role in optimising clinical care. QC is also cost effec-
tive since it (i) contributes towards obtaining reliable 
clinical results, and (ii) ensures that preventive action 
can be taken before serious problems develop. 
This document was produced with the understanding 
that the current practice of quality assurance pro-
grammes within nuclear medicine centres varies sub-
stantially within and between Member States. The 
guidelines should therefore serve not only to set out 
minimum standards, but also point to procedures that 
would provide optimal standards. All nuclear medicine 
centres should strive for providing optimal standards. It 
is particularly important for the anticipated expansion 
of nuclear medicine practices in the AFRA member 
states that such an expansion is coupled with quality 
assurance programmes that provide optimal standards. 
This document is primarily meant to provide guidance 
to the medical physicist on-site, or associated with, a 
nuclear medicine centre since the medical physicist has 
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the main responsibility for ensuring optimal quality 
control of equipment. It spells out the roles of other 
staff members such as technologists10, hospital engi-
neers, radiopharmacists and physicians, involved in QC 
procedures. This document furthermore provides in-
formation to policy makers in the hospitals about QC 
procedures that need to be followed and responsibilities 
and authority of personnel involved. 
This document should also be of interest to national 
regulatory bodies in the different AFRA member states. 

2. EQUIPMENT AND PROTOCOLS 
The testing equipment needed to perform the various 
QC tests are described in this chapter. The testing 
equipment varies depending on the type of studies per-
formed and the capability of the instruments to be 
tested.  
2.1. The gamma camera 
The indicated test frequency is the minimum frequency 
for performing the tests however camera work load, 
age, or reliability could warrant more frequent testing. 
The medical physicist responsible for the QC on the 
camera should determine the actual frequency of tests. 
In case of a newly installed camera, acceptance tests 
need to be performed. 
In the event of a power outage, the instructions of the 
vendor to return the camera to clinical operation should 
be followed (it is often recommended to allow 24 hours 
before clinical use of the camera). Also after repair and 
major maintenance, certain tests should be performed. 
At a minimum, uniformity and resolution tests must be 
carried out. If the camera is used for SPECT studies, 
the centre of rotation should be checked. 
The medical physicist is responsible for the execution 
of the tests and for the interpretation of the results. The 
daily tests could be performed by other staff approved 
by the medical physicist. 
2.1.1. Equipment needed for gamma camera QC 
Required - these items must be available in order to 
assure proper QC on the imaging system to achieve 
optimal clinical performance. 
• Sufficient supply of 99mTc-generators 
• Refillable flood source 
• Four-quadrant bar phantom 
• SPECT phantom for resolution and uniformity 
                                                 
10 Throughout this document, the term ‘technologist’ has been 

adopted as a generic descriptor for the person normally associ-
ated with the job titles of ‘nuclear medicine radiographer’ or 
‘nuclear medicine technologist’ or ‘imaging scientist’ that is 
trained in nuclear medicine. 

• Disposables: Petri dish, capillary tubes 
Recommended – test equipment needed for tests to be 
performed if resources are available. It is desired to 
carry out these tests in order to follow good work prac-
tice 
• 57Co flood source 
• Copper plates for evaluation of count rate response  
• Computer generated test image (SMPTE test pattern 

[1]) 
Optional – This test phantom is needed only if re-
sources are available to complement the qualitative 
evaluations. 
• NEMA resolution slit phantom 
2.1.2. Tests for all imaging systems 
Required tests — these tests must be performed in or-
der to assure proper clinical performance. 
Required tests Frequency 
Centring of energy window Daily 
Flood field uniformity Daily11 
Spatial resolution Daily 
Background count rate Daily 
System flood field uniformity 3 months11 
System spatial resolution and linearity 6 months 
 
Recommended tests — if resources are available, it is 
desired to carry out these tests in order to follow good 
work practice. 
Recommended tests Frequency 
Intrinsic flood field with narrowed and 
off-center window 

6 months 
Intrinsic uniformity for radionuclides 
other than 99mTc 

6 months 
System plane sensitivity yearly 
Collimator hole angulation yearly 
Intrinsic count rate performance yearly 
Multiple-window spatial registration yearly 
Detector head shielding leakage yearly 
Image display using the SMPTE test 
pattern 

yearly 
 
Optional tests — These tests need to be performed only 
if resources, e.g. phantoms and qualified personnel, are 
available and the equipment is to be used for a specific 
procedure, e.g. gated heart studies.  
Optional tests Frequency 
Basic computer timing yearly 
Computer timing in dynamic acquisition yearly 
                                                 
11 Uniformity needs to be checked daily to assure correct perform-
ance of the camera. This could be done intrinsically or extrinsically 
depending on the availability of flood source.  
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ECG gated acquisition yearly 
System count rate performance with 
scatter 

yearly 

2.1.3. Additional tests for systems used for 
SPECT imaging 
Required tests Frequency 
Center-of-rotation offset and alignment 
of axes 

weekly 
System flood field with high count den-
sity 

weekly 
Tomographic uniformity of system yearly 
Tomographic resolution in air yearly 
Tomographic resolution with scatter yearly 
Total system performance yearly 
 
Recommended tests Frequency 
Absolute size of pixel yearly 
Variation of uniformity and sensitivity 
with angle 

yearly 
 
Optional test Frequency 
Thickness of slice at centre of slice yearly 
2.2. The dose calibrator 
2.2.1. Equipment needed for dose calibrator QC 
Required – this item must be available in order to as-
sure proper performance of the instrument. 
• Long-lived check source (eg. 137Cs) 
Recommended - this item is recommended, if resources 
are available, to test for different photon energies.  
• 57Co or 60Co source.  
It is also useful to have an additional source holder in 
case of contamination. 
2.2.2. Tests for dose calibrators 
The procedures set out in IAEA Technical Reports Se-
ries No. 454: Quality assurance for radioactivity meas-
urement in nuclear medicine [2] should be followed. 
Zero adjustment should be performed daily if it is fea-
sible. If 131I is used for therapy it is recommended that 
the accuracy for measurement is done yearly using a 
calibrated 131I source. 
The medical physicist is responsible for the execution 
of the tests and for the interpretation of the results. The 
daily tests could be performed by other staff approved 
by the medical physicist. 
 
Required tests Frequency 
High voltage Daily 
Display Daily 
Background Daily 

Check-source (e.g. 137Cs) response Daily 
 
Recommended tests Frequency 
Linearity 3-6 months 
Precision Yearly 
Accuracy 1-2 years 
Subsidiary calibrations if required 

or 2 years 
2.3. The scintillation counter 
The medical physicist is responsible for the execution 
of the test and for the interpretation of the results. The 
test could be performed by other staff approved by the 
medical physicist. 
2.3.1. Equipment needed 
Required - this item must be available in order to assure 
proper performance of the instrument. 
• Supply of 99mTc 
• Long-lived check source (e.g. 137Cs) 
2.3.2. Test for scintillation counters 
This test should be performed each time before the 
counter is to be used. 
• Energy calibration  
o If a pulse height spectrum display is available 

- Place 137Cs source in position 
- Acquire a spectrum 
- Ensure that the displayed photopeak is 

centred on 662 keV 
- If not centred, adjust amplifier gain to 

position photopeak on 662 keV 
o If no pulse height spectrum display is available 

-  Place 137Cs source in position 
-  Set narrow PHA window (5%, if pos-

sible) 
-  Vary the energy setting about 662 keV 

by adjusting the amplifier gain and tak-
ing a count at each setting 

-  Set the final amplifier gain to ensure 
that the maximum count occurs at the 
662 keV energy setting.  

2.4. The survey meter 
At least one survey meter, appropriate for the nuclides 
used in the department, is required in order to ensure 
control of contamination. For optimal performance the 
survey meter should be regularly calibrated at a stan-
dards calibration laboratory. It is recommended that 
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separate survey meters should be available for con-
tamination monitoring as well as dose rate measure-
ment. 

3. STAFFING, RESPONSIBILITY AND 
AUTHORITY 
It is recognised that the responsibilities and authority 
described here is applicable only to QC of the equip-
ment addressed in this document. It thus constitutes 
only part of the role played by the different nuclear 
medicine professionals in the nuclear medicine depart-
ment. 
Since good team work is needed to have an efficient 
QC programme the liaison with the nuclear medicine 
professionals involved in QC is also described. 
3.1. Medical physicist 
• Should be a person who received official train-

ing in the physics applied to nuclear medicine. 
• Should be appointed to perform medical physics 

tasks by the local hospital authorities. 
• Should be responsible for the overall quality 

control on nuclear medicine equipment which 
includes acceptance testing after installation as 
well as subsequent regular QC procedures. Re-
sponsibility means performance and evaluation 
of QC procedures. Certain aspects of the proce-
dures can be delegated. 

• Should consult with other professionals in the 
nuclear medicine department regarding the or-
ganisation of the test procedures and the re-
sponse to the findings of the quality control re-
sults. 

• Should be responsible for keeping complete 
permanent records of all QC tests performed in 
the nuclear medicine clinic. 

• Should ensure that the outcomes of the QC tests 
contribute towards radiation safety. 

 
3.2. Nuclear medicine physician 
• As Head of Department, assumes responsibility 

for the actual execution of QC programmes in 
the Department. 

• In order to assure optimal clinical performance 
of the equipment, should recognise the role and 

responsibility of the medical physicist regarding 
QC procedures to be performed. 

• In cooperation with the medical physicist, should 
decide on the necessary actions to be taken when 
QC results fall outside accepted limits. The 
clinical applicability of the accepted limits 
should be agreed upon in advance.  

• If the performance of a specific piece of equip-
ment is such that it could degrade the clinical 
service significantly, a joint decision with the 
medical physicist should be made as to whether 
or not that equipment should be taken out of ser-
vice. 

• Should advise the medical physicist about any 
special or new clinical procedures required in 
order for the medical physicist to devise special 
QC procedures to satisfy these clinical needs. 

• Should integrate the radiation safety advice of 
the medical physicist in the management of ra-
diation safety aspects of the nuclear medicine 
clinic. 

3.3. Nuclear medicine technologist 
• Can perform certain aspects of QC tests dele-

gated by medical physicist such as the daily tests 
proposed in this document. 

• Should report any equipment malfunction to the 
responsible medical physicist. 

3.4. Hospital engineer 
• Should discuss any equipment breakdown and 

service maintenance procedures with the respon-
sible medical physicist 

3.5. Radiopharmacist or other professionals 
taking on these duties 
In addition to his/her responsibilities on carrying out 
QC tests on radiopharmaceuticals; 
• Can perform certain aspects of QC tests dele-

gated by medical physicist such as the daily tests 
on the dose calibrator. 

• Should report any equipment malfunction to the 
responsible medical physicist. 

4. REVIEWS AND AUDITS 
• It is advisable to periodically (e.g., annually) 

perform an internal assessment of the efficiency 
of the QC programme. All professional staff 
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members involved in the QC programme should 
participate. 

• Since this project is aimed at the harmonisation 
of QC protocols between the different member 
states, external audits to establish whether this 
goal is being achieved, is highly recommended.  

5. ADDITIONAL RECOMMENDA-
TIONS 
• It is important that a maintenance strategy be 

established at the time of equipment purchase; 
such a strategy is essential to achieving and 
maintaining short controlled downtimes, high 
quality examinations, patient and staff safety, 
measurement accuracy and accident prevention. 

• A service contract, including preventive mainte-
nance, should be included at the time of equip-
ment purchase. 

• In all cases where service engineers from outside 
companies need to service/repair equipment, the 
medical physicist should be informed about the 
planned visit in order to plan the necessary QC 
tests to be performed following the visit. 

• The required testing equipment listed above 
should be supplied at the time of procurement of 
the equipment in order to ensure that optimal 
quality control can be performed. 

• In order to ensure optimal quality control, which 
is the responsibility of the medical physicist, it is 
recommended that medical physicist posts 
should form part of the staff establishment of the 
nuclear medicine clinic. 

• In order to ensure that optimal QC results are 
obtained, it is important that regular contamina-
tion monitoring be performed in all areas of the 
department where unsealed sources are being 
used. 

REFERENCES 
[1] SMPTE test image can be accessed at: 
http://brighamrad.harvard.edu/research/topics/vispercep
/smpte/smpte.jpg  
[2] INTERNATIONAL ATOMIC ENERGY 
AGENCY, Quality assurance for radioactivity meas-
urement in nuclear medicine, Technical Reports Series 
no. 454 
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Dosimetry in Diagnostic Radiology:  
An International Code of Practice  

 
Standardisation of dosimetric practice has been central to 
the IAEA’s work in medical radiation physics for a long 
period. Recently the IAEA has published a document 
entitled Dosimetry in Diagnostic Radiology: An Interna-
tional Code of Practice (Technical Reports Series No. 
457) which complements previous work in radiotherapy 
dosimetry. The current report is the culmination of over 7 
years of work from the drafting team that included: G. 
Alm Carlsson (Sweden), D.R. Dance (United Kingdom), 
L. DeWerd (United States of America), H.-M. Kramer 
(Germany), K.-H. Ng (Malaysia), F. Pernicka (Czech 
Republic) and P. Ortiz Lopez (IAEA). 
The report reflects the diverse nature of diagnostic radi-
ology dosimetry, broadly covering the dosimetry frame-
work, quantities and units, instrumentation and calibra-
tion practices for five main elements of clinical practice, 
namely general X ray, fluoroscopy, mammography, com-
puted tomography (CT) and dental radiology. The do-
simetric quantities described vary from air kerma beam 
measurement, to integrate measurements of air kerma and 
length or area, to measures of absorbed dose, such as in 
mammography, where certain clinical assumptions are 
made with appropriate kerma to dose conversion factors 
being applied. The instrumentation also varies notably 
with the inclusion of kerma area product (KAP) meters 
for fluoroscopic and some dental application and pencil 
CT chambers for kerma length measurement in CT and 
some dental applications. 
A unique feature of the report for diagnostic radiology is 
the guidance to both calibration laboratories and clinical 
centres being contained in the one volume. In some cases 
a rigorous approach to diagnostic radiology dosimetry is 
new, as is the task for calibration facilities of calibrating 
instruments for diagnostic beam conditions. To assist 
with this transition the report also includes worked ex-
amples for clinical and calibration procedures and in-
cludes appropriate sections on estimation of measurement 
uncertainty. 
The current popular concern on the dose received by pa-
tients from CT and interventional radiology procedures is 
a timely focus on the need for good calibration and do-
simetry practice.  

 
 
 

 
 
Dosimetry in Diagnostic Radiology: An International 
Code of Practice (Technical Reports Series No. 457) 
 
http://www-pub.iaea.org/MTCD/publications/PDF/TRS457_web.pdf 
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IAEA COURSES, MEETINGS AND  
CONSULTANCIES IN 2008 in the field of Do-

simetry and Medical Radiation Physics 
Courses and workshops 
Regional (RAS) Training Course on TPS Quality Assurance, Riyadh, Saudi Arabia, 19 – 23 April 2008 
Regional (AFRA) Training Course on In-Vivo Dosimetry Techniques in Radiotherapy (RAF/6/031), Libyan 
Arab Jamahiriya, 20 – 24 April 
IAEA/ESTRO Teaching Course on Dose Calculation and Verification of External Beam Therapy (RER/6/015), 
Dublin, Ireland, 20 – 24 April 
IAEA/ESTRO Teaching Course on Radiotherapy Treatment Planning: Principles and Practice (RER/6/015), 
Dublin, Ireland, 4 – 8 May 
3 day National Training Course for Quality Assurance in Diagnostic Radiology and 2 day Radiology Sympo-
sium (BOH6009), Banja Luka, Bosnia and Herzegovina, 2 – 6 June 2008 
Regional (AFRA) Training Course on Networking in Radiotherapy (RAF/6/031), Morocco, 30 June–04 July 
2008 
IAEA/ESTRO Teaching Course on Basic Clinical Radiobiology [with Russian Translation] (RER/6/015-
RER/6/016), St. Petersburg, Russian Federation, 29 June – 3 July 
Regional (AFRA) Training Course on Networking Technologies and Related QA in Radiation Oncology De-
partments, Rabat, Morocco, 30 June – 4 July 
National Workshop on Quality Assurance of Radiotherapy Equipment (INS6013), Jakarta, Indonesia, 21 – 26 
July 2008 
IAEA/ESTRO Teaching Course on Best Practice in Radiation Oncology – A course to train Radiation Technol-
ogy Trainers (RER/6/016), Vienna, Austria, 31 August – 4 September 
National Training Course on Basic Diagnostic Radiology Medical Physics and National Symposium on QA in 
Radiology, Sarajevo, Bosnia and Herzegovina, 24 – 28 September 2008 
IAEA/ICTP12 School on Advanced Radiotherapy Techniques with Emphasis on Imaging and Treatment Plan-
ning, 20-24 October, The Abdu Salam International Centre for Theoretical Physics, Trieste, Italy.  

Meetings and consultancies 
Consultants Meeting on Harmonization of Quality Assurance in Computed Tomography, IAEA Headquarters, 
IAEA, Vienna, Austria, 25–29 February 
Consultants Meeting on Quantitative Nuclear Medicine Imaging, IAEA, Vienna, Austria, 3 – 7 March 
13th Meeting of the SSDL Scientific Committee (SSC – 13), IAEA, Vienna, Austria, 10 – 14 March 
ICARO Steering Committee Meeting (DMRP Aspects), IAEA, Vienna, Austria, 31 March – 2 April 
Consultants Meeting on Quality Assurance in Digital Mammography, IAEA, Vienna, Austria, 21 – 24 April  
Consultants Meeting for the Dosimetry Code of Practice: Small Fields and Novel Beams, IAEA, Vienna, Aus-
tria, 13 – 16 May 
Consultants Meeting on Medical Physics Involvement in Planning a PET Centre, IAEA, Vienna, Austria, 13 – 

                                                 
12 For application, please see ICTP wbsite: http://agenda.ictp.it/smr.php?1964 
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16 May 
Consultants Meeting for the Report of the CRP on Development of Procedures for In-Vivo Dosimetry in Radio-
therapy, IAEA, Vienna, Austria, 2 – 6 June 
Consultants Meeting for the Report of the CRP on Testing of the Implementation of the Code of Practice for Do-
simetry in X ray Diagnostic Radiology, IAEA, Vienna, Austria, 10 – 13 June 
Consultants Meeting on QMS auditing for SSDLs, IAEA, Vienna, Austria, 7 – 11 July 
Consultants Meeting on Quality Assurance of R&V systems and Monitor Units calculations, Vienna, Austria, 14 
– 18 July  
Consultants Meeting on Syllabus/Educational Materials for Nuclear Medicine Physics, Vienna, Austria, 1 – 5 
September 
Research Coordination Meeting for Doctoral Quality Assurance of the Physical Aspects of Advanced Technol-
ogy in Radiotherapy, IAEA, Vienna, Austria, 8 – 12 September 

Consultants Meeting on Diagnostic Radiology Clinical Audit, IAEA, Vienna, Austria, 3 – 7 November 2008 
Research Coordination Meeting of the CRP on Testing of the Implementation of the Code of Practice for Do-
simetry in X ray Diagnostic Radiology, IAEA HQ, Vienna, 10 – 14 November 
Consultants Meeting for the Report of CRP on Harmonization of Quality Practices for Nuclear Medicine Radio-
activity Measurements, IAEA, Vienna, Austria, 24 – 28 November 
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MEMBER LABORATORIES OF THE IAEA/WHO 
NETWORK OF SSDLs1 

Country City Contact person Fax E-mail 
ALBANIA Tirana Mr. Kostandin Dollani +35 5 4362596 kdollani@albmail.com 
ALGERIA Algiers Mr. Mehenna Arib +21 3 2143 4280 mehenna.arib@ifrance.com 
ARGENTINA Buenos Aires Ms. Margarita Saraví +54 1 167798228 saravi@cae.cnea.gov.ar 
AUSTRALIA Menai Mr. Dimitri Alexiev +61 2 97173257 jbd@ansto.gov.au 
AUSTRIA Seibersdorf Mr. Hannes Stadtmann +43 2 2547802502 hannes.stadtmann@arcs.ac.at 
     
BANGLADESH Dhaka Mr. Md. Shakilur Rahman +88 0 28613051 shakilurssdl@yahoo.com 
BELARUS Minsk Mr. Valery Milevsky  +37 5 172130938  milevski@belgim.by 
BELGIUM Ghent Mr. Hubert Thierens +32 9 2646699 hubert.thierens@rug.ac.be 
BOLIVIA ** La Paz Mr. Ismael Villca +59 1 2433063 ibten@caoba.entelnet.bo 
BRAZIL Rio de Janeiro Mr. Carlos J. da Silva +55 2 124421605 carlos@ird.gov.br 
BULGARIA Sofia Ms. Katya Sergieva +35 9 29432 144 sergievakm@abv.bg 
     
CANADA Ottawa Mr. Brian R. Gaulke +16 1 39578698 brian_gaulke@hc-sc.gc.ca 
CHILE Santiago Mr. Carlos Oyarzún Cortes +56 2 27318723 coyarzun@gopher.cchen.cl 
CHINA * Beijing Mr. Gan Zeuguei +86 10 444304  
CHINA TaiYuan, Shanxi Mr. Zhang Qingli  zhangqing_li@hotmail.com 
CHINA Shanghai Mr. Liu Shu-lin +86 2 164701810 simtt@stn.sh.cn 
CHINA Beijing Mr. Jinsheng Cheng +86 10 62012501 cjs3393@sina.com 
CHINA Hong Kong Sar Mr. C.L. Chan +85 2 29586654 cchan@ha.org.hk 
CHINA Beijing Mr. Guo Wen +86 1 69357178 rmcssdl@iris.ciae.ac.cn 
COLOMBIA Bogotá Mr. Héctor Manuel Enciso Prieto +57 1 3153059 henciso@ingeominas.gov.co 
CROATIA Zagreb Mr. Branko Vekić +38 5 14680084 or  

+38 5 14680098 
bvekic@irb.hr 

CUBA Havana Mr. Gonzalo Walwyn Salas +53 7 682 9573 gonzalo@cphr.edu.cu 
CYPRUS Nicosia Mr. Stelios Christofides +357 22 603137 cstelios@cytanet.com.cy 
CZECH REP. * Prague Ms. I. Horakova +42 0 2738330 ihorak@suro.cz 
CZECH REP. Prague Mr. Pavel Dryák +42 0 266020466 pdryak@cmi.cz 
CZECH REP. Prague  Mr. D. Olejár +42 0 267313119 dolejar@suro.cz 
     
DENMARK Herlev Mr. Klaus Ennow +45 4 4543450 sis@sis.dk 
     
ECUADOR Quito Mr. Marcos M. Frías Sánchez +59 3 22563336 comecen1@comecenat.gov.ec 
EGYPT El-Giza Ms. Fawzia Ahmad Khalil  +20 2 3867451 nemadnis@netscape.net 
ETHIOPIA Addis Ababa Mr. Worku Wodaje +25 1 162 04 95 nrpa@telecom.net.et 
     
FINLAND Helsinki Mr. Antti Kosunen +35 8 975988450 antti.kosunen@stuk.fi 
FRANCE Fontenay-aux-

Roses 
Ms. Isabelle Clairand +33 1 4746 97 77 isabelle.clairand@irsn.fr 

     
GEORGIA Tibilisi Mr. Simon Sukhishvili +99 5 32613500 or  

+99 5 32613301 
simoniko@list.ru 

GERMANY Neuherberg Mr. Dieter F. Regulla +49 8 93187192224 regulla@gsf.de 
GERMANY Freiburg  Mr. Christian Pychlau +49 761 49055 70 pychlau@ptw.de 
GERMANY Schwarzenbruck Mr. Igor Gomola +49 9 12860710 igor.gomola@wellhofer.com 
GHANA Legon-Accra Mr. Joseph Kwabena Amoako +23 3 21 400807 rpbgaec@ghana.com;  

joekamoako@yahoo.com.uk 
GREECE Paraskevi-Attiki Mr. Costas J. Hourdakis  +30 2 106506748 khour@eeae.gr 
GUATEMALA Guatemala C. A. Mr. Angel Osorio  +50 2 2762007 arot23@yahoo.com 
     
HUNGARY * Budapest  Mr. István Csete +36 1 458 5945 cseteis@mkeh.hu 
HUNGARY Budapest  Mr. Gabor Kontra  +36 1 2248620 kontra@oncol.hu 
HUNGARY Paks Mr. Mihaly Orbán +36 1 3551332 orbanmi@npp.hu 
     
INDIA Mumbay Mr. Shri Suresh Rao +91 2 225505151 suresh@barc.gov.in 
INDONESIA Jakarta Selatan Mr. Susetyo Trijoko +62 1 217657950 strijoko@batan.go.id 
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Country City Contact person Fax E-mail 
IRAN, ISLAMIC  
 REPUBLIC OF 

Karaj Mr. Mostafa Ghafoori +98 261 4424058 mghafoori@nrcam.org 
IRELAND Dublin  Ms. Lorraine Currivan +35 3 12697437 rpii@rpii.ie 
ISRAEL Yavne Mr. Ben Shlomo +97 2 89434696 abenshlomo@hotmail.com 
     
KOREA, REP. OF Seoul Mr. Heon-Jin Oh +82 2 3801352 radjin@kfda.go.kr 
KUWAIT Kuwait City Ms. Ilham Elfares +96 5 4862537 ssyyy12@yahoo.com 
LATVIA Salaspils Mr. Antons Lapenas +371 67901210 alap@latnet.lv 
LIBYAN ARAB 
 JAMAHIRIYA 

Tripoli Mr. Saleh A. Ben Giaber +21 8 213614143  BenGiaber@yahoo.com 
     
MADAGASCAR Antananarivo Mr. Raoelina Andriabololona +26 1 202235583 instn@dts.mg 
MALAYSIA Kajang Mr. Taiman Bin Kadni +60 3 89250575 taiman@nuclearmalaysia.gov.my 
MEXICO Mexico City Mr. Victor M. Tovar Munoz +52 5 53297302 vmtm@nuclear.inin.mx 
     
NORWAY Osteras Mr. Hans Bjerke +47 6 7147407 Hans.Bjerke@nrpa.no 
     
PAKISTAN Islamabad Mr. Waheed Arshed +92 5 19290275 warshed@pinstech.org.pk 
PERU Lima Mr. Tony Benavente A. +51 1 488 5101 tbenavente@ipen.gob.pe 
PHILIPPINES * Diliman, Quezon Ms. Estrella S. Caseria +63 2 9201646 escaseria@pnri.dost.gov.ph 
PHILIPPINES Sta. Cruz, Manila  Ms. Nieva O. Lingatong +63 2 711 6016 nolingatong@doh.gov.ph 
POLAND Warsaw Mr. Wojciech Bulski +48 2 26449182 w.bulski@rth.coi.waw.pl 
PORTUGAL Sacavém  Mr. J.A. Ferro de Carvalho +35 1 219941995 aferroc@itn.pt 
PORTUGAL Lisbon  Mr. Paulo Ferreira +35 1 217229877 radfisica@ipolisboa.min-saude.pt 
     
ROMANIA Bucharest  Mr. Constantin Milu +40 2 13183635 cmilu@ispb.ro 
RUSSIAN FED. St. Petersburg Mr. V.I. Fominykh +7 812 3239617 info2101@vniim.ru 
RUSSIAN FED. St. Petersburg Ms. Galina Lutina +78 1 25966705 cherviakov.a@cards.lanck.net; 

crirr@peterlink.ru 
     
SAUDI ARABIA Riyadh Mr. Abdalla N. Al-Haj +96 614424777 abdal@kfshrc.edu.sa 
SERBIA Belgrade Mr. Milojko Kovačević +38 1112455943 milojko@vin.bg.ac.yu 
SINGAPORE * Singapore Mr. Eng Wee Hua +65 7 384468  
SINGAPORE Singapore Mr. Stephen Chong +65 2 262353 sckmipil@pacific.net.sg 
SINGAPORE Singapore Mr V.K. Sethi +65 2 228675 trdwac@nccs.com.sg 
SLOVAKIA Bratislava Ms. Viera Laginová +42 1 252923711 vlaginov@ousa.sk 
SLOVENIA Ljubljana Mr. Matjaz Stuhec  matjaz.stuhec@ijs.si 
SOUTH AFRICA Pretoria  Ms. Zakithi Msimang +27 128412131/ 

 4458 
zmsimang@@nmisa.org 

SUDAN ** Khartoum Mr. Ibrahim Idris Suliman +249 (0)183774179  i.i.suliman@gmail.com 
SWEDEN Stockholm Mr. Jan-Erik Grindborg  +46 8 7297108 ssi@ssi.se 
SYRIAN ARAB 
 REPUBLIC 

Damascus Mr. Mamdouh Bero +96 3 116112289 atomic@aec.org.sy 
     
TANZANIA, 
UNITED REP. OF 

Arusha Mr. Wilbroad E. Muhogora +25 5 272509709 taec@habari.co.tz 
THAILAND * Bangkok Mr. Kriengsak Bhadrakom +66 2 5806013  
THAILAND Nonthaburi Mr. Siri Srimanoroth  +66 2 2239595 siri@dmsc.moph.go.th 
THAILAND Bangkok Mr. Thongchai Soodprasert +66 2 5620093 thongcha@oaep.go.th 
THE FORMER 
 YUGOSLAV  
 REPUBLIC OF 
 MACEDONIA 

Skopje Mr. Velko Velev +00389 2 3215044 
220 

velkovelev@yahoo.com 

TUNISIA Tunis Ms. Latifa Ben Omrane +21 6 7171697 sadok.mtimet@rns.tn 
TURKEY Istanbul Mr. Ata Türer +90 212 4732634 dogan.yasar@taek.gov.tr 
     
URUGUAY Montevideo Mr. Alejandro San Pedro +59 8 29021619 calibraciones@dinaten.miem.gub.uy 
     
VENEZUELA Caracas Ms. Lila Carrizales +58 2 125041577 lcarriza@ivic.ve 
VIETNAM Hanoi Mr. Vu Manh Khoi +84 4 8363295 dung-khoi@hn.vnn.vn; 

vmkhoi@mail.vaec.g 
** Provisional Network members; * SSDL Organization 
1 Kindly notify the Dosimetry and Medical Radiation Physics Section of any change or correction. 
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COLLABORATING ORGANIZATIONS ASSOCIATED WITH THE IAEA/WHO 
NETWORK OF SSDLs 
 
Bureau International des Poids et Mesures (BIPM) 
International Commission on Radiation Units and Measurements (ICRU) 
International Electrotechnical Commission (IEC) 
Organisation Internationale de Métrologie Légale (OIML) 
International Organization of Medical Physics (IOMP) 
  
AFFILIATED MEMBERS OF THE IAEA/WHO NETWORK OF SSDLs 
Bundesamt für Eich und Vermessungswesen (BEV) Vienna, AUSTRIA 
Australian Radiation Protection and Nuclear Safety Agency (ARPANSA)  Yallambie, AUSTRALIA 
National Research Council of Canada (NRC-CNRC) Ottawa, CANADA 
Bureau National de Métrologie (BNM)  Gif-sur-Yvette, FRANCE 
Physikalisch-Technische Bundesanstalt (PTB) Braunschweig, GERMANY 
Hungarian Trade Licensing Office (MKEH) Budapest, HUNGARY 
Ente per le Nuove Tecnologie L’Energia e L’Ambiente (ENEA) Rome, ITALY 
National Metrology Institute of Japan, AIST (NMIJ/AIST) Ibaraki, JAPAN 
NMi Van Swinden Laboratorium  Delft, NETHERLANDS 
National Radiation Laboratory (NRL) Christchurch, NEW ZEALAND 
Scientific Research Institute for Physical-Technical and Radiotechnical  
Measurements (VNIIFTRI) 

Moscow, RUSSIAN  
 FEDERATION 

Laboratory of Ionizing Radiation, Slovak Institute of Metrology (SIM) Bratislava, SLOVAKIA 
Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas  
 (CIEMAT)  

Madrid, SPAIN 
National Physical Laboratory (NPL) Teddington, UNITED KINGDOM 
National Institute of Standards and Technology (NIST) Gaithersburg, UNITED STATES  
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