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Introduction

President’s Report

The Australian health care system has been
described or defined by the ‘inverse care law’; those
Australians in the most need of health services
receive the least. This might equally reflect life for
rural Nuclear Medicine professionals; those with the
greatest need for support and representation actually
have the least. It is true that the rural Nuclear
Medicine professional develops unique skills and
capabilities not generally manifest in metropolitan
counterparts; an evolutionary adaptation (‘survival
of the fittest’). Despite these attributes, rural
Nuclear Medicine professionals are confronted with
professional isolation that fosters a number of
inequities:
• Professional representation at state and
federal level.
• Accreditation and continuing professional
development (CPD).
• Diffusion of innovation, technology and
techniques.
• Support for training, leave (illness or
recreation) and workload.
• Career development pathways.
RAINS aims to quench the thirst of rural Australia
left parched by professional under representation.

RAINS is an alliance of rural Nuclear Medicine
professionals and was spawned at the Adelaide
ANZSNM ASM in 2007 due to growing concern
over equity issues. Clearly issues of professional
isolation spread beyond the boundaries of rural
Australia and this is reflected in the RAINS
membership. This quarterly newsletter, the RAINS
CPD CD you should have received in the mail and
the November conference all represent key strategies
in tackling the challenges facing practitioners.

RAINS Management Committee
Mr Matt Ayers (NSW North) - president
Mr Michael Crook (Qld South) – vice president
Dr Geoff Currie (NSW South) - secretary
Ms Narelle Harrison (Vic / Tas) - treasurer
Mr Peter Tually (WA / SA)
Mr Nathan Cassidy (QLD North / NT)
Mr Russell Pearce (associate member rep.)
Ms Annah Skillen (associate member rep.)

While CPD is an important strategy, communication
and representation of members is also a vital role for
RAINS. We encourage all RAINS members to step
forward to take on vacant posts with professional
bodies, including the upcoming elections of
representatives for the ANZSNM Federal Committee
(now known as Board of Directors).
I welcome all members ideas and opinions. If anyone
has something they think may help in the
development of rains, please feel free to email me at
rains ...... at any time. We look forward to seeing as
many members as possible at the November
conference in wagga. For those not able to make it
we will endeavour to provide a summary of events in
our next newsletter.
RAINS has also launched a Facebook site to offer a
forum on which to share concerns, ideas and general
discussion. Job advertisements, social events,
conferences and the like can also be added. This is a
great opportunity to stay in touch with your
colleagues and to discuss common issues and
concerns.
I would like to welcome all our new members and
encourage each of you to participate in RAINS based
CPD activities in 2008 and beyond. RAINS
membership now exceeds 200 individuals. I invite all
of you to offer review articles, interesting images or
cases and the like for inclusion in Seasonal RAINS.
The ongoing success of Seasonal RAINS will require
contributions from the broader membership.

Editorial Board
Dr Geoff Currie (editor-in-chief)
Dr Janelle Wheat
Mr Michael Crook
Mr Nathan Cassidy

Start Collecting
Your 2008 CPD
Points With
RAINS Now!

Finally, I would like to welcome in the new RAINS
Management Committee. I thank all those who
participated in nominations and voting. It is
appropriate to thank outgoing Committee members
Carla Robinson and David Grimmond for their
commitment during the first term for RAINS. A lot
of hard work has been done to get RAINS to where it
is in such a short time and all members of the
inaugural Committee have contributed to that
success. We also welcome Nathan Cassidy
(Townsville) and Annah Skillen (Newcastle) as new
members of the Committee. And a big thankyou to
the outgoing President, Pete Tually, whose vision
and commitment made RAINS happen.

Matt Ayers
Copyright 2008. All rights reserved.
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Purpose of RAINS
The purpose of RAINS is to offer a support network
for rural and remote Nuclear Medicine
professionals. The support network aims to engage
with and develop strategies to overcome the unique
professional difficulties encountered in rural and
remote Australia.
RAINS does not stand as an alternative to
ANZSNM state branch membership, but as an
adjunct to it.
RAINS offers a seamless representation of rural and
remote Nuclear Medicine professionals. That is,
RAINS is a single unified group of individuals with
common needs and philosophy. There are neither
state borders nor division between the private and
public sectors nor delineation based on corporate
ownership. RAINS does respect and honour
commercial in-confidence and intellectual property
rights.

Vision
Equitable provision of representation and
professional opportunities for rural and remote
Nuclear Medicine professionals. Strategic
networking and support to foster professional
development, continuing education and
collaborative solutions to issues of isolation.
Recognition and exploitation of distinctive
competencies of rural practitioners.
Building A Future For Rural Nuclear Medicine

RAINS Core Values

•
•
•
•
•
•
•
•
•

Innovate, adapt, overcome.
Be committed, meet our commitments.
Perform beyond industry norms.
Invest in our work, invest in ourselves.
Improve, continually. Embrace innovation,
embrace challenge.
Support CPD.
Demand equity for rural Australia.
Offer support, ask for support.
Exploit strengths, overcome weaknesses.

RAINS Mission

•
•
•
•
•
•

Provide a voice and representation
Overcome barriers to CPD
Promote equity of service provision
Undertake research on rural issues
Respect issues of commercial in-confidence
BUT remove borders on core rural activities
Highlight and exploit the distinctive
competencies of the rural Nuclear Medicine
professionals

•
•
•
•
•

Provide a network for support and collaboration
Integrate student clinical placements
Lobby professional bodies on rural issues
Promote Nuclear Medicine services in the rural
health sector
Inform and lobby, where appropriate, legislative
and regulatory processes impacting on rural
Nuclear Medicine

Membership
Membership to RAINS is open to those Nuclear
Medicine professionals sharing the needs and
philosophies characteristic of rural Australia;
underpinned by "professional, social and cultural
isolation". To that end, membership is open to those
Nuclear Medicine professionals employed in a
Nuclear Medicine practice that satisfies any one of
the following criteria:
1. Practice located in a centre that the Federal
Government Rural, Regional and
Metropolitan Area (RRMA) classification
deems either rural or remote.
2. Practice located in a centre that is more than
200 km from the state capital.
3. Practice located in a centre that is more than
100 km from nearest other nuclear medicine
practice.
Associate membership to RAINS is open to:
1. Students not actively employed in Nuclear
Medicine who are undertaking
undergraduate or post graduate studies in
Nuclear Medicine at any Australian
university and who come from a RRMA
classified rural or remote centre.
2. Nuclear Medicine professionals employed
in a Nuclear Medicine centre that does not
meet the criteria for ordinary membership
but who believe issues of professional
isolation have a deleterious impact on
professional development. Examples of
such isolation include, but are not limited
to; academics, researchers, company
representatives and regional isolation with
a small Nuclear Medicine network (e.g.
Newcastle, Central Coast, Gold Coast).
Membership entitlements include, but are not limited
to:
• Newsletter (electronic)
• Networking (eg. research, problem solving,
reduce professional isolation)
• CPD activities (e-journal club, e-grand
rounds, conferences)
• Representation
• Support
• Full voting rights (ordinary members only)

Copyright 2008. All rights reserved.
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Interesting Image
Breast Lymphoscintigraphy
Nathan Cassidy
Townsville Nuclear Medicine.

Female with newly diagnosed impalpable Right
Breast Cancer. Also had Right Breast
Cancer 14 years ago which was treated with
lumpectomy and axillary clearance 14 years ago.
4x10MBq (0.7mL volume in luer lock syringe with
25G 1.5” needle) 99mTc Colloidal Antimony
Sulphide injections performed under ultrasound
guidance, administered peritomourally.

Lymphoscintigraphy demonstrated after 2 hours of
imaging a lymph node in the Left Axilla. This node
was marked in both the anterior and anterior oblique
projections. No lymph node was identified in the
Right Axilla nor the internal mammary chain regions
during the course of the study. In this case, the node
in the left Axilla identified using lymphoscintigraphy
was correlated with uptake by blue-dye which was
administered utilizing the sub-areolar technique.
Histologically, the node demonstrated no evidence of
breast cancer metastasizing to it.

Do you have an interesting image to share? Email the image and brief overview
with author details to seasonal@rains.asn.au

Copyright 2008. All rights reserved.

4

Seas RAINS, vol. 2, no. 3

MASTER OF MEDICAL RADIATION SCIENCE
•

Flexible delivery entirely by distance education.

•

May attract higher award wages.

•

Contributes to CPD.

•

Update your qualifications to match the new postgraduate technologists.

•

Generic Master of Medical Radiation Science for 100% coursework.

•

Nuclear Medicine specialisation for a mix of coursework and research project.

•

Applications made directly to the University.

•

For details visit www.csu.edu.au.

Dr Hans Swan
Course Coordinator
Master of Medical Radiation Science
Email: haswan@csu.edu.au
Tel: 02 6933 2500

Dr Geoff Currie
Specialisation Coordinator
Nuclear Medicine
Email: gcurrie@csu.edu.au
Tel: 02 6933 2822

Other study options include:
• CT for Nuclear Medicine (NMT415) – associate subject or elective in the
Masters – approved by NSW EPA for SPECT/CT and PET/CT licence.

Copyright 2008. All rights reserved.
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What The ……. ?
Geoff Currie
Charles Sturt University, Wagga Wagga.
Standard bone scan. What is causing the increased 99mTc MDP accumulation? Solution in the next issue.

Send your ‘What The …… ?’ image, solution and author details to
seasonal@rains.asn.au

What The …..? Solution For Autumn Edition
Diffuse skeletal muscle uptake is extremely rare
on bone scintigraphy and rhabdomyolysis is one
of the principal causes. Other causes include
dermato/polymyositis, amyloidosis, HIVassociated myositis, paraneoplastic syndrome and
uraemic myositis. Focal skeletal muscle
uptake may be seen in myositis ossificans, soft
tissue sarcomas, following electrical burns or iron
dextran injection, or as a result of infarction
(sickle cell disease, peripheral vascular disease).
Rhabdomyolysis may occur after traumatic events,
such as blunt trauma, extensive burn injury,
prolonged immobilisation, and near electrocution
and drowning. In this case the patient fell and
could not get up. He was found on the floor of his
bedroom by a relative after 36hrs of
immobilisation.

Copyright 2008. All rights reserved.
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Continuing Professional Development
A simple method for calculating the trade-off between noise / sampling error
and interval number in gated SPECT.
1

Geoff Currie, 1Janelle Wheat and 2Hosen Kiat

1

School of Dentistry and Health Sciences, Charles Sturt University, Wagga Wagga.
Australian School of Advanced Medicine, Macquarie University, Sydney.

2

The introduction of cardiac gating to the myocardial
perfusion SPECT (single photon emission computed
tomography) study affords the ability to
simultaneously assess both myocardial perfusion
and function (1). The ease of its application for
image acquisition, processing and display and
automatic quantitation capabilities assured its rapid
and widespread clinical implementation. While
gating myocardial perfusion SPECT offers physical
and clinical advantages that are well recognised, the
improved temporal resolution over non gated
SPECT may come at the expense of a deteriorating
signal to noise ratio (SNR) (2). That is, gated
SPECT results in lower count density per individual
frame compared to the same SPECT acquisition
without gating by a factor equal to the number of
gate intervals. Not only does a poor SNR have an
adverse effect on image quality but the lower count
statistics also result in greater statistical uncertainty
for data entering mathematical reconstruction.
SPECT reconstruction and filtering complicate
calculations of SNR because the processed data are
no longer comprised of pixels independent from one
another (3). Thus, the following equation is used to
determine the reconstructed SNR for data
reconstructed using a ramp filter:

SNR =

NR
4

R

where NR is the reconstructed counts per pixel and
R is the number of pixels containing activity (3).
Applying this equation, an eight interval gated
SPECT, over a 64 x 64 matrix (assuming no beat
rejections) results in a reconstructed SNR
deterioration by a factor of 2.83 for over the nongated data.
Sampling error (SE) is proportional to the inverse of
the square root of the sample size (N) such that:

SE ∝

1
N

When N is reduced by a factor of eight as is the case
with gated SPECT, there is a corresponding increase
in sampling error by a factor of 2.83.

It is clear that using an eight interval gate both
increases sampling error and decreases SNR by a
factor of 2.83 and one might note that 2.83 is the
square root of eight. This observation provides a very
useful tool, for both the nuclear cardiologist and the
cardiac technologists alike, in making informed
judgement decisions regarding the trade-off between
temporal resolution and data integrity. Complex
calculations can be determined with greater
simplicity to determine the trade-off in image quality
(SNR) and statistical certainty for any number of
gate intervals. For example, using a 16 interval gate
would deteriorate SNR and sampling error by a
factor of four; the square root of 16. A more practical
application, however, relates to increasing the
number of gate intervals which should, in theory,
improve the accuracy of volume and ejection fraction
calculations. Changing from an eight interval gate to
a 16 interval gate will deteriorate SNR and sampling
error by a factor of 1.4; the square root of two. This
is reduced to just 1.2 for a 12 interval gate; the
square root of 1.5.
While these relationships provide ‘on the fly’
decision making for gating, they are equally valid
when selecting other acquisition parameters. The
choice of 30 versus 60 SPECT projections over 180
degrees, for example, would be informed with the
knowledge that the 60 projections would result in
(other factors being equal) a 1.4 fold (square root of
two) deterioration in SNR and sampling error.
Traditionally, under-sampling has been used in
cardiac and brain SPECT because the small target
can be positioned centrally in the axis of rotation,
eliminating the deleterious effects the ‘star artifact’
associated with filtered backprojection. The marginal
benefit in SNR and sampling error can be directly
compared to potential risks associated with
introduced artifact, particularly when the heart does
not sit precisely in the centre of rotation. Similarly,
changing from a 64 matrix to a 128 matrix would
result in a two fold (square root of four) deterioration
in SNR and sampling error. The inherent limitations
in spatial resolution associated with imaging a
moving (beating) structure for non gated SPECT
obviated the need for larger pixel matrices. A 128
matrix may, however, be more appropriate for
identifying small or non transmural myocardial
defects on the end diastolic reconstructed slices. The
marginal benefit of interpretive power can be readily

Copyright 2008. All rights reserved.
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compared to the associated decrease in image
quality.
While these relationships are intuitive, particularly
to the experienced practitioner, more precise
calculation is warranted to appropriately inform
decision making. This paper describes a very simple
and intuitive method for determining and applying
the physical principles that govern nuclear
medicine.

2.

3.

Narayanan M, King M, Wernick M, Byrne C,
Soares E & Pretorius P 2000, Improved image
quality and computation reduction in 4-D
reconstruction of cardiac-gated SPECT images,
IEEE, vol. 19, no. 5, pp. 423-433.
Bailey D & Parker J 1994, Single photon
emission computerized tomography, in Nuclear
medicine in clinical diagnosis and treatment,
eds. IPC Murray & PJ Ell, vol. 2, Churchill
Livingstone, Edinburgh, pp. 1315-1326.

REFERENCES
1. Chua T, Kiat H, Maurer G, Germano G, Van
Train K, Friedman J, Berman DS 1994, Gated
technetium-99m sestamibi for simultaneous
assessment of stress myocardial perfusion,
post-exercise regional ventricular function and
myocardial viability: Correlation with
echocardiography and rest thallium-201
scintigraphy, J Am Coll Cardiol, vol. 23, pp.
1104-1111.

RAINS CPD Initiatives.
The following initiatives have been developed by RAINS to facilitate achievement of the 30 CPD points for
RAINS members. These are proposed activities that mirror activities approved by the ANZSNM with some
modification for more ready use in the rural environment.
Activity
Description
CPD Points
E-Grand Rounds
RAINS members can submit a power point presentation of one or
2 presenter
more clinical cases. Content should include patient history, scan
points
methodology, other imaging procedures, relevant technical
information, final report and patient outcomes of 20-30 minutes

Continuing Education
Articles and Tests

Writing CPD
articles/tests
Short Courses and
workshops
In-service Education

Book / journal review
Professional
Development Plan

View, read and submit review questions (80% pass mark).
Each issue of Seasonal RAINS will contain 1 or more continuing
education articles with tests. Completion of the tests and
submission back to RAINS with an 80% pass mark will attract
CPD points.
RAINS members are encouraged to write fully referenced and
scientific continuing education articles accompanied by 10 ‘test’
questions and submit for distribution in Seasonal RAINS.
CSU in conjunction with RAINS and the ACT Branch of the
ANZSNM organise an annual 2 day CE workshop in Wagga.
Provide 30 minute power point presentation with narration for
inclusion on CPD CD, including written question).
View, read and submit review questions (80% pass mark).
Write a considered book review (nuclear medicine) or journal
article review for inclusion in Seasonal RAINS (1 page).
RAINS will develop and circulated a professional development
plan template for members wishing to use it.

Copyright 2008. All rights reserved.
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Continuing Professional Development – Question and Answer Sheet
Article title: A simple method for calculating the trade-off between noise / sampling error and interval number in
gated SPECT.
Your name: ______________________________________
RAINS Member Number: ___________________________
Answer the following questions and return the completed sheet before the middle of the month to: RAINS
PO Box U102
or
Charles Sturt University
seasonal@rains.asn.au
Wagga Wagga NSW 2678
1.

What impact does gating have on SNR?

2.

What is the SNR for a SPECT acquired using 128 matrix for an average of 100 counts per pixel?

3.

How would a 64 matrix affect the above calculation?

4.

What would the SNR be if a 12 interval gate was added to the 64 matrix acquisition?

5.

What is the improvement in sampling error when a static acquisition is extended from 3 minutes to 5
minutes?

6.

What is the improvement in sampling error when a SPECT is changed from 120 steps to 60 steps?

Copyright 2008. All rights reserved.
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The Doctor of Health Science
Introduction
The Doctor of Health Science (DHlthSc) at CSU is a
professional doctorate that allows candidates to pursue
a research higher degree of the same standard as the
PhD but within a structure that is aimed at improving
professional practice. Specifically, it offers a research
based approach for provision of solutions relevant to
the professions and industry.
Professional doctorates aim to provide a tool for
advanced research enabling candidates to contribute in
a significant way to the knowledge and practice in
their profession or discipline area. Consequently,
candidates enrolled in professional doctorates tend to
be more intrinsically motivated aiming to improve
professional practice and enhance job satisfaction.
Course Structure
The DHlthSc is offered by part-time distance
education mode and is composed of coursework and
an applied research/professional component. Student’s
progress through the research/professional component
of the DHlthSc is monitored by the requirement that
students complete subjects in sequence thus meeting
pre-defined milestones. The applied
research/investigation allows students to develop a
research question or topic for investigation by
conducting an intensive literature review, critique and
reflecting on their professional practices.
The DHlthSc culminates in a professional portfolio
(including an exegesis), which integrates the
research/investigation within their professional
practice. The professional portfolio incorporates
reports, papers and publications prepared throughout
the course with an exegesis to link the results back to
the profession and professional practice, and original
question on which the research or investigation is
based. The professional portfolio with exegesis is
subjected to external examination in accordance with
University regulations.
The duration of the DHlthSc is the equivalent of 4.5
years part time enrolment.
Enrolment Pattern
HSC700 Research Critique and Publication
HSC701 Reflective Practice in Health Science
HSC702 Proposal For Applied Research
HSC703 Research Project and Report 64 Points
HSC704 Health Science Portfolio / Exegesis
Course Coordinator
Dr Janelle Wheat
Senior Lecturer, Faculty of Science
Telephone: 61 2 69332750
Email: jwheat@csu.edu.au

Admission Requirements
For admission to the DHlthSc applicants would need to
demonstrate that they:
 are working in an appropriate field within, or
relevant to, the Health Professions and can
demonstrate they have the opportunity and
facilities to complete the applied
research/investigation components of the
course; and
 have had a minimum of five years of relevant
professional and/or vocational experience
(with relevance being determined by the
DHlthSc Course Coordinator in conjunction
with the proposed principal supervisor); and
 normally hold a Masters degree or equivalent
(by coursework) in an approved area of Health
Sciences, with credit grades or above in all
subjects undertaken.
Course Aims and Objectives
The DHlthSc promotes an advanced, critical reflection
on professional practice in the health sciences and aims
to:
 provide opportunity for the candidates to
continue lifelong learning in keeping with the
university’s mission statement;
 satisfy the educational needs of professionals
working in or aspiring to work in the most
senior tiers of the health sciences and related
sectors;
 promote the acquisition of advanced analytical
and problem solving skills and conceptual
insights that enhance the capacity of the
candidate to undertake positions of significant
responsibility in the health sciences;
 encourage excellence in scholarship and
focused research within the candidates
discipline area.

For all inquiries please contact info.csu on:
Telephone: 1800 334 733 (free call within Australia)
Telephone: 61 2 6338 6077 (outside Australia)
Email: inquiry@csu.edu.au
Web inquiry: www.csu.edu.au/student/contact

Copyright 2008. All rights reserved.
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Continuing Professional Development
The impact of small angle gamma ray scatter on image quality.
Geoff Currie and Janelle Wheat
School of Dentistry and Health Sciences, Charles Sturt University, Wagga Wagga.

ABSTRACT
Not unlike the potential small translocation errors associated with the angle of variation from perpendicular
defined by the collimator ‘hole’ length and diameter, limitations of energy discrimination in scintigraphy might
also result in a small degradation of resolution and/or contrast.
Methods: A series of 99mTc line sources were acquired with multiple energy windows to provide simultaneous
acquisition of data. Each energy window combination was acquired with the line source on the collimator
surface, against 4.0cm of water attenuation and against 8.0cm of water attenuation. A series of 99mTc thyroid
and brain phantoms were also acquired using dual energy windows positioned to capture a 10% window below
140keV and a 10% window above 140keV. The thyroid and the brain phantoms were each positioned on the
collimator surface, against 4.0cm of water attenuation and against 8.0cm of water attenuation.
Results: The mean improvement in FWHM for 140keV + 10% over 140keV – 10% was 0.26mm (95% CI: 0.16
– 0.36) or 4.0% (95% CI: 2.5 – 5.5) which showed a statistically significant variation from the hypothetical zero
difference (P < 0.001). While a 15% window centred on 144keV provided superior image contrast compared to
both 15% and 20% centred on 140keV, the improvement is associated with a decrease in accumulated counts.
The increase in sampling error associated with these decreased counts, however, is 0.1% to 0.2%.
Conclusion: Energy discrimination with a symmetric window about the photopeak is ineffective in eliminating
photons scattered by as much as 45 to 60 degrees. While the direct impact on image resolution is perhaps
negligible, low angle scatter is a major source of potential artifact and contrast degradation. A 15% energy
window centered on 144keV might provide an optimized trade-off between contrast and total counts.
INTRODUCTION
The underlying theory for production of a nuclear
medicine image appears simple yet the process of
image formation is a complex integration of a number
of physical principles. Not surprisingly then, any
debate on factors influencing image quality in nuclear
medicine include reference to photon scatter,
attenuation, energy discrimination, spatial resolution,
contrast, noise and the like.
Scintigraphic Anomalies
Gamma camera scintigraphy is confronted by a
number of inherent limitations that may impact on the
quality or integrity of image data sets. Noise and
spatial resolution have already been mentioned. The
very nature of nuclear scintigraphy offers another
significant limitation. The imaging principle relies on
the external detection of radionuclide emissions from
deep within a patient. The path of emitted gamma rays
can be tortuous or terminal. The interaction of photons
in matter are well described in many nuclear medicine
physics textbooks; Compton scattering, the
photoelectric effect, pair production, photon
attenuation and, on occasion, coherent scattering.
Imaging relies on physical discrimination (collimator)
and energy discrimination (pulse height analyzer) to
eliminate object/image photon misalignment. In the
case of the former, photons not generally incident

perpendicular to the collimator are eliminated. In
the case of the latter, photons with significant loss
in energy due to scattering which by chance are
incident perpendicular to the detector, are excluded
from the image.
Despite these measures, a number of anomalies
familiar to Nuclear Medicine personnel and
attributed to Compton scattering appear in
scintigraphic images. It is a common observation,
particularly in the patient with a full figure, on
whole body bone scans and whole body gallium
scans to note an outline of the body edge that is
marginally more intense than adjacent soft tissues.
The body halo may also manifest as a line of
apparent accumulation in locations of appositional
skin (e.g. where the inner thighs meet, the breast
fold etc.). The dynamic phase of a bone scan of the
hands, when using the cubital fossa as the injection
site, often shows what looks like a blood pool
image of the hand and forearm prior to actual
injection (Fig 1). While anecdotally, these
phenomena are attributed to ‘scatter’, there is a
paucity of discussion in the literature explaining
the process whereby scattered photons avoid
energy discrimination.

Copyright 2008. All rights reserved.
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Figure 1: Phantom appearance of radiotracer in the hand and arm prior to actual dose administration.

A Phantom Phantom
During the course of investigating extraction of
99mTc pertechnetate by grapes, apparatus were
conceived to simultaneously measure 99mTc
pertechnetate accumulation and water absorption. The
grapes were imaged by the vertical gamma camera
while suspended above a beaker of 99mTc
pertechnetate on a set of scales. The level of 99mTc
activity was outside the field of view and shielded
using lead. The scales had a purpose build glass
housing to minimize the effects of the environment on
the accuracy of measurements. For the purposes of
these experiments, the lid remained open. Figure 2
shows the scintigraphic image of the apparatus prior to
obvious grape accumulation. The glass housing and
lid were noted to be prominent despite not containing
any radioactive material. The position of the 99mTc
below and outside the field of view would require
significant scatter of photons to create the appearance;
presumably sufficient to result in exclusion by energy
discrimination.
A number of brief experiments were subsequently
performed to better define the observed phenomena. A
non radioactive glass sheet was positioned
perpendicular to the gamma camera. A collimated
99mTc source was positioned in a variety of locations
outside the field of view. The gamma camera recorded
a vertical distribution of activity corresponding to the
glass sheet when the 99mTc source was positioned
10cm or more forward of the level of the collimator
(Fig 3).

Not unlike the potential small translocation errors
associated with the angle of variation from
perpendicular defined by the collimator ‘hole’
length and diameter, limitations of the energy
discriminator might also result in a small
degradation of resolution. A physical principle
rarely discussed with respect to gamma camera
energy discrimination is that the residual energy of
a scattered photon is a function of the actual
starting energy and the angle through which it was
scattered. Consequently, higher energy photons
will result in a greater percentage loss of energy
after scatter through the same angle as a lower
energy photon. As an example, a 100keV photon
retains 90% of its energy after 60 degrees of
scatter while a 5MeV photon will only retain 17%
through the same angle (Bushberg 2002). The
energy of the scattered photon can be determined
by the following equation (Bushberg 2002;
Cherry, Sorenson & Phelps 2004):

Esc =

Eo
Eo
(1 − cos θ )
1+
511

where
Esc is the energy of the scattered photon,
Eo is the energy of the original photon,
and
θ is the angle through which the photon
was scattered.

Copyright 2008. All rights reserved.
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From this equation it is clear that even 90 degree
scatter of a 99mTc photon leaves a scattered photon
with an 114keV energy. More importantly in the
context of this discussion, a 20% symmetrical
energy window about the 140keV photopeak of
99mTc will include photons scattered by as much as
60 degrees (126keV). Reducing the window to 15%
will only exclude photons scattered by 45 degrees or
greater.

Standard symmetrical energy discrimination about
the photopeak is not a useful tool in eliminating
small angle scattered photons from subsequent
images. Assuming a model where the scattered
photon only alters direction once on its path through
the body, line of response translocation can range
with origin depth from small resolution degrading
translocations through to large background
contributing translocations.

Figure 2: Non radioactive glass box with open lid encasing a beaker of 99mTc on a set of scales.

Figure 3: Non radioactive glass sheet perpendicular to the gamma camera with a collimated source outside the
field of view. Note the ‘cold’ shadow of source shielding.

Copyright 2008. All rights reserved.
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FURTHER INVESTIGATION
Methods
In order to determine the impact of scattered
photons on image resolution and potential benefits
to be gained by alternate energy window strategies,
a series of 99mTc line sources were acquired. Line
sources were acquired on a Philips Prism 1000 with
high resolution parallel hole collimation. A 512
matrix was employed with a 2.0 zoom. Multiple
energy windows were employed to provide
simultaneous acquisition of data for comparison
(table 1). Each energy window combination was
acquired with the line source on the collimator
surface, against 4.0cm of water attenuation and
against 8.0cm of water attenuation. The resulting
198 line spread functions each had the full width
half maximum (FWHM) calculated.

In order to determine the impact of scattered photons
on image contrast, a series of 99mTc thyroid and
brain phantoms were acquired. Both the planar
thyroid and planar brain phantoms were acquired on
a Philips Prism 1000 with high resolution parallel
hole collimation. A 512 matrix was employed with a
3.2 zoom. Dual energy windows were positioned to
capture a 10% window below 140keV and a 10%
window above 140keV. The thyroid and the brain
phantoms were each positioned on the collimator
surface, against 4.0cm of water attenuation and
against 8.0cm of water attenuation. The resulting 18
phantom studies each had regions of interest (ROI)
drawn in target and background areas for calculation
of image contrast (Fig 4).

Table 1: A summary of energy windows employed in data acquisition.

WINDOW
20%
15%
15%

1
126-140
kev
132.5-140
keV
132.5-138.5
keV

2
139.5-143.5
keV

3
140-154
keV
140-147.5
keV
143.5-147.5
keV

4
1+3

5
-

1+3

-

1+2+3

2+3

Figure 4: Brain and thyroid phantoms with target and background ROIs positions used for all 24 phantom
studies.
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The brain phantom was subsequently imaged to
produce three otherwise identical planar studies
with a single energy window of; 20% centered on
140keV, 15% centered on 140keV, and 15%
centered on 144keV. The resulting images had four
ROIs drawn to include grey matter, white matter,
cerebral spinal fluid (CSF) and background outside
the physical limits of the phantom (Fig 5).
The statistical significance was calculated using
Student’s t test and the F test analysis of variances
was used to determine statistically significant
differences within grouped data. A P value less than
0.05 was considered significant. The differences
between independent means and proportions was
calculated with a 95% confidence interval (CI).
Image contrast was determined as (Rzeszotarski
1999):

C=

(T − B )

Results
Not surprisingly, a statistically significant difference
was noted between the mean FWHM for no
attenuation, 4.0cm of attenuation and 8.0cm of
attenuation across all windows (table 2). The P
values were supported by a lack of overlap between
95% CIs. While no statistically significant
differences were noted in the FWHM between the
energy windows for no attenuation (P = 0.368) and
8cm of attenuation (P = 0.0648), window 3
demonstrated a statistically significant improvement
in the FWHM over window 1 (P = 0.0175) for the
dual window acquisitions. These observations are
supported by the overlap (or lack thereof in the case
of the latter) in 95% CIs (table 2). Statistically
significant improvements were also noted for
window 2 (P = 0.020) and window 5 (P = 0.025)
over window 1 at 8cm of attenuation for the triple
window acquisitions.

B

Where,
C is the object / background contrast
T is the object counts per pixel
B is the background counts per pixel

Figure 5: Brain phantom with grey matter, white matter and CSF ROIs.
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Table 2: Summary of mean FWHM values for each energy window stratified against the attenuation thickness.

WINDOW

No
attenuation
4.0cm
attenuation
8.0cm
attenuation
P value

1
mean (95%
CI)
4.35 (4.214.49
6.27 (6.126.41)
8.54 (8.408.68)
< 0.0001

2
mean (95%
CI)
4.17 (4.014.32)
6.09 (5.936.24)
8.18 (8.038.34)
< 0.0001

3
mean (95%
CI)
4.21 (4.024.40)
5.90 (5.716.09)
8.27 (8.088.46)
< 0.0001

4
mean (95%
CI)
4.26 (4.124.40)
6.14 (6.06.28)
8.43 (8.298.57)
< 0.0001

5
mean (95%
CI)
4.14 (4.024.27)
6.12 (5.996.24)
8.24 (8.118.36)
< 0.0001

Table 3: Percentage of counts contributed by each energy window.

WINDOW
20%
15%
15%
20% phantoms

1
55.4%
58.7%
24.1%
52.6%

2
49.0%
-

3
44.6%
41.3%
27.0%
47.4%

4
100%
100%
100%
100%

5
75.9%
-

Table 4: Percentage of counts contributed by each energy window for the dual window acquisitions for window
1 and 3 and for the triple window for window 5.

WINDOW
No
attenuation
4.0cm
attenuation
8.0cm
attenuation

1
51.5%

3
48.5%

5
82.4%

57.8%

42.2%

74.7%

61.9%

38.1%

70.7%

The mean improvement in FWHM for window 3
over window 1 using the dual window acquisitions
was 0.26mm (95% CI: 0.16 – 0.36) or 4.0% (95%
CI: 2.5 – 5.5) which showed a statistically
significant variation from the hypothetical zero
difference (P < 0.001). No statistically significant
variations were noted between the mean FWHM
percentage improvements for the different
attenuation models (P = 0.254).
The mean improvement in FWHM for window 5
over window 4 using the triple window acquisitions
was 0.43mm (95% CI: 0.19 – 0.67) or 6.3% (95%
CI: 3.0 – 9.7) which showed a statistically
significant variation from the hypothetical zero
difference (P < 0.001). No statistically significant
variations were noted between the mean FWHM
percentage improvements for the different
attenuation models (P = 0.422).

Relative count contributions for each energy window
indicate that window 1 contributed a greater
proportion of counts to the image than window 3
using a dual window acquisition (table 3). Not
surprisingly, window 2 using the triple window
acquisition had the greatest contribution to total
image counts, however, an opportunity to maintain
counts and improve image quality might be best
exploited by using window 5 or, rather, to use a 15%
window centred on 144keV.
The impact of distance and attenuation on the
inclusion of low angle scatter in an image data set is
highlighted in table 4. The relative contribution of
window 5 to total counts decreases with increasing
distance and attenuation as a result of an increased
scatter fraction in window 1. The same observation is
made for windows 1 and 3 for the dual window
acquisition data.
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Table 5: Contrast calculation for each energy window for the thyroid phantom (thyroid versus cold nodule),
brain phantom (grey versus white matter) and brain phantom for 8.0cm of attenuation (grey matter versus non
phantom background).

WINDOW

1
(126-140 kev)

3
(140-154 keV)

4
(126-154 keV)

1.97
1.09
0.79

2.67
1.90
1.53

2.27
1.39
1.05

6.87
2.47
1.39

11.8
4.12
2.11

8.76
3.09
1.69

7.00

37.00

11.00

Brain (grey v white)
No attenuation
4.0cm attenuation
8.0cm attenuation
Thyroid (thyroid v nodule)
No attenuation
4.0cm attenuation
8.0cm attenuation
Brain (grey v background)
8.0cm attenuation

Table 6: Contrast calculation for the brain phantom comparing 99mTc energy windows for clinical use.

WINDOW
20% on
140keV
15% on
140keV
15% on
144keV

Grey v
White
1.31

Grey v
CSF
3.25

Grey v Bkg
13.78

Total
Counts
3388K

Sampling
error
1.7%

1.48

3.62

16.94

2986K

1.8%

1.61

4.22

24.64

2696K

1.9%

Figure 6: Scatter artifact on a SPECT sonogram due to a source external to the patient.
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The brain and thyroid phantoms showed marked
improvement in image contrast from energy
window 1 to energy window 3 (table 5). Indeed,
window 3, with the exclusion of low angle scatter,
also provided marked improvements in image
contrast over the 20% window centred on 140keV.
As a gauge of the actual contribution of low angle
scatter to the background noise of an image, the
region outside the brain phantom when compared to
target counts showed an even more marked
disparity between window 1 and window 3 contrast.
While a 15% window centred on 144keV provides
superior image contrast (table 6) compared to both
15% and 20% centred on 140keV, the improvement
is associated with a decrease in accumulated counts
within the same time window. The increase in
sampling error associated with these decreased
counts, however, is 0.1% to 0.2% (table 6).
DISCUSSION
Nuclear Medicine professionals make daily protocol
decisions that require a trade-off between gains and
losses. High resolution versus high sensitivity
collimation, two versus three gallium windows, 512
versus 256 matrix, dynamic sampling frames, 8
versus 12 versus 16 gate intervals, and even the
choice of a symmetrical 15% window over a 20%
window is a trade-off between counts and quality.
Perhaps the real benefits from a 15% window are
best achieved with an offset above the photopeak
(centered on approximately 144keV).
In reality, low angle photon scatter is not likely to
cause a discernable difference to image resolution.
Comparatively, FWHM in this investigation
deteriorated by 2.26mm with the addition of just 4.0
cm of soft tissue attenuation while low angle scatter,
even in the worst case scenario, only deteriorated
FWHM by 0.36mm. It may, however, present a
greater source of artifact than has previously been
credited. Artifact may result from other radioactive
sources about the patient/gamma camera (eg. patient
walking past, dose injection etc.) particularly when
multiple gamma cameras share a single room.
Figure 6 provides an example of the artifactual
appearance of scatter on the sinogram of a gated

myocardial perfusion SPECT on a Philips Prism
3000. Furthermore, high background activity and the
resulting contrast degradation may result, in part,
from low angle scatter through the body. This is
consistent with the observed differences in contrast,
even for superficial structures, with changes in body
habitus. That is, inclusion of low angle scattered
photons in the final image is more problematic with
greater soft tissue attenuation, an observation
familiar to the Nuclear Medicine professional. The
high background/soft tissue activity of the obese
patient does not simply represent selective retention
of the radiopharmaceutical in soft tissue compared to
the thin patient. It represents, at least in part, the
increased contribution of low angle scatter photons
which could be eliminated with a 15% energy
window centered on 144keV.
CONCLUSION
When imaging using 99mTc, incident photons
contributing to the final image may include photons
scattered by as much as 45 to 60 degrees. Energy
discrimination with a symmetric window about the
photopeak is ineffective in eliminating low angle
scatter. While the direct impact on image resolution
is perhaps negligible compared to other resolution
impediments, low angle scatter is a major source of
potential artifact and contrast degradation. The
potential impact of low angle scatter on image
quality should be given greater consideration in
discussion of physical principles in nuclear medicine
and in parameter/protocol decision making. A 15%
energy window centered on 144keV might provide
an optimized trade-off between contrast and total
counts.
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Continuing Professional Development – Question and Answer Sheet
Article title: Small angle gamma ray scatter: what is the impact on image quality.
Your name: ______________________________________
RAINS Member Number: ___________________________
Answer the following questions and return the completed sheet before the middle of the month to: RAINS
PO Box U102
or
Charles Sturt University
seasonal@rains.asn.au
Wagga Wagga NSW 2678

1.

For a 140 keV photon, what is the energy of the photon after scatter through 45 degrees?

2.

For a 159 keV photon, what is the energy of the photon after scatter through 45 degrees?

3.

For a 360 keV photon, what is the energy of the photon after scatter through 45 degrees?

4.

How might scatter be reduced using the photopeak?

5.

What is the contrast for an object with 100 counts per pixel of background is 15 counts per pixel?

6.

How would the above change if background was increased to 35 counts per pixel?

Copyright 2008. All rights reserved.

19

Seas RAINS, vol. 2, no. 3

Copyright 2008. All rights reserved.

20

Seas RAINS, vol. 2, no. 3

Guidelines for Submissions to Seasonal RAINS
Seasonal RAINS will be sent to RAINS members during Summer, Autumn, Winter and Spring.
Seasonal RAINS will accept a number of types of
submissions. All work must be written in English
and submitted in Microsoft Word. All submission
must be accompanied by a cover letter (email is
sufficient) indicating the type of submission, details
of authors and departments, contact details of the
corresponding author and a statement indicating that
the submission is not subject to copyright
elsewhere.
All submissions will be reviewed for
appropriateness and accuracy (where relevant).
Inclusion in Seasonal RAINS remains the discretion
of the editorial board. Preference will be given to
submissions consistent with the philosophy and
purpose of RAINS.
All submissions should be sent by email to:
seasonal@rains.asn.au

Letter To Editor
300-500 word limit.

Interesting Image
1 JPG image and 300 word limit case presentation.

What The … ?

In-Service Education
Seminars should be submitted as power point
presentations with audio narration. Audio recordings
should be embedded in the power point presentation
(not linked) using a radio quality setting (22kHz, 16
bit, mono). Ensure sound quality is suitable for
circulation. Valuable presentation might only be
included if narration is re-recorded. Accepted
presentations will be included on the RAINS CPD
in-service CD. All presentations should be
accompanied by 10 review questions. Presentations
should be sent by mail to: The Editor, PO Box U102,
CSU, Wagga Wagga, 2678.

CPD Articles
Submissions should provide an educational review of
an area of interest. The reviews should be well
researched and present all valid perspectives. CPD
articles may be accepted after review by the editorial
board. Alternatively, the submission may be
accepted with some suggested revision or deemed
not suitable for the purpose intended (CPD). All
submission must adhere to the guidelines provided
by the Journal of Nuclear Medicine Technology;
available on the SNM web site (www.snm.org).

Summary of recent or upcoming events. Update
RAINS member achievements; publication,
conference presentation or scholarship.

CPD articles should be made available for
publication without copyright authority elsewhere.
Submitting authors accept responsibility for ensuring
manuscripts do not breach copyright laws. Seasonal
RAINS does not, however, ask that you transfer
copyright to RAINS. Thus authors are free to republish manuscripts in whole or in part in subsequent
journals.

Book or Journal Article(s) Review

Advertising

Review of a recently released nuclear medicine text
or journal article(s) related to nuclear medicine.
Minimum of 1 page.

Advertisement of activities, products or events
consistent with the philosophy and purpose of
RAINS will occur without charge (including
positions vacant).

1 JPG image and 100 word limit solution.

News and Events

E-Journal Club
20-30 minute power point presentation of a relevant
journal article in Nuclear Medicine. Submissions
should include written text and discussion for each
slide plus 10 test questions.

E-Grand Rounds
Submit a 20-30 minute review summary and
presentation (power point) of one or more clinical
cases. Content should include patient history, scan
methodology, other imaging procedures, relevant
technical information, final report and patient
outcomes. Submissions should include written text
and discussion for each slide plus 10 test questions.

Commercial advertisements may be included at a
cost of $100 per half page (190x125 mm landscape)
and $200 per full page (190x270 mm portrait).
Advertisements will not be reformatted.
Advertisements should be submitted electronically in
PDF or JPG. This is an electronic newsletter so
colour is permitted at no additional cost.
Advertisements should be emailed to:
seasonal@rains.asn.au no later than 4 weeks prior to
issue release.
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Charles Sturt University, the Rural Alliance in Nuclear Scintigraphy (RAINS)
and the ACT Branch of the ANZSNM announce the:

5th Annual CE Workshop
Sat 1st / Sun 2nd Nov 2008

Charles Sturt University, Wagga Wagga

Nuclear Oncology
current status, future directions and strategies
for rural / regional Australia
Invited Speakers:
• Dr Rob Ware, Peter MacCallum Cancer Centre
• A/Prof Dianne O’Connell, Cancer Council NSW
• Mr Larry Pang, UCLA School of Medicine
Prizes:
• Rural Radpharm Award (attendance at 2009 ANZSNM ASM in Sydney)
• Undergraduate 3rd Year Research Prize ($500 first and $250 second)

For registration details for this fee free CPD conference contact Dr Geoff Currie at: gcurrie@csu.edu.au

Charles Sturt University, the Rural Alliance in Nuclear
Scintigraphy (RAINS) and the ACT Branch of the ANZSNM invite:
• Radiotherapy personnel
• Oncologists
• Oncology support personnel
• MRS students

• ACT Branch of the ANZSNM members
• RAINS members
• ANZSNM and AIR members
• Other health professionals

Sat 1st / Sun 2nd Nov 2008
Charles Sturt University, Wagga Wagga

Wal Fife Lecture Theatre
Sponsors
We would like to acknowledge and thank the sponsors of the conference. Without their support,
this conference would not be possible. We encourage you to reciprocate that support.

Major Sponsor
Cyclotek
CRC Biomedical Imaging Development

Other Sponsors
Regional Imaging Riverina
Rural Alliance In Nuclear Scintigraphy (RAINS)
Siemens
Global Medical Solutions
ACT Branch of the ANZSNM
Inderlec
Cancer Council NSW
Centre for Inland Health, Charles Sturt University
ARI

Conference Program
Saturday, 1st November

Sunday, 2nd November

09:15 Morning tea (sponsored by ACT Branch of ANZSNM)

08:30 Tea & coffee (sponsored by Regional Imaging Riverina)

09:45 Welcome
Prof Nick Klomp, Dean, Faculty of Science
Mr John Knight, Cancer Council NSW

08:30 RAINS AGM

10:00 Session 1
Chair: Mr Matthew Ayers (RAINS)
10:00 PET/CT; Beyond FDG
Dr Rob Ware
10:40 Patterns of cancer care studies in NSW
A/Prof Dianne O’Connell

09:00 Session 4
Chair: Ms Alana Martin (Regional Imaging Riverina)
09:00 Questions of the President (ANZSNM)
Geoff Roff
09:30 Student project 1 - CSU
09:45 Student project 2 - CSU
10:00 Student project 3 - CSU

11:15 PET/CT Facility Design and Operation
Mr Larry Pang
11:50 Can we afford not to use PET/CT in cancer
management
Dr Rob Ware
12:30 Lunch (sponsored by Cyclotek)
13:30 Session 2
Chair: Dr Geoff Currie (CSU)

10:15 Student project 4 - CSU
10:30 Extensive Soft Tissue Uptake on a Bone Scan
Kym McWhirter & Kate Brill
10:45 Myocardial amyloid using 99mTc PYP - Rural
Radpharm
Michael Crook
11:00 Morning tea (sponsored by Inderlec)

13:30 Patient Preparation, Pitfalls, and Troubleshooting
in PET/CT
Mr Larry Pang

11:30 Session 5

14:00 Discussion forum; strategies for PET in rural and
regional Australia
Facilitated by Dr Rashid Hashmi, Mr Greg
Santamaria, Dr Rod Pope and Mr Matt Bellairs

11:40 ACT Branch Meeting

11:30 Awarding of prizes

12:30 Close for day 2
Sunday Afternoon Social

15:00 Pap smear screening history of women
Dr Sokcheon Pak

12:30 CSU Cellar Door for wine and cheese tasting

15:30 Afternoon tea (sponsored by Centre for Inland Health)
15:45 Session 3
Chair: Mr Chris McLaren (Canberra Hospital)
15:45 Cross sectional anatomy – abdomen/pelvis
Dr Rashid Hashmi
17:00 Close for day 1

All students from Australian Universities with
undergraduate Nuclear Medicine programs were
invited to present their 3rd year student research
projects (individual or group) for the chance to
win a first prize of $500 (GMS) and a 2nd prize of
$250 (ACT Branch).

Saturday Night Social Function
18:00 Pre-dinner drinks at the Union Hotel
19:00 Delegate Dinner at Indian Restaurant

Try the ‘Lawson’ for your accommodation needs
and mention ‘CSU conference’ for a discount.

5th Annual CE Workshop
Sat 1st / Sun 2nd Nov 2008
Charles Sturt University, Wagga Wagga

Registration Form
Name:

Membership:

Organisation:

• RAINS

Yes / No

Postal Address:

• ACT Branch of ANZSNM

Yes / No

• ANZSNM

Yes / No

• AIR

Yes / No

Telephone Number:
Discipline Area:
Email Address (clearly):

Please register me to attend the following
sessions (tick box):

I also confirm participation in the following
(tick boxes):

Day 1 and 2

Saturday pre-dinner drinks

Day 1 only

#

Saturday night dinner ($35)

Day 2 only
#

Session 4

The Saturday night dinner is very popular
and there are limited seats available. Seats
will be allocated on a first in basis. Please
secure your seat by sending a cheque with
your registration form for $35 (3 course meal)
made payable to:

Session 5

Rural Alliance in Nuclear Scintigraphy

Session 1
Session 2
Session 3

Send your completed registration
form to:
Geoff Currie
PO Box U102
Charles Sturt University
Wagga Wagga NSW 2678
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Continuing Professional Development
Writing a CPD Article – Part 1.
Geoff Currie and Janelle Wheat
School of Dentistry and Health Sciences, Charles Sturt University, Wagga Wagga.
This article is the first in a series of four (4) aimed
at providing some guidelines for writing continuing
professional development (CPD) articles. Part 1 will
provide a template for writing a CPD article. In
future editions of Seasonal RAINS part 2 will
provide guidelines for critically evaluating the
literature, part 3 will provide tips and writing style
guides to improve writing quality, and part 4 will
provide instruction on writing case studies.
One should recognise that there is no fixed equation
for writing a good CPD article. Good writing is
quite individual and the key is to develop your own
writing style. The following represents a small snap
shot of a very diverse range of possibilities. This
article is not meant to provide a definitive structure
but rather a place to start for you to develop your
own style and structure.
None the less, there are essentially two (2) common
approaches to writing a CPD article:
1. Pathology based
2. Technique based.
For a pathology based review, the intention of the
author(s) is to provide readers with an overview and
insight into a specific pathology. The focus of the
article is on the pathology and diagnostic techniques
represent a smaller sub heading within the overall
text. A technique based review examines a specific
technique performed in assessment of a pathology
or group of pathologies. The focus is on reviewing
the finer points of performing the procedure and the
pathology itself and other diagnostic techniques
form a smaller sub section of the discussion. Both
these approaches provide valuable continuing
education and are broadly used in Nuclear
Medicine.
A third approach is where a research article is
moulded into a CPD article. The primary purpose of
the article is to disseminate the findings of the
research. The addition of several questions at the
end provides a convenient CPD article. Generally
this article is far less useful for actual education
purposes but it is used for convenience.
Regardless of which approach you adopt, the
content of your manuscript should be accurate,
current and appropriate. It should be well
researched. This means that it provides an accurate
account of the breadth of available knowledge. Do
not rely on web based resources to write your

review. The manuscript should reference a variety of
text books and journal articles from reputable
journals.
The information should then be presented in a
seamless fashion. That is, resist the temptation to
simply extract sentences or paragraphs from one
specific article and then move to the next article and
do the same thing. The information you provide
could readily be sourced from multiple sources and
these concepts should be integrated so that your
manuscript is concept/content driven rather than
resource/reference driven. These issues will be
discussed in greater detail in part three (3) of this
series.
If you adopt a pathology based approach, the
following could be used as a heading template:

•
•
•

Abstract
Introduction
o
o
o
o
o

•

Background (on the pathology)
Anatomy and physiology
Aetiology
Epidemiology
Pathogenesis
Treatment options (including prognosis)

Diagnostics
Historical perspective
Biomarkers
Imaging (non Nuclear)
Nuclear Medicine
 Role and importance
 Procedure
 Interpretation
 Evolving techniques (eg. SPECT/CT,
new radiopharmaceuticals, PET etc.)
o Efficacy in diagnosis (including ‘gold
standard’)

o
o
o
o

•

Discussion
Diagnostic / treatment algorithm
Limitations
 In literature / knowledge
 Of your review
o Opportunities (for better understanding,
improved outcomes etc).
o Recommendations (for research, treatment,
classification, diagnosis etc).

o
o

•
•

Conclusion
References
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If you adopt a technique based approach, the
following could be used as a heading template:

•
•
•

Abstract
Introduction
o
o

o
o
o
o
o
o
o
o
o

o

•

Background (on the technique)
Procedure
 Role and importance
Clinical indications
 Anatomy and physiology
 Aetiology
 Epidemiology
 Pathogenesis
Historical perspective
Radiopharmaceuticals and dosage
Procedure
Variations to procedure
Data analysis
Interpretation
Pitfalls and artifacts
Paediatric considerations
Other diagnostic techniques
 Biomarkers
 Imaging (non Nuclear)
 Efficacy in diagnosis (including
‘gold standard’)
 Evolving techniques (eg.
SPECT/CT, new
radiopharmaceuticals, PET etc.)
Treatment options (including prognosis)

Discussion
Diagnostic / treatment algorithm
Limitations
 In literature / knowledge
 Of the technique
 Of your review
o Opportunities (for better understanding,
improved outcomes, improved techniques,
evolving methods etc).
o Recommendations (for research, treatment,
diagnosis etc).

o
o

•
•

Conclusion
References

RAINS needs you!
We need you to write CPD articles
to keep the Newsletter going.
Collect extra CPD points by writing
articles.

The introduction should not replicate the abstract.
The introduction should introduce the pathology or
technique, provide an insight into the clinical
significance for your audience (eg. Nuclear
Medicine), provide a historical perspective, a brief
summary of diagnostic options, an indication of
limitations in current practice or knowledge and
some mention of future potential or roles. The
abstract should be written last and should provide a
brief summary of the key information in the entire
manuscript. Try to avoid simply copy and pasting the
introduction and conclusion as your abstract.
The manuscript should be about 3000 words. This
may sound long but it is surprisingly difficult to
provide a concise review of a topic. Be careful to
avoid replication and turgidity. Stay focussed and on
the topic. Your manuscript should be proof read
multiple times and by multiple parties. Each sentence
should be transparently related to the purpose of the
manuscript – if it is not it should be removed.
Write for your target audience and adjust the content
accordingly. If a Nuclear Medicine review were
written for non Nuclear Medicine medicos, much
more basic Nuclear Medicine background
information would be required. Do not provide an
intelligent audience with information that is very
basic for them. This can be quite difficult if, for
example, you are writing a CPD article that might be
read by groups from different disciplines (eg.
radiographers and Nuclear Medicine Technologists)
or by an entire discipline (eg. Nuclear Medicine
Technologists, Physicians, Physicists and
Radiopharmacists).
Be aware of copyright issues. Not only does that
mean that paraphrasing with in text referencing is
required, but use of images can be problematic. One
can not simply scan in images from a text or
download from the web. Any image or diagram used
in a published CPD article needs permission from the
copyright holder to replicate. Generally this is
prohibitive of their use. When using your own
images, particularly patient scans, ensure you are not
breaching privacy or confidentiality (ie. de-identify
images).
The final task is to write the questions. This should
be a thoughtful process. Avoid simply scanning
through your manuscript and pulling out a sentence
to construct a question around. Find the key points
and structure questions to draw out the readers
understanding of that concept. Do not deliberately
find obscure facts to structure a question around,
make the questions (and their answers) valuable to
the reader.
Consider writing a CPD article in a team with your
colleagues.
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Rural Alliance In Nuclear Scintigraphy - (RAINS)
APPLICATION FOR MEMBERSHIP
There are no membership fees for RAINS in 2008.
Please send complete forms to:
Or email to:
RAINS
membership@rains.asn.au
PO Box U102
Charles Sturt University
NSW 2678
________________________________________________________________________
I wish to apply for membership to RAINS and, if accepted as a member, I undertake to
comply with the RAINS Charter.
See membership guidelines (please tick):
Ordinary member …………………

Associate member …………...

Professional Category (please tick):
Technologist/Scientist …………….
Physicist …………………………..
Nurse ………………………………
Radiopharmacist ………………….
Other (please specify) ……….........

Physician ……………………...
Radiologist ……………………
Registrar ………………………
Student Technologist (specify uni)
……………………….…

Are you a member of (please tick):
ANZSNM …………………………

AIR …………………………...

Title: _____

Given Name: _________________ Surname: _____________________

Business Address: ________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
Telephone: _____________________

Facsimile: __________________________

Email: ______________________________
I agree to have my telephone number and email address included on the RAINS database and
circulated amongst RAINS members.

Signature: ____________________________

ANZSNM Member? YES / NO
Member number issued? ___________

Date: ________________________

RAINS Use Only
Rurality Criteria Satisfied? 1 / 2 / 3 / 0
Issue date? _____________
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