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FOREWORD
The Educational Modules for Appropriate Imaging 2013 project is the result of energetic contributions from a large
number of individuals, enabled by grant funding from the Diagnostic Imaging Quality Projects Program of the
Australian Commonwealth Department of Health and Ageing.
The project aims to educate medical undergraduates and medical practitioners from all disciplines about how to make
judicious decisions regarding imaging referral on behalf of their patients. This first instalment of educational modules
focuses on clinical problems that are commonly encountered in the emergency department and in general medical
practice.
Following this introduction, I have provided a detailed description of the methods used to arrive at the end result,
which is educational material about appropriate imaging. This “process map” tends to suggest that there was a
detailed plan of how every step of this project would work from the beginning, and this certainly was not the case.
Although we began with a general idea of where we wanted to end up, how to get there was uncharted territory for
us and the best route to our destination was not clear at all. I would like to express my sincere thanks to the many
individuals who contributed to this project over the past 14 months. Their willingness to collaborate with people they
had never met, but also to understand their responsibility to speak up when they didn’t agree with something, to
accept that compromises would sometimes be required, and to remain committed to the end to producing a very high
quality outcome, allowed us to find the way forward together. The depth and breadth of the resulting information in
the modules and the manner in which this is presented is a direct result of their individual expertise but also their
ability to work effectively and creatively as a team, and for this, I am very grateful.
How the information contained in these modules would ultimately be used by medical undergraduates and medical
practitioners was foremost in our thinking before the project even began. Implementation failure is the rule, rather
than the exception, for both clinical decision rules and clinical practice guidelines.
The delivery formats for these modules seek to address the needs of the end user by providing the information in a
variety of ways. Interactive, web based electronic modules have been created for undergraduate and early
postgraduate education. The information has also been compiled into a searchable e – book that can be used as an
electronic or printable reference. One page summaries of key points in the decision making process for each module
have been produced for both the electronic modules and the book as point of care reminders of both the elements of
the decision tools as well as their inclusion and exclusion criteria ---- they can be printed or used on a portable device
or desktop computer. These one page “logic maps” will facilitate writing of programs for computerised decision
support that should, in turn, become an efficient and seamless part of the workflow involved in referring a patient for
diagnostic imaging.
I would like to acknowledge our partner institutions, Monash University, Monash Health, the University of New South
Wales, Sydney University, and Health Education Australia Limited (HEAL) whotrialled the electronic educational
modules with their medical undergraduates, enrolled medical graduates, and junior medical staff in 2014.
It has been my great pleasure to be a part of this project. The support of my husband Patrick made it possible for me
to devote the necessary time to it. I hope the work of our team will help practitioners make appropriate decisions
about the use of imaging in the care of their patients.
Stacy Goergen, Melbourne, Australia
2014
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OVERVIEW OF THE DEVELOPMENT PROCESS

DEVELOPMENT OF THE EVIDENCE BASE
SCOPE AND TOPIC CHOICE
The nature and scope of the Educational Modules for Appropriate Imaging was determined by a number of
considerations:
1.

Our agreement with the Commonwealth Department of Health and Ageing which was finite both in terms of
funding amount and timelines
2. The need to produce evidence based educational material within 12 – 15 months
3. The prioritisation for module development of clinical problems that met four major criteria:
a. Common occurrence in practice (i.e. of public health importance)
b. A clinically / financially substantial proportion of patients with this condition investigated with
“complex” diagnostic imaging such as Computed Tomography, Ultrasound, and Magnetic Resonance
Imaging or a large majority of cases with the condition imaged using plain radiography.
c. Existence of validated clinical decision rules for the specific condition
d. Recognition, based on scientific publications, of higher rates of inappropriate imaging and / or lack
of clinician knowledge about evidence based risk assessment of patients prior to imaging for a given
condition
Based on these four criteria, the following topics were chosen for module development:
1. Adult head trauma
2. Paediatric head trauma
3. Adult cervical spine trauma
4. Paediatric cervical spine trauma
5. Acute low back pain
6. Suspected pulmonary embolism (pregnant and non pregnant patients)
7. Suspected lower limb deep vein thrombosis
8. Acute ankle trauma in adults
9. Paediatric ankle trauma
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LITERATURE SEARCH
Due to the size and scale of the project and the limited review resources, the decision was made to restrict the
searches to evidence mapping rather than using a highly sensitive format.
Three sets of terms were used for each topic.
Two sets were similar for each topic:
1.
1
2

Clinical decision rules

(decide or decision*).ti,ab.
CDR.ti,ab.

2.
5
6
7
8

3
4

*"Decision Support Techniques"/
or/1-3

Imaging – particularly CT and MRI

exp *Diagnostic Imaging/
(CT or (CAT adj scan)).ti,ab.
Tomography, X-Ray Computed/
"Sensitivity and Specificity"/

9
10
11

*"Mass Screening"/
exp Radiography/
or/5-10

One set was unique for each of the topics (see next page for Topic Specific Search String)
Where the reviewers felt that aspects of a topic were lacking in appropriate coverage based on reading all retrieved
citations, further searches were undertaken as required.
In addition to the terms search relating to the direct question/hypothesis, the following snowballing techniques were
used also:





“Find Similar” function in the OVID databases where appropriate
forward searches for citing articles (primarily in the World of Science database)
reference lists of key references were scanned
experts were consulted for additional references known to them

Duplicated references were removed from each individual topic library.
Topic Specific Search Strings:
1. Adult head trauma
2. Paediatric head trauma
12
13

Brain Injuries/
Craniocerebral Trauma/

Evidence Source
All EBM (Ovid) *
CINAHL (Ebsco)
EMBASE (Ovid)
Medline (Ovid)
PreMedline (Ovid)
PubMed
TRIP database
World of Science

©RANZCR 2015

14
15

((head* or brain*) adj2 (injur* or trauma*)).ti,ab.
or/12-14

Period
2005 to September 2012
To current
1996 to 2012 Week 42
1996 to October Week 2
2012
October 19, 2012
To date
To current
Citations for Harnan

Date of Search
18th Oct 2012
18th Oct 2012
18th Oct 2012

# Hits
2
21
75

16th Oct 2012

58

18th Oct 2012
18th Oct 2012
18th Oct 2012
18th Oct 2012

9
44
17
2
118 unique refs
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3.
4.
12
13

Adult blunt cervical spine trauma
Paediatric blunt cervical spine trauma

Spinal Cord Injuries/
((spinal or spine*) adj2 (injur* or trauma*)).ti,ab.

Evidence Source
All EBM (Ovid) *
CINAHL (Ebsco)
EMBASE (Ovid)
Medline (Ovid)
PreMedline (Ovid)
PubMed
TRIP database

5.

14

Period
2005 to September 2012
To Current
1996 to 2012 Week 42
1996 to October Week 2 2012
October 23, 2012
To date
To current

Date of Search
22nd Oct 2012
22nd Oct 2012
22nd Oct 2012
20th Oct 2012
22nd Oct 2012
22nd Oct 2012
22nd Oct 2012

"Low Back Pain"/
(low adj3 back adj2 pain).ti,ab.

19
20

14

or/12-13

21

15
16
17
18

Lumbar Vertebrae/
(lumbar adj2 (spine or spinal)).ti,ab.
or/15-16
Discitis/

22
23
24

Evidence Source
All EBM (Ovid) *
CINAHL (Ebsco)
EMBASE (Ovid)
Medline (Ovid)
PreMedline (Ovid)
PubMed
TRIP database
World of Science

12
13

# hits
2
67
133
88
18
8
7
253 unique refs

Acute low back pain

12
13

6.
7.

or/12-13

Period
2005 to October 2012
- 6th Nov
1980 to 2012 Week 44
1946 to October Week 4 2012
November 05, 2012
- 6th Nov
- 6th Nov
- 6th Nov

exp Osteomyelitis/
exp Abscess/
(discitis or osteomyelitis or
abscess*).ti,ab.
or/18-21
and/17,22
or/14-23

Date of Search
6th Nov 2012
6th Nov 2012
6th Nov 2012
3rd Nov 2012
3rd Nov 2012
6th Nov 2012
6th Nov 2012
6th Nov 2012

# hits
0
60
52
124
1
3
62
15
203 unique refs

Blunt ankle / foot trauma (adult)
Blunt ankle / foot trauma (paediatric)

Ankle/
Ankle Injuries/

Evidence Source
All EBM (Ovid) *
CINAHL (Ebsco)
EMBASE (Ovid)
Medline (Ovid)
PreMedline (Ovid)
PubMed
TRIP database
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14
15

ankle*.ti,ab.
or/12-14

Period
2005 to September 2012
To Current
1980 to 2012 Week 42
1946 to October Week 3 2012
October 25, 2012
To date
To current

Date of Search
24th Oct 2012
24th Oct 2012
24th Oct 2012
22nd Oct 2012
24th Oct 2012
24th Oct 2012
24th Oct 2012
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17
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8.
12
13
14

Suspected pulmonary embolism (pregnant and non pregnant patients)

(pulmonary adj2 embolism*).ti,ab.
Pulmonary Embolism/
PERC.ti,ab.

Evidence Source
All EBM (Ovid) *
CINAHL (Ebsco)
EMBASE (Ovid)
Medline (Ovid)
PreMedline (Ovid)
PubMed
TRIP database

15
16

((wells or geneva or kline) adj3 scor*).ti,ab.
or/12-15

Period
2005 to October 2012
To Current
1974 to 2012 Week 44
1946 to November Week 1 2012
November 07, 2012
To date
To current

Date of Search
6th Nov 2012
6th Nov 2012
6th Nov 2012
4th Nov 2012
6th Nov 2012
6th Nov 2012
6th Nov 2012

# hits
12
37
183
110
14
5
67
268 unique refs

9. Suspected deep venous thrombosis of the lower limb (pregnant and non pregnant patients)
Search not undertaken as literature was well known, and only one validated rule published

APPLICATION OF EXCLUSION CRITERIA
All retrieved citations were read. Exclusion criteria were:
1.
2.
3.
4.

Non English language publication
Narrative reviews, letters and editorials
Guidelines / clinical decision rules / pathways / algorithms unrelated to diagnostic imaging
No reporting of evaluation of the performance of the algorithm, decision rule, or pathway in a patient
population through patient follow up, gold standard testing or other means
Full text articles were obtained for all included studies / publications.

CRITICAL APPRAISAL
An appraisal template was devised incorporating elements of methodology used by McGinn et al and Pickering et al
(references provided below) for critical appraisal of clinical decision rules. [See Appendix One]
During a one day workshop, recent medical graduates of Monash University who were selected through an on line
application process were trained in appraisal of clinical decision rule quality, with particular emphasis placed on
detection of sources of potential / actual bias in the development of the clinical decision rule. An example (PECARN
algorithm for head trauma in children, Kupperman et al, Lancet 2009) was worked through by the group under the
supervision of Stacy Goergen to illustrate the appraisal process and the correct use of the template and appraisal
table. Over the next 6 weeks, the students were supervised face to face, via email and by telephone to complete the
critical appraisals of the clinical decision rules that had been selected for inclusion in the modules. Checking of the
final appraisal tables for accuracy was undertaken by Stacy Goergen and subsequently by members of the writing
teams.
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DEVELOPMENT OF MODULE CONTENT
MODULE TEMPLATE
This was provided as an indication to the writing teams of the nature and extent of content required and to
standardise the look and feel of the entire group of modules. [See Appendix Two].

EXPERT RECRUITMENT
Individuals with a national or international reputation in their subject area were recruited. We were mindful of
ensuring that writing teams were composed mainly of non-radiologists with expertise in the clinical, academic, or both
aspects of the topic area. In addition, individuals who had published in peer reviewed journals or as book or chapter
authors in the relevant area were specifically sought. Writing team members were asked to recommend other team
members known to them as other experts in the field and this method of recruitment resulted in additional writers or
reviewers for every module.
Each writing team included at least one radiologist. However, it was acknowledged from the outset that when
considering performing diagnostic imaging for a patient, much of the initial decision making about “imaging vs. no
imaging” is within the realm of the non – radiologist as the pertinent issues are more to do with patient characteristics
than questions of test performance. Radiologists provided the detailed information about “which test is best” by
outlining the strengths and weaknesses of the various imaging modalities that could be used to investigate a clinical
problem.

CONTENT DEVELOPMENT AND REVISION
Topic selection and the range of clinical decision rules that would be featured in each module were decided while
writing team members were being recruited. Templates were provided to guide the writing teams with regard to the
basic content requirements in order to achieve some consistency across the modules.
The teams were able to prioritise certain clinical decision rules over others, based on their performance
characteristics, and to provide advice on their use accordingly. They also were able to recommend clinical decision
rules that had not been identified in the earlier literature search (although this did not occur) and they were provided
with the critical appraisals and appraisal tables developed at an earlier stage to inform the recommendations made in
the modules.
Content experts on the writing teams frequently provided extra information that they thought should be included that
was outside of the headings provided in the generic template and this was included at their discretion. This extra
information most often related to radiation exposure, classification systems (e.g. for head injury severity) and
algorithms from existing clinical practice guidelines that were outside of the clinical decision rules that formed the
cornerstone of the modules (e.g. the approach to imaging in the pregnant patient with suspected pulmonary
embolism from guidelines produced by the American Thoracic Society).
With regard to recommendations about one imaging modality instead of another, when it was possible to be
prescriptive, we were. Examples of this included recommending CT scanning as the best initial investigation in a
patient with blunt head trauma who, based on clinical pre test risk, needs imaging. However, when there were
complex or competing issues governing the choice of imaging modality, such as CT pulmonary angiography vs.
ventilation – perfusion lung scanning for a patient with possible pulmonary embolism or plain radiographs vs CT for
patients with cervical spine trauma, discussion about the multiple considerations that informed our recommendation
was provided. When there was equipoise about whether imaging was indicated or about the “which test is best”
question, due to there being no high quality scientific evidence to support one approach in favour of another, a list of
clinical considerations that should inform decision making, with no specific recommendation, were provided.
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PREPARATION OF SUMMARY FLOWCHARTS TO ILLUSTRATE DECISION POINTS
One of the factors preventing uptake of decision rules and clinical guidelines is the lack of provision of “digestible”
summaries of the key points that are essential for practice. It is unrealistic to expect that an entire book chapter will
be read by a busy clinician who wants to know how to decide if their patient requires imaging. In addition, the
elements and inclusion / exclusion criteria of clinical decision rules are almost impossible to commit to memory, and
there are strong arguments that clinicians should not try to do this, but instead refer to an electronic or hard copy
when they use a rule to ensure it is being applied correctly.
By way of addressing this, we have created one-page flow chart summaries of all of the information in the modules.
These provide the key points of the decision making process that clinicians need to focus on in order to determine
their patient’s requirement for imaging and the imaging test that is likely to be best for their specific situation. These
one-page summaries sometimes incorporate multiple clinical decision rules (e.g. pulmonary embolism, cervical spine
trauma) and for other problems, only one is featured based on its performance characteristics (e.g. adult and
paediatric blunt head trauma).
The summaries will be useful to anyone wishing to convert this information to electronic clinical decision support
(CDS) as they represent the link between the prose content of the modules and a CDS program.

DEVELOPMENT OF INTERACTIVE WEB BASED EDUCATIONAL MODULES AND IBOOK CHAPTERS
The first phase of developing the educational modules was to design a standard template for the online interactive
interface that would be appropriate for delivering the content to final year medical students and early career medical
practitioners. This work was completed under contract by C-Learning, a company with extensive experience in the
development of online educational materials.
The content from each of the modules developed by the writing groups was then applied to the online interface, and
following multiple reviews and testing was released into a purpose built learning management system (LMS).
Two of the modules were then included in a multi-centre crossover designed pilot to evaluate the effectiveness of this
approach to teaching evidence-based practice.
Following the completion of the online modules, amendments that had been applied during the review process were
applied to the writing group templates and new documents were produced for each topic.
Using the “iBook Author” software, these topic specific documents were then converted into interactive iBooks.
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APPENDIX ONE – CRITICAL APPRAISAL TEMPLATE
APPRAISAL TEMPLATE – CLINICAL DECISION RULES
For each derivation study, an appraisal of the quality of the decision tool will be undertaken and the results
tabulated by noting which domains (below) are not addressed by the article.
Critical Appraisal

Study Title:
Who is this decision tool for?
Critical Appraisal of Quality (Reference 2)
1. Prospective data collection – Yes/No
2. Study Site well described
3. Population well described
a. Inclusions:
b. Exclusions:

4. Rule developed from / applied to all (consecutive) patients at risk – Yes/No
5. Predictor variables
a. Definition:
b. Blind assessment:
c. Reproducibility:
6. Outcome variables
a. Definition:
b. Blind assessment of outcome:
c. Adequate follow up:
7. Sensibility (see resulting algorithm)
a. Clinically sensible:
b. Easy to use:
c. Course of action clear:
8. Statistical analysis
a. Mathematical technique reported:
b. Adequate power:
c. Adequate reporting of results:
d. 95% CIs reported on rule properties (Sens, Spec, PPV, NPV):
9. Results (if available)
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AUTHOR AND
DATE

NAME OF CDR

DERIVATION OR
VALIDATION

INCLUSION

EXCLUSION

SENSITIVITY
(95%CI)

SPECIFICITY
(95% CI)

LR(95%CI)

HIGH PERFORMANCE*
(Y/N)

HIERARCHY

TABLE I : RULE CHARACTERISTICS , PERFORMANCE AND LEVEL IN HIERARCHY OF CDRS

*High performance (Y/N) for the derivation study defined as:





Sens > 0.95 AND
Lower limit of 95%CI for sensitivity >0.95 AND
LR-<0.1 AND
Upper limit of LR-95% CI < 0.1
proportion of patients WITH disease who have a negative test result (1 – SENSITIVITY)

 Likelihood ratio for negative test result = proportion of patients WITHOUT disease who have a negative test result (SPECIFICITY) =

(1 – SENSITIVITY)
(SPECIFICITY)

**Hierarchy (see reference I. below)
Level I: can be used in a variety of clinical settings and includes at least one validation study (external) and at least one impact analysis showing favourable change in clinician
behaviour when the CDR is used/implemented
Level II: can be used in various setting with confidence about accuracy (1 prospective validation in heterogeneous population or several smaller ones)
Level III: use with caution in narrowly defined group of patients (validated in one narrow prospective sample)
Level IV: CDRs requiring more evaluation before they are implemented (no validation or only validated with statistical techniques or retrospective databases, or split samples)

If it is readily apparent from a systematic review or a validation study (if you have been provided with one for your topic) that validation s tudies have expanded the
inclusion criteria in an important way, these new criteria can be included in an extra row in the table e. g. patients 6 -16 and over 16.
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Summary Statement:
This should include the purpose of the CDR, the population from which it was derived, any major sources
of bias that would affect interpretation of the performance of the CDR, and comment on its performance
relative to other CDRs that are to be included in the modules if this information is available.

References:
1.

McGinn, T., et al., Users' guides to the medical literature: XXII: how to use articles about clinical
decision rules. Evidence-Based Medicine Working Group. JAMA, 2000. 284(1): p. 79-84.

2.

Pickering, A., et al., Clinical decision rules for children with minor head injury: a systematic review .
Arch Dis Child, 2011. 96(5): p. 414-421.

3.

Kuppermann, N., et al., Identification of children at very low risk of clinically -important brain injuries
after head trauma: a prospective cohort study. Lancet, 2009. 374(9696): p. 1160 -70.
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APPENDIX TWO – WRITING GROUP TEMPLATE
EDUCATIONAL MODULES FOR APPROPRIATE IMAGING REFERRALS
Template for Writing Groups

Topic Name (condition X)
List of writing group members:
1. Introduction
Suggestion: 1 page to focus on the following subheadings:

Ia. What is this condition?









This should be brief and the following headings are suggestions only and should be tailored to the condition
How common is it?
What causes it?
Who gets it?
What are the potential adverse consequences of this condition?
How can it be diagnosed?
What is the usual treatment (this should be kept brief and general)
What are the potential adverse consequences of performing imaging unnecessarily (consider radiation dose,
financial cost, length of stay in ED, unexpected imaging findings that require further imaging follow up and the
cost and patient anxiety this can produce)

Ib. How can clinical decision rules help to standardise pre-test risk evaluation of patients with
this condition
When evaluating patients with suspected (condition x), one of the key issues to be addressed is whether or not the
patient should be investigated using imaging to confirm or refute the presence of a condition that would change the
subsequent medical treatment or investigation of the patient. When attempting to make the decision about whether
or not to use diagnostic imaging, it is important to focus on features of the history and physical exam that have been
found to be associated with the presence of clinically important (condition x).
At first, it might seem simpler, quicker, and safer simply to perform an imaging test on everyone with possible
(condition x). When the pre test probability of a condition is not very low, the costs and risks of diagnostic imaging are
more than outweighed by the considerable benefits of earlier diagnosis of a potentially serious disorder. These
benefits can include simpler, less invasive treatment or guidance for surgical or medical therapy that prevent severe
disability or death.
However, there are a number of disadvantages to the practice of referral of patients for imaging without first
considering what the pre test probability of a condition is likely to be. They include:
 Unnecessary exposure to ionising radiation. This is particularly important in babies, children, and adolescents
who are more sensitive to the carcinogenic effects of exposure to ionising radiation. CT scanning is associated
with around 100 times the dose of radiation delivered by a plain radiograph (or x ray).
 Financial cost to the patient and health system of unnecessary testing. These costs are both direct and indirect
(the latter due to waiting time in emergency departments, prolonged length of stay in a hospital, time away
from work and other responsibilities waiting for imaging to be performed, having it performed, and then
waiting for the result).
 Incidental findings on imaging frequently have no clinical significance for the patient but trigger further imaging
follow up to exclude the very small possibility of something significant. An example of this includes a lung
nodule demonstrated in a person at low / negligible risk of lung cancer discovered incidentally on a CT
pulmonary angiogram performed to diagnose or exclude pulmonary embolism. The flow on costs to the patient
and health system and the anxiety produced in some patients by the knowledge that they need follow up of an
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abnormality may not be considered when imaging is requested but the pre test probability of clinically
important pathology being present is extremely low.
 A test other than medical imaging may be a faster, less expensive way of ruling out clinically important
pathology. An example of this is the performance of D dimer in patients with suspected venous
thromboembolism (either lower limb deep vein thrombosis or pulmonary embolism) when the pre test risk is
assessed as being low.
Continued increases in healthcare costs are a global problem. More than ever before, medical practitioners are being
asked to be accountable for utilization of finite health care resources and to add value and reduce waste in the care
they deliver to patients. Reducing inappropriate use of diagnostic imaging in situations where it is highly unlikely to
result in a net benefit to the patient is an important way to reduce waste and improve quality of care.
Clinical decision rules (CDRs) can help you to focus on the aspects of the history and examination that best
discriminate between:
 patients with low-to-no risk of significant pathology who are, therefore, unlikely to benefit from diagnostic
imaging
 patients who do not have negligible risk who need in-hospital monitoring and / or Imaging (and in some cases
neurosurgical intervention) due to the potential for their injuries to produce temporary or permanent
neurological impairment or death.
Clinical decision rules have been developed by gathering detailed clinical datasets from large numbers patients with a
particular condition, such as adults presenting to an emergency department following head trauma. They are
comprised of a series of key examination findings (such as level of consciousness) and aspects of the history (such as
injury mechanism, amnesia, or number of episodes of vomiting) that have been found, when absent, to be associated
with such a low risk (or pre test probability) of clinically important intracranial injury that imaging is not required to
further reduce this risk.
The emphasis of the current educational modules is on CDRs that involve risk assessment of patients with regard to
their requirement for diagnostic imaging, but CDRs for other outcomes (such as prognosis) have also been developed.
The usefulness of CDRs is that they help to reduce the subjectivity and inter-observer variation involved in the clinical
assessment of patients with specific conditions that sometimes, but not always, require imaging. Imaging is
sometimes performed in these conditions to allow diagnosis of serious pathology. Using CDRs can help to increase
your confidence about the safety of managing your patient without imaging when recognized clinical risk factors for
serious pathology are entirely absent. Documentation in the medical record that you have used a high quality CDR to
evaluate your patient and make management decisions based on this is not only good practice but increases the
likelihood that another medical practitioner evaluating your patient would come to the same conclusions as you did
about management.
For more information about:


what CDRs are,



how they are developed and



what the characteristics of a high quality CDR are, please see Module 1.
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Ic. What else do you need to think about when you consider imaging a patient with this
condition apart from pre-test risk?
 Test performance (sensitivity, specificity, LR+ and LR- ) in relation to the pathological process(es) you are trying
to diagnose or exclude
 What is available locally
 Radiation dose (of particular importance in young and pregnant patients)
 Financial and other costs to the patient and health system of one diagnostic strategy compared with another
 Renal function in the case of imaging tests that involve the use of iodinated contrast media or gadolinium
chelates
 Patient preferences – if two diagnostic tests perform equally well at confirming or excluding the presence of a
particular condition, patients may have a preference for one over another for reasons of cost, convenience,
risk, or real / perceived discomfort associated with a particular diagnostic test or diagnostic strategy.

2. Clinical Decision Rules to help determine pre-test risk of (condition x) in patients with
(presenting signs/symptoms ‘y’) and their requirement for imaging
A number of CDRs exist that are applicable to patients with (presenting signs/symptoms ‘y’). A high performing CDR
has been defined by McGinn et al1 as one with a sensitivity of >95% with a lower limit of the 95% confidence interval
for sensitivity of 95% and a likelihood ratio for a negative result when using the CDR of 0.1 or less. This means that a
patient with a “negative result” using a high performing CDR has less than a 5% chance of having the clinically
important outcome that the CDR is designed to exclude. The best CDRs are not only high performing, or highly
sensitive at identifying all patients with the target condition, but they have been extensively validated in multiple
clinical settings and have been shown repeatedly to perform just as well as at the site(s) where they were originally
derived. The best CDRs often have been studied with regard to whether clinicians actually use them in practice, when
they have the choice not to, and whether use of the CDR reduces healthcare costs or volume of imaging tests
performed.
Not all CDRs with high quality development methods meet these rigorous criteria of high performance, extensive
validation, and impact analyses. This is especially true of clinical decision rules designed for or validated in paediatric
populations where performance tends to be lower and validation studies less frequent in part due to the relative
infrequency of the condition of interest (such as intracranial injury) in a group of at risk patients. This makes it more
expensive to conduct a validation study because of the larger numbers of subjects required.
CDRs that have not been validated in multiple clinical settings may not perform as well in practice as they did at the
site(s) at which they were derived due to special training, expertise, and other factors peculiar to the people who
participated in the original research that led to the development of the CDR.
Nevertheless, even when these limitations are present, CDRs can be useful in guiding the clinical evaluation of the
patient to ensure you look for specific examination or historical features that are known to increase the likelihood of
actual pathology. Greater judgement needs to be exercised by the clinician when using lower performance rules if
they yield a negative result because the likelihood of serious pathology may be higher.
The following CDRs for patients with (condition x) have been identified through a systematic search of the literature to
be the best performing tools available for this patient group. Information about the CDRs for this clinical condition is
provided below as follows:
1. A short summary of the nature of the CDR
2. The elements of the rule (generally a flowchart, series of questions, or list of examination or historical findings
that need to be elicited).

1

User’s guides to the medical literature XXII: How to Use Articles about Clinical Decision Rules. JAMA July 5 2000, Vol 285 Number 1
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3. An appraisal table summarising:
a. the performance of the individual rules based on the derivation study and / or the first validation if this
was performed in conjunction with the derivation study
b. inclusion and exclusion criteria for each CDR. Note that the CDR or algorithm alone does not tell you the
characteristics of patients to whom you can apply the CDR. Knowing the situations in which you
CANNOT use a CDR is just as important as knowing the elements of the CDR itself. Common exclusion
criteria are things like patient age, whether the person is an inpatient (rather than an ambulatory
outpatient), and use of anticoagulation
c. validation studies that have been identified for the CDR including their performance and inclusion and
exclusion criteria if these differ from the derivation study
4.

Links to the full text derivation studies for the individual CDRs

5.

Links to detailed critical appraisal for each derivation study

Something that will become apparent as you work through these modules is the difficulty involved in trying to commit
the elements of the tools to memory. It is a good idea to refer to an electronic or hard copy of the CDR each time you
use it to ensure that you are applying it correctly. To support this, the following resources are provided:
 printable PDFs of all of the CDRs;
 “pocket sized” PDFs suitable for printing, lamination, and attachment to a lanyard;
 links to the website www.mdcalc where you will find topic specific CDR “calculators” for some of the CDRs
featured in these modules. These calculators allow you to enter responses to the questions of the CDR, without
having to remember the individual elements of the CDR, and then “read” whether or not the patient should
have imaging based on the outcome of data entry into the CDR calculator.

3. What else do you need to think about, other than pre-test probability of a condition, when
you are considering performing diagnostic imaging in a patient with condition x?
3a. Urgency:
Please provide an indication of whether diagnosis of this condition is generally considered to be an emergency
or could wait until the following working day if the patient presents at night or on a weekend. Should anything
be done while waiting for imaging e.g. spinal immobilization, anticoagulation?
3b. Is imaging the best test?
3c. Is there a generally accepted first line imaging test for this condition, and if so what is it? Does this depend on
the presence of markers of potentially more serious pathology?
3d. Radiation dose – see InsideRadiology (http://www.insideradiology.com.au/pages/view.php?T_id=57)
3e. Test performance – How good is a particular diagnostic test at diagnosing or excluding this condition? See
evidence table
3f. Other (examples)
 when would you go on to perform something else if the first line imaging test is negative (this should be
kept relatively general)
 In a patient with acute foot / ankle injury and normal plain radiographs, when would you think about CT
in the acute setting?
 When would CT or MRI be indicated in a patient with normal plain radiographs following blunt cervical
spine trauma?
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Please list all possible imaging modalities that could be used for this condition and briefly describe their strengths and weaknesses in terms of their ability to demonstrate (or not) important types of pathology.
Emphasize special clinical circumstances where performance of a particular test would generally be regarded as mandatory.
Modality
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4. Multiple choice questions:
Please develop FIVE questions that test different aspects of the highest performing decision rule(s) for your topic as
well as other clinical issues that require consideration.
 There should be 5 alternative responses for each question. This can include “none of the above” or “all of the
above”. A single correct answer is required for each question.
 Avoid double negatives and ambiguous terms such as “often” or “rarely” in favour of specific terms such as
“more than 80% of the time”.
 Keep alternatives brief and specific.
 Try to test the student on as much of the information provided in the previous sections as possible.
 Provide a 1 – 2 sentence “pop up” (remember, the modules are electronic and interactive) for incorrect answers.
The “pop up” information should help the student to select the correct answer on the second try and also
explain why their first choice was incorrect.

5. Clinical Scenarios
Please develop THREE clinical scenarios that will test the students’ ability to use the information you have provided
above to make decisions about imaging.
Tips:
 Be aware of the elements of the CDR the student needs to have information about in order to use the calculator.
 Try to include additional information in the scenario that may be a “distractor” (i.e. a clinical finding that is not
important in predicting significant pathology) or that involves judgement decisions beyond the scope of the CDR
e.g. in a patient with acute cervical spine injury, which test should be performed when it is determined that the
patient requires imaging?
A 1 – 2 sentence “pop up” to explain why incorrect alternatives are wrong is highly desirable as the modules will be
electronically delivered and should be as interactive as possible. Put this explanation in parentheses after the
alternative.
Links to CDR calculators appropriate for your topic appear below
http://www.mdcalc.com/
Ensure that all members of the writing group have input into the three scenarios
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