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I

Abstract
Background: Diagnostic imaging plays an expanding and central role in patients' medical care.
Radiographer clinical reporting is being increasingly used in patient focused services. There is a
paucity of research that has examined radiographer chest X-ray reporting.
Aim: To determine the diagnostic accuracy of reporting radiographer chest X-ray (CXR) reporting and
the i flue e that CX‘ epo ts ha e o

li i ia s diag osti de isio -making.

Method: A quasi-experimental study determined the diagnostic accuracy of a cohort of reporting
radiographers in CXR interpretation, using a free-response methodology. The influence of CXR
epo ts o

li i ia s diag osti de isio -making was determined with a cohort study. A non-

inferiority approach was used, in line with Royal College of Radiologists and College of Radiographers
guidance that reporting radiographers must be comparable to consultant radiologists.
Results: The diagnostic accuracy of reporting radiographers (RR) was non-inferior to consultant
radiologists (CR) for all measures, all p<0.0001; unweighted JAFROC (RR Figure of Merit
[FoM]=0.828, 95%CI 0.808–0.847; CR FoM=0.788, 95%CI 0.766–0.811), weighted JAFROC (RR
FoM=0.830, 95%CI 0.811–0.849; CR FoM=0.786, 95%CI 0.764–0.808) and inferred ROC (RR Area
Under the Curve [AUC]=0.909, 95%CI 0.887–0.931; CR AUC=0.903, 95%CI 0.882–0.924). No
difference was found in the number of CXR reports that produced a correct most likely and/or most
serious diagnosis (RR 876 of 1337 cases; CR 810 of 1368; p=0.103). Uncorrected most likely
diagnostic confidence (RR 72.5 to 80.2; CR 71.0 to 80.4) and uncorrected most serious diagnostic
confidence (RR 34.0 to 41.9; CR 33.5 to 39.2) of reporting radiographer CXR reports was non-inferior
to consultant radiologists (p<0.001). Corrected most likely diagnostic confidence, calculated using
the Tsushima methodology, was lower (RR 4.61; CR 5.02) with no apparent difference, but noninferiority was not confirmed (p>0.05).
Conclusion: With appropriate postgraduate education, reporting radiographers are able to interpret
chest X-rays at a level comparable to consultant radiologists.
II

Lay Abstract
Background: Diagnostic imaging plays an expanding and central role in patients' medical care.
Radiographer clinical reporting is being increasingly used in patient focused services. There is a
paucity of research that has examined radiographer chest X-ray reporting.
Aim: To determine the accuracy of reporting radiographer chest X-ray (CXR) reading and how
doctors use different chest X-ray reports in patient care.
Method: One study established the accuracy of chest X-ray interpretation of a group of reporting
radiographers. A second study explored the influence that chest X-ray reports had on a group of
doctors who use chest X-ray reports when treating patients. The study designs enabled direct
comparison with consultant radiologists, to ensure the radiographers were safe practitioners.
Results: The group of reporting radiographers had similar accuracy to the consultant radiologists
when reading chest X-rays, and this was statistically significant. The chest X-ray reports of consultant
radiologists and reporting radiographers were used in comparable ways by doctors. Some aspects,
for example the number of correct diagnoses, were statistically significant. Other measures, for
example corrected diagnostic confidence, were broadly equal between the two groups but not
statistically significant.
Conclusion: With appropriate postgraduate education, reporting radiographers are able to interpret
chest X-rays at a level comparable to consultant radiologists.
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Chapter 1 – Introduction
If e are e er goi g to get the opti u

results fro

our atio al e pe diture o the NH“ e

must finally be able to express the results in the form of the benefit and the cost to the
population of a particular activity, and the increased benefit that could be obtained if more
money was made available.
A. L. Cochrane (1972) Effectiveness and Efficiency: random reflections on health
services1(p.1)

1.1

A historical review of radiographer reporting development and current and
future context

Clinical imaging plays a central role in healthcare and is viewed by clinicians as an essential tool
to support them in diagnostic and therapeutic decision-making. New and emerging
technologies, coupled with a growing and aging population and increasing treatment options,
has seen the demand for clinical imaging outstrip capacity within the United Kingdom (UK).2-4
The situation is not unique to the UK, with service delivery challenges due to sustained
increases in imaging echoed worldwide.5 6 Early and accurate diagnosis, especially for cancer,7 8
are suggested as methods for improving patient outcome and experience,9-11 with diagnostic
capacity frequently identified as a barrier to achieving these goals.12 Delayed clinical reports
are a serious factor in the diagnostic capacity barrier,13-15 and training radiographers to
undertake clinical reporting has addressed this situation to some extent.4 16-18 These issues are
not a recent phenomenon and, since the National Health Service and Community Care Act
(1990),19 trained reporting radiographers have provided an increasing contribution to clinical
reporting.4 20 21 Initially focused on the reporting of trauma skeletal X-rays,22 reporting
radiographers have expanded their scope of practice to include the complete spectrum of
skeletal X-rays,23 24 mammography,25-27 gastrointestinal imaging,28 29 and selected magnetic

1

resonance imaging examinations.30 31 Radiographer reporting, particularly skeletal reporting,
has become widespread across the UK,4 32 and in many departments provides a significant
contribution to reporting capacity.17 18 Chest X-ray interpretation by radiographers is also not a
new concept, with early work conducted as part of the lung cancer screening programmes
exploring this in the 1970s.33 34 More recently, reporting radiographers have been trained to
report chest X-rays and are doing so although the practice is not as established as skeletal
reporting.21 35 One reason that chest X-ray reporting by radiographers is not more established
would appear to be the relative paucity of research evidence which has examined the
diagnostic accuracy of chest X-ray reporting compared to the extensive body for skeletal
reporting.22-24 36-40 Promising results have been reported in two studies which have explored
the accuracy of radiographer reporting of chest X-rays, one in an academic setting41 and the
other in clinical practice.42 No study appears evident in the literature that directly compared
the performance of consultant radiologists and reporting radiographers when interpreting
chest X-rays, and there appears to be no work which has examined the influence of reporting
radiographer chest X-ray reports on li i ia s diag osti de isio -making. Both the
comparison of performance and clarity over whether who reports on the chest X-ray
i flue es p a titio e s li i al de isio s a e i po ta t, as it is ital that ualit a d patie t
safety are maintained if a new service is introduced into practice.43 44
The purpose of this study was to compare the diagnostic accuracy of chest X-ray interpretation
of consultant radiologists and reporting radiographers, and the influence that chest X-ray
epo ts ha e o

li i ia s diagnostic decision-making.

2

For the purposes of the current work, the following definition of diagnostic decision-making is
used:
The collection of additional information intended to (further) clarify the character and
prognosis
(adapted from Knottnerus et al. 2009)45

This thesis will begin with a discussion of evidence based practice, the hierarchy of efficacy
used to evaluate health technologies (which includes radiographer reporting), as well as the
existing literature on chest X-ray reporting accuracy and the influence that radiology reports
ha e o

li i ia s diag osti de isio -making (Chapter 2). The study consists of two parts. The

quasi-experimental diagnostic accuracy methodology for Part 1 has been informed by the
STAndards for Reporting Diagnostic accuracy (STARD) framework,46 47 incorporating the noninferiority requirements of the CONsolidated Standards Of Reporting Trials (CONSORT).48 The
second part, an observational study that has examined the influence of chest X-ray reports on
li i ia s diag osti de isio -making has utilised the STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) guidance.49 A comprehensive analysis of the
design was performed and reported in Chapter 3. The results of the diagnostic accuracy and
diagnostic impact studies are presented in Chapter 4, and the findings of the current study are
placed into context in Chapter 5.

1.2

Evidence based practice and the hierarchy of efficacy

Adapted from the medical shift to evidence based medicine (EBM) in the 1990s,50 51 evidence
based practice (EBP) has been adopted by nursing52 and the allied health professions.53
Evidence based medicine and evidence practice is not without its shortcomings, and recent
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criticisms have been raised. A notable example is the application of average results from
clinical trials with strict inclusion and exclusion criteria to a heterogeneous population of
patients encountered in clinical practice with a range of co-morbidities.54 Another important
consideration is the crucial distinction between statistical and clinical significance.54 Both of
these concepts have been considered and addressed within the study design. For radiographer
reporting to be evidence based, a robust assessment of diagnostic accuracy is required, to
ensure patient safety is maintained if it is introduced into clinical practice. Methodologies for
determining the influence of radiology investigations on patient outcomes have been
developed, with the hierarchy of efficacy55-57 adapted into health technology assessment
(HTA),58-60 to provide ordered and structured assessments of new modalities and techniques.
This systematic and ordered approach, whereby lower levels of efficacy (technical efficacy,
diagnostic accuracy, diagnostic impact) are required to be established to assess higher levels
(patient outcome, societal outcome).57 61 Methodologies and intermediate outcome measures
are also proposed, with Brealey62 63 adapting the existing radiologist centred framework of
Fryback and Thornbury,57 further developed by Mackenzie and Dixon61 to radiographer
reporting (see Chapter 2.6).

1.3

The need for a diagnostic accuracy assessment of radiographer chest X-ray
reporting

A substantial body of work has established significant variation in the diagnostic accuracy of
chest X-ray interpretation between observers.

For the purposes of the current work, the following definition is used:
Observer: the healthcare professional who interprets an imaging investigation
Adapted from Chakraborty (2013)64
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Historical analysis of tuberculosis screening programmes during and immediately after World
War II reported wide variation between observers,65-70 with little change in observer
performance during the early lung cancer screening trials.71-73 Despite advances in medical
technology, more recent studies still report substantial variation in image interpretation
accuracy between observers for tuberculosis,74-76 lung cancer77-79 and when reporting chest Xrays in a controlled setting.80-85
If radiographers are to provide clinical reports for chest X-rays, this variation in accuracy
between observers needs to be considered when comparing the performance of the
consultant radiologists and reporting radiographers. The current study has investigated the
diagnostic accuracy of chest X-ray reporting by reporting radiographers, and the influence that
these epo ts ha e o

li i ia s diag osti de isio -making. Direct comparison with

consultant radiologists has been made, which has allowed a decision regarding suitable
performance of reporting radiographers to be made. The results of the diagnostic accuracy
study (Chapter 4.2 and Chapter 4.3) and the diagnostic impact study (Chapter 4.4) have been
placed in the context of the existing literature (diagnostic accuracy Chapter 5.2 – 5.4;
diagnostic impact Chapter 5.5) and have determined that trained reporting radiographers
interpret chest X-rays with comparable accuracy to consultant radiologists, with no
detrimental influence on li i ia s diag osti de isio -making.

1.4

Need for radiographer reporting – diagnostic capacity

Imaging demand has outstripped diagnostic capacity worldwide. With new and emerging
techniques,86 87 coupled with novel uses of existing technologies,88 radiology has become
embedded into an increasing range of patient pathways. Different health environments have
different challenges, from limited equipment capacity,89 minimal reductions in waiting times
despite capital investment5 and shortages of trained healthcare professionals to interpret the
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investigations.4 6 14 15 90 Exacerbating the situation is that imaging examinations are becoming
quicker to acquire as technology advances, and are becoming more complex,91 with an
increasing focus on interventional radiology as the preferred treatment option.92 For health
economies without access or reporting constraints, cost pressures are becoming a concern.93
Service challenges on radiology in the United Kingdom are threefold; sustained increases in
activity,9 94 a chronic shortage of consultant radiologists4 95 and unprecedented economic
restrictions.96
It is in this climate that radical changes to the provision of healthcare11 and cancer pathways8 97
in the UK are being implemented. Recognising the need to improve patient outcomes for
cancer, especially lung cancer which has shown stagnant survival rates,98 99 renewed focus is
being given to rapid referral and diagnosis in cases of suspected cancer.8 100 101 These initiatives
will undoubtedly increase the volume of imaging investigations performed, at a time when
diagnostic capacity is failing to meet current demand.12 It is clear that the status quo for
radiology service delivery is no longer an option, and it is a fundamental requirement that all
healthcare professionals within the diagnostic pathway operate at their maximum ability and
skill set to meet current and future demand in a patient focused way.102 103 There is some
evidence that radiographer advanced practice, which incorporates radiographer reporting of
chest X-rays, can help to meet these challenges,17 but this has yet to be adopted on a wider
scale which may be limiting benefits to patients.32 35
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Chapter 2 – Literature Review

2.1

The history and evolution of evidence-based medicine

Gordon Guyatt is ofte

edited ith the fi st use of the ph ase E ide e- ased

edi i e i

his 1991 article of the same name,50 although one of the most widely encountered definitions
in the literature is that of Sackett et al. who states that evidence- ased

edi i e EBM is the

conscientious, explicit, and judicious use of current best evidence in making decisions about
the a e of i di idual patie ts p.

.51 Several other authors have developed their own

interpretation of what in their views constitutes evidence-based medicine. All place the use of
high quality research evidence at the heart of patient care.63 104-110 It is clear from these
definitions that the primary aim of evidence- based medicine is to focus the clinician to
emphasise the role that research evidence should have on everyday practice. Systems to
collate the vast quantities of evidence in a systematic way have been developed. The GRADE
methodology (Grading of Recommendations, Assessment, Development and Evaluation) which
has become one of the most widespread reviews the quality of evidence for a specific clinical
outcome and aligns recommendations with the strength of the supporting evidence.111 112

Since its origins in the early 1990s, evidence-based medicine has quickly become the accepted
method of practising medicine, although it has not been universally accepted or implemented
without challenge.54 The concept of evidence-based care has expanded from its initial medical
focus to encompass the entire healthcare system. Embraced and adapted by many allied
health professions,53 104 evidence-based medicine has evolved to become the concept of
evidence-based practice in recognition of its impact on the way best care is delivered. This is
evident in the explicit emphasis placed on the principles of evidence-based medicine and
evidence-based practice as related to the standards of proficiency for allied health
professionals within the United Kingdom (UK), including radiographers.113
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Evidence-based medicine is not a new concept. Although the term appeared, as we
understand it, in the early 1990s, this was just seen as formalising and defining a system of
practice that had been evolving for nearly 20 years.104 114-116 Some argue that medicine has
always been evidence-based, but the proponents of EBM have adjusted the focus to the
quality & reliability of the evidence that is used when making diagnostic and therapeutic
decisions.109 116 117 The evidence-based medicine movement arose from the need to change the
type of evidence used and the way this evidence was integrated into care. The seminal paper
often cited as the birth of clinical epidemiology was the 1836 study on the effectiveness of
bloodletting in pneumonitis.118 Louis based his assertions on the efficacy of therapy and
patient outcome from conclusions drawn from the systematic observation of multiple cases.118
This was one of the first examples of an objective analysis of medicine and the effectiveness of
therapy, which caused controversy by challenging the established traditions of the time.117 119 It
is this emphasis on objective rather than subjective evidence that clearly defines the practice
of evidence-based medicine.

The deeper historical roots allowed the structure of EBM to grow during the 1970s, spurred on
by the explosion of research information available. This required practising clinicians to
develop the skills required to effectively search and digest primary research data in order to
provide optimal care.107 115 Effective procedures for literature searching were developed and
validated by Haynes,120 and the key concepts adapted to the clinical environment by Guyatt.116
These were then formulated into the model of EBM; solving a specific and answerable clinical
question through a critical evaluation of a systematic literature search.63 121-123 Readily
identifying biases and weaknesses in study design allows clinicians to rapidly and accurately
assess the quality of research by highlighting the key methodological concepts that underpin
strong evidence, and several authors have developed and distributed tools allowing
practitioners to critique published research.46 63 105 121-123
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There is little doubt that evidence-based practice is deeply entwined within an empiricist
perspective of reality. Evidence-based practice values the results of robust, controlled clinical
trials over the subjective observations of practitioners, uncontrolled case studies or inferences
taken from pathophysiological models.51 107-110 116 119 There are many who would question this
fundamental aspect of evidence-based care. As the selection of objective measures is of itself,
a purely subjective task, from a philosophical and epistemological standpoint, is there any such
thing as truly objective knowledge?117 124 Other authors, such as Ashcroft and ter Meuken for
example,114 would take this one step further and pose the question, does evidence equate to
knowledge? Does the evidence-based revolution define a new nature of knowledge? It is
within these deeper questions that many critics of evidence-based practice find issue.109

Evidence-based medicine and evidence-based practice favours scientific results over expert
recommendations.51 111 125 126 The delineation between scientific and non-scientific evidence is
made on whether a hypothesis has been tested.127 A hypothesis is a statement that is
proposed, often an association or effect, which is tested within an experiment by controlling a
set of variables.127 The results would then be used to infer that the hypothesis should be
accepted or rejected. Central to this was the work of Popper and the notion of falsifiability.127
In essence, the concept is centred on the notion that it is difficult to prove something is right,
but much easier to prove something is wrong. Philosophically this process has evolved to
acceptance or rejection of a null hypothesis. As discussed in Appendix 12.6, the notion of noninferiority draws on the concept of falsifiability and produces a reversal of the traditional
alternate and null hypothesis structure common to medicine and science.

The adoption of evidence-based medicine has been described as a paradigm shift.125 A
paradigm, according to the philosopher Thomas Kuhn, is an entire system of beliefs, practices
and values shared by a community of scientists that is used to explore and explain reality.128
Acceptance of core fundamentals within a paradigm allows scientists to concentrate their
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efforts at the periphery, attempting to clarify irregularities within theories. It is this process
hi h is des i ed as o

al s ie e (p.77).124 If these minor inconsistencies accumulate or

major deficiencies are identified within a paradigm. Major deficiencies can produce a crisis, the
catalyst for a scientific revolution. Revolutions result in a fundamental shift, the acceptance of
a new paradigm, a new set of assu ptio s a d a e

o ld ie

p.

.109 By definition this

new paradigm is at least in part, if not completely, incommensurable with the old paradigm.124
128

A vague definition of evidence-based medicine and the implications associated with the term
pa adig

shift a e highlighted

iti s as su sta tial fla s i the fu da e tal philosoph of

evidence-based practice. While at first glance it would be difficult to argue against a system of
practice that values best evidence, there is heated debate as to what constitutes best evidence
and evidence in general.109 114 116 117 Choosing to include the term evidence-based within the
title raises tensions within the healthcare community. By designating one system of practice to
be based on evidence it, by definition, implies that all alternative models are based on
something that is not evidence.117 Highlighted in their critique, Sehon and Stanley postulate
that the champions of evidence-based practice have themselves produced no new theory of
evidence.109 What is debated is not the presence or absence of evidence within a paradigm,
but the emphasis that should be placed on different types of evidence being utilised.

Originally conceived as a methodology to allow clinicians to digest, interpret and apply the
rapidly expanding body of primary research, evidence-based practice (EBP) requires a
thorough knowledge of research methodologies and a substantial time commitment.108 110
Recognising the limitations which can occur in clinical practice, such as workload pressures and
system constraints including resource availability and funding, evidence-based care has further
evolved to incorporate a top-down element comprising of systematic reviews and evidence
based guidelines, often produced by governments and academic centres.108 110 Critics highlight
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this fundamental shift in the philosophy and methodology of EBP as reactionary and not well
managed within its existing frameworks.109 116 The core tenets of individual practitioners
answering scientific questions through a systematic literature search of primary studies initially
seem at odds with governmental led clinical guidelines. In response, the GRADE system was
developed as a way to streamline the process of scientific review for defined clinical questions
and to reduce some of the burden on individual practitioners. Some perceive the production of
guidelines as an attempt to ration services and cut costs, highlighted by many as a weakness
within evidence-based practice.51 107 115 This is often portrayed as an attempt to limit services.
These conclusions are robustly refuted by EBM advocates who declare care is careless and a
waste of finite resources when it has not been proven to be efficacious and effective.51 108

Concerns are also raised that as well as restricting cost, evidence-based practice attempts to
limit the clinical freedom and professional autonomy of clinicians, resulting in a proscriptive
approach to care. Sehon and Stanley paint the picture of the art vs. the science of medicine,
emphasising the importance of experience and clinical judgement,109 a claim supported by
Aveyard and Sharp.104 These feelings are shared by many critics of EBP, arguing that the
excessive focus on research results limits the invaluable contribution that professional
judgement must play.110 116

An important consideration when interpreting research findings is the distinction between a
statistically significant result and a clinically important difference. In their discussion, Mellor
and Knapp stress that statistical significance is more aligned with the sample size of a study
and the statistical methods used.129 A result may show significance according to statistical
conventions but taken out of context may be practically meaningless. A situation in clinical
imaging for example, where a new contrast medium demonstrates a statistically significant
increase in attenuation within a tumour by a single Hounsfield unit on computed tomography
(CT) would not have any impact on diagnosis. Conversely, if a contrast media achieved the
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same attenuation but with lower renal toxicity then this would improve care. Sehon and
Stanley argue that it is not possible to test hypotheses in isolation, and that statistical results
from a clinical trial must be able to be integrated into a basic understanding of physiology and
pathology in order to give clinical meaning to the findings.109

While it is essential that practitioners be aware of the latest research findings, it is of vital
importance that clinical experience and professional judgement be used when assessing the
applicability of research findings to individual patient care. While a novel treatment may sound
promising, clinical trials often impose strict inclusion criteria that may severely limit the
generalisability of the conclusions. It is important that the responsible practitioner integrates
these findings and adapts them to the unique situation presented by each individual patient.51
104 105 107 108 117

It is o lo ge

ithi a i di idual p a titio e s discretion to apply the principles

of evidence-based practice when delivering care as this is now a mandatory requirement set
out by the regulating and professional bodies within the United Kingdom.52 53 130

Another contentious issue when debating evidence-based practice is the role that the patient
assumes within the framework. Patients, patient choice and patient values should be central to
any system of care, and this position is taken up simultaneously by the supporters and
opponents of evidence-based care. Wyer and Silva draw attention to the seeming lack of
patient focus in the various definitions given of evidence-based medicine, a position that is
staunchly denied,116 with Sackett et al. firmly placing the emphasis on the individual patient.51
A patient-centric approach is reinforced by the Health and Care Professions Council, who state
that optimal patient focused care should be delivered by using an evidence-based approach.53
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2.2

Evidence-based radiology and randomised controlled trials

I consider much less thinking has gone into the theory underlying diagnosis, or possibly one
should say less energy has gone into constructing the correct model of diagnostic procedures,
than into therapy or prevention where the o ept of alteri g the atural histor of the
disease has ee ge erall a epted a d a theor has ee e ol ed for testi g h potheses
concerning this.
A. L. Cochrane (1972) Effectiveness and Efficiency: random reflections on health
services1(p.35)

Areas which are not handled well by the mantra of evidence-based practice are the facets of
care for which there is incomplete or poor evidence. The advocates of EBP are clear in what
they see as best evidence, with the randomised controlled trial (RCT) held at the top of the
ladder in terms of robust research methods. Controlling for sample selection and potential
clinician bias, the randomised controlled trial is one of the few ways of providing robust
evidence of improved patient outcomes related to an intervention. The results of clinical trials,
meta-analyses and systematic reviews can be applied to many aspects of practice but there are
still significant areas in which there is a paucity of this robust evidence.

It has been suggested that a randomised controlled trial is the only way to provide direct
evidence of an improvement in patient outcome.58 131 132 Fryback and Thornbury highlighted
that it is diffi ult, if ot i possi le, outside of a p ospe ti e a do ized o t olled t ial to
attribute some portion of improved patient condition to the use of an imaging test" (p.91).57
While an RCT produces robust evidence, it is not the appropriate method for investigating all
aspects of healthcare. Several authors have commented that due to the very nature of
diagnosis, screening and prevention the questions posed in these fields can rarely be answered
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by a practical randomised controlled trial.107 108 It has been hard to reconcile the key principles
of evidence-based practice into a diagnostic environment such as clinical imaging.

Although highly valued, randomised controlled trials of diagnostic investigations are often
problematic and not well suited to everyday practice. Arising from a therapeutic standpoint
where nearly all of the participants have the target condition the sample sizes required to
obtain appropriate power can rarely be obtained in clinical imaging. The spectrum of disease
for which many radiology procedures are utilised, as well as the large temporal distance
between initial investigation and ultimate patient outcome all pose significant obstacles when
conducting trials within clinical imaging. Another confounding factor is the ethical and practical
i a ilit to effe ti el

li d the t eati g li i ia s to the esults of an investigation making the

creation of an effective control group difficult.57 61 63 131 133 134 For diagnostic tests that have
already become part of routine clinical practice, patient and clinician resistance and ethical
concerns of withholding a test also need to be considered.135 136

Some examples of where well conducted, adequately powered randomised controlled trials
have been performed to investigate radiology investigations are screening mammography137 138
and lung cancer screening.139 140 Evaluations of screening for disease lend themselves to
randomisation as the population, by definition, are asymptomatic which removes some of the
ethical boundaries to withholding investigation.135 136 Unlike routine radiology investigations
that are used to investigate a broad range of pathologies, detecting disease with an effective
treatment in asymptomatic patients also removes some of the confounding factors from the
study design. This allows benefits on patient outcome (mortality, morbidity) to be attributed
directly to the imaging intervention.137 139

Randomised controlled trials are even less frequent in radiographer reporting. A recent study
has however established the positive impact on patient outcome and the cost-effectiveness of
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a radiographer-led emergency department immediate skeletal reporting service, with few
radiographer errors and a reduction in both patient recall, unnecessary treatments and total
costs.141 The targeted nature of the intervention, namely immediate radiographer reporting of
skeletal X-ray examinations in an emergency care setting, and the proximity of the intervention
to the outcome, help to achieve adequate recruitment and sufficient sample size. For
radiographer reporting in other areas that have a potential impact across a wider spectrum of
diseases, this may pose a significant barrier. For example, chest X-rays have a role in the
diagnosis and management of a range of diseases and patient pathways, such as cancer,
chronic obstructive pulmonary disease and infection, and it is more difficult to select a
population or disease a priori when designing a study.
It is for these reasons that evidence-based radiology (EBR) has been relatively slow to evolve,
with the first guideline publication from the evidence-based radiology working group arriving
in 2001.108 In recognition of the gaps and limitations in available research evidence within
radiology, yet with the requirement for evidence-based practice, the contribution that well
conducted observational research provides has been recognised. In the absence of RCTs,
observational studies provide a method of examining the efficacy, effectiveness and efficiency
of radiology.57 131 134

2.3

Hierarchy of efficacy and patient outcomes

For many years, much of the research arising from the medical specialties has tended to focus
on local goals. The vast majority of radiology research has concerned technical developments
and diagnostic accuracy with limited publications examining the impact that imaging has on
patient health.57 59 134 142 The advent and rise to prominence of evidence-based practice has
resulted in renewed emphasis being placed on establishing the influence that radiology has on
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patient care and the role that imaging plays within the patient pathway,58 59 often described in
the literature as diagnostic efficacy.

For the purposes of this study, the following definitions are used:
Efficacy: the influence that a diagnostic investigation has within an ideal (controlled)
environment
Effectiveness: the influence that a diagnostic investigation has within normal clinical practice
(adapted from Wittenberg et al.,143 Fryback and Thornbury,57 Mackenzie and Dixon,61 Brealey62
and Sardanelli and Di Leo.144)

Like evidence-based practice, the notion of diagnostic efficacy is not a recent phenomenon.
The early foundations of diagnostic efficacy can be traced to the work examining the impact of
adiolog o a li i ia s de isio -making, with Lusted an influential figure.57 145-148 Initially
paralleling the early development of evidence-based medicine, diagnostic efficacy also rose to
prominence during the 1970s. Although they started as unique concepts, both share similar
fundamental principles and as they developed, they have become inextricably linked.59 Rapid
growth acted as the catalyst for both to develop, evidence-based medicine due to the vast
body of primary research available to clinicians,104 116 and efficacy due to the development of
novel, high cost imaging and the corresponding escalation in the cost of healthcare.56 57 131 149 150
Central to both frameworks is the need for high quality evidence to establish the impact of
practice on patient health.58
Although the American College of Radiology had commissioned significant work establishing
the efficacy of many routine X-ray procedures,145 the key driver within radiology was the
development of computed tomography (CT). This exciting new technology promised to
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revolutionise the way that diagnoses were made and treatments planned, but this was not
without significant expense.149 If this new technology was to be funded, robust research
evidence was required that demonstrated that CT was capable of producing an improvement
in patient outcome from this new modality.131 134

Radiology investigations generate diagnostic information for clinicians, but this is only one
aspect influencing outcome. The biggest influence on overall patient outcome is the availability
of effective treatment, with other confounding factors including patient preferences and
compliance and the results of other investigations.59 61 129 133 134 142 151-155 Other considerations
unique to diagnosis not encountered in assessment of therapeutic efficacy are the relatively
low disease prevalence often encountered, together with the spectrum of disease that can be
identified by a given imaging technique.57 131 134 156

To overcome these barriers a hierarchy of efficacy was constructed, forming a chain that
allowed the impact of radiology at different points within the patient pathway to be assessed.
Formalised by Fineberg et al.56 when examining the influence of cranial CT scans on patient
diagnosis and management, this draws upon the chain of events proposed by Donabedian
when assessing quality in healthcare, distinguishing between structure (resources available),
process (the activity of care) and outcome (benefit to patient).55 The vital and most
fundamental aspect of this hierarchy is the reliance on the lower levels of efficacy being
established before any benefit at higher levels can be determined. In order for an investigation
to be effective, it must first be shown to be efficacious, but the inverse is not true. A new
radiology investigation can produce a more accurate diagnosis, but this does not guarantee
that there will be a positive influence on overall patient health.56 57 61-63 134 136 142 157 Technical
output, diagnostic information, therapeutic impact and patient outcome comprised the
original four tiered structure of Fineberg et al. 56 (Figure 2.1) which was widely accepted,
embraced, disseminated and adapted by several authors.
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Technical Output

Diagnostic (and Prognostic)
Information

Therapeutic Plan

Patient Outcome

Figure 2.1 The four tier hierarchy of efficacy outlined by Fineberg et al. (1977)56

Continuation of developments and refinements culminated in the seminal work of Fryback and
Thornbury who first proposed the six level hierarchical structure that dominates today (Figure
2.2).57 Separating the ability of trained observers to reach the correct diagnosis (diagnostic
a ua

fo

the i pa t that the adiolog

epo t had o a li i ia s diag osti de isio -

making (diagnostic impact) was one of the key milestones in this work. Another important
contribution was the addition of the highest level, societal efficacy, to reflect the influence that
radiology has beyond the individual patient and the need to ensure that limited health
resources are used efficiently.
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Technical Efficacy

Diagnostic Accuracy Efficacy

Diagnostic Thinking Efficacy

Therapeutic Efficacy

Patient Outcome Efficacy

Societal Efficacy

Figure 2.2 The six tier hierarchy of efficacy proposed by Fryback and Thornbury (1991)57

Patient outcome is often measured by high-level generic concepts such as morbidity, mortality
and more recently quality of life.58 129 134 149 158-161 While the influence of imaging on eventual
patient outcome may not be immediately obvious, examining the sequence of events
highlights the valuable role imaging plays. In a typical pathway, the patient is examined by the
clinician who determines the need for further investigation and requests the radiological
examination. Once the images have been acquired, a trained observer offers their
interpretation and produces a report for the clinician, who combines this with the clinical
findings and the results of other tests to formulate a diagnosis and create a management
plan.162-164 The principal influence of radiology is the interpretation of the images and the
i pa t of the epo t o

li i ia s diag osti de isio -making, and measuring this effect

requires analysis at a transitional outcome level.
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In order to evaluate the component levels of efficacy, intermediate outcome measures are
required. Intermediate outcome measures are proxy measures of patient outcome and are
critical in the evaluation of radiology. By separating out the role that diagnosis and treatment
play in the patient pathway, and having the ability to measure the impact of a diagnostic
investigation adjacent to the intervention, intermediate outcome measures limit the potential
for confounding.57 59 61 62 129 131 133 136 142 150 153 156 Using intermediate measures in outcomes
research utilises deductive logic; in order for patient outcome to be influenced by an
i estigatio it

ust fi st ha ge the li i ia s diag osti thi ki g e ough to i itiate a ha ge

in planned management.145-147 152 163 165

The concept of management change as a justification for an imaging investigation is not alien
to radiology, with a common question asked by radiology on receipt of an imaging request
ei g a d ho

ill this i pa t ou

a age e t of this patie t? 149. According to the Ionising

Radiation (Medical Exposure) Regulations (IR(ME)R 2000),166 it is a legal requirement that all
requests for medical exposures be justified by a practitioner. The Ionising Radiation (Medical
Exposure) Regulations167 and notes on good practice published by the Royal College of
Radiologists (2000), give advice and criteria for medical imaging investigations.166 When
considering the appropriateness of an examination, the practitioner must consider the efficacy
of the procedure for the given medical situation,166 and has been reinforced in a recent review
of responsibilities under IR(ME)R (2000).168

Each tier on the hierarchy of efficacy is associated with proxy measures of patient outcome,
with a list of common measures shown in Table 2.1.

20

Hierarchical Tier

Common Intermediate Outcome Measures

Level 1

Technical Capability

Resolution, Signal-to-Noise ratio

Level 2

Diagnostic Accuracy
Diagnostic Performance

Sensitivity, Specificity, Accuracy, Receiver
Operator Characteristic (ROC) curves

Level 3

Diagnostic Impact

Likelihood ratios, Displacement of other
investigations, Diagnostic confidence

Level 4

Therapeutic Impact

Change in management plans

Level 5

Patient Outcome

Morbidity, Mortality, Quality of Life (QoL),
Quality Adjusted Life Years (QALY)

Level 6

Societal Impact

Economic assessment

Table 2.1 Common intermediate outcome measures adapted from Fryback and Thornbury
(1991)57 and Mackenzie and Dixon (1995)61

Although intermediate measures have become accepted when examining the clinical impact of
radiology, the use of proxy measures needs to be acknowledged within study designs. As with
any proxy measure, diagnostic intermediate outcome measures require validation and, if
incorrectly selected, can have limited external validity.169 Traditionally, the bulk of radiology
research has focused on the local goal of radiology, producing anatomically representative
images that enable trained observers to make an accurate diagnosis, the lower levels of the
hierarchy.59 61 108 131 142 170 There are relatively few studies that examine the intermediate levels
within the hierarchy. Much of the influential work has been conducted on the investigations
that have relatively high expense, either in radiation dose, such as CT,56 143 171 172 or cost, such
as magnetic resonance imaging (MRI).158 162-164 These assessments of efficacy also tended to be
conducted shortly after the new technology was introduced into clinical practice, when the
volume of requests were small enough to allow prospective studies involving consecutive
patients to be conducted. A notable exception is the recent work of Ng et al. who examined
the impact of early computed tomography of the abdomen and pelvis on the diagnostic work
up and management of acute surgical patients, 30 years after the introduction of CT.172 The
aim of Ng s et al. study was to determine if the timing of CT for patients with acute abdominal
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pain influenced the length of hospital stay and accuracy of diagnosis. Early CT was found to
reduce not only the length of stay in hospital for this cohort of patients, but also reduced
mortality. Given the increasing pressure on health resource, rapid and accurate diagnoses
obtained from abdomen and pelvis CT can facilitate prompt management for patients
requiring surgical intervention and allow safe and early discharge for those patients that do
not require surgery.

2.4

Diagnostic decision-making

Aveyard and Sharp use the definition of decision- aki g take f o

“ta di g

as a

complex process involving information processing, critical thinking, evaluating evidence,
applying relevant knowledge, problem solving skills, reflection and clinical judgement to select
the est ou se of a tio
pote tial ha

... p.

hi h opti ises a patie ts / lie ts health a d

i i ises a

.104 Decisions, whether they are clinical or radiological, are choices

made in situations of uncertainty.145 152 156 I o de to edu e u e tai t , li i ia s seek the
additional information provided by radiology, with the aim of reducing doubt to a level that
optimises therapeuti

hoi es. Kassi e

otes ho e e that a solute e tai t i diag osis is

unattainable, no matter how much information we gather, how many observations we make,
o ho

a

tests e pe fo

p.

.152 It is re og ised that

a

li i ia s a e

uncomfortable with the concept of uncertainty, and often behaving as though it does not exist.
It has been suggested that the drive for diagnostic certainty can lead to excessive and
redundant investigations.152 163

Blanchard et al. comment that it is not immediately obvious how a radiological investigation
influences patient outcome.162 The chain of events that surrounds imaging begins with the
referring clinician selecting a patient for an imaging investigation. Images are acquired,
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generating information. The information is then interpreted by trained observers, whose
findings are communicated back to the referring clinician, typically in the form of a written
epo t. “u se ue tl this i fo

atio is i teg ated ith the li i ia s li i al i p essio s a d

the results of other investigations to formulate a diagnosis and determine a management plan
for the patient.61 162 163 It is at the le el of li i ia s diag osti de isio -making that radiology,
and more specifically the radiology report, has the most measurable impact on patient
outcome.57 Several authors conclude that in order for an examination to influence patient
outcome, it must first convince the clinician to do something different – be that initiate,
change or withhold treatment.57 149 150 156 163 The characteristics of clinicians, the relative riskbenefit profile of potential management and patient preferences all influence this decisionmaking task, with different levels required for different decisions.104

2.5

Diagnostic thinking efficacy: the influence that radiology reports have on
li i ia s diag osti de isio -making

Early work conducted by the American College of Radiology (ACR) efficacy committee
recognised the difficulty in determining the contribution that radiology investigations had on
patient outcome.145 The efficacy committee, whose remit was to determine the efficacy of
radiology investigations in medical diagnosis defined three goals; to refine the definition of
efficacy, to develop a method(s) of measuring efficacy and to examine efficacy of radiology in
medicine.145 The need for a randomised control trial with long term follow up to determine the
influence that intravenous urograms had on patient outcome, with all of the complexities and
difficulties associated with the study design and conduct, galvanised the requirements for a
step-wise change in the method of assessment.145

The largest study that has examined the effectiveness of plain imaging is the 1978 work of the
ACR, which examined the diagnostic impact of the most frequently performed plain imaging
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procedures within 48 accident and emergency (A&E) radiology departments across the United
States.145 Originally intending to investigate the impact that radiology made on patient
outcome, the difficulties encountered in several pilot studies led the authors to examine the
effect that radiology had on diagnostic efficacy, the level closest to the investigation. Although
the AC‘ dete

i ed that plai i agi g does ha e a positi e i pa t o

li i ia s diag osti

confidence and decision-making, the most important aspect of the study was that it
esta lished that the i flue e of adiolog o

li i ia s de isio -making could be measured.

“u h a al sis e ui es the li i ia s p e a d post i estigatio diffe e tial diag oses to e
indicated and the confidence in each recorded, enabling likelihood ratios to be calculated. The
use of likelihood ratios is an adaptation of Bayes theorem of probability – the influence of
additional diagnostic information when making decisions in uncertain conditions.133 136 145-147

Assessi g li i ia s p e a d post i estigatio diag oses a d o fide e as a i te

ediate

outcome measure has been used as the basis for evaluating the efficacy of radiological
investigations. Within the current literature, this has been termed diagnostic impact.61 62
Diagnostic impact is the layer within the hierarchy that links imaging to patient management,
acknowledging the role that the clinician plays within the patient care pathway, and is the first
step that incorporates influences external to radiology.57 136 It is crucial that an investigation
positively influences diagnostic decision-making without having a detrimental effect on patient
outcome.58 This important consideration has shaped the study design and methodology
(Chapter 3.3), with the results presented in Chapter 4.4.

F eed a

e og ises the highl su je ti e atu e of li i ia s diag osti assess ents,131 a

alue lade e e ise a o di g to F
that dete

i i g a ha ge i

a k a d Tho

u

p.

,57 although they also suggest

li i ia s diag osti thi ki g ithi clinical practice is an

empirical question. Hobby et al. acknowledge the tendency of observational studies of
diagnostic impact to overestimate the benefit of radiology, and recommend using only those
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diagnoses which are changed to either extreme of confidence (definite or very unlikely) in an
attempt to mitigate this.163 Failure to capture the reassurance to clinician and patient if a
serious diagnosis is excluded, or the impact of a normal result in the workup of a patient are
both difficult to establish when using standard measures of diagnostic impact.57 147 152 Another
shortcoming of utilising a change in, or confidence in, a diagnosis as a measure of efficacy is
raised by Mackenzie and Dixon who acknowledge that "Diagnosis is not an end in itself: only a
mental resting place for prognostic considerations and therapeutic decisions" (p.515).61

Therapeutic impact, the adjacent level within the hierarchy, captures the influence the
radiology investigation and report has on the subsequent management plan of the patient, and
is intimately related with diagnostic impact.56 57 61 62 131 142 149 173 It is at this level where the
influence of radiology is heavily mitigated by external factors that will ultimately determine the
net benefit of an investigation to overall patient health. While a radiology report can be very
accurate and convincing to a clinician regarding the presence of disease, any improvement in
patient outcome is limited by the availability of an effective treatment of the condition
identified.56 There are, however, certain circumstances when the new technology
demonstrates such clear potential and patient benefit that it becomes unnecessary to examine
the higher levels on the efficacy hierarchy. One such example of this rare situation is the
impact that cranial computed tomography has in the management of traumatic head injuries,
where a highly accurate diagnosis (intracranial haemorrhage) is paired with an effective
treatment (neurosurgery).59

Outside of a large, prospective randomised controlled trial, it is often very difficult to allocate
any improvement in patient outcome to an imaging investigation.57 There are, however,
several well-known limitations when designing and conducting such studies in radiology. It is
very difficult, and potentially unethical, to effectively blind a treating clinician to the results of
an imaging investigation,149 174 and the timescale and resources involved are often prohibitively
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high.134 159 Even the most ardent advocates of randomised controlled trials recognise these
limitations, and acknowledge that they are not a suitable method for examining all aspects of
medicine.51 153 As a result, observational study designs represent the most frequent method for
examining the therapeutic impact of radiology investigations.133 175 The dominant method of
measuring therapeutic impact is comparing the management plan of the clinicians when
requesting the imaging investigation with the actual treatment delivered through analysis of
patie ts otes afte a app op iate follo up pe iod.56 143 158 163 171 172 176 Alternative methods
for examining therapeutic impact have been proposed, including comparing radiotherapy
treatment plans produced with and without access to CT information177 and by direct
questioning of clinicians as to the influence that the investigation has on their management
plans.131 Common criticisms of other methods include the unrealistic nature of planning
treatment without access to an accepted imaging procedure and the questionable validity of
measuring the hypothetical impact that one facet of the diagnostic pathway has on the
eventual treatment of the patient.57 131 133 145 Determining patient treatment by direct
examination of the notes aims to overcome these limitations, and lead to valid and reliable
results. Similar to the circumstances encountered when assessing the impact of the normal
report on diagnostic impact, it can be argued that a report can produce no change in expected
treatment (low therapeutic impact) yet still have a positive impact on patient outcome if the
results of the investigation confirm optimal management.57

Hillman acknowledges the many potential limitations when considering outcomes research,
commenting that "not everything can be studied"(p.s75),151 while Thornbury suggests that in
depth, timely and costly analyses should be reserved for the high cost modalities such as CT
and MRI.159 It could be argued that excluding frequent, high volume investigations from such
rigorous analysis is counter-intuitive as the accumulative impact of these investigations is quite
high, a feature acknowledged in the analysis by Loop and Lusted.145 Timeliness is an important
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factor to consider when planning and conducting these studies, especially in a field that is
subject to rapid changes in technology such as radiology.108 151 Hunink and Krestin have
developed a pragmatic methodology that simultaneously examines multiple levels within the
hierarchy; the distinct advantage of this approach is the speed with which such appraisals can
be conducted while recognising the need for robust evaluations.58 Another common pitfall
when utilising the intermediate outcome measure of diagnostic impact is that the estimates of
pre and post investigation diagnosis and diagnostic confidence are subjective measures of
li i ia s attitudes athe tha o je ti e
Tho

u

suggest that dete

easu es, although as

e tio ed ea lie Fryback and

i i g a li i ia s ha ge i diag osti thi ki g i

li i al

practice is an empirical task.57 The limitations of subjective measures are well documented,
with Blackmore et al. o

e ti g that ph si ia s do ot al a s eha e as the sa the

ill

(p.s13),133 a problem that can be overcome by di e t e a i atio of the patie ts e o ds
taken from clinical practice.

The concept of diagnostic efficacy has been embraced within evidence-based practice,
becoming one of the key tenets through its incorporation in health technology assessments
(HTA).59 61 134 150 Brealey has defi ed health a e te h olog as
p ofessio als to p o ote health, p e e t a d t eat disease p.

ethods used

health a e

.62 Technology assessments

have been described as the backbone of evidence-based radiology, a fundamental
requirement when assessing diagnosis according to evidence-based medicine principles.57 108
This is further emphasised by the observation of Hollingworth and Jarvik that evidence-based
radiology is only as good as the technology assessment on which it is based.59 Originally the
primary focus of technology assessments was to produce high quality data for use by
li i ia s . Mo e e e tl

ithi the U ited Ki gdo

the e phasis has shifted to p o idi g

evidence for use in guidance and guideline production which will be utilised by government
when considering central funding.59 60 An important consideration when assessing the strength
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of research relating to radiology is the different levels required by different consumers, with
individual practitioners requiring a different level of evidence regarding efficacy when
compared to Government considering funding a new or existing technology, a fact
acknowledged within the HTA framework. As Hollingworth and Jarvik note, it is easier for
government to withhold funding for a new technology that has yet to be implemented than it
is to withdraw it once a formal assessment has taken place.59

Technology assessments provide a strategy for researchers to ensure primary research studies
produce robust evidence, thus reducing the amount of care based on inadequate evidence.59
Within the United Kingdom, the National Institute for Health Research (NIHR) Health
Technology Assessment programme outlines the fundamental questions that a technology
assessment is required to answer:

1. whether the technology works
2. for whom
3. at what cost
4. how it compares with the alternatives
adapted from National Institute for Health Research 2012178

The National Institute for Health and Clinical Excellence (NICE), responsible for the production
of guidance on which governmental funding is based within England and Wales, is explicit in its
requirements of technology assessments. All technology assessments must provide robust
e ide e that a e te h olog p o ides e ui ale t o e ha ed li i al out o es fo
e ui ale t o edu ed ost p.

if it is to e o side ed fo use i the Natio al Health

Service (NHS).60
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2.6

Adaptation of the hierarchy of efficacy to the United Kingdom and
radiographer reporting

Treating radiographer reporting as a health technology means that the principles of the
hierarchy of efficacy can be applied to it. Adapted concepts at each level of the hierarchy
would be required and, in any evaluation of the efficacy of radiographer reporting, a series of
questions would be posed and examined.62 63 Adaptation from the traditional radiologistcentred model was required because, as the established profession for interpreting medical
imaging, radiologists are not generally required to prove their accuracy in comparison to
another professional group. Radiographer reporting, although established for more than 20
years, is still a change from the traditional model of service delivery. As such, reporting
radiographers are required to establish that their performance is comparable to consultant
radiologists so that patient safety and outcome is not compromised.44

Figu e . B eale s hie a h of effi a fo adiog aphe epo ti g ith possi le out o e
measures for each level (adapted from Brealey 200162 and Brealey and Scally 200863)
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Technical efficacy, level one on the hierarchy, examines the technical aspects of the new
technology. For new techniques or modalities this is often the basic science that underpins the
investigation, such as contrast resolution or tissue enhancement.57 The equivalent of this for
radiographer reporting is the visual search strategies and the perceptual-cognitive process of
image interpretation.179-181 The second level of the hierarchy, diagnostic accuracy efficacy,
incorporates both the technology and the observer interpreting the images. Measures of
diagnostic accuracy include accuracy, yield, error rate, sensitivity, specificity, positive and
negative predictive values and receiver operator characteristic (ROC) curves.182 183 A key
concept contained within the framework is the separation of diagnostic accuracy and
diagnostic performance within the second hierarchical level. This delineation recognises the
difference in performance that occurs between a test environment (diagnostic accuracy) and
clinical practice (diagnostic performance).62
Level 3 of the hierarchy is diagnostic thinking efficacy/diagnostic impact (DI) and is the impact
that imaging reports have on the diagnostic decision-making of clinicians.184 Diagnostic impact,
an empirical proxy to patient outcome, determines the influence that radiology investigations
have at the point closest to the test, thus minimising confounding variables. First used in the
clinical evaluation of computed tomography of the head,56 diagnostic impact has become an
established intermediate outcome measure.184 Research has also been performed which
examined the influence of radiographer skeletal reports on emergency physician and general
practitioner management plans, level 4 therapeutic impact/efficacy, with no statistically
significant difference found in this small structured assessment.185 Radiographer reporting is in
a similar position to radiology, with a paucity of research that has examined the higher levels
of efficacy. A notable exception, as mentioned previously, is the recent randomised control
trial which examined the impact on patient outcome (level 5 efficacy) and cost effectiveness
(level 6 efficacy) of immediate reporting of trauma skeletal X-rays by reporting radiographers.39
186
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A fundamental assumption used within the framework proposed by Brealey and Scally is that
the performance of a radiologist is taken to be the reference standard.62 63 This has profound
implications, as it has been well documented that there is significant variation in the accuracy
of radiologist interpretations.187-189 This emphasises the importance of a robust reference
standard, as discussed in Chapter 2.7, and was considered when designing the study protocol
(Chapter 3.2.7).

2.7

Use of chest X-rays in health screening and variability of chest X-ray
interpretation accuracy

Chest X-rays (CXRs) have long been used as a tool to assist diagnostic and therapeutic
decisions. Despite the development of new imaging modalities and techniques, the chest X-ray
(CXR) remains central to many patient pathways. In 2013-14 there were 7.4 million chest Xrays performed in the NHS in England.190 The use of chest X-rays has evolved but despite its
widespread use, considerable variation exists in the interpretation of them. A critical review of
the literature has been performed. Particular emphasis has been placed on studies that have
utilised the receiver operator characteristic curve (ROC) and alternate free response ROC
(AFROC) methodologies. A detailed discussion of literature has occurred in Chapter 2.7 below
and related to the results of the current study in Chapter 5.4. Summary tables are included in
Appendices 1 and 2.

The mass survey chest X-ray is a classic example of an investigation that had a relatively high
impact o

li i ia s diag osti

o fide e, et p odu ed a e

s all i pa t o the apeuti

management due to the lack of effective drug therapy.191 In addition, it is often argued that the
confidence placed in the ability for a chest X-ray to assist in the diagnosis of tuberculosis was
often misguided, mainly due to the significant observer variation that can occur during
interpretation, even by highly skilled and trained observers.68 71 74
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A wealth of studies in the literature have assessed the effectiveness of the chest X-ray in
screening programs, especially tuberculosis.66 69 71 72 154 174 192-202 This includes a number of
works utilising mortality as an outcome measure to determine the impact of screening chest Xrays on patient health.155 174 200 The primary goal of a screening program is to detect sub-clinical
disease in an asymptomatic population.193 199 While this goal was common to both military and
public health mass chest X-ray programs, the ultimate desired outcome was fundamentally
different. Excluding those recruits which demonstrated evidence of tuberculosis from service
was the explicit aim of the military screening program implemented by many governments
prior to, and during, World War 2.196 Once a chest X-ray was determined to show signs of
active or previous infection, the candidate was barred from enlisting in the armed services and
discharged back into civilian life, often without provision for adequate referral for
treatment.196 The public health perspective, in which the primary concern was reducing the
mortality and morbidity of tuberculosis through case detection, isolation and treatment,
contrasted with this. In this scenario, it was proposed that early detection would result in
simpler treatment, improved patient outcome and, in certain circumstances, a decreased risk
of contagion.69 155 174 193 197 200 201 203 The narrow focus on excluding recruits with suspected
tuberculosis while ignoring the opportunity to treat disease and improve health is highlighted
by Haygood as a flaw in the military screening program, and a missed opportunity to control
this devastating disease and limit the impact on society.196

The retrospective analysis of such a vast number of chest X-ray examinations provided
researchers with invaluable data. A crucial area examined was the variation that occurred
when interpreting chest radiographs, with the early work of Hodges66 and Freer194 highlighting
not only the significant inter-observer, but also intra-observer variation that occurs when
interpreting radiographs. Initially driven by the differences in rejection rates from different
screening stations during army recruitment, this variability in interpretation was emphasised
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by the contribution that recruits from different enrolment stations made to patients
su se ue tl t eated at the U“ A

s hospital fo tu e ulosis. ‘et ospe ti e a al sis

conducted by Long and Stearns (1943), reported in Freer,194 demonstrated that a
disproportionately high number of patients originated from only a few screening centres,
which prompted review of the initial chest X-rays. Of the 100 chest X-rays initially reported as
positive randomly selected by Freer for re-interpretation, definite evidence of tuberculosis was
demonstrated in only 66 cases.194 The work of Myers (1946), reported in the review by Holman
(1950), concluded that between 10% and 15% of all recruits rejected from military service due
to tuberculosis had chest X-ray findings consistent with acute non-tuberculosis infection.197

This high discrepancy level is almost unanimously reported across the literature when
examining screening chest X-ray interpretation. Clark et al. found that of the 1,577 patients
admitted to hospital with tuberculosis, 12% had non-tuberculosis disease and 38
demonstrated no pulmonary disease at all.70 The work of Hodges reported that only 51 of the
69 patients identified in the screening program of 7,841 chest X-rays had the abnormality
confirmed on follow up,66 while Carroll et al. established the initial diagnosis of tuberculosis or
other pathology in only 86.5% and 55.6% of cases respectively.192 In their analysis of a lung
cancer screening program, Lilienfeld and Kordan established a combined inter-observer
variation rate of 67% once technically inadequate images were excluded.71 Of interest was the
sub-analysis conducted in this study, with good (89%-92%) agreement found when the chest Xray was interpreted as normal, but only moderate agreement was found when the chest X-ray
was reported as abnormal, concluding that disease prevalence influences the agreement rates
between observers.

More recent work into observer variation when reporting chest X-rays for tuberculosis have
reported mixed findings. Analysing the historic data, this significant variation was confirmed in
the recent analysis of Koppaka and Bock for the World Health Organisation (WHO),204 who
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identified rates of over (false positive) and under (false negative) reading of screening chest Xrays for tuberculosis ranging between 0.3%-1.7% and 21%-39% respectively. The work
conducted by Balabanova and colleagues examined the variability in chest X-ray interpretation
of Russian and British medical practitioners.75 When reporting a bank of selected chest X-ray
i ages, o l fai Kappa Ƙ= .

ag ee e t as fou d fo o

i ed o e all pe fo

a e, but

they found different results when they examined the performance of different professional
g oups. Co sulta t adiologists Ƙ= .
espi ato

outpe fo

ed oth TB spe ialists Ƙ=0.368) and

ph si ia s Ƙ=0.284) when agreement for normal and abnormal was investigated, a

trend that was replicated when analysis was repeated for findings that were consistent with
tuberculosis (K=0.448, 0.377, 0.386). These findings were in contrast to the study of Abubakar
et al. who reported mixed results, finding higher agreement in cases demonstrating
tu e ulosis et ee ph si ia s Ƙ=0.64) than radiologists (K=0.54), although this did not
reach statistical significance.74 They did however find a significant difference in agreement
when interpreting normal examinations, with radiologists outperforming physicians in this suba al sis Ƙ= .

s. .

.74 Given that many of the observers used to interpret screening TB

chest X-rays for both military and public health surveys were non-radiologist physicians these
different levels of variability need to be considered.

Variable results were reported in the study of Zellweger et al. ho fou d fai Ƙ= .

o e all

agreement for the three observers when interpreting a random selection of screening chest Xrays from high-risk immigrants in Switzerland.76 When the experience of the observers was
o side ed, the fou d good Ƙ= .

o e all ag ee e t o the p ese e of a ti e TB. These

findings need to be taken in context, as the third observer was a junior medical officer, whose
performance was being compared to the image interpretation ability of senior respiratory
physicians.76 Experience was also found to be a factor in the analysis of Abubakar et al. who
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reported improved image interpretation accuracy with increased years in speciality and the
number of cases of TB seen in practice per year.74

Even though variation in chest X-ray interpretation is well established, this was ignored in the
recent work of Eisenberg and Pollock when determining the yield of pre-employment
screening chest X-rays in employees who had a positive tuberculin skin test (TST).205 By utilising
the reference standard (expert consultant radiologist review) in only those cases initially
interpreted as abnormal by the initial reading radiologist, they potentially missed those cases
that were incorrectly read as normal in the first instance. This may have introduced work-up
bias into the study,206 although the reference standard did not contradict any of the initial
readings in the 159 abnormal chest X-rays examined.

The accidental inclusion of a small number of chest X-rays that were reported twice by the
same observer in the study of Lilienfeld and Kordan allowed intra-observer variation to be
analysed. 71 They found that an observer was no more likely to agree with their own diagnosis
than with another observer.71 Significant intra-observer variation has been reported in several
other studies, including the work of Garland in 1949197 and 1959204 although this intra-observer
variation was always less than inter-observer variation, with levels 8% and 19%-24% compared
to 16% and 27%-30% respectively. When re-reporting X-rays 24 hours later, intra-observer
agreement between a group of five radiologists demonstrated variability, ranging from
moderate to substantial (K=0.33 – 0.88), although accuracy did increase slightly.207 The analysis
conducted by Zellweger et al. report contrasting results, finding good and very good intraobserver agreement when experienced respiratory physicians interpreted screening chest Xrays for the presence of active tuberculosis, although this was significantly better than the less
experienced observer, who only had a fair level of agreement.76 Consequently intra-observer
variability was considered when designing the study.
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Several causes are postulated for the variation in accuracy when interpreting screening chest
X-rays for tuberculosis. The significant contribution made by the technical specifications of the
imaging systems must be acknowledged, with the majority of the mass survey chest X-ray
programs utilising either miniature chest X-rays or photofluoroscopic images for
interpretation. While these developments and subsequent reduction in the cost of an
examination made the application of mass screening feasible,191 196 the inherent limitations
must be recognised. The ability of an observer to detect subtle yet important findings on a
smaller image when compared to a standard 35 cm by 43 cm X-ray film will be reduced, with
the work of Wagner (1999) recognising that maximum observer performance is limited by the
physical characteristics of an imaging system.160 The work of Lorimer suggests that it was these
technical factors rather than a failure to observe that led to many of the errors in diagnosis.65
These limitations were recognised in the study of Carroll et al., with suspicious cases detected
on miniature chest X-ray recalled for examination with a dedicated 35 cm by 43 cm (14 x 17
inch) chest X-ray, confirming tuberculosis infection in 64 of the 74 cases re-examined
(86.5%).192 The recent work of Balabanova et al. that examined the ability of chest X-ray
interpretation of different Russian medical specialities made use of non-medical specification
image software, a factor that must be considered when considering the performance of the
observers reported in their trial.75

The characteristics of the observers involved in image interpretation of screening chest X-rays
have also been examined as contributing to the high discrepancy rates.69 Factors including
carelessness, poor search strategy, monotony of the task and minimal skill of the interpreters
are all proposed to play a role, but they found mistakes were also made by very experienced
observers.194 197 Examination of the characteristics of the medical officers responsible for
interpreting these radiographs showed that they were often inexperienced, with little formal
training in image interpretation. This lack of specialist training is highlighted by the work of

36

Brodeur, who reported training programs for medical staff ranging in length from a few days to
eight weeks, and outlined his own curriculum that used five or six images when demonstrating
and teaching normal anatomy and radiographic appearances.208 Screening mammogram
interpretation has similar characteristics to screening chest X-rays for tuberculosis; high
volume, lower disease prevalence and monotony of task. In contrast to the results of
tuberculosis screening, recent work that examined observer fatigue in screening mammogram
reading found that the order in which expert mammographers read the cases did not influence
accuracy.209 This most likely reflects on the robust and rigorous training that practitioners
undergo prior to interpreting mammograms when compared to the variable education given
prior to screening chest X-ray reading.

It is important to note that the primary aim of many of these training programs was to train
observers to highlight radiographs which required further investigation, rather than to provide
a radiological diagnosis of the findings.199 In keeping with the nature of the screening program,
a heavy emphasis was placed on the appearances of tuberculosis, as well as other common
and significant non-tuberculosis pathologies.208 This variation in specialist training in
interpreting one of the most complex radiological plain film examination go some way to
explaining the differences seen in screening chest X-ray interpretation.

The impact on patient outcome of a mass survey chest X-ray programme was examined in the
work of Enterline and Kordan174 and Wylie,155 who both found that screening for tuberculosis
with a chest X-ray decreased mortality. Wylie pursued a more conventional approach,
examining the five year mortality for patients who had participated in a multi-phasic screening
program, concluding that chest X-ray screening for TB was highly efficient, although the
relatively small sample size and few deaths within the cohort limit these findings.155 Enterline
and Kordan however employed a more novel approach by exploiting the inherent error in
image interpretation.174 Over 200,000 chest X-rays were re-reported by non-radiologist
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physicians and a control group formed from the proportion of patients whose chest X-rays
were initially incorrectly interpreted as normal. The use of an unintentional initial incorrect
(normal) diagnosis, identified at subsequent second reading, as the intervention arm did not
withhold relevant and important information from the clinical team. Patient outcomes could
be compared for the prompt (initial correct abnormal) and delayed (incorrect initial normal)
chest X-ray reports and the impact of incorrect radiology interpretation quantified. They
reported 97 deaths from tuberculosis within the cohort, 43 within the intervention group and
54 in the control group with the incorrect initial interpretation that did not receive prompt
treatment, a statistically significant difference. 174

Although partly explained by the wide variation in observer accuracy and the different imaging
systems utilised within the different screening programs, a significant contributor to the lack of
improved patient outcome was the lack of an effective treatment, not only for tuberculosis but
also for lung cancer. Key milestones in the medical management of tuberculosis occurred
during the period of mass survey chest X-rays, beginning with the discovery of streptomycin in
1944, isoniazid in 1952 and rifampicin in the late 1960s.210 This resulted in markedly improved
patient outcomes, mortality falling dramatically from tuberculosis being the leading cause of
death in young men in 1940.196 This is contrasted by the results of the lung cancer screening
programs in the 1970s. Many studies demonstrated an increased rate of detection and survival
but no change in mortality, but there was no direct analysis between having and withholding
chest X-rays in these initial trials.133

Survival rates for lung cancer have shown minimal change over the last 40 years. There has
only been a modest increase in survival time, 9.5% of patients survive ten years from diagnosis
in 2010-11 compared to 4.6% in 1971-2, an important factor given the worldwide and UK
burden of this disease.98 Recent analysis of cancer survival by type still confirms lung cancer
has poorer survival compared to breast and colon,99 and it is suggested that the late stage at
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diagnosis is a contributing factor.98 Focus is being placed on early and accurate diagnosis for
cancer, particularly lung cancer, in an attempt to improve patient outcomes. Effective
screening programmes for breast and colon cancer may contribute to the earlier diagnosis and
outcomes associated with these diseases. Although chest X-rays for lung cancer screening
were found to be ineffective,73 211 more recent studies that examined the use of low dose chest
CT have shown a reduction in patient mortality.139 212 213

Variation between consultant radiologists has also been examined outside of a screening
setting. The 1999 study by Robinson et al. found three experienced consultant radiologists only
agreed in 151 of 205 (74%; K=0.68) skeletal X-rays, 61 of 100 (61%; K=0.50) chest X-rays and 50
of 97 (51%; K=0.42) abdominal X-rays.188 These findings correlate with the work of Tudor, who
reported moderate agreement between five radiologists interpreting a bank of 50 X-rays with
the clinical history (K=0.58).214 These results were broadly comparable to the intra-observer
agreement between radiologists when re-reporting the same bank of X-rays 24 hours later,
Kappa between 0.33 and 0.88.188 207

Image interpretation by radiographers is not a new concept. Swinburne (1971) is credited with
first raising the idea in the UK that pattern recognition could be performed by trained
radiographers in order to fast track suspicious X-rays for an urgent radiologist report,215
although the concept had been examined in the context of lung cancer screening by Sheft et
al. previously.33 Harnessing the skills of the entire clinical team, Berman and colleagues (1985)
de o st ated that a a
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interpretation skills of radiographers in a trauma setting decreased the diagnostic errors made
by emergency clinicians.216 Several studies have examined the ability of radiographers to
detect abnormalities on skeletal X-rays,217-223 and have established that radiographers possess
the core image interpretation skills to identify abnormal trauma X-rays.
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The abnormality detection skills of radiographers have also been used in other areas. In order
to maximise the detection rate and avoid potentially life-threatening omissions, it has been
suggested that screening X-rays receive dual interpretation, both for chest images and
mammograms as well although this has not been universally accepted or implemented in
practice.71 200 224 The burden of such a high volume of images requiring interpretation was
significant, and one potential solution to this problem proposed by Sheft et al.33 and Flehinger
et al.34 was to utilise specially trained radiographers in an image interpretation role. Both of
these controversial works demonstrated that specially trained radiographers were able to
distinguish between normal and suspicious or abnormal chest X-ray films to a level comparable
with consultant radiologists. When first proposed by Sheft et al. 33 this idea was criticised in the
adiologi al lite atu e, ith suggestio s that a o e ith e e o di a
e pe ted to s o e passa l
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would be unwilling to participate in a screening program that involved image interpretation by
radiographers.225

Considerable work has examined the diagnostic accuracy of trained reporting radiographers
when interpreting skeletal X-rays. These analyses have been performed in both academic and
clinical practice. A review of nearly 7,000 skeletal cases interpreted in an objective structured
examination as part of an accredited postgraduate training programme, Piper et al. found high
levels of performance, with average sensitivity 91.6% - 96.7%, specificity 92.1% - 94% and
accuracy 92.5% - 93.9%.23 Using patient re-attendance to the emergency department of a
single hospital, Robinson et al. found discordant radiographer reports in only 29 of the 1,130
cases who presented from a consecutive series of more than 11,000.38 These findings correlate
well with the multisite clinical trial conducted by Piper et al. which reported radiographer
accuracy between 97.1% - 99.8% for 7,179 examinations.22 Typically, when diagnostic accuracy
results from structured assessment and clinical practice are compared, sensitivity is frequently
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lower. Structured assessments tend to utilise an enhanced proportion of abnormal cases. The
reasons for a greater number of abnormal cases is two-fold. A balanced design (equal
proportion of normal and abnormal cases) is the most efficient methodology, in terms of
number of cases and number of observers, to discriminate between observer accuracy. A
greater number of abnormal cases also facilitates the inclusion of difficult, subtle and
infrequent but important pathologies. The reduced sensitivity reported in clinical practice is
often due to the lower disease prevalence (abnormal cases) encountered in cases drawn
directly from a routine workload. Piper et al. found the converse. The mean sensitivity
reported for the structured assessment (50% prevalence) was between 90.3% - 91.7% for the
three cohorts. In comparison the mean sensitivity of the reporting radiographers in clinical
practice, with a mean prevalence of 14.9%, was 97.6% (95%CI 96.5 – 98.6%). The systematic
review performed by Brealey et al. provided the conclusive evidence.24 On review of 28,900
skeletal examinations, reporting radiographers were found to have an average sensitivity and
specificity of 92.6% (95%CI 92% - 93.2%) and 97.7% (95%CI 97.5 – 97.9%) respectively. Recent
work has established that not only is immediate reporting of skeletal X-rays by reporting
radiographers from the emergency department accurate,186 it is also cost effective.141

When compared to the extensive research base underpinning skeletal X-ray reporting by
radiographers, there is a relative paucity of studies that have explored chest X-ray
interpretation by radiographers. Following on from the work examining the ability of trained
radiographers to identify X-rays suspicious for lung cancer,33 34 the next study to examine
radiographer abnormality detection for chest X-rays was Sonnex et al.226 Their six month
evaluation at a specialist hospital included 8,614 consecutive chest X-rays and 17
radiographers. The radiographers had received in-house training from consultant radiologists
on chest X-ray interpretation, with a focus on postoperative appearances following
cardiothoracic surgery, as well as regular feedback on performance. Radiographer sensitivity

41

and specificity for the detection of abnormalities that required urgent intervention was 90%
and 99% respectively.

Trained reporting radiographers have been included as observers in eye tracking analyses.
These studies have examined nodule detection rather than the provision of a clinical report,81
227

and reporting radiographers are often pooled with consultant radiologists when comparing

novice and expert observers.228 Two studies have examined the performance of trained
reporting radiographers providing clinical reports for chest X-rays. Four thousand chest X-rays,
with normal cases and a range of pathologies, were interpreted by 40 radiographers at the end
of an accredited postgraduate training programme with 95.4% sensitivity, 95.9% specificity and
89% agreement.41 The image test bank used by Piper et al.,41 with a higher disease prevalence
than is typical in clinical practice, may have influenced participant performance. The results are
an important first step, as they found reporting radiographers are accurate practitioners prior
to reporting in clinical practice. At present, only one study has examined the accuracy of
reporting radiographer chest X-ray reporting in clinical practice, a clinical audit of practice. The
study was a review of a random sample of reports provided by a single reporting radiographer
who had completed accredited postgraduate training in chest X-ray reporting and was
accredited as an advanced practitioner with the College of Radiographers. The retrospective
study required three consultant radiologists to review the radiographer chest X-ray reports and
corresponding images. High concordance was found with the reviewing consultant radiologists
(agreement 92% - 96%; Kappa 0.83 – 0.91) and the reporting radiographer in the 99 cases
included for review.42 This small study confirmed that the reporting radiographer was a safe
and effective practitioner when reporting adult chest X-rays within a supportive
multidisciplinary team.
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2.8

Summary of existing research and gaps in the current evidence

Chest X-rays form a key role in many patient pathways, used by clinicians to guide diagnostic
and therapeutic decisions. A considerable body of evidence, both historic and contemporary,
demonstrates significant differences in the accuracy of chest X-ray interpretation. Variability is
found regardless of the professional background of the reader; consultant radiologist,73 77 nonradiology consultant physician,74 82 trainee radiologist,229 junior medical staff230 and
radiographer.33 The bulk of the literature has focused on chest X-ray interpretation by medical
practitioners. A small number of studies have examined chest X-ray interpretation by
radiographers. Early work examined the ability of radiographers with some additional training
to highlight abnormal chest X-rays for urgent radiologist reporting, with promising results.34 226
Other studies have examined radiographer accuracy in nodule detection, also with good
results.227 228 A common limitation of these research designs is that the radiographers were not
required to arrive at a diagnosis or provide a definitive clinical report.

Few studies have examined the diagnostic accuracy of radiographer clinical reporting of chest
X-rays. The work of Piper et al. found high sensitivity and specificity when a cohort of
radiographers completed an objective structured examination at the end of an accredited
postgraduate training programme.41 Although conducted at the end of a training programme,
the radiographers were not yet reporting chest X-rays in clinical practice. Accuracy may
improve over time as radiographers gained clinical experience,231 or performance could decline
with time following the cessation of training.232 Another limitation is that no direct comparison
was made with consultant radiologists, the established experts in medical image interpretation
and the benchmark on which performance is measured. The clinical audit conducted by
Woznitza et al. reported agreement between a single reporting radiographer and three
consultant radiologists for a random sample of chest X-rays reported in clinical practice.42
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Although susceptible to verification bias, they found comparable radiographer-radiologist and
inter-radiologist agreement.

Cli i ia s use imaging investigations to assist decision-making. A hierarchy of efficacy has
been designed that evaluates the role of imaging investigations, and how clinicians integrate
clinical reports.57 The majority of the existing literature has examined cross-sectional imaging,
CT56 172 and MRI.158 163 Little research has investigated the role of chest X-rays in clinician
decision-making,233 and even less the impact of a radiographer report.234

The majority of reporting radiographers in clinical practice report skeletal X-rays,35 and a
considerable evidence base supports this.23 24 However, as an increasing number of
adiog aphe s complete accredited postgraduate training in chest X-ray reporting, further
research is required to support practice. Firstly, research is needed to establish the diagnostic
accuracy of chest X-ray interpretation by reporting radiographers. Secondly, chest X-ray
reports provided by reporting radiographers need to be usable to clinicians; they need to have
a positive influence on diagnostic decision-making. In line with Royal College of Radiologists
and College of Radiographers guidance, the performance of chest X-ray reporting
radiographers needs to be comparable to consultant radiologists.44 At present, there is a
paucity of research that has examined these questions.
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Chapter 3 - Methodology
3.0

Overview of methodology used in the study

The study reported in this thesis is a quantitative assessment of the diagnostic accuracy of
consultant radiologist and reporting radiographer chest X-ray interpretation, and the influence
that these reports have o

li i ia s diag osti de isio -making. The study was a quasi-

experimental design where reporting practitioners (consultant radiologists and reporting
radiographers) interpreted a bank of chest X-rays with performance measured against a robust
reference standard diagnosis. Subsequently the influence of chest X- a

epo ts o

li i ia s

diagnostic decision-making was explored using a before and after approach, with changes in
diagnosis and confidence levels in the diagnosis established. The conceptual framework for the
current study and justification of the methodological approach are provided in Appendix 12.

3.1

Research governance and ethics

All research and audit conducted as part of this study complied with the principles for ethical
medical research,235 Health Research Authority standards of practice, Good Clinical Practice
Guidance,236 and was in line with Data Protection requirements.237
The audit performed to determine the prevalence of diseases associated with chest X-rays at
the clinical site where cases were selected (Chapter 3.2.3 and Appendix 3) was registered with
the Trust clinical quality department.
Health Research Authority approval for the diagnostic accuracy and diagnostic decision-making
study was gained prior to the research commencing from the National Research Ethics Service
(Appendix 4). Research and Development approval was received from the host institution prior
to the study commencing (Appendix 5). The study was funded by a grant from the College of
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Radiographers Industry Partnership Scheme (CoRIPS) and was registered with the National
Institute for Health Research Clinical Research Network portfolio.
Chest X-rays used in the study were taken from a consecutive series performed for clinical
reasons at the Trust; no additional radiation exposure was required for the study. All cases
included in the study were pseudoanonymized by the radiology PACS team, both the
randomised, consecutive sample and for cases taken from the radiology department
discrepancy meetings; no patient identifiable information was included. The original clinical
reports provided at the time of the examination of each patient were compared to the reports
provided by the expert chest radiologists for the purposes of this study. No significant clinical
abnormalities were found to have been missed. Additionally, the case note review performed
by the professor of medicine, again for the purposes of this study, confirmed that no patient
management decisions should have been different.
Participants in the research project were NHS employed consultant radiologists, reporting
radiographers, medical doctors and an academic radiographer. They were given participant
information sheets relevant to their role (expert radiologist, arbiter, diagnostic accuracy
participant, clinician for diagnostic influence study) which explained the requirements for
participation in the study (Appendices 6 – 9). Informed consent was obtained from all
participants prior to data collection, and participants were free to withdraw at any time
(Appendices 10 and 11). All participants were assigned a unique study identifier that ensured
that all information collected as part of the diagnostic accuracy and diagnostic decision-making
study was anonymised. Study participants only had access to the pseudoanonymised patient
details; no patient identifiable information was included on the X-rays or the case summaries.
A small honorarium was paid to participants in acknowledgement of the time taken to
complete the study.
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Part 1 – investigation of diagnostic accuracy

3.2

Primary Research Question

Is the accuracy with which a group of consultant

radiologists interprets a bank of chest X-rays from adult hospital based patients
comparable to the accuracy of a group of reporting radiographers?
Incorporating the suggestions of Tourassi238 and the CONSORT extension for non-inferiority
designs,48 and considering the need to distinguish between clinically and statistically significant
findings129:
Alternative Hypothesis [non-inferiority approach, (Appendix 12.6)] That there is no
clinically significant difference in the accuracy of adult chest X-ray interpretation
between consultant radiologists and reporting radiographers.
Null Hypothesis [non-inferiority approach] That the accuracy of adult chest X-ray
interpretation of consultant radiologists will be significantly (both clinically and
statistically) superior when compared to the accuracy of reporting radiographers.

There is no established benchmark of performance that is required for practitioners to
interpret chest X-rays in clinical practice. The study is therefore not interested in the absolute
performance of the reporting radiographers relative to a reference standard diagnosis, which
in the current study are cases in which two expert chest radiologists are in agreement, rather
the relative performance of the cohort of consultant radiologists and reporting radiographers.
This is in line with recent guidance on radiographer reporting, which suggests that reporting
radiographers must perform at a level comparable to consultant radiologists.44 239 In order to
achieve this comparison, the diagnostic accuracy of the consultant radiologists and reporting
radiographers will be indirectly compared to the reference standard diagnosis. For the purpose
of this study, hospital based patients comprised of patients referred for a chest X-ray via the
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emergency department, outpatient or as an inpatient. This was a pragmatic decision; medical
notes were required to establish the final clinico-radiological diagnosis, and obtaining medical
records from general practice would have been too complex to achieve within the timeframe
of the study. Chest X-rays are one of the most frequently performed imaging investigations in
England.94 As a high volume test, chest X-rays play a role in many patient pathways and require
considerable resource to provide a clinical report.
Secondary Research Question What is the level of agreement between the expert
consultant chest radiologists used to establish the reference standard diagnosis for the
image bank?
Agreement between consultant radiologists in chest X-ray interpretation in the literature is
variable.74 76 188 207 240 The anticipated levels of agreement reported by Robinson et al.
(Kappa=0.5)188 and Tudor et al. (Kappa=0.33 – 0.88),214 were used for sample size estimates
for the number of cases which would be needed when constructing the image bank based on
expert consensus.
Alternative Hypothesis [superiority approach]

That there will be a high level of

agreement between the expert chest consultant radiologists when interpreting chest
X-rays.
Null Hypothesis [superiority approach] That there will be a low level of agreement
between the expert chest consultant radiologists when interpreting chest X-rays.

3.2.1

Methodology

A quasi-experimental assessment of diagnostic accuracy was employed, using a free-response
paradigm and a non-inferiority approach. This examined level 2 efficacy within the framework
and is illustrated in Figure 3.1.57
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Figure 3.1 Flow diagram of diagnostic accuracy (part 1) study including exclusions and attrition
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3.2.2

Case Selection and Allocation

A consecutive series of adult chest X-rays (CXRs) performed for clinical reasons at the Trust
(Chapter 3.1) between 1st April 2011 and 30th March 12 were retrieved from the electronic
patient record by the IT department. An automated report was generated, using the
standardised search terms detailed in Appendix 13.
Inclusion criteria for the study were:
-

Adult patient (>16 years)

-

Chest X-ray examination

-

X-ray performed when the patient was referred by a hospital based clinician:
o

Emergency Department (ED)

o

In-patient (IP)

o

Out-Patient (OP)

Exclusion criteria for the study were:
-

Paediatric patient (<16 years)

-

Any other imaging modality (ultrasound, fluoroscopy, computed tomography,
magnetic resonance imaging)

-

All other X-ray examinations

-

Examinations referred by a non-hospital based clinician:

-

o

General practitioner (GP)

o

Sexual Health (DOSH)

Previous chest X-ray included in the study.

Chest X-rays referred from general practice and sexual health were excluded from analysis due
to the logistical problems associated with case note retrieval from remote clinical sites.
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Examinations that met the inclusion criteria were sorted into descending chronological order.
The PACS team in Radiology assigned a unique case identification number
(pseudoanonymised). The random number function of Microsoft Excel 2010 was used to
generate the cases selected for inclusion in the study. Initial stratification of the
pseudoanonymised cases (normal and for each disease category) was performed by the chief
investigator, based on the clinical report provided by the reporting practitioner at time of
clinical interpretation. Initial stratification maximised the efficiency and workload of the expert
chest radiologists. This initial stratification did not form part of the classification system for
determining the inclusion or exclusion of a case.
In order to determine diagnostic accuracy using the free-response approach, a robust
reference standard diagnosis, or ground truth, is required for all cases.64 241 As such, cases in
which both expert chest consultant radiologists were in agreement were included in the image
bank for interpretation by the participant reporting radiographers and consultant radiologists.
The image bank was stratified for a normal:abnormal ratio of 1:1 and for a disease category
(infection: cardiac: malignancy: other) ratio of 3:3:1:3 according to the interpretation of the
expert chest radiologists. A balanced design, with an equal proportion of normal and abnormal
cases, is the most efficient for diagnostic accuracy studies as it allows small differences in
observer performance to be detected for a given number of cases and observers.242 The
proportion of cases within each disease category was based on the proportions from an audit
of most frequent discharge diagnoses associated with a chest X-ray performed at the study site
(see Appendix 3). A small proportion of subtle normal and difficult abnormal cases were
included for the normal cases and for each disease category. These were drawn from the
monthly radiology department discrepancy meeting and the teaching files of the chief
investigator. Inclusion of subtle cases ensured that a sufficient range of true positive and false
positive responses were generated by the participants and ensured the data was appropriate
for analysis.243 244
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3.2.3

Constructing a clinically representative image bank – audit data

An audit was performed which established the disease prevalence at the recruiting
department. The medical records of patients who had had a chest X-ray and who were
discharged from the emergency, outpatient and inpatient services over a 12 month period
were reviewed for the primary coded disease at discharge. The project was deemed an audit of
clinical practice and therefore ethical approval was not required. The audit was registered with
the Quality and Audit department in line with best practice recommendations. These
diagnoses were reviewed and collated into broad disease categories by a professor of
medicine. Forty percent of cases were associated with a pathological diagnosis (40% disease
prevalence). The most common broad diagnostic categories were infection and
cardiac/pulmonary oedema which each accounted for approximately one third of all X-rays
performed (Appendix 3). Malignancy was demonstrated in approximately 7% (n=7) of
abnormal cases. Comparison with national disease datasets revealed that these findings were
broadly comparable to population figures available for England.245 A phased approach to image
interpretation was used to ensure that the final image bank aligned with the required
proportions (53 normal; 20 infection, 12 cardiac, 7 malignant, 14 other).

3.2.4

Sample size calculation – diagnostic accuracy study

3.2.4.1

Primary analysis – Accuracy of consultant radiologists and reporting
radiographers

Adopting a free-response methodology, jack-knife alternate free-response receiver operator
characteristic (JAFROC) curves were used (Appendix 12.4.1.2).246 247 To detect an effect size
(difference between consultant radiologists and reporting radiographers) of 0.08 in the Figure
of Merit, with 10 observers in each group and a normal/abnormal CXR ratio of 1:1, 105 cases
were required for the test bank, accepting a 20% chance of a Type II error and a 5% possibility
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of a Type I error.241 To detect a 10% difference in the area under the ROC curve and assuming
10 observers in each group, and a normal/abnormal CXR ratio of 1:1, 101 cases were required
for the test bank, accepting a 20% chance of a Type II error and a 5% possibility of a Type I
error.242 This powered the study to detect a small difference between highly accurate
observers, if one existed. The results of both Chakraborty (JAFROC) and Obuchowski (ROC)
compare well; a sample size of 106 was used, to allow for a 1:1 ratio of normal:abnormal
cases.

3.2.4.2

Secondary analysis – Agreement between expert consultant chest radiologists

A staged approach was used to establish the reference standard diagnosis to ensure that the
stratified sample was achieved. It was estimated that a total of 220 chest X-rays would need to
be interpreted by the two expert chest consultant radiologists to obtain the 106 cases required
for the image test bank. The estimate was based on anticipated levels of expert agreement
reported in the literature.74 76 188 207 240 Although not a primary analysis, the sample size
calculations of Sim and Wright indicate that for a prevalence of 50% and to detect a Kappa of
K=0.4 a total of 66 cases were required to be interpreted by each observer using a 2-tailed test
with 5% possibility of a type I error and 80% power.248

3.2.5

Study participants – diagnostic accuracy study

Interpretation of the images was performed by trained professionals. Participants (expert
chest consultant radiologists, consultant radiologists, reporting radiographers, and arbiters)
were voluntarily recruited through convenience and snowball sampling. An insufficient number
of reporting radiographers was recruited through convenience sampling, so an advertisement
was placed in the radiography professional magazines Synergy: Imaging and Therapy Practice
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and Synergy News (Appendix 14). Each participant was provided with a participant information
sheet appropriate for the task being performed (Appendices 6 – 8) and provided signed
informed consent to the chief investigator (Appendix 10). All participants were assigned a
unique study reference by the PACS team to ensure anonymity and were free to withdraw at
any time. A small honorarium and travel expenses were paid to acknowledge the time and
effort required to participate, in line with research governance and with ethical approval
(Chapter 3.1).

General demographic details were recorded for each participant. These consisted of:


Profession (Consultant Chest Radiologist/Reporting Radiographer/Consultant
Radiologist/Academic Radiographer)



Experience – years post qualification (Reporting Radiographers = obtaining an adult
chest X-ray reporting qualification, Consultant Radiologists = obtaining fellowship of
the Royal College of Radiologists)



Practice – number of chest X-ray reporting sessions per week, number of cases
reported per year

For the purposes of this study, the expert chest consultant radiologists were staff that held a
consultant post within the NHS, specialist registration in clinical radiology with the General
Medical Council and a specialist interest in chest/thoracic imaging. The consultant radiologists
were staff that held a consultant post within the NHS and specialist registration in clinical
radiology with the General Medical Council. The reporting radiographers were consultant or
advanced practitioner radiographers that held registration with the Health and Care
Professions Council and Masters level qualification (MSc, postgraduate diploma, postgraduate
certificate) in adult chest X-ray interpretation accredited by the College of Radiographers. The

54

arbiters were a senior academic radiographer that holds registration with the Health and Care
Professions Council and doctoral level qualification and a professor of radiology that held a
consultant post within the NHS and specialist registration in clinical radiology with the General
Medical Council.

3.2.6

Image interpretation

3.2.6.1

General considerations

All image interpretation occurred under normal viewing conditions. Digital Imaging and
Communications in Medicine (DICOM) images were viewed on paired high resolution Picture
Archive and Communication System (PACS) workstations in observer controlled lighting
conditions free from distractions and background noise.
Participants entered the report for each case directly into an electronic proforma (Microsoft
Word 2010) by either directly typing the report or using voice recognition software (Dragon
Natural Speaking, Nuance). Training, which consisted of three sample cases, was given to all
participants by the chief investigator. This allowed familiarity with the image interpretation
task, the hardware and software used, the voice recognition tool and the proforma. In
addition, to provide the data for JAFROC analysis, the expert chest radiologists were shown
how to assign a location to each abnormality on the image and construct the abnormality list
for each image. Free response analysis relies on the participant locating abnormalities on an
image and assigning a rating for each abnormality based on their confidence level (scale 1-4; 1
= uncertain, 4=definitely abnormal). The participant reporting radiographers and consultant
radiologists had the proforma explained. Particular emphasis was given to the confidence scale
used for abnormalities detected in the study. The importance of assigning each abnormality a
confidence score, and how to include this in the body of their free text report, was reinforced.
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Feedback from the training was given to each participant by the chief investigator, in line with
best practice for free-response observer studies.244

3.2.7

Obtaining the radiology reference standard diagnosis

3.2.7.1

Image interpretation to obtain the reference standard diagnosis

The pseudoanonymised chest X-rays were independently interpreted by two expert chest
consultant radiologists, blinded to the clinical report provided at the time of examination. They
were asked to indicate on a proforma if they believed the chest X-ray was normal or abnormal,
to provide a supporting free-text report, allocate a disease category for the X-ray and assign a
conspicuity (difficulty) rating for the most important abnormality for abnormal cases (see
Appendix 15). In order to perform jack-knife alternate free-response receiver operator
characteristic (JAFROC) curve analyses the expert chest radiologists who produced the
reference standard diagnosis also provided a list containing the location of all abnormalities for
the abnormal cases. For each case, each lesion was assigned a number (e.g. Case 1, Lesion 1,
Lesion 2 etc.).
The expert chest consultant radiologists had access to all pertinent imaging including previous
chest X-rays, follow up X-rays and cross-sectional imaging (e.g. computed tomography) where
available. They were provided with the patient demographics (age, gender), referral source
(emergency department, out-patient, in-patient) and the clinical history provided by the
referring clinician at the time of the request. A list of incidental findings to be considered
normal, based on the work of Robinson et al. was agreed in advance and was available at time
of interpretation (see Appendix 15).188 The free-response paradigm requires that an
acceptance radius be determined prior to the study commencing.243 249 For this study, the
acceptance radius was pre-defined zonal criteria, chosen to reflect the system used in clinical
practice.250 A diagram of the defined zones was included with the proforma (see Appendix 15)
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and is consistent with that employed in other free response studies which have examined
chest X-ray interpretation.251 The expert chest radiologists were asked to list the location and
diagnosis of all abnormalities visible on the chest X-ray. Lesions that were missed at the time of
initial interpretation yet visible with retrospective review following follow up or cross-sectional
imaging were included in the study. Lesions only visible on subsequent imaging were excluded.
This is in line with best practice recommendations for diagnostic accuracy studies.77 252 253
Image interpretation occurred over five sessions.
Using JAFROC analysis for free-response data, each abnormal image has a mandatory
combined weight of 1.0 regardless of the number of lesions.241 In order to simulate clinical
practice as closely as possible, images with more than one abnormality had each lesion
weighted for clinical importance. This weighting was the consensus decision of an expert chest
consultant radiologist and a professor of respiratory medicine, using a combination of
radiology and clinical case note review data.

3.2.7.2

Report comparison – reference standard diagnosis

Two independent arbiters compared the findings of the expert chest consultant radiologists.
For each case, the list and location of any (all) abnormalities produced by each expert chest
radiologist were compared by two independent arbiters. Arbiters were blinded to the source
of the report and did not have access to the images, patient demographics or clinical history.
The template is included in Appendix 16. Cases where both arbiters were in agreement that
expert chest radiologists identified the same abnormalities and reached an identical diagnosis
were included in the image test bank.
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For the purposes of the study, the following definition is used:
Arbiter: trained professional who used predefined criteria to compare the observer
practitioner report to the reference standard diagnosis
adapted from Brealey and Scally (2008)63 and Robinson et al. (1999)188

As required for diagnostic accuracy studies that use the free-response approach, a robust
reference standard diagnosis (ground truth) for all cases is required for analysis.64 241 The
diag osis ea hed

the e pe t hest o sulta t adiologists as take as the t uth

regarding the disease state for that patient. A robust reference standard was created by these
expert consultant radiologists.

3.2.8

Interpretation of the chest X-ray image bank to establish diagnostic accuracy
of participants

3.2.8.1

Image interpretation

The bank (n=106) of chest X-rays compiled by the expert chest consultant chest radiologists
was given to the participant reporting radiographers and consultant radiologists. Each
participant provided independent interpretations for each case, blinded to both the clinical
report and the reference standard diagnosis. The participants (consultant radiologists and
reporting radiographers) had access to previous chest X-rays but not any other imaging
investigation. They were provided with the patient demographics (age, gender), referral source
(emergency department, out-patient, in-patient) and the clinical history provided by the
referring clinician at the time of the request. A list of incidental findings to be considered
normal was available at time of interpretation. Localisation of any abnormalities was
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performed using the same acceptance radius used when determining the reference standard
diagnosis; pre-defined zonal criteria.250 A diagram was included with the proforma (see
Appendix 17).
Participants were asked to indicate whether they interpret the image as normal or abnormal. A
free report was also required, and described the salient features, a diagnosis or differential
diagnosis (if appropriate) and any specific recommendations regarding further patient
management. To enable JAFROC analysis, participants were asked to assign a confidence score
(1 – 4; 1=uncertain, 2=possibly abnormal, 3=probably abnormal, 4=definitely abnormal) for
each abnormality identified on the image.241 243 244 246 Convention in free-response diagnostic
accuracy studies is that normal cases are assigned zero confidence score by default,64 241 and
was the method used in the current study. Participants were advised to include these
confidence scores in parentheses within the free text report in order to minimise disruption to
the normal clinical reporting task. Any image deemed normal by the participants was assigned
a confidence score of zero by the investigator; this did not need to be indicated by the
participant.
Image interpretation occurred over two sessions, with half (53 cases) included in each session.
In order to minimise participant inconvenience and to mimic normal clinical practice as closely
as possible, these occurred on the same day, separated by a one hour break. Participants were
randomised for image bank and ascending/descending sequence.240 The elevated disease
prevalence used in image test banks may alter observer performance, often due to increased
sensitivity, when compared to clinical practice.254 Although the normal:abnormal ratio of 1:1 is
higher than would be expected in clinical practice, recent research has shown that higher
disease prevalence does not alter observer performance when interpreting chest X-rays in a
structured environment.255 The disease prevalence of the image bank used in the current study
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(50% abnormal) is not dissimilar to the disease prevalence found at audit (40% abnormal) at
the clinical centre from which the cases were drawn (Appendix 3).

3.2.8.2

Report comparison – participant observers for diagnostic accuracy study

Two independent arbiters compared the free-text reports produced by the participant
observers and identified each mark-rating pair (a localised abnormality assigned a confidence
score).241 243 246 The mark-rating pair was compared against the reference standard diagnosis
for each case using a proforma (Appendix 18). Abnormal findings were identified for each
image. Abnormalities which corresponded to the location and diagnosis (lesion) confirmed by
the reference standard were designated a lesion localisation (LL) event.241 All abnormalities
that were either (i) within the acceptance radius but reach an incorrect diagnosis or (ii) outside
the acceptance radius were designated a non-lesion localisation (NLL) event.241 The confidence
score for each lesion localisation and non-lesion localisation was recorded. Training was given
by the chief investigator to enable accurate comparison by the independent arbiters. This
consisted of 5 practice cases, presented in conjunction with a short review of the pertinent
literature241 243 244 246 256 and the guidance produced by the JAFROC software package
(http://www.devchakraborty.com/index.php).257

3.2.9

Data analysis – diagnostic accuracy study

3.2.9.1

Data collation – transfer of reference standard diagnosis to participant image
bank

Cases in which both expert consultant chest radiologists were deemed to be in agreement by
the independent arbiters were assigned a unique case reference number and had the
abnormality list (location and diagnosis) extracted and coded by the chief investigator. This
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was entered into a Microsoft Excel 2010 spreadsheet (see Appendix 19 a d fo

ed the t uth

for that case. Cases with more than one abnormality had a number assigned to each lesion.
The chief investigator allocated lesion weighting, agreed for each case by an expert chest
radiologist and a professor of medicine.
The reports produced when obtaining the reference standard diagnosis were compared to the
file report by the chief investigator. Abnormalities identified by the expert chest radiologists
during the study but not at the time of clinical interpretation were identified. The research
team (chief investigator, consultant chest radiologist and professor of medicine) reviewed
these cases. Consensus was reached regarding the final diagnosis using all available clinical and
radiological information. There were no clinically significant confirmed abnormalities missed in
the clinical report and subsequently identified which had not already been identified during
routine care. There were no cases which required notification of the named consultant for the
patient or that required notification of the patient according to Trust procedures258 259 or under
the Duty of Candour.260
3.2.9.2

Diagnostic accuracy of participant observers

Each abnormality (both lesion localisations and non-lesion localisations) identified from the
free text reports by the independent arbiters for each case was extracted along with the
assigned confidence score. This was coded and entered into a Microsoft Excel 2010
spreadsheet by the chief investigator (see Appendix 20).

3.2.10
3.2.10.1

Statistical analysis – diagnostic accuracy study
Statistical analysis – reference standard diagnosis

Inter-observer agreement between the two expert chest radiologists was determined using the
Kappa statistic (K) to determine consistency among observers and 95% confidence intervals
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constructed using SPSS (IBM SPSS Statistics for Windows, Version 19.0. Armonk, NY). The null
hypothesis (standard superiority) was rejected if the p value produced was less than 0.05. The
level of inter-observer agreement was quantified according to the criteria established by
Landis and Koch,261 where:
K = 0.01 – 0.20 slight agreement
K = 0.21 – 0.40 fair agreement
K = 0.41 – 0.60 moderate agreement
K =0.61 – 0.80 substantial agreement
K = 0.81 – 1.0

3.2.10.2

almost perfect agreement

Statistical analysis - participant observers

A free-response paradigm was used to determine the diagnostic accuracy of the participant
observers (consultant radiologists and reporting radiographers). Each abnormality identified
was assigned a lesion localisation or non-lesion localisation score according to the criteria
outlined above (Chapter 3.2.8.2). The JAFROC methodology was again used (detailed in
Appendix 12.4.1.2) to determine the performance of each observer and each observer
professional group using JAFROC software (version 4.2,
http://www.devchakraborty.com/index.php).257
A figure of merit (FoM), the summary performance score, was calculated for each individual
practitioner and an average for each professional group. There is no established benchmark for
acceptable performance for chest X-ray interpretation. The performance of reporting
radiographers is expected to be comparable to consultant radiologists in the interest of
optimal care and patient safety.44 As outlined in Appendix 12.6 a non-inferiority approach was
used in the current study. To facilitate this, the average performance of the cohort of
consultant radiologists was used as the baseline.
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It is important to differentiate between clinical and statistical significance in healthcare
research.129 Clinical significance is the level of difference between observers that would be of
no clinical consequence in everyday practice has been derived from the literature. The
CONSORT extension for non-inferiority studies explicitly states that the margin of noninferiority should be decided a priori; to perform accurate sample size calculations and to allow
robust statistical analysis.48 Review of the literature identifies significant variability in chest Xray interpretation accuracy.65-67 70 71 74 76 77 82 132 174 188 194 196 197 204 205 207 214 226 240 262-271 Based on
consensus from the literature, guidance from relevant professional bodies and the clinical
evaluation, an inter-observer variability of less than 10% in chest X-ray interpretation would be
accepted in clinical practice. A 10% difference in diagnostic accuracy was used as the predefined margin of non-inferiority in the study.
The free-response pseudovalues produced by JAFROC analysis for each participant were
calculated. Utilising the non-inferiority approach, the null hypothesis that the FoM for the
consultant radiologists exceeds the pre-defined clinically significance level of 10% was rejected
if the p value was less than 0.05 for a one-tailed test.238 Ninety-five percent confidence
intervals were constructed for the FoM for each professional group (consultant radiologists
and reporting radiographers).
To facilitate comparison with previous studies that have used receiver operator characteristic
(ROC) curves, JAFROC (version 4.2)257 was used to produce inferred ROC curves. The sample
size was sufficient to perform standard ROC analysis and to detect a statistical difference in
performance between consultant radiologists and reporting radiographers, if one exists.242 The
area under the curve (AUC) for consultant radiologists and reporting radiographers was
calculated and compared. Utilising the non-inferiority approach, the null hypothesis that the
AUC for the consultant radiologists exceeded the pre-defined clinical significance level of 10%
was rejected if the p value was less than 0.05 using a one-tailed test.238
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3.3

Part 2 – I flue e o

li i ia s diag osti de isio -making

Primary research question and hypothesis
Primary Research Question Is there a clinically significant difference between the
influence that consultant radiologist and reporting radiographer chest X-ray reports
have on clinicians' diagnostic decision-making?
Alternative Hypothesis [non-inferiority approach (Appendix 12.6)]: That there is no
clinically significant difference in the influence that chest X-ray reports produced by
consultant radiologists or reporting radiographers have on clinicians' diagnostic
decision-making

Null Hypothesis [non-inferiority approach]: That consultant radiologist chest X-ray
reports will have a clinically significant difference on clinicians' diagnostic decisionaki g he

o pa ed to epo ti g adiog aphe s hest X-ray reports.

Secondary research question and hypothesis
Secondary research question Is there a difference between the influence that chest Xray reports have on clinicia s diag osti de isio -making due to clinician experience?
Alternative Hypothesis [standard superiority] That clinician experience will moderate
the influence that chest X-ray reports (of both consultant radiologists and reporting
radiographers) have on diagnostic decision-making
Null Hypothesis [standard superiority] That clinician experience will not moderate the
influence that chest X-ray reports (of both consultant radiologists and reporting
radiographers) have on diagnostic decision-making
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3.3.1

Methodology – influence on diagnostic decision-making

Part 2 is a retrospective quasi-experimental study that compared the impact of reporting
radiographer and consultant radiologist chest X-ray reports on clinicians' decisions, using a
non-inferiority approach. This examined level 3 efficacy as outlined by Fryback and
Thornbury.57 The methods used in part two of the study are outlined in Figure 3.2.

Figure 3.2 Study design flow diagram for Part 2: Assessment of Diagnostic influence of chest
X-ray reports
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3.3.2

Case selection and allocation

The cases, taken from a consecutive series from a single acute London district general hospital,
and in which the reference standard agreed the diagnosis in the Part 1 study were used in the
Part 2 analysis. The chest X-ray reports produced by the reporting practitioners (consultant
radiologists and reporting radiographers) in Part 1 were used in the analyses.
The case notes for the above cases were retrieved from Medical Records, with case notes
available for all (n=106) patients. A professor of medicine/consultant respiratory physician
performed a comprehensive review of all information. A final diagnosis was determined and all
relevant clinical information was extracted. A short case summary was produced for each case.
Each case was randomly assigned, using a random number generator (Microsoft Excel), and
the brief case summary reviewed by at least 2 clinicians without the chest X-ray report. After a
washout period (minimum 7 days), the case summaries and corresponding chest X-ray report
were reviewed by a clinician. Clinician allocation was quasi-randomised to ensure that
clinicians only reviewed cases for which they reviewed the pre-chest X-ray case summary.
Case summaries that did not have both the pre and post chest X-ray report data completed
were excluded from analysis.

3.3.3

Sample size calculation – influence on diagnostic decision-making study

Based on the work of Lusted, the only study to examine the influence of chest X-ray reports on
li i ia s diag osti thi ki g,233 and in consultation with a statistician, it was estimated that
the consultant radiologist chest X-ray reports would produce a new (not mentioned as a prechest X-ray) diagnosis in 20% of cases. Utilising a pre-defined clinically insignificant difference
of less than 10%, a non-inferiority study required 198 cases to produce an 80% power of
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sample with a 5% possibility of a Type I error, according to the formula outlined by Scally and
Brealey (p.244).272

=

.

+ .

2

[ . × . + . × . ]
=
[ − . ]2

To provide an estimate of the required sample size for different proportions of consultant
radiologist chest X-ray reports producing a new diagnosis the above calculation has been
performed using 5% (n=58 cases) and 10% (n=111 cases) of reports producing a new diagnosis
with the same margins of non-inferiority. To ensure the study was appropriately powered the
conservative sample size (20% new diagnosis, n=198 cases) was used.
The study was effectively clustered by each reporting practitioner (consultant radiologist or
reporting radiographer) who produced multiple reports.273 274 This lack of independence was
accounted for with a design effect, a method outlined by several authors.273 274
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A revised sample size of 970 reports was required for each professional group (consultant
radiologists and reporting radiographers). A total of 2,213 chest X-ray reports were generated
in Part 1 (diagnostic accuracy) of the study; 1,055 consultant radiologist and 1,158 reporting
radiographer. Thus, an adequate sample for clinician review in Part 2 (diagnostic influence)
was produced.

67

3.3.4

Study participants – influence on diagnostic decision-making study

Inclusion criteria


Current medical staff, holding GMC registration and employed at the Trust

Exclusion criteria


Medical staff employed in a surgical post

All participants were invited to participate and were free to withdraw at any time via direct
approach at clinico-radiological team meetings and email of relevant medical teams at the
Trust. Participant information sheets, appropriate to the clinician taking part in the study were
provided to each participant (see Appendix 9). The chief investigator obtained signed informed
consent prior to participant enrolment (see Appendix 11). Each participant was assigned a
unique study identifier to ensure anonymity. A small honorarium was paid in
acknowledgement of the time and effort required to participate (chapter 3.1).
Participant clinicians' were recruited, using purposive sampling, from the Trust, the same
hospital from which the CXR cases were selected. All clinicians within the Trust were
approached to participate, and participants were selected according to order of response, until
the required number was met. Clinicians were recruited through staff email (Appendix 21) and
multidisciplinary team meetings.
For the purposes of this study, the consultant grade comprised of staff that held a substantive
consultant post within the hospital and specialist registration (general or emergency medicine)
with the General Medical Council (GMC).
Specialist registrars were qualified medical practitioners (GMC registered) on a registered
training programme, while junior medical staff were qualified medical practitioners (GMC
registered) who had not yet begun specialist training. A professor of medicine and consultant
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physician in respiratory medicine, employed by the Trust and who held specialist registration
(general and respiratory medicine) with the General Medical Council, was recruited to produce
the succinct case summary from the patient notes.
General demographic details were recorded for each participant. These consisted of:




3.3.5

Area of specialism
Experience (Consultant, Specialist Registrar, Junior)

Esta lishi g li i ia s diag oses

A professor of medicine and consultant respiratory physician produced a succinct summary for
cases used in Part 1. The summary was based on the clinical information available up until the
point that the chest X-ray used in Part 1 was requested. The consultant physician also
identified the final diagnosis for that patient from the medical records, which was based on all
available clinical, histological and radiological information.
Pre and post-CXR report proformas, based on work previously conducted,136 162-164 172 233 275-277
have been designed, and were piloted to ensure reliability and validity prior to
commencement of the study (Appendix 22 and 23). They contained patient demographics,
referral source and the case summary. Attempts were made to recruit eight clinicians for each
level of experience (consultant, registrar, junior medical staff), from a range of specialities. In
total 27 clinicians were recruited and consented to participate, with eight withdrawing prior to
data collection (30%) and one only completed the pre-chest X-ray data. Eighteen clinicians
were randomly assigned to independently review the case summaries.
The outcome measures, namely a change in diagnosis or diagnostic confidence, utilised in this
study have been derived from previously validated measures.162-164 233 277 Clinicians were asked
to select independently the most likely and the most serious diagnosis for each case. The most

69

likely diagnosis is self-e pla ato ; the

ost se ious diag osis as defi ed as the condition

that the clinician would not want to miss in this patient, even if it is very unlikely (p.21).233 The
list of diagnoses available for the most likely and most important are identical, and were
compiled based on an audit of most frequent discharge diagnoses in which a chest X-ray was
performed at the host li i al site. This

ethod of p u i g has ee de o st ated ot to

adversely bias results.146 163
A continuous measurement scale (0 -100; 0=very unlikely, 100=certain) was used to measure
the clinicians' confidence in their diagnostic decisions. Confidence was measured prior to and
in conjunction with a chest X-ray report.233 277 At least one clinician assessed each chest X-ray
report. Post-chest X-ray cases were only given to clinicians who had reviewed the initial case
summary. This occurred over a minimum of two sessions.

3.3.6

Data analysis – influence on diagnostic decision-making study

3.3.6.1 Data collation
Cases that produced a new post chest X-ray report diagnosis or an alteration in the confidence
of an existing decision were identified, for both most likely and most serious diagnoses. The
most likely post chest X-ray report diagnosis was compared to the final diagnosis for accuracy,
with confidence corrected according to the Tsushima method.277 Data were entered into a
spreadsheet prior to analysis (Appendix 24).

3.3.7

Statistical analysis – influence on diagnostic decision-making study

This study was conducted in a controlled setting, using images obtained for clinical reasons.
The decisions of the clinicians did not have any influence on patent care or outcomes. The
proportion of reporting radiographer chest X-ray reports that produced a positive influence on
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li i ia s diag osti de isio -making were compared to the proportion of consultant
radiologist reports. A pre-defined non-inferiority margin of 10% was utilised. Statistical analysis
was performed using SPSS (IBM, version 21). The null hypothesis rejected if the p value
p odu ed as less tha

.

. Bo fe o i s o e tio fo

ultiple o se e s as ot e ui ed,

as the lack of independence of data (clustering by reporting practitioner) had been accounted
for in the sample size calculations and randomisation of cases to reviewing clinician.

(i) Pre- and post-chest X-ray report diagnostic confidence (uncorrected)
A one way t-test was used to compare the clinician pre- and post-chest X-ray uncorrected
diagnostic confidence (continuous data) both prior to and in conjunction with a consultant
radiologist or reporting radiographer chest X-ray report. The pre-defined non-inferiority
margin of 10% of the average consultant radiologist diagnostic confidence was utilised.144 277
(ii) Pre- and post chest X-ray report diagnostic confidence (corrected)
The post chest X-ray clinician diagnosis was compared to the final diagnosis and corrected for
accuracy using the methods outlined by Tsushima and colleagues.277 A one-way t-test was used
to compare the clinician pre- and post-chest X-ray corrected diagnostic confidence (continuous
data) both prior to and in conjunction with a consultant radiologist or reporting radiographer
chest X-ray report. The pre-defined non-inferiority margin of 10% of the average consultant
radiologist diagnostic confidence was utilised.144 277
(iii) Reports producing a new diagnosis
Analysis of the proportion of reporting radiographer and consultant radiologist reports that
resulted in a new diagnosis (most likely or most serious) was conducted using a Chi-square
test.144 163 164 278
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(vii) Difference in proportion of new diagnoses between clinician of different experience
A Chi-squared test was used to examine if there was a difference in the proportion of reporting
radiographer and consultant radiologist reports which produced a change in diagnosis
between clinicians' of different experience (consultant, registrar, junior medical staff), using
standard hypothesis testing (Null hypothesis = no difference between clinician grade).144 163 172
278
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Chapter 4 – Results
4.0

Introduction of results

The study carried out consisted of two parts. Part 1 was an investigation that compared the
diagnostic accuracy of radiologist and radiographer chest X-ray reports. Part 2 compared the
influence of chest X-ray reports on the diagnostic decision-making of referring clinicians. The
results of the two investigations and the inter-relationship of the findings are reported in this
chapter.

4.0.1

Summary of the purpose of Part 1 of the study

An essential component of Part 1 of this study was the need to create a rigorous image bank of
chest X-rays with robust reference standard diagnoses. Section 4.1 details the construction of
the image bank and investigated the agreement between the reports of the expert chest
consultant radiologists to establish the reference standard diagnosis for cases included in the
image bank. The expert chest radiologist reports were independently compared by two
arbiters for agreement, to test the hypothesis that there was good agreement between these
experts.
Research Question: What is the level of agreement between the expert consultant
chest radiologists used to establish the reference standard diagnosis?
Alternative Hypothesis [superiority approach]: There will be good agreement between
the expert chest consultant radiologists when interpreting chest X-rays.
Null Hypothesis [superiority approach]: There will be poor agreement between the
expert chest consultant radiologists when interpreting chest X-rays.
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All chest X-rays included in the study were retrieved from a randomised, stratified sample from
clinical practice as described in Section 3.2.3. The clinical reports provided for each X-ray at the
time of the original examination, by either a consultant radiologist or a reporting radiographer,
were compared to the expert reports for agreement. The results of this are reported in Section
4.2.
Section 4.2 presents the results of the examination of the hypothesis that there would be
similar agreement between the original clinical reports and the expert chest radiologist
reports.
Research Question: What is the agreement of expert chest radiologists with chest Xray reports produced in clinical practice by consultant radiologists and reporting
radiographers?
Alternate Hypothesis [superiority approach]: That there will be comparable agreement
between expert chest radiologists and the chest X-ray reports produced in clinical
practice by consultant radiologists and reporting radiographers
Null Hypothesis [superiority approach]: That agreement between expert chest
radiologists will be greater for the chest X-ray reports produced in clinical practice by
the consultant radiologists when compared to the chest X-Ray reports of the reporting
radiographers

Section 4.3 reports the results of the primary purpose of Part 1 of this study which was to
compare the diagnostic accuracy of two groups, a cohort of reporting radiographers (RR) and a
cohort of consultant radiologists (CR) when interpreting the reference standard bank of adult
chest X-rays (n=106). As explained in Appendix 12.6 the non-inferiority approach was used.
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Research Question: Is the accuracy with which a group of consultant radiologists
interprets a bank of adult chest X-rays comparable to the accuracy of a group of
reporting radiographers?
Alternative Hypothesis [non-inferiority approach]: That there is no clinically significant
difference in the accuracy of adult chest X-ray interpretation between consultant
radiologists and reporting radiographers.
Null Hypothesis [non-inferiority approach]: That the accuracy of adult chest X-ray
interpretation of consultant radiologists will be significantly (both clinically and
statistically) superior when compared to the accuracy of reporting radiographers.

4.0.2

Summary of the purpose of Part 2 of the study

Section 4.4 reports the results of this examination in which the reporting radiographer and
consultant radiologist chest X-ray reports were compared for changes in diagnosis and
diagnostic confidence of referring clinicians. The non-inferiority approach was again used. The
reporting radiographer and consultant radiologist chest X-ray reports, produced in Part 1, were
compared for changes in diagnosis and diagnostic confidence of referring clinicians, using a
non-inferiority approach to examine the hypothesis that there was no clinically significant
difference.
Research Question: Is there a significant difference between the influence that
reporting radiographer and consultant radiologist chest X-ray reports have on
clinicians' diagnostic decision-making?
Alternative Hypothesis [non-inferiority approach]: That there is no clinically significant
difference in the influence that reporting radiographer chest X-ray reports have on
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clinicians' diagnostic decision-making when compared to consultant radiologist
reports.
Null Hypothesis [non-inferiority approach]: That o sulta t adiologist s hest X-ray
reports will have a clinically important difference on clinicians' diagnostic decisionaki g he

o pa ed to epo ti g adiog aphe s hest X-ray reports.

Results of Part 1 of the study

4.1

Expert radiologist agreement in construction of a robust image test bank

A random stratified sample of adult chest X-rays, previously performed for clinical reasons at a
single London acute district general hospital over a consecutive twelve month period, were
interpreted independently by two consultant radiologists with subspecialist interest in thoracic
imaging (consultant chest radiologists; CC1/CC2). A total of 193 cases were included as
described in Chapter 3 (Section 3.2.2 I lusio

ite ia . Each expert radiologist interpreted

187 (97%; CC1) and 186 (96%; CC2) examinations respectively. The small number of cases not
interpreted by each expert (CC1 6 cases; CC2 7 cases) occurred due to expert oversight. There
was no pattern to the cases only interpreted by a single expert. Thirty-two cases (32/193, 17%)
were selected from radiology discrepancy meetings previously held at the study site. Steps
were taken to ensure the image bank replicated the typical case mix likely to be found in
clinical practice as closely as possible, using local diagnosis audit to compare with population
data available for England (see Chapter 3.2.3).
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4.1.1

Referral sources for cases included in the study

The referral sources for the cases included in the study are shown below in Fig 4.1. As can be
seen, the majority were from referrals from the emergency department, with inpatients and
outpatient clinic patie ts together accounting for just under half of the cases.

36, (19%)

98, (51%)
59, (30%)

Emergency
Department

Inpatient

Outpatient

Figure 4.1 Source of referral associated with the cases.

Table 4.1 shows the prior and follow-up imaging relative to the cases that were used to
develop the reference standard image bank. For this study, expert radiologists had access to all
imaging available including chest X-rays and cross-sectional imaging (Chapter 3.2.7.1). For most
cases, there was previous or follow-up imaging, with some having both. A small number of
cases (n=32; 17%) had no other imaging either before or after the chest X-ray included in the
bank.
Number of Cases
Previous CXR

38 (20%)

Follow Up CXR

34 (18%)

Both Previous and Follow Up CXR

89 (46%)

Neither Previous nor Follow Up CXR

32 (17%)

Table 4.1 Proportion of cases with previous and/or follow up imaging
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Normal – Abnormal agreement of Expert Radiologists

4.1.2

Of the original cases drawn from clinical practice and teaching files, 180 were interpreted by
both expert chest radiologists. As outlined in Chapter 3.2.7.1, expert radiologists were required
to make a normal:abnormal decision for all cases. Their agreement figures for the
dichotomous normal abnormal decisions are presented in Table 4.2.
Agree Normal
(CC1-CC2)

Agree Abnormal
(CC1-CC2)

Total Cases

Kappa (95% CI)

ED

28 (30%)

35 (38%)

92

0.42 (0.28 – 0.57)*

IP

9 (17%)

32 (62%)

52

0.49 (0.25 – 0.73)*

OP

15 (42%)

12 (33%)

36

0.52 (0.26 – 0.63)**

52 (29%)

79 (44%)

180

0.48 (0.36 – 0.59)*

Referral Source

OVERALL

Table 4.2 Normal-Abnormal agreement between expert radiologists for chest X-rays from
different referral sources
ED = Emergency Department, IP = Inpatient, OP = Outpatient *p<0.0001; **p=0.001

The expert radiologists (CC1 and CC2) agreed on 52 (on 180; 29%) normal and 79 (of 180; 44%)
abnormal X-rays, with moderate agreement. The source of referral of the chest X-rays did not
appear to influence results.

4.1.3

Influence of additional imaging availability on agreement between expert
radiologists

As described in Chapter 3.2.7 previous and or follow-up imaging was available to the expert
chest radiologists. This did not appear to influence their moderate agreement, as shown in
Table 4.3.

78

Agree Normal
(CC1-CC2)

Agree Abnormal
(CC1-CC2)

Total Cases

Kappa (95% CI)

With Previous Imaging

11 (6%)

16 (9%)

34 (19%)

0.60 (0.35 – 0.85)*

With Follow Up
Imaging
Both Previous
and Follow Up

9 (5%)

14 (8%)

31 (17%)

0.50 (0.24 – 0.77)**

15 (8%)

45 (25%)

83 (46%)

0.41(0.23 – 0.58)*

Neither

17 (9%)

4 (2%)

32 (18%)

0.25 (0 – 0.53)***

OVERALL

52 (29%)

79 (44%)

180

0.48 (0.36 – 0.59)*

Table 4.3 Normal-Abnormal agreement between expert radiologists for chest X-rays with
previous and follow up imaging
*=p<0.0001; **=p=0.001; ***p=0.075

4.1.4

Influence of diagnosis on normal-abnormal agreement between expert
radiologists

The experts were required to assign a disease category for each abnormal case: infection,
cardia /pul o a

oede a,

alig a

a d othe as detailed in Chapter 3.2.7. The

agreement between expert radiologists when assigning the disease category are presented in
Table 4.4.

Expert 2 (CC2) Diagnosis
Normal

Infection

Cardiac

Malignant

Other

Expert 1 (CC1)

Normal

52

1

1

0

0

Diagnosis

Infection

23

14

8

5

2

Cardiac

12

0

22

0

1

Malignant

1

0

1

7

0

Other

11

2

0

1

16

111
(of 180)
Table 4.4 Normal-abnormal agreement between expert radiologists for assigned disease
category
Total Agreement

52

14

22

7

16

79

As may be shown in Table 4.4 there was agreement on disease category assignment in 111 (of
180; 62%) of the 180 cases and disagreement in 69 (of 180; 38%). Of the cases which produced
disagreement in disease category between the experts, the largest source of discrepancy
between the expert radiologists were cases interpreted as normal by expert 2 yet abnormal by
expert 1 (47 cases, 26%). Infection was also a source of discrepancy between the experts; 8
cases (4%) compatible with infection by expert 1 were diagnosed as cardiac disease by expert 2
and 5 cases (3%) where expert 1 diagnosed infection but malignant by expert 2.
In addition to categorising each case as normal or abnormal, and assigning a disease category,
the expert chest radiologists were required to identify and localise each abnormality for
abnormal cases. Cases were deemed to be in complete concordance only when two
independent arbiters agreed that all abnormalities were identified and localised by both expert
chest radiologists (Chapter 3.2.7.2). This detailed information regarding the locality of each
abnormality on included abnormal cases also facilitated alternate free response data collection
for the diagnostic accuracy study.

4.1.5

Agreement between arbiters when assessing expert chest radiologist reports
for agreement of all findings (complete report concordance)

The agreement of each arbiter for cases rated normal or abnormal by each expert was
determined. As detailed in Chapter 3.2.7, cases that were interpreted by the expert chest
radiologists as normal did not require them to provide further information. Both arbiters
agreed that the abnormalities described by expert 1 in three instances were included on the
list of insignificant findings according to study protocol (Chapter 3.2.7), and thus should have
been considered normal (calcified granuloma, thoracic scoliosis, previous surgery). A single
case rated as normal by expert 1 (upper lobe fibrosis from previous tuberculosis) was to be
considered abnormal for the purposes of this study. The normal-abnormal decisions of expert
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1 for these for cases were corrected according to the study protocol and included in the image
bank. Agreement between the arbiters when assessing the expert radiologist reports for
concordance is presented in Table 4.5.

Arbiter 2

Total

Disagree

Agree

Disagree

55 (31%)

6 (3%)

61

Agree

13 (7%)

106 (59%)

119

68

112

180

Arbiter 1
Total

Table 4.5 Agreement between arbiters when assessing expert radiologist report concordance

In 59% (106 of 180) of cases both arbiters deemed both expert reports to be in complete
concordance. Both arbiters found discordant reports in 31% (55 of 180) of cases. There was
disagreement between arbiters in 19 cases (10%). Substantial agreement was found between
the a ite s, Kappa statisti Ƙ = .
the chest X- a Chi “ ua e χ= .
p e ious χ=

.

, p= .

%CI .
, p= .

; follo up χ= .

– 0.87; p<0.0001). The source of referral of

a d the a aila ilit of additio al i agi g
, p= .

did not appear to influence

agreement.

4.2

Agreement between the expert chest consultant radiologist reports and the
reports provided by reporting radiographers and consultant radiologists in
clinical practice

The chest X-rays included in the study were taken from a retrospective series performed for
clinical reasons as part of patient management and as such, had clinical reports provided at the
time of examination. In the department where case selection occurred, there were both
consultant radiologists and reporting radiographers providing clinical reports for adult chest X-
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rays. The findings of the expert chest consultant radiologists were compared to the clinical
reports by two independent arbiters, blinded to reporting source (Chapter 3.2.7).

4.2.1

Normal – Abnormal agreement between the expert radiologists and clinical
reports

Of the original 193 cases drawn from clinical (n=161, 78%) and discrepancy meeting files (n=32,
17%), 180 were reported by both CC1 & CC2. The 12 cases not reported by both expert chest
radiologists were excluded from further analysis. Of the 180 reports included, 52% (93 of 180)
were produced by consultant radiologists and 48% (87 of 180) by reporting radiographers. For
the dichotomous normal/abnormal decision, the agreement figures between expert
radiologists and the clinical reports of consultant radiologists and reporting radiographers are
presented in Table 4.6. Agreement was categorised according to Landis and Koch.261

Agree Normal

Agree Abnormal

(Expert-Clinical)

(Expert-Clinical)

Total
Cases

Kappa (95% CI)

Expert CC1

25

45

87

0.59 (0.42 – 0.76)*

Expert CC2

35

35

87

0.62 (0.43 – 0.78)*

Expert CC1

23

53

93

0.60 (0.44 – 0.77)*

Expert CC2

35

40

93

0.62 (0.46 – 0.77)*

Expert CC1

48

98

180

0.60 (0.48 – 0.72)*

Expert CC2

70

75

180

0.62 (0.51 – 0.73)*

Reporting Radiographer

Consultant Radiologist

OVERALL

Table 4.6 Normal-abnormal agreement between expert radiologists and the clinical report
*=p<0.0001
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Agreement for clinical reports (Table 4.6) is as follows; each expert radiologist agreed on 48 (of
180, 27%; CC1) and 70 (of 180, 39%; CC2) normal clinical reports; and 98 (54%; CC1) and 75
(42%; CC2) abnormal clinical reports, with moderate to substantial agreement.261 The reporting
practitioner (consultant radiologist/reporting radiographer) providing the clinical report did
not appear to influence results. All agreement rates were categorised as substantial Ƙ> . .

4.2.2

Influence of additional imaging availability on agreement between expert
radiologists and the clinical report

As the X-rays were selected from a retrospective series, some patients had previous or follow
up imaging, which was made available to the expert radiologists. A summary of the included
cases are presented in Table 4.7.
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Agree Normal
(Expert-Clinical)

Agree Abnormal
(Expert-Clinical)

Total
Cases

Kappa (95% CI)

p value

Expert CC1

9

6

21

0.46 (0.15 – 0.78)

0.012*

Expert CC2

13

6

21

0.79 (0.51 – 1)

<0.0001*

Expert CC1

3

10

14

0.81 (0.45 – 1)

0.001*

Expert CC2

4

8

14

0.70 (0.32 – 1)

0.006*

Expert CC1

2

9

12

0.75 (0.29 – 1)

0.007*

Expert CC2

2

7

12

0.44 (0 – 0.9)

0.067

Expert CC1

4

7

18

0.23 (0 – 0.64)

0.196

Expert CC2

8

5

18

0.43 (0 – 0.86)

0.066

Expert CC1

7

27

40

0.60 (0.31 – 0.89)

<0.0001*

Expert CC2

9

21

40

0.47 (0.21 – 0.73)

0.001*

Expert CC1

5

31

43

0.50 (0.18 – 0.81)

<0.0001*

Expert CC2

11

24

43

0.61 (0.37 – 0.84)

<0.0001*

Expert CC1

7

3

14

0.43 (0 – 0.83)

0.051

Expert CC2

11

1

14

0.44 (0 – 1)

0.047*

Expert CC1

11

5

18

0.75 (0.44 – 1)

0.001*

Expert CC2

12

3

18

0.56 (0.11 – 1)

0.017*

With Previous Imaging
Reporting Radiographer

Consultant Radiologist

With Follow Up Imaging
Reporting Radiographer

Consultant Radiologist

Both Previous and Follow
Up Imaging
Reporting Radiographer

Consultant Radiologist

Neither
Reporting Radiographer

Consultant Radiologist

Table 4.7 Influence of additional imaging on normal-abnormal agreement between expert
radiologists and the clinical report
*=statistically significant result (p<0.05)

Using the criteria of Landis and Koch 261 outlined in Chapter 3.2.10.1, moderate or substantial
agreement between expert radiologists and the clinical reports was again found. The
exceptions were expert 1-consultant radiologist reports with previous imaging (almost perfect
Kappa 0.81) and expert 1-consultant radiologist reports with only follow up imaging (poor,
Kappa 0.23). Access to additional imaging did not appear to influence results. There did not
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appear to be a difference in expert agreement according to whether the report was from a
reporting radiographer or a consultant radiologist (Table 4.7).

4.2.3

Complete report concordance between the expert chest radiologists and the
clinical reports

Two independent arbiters compared the clinical report to the report of each expert radiologist
for concordance. Using the same methodology (see Chapter 3.2.7 and Chapter 4 Section 4.1.5),
for the purpose of this study, reports were defined as being in concordance only when both
independent arbiters agreed that all abnormalities were identified and localised by both the
expert chest radiologists and the clinical reports. Complete concordance was determined
between expert radiologists (CC1 and CC2) and between each expert and the clinical reports
provided by consultant radiologists and reporting radiographers. The results are presented in
Table 4.8.
Disagree

Agree

Total Cases

Expert CC1

38 (44%)

49 (56%)

87

Expert CC2

32 (37%)

55 (63%)

87

39 (42%)

54 (58%)

93

Reporting Radiographer

Consultant Radiologist
Expert CC1

Expert CC2
35 (38%)
58 (62%)
93
Table 4.8 Expert chest radiologist report concordance with the clinical report
Report concordance between each expert radiologist and the clinical report (provided by the
consultant radiologists or reporting radiographers) were comparable, with no statistically
significant difference found et ee the p opo tio s CC Chi s ua e χ= .
χ= .

, p= .

, p= .

; CC

.
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Concordance between the expert radiologists and the clinical reports was stratified by interexpert agreement, to account for variability between the expert radiologists. The results are
presented in Table 4.9.
Inter-Expert (CC1-CC2)
Disagree

Agree

Total Cases

Expert CC1

28 (32%)

42 (48%)

87

Expert CC2

21 (24%)

41 (47%)

87

27 (29%)

39 (42%)

93

Reporting Radiographer

Consultant Radiologist
Expert CC1

Expert CC2
25 (27%)
41 (44%)
93
Table 4.9 Complete report concordance between expert radiologists and the clinical report

The reports of expert radiologist CC1 were in concordance with both the other expert
radiologist (CC2) and the clinical report for 39 (of 93, 42%) consultant radiologist and 42 (of 87,
48%) reporting radiographer reports. A similar proportion of expert radiologist CC2 reports
produced concordance between the expert radiologists and the consultant radiologist (41 of
93, 44%) and reporting radiographer (41 of 87, 47%) clinical reports. When variability between
expert radiologists was accounted for, there did not appear to be a significant difference in
report concordance between consultant radiologist (McNemar, p=0.701) and reporting
radiographer (McNemar, p=0.629) clinical reports.
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4.3

Diagnostic accuracy of a cohort of consultant radiologists and reporting
radiographers when interpreting a bank of adult chest X-rays

The primary analysis used in this study to determine the diagnostic accuracy of consultant
radiologist and reporting radiographer chest X-ray reporting was weighted jack-knife alternate
free response receiver operator characteristic curves (JAFROC). This method most closely
replicates clinical practice; it allows for multiple abnormalities on a single case (satisfaction of
search error), incorporates location information for each abnormality (right for wrong reason
paradox), assigns greater weight to the most clinically significant abnormalities on the image
and measures the confiden e of the o se e s de isio s fo ea h a

o

alit u e tai t .64

The summary measure of diagnostic accuracy compared to the reference standard diagnosis
for free response studies is the figure of merit (FoM). A figure of merit was calculated for
individual participants and for the average performance of the cohort of consultant
radiologists and the cohort of reporting radiographers. Practitioner sensitivity was calculated
at an abnormality level (number of abnormalities correctly identified) and specificity by the
number of normal cases correctly identified.279
Both the Royal College of Radiologists and College of Radiographers are unwavering in their
stance that any radiographer who undertakes image interpretation must perform at a level
comparable to a consultant radiologist.44 In recognition of this, and for this study, a noninferiority approach was used, that is the study was designed to investigate if the reporting
radiographers accuracy was no worse than the consultant radiologists (see Appendix 12.6).
Utilising the non-inferiority approach, the null hypothesis that the FoM for the consultant
radiologists exceeded the pre-defined clinical significance level (10% of average consultant
radiologist) would be rejected if the p value was less than 0.05 using a one-tailed test, in line
with CONSORT recommendations.238
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4.3.1

Characteristics of the image bank

The image bank contained 106 cases, with an equal proportion of normal and abnormal cases
(53 each). The number of lesions included in the 53 abnormal cases ranged from one to six,
with an average of 2.28 lesions. A total of 121 lesions were included in the study.
A total of 21 reporting practitioners, ten consultant radiologists and eleven reporting
radiographers, consented to participate in the study and completed the image bank. A total of
2,226 chest X-ray reports were expected to be generated. A small number of cases (total n=13)
were not reported by some reporting practitioners, five (<1%) radiologists and eight (<1%)
radiographers. There was no pattern to those missed, and the missed cases were attributed to
participant oversight. A total of 2,213 reports were available for analysis; 1,055 (48%) by
consultant radiologist and 1,158 (52%) by reporting radiographer.

4.3.2

Reporting practitioner sensitivity and specificity

A true positive (TP) was recorded if the reporting practitioner correctly identified and localised
an abnormality according to the reference standard diagnosis and acceptance radius
(Appendix 12.4.1.2). Any other abnormality identified was recorded as a false positive (FP). A
true negative (TN) was recorded if the practitioner correctly identified a normal case as
normal. The true positive and true negative results for the consultant radiologists and
reporting radiographers is presented in Table 4.10.
True Positives (abnormalities)
Reporting Practitioner

Consultant Radiologist

True Negatives (cases)

Abnormalities
(total)

Abnormalities
(average)

Cases
(total)

Cases
(Average)

839
(total 1204)

83.9

428
(total 529)

42.8

1028
491
93.5
44.6
(total 1317)
(total 577)
Table 4.10 Consultant radiologist and reporting radiographer true positives and true negatives
Reporting Radiographer
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Accounting for the small number of cases that were not interpreted by some practitioners, the
consultant radiologists correctly identified 839 of 1,204 abnormalities and 428 of 529 normal
cases. The reporting radiographers correctly identified 1,028 of 1,317 abnormalities and 491 of
577 normal cases.
Sensitivity was calculated at an abnormality/lesion level (proportion of abnormalities correctly
identified). Specificity was calculated at a case level (correctly identifying a normal case as
normal). The overall sensitivity and specificity of the consultant radiologists and reporting
radiographers are presented in Figure 4.2.

100.0
90.0
80.0
70.0

78.1

85.2

80.9

69.7

60.0
50.0

40.0
30.0
20.0
10.0
0.0
Consultant Radiologists

Reporting Radiographers

Sensitivity

Consultant Radiologists

Reporting Radiographers

Specificity

Figure 4.2 Sensitivity and specificity of consultant radiologists and reporting radiographers
(with 95% CIs)

The consultant radiologists interpreted the image bank with 69.7% sensitivity (95%CI 55.1 84–2; range 54.6 – 81) and 80.9% specificity (95%CI 69.1 – 92.7; range 69.8 – 86.8). Reporting
radiographer sensitivity (78.1% 95%CI 67 – 89.2; range 67.3 – 86) and specificity (85.2 95%CI
71.5 – 99; range 73.6 – 90.6) was broadly comparable.
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4.3.3

Jack-knife alternate free response receiver operator characteristic curve
(JAFROC) analysis

Alternate free response ROC studies require participants to locate abnormalities on the images
and to assign a relative confidence score to each abnormality, accurately reflecting diagnostic
decisions made in clinical practice (Appendix 12.4.1.2). Analysis of the data was performed
using the jack-knife method and following best practice guidance.241 246 249 Pseudovalues were
calculated using JAFROC software (Chakraborty, version 4.2, August 2014)257 and analysed
using SPSS (IBM, version 21).
Unweighted JAFROC analysis assigns equal weight to each abnormality on an abnormal image.
Weighted JAFROC analysis recognises that abnormalities on the images potentially have
different clinical significance. For example, in a case which contains a malignant lung nodule
and the patient being investigated has chronic obstructive pulmonary disease, detection of the
malignant pathology will have a greater impact on patient management. In weighted analysis,
the malignant lesions would be assigned a higher weighting.
All abnormal cases included in the study were reviewed by a professor of respiratory medicine
and a consultant chest radiologist with a comprehensive case note summary and all imaging
(previous and follow up) available. Weights were assigned to each lesion when multiple
abnormalities were contained on a single case according to impact on patient management,
based on a consensus decision between the professor of medicine and an expert chest
radiologist (see Chapter 3.3.2 and Appendix 17). For example, Case 1 in the current study
demonstrated cardiomegaly (relative weight assigned 0.98) and avascular necrosis of the spine
(relative weight assigned 0.02) in a patient with dropping oxygen saturation and known sickle
cell anaemia. Case 4 contained three calcified pleural plaques (relative weight assigned all
0.33) from previous asbestosis exposure in a patient with chest pain; and Case 39
demonstrated a left upper zone nodule (relative weight assigned 0.65) and a large left pleural
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effusion (relative weight assigned 0.35) in a patient who was later confirmed to have lung
cancer.
The JAFROC performance, in terms of FoM values, of the consultant radiologists and reporting
radiographers are presented in Table 4.11, Figures 4.3 and 4.4. The diagnostic accuracy of the
cohort of reporting radiographers was non-inferior to that of the consultant radiologists for
both unweighted JAFROC (t=11.826, p<0.0001) and weighted JAFROC (t=12.654, p<0.0001)
analyses.

Figure of Merit (95% CI)
Number of Cases

Reporting Practitioner

Unweighted

Weighted

Consultant Radiologist

1055

0.788 (0.766 – 0.811)

0.786 (0.764 – 0.808)

Reporting Radiographer

1158

0.828 (0.808 – 0.847)

0.830 (0.811 – 0.849)

0.9

0.95

0.85

0.8

0.7

0.75

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

0

Lesion Localisation Fraction (LLF)

Table 4.11 Diagnostic Accuracy Figure of Merit Values of Consultant Radiologists and
Reporting Radiographers

Non-Lesion Localisation Fraction (NLF)
RR

CR

Figure 4.3 Unweighted JAFROC curves for consultant radiologists and reporting radiographers
CR = consultant radiologist; RR = reporting radiographer
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0.9

0.95

0.85

0.8

0.7

0.75

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Lesion Localisation Fraction (LLF)

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Non-Lesion Localisation Fraction (NLF)
RR

CR

Figure 4.4 Weighted JAFROC curves for consultant radiologists and reporting radiographers
CR = consultant radiologist; RR = reporting radiographer

4.3.4

Influence of practitioner experience and volume of cases interpreted annually
on performance

P a titio e s e pe ie e82 228 and the number of cases reported annually75 could influence
diagnostic accuracy when interpreting chest X-rays. Participant demographics are presented in
Table 4.12, with data from one practitioner missing.

Consultant Radiologists

Reporting Radiographers

Volume
Experience < 5,000

5,001 –
9,999

Volume
≥

,

< 5,000

5,001 –
9,999

≥
10,000

0 – 5 years

2

^

^

1

4

1

6 – 9 years

4

^

^

1

2

1

≥
ea s
2
2
^
^
^
^
Table 4.12 Participant experience and volume of chest X-rays reported annually
^ = no participant (Data from one reporting radiographer missing)

92

The diagnostic accuracy of the consultant radiologists and reporting radiographers, stratified
by practitioner experience, are presented in Table 4.13.

Weighted JAFROC Figure of Merit (95% CI)
Cons Rad

Rep Rad

Overall

Experience (years)

*

0–5

0.809 (0.750 – 0.881)

0.827 (0.777 – 0.877)

0.823 (0.781 – 0.864)

6–9

0.760 (0.710 – 0.811)

0.830 (0.777 – 0.883)

0.813 (0.771 – 0.855)

≥
0.800 (0.750 – 0.850)
^
0.800 (0.750 – 0.850)
Table 4.13 Diagnostic accuracy of practitioners according to experience
Cons Rad = Consultant Radiologist, Rep Rad = Reporting Radiographer;
^ = no participant, *p=0.883

The experience of the reporting practitioners did not appear to influence diagnostic accuracy
(F=0.125, p=0.883) when interpreting chest X-rays for either consultant radiologists or
reporting radiographers.
The diagnostic accuracy of the consultant radiologists and reporting radiographers, stratified
by the number of chest X-rays interpreted annually, are presented in Table 4.14. The number
of chest X-rays interpreted annually by each practitioner did not appear to influence diagnostic
accuracy (F=0.444, p=0.653) when interpreting chest X-rays.

Weighted JAFROC Figure of Merit (95% CI)
Cons Rad

Rep Rad

Annual Volume

Overall
*

< 5,000

0.785 (0.748 – 0.823)

0.832 (0.760 – 0.903)

0.804 (0.768 – 0.840)

5,001 – 9,999

0.813 (0.742 – 0.884)

0.842 (0.798 – 0.885)

0.832 (0.794 – 0.870)

≥ ,
^
0.813 (0.742 – 0.884)
0.813 (0.742 – 0.884)
Table 4.14 Diagnostic accuracy of practitioners according to volume of chest X-rays interpreted
Cons Rad = Consultant Radiologist, Rep Rad = Reporting Radiographer;
^ = no participant, *p=0.653
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The diagnostic accuracy of consultant radiologists and reporting radiographers, stratified by
both experience and number of chest X-rays interpreted annually, is presented in Table 4.15.

Consultant Radiologists

Reporting Radiographers

Volume
Experience

<
5,000

5,001 –
9,999

0 – 5 years

0.809

6 – 9 years

0.760

Volume
≥

,

< 5,000

5,001 –
9,999

≥

,

^

^

0.839

0.839

0.803

^

^

0.824

0.844

0.822

≥
ea s 0.787
0.813
^
^
^
^
Table 4.15 Diagnostic accuracy of practitioners according to experience and volume of chest
X-rays interpreted
Cons Rad = Consultant Radiologist, Rep Rad = Reporting Radiographer; ^ = no participant

There was no apparent difference in diagnostic accuracy between the consultant radiologists
and reporting radiographers for different current annual workload and experience. The small
number of participants in each subset prevent further statistical analysis. This prevents firm
conclusions from being drawn.
Radiographer reporting of chest X-rays is a relatively new practice, with the first programme of
postgraduate education accredited in 2002. It may be that the current volume of cases
reported each year by the radiographers balanced the experience of the consultant
radiologists when interpreting chest X-rays. It is difficult to draw firm conclusions due to the
small number of practitioners in each subcategory.
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4.3.5

Diagnostic accuracy of individual practitioners – JAFROC

Figure of merit values for each individual practitioner for both unweighted and weighted
JAFROC were calculated and are presented in Table 4.16. The individual reporting practitioners
were ranked by performance by the primary outcome measure (weighted JAFROC).

Rank

Reporting
Practitioner

Weighted

Unweighted

1

Rep Rad

0.905

0.902

2

Rep Rad

0.860

0.838

3

Rep Rad

0.848

0.867

4

Cons Rad

0.842

0.846

5

Rep Rad

0.839

0.819

6

Rep Rad

0.829

0.840*

7

Cons Rad

0.827

0.832*

8

Cons Rad

0.827

0.817

9

Rep Rad

0.824

0.817

10

Rep Rad

0.822

0.817

11

Rep Rad

0.819

0.807

12

Cons Rad

0.805

0.819*

13

Rep Rad

0.803

0.805*

14

Rep Rad

0.799

0.801*

15

Cons Rad

0.792

0.789

16

Cons Rad

0.784

0.791*

17

Rep Rad

0.783

0.789*

18

Cons Rad

0.783

0.793*

19

Cons Rad

0.769

0.778*

20

Cons Rad

0.716

0.704

21
Cons Rad
0.715
0.713
Table 4.16 Diagnostic accuracy of individual reporting practitioners
Rep Rad = Reporting Radiographer, Cons Rad = Consultant Radiologist,
* = unweighted higher than weighted (9 practitioners, 5 Cons Rad, 4 Rep Rad)

Individual diagnostic accuracy ranged from 0.715 – 0.905 for weighted JAFROC and 0.713 –
0.902 for unweighted JAFROC. Of the top five practitioners with the highest diagnostic
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accuracy for both weighted and unweighted JAFROC, four were reporting radiographers. Four
of the practitioners with the lowest diagnostic accuracy were consultant radiologists.
The diagnostic accuracy, in terms of FoM, was higher for most practitioners for weighted
compared to unweighted JAFROC. This suggests that in general, both reporting radiographers
and consultant radiologists had a tendency to identify the most clinically relevant abnormality
on abnormal images and when misses occurred, these tended to be the less relevant
abnormalities. For example, all participants correctly identified a case of confirmed lung cancer
but several missed the small pleural effusion (Case 101; all identified the primary malignant
lesion, but only 55% of radiographers (n=6) and 50% radiologists (n=5) identified the small
pleural effusion).

4.3.6

Inferred receiver operator characteristic curve (ROC) analyses to facilitate
comparison with data from other sources

Traditional receiver operator characteristic (ROC) methodology utilises a binary decision
whereby the observer rates the case as either normal or abnormal without localisation
information. For many years, this was the standard methodology for assessing diagnostic
accuracy, but this methodology has several important limitations as was discussed in Appendix
12.4.1.1.
Although the free response methodology paradigm, of which JAFROC is the most established
and modern derivation, has been used in diagnostic accuracy studies since 2005, some authors
continue to use ROC. So to facilitate comparison with the existing evidence base examining
chest X-ray interpretation, inferred ROC was calculated using JAFROC 4.2.257 For inferred ROC,
the highest-ranking lesion on abnormal cases is taken as the inferred ROC and standard area
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under the curve (AUC) values are calculated. For this study, these are presented in Table 4.17
and Figure 4.5.

Reporting Practitioner

Area Under the Curve (AUC)
(95% confidence intervals)

Consultant Radiologists

0.903 (0.882 – 0.924)

Reporting Radiographers

0.909 (0.887 – 0.931)

Table 4.17 Diagnostic Accuracy of consultant radiologists and reporting radiographers –
Inferred ROC

1
0.9

True positive rate

0.8
0.7
0.6
RR

0.5

CR

0.4
0.3
0.2
0.1
0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95

False positive rate

Figure 4.5 Inferred receiver operator characteristic curves for consultant radiologists and
reporting radiographers
CR = consultant radiologist; RR = reporting radiographer
The diagnostic accuracy of the cohort of reporting radiographers (AUC 0.909; 95%CI 0.887 –
0.924) was non-inferior to that of the consultant radiologists (0.903; 95%CI 0.887 – 0.931)
(t=9.610, p<0.0001).
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4.3.7

Diagnostic accuracy of individual practitioners – inferred ROC

Individual diagnostic accuracy for inferred ROC was calculated and area under the curve results
are ranked and presented in Table 4.18.

Rank

Reporting
Practitioner

Inferred ROC
(AUC)

1

Rep Rad

0.972

2

Rep Rad

0.960

3

Cons Rad

0.936

4

Cons Rad

0.935

5

Cons Rad

0.932

6

Cons Rad

0.919

7

Rep Rad

0.914

8

Rep Rad

0.914

9

Rep Rad

0.908

10

Cons Rad

0.908

11

Rep Rad

0.905

12

Cons Rad

0.906

13

Rep Rad

0.901

14

Rep Rad

0.898

15

Cons Rad

0.897

16

Rep Rad

0.894

17

Rep Rad

0.881

18

Cons Rad

0.873

19

Cons Rad

0.869

20

Cons Rad

0.857

21

Rep Rad

0.853

Table 4.18 Inferred ROC diagnostic accuracy for individual practitioners
Rep Rad = Reporting Radiographer, Cons Rad = Consultant Radiologist
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Individual diagnostic accuracy ranged from 0.853 – 0.972 for inferred ROC. Of the top five
practitioners with the highest diagnostic accuracy for inferred ROC, three were consultant
radiologists. Three of the practitioners from the lowest ranking five were consultant
radiologists, although the lowest ranked reporting practitioner was a reporting radiographer.

4.3.8

Comparison between JAFROC and inferred ROC analysis

Comparison was made between the diagnostic accuracy of practitioners for the two main
analysis methods used in this study; weighted JAFROC and inferred ROC (Appendix 12.4.1.2
and Chapter 4.3.5). The relative performance of the reporting radiographers and consultant
radiologists are presented in Table 4.19.
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Rank

Weighted JAFROC
(Practitioner ID)

Practitioner
Group

Inferred ROC
(Practitioner ID)

Practitioner
Group

1

2

Rep Rad

2

Rep Rad

2

24

Rep Rad

6

Rep Rad

3

6

Rep Rad

23

Cons Rad

4

21

Cons Rad

21

Cons Rad

5

3

Rep Rad

10

Cons Rad

6

16

Rep Rad

9

Cons Rad

7

10

Cons Rad

24

Rep Rad

8

7

Cons Rad

16

Rep Rad

9

4

Rep Rad

12

Rep Rad

10

1

Rep Rad

19

Cons Rad

11

17

Rep Rad

1

Rep Rad

12

19

Cons Rad

7

Cons Rad

13

8

Rep Rad

17

Rep Rad

14

22

Rep Rad

3

Rep Rad

15

18

Cons Rad

13

Cons Rad

16

23

Cons Rad

4

Rep Rad

17

12

Rep Rad

22

Rep Rad

18

13

Cons Rad

20

Cons Rad

19

9

Cons Rad

5

Cons Rad

20

5

Cons Rad

18

Cons Rad

21

20

Cons Rad

8

Rep Rad

Table 4.19 Individual practitioner diagnostic accuracy for weighted JAFROC and inferred ROC
Rep Rad = Reporting Radiographer, Cons Rad = Consultant Radiologist

The majority of practitioners had similar performance regardless of the methodology used to
determine diagnostic accuracy. Participant 2 (reporting radiographer) had the highest
diagnostic accuracy in both analyses. There are however some variations; for example
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Participant 8 (reporting radiographer) was ranked 13th when JAFROC was used (FoM = 0.803)
but ranked bottom using the inferred ROC (AUC = 0.853).

4.3.9

Abnormality detection by pathology

To demonstrate whether performance between consultant radiologists and reporting
radiographers were comparable for different pathologies, analysis of abnormality detection
was performed and stratified by pathology.

4.3.9.1

True positive abnormalities

Abnormalities correctly identified by each reporting practitioner were determined and
grouped by pathological category and practitioner group. A summary of the pathologies
correctly identified by both consultant radiologists and reporting radiographers is shown in
Table 4.20.
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Number of
Occasions

True Positive
Pathology

Observer

Feature

Cardiac

RR

CR

Cardiomegaly

31

26

Pericardial Effusion

21

30

Pulmonary Oedema

69

52

Left

58

39

Right

62

40

Unilateral

105

95

Bilateral

38

25

Pneumothorax

10

8

Plaque

32

27

Unilateral

4

3

Bilateral

2

0

Unilateral

3

2

Bilateral

1

0

13

17

Left Lung

80

68

Right Lung

117

97

25

20

Left Lung

11

9

Left

22

20

Right

27

24

Bilat Lower Zones

9

7

All 3 Lesions

0

2

1 or 2 Lesions

7

5

40

30

Left

45

35

Right

30

25

Interstitial
Oedema

Effusion
Pleural

Vascular
Mediastinal

Hilum
Lymphadenopathy
Paratracheal

Infection

Consolidation
Atelectasis

Whiteout
Nodule
Malignant
Metastases
Myeloma

Airways
Disease

Skeletal

Lines &
Tubes

Chronic Obstructive Pulmonary Disease
Fibrosis

Fracture or Dislocation

12

7

Avascular Necrosis

1

1

nasogastric tube mis-sited

22

19

Table 4.20 Nature of the true positive lesions identified by each practitioner group.
RR = Reporting Radiographer, CR = Consultant Radiologist.
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In addition to overall measures of performance, such as figures of merit (JAFROC) and area
under the curve (ROC) it is important to ensure that pathologies with significant impact on
patient outcome (for example malignancy, pneumothorax) are recognised. The consultant
radiologists and reporting radiographers were broadly comparable for abnormalities correctly
identified, with no overall trend seen.
Sub analysis of the malignant cases included in the image bank revealed similar performance
between consultant radiologists and reporting radiographers. Three radiologists (of ten)
identified all seven malignant cases compared to five reporting radiographers (of eleven). In
addition, both groups of practitioners correctly identified the majority of abnormalities in each
case. The lowest detection rate was for Case 107, a subtle right mid zone nodule with no other
associated findings. This case was selected from the discrepancy meeting files and was
correctly identified by eight (73%) of the reporting radiographers and six (60%) of the
consultant radiologists. The single case of a pneumothorax was correctly identified by ten (of
eleven, 91%) reporting radiographers and eight (of nine, 89%) consultant radiologists. Two
cases included a mis-sited nasogastric tube, a significant abnormality with potentially serious
consequences if not identified. All reporting radiographers identified both of these cases (n=22
observations), while one was not identified by a consultant radiologist (n=19 occasions).

4.3.9.2

False positive abnormalities

Abnormalities incorrectly identified by the reporting practitioners were also grouped by
pathology type for analysis. A summary is presented in Table 4.21.
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Number of
Occasions

False Positives
Pathology

Observer

Feature

RR

CR

Cardiomegaly

71

57

Upper Lobe Blood Diversion

24

20

Unilateral

28

40

Bilateral

14

10

Plaque

6

4

Pneumothorax

0

3

Unilateral

8

8

Bilateral

10

9

Unilateral

10

3

Bilateral

2

11

Left

2

0

Right

2

5

Unilateral

52

61

Bilateral

12

5

Cardiac

Effusion
Pleural

Vascular
Hilum
Mediastinum

Lymphadenopathy

Paratracheal

Consolidation
Infection

Left

4

16

Right

15

12

Left

8

14

Right

9

15

nasogastric tube mis-sited
internal jugular central line missited
implantable cardiac defibrillator
lead mis-sited

4

2

2

0

1

0

endotracheal tube mis-sited

0

1

40

32

Left

7

14

Right
Bronchiectasis

8

13

5

5

Fracture

9

11

Avascular Necrosis

3

6

Dilated Bowel

3

2

Perforation

1

1

Atelectasis

Malignant

Nodule

Tubes & lines

Chronic Obstructive Pulmonary Disease
Airways Disease

Skeletal

Abdominal

Interstitial

Table 4.21 Nature of the false positive errors made by each practitioner group.
RR = Reporting Radiographer, CR = Consultant Radiologist.
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No trends were identified in the false positive errors of the consultant radiologists and the
reporting radiographers. Cardiomegaly was more incorrectly diagnosed by the reporting
radiographers, 71 occurrences compared to 57. Consultant radiologists more often incorrectly
diagnosed a malignant lung nodule, 29 false positive errors compared to 17 by the reporting
radiographers.

4.3.9.3

False negative abnormalities

The summary of the false negative errors made by the consultant radiologists and reporting
radiographers by pathology type are presented in Table 4.22.
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Number of
Occasions
Observer

False Negative
Pathology

Feature

Cardiac

Cardiomegaly
Unilateral
Bilateral

Effusion
Pleural

Pneumothorax
Plaque

Vascular
Mediastinal

Hilum
Lymphadenopathy

Skeletal

36
13
1
1

32
17
1
1

1
5
1
7
9

4
4
0
7
2

Right

Consolidation

Left
Right

11
3
3
12

17
13
8
4

Left
Right
Bilat Lower Zones

0
6
1

1
5
2

Chronic Obstructive Pulmonary Disease
Left
Interstitial
Right

4
39
15

9
52
18

Dislocation

Right Shoulder

9

9

Avascular Necrosis

Spine

10

8

Myeloma

Ribs

25

16

Atelectasis
Cavity

Nodule
Metastases

Airways Disease

CR
4

Paratracheal

Infection

Malignant

Unilateral
Bilateral
Unilateral
Bilateral

RR
0

Table 4.22 Nature of the false negative errors by each practitioner group.
RR = Reporting Radiographer, CR = Consultant Radiologist.

The false negative errors made by each practitioner group were broadly similar. Pleural
effusions were missed on 49 occasions by both the consultant radiologists and reporting
radiographers. Consultant radiologists did not identify malignant lung nodules on eight
occasions compared to seven reporting radiographer misses. Lymphadenopathy was missed in
seven instances by consultant radiologists and eight by reporting radiographers.
Cardiomegaly was more likely to be identified by the reporting radiographers than the
consultant radiologists, both correctly (true positive 31 vs. 26 occasions) and incorrectly (false
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positive 71 vs. 57 occasions). Consultant radiologists correctly identified fewer pleural
effusions (95 unilateral and 25 bilateral) than the reporting radiographers (105 unilateral and
38 bilateral), but incorrectly diagnosed effusions on 50 occasions (40 unilateral, 10 bilateral)
compared to 42 radiographer incorrect diagnoses (28 unilateral, 14 bilateral). There were no
cases of apical pleural thickening outside of other related pathologies (post-surgical change,
asbestos related pleural disease). This was incorrectly identified on 13 occasions by the
radiologists and once by the radiographers. Interstitial oedema was more frequently correctly
identified by the cohort of reporting radiographers compared to the consultant radiologists,
120 and 79 instances respectively.

4.3.10

Summary of performance in reporting accuracy by consultant radiologists and
reporting radiographers

Generally, there was good agreement and similar level of reporting accuracy for both
consultant radiologists and reporting radiographers as detailed in the sections above. For all
measures of diagnostic accuracy; unweighted JAFROC (CR=0.788; RR=0.828) weighted JAFROC
(CR=0.786; RR=0.830) and inferred ROC (CR=0.903; RR=0.909) the performance of the
reporting radiographers was non-inferior to that of the consultant radiologists. There were no
apparent differences when the true positive, false positive and false negative decisions were
examined by pathology type.
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4.4

Part 2 – Influence of chest X- a

epo ts o

li i ia s diag osti de isio -making

A number of fa to s a i flue e li i ia s diag osti de isio -making. As detailed in
Chapter 2.4, these i lude the patie t s histo , p e ious i estigatio s a d, pe ti e t to this
work, radiology investigations and reports. For any medical investigation to alter patient
management the results of the test must first influence the diagnostic decision-making of the
treating clinician, by either suggesting a new diagnosis and/or altering the confidence related
to an existing diagnosis.
The consultant radiologist and reporting radiographer chest X-ray reports produced in the
diagnostic accuracy study (Chapter 3.2.8 and Chapter 4.3) were given to a cohort of clinicians.
The clinicians were asked to indicate a most likely and most serious diagnosis for each case and
to assign a confidence rating for each diagnosis, both prior to (pre-CXR diagnosis) and then in
conjunction with a chest X-ray report (post-CXR diagnosis). The pre-CXR and post-CXR
diagnosis was compared to the clinico-radiological (final) diagnosis (Chapter 3.3.2) for
accuracy. The aim of this part of the study was to demonstrate whether the chest X-ray
reports of consultant radiologists and reporting radiographers have different influences on the
diagnostic decision-making of clinicians.

Research Question: Is there a clinically significant difference between the influence
that consultant radiologist and reporting radiographer chest X-ray reports have on
clinicians' diagnostic decision-making?
Alternative Hypothesis [non-inferiority approach]: There is no clinically significant
difference in the influence between chest X-ray reports produced by consultant
radiologists or by reporting radiographers have on clinicians' diagnostic decisionmaking
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Null Hypothesis [non-inferiority approach]: Consultant radiologists hest X-ray reports
will have a clinically significant difference on clinicians' diagnostic decision-making
he

o pa ed to epo ti g adiog aphe s hest X-ray reports.

The first part of this section summarises the clinico-radiological (final) diagnosis for the cases
included in the study. The influence of chest X- a

epo ts o the li i ia s

ost likel a d

most serious diagnosis are examined, with accuracy of the diagnosis and alterations in
diagnostic confidence the primary outcome measures. Comparisons are made between
consultant radiologist and reporting radiographer chest X-ray reports, and differences between
different diagnoses and for clinicians of different experience are also examined. Changes in
diagnostic confidence with the chest X-ray reports are presented, both uncorrected and
corrected according to the accuracy of the diagnosis utilising the Tsushima methodology277
(Chapter 3.3.6).

4.4.1

Characteristics of the image bank used by the clinicians

A professor of respiratory medicine performed a comprehensive case note review for all 106
cases included in the study. This was undertaken between 12 and 24 months following the
acquisition of the chest X-ray in clinical practice. For the purposes of this study, the review and
conclusion of this senior clinician was taken as the final clinico-radiological diagnosis for each
case. A concise summary of the salient clinical findings and features (patient history, laboratory
results, physical findings; see Chapter 3.2.5) available at the time of the original clinical
investigation was also produced. All case notes were available for review (n=106, 100%) by the
respiratory professor, and a summary of the final diagnoses for all cases are summarised in
Table 4.23.
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Diagnosis

Frequency

Percentage

No Significant Disease

36

34

Infection

18

17

Cardiac/Pulmonary Oedema

15

14

Pleural Effusion

1

1

Chronic Obstructive Pulmonary
Disease

4

4

Pneumothorax

2

2

Perforation

0

0

Malignancy

9

8

Tuberculosis

6

6

Pulmonary Fibrosis

2

2

Other

13

12

TOTAL

106

100

Table 4.23 Final clinico-radiological diagnosis of the cases included in the study

The most frequent final diagnosis was no significant disease (36 cases, 34%). Infection (18
cases, 17%), cardiac/pulmonary oedema (15 cases, 14%) and malignancy (9 cases, 8 %) the
three most frequent abnormal final clinico-radiological diagnoses in the case series. A range of
other respiratory pathologies each provided a small contribution. Perforation was included in
the list of possible differential diagnoses provided to the clinicians although there were no
occurrences in the case series.

4.4.2

Characteristics of participant clinicians [experience, specialities]

Of the 27 clinicians (Table 4.24) who were recruited to the study and consented to participate,
one participant completed the pre chest X-ray report diagnoses with the remaining
participants (8, 30%) withdrawing prior to data collection. Fourteen clinicians (52%) completed
all case summaries (all pre and post diagnoses) and four clinicians (15%) partially completed
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the post chest X-ray report diagnoses. A total of 18 clinicians participated therefore in this part
of the study. Clinicians who provided partial responses (n=4) were included.
The process of making diagnostic decisions has been shown to change as clinicians gain
experience (Chapter 2.4280). To replicate clinical practice and to examine for potential
differences in how a chest X-ray report may influence diagnostic decision-making, clinicians
with a range of experience were recruited to the study (Chapter 3.3.5).
Participant
Grade
Speciality
Completed
Number
1
Junior Medical
Respiratory
Full
2
Junior Medical
Respiratory
Withdrew
3
Registrar
Respiratory
Full
4
Registrar
Respiratory
Full
5
Junior Medical
Respiratory
Withdrew
6
Consultant
Respiratory
Full
7
Junior Medical
General Medicine
Full
8
Registrar
Respiratory
Partial – all pre CXR only
9
Consultant
General Medicine
Full
10
Consultant
Respiratory
Partial – all pre & some post CXR
11
Consultant
Emergency Medicine
Full
12
Registrar
Emergency Medicine
Withdrew
13
Registrar
Respiratory
Full
14
Consultant
General Medicine
Full
15
Junior Medical
General Medicine
Full
16
Junior Medical
General Medicine
Full
17
Registrar
General Medicine
Withdrew
18
Consultant
Care of the Elderly
Full
19
Consultant
Care of the Elderly
Partial – all pre & some post CXR
20
Consultant
General Medicine
Withdrew
21
Consultant
Respiratory
Withdrew
22
Junior Medical
General Medicine
Partial – all pre & some post CXR
23
Registrar
Respiratory
Full
24
Junior Medical
General Medicine
Withdrew
25
Junior Medical
General Medicine
Withdrew
26
Junior Medical
General Medicine
Full
27
Registrar
Respiratory
Partial – all pre & some post CXR
Table 4.24 Demographics of clinician participants and completion rates
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4.4.3

Influence of chest X-ray reports on clinicians diagnostic decision-making

As outlined in the literature (Chapter 2.5 and Chapter 3.3), when the chest X-ray report is
available and supports the clinicians in a correct diagnosis, both for a new diagnosis and a
etai ed i itial diag osis, the epo t appea ed to esult i a e efi ial i pa t o the li i ia s
diagnostic decision-making. Where an incorrect diagnosis is reached by the clinician both prior
to and then with the chest X-ray report, the influence of the report is neutral. Where a correct
initial diagnosis is changed to an incorrect diagnosis with the chest X-ray report, the report had
a detrimental influence o the li i ia s diag osti de isio -making. A summary of the
benefit or harm of chest X-ray reports is demonstrated in Figure 4.6. This data is detailed in the
following sections.

Figure 4.6 Influence of a chest X- a epo t o li i ia s diag ostic decision-making (adapted
from Tsushima et al. 2003277)

112

4.4.4

Cli i ia s o fide e i diag oses

For all cases included in the study, the clinicians were required to assign a confidence level to
each most likely and each most serious diagnosis using a continuous scale (0 = not considered
or very unlikely – 100 = definite) in line with established conventions and previous research.163
277

Firstly, they were required to do this based on the case summary alone (pre-CXR

confidence) and, secondly, with the case summary and the chest X-ray report (post-CXR
confidence) after a washout period (Chapter 2.5 and Chapter 3.3.5). Changes in the diagnostic
confidence of clinicians were determined by comparing the pre-CXR and post-CXR confidences
(Chapter 3.3.5). Analysis was performed using both uncorrected and corrected (post-CXR
diagnosis compared to final clinico-radiological diagnosis) diagnostic confidences. Uncorrected
diagnostic confidence was determined by comparing the pre-CXR and post-CXR diagnostic
confidence of the clinicians irrespective of the accuracy of the post-CXR diagnosis.
The accuracy of a clinician s diagnosis is fundamental to appropriate prognostic and
therapeutic decisions; it is has been suggested that there is nothing more dangerous than a
clinician who is confidently wrong.275 The corrected diagnostic confidence scores for both the
most likely and most serious diagnoses of clinicians for consultant radiologist and reporting
radiographer chest X-ray reports were compared. Correction of the diagnostic confidence was
performed using the Tsushima method where -200 (correct pre-CXR diagnosis with 100%
confidence changed to an incorrect diagnosis with 100% confidence with the chest X-ray
report) to +200 (incorrect pre-CXR diagnosis with 100% confidence changed to a correct postCXR diagnosis with 100% confidence).
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4.4.5

Clinician most likely diagnosis

Cli i ia s e pe ience (Table 4.25) did not appear to have an influence on their diagnostic
decisions.

Pre-CXR Most Likely
Diagnosis

Consultants (n=7)

Registrars (n=5)

Junior Medical
Staff (n=6)

Total

Incorrect

Correct

Incorrect

Correct

Incorrect

Correct

Incorrect

Correct

All

No Significant
Disease

315

409

227

272

152

357

694

1038

1732

Infection

196

165

161

118

251

175

608

458

1066

Cardiac/Pulmonary
Oedema

67

51

13

67

47

49

127

167

294

Pleural Effusion

0

0

0

0

6

0

6

0

6

COPD

31

2

54

36

58

45

143

83

226

Pneumothorax

28

5

11

0

20

6

59

11

70

Perforation

20

0

0

0

18

0

38

0

38

Malignancy

21

34

23

48

9

31

53

113

166

Tuberculosis

80

67

42

11

28

51

150

129

279

Pulmonary Fibrosis

0

27

0

12

3

12

3

51

54

Other

173

7

140

15

189

40

502

62

564

TOTAL

931

767

671

579

781

766

2383

2112

4495

Table 4.25 Accuracy of clinician pre-CXR most likely diagnoses based on clinical case summary
COPD = chronic obstructive pulmonary disease

There was little variation in the proportion of correct decisions made (consultants 767 of 1,698
45%; registrars 579 of 1,250, 46%; junior medical staff 766 of 1,547, 50%).
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Influence of chest X- a epo ts o li i ia s ost likel diag oses o pa ed
with diagnosis reached without supporting X-ray report

4.4.5.1

After a minimum washout period of seven days, a statistically powered number of clinicians
(n=18 total; n=4 partially completed, n=14 completed all summaries) were presented with the
same clinical case summaries for each case and either a consultant radiologist or reporting
radiographer chest X-ray report associated with the case. The post-CXR most likely diagnosis
was compared to the initial (pre-CXR) diagnosis provided by the clinician and to the final
clinico-radiological diagnosis for changes in diagnosis and for accuracy of the post-CXR
diagnosis (Chapter 3.3.5). Clinicians were blinded to the reporting practitioner who provided
the report.
Again, li i ia s e pe ie e did ot appea to affe t thei

li i al de isio s Ta le .26 and

4.27).

Clinician Experience
Consultant

Most Likely Diagnosis
Retained
New
808
856 (51%)

Registrar

606

619 (51%)

Junior Medical Staff

752

750 (50%)

2225
(51%)
Table 4.26 Chest X-ray reports that produced a change in clinician most likely post-CXR
diagnosis for clinicians of different experience
Total

Clinician Experience

2166

Most Likely Diagnosis
Consultant Radiologist
Retained
New

Most Likely Diagnosis
Reporting Radiographer
Retained
New

Consultant

426

475 (53%)

382

381 (50%)

Registrar

320

279 (47%)

286

340 (54%)

Junior Medical Staff

344

334 (49%)

408

416 (50%)

Total

1090

1088 (50%)

1076

1137 (51%)

Table 4.27 Cases which produced a new most likely diagnosis post-CXR
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4.4.5.2

Accuracy of most likely and/or most serious diagnosis

The most likely and/or most serious diagnoses reached by the clinicians of different experience
with the case summary and chest X-ray report (post-CXR) were compared to the final clinicoradiological diagnosis for each case. The results are presented in Table 4.28.

Clinician Experience

Most Likely and/or Most
Serious Diagnosis
Incorrect

Correct

Consultant

647

1017 (61%)

Registrar

485

740 (60%)

Junior Medical Staff

554

948 (63)

Total

1686

2705 (62%)

Table 4.28 Number of cases with a correct post-CXR diagnosis (most likely or most serious) for
clinicians of different experience

The li i ia s e pe ie e did not appear to be important for a correct most likely or most
serious diagnosis (Table 4.29). An accurate diagnosis was reached by clinicians in 2,705 (62%)
of cases, with a similar proportion across the different clinician grades as noted in Table 4.28
(above).

Clinician
Experience

Correct Most Likely and/or
Most Serious
Consultant Radiologist
Incorrect
Correct

Correct Most Likely and/or
Most Serious
Reporting Radiographer
Incorrect
Correct

Consultant

337

564 (63%)

310

453 (59%)*

Registrar

217

382 (64%)

268

358 (57%)**

Junior Medical Staff

256

422 (62%)

298

526 (64%)***

Total

810

1368 (63%)

876

1337 (60%)****

Table 4.29 Number of cases with a correct post-CXR diagnosis (most likely or most serious) for
clinicians of different experience with consultant radiologist and reporting radiographer chest
X-ray reports
Chi-square; *p=0.179; **p=0.018; *** p=0.524; **** p=0.103
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There was a trend for correct diagnoses by clinicians (Table 4.29) to be associated with
consultant radiologist reports than with reporting radiographers; 63% (1,368 of 2178) and 60%
(1,337 of 2,213) respectively, but not statistically different (Chi-s ua e χ= .

4.4.5.3

, p= .

.

I flue e o li i ia s ost likel diag osis of chest X-ray reports from
consultant radiologists and reporting radiographers

Cases in which consultant radiologist and reporting radiographer chest X-ray reports had a
beneficial, neutral and detrimental influence (Figure 4.6 o

li i ia s

ost likel diagnoses

are presented in Table 4.30 and Figure 4.7.

Clinician
Experience

Consultant
Registrar

Most Likely post-CXR diagnosis
Consultant Radiologist
Beneficial
Detrimental
Neutral
Retained
New
New
Retained
Correct
Correct
Incorrect
Incorrect
140
207
269
285
(16%)
(23%)
(30%)
(32%)
76
95
212
216
(13%)
(16%)
(35%)
(36%)

Most Likely post-CXR diagnosis
Reporting Radiographer
Beneficial
Detrimental
Neutral
Retained
New
New
Retained
Correct
Correct
Incorrect
Incorrect
105
159
236
263
(14%)
(21%)
(31%)
(34%)
93
108
188
237
(15%)
(17%)
(30%)
(39%)

Junior
Medical
Staff

114
(17%)

113
(17%)

225
(33%)

226
(33%)

133
(16%)

148
(18%)

275
(33%)

268
(33%)

Total

330
(15%)

415
(19%)

706
(32%)

727
(34%)

331
(15%)

415
(19%)

699
(32%)

768
(34%)

Table 4.30 Influence of consultant radiologist and reporting radiographer chest
X-ray reports on the most likely diagnoses of clinicians
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Consultant
Junior
Medical Staff Registrar

Clinician Experience

Cons Rad
Retained Correct
New Correct
New Incorrect
Retained Incorrect
Retained Correct
New Correct
New Incorrect
Retained Incorrect
Retained Correct
New Correct
New Incorrect
Retained Incorrect

140

Rep Rad
105

207

159

269
285
93
108
212
216

76
95

114
113

236
263

188
237
133
148

225
226
0

275
268

100

200

300

400

500

600

Number of Cases

Figure 4.7 Influence of consultant radiologist and reporting radiographer chest X-ray reports on
the most likely diagnoses of clinicians
Cons Rad = consultant radiologist; Rep Rad = reporting radiographer

I ge e al, the li i ia s e pe ie e does ot appea to ha e a i flue e o thei diag osti
decisions. The origin of the report, whether consultant radiologist (415 of 2,178, 19%) or
epo ti g adiog aphe

of ,

,

% does ot appea to i flue e li i ia s de isio s

either. There is a non-significant trend (Chi-s ua e χ= .

, p= .

i di ati g li i ia s

a

prefer radiologists reports. No apparent difference was found between the influence on
clinician most likely diagnosis for consultant radiologist and reporting radiographer chest X-ray
epo ts he the e pe ie e of the li i ia
egist a χ= .

4.4.5.4

, p= .

; ju io

as o side ed o sulta t χ= .

edi al staff χ= .

, p= .

;

, p= .

Consultant radiologist and reporting radiographer chest X-ray reports
i flue e o li i ia s ost likel diag osis fi al li i o-radiological
diagnosis

The influence that consultant radiologist and reporting radiographer chest X-ray reports had
o the

ost likel diag osis of li i ia s is sho

i Ta le .31.
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Most Likely post-CXR diagnosis
Consultant Radiologist
Beneficial
Detrimental
Neutral
Retained
New
New
Retained
Correct
Correct
Incorrect
Incorrect

Most Likely post-CXR diagnosis
Reporting Radiographer
Beneficial
Detrimental
Neutral
Retained
New
New
Retained
Correct
Correct
Incorrect
Incorrect

No Significant
Disease

121 (14%)

181 (22%)

387 (46%)

147 (18%)

126 (15%)

152 (19%)

385 (47%)

150 (18%)

Infection

64 (15%)

93 (22%)

162 (38%)

105 (25%)

56 (13%)

106 (25%)

166 (40%)

90 (22%)

Cardiac/
Pulmonary
Oedema

37 (16%)

23 (10%)

42 (18%)

128 (56%)

50 (19%)

26 (10%)

36 (14%)

150 (57%)

Pleural Effusion

^

7 (27%)

^

19 (73%)

^

5 (21%)

^

19 (79%)

COPD

12 (24%)

4 (8%)

27 (54%)

7 (14%)

21 (36%)

8 (14%)

22 (37%)

8 (14%)

Pneumothorax

4 (9%)

25 (56%)

2 (4%)

14 (31%)

4 (10%)

21 (50%)

1 (2%)

16 (38%)

Perforation

^

^

^

^

^

^

^

^

Malignancy

29 (16%)

39 (22%)

28 (16%)

82 (46%)

2 (13%)

31 (17%)

31 (17%)

92 (52%)

Tuberculosis

33 (22%)

9 (6%)

31 (21%)

76 (51%)

24 (17%)

17 (12%)

32 (23%)

67 (48%)

Pulmonary Fibrosis

5 (11%)

2 (%%)

23 (52%)

14 (32%)

5 (12%)

4 (10%)

15 (37%)

17 (41%)

Other

25 (13%)

32 (16%)

4 (2%)

135 (69%)

21 (9%)

45 (19%)

11 (5%)

159 (67%)

TOTAL

330 (15%)

415 (19%)

706 (32%)

727 (34%)

331 (15%)

415 (19%)

699 (32%)

768 (34%)

Final Diagnosis
(case note review)

Chi-square
(p value)
2.342
(p=0.505)
2.543
(p=0.468)
2.257
(p=0.521)
0.254
(p=0.614)
3.646
(p=0.302)
0.712
(p=0.87)
^
2.113
(p=0.549)
4.189
(p=0.242)
2.538
(p=0.468)
4.1
(p=0.251)
0.882
(p=0.83)

Table 4.31 Influence of consultant radiologist and reporting radiographer chest X-ray reports on most likely diagnosis by final diagnosis
^=no cases; COPD = chronic obstructive pulmonary disease
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Nearly one third of consultant radiologist (retained correct 330, 15%; new correct 415, 19%) and
reporting radiographer (retained correct 331, 15%; new correct 415, 19%) chest X-ray reports had a
positive influence on the most likely diagnosis of the clinicians; that is chest X-ray reports regardless
of source (consultant radiologist or reporting radiographer) led to an accurate diagnosis for patients.
One third of consultant radiologist (727, 33%) and reporting radiographer (768, 35%) reports
appea ed to ha e o i flue e o the li i ia s

ost likel diag osis etai ed i o e t diag osis .

One third appeared to have a negative influence, where the initial (pre-CXR) correct diagnosis was
changed to an incorrect post-CXR diagnosis due to the consultant radiologist (706, 32%) or reporting
radiographer (699, 32%) chest X-ray report. There was no significant difference in influence on
li i ia s de isio s et ee a o sulta t adiologist o epo ti g adiog aphe epo t Chi-square
χ= .

, p= .

.

The most positive influence of both consultant radiologist (25 cases, 56%) and reporting
adiog aphe
hi h had the

ases,

% o

li i ia s

ost likel diag osis as fo a p eu otho a . ‘epo ts

ost det i e tal i flue e of li i ia s diag oses were cases which had no clinically

significant disease (new incorrect most likely diagnosis) for both consultant radiologist (387 cases,
46%) and reporting radiographer (385 cases, 47%) chest X-ray reports. There was no apparent
difference between the consultant radiologist and reporting radiographer chest X-ray reports for any
of the final clinico-radiological diagnoses (Table 4.31).

4.4.5.5

Uncorrected diagnostic confidence in the most likely diagnoses

Of the 4,391 diagnostic confidences included in the analysis, there was a significant average overall
increase in confidence of 8.5 (95%CI 7.8 – 9.2) from 71.8 to 80.3 (t=24.628, p<0.0001) for all chest Xray reports. The changes in uncorrected diagnostic confidence between consultant radiologist and
reporting radiographer chest X-ray reports are presented in Table 4.32 and Figure 4.8.
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Uncorrected Most Likely Diagnostic Confidence
Reporting Practitioner

Pre-CXR

Post-CXR

(95% CI)

(95% CI)

Consultant Radiologist

71.0 (70.1 – 71.9)

80.4 (79.7 – 81.1)

Reporting Radiographer

72.5 (71.7 – 73.3)

80.2 (79.6 – 80.9)

Table 4.32 Consultant radiologist and reporting radiographer pre-CXR and post-CXR uncorrected
most likely diagnostic confidence

Diagnostic Confidence

90
85
80.4

80

80.2

75
70

72.5

71

65
60
Pre-CXR

Post-CXR

Pre-CXR

Post-CXR

Consultant Radiologist
Reporting Radiographer
Reporting Practitioner

Figure 4.8 Consultant radiologist and reporting radiographer pre-CXR and post-CXR uncorrected
most likely diagnostic confidence (with 95% CIs)

Chest X-ray reports from both consultant radiologist (71.0 to 80.4) and reporting radiographers (72.5
to 80.2) increased the uncorrected diagnostic confidence of clinicians for the most likely diagnosis.
The clinician uncorrected most likely diagnostic confidence for reporting radiographer chest X-ray
reports was non-inferior to the consultant radiologist chest X-ray reports (t=23.81, p<0.0001).
Clinicians are more likely to instigate treatment decisions when they have a higher degree of
confidence in their diagnosis, and these results suggests that chest X-ray reports from both
consultant radiologists and reporting radiographers assist in this process.
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4.4.5.6

Uncorrected diagnostic confidence in the most likely diagnoses for clinicians of
different experience

The uncorrected confidence in the most likely diagnosis for consultant radiologist and reporting
radiographer chest X-ray reports was examined for clinicians of different experience. The results are

Post-CXR

Pre-CXR

Post-CXR

Pre-CXR

Post-CXR

Pre-CXR

Post-CXR

Pre-CXR

Post-CXR

Pre-CXR

Post-CXR

Pre-CXR

Post-CXR

Pre-CXR

Post-CXR

100
90
80
70
60
50
40
30
20
10
0

Pre-CXR

Uncorrected Diagnostic Confidence

presented in Figure 4.9.

Consultant
Reporting
Consultant
Reporting
Consultant
Reporting
Consultant
Reporting
Radiologist Radiographer Radiologist Radiographer Radiologist Radiographer Radiologist Radiographer
Consultant
t=8.894; p<0.0001

Registrar
t=17.029; p<0.0001

Junior Medical Staff
t=17.017; p<0.0001

TOTAL

Figure 4.9 Uncorrected average most likely diagnostic confidence (with 95% CIs) for consultant
radiologists and reporting radiographer chest X-ray reports for clinicians of different experience

Chest X-ray reports from both consultant radiologists and reporting radiographers increased the
uncorrected diagnostic confidence of clinicians for the most likely diagnosis regardless of clinician
experience. The clinician uncorrected most likely diagnostic confidence for reporting radiographer
chest X-ray reports was non-inferior to the consultant radiologist chest X-ray reports (t=91.492,
p<0.0001) for all observers and for clinicians of different experience.
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4.4.5.7

Corrected diagnostic confidence in the most likely diagnoses

The most likely diagnoses for each case was compared to the final clinico-radiological diagnosis for
accuracy and the corrected most likely diagnostic confidence calculated according to the Tsushima
methodology (Chapter 3.3.6). Of the 4,391 diagnostic confidences included in the analysis, there was
a significant average overall decrease of 67.0 (95%CI 64.1 – 69.8) from 71.8 to 4.8 (t=-46.61,
p<0.0001) for all chest X-ray reports. This means that the chest X-ray reports of both consultant
adiologists a d epo ti g adiog aphe s had a positi e i flue e o the li i ia s diag osti
decision-making in only a small majority of cases, with little overall benefit when all cases were
considered (0 = neutral/no benefit, -200 = very detrimental, 200 = very beneficial). The changes in
corrected diagnostic confidence between consultant radiologist and reporting radiographer chest Xray reports are presented in Table 4.33.

Corrected Most Likely Diagnostic Confidence
Reporting Practitioner

Pre-CXR

Post-CXR

(95% CI)

(95% CI)

Consultant Radiologist

71.0 (70.1 – 71.9)

5.02 (1.23 – 8.81)

Reporting Radiographer

72.5 (71.7 – 73.3)

4.61 (0.84 – 8.39)

Table 4.33 Consultant radiologist and reporting radiographer pre-CXR and post-CXR uncorrected
most likely diagnostic confidence

The e as little o e all e efit i

li i ia s diag osti

o fide e i the

ost likel diag osis he

the post-CXR diagnosis was corrected for accuracy using the Tsushima method.277
Overall, the net contribution of both the consultant radiologist and reporting radiographer chest Xa

epo ts had little o e all i flue e o the o fide e of li i ia s i thei

ost likel diag osis

once the most likely diagnosis was corrected for accuracy. Chest X-ray reports for both consultant
radiologist (pre-CXR 71.0 to post-CXR 5.02) and reporting radiographers (pre-CXR 72.5 to post-CXR
4.61) decreased the corrected diagnostic confidence of clinicians for the most likely diagnosis. There
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was no apparent difference in the clinician corrected most likely diagnostic confidence for reporting
radiographer chest X-ray reports compared to the consultant radiologist chest X-ray reports
(t=0.048, p=0.093) but non-inferiority of the reporting radiographer reports was not established (null
hypothesis was not rejected; p>0.05).

4.4.5.8

Corrected diagnostic confidence in the most likely diagnoses for clinicians of
different experience

The corrected confidence in the most likely diagnosis for consultant radiologist and reporting
radiographer chest X-ray reports was examined for clinicians of difference experience. The results
are presented in Figure 4.10.
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t=0.645; p=0.519

Registrar
t=-0.595; p=0.552

Junior Medical Staff
t=0.659; p=0.51

ALL CLINICIANS

Figure 4.10 Average corrected most likely diagnostic confidence (with 95% CIs) for consultant
radiologists and reporting radiographer chest X-ray reports for clinicians of different experience
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The chest X-ray reports from both consultant radiologists and reporting radiographers decreased the
corrected most likely diagnostic confidence regardless of clinician experience. Once corrected for
accuracy of the diagnosis, the chest X-ray reports of both consultant radiologists and reporting
radiographers had little overall influence on the diagnostic confidence regardless of clinician grade,
with 95% confidence intervals close to, or crossing zero. There was no apparent difference between
the influence of consultant radiologist and reporting radiographer chest X-ray reports on the
corrected most likely diagnosis of all grades but non-inferiority of the reporting radiographer reports
was not established as the null hypothesis was not rejected (p>0.05).

4.4.5.9

Corrected most likely diagnostic confidence for different diagnoses

The corrected clinician confidence in the most likely diagnosis for consultant radiologist and
reporting radiographer chest X-ray reports was examined for the different final clinico-radiological
diagnoses and is presented in Table 4.34.
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Final Diagnosis
(case note review)

Most Likely post-CXR corrected
diagnostic confidence
Consultant Radiologist (95%CI)

Most Likely post-CXR corrected
diagnostic confidence
Reporting Radiographer (95%CI)

No Significant
Disease

11.1 (4.85 – 17.36)

4.2 (-2 – 10.4)

Infection

9.67 (1.0 – 18.3)

19.3 (10.3 – 28.25)

Cardiac/Pulmonary
Oedema

-15.1 (-171.7 – 141.1)

-22.1 (-88.1 – 143.9)

Pleural Effusion

46.0 (-112 – 200)

37.6 (-119 – 193.9)

COPD

-24.7 (-200 – 156)

-37.5 (-200 – 179)

Pneumothorax

79.8 (-145.4 – 200)

68.2 (-150 – 200)

Perforation

^

^

Malignancy

7.0 (-182.4 – 196.4)

4.7 (-174 – 183.4)

Tuberculosis

-25.4 (-184.4 – 133.5)

-5.7 (-173.8 – 162.4)

Pulmonary Fibrosis

-4.5 (-118.1 – 109.1)

7.4 (-125.7 – 140.5)

Other

1.2 (-164.1 – 166.4)

11.2 (-176.4 – 185.6)

TOTAL
5.0 (-175.3 – 185.3)
4.6 (-176.4 – 185.6)*
Table 4.34 Influence of consultant radiologist and reporting radiographer chest X-ray reports
on the corrected most likely diagnostic confidence by final diagnosis
COPD = chronic obstructive pulmonary disease; ^ = no cases; * p=0.208

The corrected most likely diagnostic confidence shows considerable variability, both in terms of the
final clinico-radiological diagnosis but also within each diagnosis with very wide 95% confidence
intervals. Both consultant radiologist and reporting radiographer chest X-ray reports had a positive
influence in cases of pneumothorax (consultant radiologist 79.8, 95%CI -145.4 – 200; reporting
radiographer 68.2, 95%CI -150 – 200) and pleural effusion (consultant radiologist 46, 95%CI -112 –
200; reporting radiographer 37.63, 95%CI -119 – 193.9). Chest X-ray reports for cases when the final
diagnosis was chronic obstructive pulmonary disease (COPD) had a detrimental influence on
clinicians diagnostic confidence, both for consultant radiologist (-24.7, 95%CI -200 – 156) and
reporting radiographer (-37.5, 95%CI -200 – 179) reports. There was no apparent difference between
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the influence of consultant radiologist and reporting radiographer chest X- a

epo ts o

li i ia s

corrected most likely diagnostic confidence for different final diagnoses (F=1.344, p=0.208).

4.4.6

Clinician most serious diagnosis

The diagnosis that the clinician thinks is most likely will have the greatest influence on patient care
and management decisions;233 however there are often other diagnoses that are still considered
within a differential diagnosis for a patient. Some of these diagnoses, while not the most likely, could
potentially have a significant impact on patient outcome. In order to capture these diagnoses, and
the potential influence that the

a ha e o

li i ia s diag osti de isio -making, the clinicians

were asked to indicate a most serious diagnosis for all cases (Chapter 3.3.5). For the purposes of this
stud , the

ost se ious diag osis as the condition that the clinician would not want to miss in this

patie t, e e if it is er u likel (p.21).233

4.4.6.1

Most serious pre chest X-ray report diagnoses

The most serious diagnosis given by clinicians based solely on the clinical case summary (pre-CXR
diagnosis) was compared to the final clinico- adiologi al diag osis. The li i ia s

ost se ious p e-

CXR diagnoses are presented in Table 4.35.
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Pre-CXR Most
Serious
Diagnosis

Consultants

Registrars

Total

Junior Medical Staff

Incorrect

Correct

Incorrect

Correct

Incorrect

Correct

Incorrect

Correct

All

No Significant
Disease

20

0

17

0

0

0

37

0

37

Infection

331

136

187

42

269

47

787

225

1012

Cardiac/Pulmonary
Oedema

34

71

125

98

136

74

295

243

538

Pleural Effusion

41

0

19

11

52

0

112

11

123

COPD

23

1

0

0

0

0

23

1

24

Pneumothorax

58

15

93

12

56

6

207

33

240

Perforation

177

0

70

0

109

0

356

0

356

Malignancy

265

87

189

57

274

86

728

230

958

Tuberculosis

165

89

101

23

164

39

430

151

581

Pulmonary Fibrosis

63

27

33

0

58

5

154

32

186

Other

74

21

121

52

139

33

334

106

440

TOTAL

1251

447

955

295

1257

290

3463

1032

4495

Table 4.35 Initial clinician most serious diagnoses based on clinical case summary (pre-CXR diagnosis)
COPD = chronic obstructive pulmonary disease

Infection (1,012 of 4,495; 23%) and malignancy (958 of 4,495; 21%) were the most frequent pre-CXR
most serious diagnosis given by the clinicians, regardless of experience. The most serious diagnosis
given by clinicians based solely on the case summaries (pre-CXR) was only correct in 23% of cases
(1,032 of 4,495). Consultants (447 of 1,698; 26%) performed marginally better than registrars (295 of
1,250; 24%) and junior medical (290 of 1,547; 19%) clinicians.

4.4.6.2

Influence of chest X- a epo ts o li i ia s ost se ious diagnoses compared with
diagnoses reached without supporting chest X-ray report

After a minimum washout period of seven days, the clinicians were presented with the same clinical
case summaries for each case and either a consultant radiologist or reporting radiographer chest Xray report associated with the case. The post-CXR most serious diagnosis was compared to the initial
most serious (pre-CXR) diagnosis provided by the clinician, and to the final clinico-radiological
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diagnosis for changes in diagnosis and for accuracy of the post-CXR diagnosis. Clinicians were blinded
to the reporting practitioner who provided the report.

4.4.6.3

Change in clinician most serious diagnosis with chest X-ray reports

Cases in which the pre-CXR most serious diagnosis did not change with the chest X-ray report
(retained diagnosis) and those that produced a change in clinician diagnosis (new diagnosis) are
presented in Table 4.36.

Clinician Experience

Most Serious Diagnosis
Retained
New

Consultant

739

925 (56%)

Registrar

570

655 (53%)

Junior Medical Staff

682

820 (55%)

Total

1991

2400 (55%)

Table 4.36 Chest X-ray reports which produced a change in clinician most serious (post-CXR)
diagnosis

Approximately half of the chest X-ray reports produced a new clinician most serious diagnosis (2400
of 4391, 55%), with little variation according to clinician experience.
The proportions of consultant radiologist and reporting radiographer chest X-ray reports that
produced a new clinician most serious diagnosis are presented in Table 4.37.

Clinician Experience

Most Serious Diagnosis
Consultant Radiologist
Retained
New

Most Serious Diagnosis
Reporting Radiographer
Retained
New

Consultant

403

498 (55%)

336

427 (56%)

Registrar

304

295 (49%)

266

360 (58%)

Junior Medical Staff

290

388 (57%)

392

432 (53%)

Total

997

1181 (54%)

994

1219 (55%)

Table 4.37 Cases which produced a new most serious diagnosis post-CXR
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Approximately 50% of both consultant radiologist (n=1,181 of 2,178; 54%) and reporting
radiographer (n=1,219 of 2,213; 55%) chest X-ray reports were associated with a change in the
li i ia s

4.4.6.4

ost se ious diag osis, ith si ila p opo tio s fo

li i ia s of diffe e t e pe ie e.

Correct most serious diagnoses (retained and new)

The influence that chest X-ra

epo ts had o

li i ia s diag osti de isio -making was determined

using the same methodology as for the most likely diagnosis (Chapter 3.3.5, Figure 4.6). The
influence of the chest X-ray reports on the most serious diagnoses for clinicians with different
experience are presented in Table 4.38.

Clinician
Experience

Consultant
Registrar

Most Serious post-CXR diagnosis
Consultant Radiologist
Beneficial
Detrimental
Neutral
Retained
New
New
Retained
Correct
Correct
Incorrect
Incorrect
84
107
153
557
(9%)
(12%)
(17%)
(62%)
50
78
88
383
(8%)
(11%)
(15%)
(64%)

Most Serious post-CXR diagnosis
Reporting Radiographer
Beneficial
Detrimental
Neutral
Retained
New
New
Retained
Correct
Correct
Incorrect
Incorrect
82
99
118
464
(11%)
(13%)
(15%)
(61%)
75
68
76
407
(12%)
(11%)
(12%)
(65%)

Junior
Medical
Staff

57
(8%)

75
(11%)

69
(10%)

477
(70%)

51
(6%)

98
(12%)

105
(13%)

570
(69%)

Total

191
(9%)

260
(12%)

310
(14%)

1417
(65%)

208
(9%)

265
(12%)

299
(14%)

1411
(65%)

Table 4.38 Influence of consultant radiologist and reporting radiographer chest X-ray report on the
most serious diagnoses of clinicians of different experience

There were 451 (of 2,178, 21%) consultant radiologist and 473 (21%) of reporting radiographer chest
X-ray reports which were associated with a positi e i flue e o the li i ia s

ost se ious

diagnosis. No apparent difference between consultant radiologist and reporting radiographer chest
X-ray reports was found (Chi-s ua e χ= .
examined o sulta t χ= .

, p= .

, p= .

o e all o

; egist a χ= . , p= .

he e pe ie e of li i ia
; ju io

edi al staff χ= .

as
,

p=0.175). The small proportion of cases in which the chest X-ray report had a positive influence on
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the most serious diagnosis (the condition that the clinician would not want to miss in this patient,
even if it is very unlikely)(p.21)233 is to be expected, as this diagnosis was structured to capture the
infrequent but serious diagnoses that the clinician was considering for each patient.

4.4.6.5

Consultant radiologist and reporting radiographer chest X-ray reports influence on
li i ia s ost se ious diag osis fi al li i o-radiological diagnosis

The influence that consultant radiologist and reporting radiographer chest X-ray reports had on the
ost se ious diag osis of li i ia s is sho

i Ta le .39.
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Final Diagnosis
(case note review)

Most Serious post-CXR diagnosis
Consultant Radiologist
Retained
New
New
Retained
Correct
Correct
Incorrect
Incorrect

Most Serious post-CXR diagnosis
Reporting Radiographer
Retained
New
New
Retained
Correct
Correct
Incorrect
Incorrect

No Significant
Disease

^

60 (7%)

^

776 (93%)

^

52 (6%)

^

761 (94%)

Infection

50 (12%)

61 (14%)

59 (14%)

254 (60%)

47 (11%)

66 (16%)

62 (15%)

243 (58%)

Cardiac/Pulmonary
Oedema

61 (27%)

19 (8%)

52 (23%)

98 (43%)

76 (29%)

21 (8%)

53 (20%)

112 (43%)

Pleural Effusion

6 (23%)

1 (4%)

^

19 (73%)

5 (21%)

3 (13%)

^

16 (67%)

COPD

1 (2%)

8 (16%)

^

41 (82%)

^

14 (24%)

^

45 (76%)

Chi-square
(p value)
0.397
(p=0.529)
0.565
(p=0.904)
0.606
(p=0.895)
1.27
(p=0.53)
2.094
(p=0.351)

Pneumothorax

9 (20%)

19 (42%)

6 (13%)

11 (24%)

16 (38%)

14 (33%)

2 (5%)

10 (24%)

Perforation

^

^

^

^

^

^

^

^

Malignancy

15 (8%)

32 (18%)

101 (57%)

30 (17%)

14 (8%)

42 (24%)

96 (54%)

26 (15%)

Tuberculosis

21 (14%)

16 (11%)

56 (38%)

56 (38%)

18 (13%)

17 (12%)

48 (34%)

57 (41%)

Pulmonary Fibrosis

10 (23%)

9 (20%)

8 (18%)

17 (39%)

5 (12%)

6 (15%)

7 (17%)

23 (56%)

Other

18 (9%)

35 (18%)

28 (14%)

115 (59%)

27 (11%)

30 (13%)

31 (13%)

148 (63%)

TOTAL

191 (9%)

260 (12%)

310 (14%)

1417 (65%)

208 (9%)

265 (12%)

299 (14%)

1441 (65%)

4.667
(p=0.198)
^
1.798
(p=0.615)
0.606
(p=0.895)
3.313
(p=0.372)
2.798
(p=0.424)
0.893
(p=0.827)

Table 4.39 Influence of consultant radiologist and reporting radiographer chest X-ray reports on li i ia s most serious diagnosis stratified by
clinico-radiological diagnosis
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The majority of consultant radiologist (1,417 of 2,178; 65%) and reporting radiographer (1,441 of
2,213; 65%) chest X-ra

epo ts did ot appea to i flue e li i ia s

ost se ious diag osis

(retained incorrect diagnosis). The proportions of consultant radiologist and reporting radiographer
chest X- a

epo ts that i flue ed the li i ia s

ost se ious diag osis i a positive way (new

correct diagnosis or retained correct diagnosis) were similar. Consultant radiologist chest X-ray
reports influenced the clinicians to retain a correct diagnosis in 191 cases (of 2,178, 9%) and reach a
new correct diagnosis in 260 (of 2,178, 12%). This compared to the 208 (of 2,213, 9%) reporting
radiographer chest X-ray reports which influenced the clinician to retain a correct diagnosis, and
influenced the clinician to reach a new correct diagnosis for 265 cases (of 2,213, 12%). There was no
apparent difference between the influence of consultant radiologist and reporting radiographer
chest X-ray reports on the most serious diagnosis of the clinicians when the final clinico-radiological
diagnosis was considered (Chi-s ua e χ= .

4.4.6.6

U o e ted diag osti

Cha ges i the li i ia s

, p= .

).

o fide e i the li i ia s

ost se ious diag osti

ost se ious diag oses

o fide e e e assessed usi g the sa e

methodology as for the most likely diagnosis (Chapter 3.3.5; Chapter 4.4.5.5).
Of the 4,391 diagnostic confidences included in the analysis, there was a significant average overall
increase of 6.8 (95%CI 5.8 – 7.8) from 33.8 to 40.6 (t=12.793, p<0.0001) for all chest X-ray reports.
The changes in uncorrected diagnostic confidence between consultant radiologist and reporting
radiographer chest X-ray reports are presented in Table 4.40.
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Reporting Practitioner

Uncorrected Most Serious Diagnostic
Confidence
Pre-CXR
Post-CXR
(95% CI)
(95% CI)

Consultant Radiologist

33.5 (32.3 – 34.7)

39.3 (37.8 – 40.7)

Reporting Radiographer

34.0 (32.8 – 35.2)

41.9 (40.5 – 43.3)

Table 4.40 Consultant radiologist and reporting radiographer pre-CXR and post-CXR uncorrected
most serious diagnostic confidence

Chest X-ray reports for both consultant radiologists (33.5 to 39.9) and reporting radiographers (34.0
to 41.9) increased the uncorrected diagnostic confidence of clinicians for the most serious diagnosis.
The clinician uncorrected most serious diagnostic confidence for reporting radiographer chest X-ray
reports was non-inferior to the consultant radiologist chest X-ray reports (t=9.022, p<0.0001). The
i

ease i

li i ia s u o e ted o fide e i the

ost se ious diag osis fo

oth o sulta t

radiologist and reporting radiographer chest X-ray reports suggest that the beneficial influence of
chest X-rays as an investigation is not dependent on the practitioner providing the report.

4.4.6.7

Uncorrected diagnostic confidence in the most serious diagnoses for clinicians of
different experience

The uncorrected confidence in the most serious diagnoses for consultant radiologist and reporting
radiographer chest X-ray reports was examined for clinicians of difference experience. The results
are presented in Figure 4.11.
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Figure 4.11 Uncorrected most serious diagnostic confidence (with 95% CIs) for consultant radiologist
and reporting radiographer chest X-ray reports for clinicians of different experience

Chest X-ray reports from both consultant radiologists and reporting radiographers increased the
uncorrected diagnostic confidence of clinicians for the most likely diagnosis although there was
considerable variability with very wide 95% confidence intervals. Results were similar, regardless of
clinician experience, thus both consultant radiologist and reporting radiographer reports had a
positi e o e all i flue e o

li i ia s diag osti de isio -making for the most serious diagnoses.

The clinician uncorrected most likely diagnostic confidence for reporting radiographer chest X-ray
reports was non-inferior (p<0.05) to the consultant radiologist chest X-ray reports for all clinicians
regardless of experience. These results suggest that the beneficial influence that chest X-ray reports
have on the confidence of clinicians in their most serious diagnoses is not influenced by the
practitioner who provides the report.
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4.4.6.8

Uncorrected diagnostic confidence in the most serious diagnoses for different
diagnoses

The influence that consultant radiologist and reporting radiographer chest X-ray reports had on the
uncorrected most serious clinician diagnostic confidence for different diagnoses are presented in
Table 4.41.

Final Diagnosis
(case note review)

Most Serious post-CXR
uncorrected diagnostic confidence
Consultant Radiologist (95%CI)

Most Serious post-CXR
uncorrected diagnostic confidence
Reporting Radiographer (95%CI)

No Significant
Disease

28.1 (0 – 92.9)

31 (0 – 96.3)

Infection

39.6 (0 – 100)

42.4 (0 – 100)

Cardiac/Pulmonary
Oedema

53 (0 – 100)

53.1 (0 – 100)

Pleural Effusion

48.6 (0 – 100)

57.3 (0 – 100)

COPD

49.3 (0 – 100)

54.7 (0 – 100)

Pneumothorax

63 (0 – 100)

56.1 (0 – 100)

Perforation

^

^

Malignancy

56.4 (0 – 100)

57.6 (0 – 100)

Tuberculosis

44.5 (0 – 100)

47.1 (0 – 100)

Pulmonary Fibrosis

48.5 (0 – 100)

43.1 (0 – 100)

Other

39.1 (0 – 100)

43.9 (0 – 100)

TOTAL
39.2 (0 – 100)
41.9 (0 – 100)
Table 4.41 Cli i ia s u o e ted ost se ious diag osti o fide e fo o sulta t adiologist a d
reporting radiographer chest X-ray reports for different final clinico-radiological diagnoses

The uncorrected clinician most serious diagnostic confidence was similar for consultant radiologist
and reporting radiographer chest X-ray reports regardless of the final clinico-radiological diagnosis.
There was considerable variation within each diagnosis, with wide 95% confidence intervals for both
consultant radiologist and reporting radiographer chest X-ray reports. There was no apparent
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difference in the influence on uncorrected most serious diagnostic confidence for different
diagnoses between consultant radiologist and reporting radiographer chest X-ray reports (F=0.562,
p=0.829).

4.4.6.9

Corrected clinician most serious diagnostic confidence

The most serious diagnosis for each case was compared to the final clinico-radiological diagnosis for
accuracy, and the corrected most serious diagnostic confidence calculated using the Tsushima
method (Chapter 3.3.6).277 Of the 4,391 diagnostic confidences included in the analysis, the chest Xray reports p odu ed a la ge a e age o e all de ease i the o fide e that li i ia s had i the
most serious diagnoses of 31.0 (95%CI 29.1 – 32.9) from 33.8 to 2.8 (t=-31.001, p<0.0001) for all
chest X-ray reports. This means that the chest X-ray reports only had a positive influence on the
clinicians diagnostic decision-making in a small majority of cases, with little overall benefit (0 =
neutral/no benefit, -200 = very detrimental influence, +200 = very beneficial). The changes in
corrected clinician diagnostic confidence for the most serious diagnosis of consultant radiologist and
reporting radiographer chest X-ray reports are presented in Table 4.42.

Corrected Most Serious Diagnostic Confidence
Reporting Practitioner

Pre-CXR

Post-CXR

(95% CI)

(95% CI)

Consultant Radiologist

33.5 (0 – 90.9)

3.0 (0.56 – 5.41)

Reporting Radiographer

34.1 (0 – 92.0)

2.6 (0.15 – 5.05)

Table 4.42 Consultant radiologist and reporting radiographer pre-CXR and post-CXR corrected most
serious diagnostic confidence

There was little o e all e efit i

li i ia s diag osti

o fide e i the

ost se ious diag osis

when confidence was corrected for the accuracy of the post-CXR diagnosis. Chest X-ray reports for
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both consultant radiologists (33.5 to 3.0) and reporting radiographers (34.1 to 2.6) decreased the
corrected diagnostic confidence of clinicians for the most serious diagnosis. There was no apparent
difference in the clinician corrected most serious diagnostic confidence for reporting radiographer
chest X-ray reports compared to the consultant radiologist chest X-ray reports (t=0.048, p=0.093).
Non-inferiority of the influence of the reporting radiographer chest X-ray reports was not
established (t=-0.067, p=0.947).

4.4.6.10

Corrected diagnostic confidence in the most serious diagnoses for clinicians of
different experience

The corrected confidence in the most serious diagnosis for consultant radiologist and reporting
radiographer chest X-ray reports was examined for clinicians of difference experience. The results
are presented in Table 4.43.

Corrected Most Serious Diagnostic Confidence
Clinician
Experience

Reporting Practitioner

Pre-CXR
(95%CI)

Post-CXR
(95%CI)

Consultant Radiologist

35.5 (0 – 94.1)

6.4 (-117.8 – 130.5)

Reporting Radiographer

33.9 (0 – 91.0)

6.1 (-120.1 – 132.4)

Consultant Radiologist

34.1 (0 – 91.0)

3.3 (-109.2 – 115.8)

Reporting Radiographer

32.7 (0 – 92.9)

-3.4 (-120.8 – 114.1)

Consultant Radiologist

30.4 (0 – 86.0)

-1.8 (-106.2 – 102.7)

Reporting Radiographer

35.3 (0 – 92.2)

3.9 (-104.4 – 112.1)

Consultant Radiologist

33.5 (0 – 90.9)

3 (-112.3 – 119.2)

Reporting Radiographer

34.1 (0 – 92.0)

2.6 (114.9 – 120.1)

Consultant

Registrar

Junior
Medical Staff

TOTAL

NonInferiority
t = 0.166
p = 0.868

t = -2.696
p = 0.007

t = 2.913
p = 0.004

Table 4.43 Corrected most serious diagnostic confidence for consultant radiologists and reporting
radiographer chest X-ray reports for clinicians of different experience
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The experience of the clinician did appear to have had an influence on the corrected most serious
diagnostic confidence (F=5.008, p=0.007). The chest X-ray reports of consultant radiologists (3.3
95%CI -109.2 – 115.8) had a more positive influence on the most serious diagnostic confidence of
registrars when compared to reporting radiographer (-3.4; 95%CI 120.8 – 114.1) chest X-ray reports
(t=-0.2696, p=0.007). Conversely, for junior medical staff, the reporting radiographer (3.9; 95%CI 104.4 – 112.1) chest X- a

epo ts had a

o e positi e i flue e o the li i ia s o e ted

ost

serious diagnostic confidence when compared to consultant radiologist (-1.8; 95%CI -106.2 – 102.7)
chest X-ray reports (t=2.913, p=0.004). The wide 95% confidence intervals and small net corrected
most serious diagnostic confidence for both consultant radiologist and reporting radiographer chest
X-ray reports for all clinician experiences suggest that the overall influence of all chest X-ray reports
o the li i ia s o e ted

4.4.6.11

ost se ious diag osti

o fide e as s all.

Corrected diagnostic confidence in the most serious diagnoses for different
diagnoses

The corrected clinician diagnostic confidence in the most serious diagnosis for consultant radiologist
and reporting radiographer chest X-ray reports was examined for the different final diagnoses and is
presented in Table 4.44.
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(case note review)

Most Serious post-CXR
corrected diagnostic confidence
Consultant Radiologist (95%CI)

Most Serious post-CXR corrected
diagnostic confidence
Reporting Radiographer (95%CI)

No Significant
Disease

8.8 (-77.7 – 95.2)

3.4 (-79.4 – 86.2)

Infection

7.4 (-117.9 – 132.8)

12.9 (-116.8 – 142.7)

Cardiac/Pulmonary
Oedema

-24 (-147 – 98.9)

-27.5 (-54 – 99.1)

Pleural Effusion

-19.8 (-175.9 – 136.4)

-7 (-200 – 192.1)

COPD

8.3 (-120.7 – 137.3)

14.8 (-114.3 – 143.9)

Pneumothorax

39.8 (-138.2 – 200)

10.4 (-178.8 – 199.6)

Perforation

^

^

Malignancy

10.6 (-109.8 – 131.1)

21.6 (-109.6 – 152.7)

Tuberculosis

-21.6 (-154.3 – 111.2)

-14.4 (-144.7 – 115.8)

Pulmonary Fibrosis

-11.9 (-148.6 – 124.9)

-3.7 (-107.3 – 100)

Other

8.6 (-97.3 – 114.5)

8.4 (-103.6 – 120.3)

Final Diagnosis

TOTAL
3 (-112.3 – 118.2)
2.6 (-114.9 – 120.1)
Table 4.44 Influence of consultant radiologist and reporting radiographer chest X-ray reports
on the corrected most serious diagnostic confidence by final diagnosis
COPD = chronic obstructive pulmonary disease; ^ = no cases

The corrected most likely diagnostic confidence shows considerable variability, both between
diagnoses but also within each diagnosis with very wide 95% confidence intervals. Both consultant
radiologist and reporting radiographer chest X- a

epo ts had a positi e i flue e i

li i ia s

confidence in the most serious diagnosis for cases of pneumothorax (consultant radiologist 39.8
95%CI -138.2 – 200; reporting radiographer 10.4 95%CI -178.8 – 199.6) and chronic obstructive
pulmonary disease (consultant radiologist 8.3 95%CI-120.7 – 137.3; reporting radiographer -14.8
95%CI -114.3 – 143.9). There was no apparent difference between the influence of consultant
radiologist and reporting radiographer chest X- a

epo ts o

li i ia s o e ted

ost likel

diagnostic confidence for different final diagnoses (F=0.187, p=0.665).
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4.4.7

Summary of performance for chest X-ray reports of consultant radiologists and
reporting radiographers on cli i ia s diag osti de isio -making

Cli i ia s diag osti de isio s did ot appea to e i flue ed

hethe the epo t as p o ided

by a consultant radiologist (CR) or reporting radiographer (RR). A similar proportion of consultant
radiologist and reporting radiographer reports resulted in clinicians reaching a correct most likely or
most serious diagnosis (CR=63%; RR=60%) and there was no apparent difference for different
diagnoses or for clinicians of different experience.
Importantly both consultant radiologist and reporting radiographer chest X-ray reports had a
beneficial influence on clinician uncorrected most likely (CR=80.4; RR=80.2) and most serious
(CR=39.3; RR=41.9) diagnostic confidence, with the non-inferiority of the reporting radiographer
chest X-ray reports established. When clinician diagnostic confidence was corrected for accuracy
using the Tsushima methodology,277 both the consultant radiologist and reporting radiographer
chest X-ray reports demonstrated little overall influence for the most likely diagnosis (CR=5.02;
‘‘= .

o

ost se ious diag osis C‘= . ; ‘‘= . . Fo

li i ia s o e ted

ost likel diag osti

confidence and corrected most serious diagnostic confidence there did not appear to be any
difference between consultant radiologist and reporting radiographer reports, but non-inferiority
was not established.
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Chapter 5 – Discussion
5.0

Discussion

Prior to this study, no previous work has directly compared consultant radiologists and reporting
radiographers in chest X-ray reporting. The non-inferiority of reporting radiographer diagnostic
accuracy has been demonstrated across a range of methodologies; unweighted JAFROC, weighted
JAFROC and inferred ROC. The diagnostic accuracy of the consultant radiologists and reporting
radiographers in the current study is comparable to that of consultant radiologists in previous
research.77 82 228 251 281 282 In a further new finding, which group reports on chest X-rays (consultant
adiologist o epo ti g adiog aphe appea s to ha e little o

o i flue e o

li i ia s diag osti

decision-making. These results suggest that reporting radiographers, having completed an
appropriate accredited postgraduate programme of study, can safely complement consultant
radiologists in terms of chest X-ray reporting in clinical practice.
The first part of this study, a robust assessment of the diagnostic accuracy of chest X-ray
interpretation, confirms that the diagnostic accuracy of reporting radiographers when interpreting
adult chest X-rays is non-inferior to that of consultant radiologists (Chapter 4.3). Sources of potential
bias were identified and minimised for each element of the diagnostic accuracy study; image bank
case selection, reference standard, observer selection and measurement of the results. A clinically
representative image bank was constructed through use of a random stratified sample of chest Xrays performed over a consecutive 12 month period, and included a clinically representative
spectrum of disease, a range of disease severity and conspicuity. The image bank was correlated
with local audit and comparison made with national clinical datasets. Inclusion of cases from a range
of referral sources ensured a diverse range of clinical demographics.206 All practitioners who
participated in the diagnostic accuracy study were qualified consultant radiologists or reporting
radiographers who were currently interpreting chest X-rays in clinical practice, with a range of
experience (consultant radiologists 3 – 31 years; reporting radiographers 1 – 9 years).206
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The use of two independent, expert consultant chest radiologists produced a valid reference
standard diagnosis for all cases included in the study, and was applied to all participant observer
interpretations independently by two arbiters. The reference standard diagnosis was obtained
independent to the reports of the participant reporting practitioners, and the same reference
standard diagnosis was used for all cases. All image interpretation occurred independently and
blinded to any other radiology report and with the relevant clinical history provided by the
requesting clinician. With the exception of a small number of cases which were not interpreted by
some practitioners due to oversight (consultant radiologists n=5, <1%; reporting radiographers n=8,
<1%), all reporting practitioners interpreted an identical image bank. Two independent arbiters
compared the reports to the reference standard diagnosis, blinded to the origin of the report
(practitioner or profession). These measures have ensured that the results of the study are a reliable
measure of diagnostic accuracy.
Part 2 of this study (Chapter 4.4) examined the influence that consultant radiologist and reporting
radiographer chest X- a

epo ts had o

li i ia s diag osti de isio -making using a rigorous study

design. The results suggest that there is little difference between consultant radiologist and
reporting radiographer chest X-ray reports. Non-inferiority of reporting radiographer chest X-ray
reports was confirmed for some outcomes (uncorrected most likely diagnostic confidence and
uncorrected most serious diagnostic confidence) for all clinicians regardless of experience. Noninferiority was not established for all outcomes (corrected most likely diagnostic confidence and
corrected most serious diagnostic confidence). The use of a range of cases, from different referral
sources and with a wide spectrum of pathologies, ensured that the diagnostic confidence
assessment was representative of a typical clinical caseload. Multiple clinician participants, with a
range of experience, ensured that the influence of individual characteristics was minimised.
Random, stratified allocation of consultant radiologist and reporting radiographer reports (Chapter
3.3.2) ensured that results were representative. The use of multiple reports of the same case from
different reporting practitioners (consultant radiologists and reporting radiographers) reduced bias
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due to case selection. All clinician diagnostic decisions were made independently and blinded to the
origin of the chest X-ray report (consultant radiologist or reporting radiographer). Correcting the
post-chest X-ray diagnostic confidence to reflect the accuracy of the diagnosis reflected the clinical
i pli atio s fo i sta es he e a li i ia

as o fide tl

o g in their decision.275 The 12-24

month delay between the chest X-ray and final clinico-radiological diagnosis minimised disease
progression bias. Presentation of short case vignettes is an established methodology in medical
education, as is the use of changes in pre and post investigation confidence in formulating diagnostic
decisions, so did not introduce unfamiliar tasks to the clinician participants. The methodological
rigour of the study has ensured that there is confidence that the results represent the influence that
consultant radiologist and reporting radiographer chest X- a

epo ts ha e o

li i ia s diag osti

decision-making.
As outlined in Chapter 2.7 marked variation between observers can exist when interpreting chest Xrays and that there is limited current evidence that examines the accuracy of reporting radiographer
chest X-ray interpretation. The majority of previous studies have concentrated on a single task, for
example nodule detection180 227 228 283 or lung cancer screening,33 34 unlike the current study that
included a range of pathologies within the image bank. Other work has assessed the performance of
radiographer abnormality detection226 or preliminary clinical evaluation284 285 rather than clinical
reporting by qualified and practising reporting radiographers. The only other previous study that has
examined the diagnostic accuracy of reporting radiographer chest X-ray reporting was in an
academic setting,41 but no direct comparison was made with the performance of consultant
radiologists.
This current study is the first that has directly compared the diagnostic accuracy of a cohort of
consultant radiologists and qualified reporting radiographers when interpreting a bank of adult chest
X-rays selected from clinical practice and which includes a broad range of pathologies. The use of an
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image bank that closely reflects clinical practice enabled extrapolation of the findings of the current
study to the expected performance of reporting radiographers in clinical practice.
The study has demonstrated statistically similar agreement in clinical practice between each expert
and the consultant radiologists and reporting radiographers (Chapter 4.2). No apparent statistical
difference was found on McNemar test; expert radiologist – consultant radiologist (p=0.701) and
expert radiologist – reporting radiographer (p=0.629). The inter-observer agreement in the current
study was lower than that reported by Woznitza et al. where agreement between a single reporting
radiographer and three consultant radiologists was Kappa=0.83, Kappa= .

a d Ƙappa= .

.42 The

higher inter-observer agreement in the earlier study may have been due to incorporation and
verification bias as the consultant radiologists compared the reporting radiographer interpretation
to their own for accuracy.206 In contrast, the current study was designed so the expert chest
consultant radiologists performed their independent review blinded to the clinical report.
The i flue e that adiolog

epo ts ha e o

li i ia s diag osti de isio -making is an important

intermediate outcome measure in radiology research.62 165 184 Diagnostic decision-making is the first
part of the efficacy hierarchy which incorporates aspects outside of radiology as a surrogate
measure for patient outcome.57 The most recent evidence has concentrated on the influence that
computed tomography 172 286 and magnetic resonance imaging162 163 epo ts ha e o

li i ia s

diagnostic thinking. The work of Lusted in 1977 was the last major study that examined the influence
of X- a

epo ts o

li i ia s diag osti de isio -making.233 In the current study, consultant

radiologist and reporting radiographer chest X-ray reports resulted in comparable changes in
li i ia s diag osti decision-making. Similar numbers of consultant radiologist (n=1,368; 63%) and
reporting radiographer (n=1,337; 60%) chest X-ray reports was associated with a correct clinician
diagnosis (p=0.103), with little difference for clinicians of different experience (consultant, registrar,
junior medical staff) and for different diagnoses. A total of 1,686 reports (consultant radiologist 810,
37%; reporting radiographer 876, 40%) where the clinician did not arrive at the correct diagnosis.
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This may have a detrimental impact on patient care, however imaging investigations often only form
one part of the diagnostic pathway, and so the negative influence may be moderated in clinical
practice. It does however highlight the considerable cost burden, both in terms of patient outcome,
radiation and finance that diagnostic errors can have.287
When the uncorrected diagnostic confidence was compared, using the methodology of Lusted,233
the performance of the reporting radiographers (post-CXR uncorrected most likely diagnostic
confidence 80.2 of 100) was non-inferior to that of consultant radiologists (post-CXR uncorrected
most likely diagnostic confidence 80.4 of 100; p<0.0001). Lusted did not consider that the radiology
epo t ould ha e ee i o e t o ha e esulted i the li i ia s o side i g a i o e t
diagnosis,233 a significant limitation at that time given the more recent evidence on diagnostic
accuracy.74 82 83 187 214 The work of Dixon and colleagues also did not consider inter-observer variation
in diagnostic accuracy in their evaluations of the influence on magnetic resonance imaging reports
o

li i ia s diag osti de isio -making.158 162-164

Diagnostic confidence of the clinician post-CXR most likely diagnosis was corrected for the accuracy
of the diagnosis using the Tsushima methodology.277 Both the consultant radiologist (post-CXR
corrected most likely diagnostic confidence 5.02 of 100) and reporting radiographer (post-CXR
corrected most likely diagnostic confidence 4.61 of 100) chest X-ray reports in the current study
sho ed e

little o e all e efit o

li i ia s diag osti de isio -making. Although the study was

designed to simulate clinical practice, the organic process of diagnostic decision-making often
synthesises information from multiple sources simultaneously, including the response of the patient
to treatment. This was not available given the structured nature of the assessment. This study is also
the first to use the Tsushima methodology in a controlled environment, with previous work
conducted in clinical practice.275 277 These factors may have influenced the results of the current
study. Another possible influence could have been the inclusion of multiple chest X-ray reports from
different reporting practitioners for the same case. As demonstrated in the diagnostic accuracy
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study (Chapter 4.3), there was a range of diagnostic accuracy, with some cases producing incorrect
diagnoses. These incorrect reports were included in the analysis, in an attempt to replicate the
variation in accuracy of reports in clinical practice. The inclusion of multiple reports from multiple
practitioners is a strength of the study design, as it allows the results to be generalised, but the net
overall contribution of chest X- a

epo ts o

li i ia s diag osti de isio -making may have been

reduced as a result.

5.1

Methodological considerations and statistical analyses

There are several methodologies available to investigate diagnostic accuracy, including ROC,
unweighted JAFROC and weighted JAFROC. As outlined in Chapter Appendix 12.4.1.2, JAFROC
captures localisation and confidence rating for all abnormalities, rather than a global assessment of
the entire case, and is a paradigm more closely aligned with clinical practice. The current study has
determined the diagnostic accuracy of consultant radiologists and reporting radiographers using all
three measures, to facilitate comparison with the existing literature. Few previous studies have
compared the diagnostic accuracy of consultant radiologists for differences between ROC and
JAFROC. Yamada and colleagues reported higher diagnostic accuracy for ROC analysis (chest X-ray
mean AUC=0.77; tomosynthesis mean AUC=0.93) when compared to JAFROC (chest X-rays mean
FoM=0.64; tomosynthesis mean FoM=0.88) but the authors did not discuss the reasons for such a
discrepancy.288 Kohli et al. also found the performance of both the chest consultant radiologists
(n=6) and non-specialist radiologists (n=6) in nodule detection on a bank of 40 chest X-rays (20
abnormal) was higher for ROC (chest radiologists AUC=0.708; non-specialist radiologists AUC=0.659)
than for JAFROC (chest radiologists FoM=0.487; non-specialists FoM=0.425).282 These results are in
line with the current study, with both the consultant radiologists (AUC=0.903; FoM=0.786) and the
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reporting radiographers (AUC=0.909; FoM=0.830) demonstrating a higher performance for ROC
compared to JAFROC.
Kohli et al. also examined specific characteristics that can be associated with improved performance.
They found that for JAFROC analysis the speciality of the radiologist, hours reading chest X-rays per
week, satisfaction with chest X-ray interpretation and number of chest X-rays reported per year all
correlated with higher accuracy.282 In contrast, only hours per week reading chest X-rays was
associated with improved performance for ROC analysis, and they postulate that the increased
statistical power of JAFROC analysis facilitated the identification of these important factors that can
influence accuracy.282 This justifies the use of JAFROC as the primary measure of diagnostic accuracy
in the current study. As a suggestion to improve practice, Kohli et al. propose that specialisation,
time spent reporting chest X-rays per week and the number of chest X-rays interpreted annually are
modifiable and controllable elements that could act as a surrogate for overall experience.282 The
findings of this study concur with this proposition. The consultant radiologists in this study had
greater years of experience, the current volume of chest X-rays reporting in clinical practice was
greater for the reporting radiographers, although no statistically significant difference was found in
diagnostic accuracy when accounting for years of experience or current volume of examinations
reported.
The use of a non-inferiority approach within medical research, and particularly radiology, is limited.
As outlined in Appendix 12.6, failure to reject the null hypothesis (p>0.05) does not equate to
equivalence/non-inferiority of the two investigations. Dedicated statistical methods are required to
reduce bias and provide robust results. Despite recognised standards for non-inferiority studies,48 a
recent review of the radiology literature found poor compliance. Of the 38 studies published in two
high impact radiology journals over a five and a half year period, only one study (3%) used an
appropriate statistical method.289 The majority of research (29 of 38, 76%) incorrectly reported noninferiority/equivalence based on a p value greater than 0.05 for a standard superiority approach.
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Many of the identified studies (28 of 38, 74%) failed to report a sample size calculation. Thus, a false
claim of non-inferiority could have been due to an underpowered study. The current study adhered
to current best practice guidance; a pre-defined clinically insignificant margin was used, sample size
calculations were performed and appropriate statistical analysis conducted.48 The results of the
current study, which found reporting radiographers non-inferior to consultant radiologists in chest Xray interpretation, are based on an appropriate and robust methodological approach. As less
invasive treatment options, lower cost or lower radiation dose examinations are developed noninferiority studies are expected to grow. The approach used in the current study could act as a
benchmark for comparative analysis of consultant radiologist and reporting radiographer diagnostic
accuracy.
5.2

Agreement of expert chest consultant radiologists in establishing the reference
standard diagnosis

The significant body of evidence that examines the performance of observers when interpreting
chest X-rays confirms that considerable inter-observer variation exists. Accordingly, this was taken
into account for data analysis in the current study. Other factors, that include the nature of the
reporting task, characteristics of the observers, whether the study was conducted in clinical practice
or a controlled environment and technological developments also need to be considered when
comparing current results to the literature.
The current study found the expert chest radiologists agreed in 52 (of 180 cases, 29%) of the normal
cases and 79 (of

ases,

% of a

o

al ases, ith

ode ate ag ee e t Kappa Ƙ= . ;

95%CI 0.36 – 0.59; p<0.0001) for a random, stratified sample of chest X-rays with a range of
pathologies. These results are comparable to those found in the historical literature that scrutinises
the tuberculosis and lung cancer screening programmes. Overall agreement in the diagnosis of
tuberculosis ranged from 66% to over 99%,65 66 70 194 while agreement on abnormalities identified in
lung cancer screening has been reported as between 10%73 and 67%.71 Some of this variation has
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been due to the different radiographic techniques used, with many screening programmes replacing
conventional 35 cm x 43 cm X-ray film with miniature 35 mm film.65-67 Advances in technology also
limit comparison with the current study. Chest X-rays are now acquired using computed radiography
(CR) or digital radiography (DR), although more recent work (1980-2003) that used improved filmscreen radiography and full size 35 x 43 cm X-ray film still report a significant error rate.73 77 78 211 The
inter-expert chest radiologist agreement in the current study compared favourably to the
contemporary work of Singh et al. ho epo ted fai ag ee e t Ƙ= .

i the dete tio of lu g

nodules on chest X-rays by expert thoracic radiologists,79 a d the ag ee e t Ƙ= .

epo ted

Balabanova et al. when identifying tuberculosis.75
Both the work of Robinson et al. who found three consultant radiologists agreed in only 61 of 100
chest X- a s Ƙ=0.63 – 0.68)188 and Tudor et al. when a bank of 50 X-rays were interpreted with
cli i al histo

Ƙ=0.58)214 reported slightly higher agreement than the inter-expert radiologist

agree e t i the u e t stud Ƙ= .

. The i flue e that disease p e ale e has o

adiologists

diagnostic accuracy is equivocal, with conflicting results.255 279 290 291 Previous work by Reed et al.
suggested that prevalence expectation did not alter expert radiologist accuracy in lung nodule
detection.255 This is unlike the earlier work of Egglin and Feinstein,290 and the subsequent work of
Reed et al.291 and Littlefair and colleagues,279 who all found differences in radiologist accuracy with
both actual higher disease prevalence and higher expected prevalence. Controlled studies of
diagnostic performance often use enhanced proportions of abnormal cases to test observers for rare
pathologies or to reduce sample sizes, but this may not be representative of clinical practice.254
What is not in doubt is the influence of disease prevalence (the proportion of abnormal cases in an
image bank) on the Kappa statistic, with higher prevalence introducing bias.292 293 This may partly
explain the higher inter-observer agreement reported by others.188 214 The agreement between
expert chest consultant radiologists in the current study suggests that they are comparable with the
performance of experts found in the literature.77 82 188 214
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The historical and contemporary literature that has examined chest X-ray accuracy of consultant
radiologists is consistent in demonstrating variation in performance. This is persistent despite
advances in technologies used to acquire the chest X-rays (miniature film, 35 x 43 cm films,
computed radiography and digital radiography). Variation occurs irrespective of the image
interpretation task; lung nodule detection, diagnosis of tuberculosis and when reporting a spectrum
of pathologies. The inclusion of cases in the image bank only where both expert chest radiologists
agreed has accounted for this variation and so justified the choice of reference standard diagnosis
for the diagnostic accuracy study.
Analysis at a case level of the diagnostic accuracy of the cohorts of consultant radiologists and
reporting radiographers confirmed that there were very few cases in which all participants were
correct, both normal and abnormal. The broad spectrum of pathologies, in proportions that mirror
clinical practice based on local (Appendix 3) and national audit,245 have ensured that the case mix for
the image bank used in the current is reflective of clinical practice. Thus, the diagnostic accuracy
results produced from this robust and reliable image bank, allow conclusions on reporting
practitioner diagnostic accuracy to be drawn.

5.3

Expert chest radiologist agreement with consultant radiologist and reporting
radiographer chest X-ray reports from clinical practice

As detailed in Chapter 3.2.2, to mimic clinical practice cases were drawn from a randomised,
stratified sample of adult chest X-rays performed for clinical reasons. To minimise bias, the expert
chest radiologists performed their interpretations blinded to the clinical report.206 This facilitated the
comparison of expert chest consultant radiologists (CC1 and CC2) to the clinical reports provided by
both consultant radiologists (CR) and reporting radiographers (RR). This study has found comparable
levels of normal – abnormal agreement between clinical reports provided by consultant radiologists
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and reporting radiographers (detailed in Chapter 4.2) though these were lower than that reported
by Woznitza et al.,42 perhaps owing to incorporation and verification bias206 in the latter study.
Comparable report concordance was also found between the expert chest consultant radiologists
and the clinical reports of consultant radiologists. However, studies that have examined
performance in clinical practice have reported mixed results. The review by Quekel and colleagues,77
who utilised expert chest radiologists to perform retrospective review of new lung cancer diagnoses,
reported slightly higher accuracy (81%) when compared to the current study. The work of Austin et
al. also examined cases of missed lung cancer and reported similar findings.294 Twenty-seven cases
missed in clinical practice by 18 radiologists were included in the analysis, and 22 chest X-rays were
retrospectively reviewed by six expert chest radiologists. Accuracy of the expert radiologists was
74%, more in line with the findings of this study. Of importance, Austin et al. reported that despite
bias from the targeted nature of the expert review (missed lung cancer), the lung cancer was missed
by at least one expert radiologist in 16 (73%) of cases.294 Due to the targeted nature of these
reviews, no normal cases were included and the work focused on a single pathology rather than a
range of diseases. This could partially explain the results. The radiologist and radiographer
performance in the current study was comparable (agreement 75%) to that of Herman et al., and the
use of 100 randomly selected cases in their study more closely mimics the methodology employed in
the current study.264
There is a general paucity of evidence which has examined the performance of radiographers
interpreting chest X-rays in clinical practice. Prior to the current study, there have only been four
studies that have examined radiographer chest X-ray reporting. Two of these historical studies were
conducted as part of lung cancer screening research in the 1970s. The analysis of Flehinger et al.
reported encouraging results of radiographer first reading of screening chest X-rays, with error rates
of 2% and 3.2% for the two radiographers.34 This may not have been an accurate reflection of
performance, as cases that were deemed normal by both radiographer and radiologists were not
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subjected to expert radiologist review (verification bias), and the radiographers performed their
interpretation in conjunction with the radiologist (incorporation bias).206 More recently, Sonnex et
al. assessed the performance of radiographers in a specialist thoracic centre, and found that they
correctly identified normal (specificity 99%) and abnormal chest X-rays (sensitivity 90%).226 A crucial
distinction, which must be made when comparing the current study to this previous work, is that the
radiographers in the previous studies were not reporting radiographers.33 34 226 They were required
to distinguish between normal and abnormal cases only, and did not provide a clinical report or a
diagnosis. The reported accuracy of radiographers in the previous studies may have been
elevated.206 The results of the current study, which used qualified reporting radiographers as
participants and was free from the biases identified above due to the robust methodology
employed, found comparable agreement for reporting radiographers and consultant radiologists.
The only previous work that utilised trained reporting radiographers reporting chest X-rays in clinical
practice was performed by Robinson.37 A small number of chest X-rays from the emergency
department were included as part of a larger study, and agreement with a radiologist report found
in 52 normal and 31 abnormal cases (of 112, 74%).37

5.4

Diagnostic accuracy of consultant radiologists and reporting radiographers when
interpreting a bank of adult chest X-rays

There is a considerable body of evidence which examines the diagnostic accuracy of chest X-ray
interpretation in a controlled (image bank) setting. The majority of observers in these studies are
consultant radiologists, with their performance compared to new technologies including digital
subtraction295 296 and tomosynthesis.231 288 Traditional comparison between consultant radiologists
with a variety of non-radiology medical practitioners of varying experience have also been
performed.75 230 297 Accuracy, in terms of true negative and true positive, is the most common
summary measure of performance, especially for studies that compare consultant radiologists to
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non-radiology medical practitioners. Receiver operator characteristic (ROC) methodology is also
frequently used.75 82 263 298 There is a growing body of work that has employed the free response
methodology and in particular the jack-knife alternate free response received operator characteristic
curve methodology.228 231 279 281 284 299-301 Little work has been done that has examined the diagnostic
accuracy of reporting radiographer chest X-ray interpretation and these few studies have examined
nodule detection rather than interpreting a broad spectrum of pathologies.81 227 228

5.4.1

Diagnostic accuracy studies of reporting radiographer chest X-ray interpretation

A small number of previous studies have investigated the diagnostic accuracy of reporting
radiographer chest X-ray interpretation. Piper et al. examined the performance of a cohort of 40
reporting radiographers (n=4,000 chest X-rays) at the end of an accredited postgraduate training
programme.41 They found high sensitivity and specificity, 95.4% and 95.9% respectively, for an image
bank with a diverse range of pathologies. The average sensitivity and specificity of both consultant
radiologists (sensitivity 69.7%, specificity 80.9%) and reporting radiographers (sensitivity 78.1%,
specificity 85.2%) in the current study was lower. The current results are not directly comparable
due to methodological differences; sensitivity and specificity were calculated differently279 as
sensitivity and specificity were not the primary outcome measures. Robinson conducted the only
other study that examined the diagnostic accuracy of qualified reporting radiographers in chest X-ray
interpretation.37 ‘o i so s stud

as a feasi ilit stud e a i i g adiog aphe reporting of 112

emergency department chest and abdominal X-ray examinations. He used two radiographers only
and did not differentiate between the chest and abdominal examinations. He found an overall
accuracy of 74% (52 concordant normal reports, and 31 concordant abnormal reports) when
compared to a single consultant radiologist report. Unlike the current study, neither Piper et al.41 nor
Robinson37 compared the performance of reporting radiographers to consultant radiologists.
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The reporting radiographer sensitivity (78.1%) and specificity (85.2%) in the current study is in line
with that reported in the recent work of Ekpo et al. who found moderate accuracy in a cohort of
Nigerian radiographers, with 80% sensitivity and specificity when interpreting a bank of chest X-rays
in a controlled setting.285 The current results are also comparable to that of Sheft et al.33 They found
similar performance in the ability of two radiographers to identify cases suspicious for cancer on
chest X-rays (after training radiographer false positive 13% and 19%; false negative 8% and 4%) to
that of five trainee radiologists (mean false positive 9% and false negative 8%) and three consultant
radiologists (mean false positive 7% and false negative 6%).33 As outlined above, direct comparison
with the current study cannot be made due to the nature of the task (clinical report vs. abnormality
detection) and the educational experience of the participants (accredited postgraduate training vs.
limited formal training).

5.4.2

Diagnostic accuracy of chest X-ray interpretation which have used jack-knife
alternate free response receiver operator characteristic curve (JAFROC)
methodology

The consultant radiologists (FoM=0.786) and reporting radiographers (FoM=0.830) in the current
study compare favourably with the reported figures of merit (range 0.4 – 0.82) within the literature.
A summary of all studies that have used JAFROC methodology to assess the diagnostic accuracy of
chest X-ray interpretation are included as a table in Appendix 2. Even for the range of study designs
used, the current results are comparable across the spectrum and suggest that the cohort of
reporting radiographers in the current study report adult chest X-rays with similar performance to
consultant radiologists demonstrated in previous research.
Only two previous studies have included a range of pathology in the image bank. Szucs-Farkas et al.
reported figures of merit between 0.446 – 0.595 for consultant radiologists and a radiology registrar
in an image bank that included lung cancer, lymphoma, sarcoidosis and Wegner s vasculitis.253 Kasai
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et al. analysed accuracy of lung nodule (FoM=0.622) and thoracic vertebral fracture (FoM=0.585)
detection.302 The performance of both the consultant radiologists (FoM=0.786) and reporting
radiographers (FoM=0.830) found in the current study compare favourably to this previous work.
Nodule detection studies, the bulk of previous work that has used JAFROC for diagnostic accuracy
studies of chest X-ray interpretation, focus on a single clinical task rather than the spectrum of
pathologies encountered in clinical practice. This does facilitate comparison with other variables,
such as the use of new techniques including computer assisted diagnosis and tomosynthesis. To
facilitate comparison with the literature with the current study, the figures of merit from the control
reading, that is under normal reporting conditions without a new technique for example, have been
used.
The studies that have examined the role that tomosynthesis has in the accuracy of lung nodule
detection, Vikgren et al.,301 Yamada et al.288 and Doo et al.,80 found average figures of merit of 0.40,
0.64 and 0.41 respectively for the control reading (chest X-rays without tomosynthesis). The
performance of both the consultant radiologists (FoM=0.786) and reporting radiographers
(FoM=0.830) in the current study compare favourably. However, these studies had small participant
numbers (3-4) limiting generalisability, whereas the current study had a greater number of observers
that assists when extrapolating the diagnostic accuracy to the wider population of reporting
radiographers.
Both Brennen et al.281 and Kohli et al.282 compared the performance of subspecialist chest
radiologists and general radiologists in nodule detection. The average performance of the general
radiologists (FoM=0.68 without noise, FoM=0.69 with noise) and chest radiologists (FoM=0.65
without noise, FoM=0.68 with noise) found by Brennan et al.281 was lower than the results of the
current study (CR FoM=0.786, RR FoM=0.830), and superior to that of Kohli et al. (FoM=0.425).282 A
smaller number of cases was used by both Brennen et al. (n=30)281 and Kohli et al. (n=40)282 when
compared to the current study (n=106). Fewer observers were also used by Kohli et al. (n=6 general
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consultant radiologists)282 with Brennan et al. using a similar number of observers (n=15 general
consultant radiologists, chest radiologists n=11)281 to the current study (n=10 consultant
radiologists).
Observer expectation and the influence that this may have on diagnostic accuracy has been
examined in several ways using different variables. The work of Littlefair et al. used different
anticipated levels of disease prevalence in their analysis,279 McEntee and Quinn did not provide
clinical history303 and Robinson et al. used focused abnormality detection.84 The controlled reading
figures of merit for these studies, FoM=0.60,279 FoM=0.55303 and FoM=0.67184 respectively, again are
similar to the results of the current study. A smaller number of cases were included in all of these
works, approximately 40 chest X-rays, when compared to the current study (n=106). A greater
number of cases, with a broad spectrum of pathologies, enables the results of the current study to
be generalised to a wide population of patients, rather than the small subset of consultant
radiologist observers included in previous work.
The previous work that has used the jack-knife alternate free response methodology for the
assessment of reporting radiographers in chest X-ray interpretation has concentrated on a single
task, namely nodule detection, rather than a range of pathologies commonly encountered in clinical
practice. Manning et al. found that the five radiographers after postgraduate training (FoM=0.82)
performed marginally better that the eight consultant radiologists (FoM=0.80),227 which is similar to
the results of the current study (consultant radiologist FoM=0.786; reporting radiographer
FoM=0.830). The number of radiologist (n=8) observers and the number of cases (n=120) are also
similar to the current study, although fewer radiographer (n=5) observers were used, further
strengthening the comparisons. Donovan and Litchfield included two reporting radiographers in
their study.228 Only the summary figure of merit was reported (FoM=0.72) for the expert group and
they did not differentiate reporting radiographers (n=2) from consultant radiologists (n=8).228 This
was possibly due to the small numbers of observers. Another explanation for this grouping of
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consultant radiologists and reporting radiographers for analysis may have been that previous work
conducted by the researchers had suggested comparable accuracy.227 The work of Buissink et al.,
that reported a figure of merit of 0.677,284 is not as comparable to the current study as the
radiographer cohort had not completed accredited postgraduate training.

5.4.3

Diagnostic accuracy studies of chest X-ray interpretation which have used receiver
operator characteristic curve methodology

Inferred receiver operator characteristic (ROC) curves were also calculated as part of the current
study to facilitate comparison with the literature. A summary of the literature that utilised ROC
curves for diagnostic accuracy of chest X-ray interpretation is presented in Appendix 1. Although
both JAFROC and ROC are measures of diagnostic accuracy, the methodology varies and thus results
are not directly comparable between the two designs. The calculation of inferred ROC facilitates the
comparison of the diagnostic accuracy of the consultant radiologists and reporting radiographers in
the current study with results of previous research.
As was found with many of the JAFROC studies, observer performance which used the ROC
methodology was often comparing accuracy with an intervention, such as the inclusion of clinical
history, dual energy imaging or for different medical specialities. The area under the ROC curve for
the control reading have been used when comparing previous results to the current study. This
further comparison with the literature adds additional strength to any conclusions that can be drawn
on reporting radiographer chest X-ray interpretation. The majority of studies that have used receiver
operator characteristic (ROC) curve methodology have been performed with consultant radiologist
observers with considerable variation in sample size, both in terms of observers (range 4 – 162) and
cases (range 30 – 247). Many of the studies used a balanced disease prevalence ratio
(normal:abnormal 1:1), as was used in the current study, but few studies used a range of
pathologies. The performance of both the consultant radiologists (average AUC=0.903) and
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reporting radiographers (average AUC=0.909) in this study compare favourably to those studies that
included a range of pathologies. Good et al. 304 reported AUC between 0.78 – 0.98, the consultant
radiologists in Potchen et al. 82 had an average AUC of 0.86 and Balabanova et al.75 an average AUC
of 0.81. When the current study is compared to previous work which used a range of pathologies but
included chest X-rays in an image bank with other examinations, Berbaum et al.,305 Tudor and
Finlay207 and Eng et al.263 all report lower AUC for consultant radiologists than both the reporting
radiographer and consultant radiologist participants in current study, 0.745, 0.88 and 0.81
respectively.
Work that examined observer detection of a single pathology, in general, reported lower AUC values
than the current study. For nodule detection, Kashani et al.295 and Shang et al.252 found AUC values
of 0.789 and 0.66, broadly comparable to Furhman et al.306 who examined rib fracture detection
(AUC = 0.73). These three studies compensated for a small number of observers, between four and
eight, with a greater number of cases (100 – 129). A large number of cases may have been used in
order to enable the results to be generalisable to a broad patient population but this is limited by
the narrow focus of the interpretation task. The current study does not have these limitations, with
a range of pathologies included within the 106 cases and a sufficient number of observers (CR n=10,
RR n=11), yet has superior AUC values for both the consultant radiologists (AUC=0.903) and the
reporting radiographers (AUC=0.909).
Berbaum and colleagues have investigated satisfaction of search, a source of diagnostic error where
an abnormality may be missed due to the presence of additional abnormalities.307-309 The two
studies that used the same bank of 57 chest X-rays that included a range of pathologies evaluated
the influence of a checklist and computer assisted diagnosis. They reported similar diagnostic
accuracy of the consultant radiologists in the control reading (no checklist, no computer assisted
diagnosis) in both studies, AUC=0.67307and AUC=0.681,308 lower than the accuracy of the consultant
radiologists (AUC=0.903) and reporting radiographers (AUC=0.909) in the current study. The
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accuracy of the consultant radiologists in a study that examined satisfaction of search using
simulated lung nodules found was higher than the previous work, AUC=0.74,310 although still lower
that the current study. Comparison with the existing literature suggests that, for ROC analysis, the
consultant radiologists in the current study are comparable to their peers, and therefore the
performance of the reporting radiographers are also comparable to the wider population of
consultant radiologists.

5.5

Influence of reporting radiographer chest X- a
decision-making

epo ts o

li i ia s diag osti

The work of Lusted, a large multisite evaluation of the contribution that radiology reports have on
li i ia s diag osti thi ki g, ep ese ts the la gest and most comprehensive analysis of the
diagnostic impact of X-rays.233 Of the 2,627 chest X-rays included in the study, the radiologist report
produced a new most likely diagnosis in 13% (342 of 2,627), in contrast to the 51.2% (1,088 of 2,178)
consultant radiologist and 48.8% (1,137 of 2,213) reporting radiographer chest X-ray reports in the
current study. The proportion of new most likely diagnoses in the literature demonstrates similar
variability. Work which has investigated cross sectional imaging reports new most likely diagnoses
between 30% (37 of 125)277 and 40% (71 of 118)172 of cases for abdominal-pelvic CT and 27% (69 of
269)164 and 56% (55 of 98)163 for MRI reports of the knee and wrist. This variability may be due to the
patient population included in the various studies; emergency department,233 acute surgical,172 277
and orthopaedic outpatient,162-164 with the higher proportion of new most likely diagnoses in the
current study partially due to the broad range of referral sources (emergency department, inpatient,
outpatient). The results of the current study are at the upper end of the range of diagnostic
accuracy, and does suggest that the findings in the current study are relevant to clinical practice.
The chest X-ray reports of all reporting practitioners in the current study increased the uncorrected
most likely diagnostic confidence of the clinicians, from 71.0% to 80.4% and 72.5% - 80.2% for the

160

consultant radiologist and reporting radiographer chest X-ray reports respectively, with no
statisti all sig ifi a t diffe e e p< .

. Lusted also fou d a a e age i

ease i

li i ia s

most likely diagnostic confidence, from 9.1% to 59.9%.233 The net increase of Lusted (50.8%) was
higher than the current study (9.4% consultant radiologist, 7.7% reporting radiographer) but the
initial clinician confidence was much lower, 9.4% in contrast to 71.0% and 72.5%.233 The reason for
such a large discrepancy in the initial most likely diagnostic confidence between the clinicians in the
current study and the previous work of Lusted could be due to the setting of the task, controlled
academic setting compared to clinical practice, and this may have changed clinician behaviour.
Despite the lower overall increase in most likely diagnostic confidence in this current study, there
was no statistically significant difference between the chest X-ray reports of the consultant
radiologists and the reporting radiographers.
In contrast to the current study that stratified cases by a broad spectrum of pathologies, only cases
that had infection or no clinically significant disease were subject to sub-analysis by Lusted.233 Cases
i

hi h the li i ia suspe ted a diag osis of i fe tio i Lusted s o k a ou ted fo the ulk of

chest X-rays, 1,213 of 2,627 (46%), lower than the 24% (1,066 of 4,495) in the current study. A
slightly lower proportion of cases in the current study (319 of 4,391; 7%) had a clinically confirmed
i fe tio

p eu o ia o tu e ulosis , o pa ed to

%

of ,

i Lusted s stud . A

important consideration, as discussed below, was that Lusted s diagnosis was based solely on the
radiological report and did not incorporate clinical follow up.233 Confirmed cases of infection in the
current study were established at clinico-radiological review, and thus there is greater confidence
that these cases truly represent infection.233 Of the cases included in the current study, 36 (34%)
were from patients who had no significant disease as the final clinico-radiological diagnosis, similar
to the 24% (630 of 2,627) in Lusted.233 This suggests that the use of emergency department referrals
by Lusted, in contrast to the range of referral sources in the current study, may have increased the
overall disease prevalence.
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li i ia s pa ti ipated i Lusted s233 evaluation compared to

the current study (n=18) but the proportion of chest X-ray reports reviewed by clinicians with
different experience were similar. Of the cases included in Lusted s analysis, consultants reviewed
879 (34%), registrars 823 (31%) and junior medical staff n=925 (35%)233 compared to the current
study, consultants n=1664 (38%), registrars n=1225 (29%) and junior medical staff n=1502 (34%).
The current study found little difference in the proportion of consultant radiologist and reporting
radiographer chest X-ray reports that produced a new diagnosis for clinicians of different
experience, in line with Lusted.233 As there was a comparable proportion of chest X-ray reports
reviewed by clinicians of different experience in both studies, it could be expected that this similarity
in influence on diagnostic confidence would occur in clinical practice.
The use of a single referral source (emergency department) and the evolution of diagnostic
technology over the past 40 years limits the generalisability of Lusted s fi dings to contemporary
practice and for direct comparison to the current study. The

ost sig ifi a t li itatio i Lusted s

study was the interpretation of a single radiologist as the determinant of diagnosis.233 The accuracy
of the adiologist as u

uestio ed, as sele ted ha t e ie has e

a el sho

o t adi tio

of this diagnosis"(p.175).145 This is in contrast to both the historical 67 194 265 268 and current 74 82 240 269
literature regarding observer variation in image interpretation.
In order to address this limitation, the Tsushima methodology was used to correct clinician
confidence according to the accuracy of the post-chest X-ray diagnosis in the current study. This
method has only previously been used in studies which investigated CT,277 311 and the current study is
the first to employ this methodology for chest X-rays. When confidence was corrected for the
accuracy of the diagnosis, there was a significant reduction from 80.4% to 5.02% for consultant
radiologist and 80.2% to 4.61% for reporting radiographer chest X-ray reports. This is in contrast to
the previous work that has employed this methodology. Tsushima et al. found a positive influence of
the radiology report in 118 of 125 CT scans and an average increase in diagnostic confidence of
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40.5% (95%CI 30.1% - 69.2%) from 32.9% to 73.4%.277 These results mirror the work of Ng and
Palmer, who found a correct diagnosis on 50 (of 62 patients, 81%) and reported an average positive
improvement in confidence of 37.7% (95% CI 20.1% – 55.4%) using the Tsushima method in a
comparative analysis using different methodologies for calculating diagnostic confidence.311 Both of
these studies analysed considerably smaller numbers of radiology reports; 125277 and 62,311 in
comparison to the 4,391 reports in the current study. The discrepancy between the current study,
and previous work which reported a positive impact of radiology reports, may have been driven by
the nature of the investigation (abdominal-pelvic CT compared to chest X-ray), the sample size used
and the setting in which the study was conducted (clinical practice277 compared to an controlled
setting [current study]).
The task given to the participant clinicians in this study, arriving at a diagnosis based on a short case
summary/vignette, is an established assessment technique in medical education.312 In clinical
practice, reports are synthesised organically with ongoing information that the clinicians receive,
including further diagnostic tests, patient improvement or deterioration and repeated clinical
assessment/review.280 Tsushima et al. also o l assessed li i ia s

ost likel diag osti

confidence,277 rather than both the most likely and most serious diagnostic confidence as assessed in
the current study and by Lusted.233 The use of both in the current study may have influenced results.
Future work, conducted in clinical practice, may help to clarify this further. The results of the current
stud , hi h fou d o diffe e e i

li i ia s diag osti

o fide e et ee

o sulta t adiologist

or reporting radiographer chest X-ray reports, suggests that undertaking further work in the clinical
setting could be performed without a negative influence on patient management decisions or
outcomes.
All consultant radiologist and reporting radiographer chest X-ray reports from Part 1 (diagnostic
accuracy study) were included in Part 2 (diagnostic decision-making). Reports that were known to be
both correct and incorrect were used. The inclusion of incorrect chest X-ray reports may have had a
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det i e tal i pa t o the li i ia s diag oses a d diag osti

o fide e. If the i o e t o sulta t

radiologist and reporting radiographer chest X-ray reports had been excluded from analysis this may
have increased both uncorrected and corrected diagnoses and diagnostic confidence. The exclusion
of incorrect chest X-ray reports would have limited external validity, as not all reports provided in
clinical practice are correct. Clinicians may use correct and incorrect chest X-ray reports differently,
especially when the radiological diagnosis deviates considerably from the clinical presentation and
the results of other investigations. Further research in this area would be useful.
The current study, which utilised multiple reporting practitioners (consultant radiologists and
reporting radiographers) and multiple clinicians, is the first to account for inter-practitioner
variability when determining the influence of radiology reports on clinician diagnostic confidence. All
p e ious o k that has e a i ed the i flue e of adiolog

epo ts o

li i ia s diag osti

confidence has used a single report and single clinician review.56 143 158 162-164 171 233 276 Even in studies
that ha e o e ted the li i ia s diag osti de isio fo a u a

of the final (follow up)

diagnosis,172 275 277 286 only a single radiology report and single reviewing clinician decision has been
e aluated. As outli ed p e iousl , the use of a si gle o sulta t adiologist epo t as the fi al
diagnosis fails to consider adequately the known error and variation in radiology interpretation.
“i ila l , the use of a si gle li i ia s e ie of the adiolog

epo t does ot a ou t fo

differences in experience, knowledge, and personal characteristics of the clinician.280 The use of
multiple clinician review of a chest X-ray report, a strength of the current study design, may be a
contributing factor to the little overall benefit in diagnostic confidence for both consultant
radiologist and reporting radiographer reports in the current study. While there was little overall
benefit for the corrected clinician diagnostic confidence, there was little difference between the
reports of consultant radiologists and reporting radiographers.
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5.6

Study limitations

The main limitation, for both the diagnostic accuracy and diagnostic decision-making studies, was
that the work occurred in a controlled setting rather than clinical practice. The results of this study
are promising, but as identified by several authors 63 183 254, this performance may not be
transferrable to clinical practice. This approach did provide the advantage of increasing the number
of participants, and all reporting practitioners interpreting the same cases with a robust reference
standard diagnosis.
Although similar results were found between consultant radiologists and reporting radiographers,
the contribution of chest X- a

epo ts o

li i ia s diag osti de isio -making showed little overall

benefit when the diagnosis was corrected for accuracy against the final clinico-radiological diagnosis
obtained at case note review. Several variables, such as the use of multiple clinician review of the
same case, review including the same chest X-ray report, and reports provided by different reporting
practitioners could have been involved. Further investigation, including conducting an evaluation in
clinical practice rather than a controlled setting, would provide further clarity. It would be feasible to
conduct an exploratory study, perhaps focused in an acute setting such as the emergency
department and medical assessment, to investigate further.
The reference standard diagnosis used in the diagnostic accuracy study was the consensus findings
of two independent expert chest radiologists who had access to follow up imaging. Histology is
frequently used as the reference standard diagnosis in other chest X-ray diagnostic accuracy studies,
and it may be possible that some of the malignant cases could have been due to another pathology.
This is mitigated by the use of CT (where available) as this is more frequently being used as the
reference standard diagnosis in diagnostic accuracy studies, and the use of histology would have
raised ethical concerns for the inclusion of other pathologies in the image bank.
Referrals from general practice were excluded from the current study due to logistical limitations in
retrieving patient case notes for case summary construction and clinico-radiological diagnosis. This
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may limit the generalisability of the findings to referrals from outside an acute setting, but this is
balanced by the inclusion of outpatient referrals. As such, it is thought that the results of the current
study can be extrapolated to this patient group, but future work including these patients would be
helpful.
Some of the limitations of the current study may be addressed with further research (Chapter 5.7).

5.7

Directions for future work

The current study has established that consultant radiologists and reporting radiographers interpret
adult chest X-rays with comparable accuracy, and that there is little difference in the influence that
these chest X- a

epo ts ha e o

li i ia s diag osti thi ki g i a o t olled setti g. This stud ,

which builds on previous work,41 is an essential first step and confirms that those reporting
radiographers currently in clinical practice do not appear to compromise patient care or safety. The
increased use of reporting radiographers to interpret chest X-rays in clinical practice is both an
effective and efficient method for radiology departments to meet predicted activity increases and
the requirement for new models of care.9 12 101 313-317 This is supported by the results of the current
diagnostic accuracy study (Chapter 4.3) and the comparison of expert radiologist agreement with
clinical reports (Chapter 4.2) and previously published clinical audit data.42
In line with previous work, variation was found between reporting practitioners when interpreting
the chest X-rays in the current study. This variation was found between consultant radiologists and
reporting radiographers when reporting the image bank (Chapter 4.3), and also between expert
radiologists when forming the reference standard diagnosis (Chapter 4.1). The cases that produced
discordant expert radiologist interpretations were excluded from further analysis. Future work could
include analysis of these cases to examine the source of discrepancy and comparison with other
observers interpreting these cases such as radiologists and non-radiologist physicians.
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Using the principles of evidence based medicine and evidence based practice,51 59 104 the best current
evidence supports chest X-ray interpretation by reporting radiographers. Diagnostic performance,
not just of radiographer reporting but of all diagnostic investigations, can be different when taken
from a controlled setting. Care must be taken when transferring the results from controlled
assessments of diagnostic accuracy in to clinical practice.45 62 254 When establishing radiographer
chest X-ray reporting in clinical practice, routine audit data that is required for all radiology
departments318 should be published. This does not replace the need for a robust, high quality
assessment of radiographer chest X-ray reporting, comparable to the work that examined skeletal
reporting by radiographers.22 186 234
The study that examined the influence of consultant radiologist and reporting radiographer chest Xray reports found promising results and this suggests that radiographer reporting of chest X-rays
does ot ha e a ad e se i flue e o

li i ia s diag osti de isio -making in a controlled setting.

One possible reason for the limited influence of the chest X-ray report on diagnostic confidence
corrected for accuracy is that the X-ray report was taken in isolation, rather than as part of a
dynamic diagnostic work up which occurs in everyday practice. Future work could include a targeted
intervention in an acute or emergency setting, where the influence of the chest X-ray reports
produced by reporting radiographers could be evaluated as part of the diagnostic decision-making
and management pathway of clinicians. This clinically based research would facilitate direct
quantification of the role of the chest X-ray report.
The contribution of allied health practitioners to effective and efficient care often goes unnoticed,
with limited evidence of impact.319. This may be in part due to the relative paucity of research
evidence that examines the cost effectiveness and impact of radiographer roles, particularly
advanced practice. The health economic assessment that has been performed did establish that
immediate radiographer reporting of skeletal X-rays in an emergency setting is cost effective and
provides better outcomes for patients.141 Further work that explores the impact and cost

167

effectiveness of radiographer chest X-ray reporting, for example on the lung cancer pathway, would
be a valuable contribution.

5.8

Dissemination plans

Feedback to participants will be offered by email. For the diagnostic accuracy study participants will
be provided with their accuracy results and the average performance of both professional groups
(consultant radiologists and reporting radiographers). The clinicians who participated in the
diagnostic decision-making study, will be offered the number of correct post-CXR diagnoses they
made, and the average performance of the three clinician experience cohorts (consultant, registrars,
junior medical).
A strategy for publication of the findings requires sequential writing of a paper to support release of
the main findings. Information will be shared with the Society and College of Radiographers, with a
report prepared outlining a summary of the methodology and results in line with the requirements
agreed when funding was received.

5.9

Recommendations for practice

Clinical imaging is a fundamental component of many patient pathways. Radiology activity has seen
sustained increases over the past decade.94 The focus on improved patient outcomes and the
challenges that an aging population with complex health needs is expected to bring, demand is
showing no signs of abating.95 320 321 The relative similarity of the performance of the reporting
radiographers in the current study to the existing knowledge base provides further evidence that
reporting radiographers can contribute to chest X-ray reporting in clinical practice.
There are significant, well documented, challenges facing radiology services across England with
many departments struggling to meet existing demand.3 13 15 20 The new streamlined and rapid

168

approach to cancer diagnosis that is being advocated to improve patient outcomes 8 101 will only
contribute to increased radiology workload. Integrated radiographer reporting has been shown as an
effective way of ensuring patients receive high quality care,17 and that the results of the current
study suggest that increased radiographer reporting of chest X-rays could be used as part of the
response to these demands.
It is crucial that clinical imaging departments adapt in order to improve, while a safe and high quality
service is maintained.43 Integrated radiographer reporting is a reasonable approach to tackle these
issues and has been demonstrated to be a safe option for services. Patient safety could even be
improved with radiographer chest X-ray reporting, for example

helpi g to a oid e e e e ts

related to nasogastric tubes by providing a contribution to the timely clinical reporting of chest Xrays.322 The additional diagnostic capacity created by radiographer reporting of chest X-rays can also
help meet legislative requirements for clinical reporting.167 168
In order to improve patient outcomes, there has been a move across the health service to
concentrate care in specialised centres with high volumes.323 324 Significant variation is found in chest
X-ray interpretation accuracy, in historical and contemporary literature and the current study.
Radiology is not unique, and there is a body of evidence that demonstrates that specialist
radiologists interpret examinations with higher accuracy than non-specialist radiologists.82 325-327
Expert specialist radiologists, although not immune to discordant interpretations, perform better
than non-specialist radiologists do in chest X-ray reporting accuracy. There has been a shift within
the UK, and many departments now have a significant proportion of X-ray examinations reported by
trained reporting radiographers.17 18 Number of cases reported per year, and time spent per week
have been shown to improve accuracy.282 There may come a time that the most appropriate person
to report chest X-rays are specialist chest radiologists and specialist chest X-ray reporting
radiographers.
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Another option to improve reporting accuracy is double reporting, similar to the system employed
by the NHS breast cancer screening programme for mammograms.209 The high volume of chest Xrays performed every year,94 coupled with significant reporting backlogs14 15 328 and insufficient
diagnostic capacity8 12 may act as a barrier to the routine double reporting of chest X-rays.
Set on a background of reporting backlogs, many departments are increasingly using outsourced
radiology services in an attempt to manage demand.4 15 20 While allowing flexibility, this approach
does not address the capacity issues driving unreported examinations and does not facilitate service
redesign for optimum outcomes. A more sustainable method to meet current and anticipated
increases in activity is to increase the contribution of radiographer reporting. Once trained and
integrated into departments, chest X-ray reporting radiographers as part of a multidisciplinary team
can increase reporting capacity without compromising in accuracy.
Diagnostic workforce shortages, including radiographers and consultant radiologists, makes it
essential that the full skills and scope of practice for all practitioners needs to be maximised.
Implementation of the full four tier structure,102 which includes assistant, advanced and consultant
practitioners, will be required if fundamental changes are to be made to patient pathways and
service delivery.9 317 One model could be to integrate assistant radiographic practitioners and
advanced practitioner reporting radiographers for image acquisition and immediate reporting, thus
maximising the benefit to the patient of the diagnostic procedure through the timely availability of
high quality images and together with accurate reports. The results of this research confirm that this
is a safe and achievable option for chest X-ray reporting and could facilitate implementation of the
national optimal lung cancer pathway that advocates immediate reporting of chest X-rays referred
from general practice.329
Efficiency within healthcare has always been important, more so recently with the unprecedented
financial climate.96 Radiographer reporting of chest X-rays has the potential to address some of
these efficiency requirements313 315 320 330 while maintaining an effective service317 331 and providing
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the opportunity to develop and deliver new models of care. The findings of the current study
indicate reporting radiographers are a step along that route knowing their reporting performance is
comparable with consultant radiologists.

5.10

Conclusions

In a new contribution to the literature, this study shows that reporting radiographers and
radiologists demonstrate similar levels of diagnostic reporting accuracy for chest X-ray
interpretation. The performance of the reporting radiographers in the current study also compares
well to previous work which determined the diagnostic accuracy of consultant radiologists, and is
further evidence that reporting radiographers can report chest X-rays with accuracy comparable to
consultant radiologists. That both the number of cases and number of observers in the current
study is comparable to the literature is a strength of the current study, and suggests that the results
are generalisable to a wider population of trained reporting radiographers.
Who reports on the X-ray, whether reporting radiographer or consultant radiologist, appears to have
no influence on clinicia s de isio -making. This is a further new finding that has important
implications as this suggests that radiographer reporting of chest X-rays can be safely implemented
i to li i al p a ti e, ith o det i e tal i pa t o

li i ia s diag osti de ision-making.
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Appendix 1

Summary of chest X-ray interpretation diagnostic accuracy for receiver operator characteristic (ROC) studies

Study

Number of
Participants

Practitioner Characteristics

Number of
Chest X-rays

normal:abnormal
ratio

Nature of Pathology

Current Study

21

10 consultant radiologists
11 reporting radiographers

106

53:53

Natural – range of pathologies

Good et al.304

4

Consultant radiologists

247

79:168

Range of pathology
(pneumothorax, interstitial lung
disease, nodule)

With/without clinical history

with history
range AUC=0.85–0.98

without history
range AUC=0.82– 97

Berbaum et al.305

9

Consultant radiologists

64
(CXR and
AXR)

32:32

General paediatric pathology

With/without clinical history

with history
mean AUC=0.745

without history
mean AUC=0.693

Manning et al.298

5

2 consultant radiologists
3 radiology registrars

300

150:150

Nodule detection

Different computed radiography
systems (n=6)

Tudor and
Finlay207

5

Consultant radiologists

50 (18 CXRs)

18:32 (CXR 4:14)

Range of pathology

Re-reporting at 24 hours

16

4 consultant radiologists
4 radiology registrars
4 emergency consultant
4 emergency registrars

120 (38 CXRs)

59:61

Representative of ED referrals and
pathologies

Different speciality and
experience
PACS vs. film

162

111 consultant radiologists
29 radiology registrars
22 non-radiologist
physicians

60

30:30

Representative of normal practice

Different speciality and
experience

Berbaum et al.309

20

Consultant radiologists

58

29:29

Range of pathologies
with/without Simulated nodule

Satisfaction of search
With/without simulated nodule

Fuhrman et al.306

8

Consultant radiologists

117

63:54

Rib fracture

Subtle fractures

Balabanova et
al.75

101

13 Consultant radiologists
61 TB specialists
15 chest physicians

50

13:37

Range of pathology (Ca, infection,
sarcoid) but TB weighted (n=20)

TB diagnosis

Berbaum et al.307

20

Consultant radiologists

57

27:30

Range of pathologies
with/without Simulated nodule

Satisfaction of search
With/without checklist

Berbaum et al.308

16

Consultant radiologists

57

27:30

Range of pathologies
with/without Simulated nodule

Satisfaction of search
With/without CAD

Eng et

al.263

Potchen et

al.82

Nature of
Intervention/Comparison
Direct comparison of consultant
radiologists and reporting
radiographers

AUC (average)
CR mean AUC=0.903
RR mean AUC=0.909

AUC range (all observers) AUC=0.715–0.845
initial report
mean AUC=0.88

re-report
mean AUC=0.90
Film
CR mean AUC=0.85
PACS
Rad SpR mean
CR mean AUC=0.81
AUC=0.78
Rad SpR mean AUC=0.72
ED cons mean
ED cons mean AUC=0.64
AUC=0.70
ED SpR mean AUC=0.56
ED SpR mean AUC=0.65
All CR mean AUC=0.860
best 20 CR mean AUC=0.953
radiology SpR AUC=0.746
non-radiologists mean AUC=0.657
no simulated nodule
simulated nodule
mean AUC=0.74
mean AUC=0.75
multiple possible
single abnormality task
abnormalities
mean AUC=0.80
mean AUC=0.73
CR mean AUC=0.81
TB specialist mean AUC=0.88
chest physicians AUC=0.81
without simulated
with simulated
mean AUC=0.67
mean AUC=0.68
no CAD no simulated
CAD simulated nodules
nodules
mean AUC=0.653
AUC = 0.681
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Study

Number of
Participants

Kashani et al.295

5

Kelly et al.332

20

Shang et al.252

4

Practitioner Characteristics
Chest consultant
radiologists
5 consultant radiologists
4 radiology registrars
5 SHO
6 interns
Consultant radiologists

Number of
Chest X-rays

normal:abnormal
ratio

Nature of Pathology

Nature of
Intervention/Comparison
Dual energy vs. Digital
Radiography

129

0:129

Nodule detection

30

16:14

Pneumothorax

Experience of readers

100

50:50

Nodule detection

Different methods of ROC
calculation

AUC (average)
digital radiography
dual energy
mean AUC=0.696
mean AUC=0.795
consultant radiologist mean AUC=0.947
radiology registrar mean AUC=0.792
SHO mean AUC=0.693
intern mean AUC=0.659
mean standard AUC=0.66

PACS = picture archiving and communication system; CXR = chest X-ray; AXR = abdominal X-ray; AUC = area under the curve; ED = emergency department;
Ca = cancer; TB = tuberculosis; CR = consultant radiologist; SHO = senior house officer; CAD = computer assisted diagnosis
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Appendix 2

Summary of Summary of studies which have used alternate free response receiver operator characteristic (AFROC) or jack-knife alternate free response
receiver operator characteristic (JAFROC) methodology for assessment of chest X-ray diagnostic accuracy

Study

Number of
Participants

Current Study
Graf et al.333

Manning et
al.227

Kasai et

al.302

Practitioner Characteristics

Number of
Chest X-rays

normal:abnormal
ratio

Simulated or
Natural Nodules

Nature of
Intervention/Comparison

21

10 consultant radiologists (CR)
11 reporting radiographers (RR)

106

53:53

Natural – range of
pathologies

6

6 consultant radiologists

48

12:36

Natural

Direct comparison of
consultant radiologists and
reporting radiographers
Low resolution vs high
resolution monitors

21

8 consultant radiologists (CR)
5 reporting radiographers (RR) before/after
6 months training
8 undergraduate (UG) radiographers
(naïve)

120

40:80

?natural

18

6 consultant chest radiologists
12 consultant radiologists

60

?

Eye tracking

Natural

With/without CAD

Szucs-Farkas
et al.253

5

4 consultant radiologists
1 radiology registrar

102

25:77

Natural

With/without digital
subtraction
Not just cancer – range of
pathologies for nodules
(sarcoid, Wegners etc.)

Vikgren et
al.301

4

Consultant chest radiologists

89

47:42

Natural

Comparison with
tomosynthesis

Litchfield et
al.81

48

24 undergraduate radiographers (UG)
24 postgraduate radiographers (PG)

42

1:1

?Simulated

Eye tracking with/without
search pattern of novice/expert

Brennen et
al.281

26

11 consultant chest radiologists
15 consultant radiologists

30

1:1

Simulated

With and without noise
distraction

Observer Performance
Area Under Curve (AFROC) and
Figure of Merit (JAFROC)
Control
Intervention
CR mean FoM=0.786
RR mean FoM= 0.830
AFROC
Low resolution AUC=0.55

AFROC
High resolution AUC=0.60

AFROC (naïve)
UG AUC=0.63
RR before AUC=0.70

AFROC (expert)
RR after AUC=0.82; CR
AUC=0.80;

Without CAD
Nodules FoM=0.622
Vertebral fractures
FoM=0.585
Without Subtraction
AFROC
CR1 AUC=0.559
CR2 AUC=0.595
CR3 AUC=0.446
CR4 AUC=0.506
SpR1 AUC=0.494
Without tomosynthesis
Mean FoM=0.40

With CAD
Nodules FoM=0.65
Vertebral fractures
FoM=0.68
With Subtraction
AFROC
CR1 AUC=0.537
CR2 AUC=0.623
CR3 AUC=0.470
CR4 AUC=0.565
SpR1 AUC=0. 554
With tomosynthesis
Mean FoM=0.64

Without Eye-tracking
UG FoM=0.56
PG FoM=0.58
No distraction
All CR mean FoM=0.67
chest CR mean FoM=0.65
CR mean FoM=0.68

With Eye-tracking
UG FoM=0.60
PG FoM=0.59
With noise distraction
All CR mean FoM=0.67
chest CR mean FoM=0.68
CR mean FoM=0.69

190

Study

Number of
Participants

Practitioner Characteristics

Number of
Chest X-rays

normal:abnormal
ratio

Simulated or
Natural Nodules

Nature of
Intervention/Comparison

de Hoop et
al.299

6

2 consultant radiologists
4 radiology registrars

111

65:46

Natural

With and without CAD

A. Kohli et al. 282

12

6 consultant radiologists (CR)
6 consultant chest radiologists (CCR)

40

1:1

Simulated

ROC vs. JAFROC

McEntee &
Quinn303

4

Junior emergency physicians

42

Yamada et al.288

3

3 consultant radiologists

116

59:57

Natural

Donovan and
Litchfield228

40

Naïve (non-medical)
Undergraduate radiographers (UG)
Experts (CR and RR)

30

1:1

24 natural, 4
simulated

Eye tracking study, comparison
with observer experience

Doo et al.80

3

Consultant radiologists

40

10:30

Simulated

CXR vs. tomosynthesis vs. Low
dose CT

33

Consultant radiologists

47

37:10

Natural

Different anticipated
prevalence

10

Consultant radiologists

40

21:19

Natural

Unframed image interpretation
vs. focused nodule detection

Littlefair et al.
279

Robinson et al.
84

Not given

With and without clinical
history
Comparison with
tomosynthesis
ROC and JAFROC

Observer Performance
Area Under Curve (AFROC) and
Figure of Merit (JAFROC)
Control
Intervention
Without CAD
With CAD
CR FoM=0.72
CR FoM=0.93
SpR FoM=0.58
SpR FoM=0.76
JAFROC
all CR mean FoM=0.456
all CR mean AUC=0.684
chest CR mean
chest CR mean AUC=708
FoM=0.487
CR mean FoM= 0.659
CR mean FoM= 0.425
Without History
With History
FoM=0.48
FoM=0.55
Without tomosynthesis
With tomosynthesis
mean FoM=0.64
mean FoM=0.88
mean AUC=0.77
mean AUC=0.93
naïve mean FoM=0.41
1st UG mean FoM=0.60
3rd UG mean FoM=0.71
Experts mean FoM=0.72
Tomosynthesis
CXR
mean FoM=0.37
mean FoM=0.41
Low dose CT
mean FoM=0.76
Cancer history
median FoM=0.64/0.70
No History
Visa History
median FoM=0.60/0.65
median FoM=0.76/0.57
Unframed
Framed
median FoM=0.671
median FoM=0.571

CR = consultant radiologist; RR = reporting radiographer; UG = undergraduate radiographer; CAD = computer assisted diagnosis; AUC = area under the curve;
FoM = figure of merit; CT = computed tomography; ROC = receiver operator characteristic curve
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1.0

Abstract/Summary
Chest X-rays (CXR) are one of the most frequently performed radiology investigations and
are used in a wide range of clinical situations for diagnosis, prognosis, treatment response
and surveillance. Based on activity data from the Trust, the discharge diagnosis for all adult
patients who had a chest X-ray were obtained. The list was consolidated by a consultant
respiratory physician. The eight most frequent diagnoses accounted for 28% of adult
discharge diagnoses.

2.0

Introduction
Chest X-rays (CXR) are one of the most frequently performed radiology investigations and
are used in a wide range of clinical situations for diagnosis, prognosis, treatment response
and surveillance.

3.0

Aim
To identify the most common diagnoses at patient discharge in which a chest X-ray was
performed during their in-patient stay for adult patients.

4.0

Method
An activity report for the financial year 2011-12 identified all in-patients who had a chest Xray performed. The primary diagnosis for each patient was identified and summarised. A
consultant respiratory physician reviewed the totals and categorised similar diagnoses into a
single headline diagnosis (e.g. bronchopneumonia and lobar pneumonia combined to
p eu o ia . The total esults fo ea h diag osis e e dete i ed a d the list of the eight
most frequent compiled.

5.0

Results
Approximately 4,200 chest X-rays were performed on 2,400 adult inpatients in the financial
year 2011-12. Consolidation of the discharge diagnoses and elimination of diagnoses not
related to respiratory or cardiac causes, produced eight diagnoses that accounted for 695
patients, and the results are summarised in Table 1.
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IP Diagnosis at Discharge

Number

Pneumonia

304

Heat Failure/
Pulm Oedema

232

Pleural
Effusion

33

COPD

28

Malignancy
(Primary/Secondary)

25

Perforation

29

Pneumothorax

24

TB

18

Fibrosis
(Sarcoid/Rheum Arthritis)

2

TOTAL

695

Table 1. Most Common Diagnoses
According to the Trust annual report, there were just over 30,000 in patient occurrences
during the audit period, which meant that 12.5% of patients had a chest X-ray during their
stay.
6.0

Discussion
This audit demonstrates the wide range of patient presentations and clinical conditions that
are investigated using a chest X-ray for adult patients. The eight most frequent diagnoses
accounted for 28% of all in-patient discharge diagnoses where a chest X-ray was performed.

7.0

Conclusions
Chest X-ray are a frequently performed radiology investigation. Approximately 12.5% of
hospital patients received a chest xray during their inpatient stay. The eight most frequent
diagnoses accounted for 28% of all adult discharge diagnoses.

8.0

Recommendations
Chest X-ray are quick, readily accessible radiology investigation with a low radiation burden.
Appropriate requesting by clinicians will help ensure that patient management and radiation
dose are both optimised. Further evaluation in the next audit to include appropriateness of
referrals is suggested.
195

9.0

Strategy for implementation
No specific recommendations.

10.0

Date for re-audit
This Clinical Audit will be re-audited on: September 2015.
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Appendix 6

Participant Information Sheet – Reference Standard Expert Chest Radiologist

Dear Colleague,
We are conducting a study which will examine the accuracy of chest x-ray interpretation of
consultant radiologists and reporting radiographers.
The nature of the study mandates that a robust reference standard diagnosis is known for each
chest x-ray that will be used within the image bank. It is a requirement that the image bank consists
of chest x-rays that include normal and abnormal images with a range of pathologies. As an expert
consultant radiologist with an interest in thoracic imaging you are invited to form part of the team
that will establish the reference standard diagnosis for this image bank.
The study protocol requires 106 cases to be included within the image bank. The literature on
agreement in chest x-ray interpretation between consultant radiologists estimates that
approximately 220 cases would need to be interpreted. The vast majority of the cases will be
randomly selected from chest x-rays obtained for clinical reasons from a single acute district general
hospital in London.
You will have access to all the imaging available for each case, including follow up chest x-rays and
cross sectional imaging (CT, US and MRI). You will be asked, independently and blinded to the clinical
report, to indicate:







If the chest x-ray is normal or abnormal
To provide a free text report of the image, including all salient findings, a diagnosis (if
appropriate) and any specific recommendations
Allocate all abnormal cases to a broad disease category (for case stratification)
To list and localise all abnormalities on the chest x-ray
To assign a conspicuity rating

Image interpretation will occur over a minimum of two sessions, although the initial session will be
the longest. It is estimated that 8 hours would be required for the first session, with follow up
session(s) of 3 hours as required to reach the designated number of cases. Image interpretation will
occur in the Radiology Department of the the Trust and you will be given familiarity training by the
chief investigator on the use of PACS, voice recognition and the study proforma.
You will be assigned a unique identifier for the study and all of your answers will remain confidential.
If you wish, you can be provided with the summary performance and your individual results after the
study has been completed.
In acknowledgement of the time and effort required to participant in the study an honorarium of
£350 will be paid, in addition to reasonable travel expenses.
If you have any questions or to express interest in participating, please contact the chief investigator,
xxxx, on xxxx or xxxx .
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Appendix 7

Participant Information Sheet – Participant Consultant Radiologists &
Reporting Radiographers

Dear Colleague,
We are conducting a study which will examine the accuracy of chest x-ray interpretation of
consultant radiologists and reporting radiographers.
The study requires 106 cases within the image bank which have been randomly selected from chest
x-rays obtained for clinical reasons from a single acute district general hospital in London.
You will be provided with the clinical information provided at the time of initial request and access
to previous chest x-rays (if available). You will be asked, independently and blinded to the clinical
report:




To provide a free text report of the image, including all salient findings, a diagnosis (if
appropriate) and any specific recommendations
To assign a confidence rating to each abnormality

Image interpretation will occur over two sessions on a single day, separated by an hour lunch break.
Image interpretation will occur in the Radiology Department of the Trust. On the day of the study
you will be given training by the chief investigator on the use of PACS, voice recognition, the study
proforma and use of the confidence scale for abnormalities.
You will be assigned a unique identifier for the study and all of your answers will remain confidential.
If you wish, you can be provided with the summary performance from the study and your individual
results after the study has been completed.
In acknowledgement of the time and effort required to participant in the study an honorarium of
£150 will be paid, in addition to reasonable travel expenses.
If you have any questions or to express interest in participating, please contact the chief investigator,
xxxx, on xxxx or xxxx .
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Appendix 8

Participant Information Sheet – Arbiters

Dear Colleague,
We are conducting a study which will examine the accuracy of chest x-ray interpretation of
consultant radiologists and reporting radiographers.
The study requires 106 cases within the image bank which have been randomly selected from chest
x-rays obtained for clinical reasons from a single acute district general hospital in London.
In order to produce a robust reference standard for the image bank, two expert chest radiologists
will independently report each case. Cases will only be included if both experts are in agreement.
The expert chest radiologists will be asked to localise, diagnose and list all abnormalities on the xray, assign a broad suspected disease category and conspicuity score. Based on the literature, it is
estimated that this will require approximately 220 cases to be interpreted.
Ten consultant radiologists and ten reporting radiographers will interpret the chest x-ray image bank
independently, blinded to the reference standard diagnosis and the clinical report. They will be
asked to produce free-text reports which contain the localisation of every abnormality and to rate
each lesion with a confidence score (1-4). These ratings will be included within the free-text report.
As an independent arbiter you will be required to compare the abnormality location lists of the two
expert chest radiologists who will form the reference standard, approximately 220 cases. You will
also be asked to compare the consultant radiologist and reporting radiographer chest x-ray reports
against the reference standard diagnosis, a total of 2120 reports, and extract the confidence rating
assigned to each abnormality.
Training in the acceptance criteria will be provided by the chief investigator.
Report comparison will be performed over multiple sessions, both when obtaining the reference
standard and when the reporting radiographer and consultant radiologist reports are compared to
the reference standard.
You will be assigned a unique identifier for the study and all of your answers will remain confidential.

Reasonable travel expenses will be paid.

If you have any questions or to express interest in participating, please contact the chief investigator,
xxxx, on xxxx or xxxx .
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Appendix 9

Participant Information Sheet – Clinician

Dear Colleague,

We are conducting a study which will examine the influence that chest x-ray reports have on
li i ia s diag osti thi ki g.
Participant clinicians will be given 27 concise case summaries (approximately 1/3 of a page) which
will contain all of the relevant clinical history, physical examination findings and laboratory results.
You will be asked to indicate your most likely and most important diagnosis for each case from a
predefined list and to assign a confidence score for each diagnosis.
Following a washout period you will be presented with the same case summaries in conjunction with
a chest x-ray report from the image obtained for that patient. A total of 265 case report pairs will be
presented, 27 per week over a period of 10 weeks. You will be asked to complete the same diagnosis
and confidence measures as previously. It will take approximately 90 minutes per week to complete
the 27 case summaries.
You will be assigned a unique identifier for the study and all of your answers will remain confidential.
In acknowledgement of the time and effort required to participant in the study an honorarium of
£150 will be paid.

If you have any questions or to express interest in participating, please contact the chief investigator,
xxxx, on xxxx or xxxx .
This study has been given formal ethics approval by xxxx
Local R&D approval reference xxxx
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Appendix 10

Consent Form – Reference Standard, arbiters, Reporting Practitioners

Patient Identification Number for this trial: RSn, An, Rn
CONSENT FORM
Title of Project: Accuracy and diagnostic impact of radiographer chest x-ray reporting
Name of Researcher: xxxx
Please initial all boxes
1. I confirm that I have read and understand the information sheet dated 2nd April 2013
(version 1.0) for the above study. I have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily.

2. I understand that my participation is voluntary and that I am free to withdraw at any
time without giving any reason, without my medical care or legal rights being affected.

3. I understand that relevant data collected during the study, may be looked at by
individuals from the research team from regulatory authorities or from the NHS Trust,
where it is relevant to my taking part in this research. I give permission for these
individuals to have access to my responses.

4. I agree to take part in the above study.

Name of Participant

Name of Person
taking consent.

Date

Date

Signature

Signature

Consent form version 1.0 2013_04_02
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Appendix 11

Consent form – Clinician

Title of Project: Accuracy and diagnostic impact of radiographer chest x-ray reporting
Name of Researcher: xxxx
Please
initial all boxes
1. I confirm that I have read and understand the information sheet dated 2nd April 2013
(version 1.0) for the above study. I have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily.

2. I understand that my participation is voluntary and that I am free to withdraw at any
time without giving any reason, without my medical care or legal rights being affected.

3. I understand that relevant data collected during the study, may be looked at by
individuals from the research team from regulatory authorities or from the NHS Trust,
where it is relevant to my taking part in this research. I give permission for these
individuals to have access to my responses.

4. I agree to take part in the above study.

Name of Participant

Name of Person

Date

Date

Signature

Signature

taking consent.

Consent form version 1.0 2013_04_02
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Appendix 12

Conceptual framework and methodological justification

Several conceptual frameworks could be used to investigate radiographer chest X-ray reporting, with
se e al

ethodologies fo diag osti a u a

a d i flue e that epo ts ha e o

li i ia s

diagnostic decision-making. Appendix 12 outlines the conceptual framework used for the study. A
critical review of diagnostic accuracy and diagnostic decision-making methodologies was performed.
The strengths and weaknesses of each study design have been identified, and the methodologies for
Part 1 (diagnostic accuracy) and Part 2 (diagnostic decision-making) discussed and justified. This has
been included as an appendix to preserve flow between the literature review, identification of a gap
in the current evidence base and the research questions and aims of the study.
12.1

Conceptual Framework

The notion of a conceptual framework is fundamental to all doctoral research.334 335 It is this concept
that provides structure for research questions, identifies the appropriate investigative pathway and
enables the theoretical results to be transformed into real-world knowledge that, in turn, can be
used to inform practice.336 337
The evidence based medicine/evidence based practice paradigm requires that all diagnostic and
treatment decisions are based on the best, most robust, evidence available in conjunction with
patient preferences, and incorporating clinician/practitioner experience.59 106 The evidence used to
underpin these decisions and support practice should ideally be based on studies that have
established an improvement in patient outcome. As detailed in Chapter 2.2 and 2.3, while
randomised controlled trials are often the most robust study design, other methodologies are often
more appropriate in a diagnostic setting.
Alternative study designs to evaluate radiology investigations have been proposed, beginning in the
1960s and 1970s, and culminating in the seminal piece of Fryback and Thornbury,57 who outlined,
defined and described a six-tier hierarchy of efficacy for the evaluation and implementation of new
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healthcare technology. Various approaches used to assess efficacy can be placed within a conceptual
framework, and the hierarchy enables different technologies to be evaluated and compared.
Intermediate outcome measures have been developed to examine the sequential efficacy levels,159
165 184

with this model forming the basis of Health Technology Assessment.59

12.2

Role of the hierarchy of efficacy in designing studies of reporting radiographer
research

As outlined in Chapter 2.6 the hierarchy of efficacy is the conceptual framework (Appendix 12.3)
used when assessing health technologies,59 that includes radiographer reporting. The six-tiered
hierarchy developed by Fryback and Thornbury57 and adapted for radiographer reporting by Brealey
and Scally63 has informed the design of this study.
This robust model of assessing health technologies, including imaging and radiographer reporting,
has been rigorously tested during the evaluation of multiple new modalities,56 158 164 171 is the
mandated standard for the National Institute for Health and Clinical Excellence60 and is the approach
advocated by the National Institute of Health Research.178 The Health Technology Assessment
Programme has made the use of this framework as an essential component of healthcare
technology evaluation60 178 and an assessment of chest X-ray reporting by radiographers is within the
framework.

12.3

Conceptual framework for the current study

Traditionally, medical image interpretation and the provision of a clinical report has been the
domain of the consultant radiologist as detailed in Chapter 2.6. Radiographer reporting is an
alternative method of imaging interpretation, and is being used with increasing frequency to
increase diagnostic capacity in response to growth in the volume and complexity of radiology
investigations. As a method of diagnosis, and as an alternative to an existing technique (consultant
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radiologist interpretation), radiographer reporting was evaluated as a new health technology in the
current study in line with the established framework.57 60-63 Following the established health
technology assessment framework,59 the hierarchy of efficacy developed by Fryback and
Thornbury,57 revised for the United Kingdom by Mackenzie and Dixon61 and adapted for
radiographer reporting by Brealey62 was used as the theoretical framework for the current study.
The intermediate outcome measures utilised in the study relate to level 2 and level 3 efficacy in the
hie a h , a el diag osti a u a

a d i flue e o

li i ia s diag osti de isio -making

(diagnostic impact).57 61 62

12.4

Methodology

Two studies have been performed which investigate different but related aspects of radiographer
reporting of adult chest X-rays. A positivist approach was used, and quasi-experimental diagnostic
accuracy and diagnostic impact studies conducted.

12.4.1

Methodology for the diagnostic accuracy study

Measures of diagnostic performance include measures such as accuracy,63 129 error rate182 and
yield.145 338 While these give a broad picture of observer performance they do not communicate or
differentiate between false and true negatives and positives. This is vital information when assessing
the clinical usefulness of a test, with different consequences depending on the situation, for example
the relative harm of a false negative diagnosis in a screening scenario.155 Sensitivity and specificity
offer further indicators of performance, the relative proportion of false negative and false positive
results respectively.131 144 339 This information is vital for clinicians when interpreting the results of a
diagnostic investigation; a negative result for a test with high sensitivity is reassuring. A test, which
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produces a high number of false positives in order to achieve high sensitivity, resulting in
unnecessary further investigation or treatment, may not be suitable for use in clinical practice.105
Positive and negative predictive values incorporate disease prevalence with the sensitivity and
specificity of a test and enable clinicians to interpret the results for individual patients within a given
population.45 182 247 Predictive values allow clinicians to estimate the pre- and post-test likelihoods,182
that enables the combination of multiple estimates from a range of sources, such as clinical signs,
patient history, laboratory and radiological investigations.165 182 This method of diagnostic decisionmaking incorporates thresholds, the level at which clinicians will begin or withhold treatment as they
have achieved sufficient reassurance that disease is present/absent.165 If these thresholds are not
met, this will prompt the clinician to gain further information, in the form of investigations (including
radiology).165

12.4.1.1

Receiver operator characteristic (ROC) curve methodology

Receiver operator characteristic (ROC) curves incorporate the use of thresholds and acknowledge
uncertainty exists in diagnostic decisions. Adapted from signal detection theory,146 338 ROC analysis
recognises that the decisions in image interpretation in clinical practice are rarely fixed
normal/abnormal thresholds; observers can alter this diagnostic threshold and influence the
sensitivity and specificity of a test.340 341 This relative trade-off between sensitivity and specificity in
ROC analysis occurs as only true positive and false positive events contribute to observer
performance.341 342 Observers in ROC tasks are required to summarise the entire image and assign a
o fide e ati g to all a
a

o

o

al ases, that is to ate as a

alit is g eate tha the oise

o

o

al a i age i

hi h the sig al

al st u tu es .242 247 298 341 Several different rating

scales (4 point, 5, point, 7 point) have been also been proposed.340 343 344 Several assumptions are
e ui ed fo ‘OC a al sis; the eed fo the t uth ega di g ea h diag osis to e k o

, that the
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observer must maintain the same confidence scores across the entire task and the bank contains
both normal and abnormal cases.242 243 345
Observer performance using the ROC methodology is determined by the area under the ROC curve
(AUC); observers who confidently identify normal and abnormal cases will have a larger AUC up to a
maximum of 1 (all TP cases identified with maximum confidence, no FP cases).298 340 There are
several well-recognised limitations in the ROC paradigm, centred on the forced binary
normal/abnormal decision for the entire image.64 243 341 344 The ight fo the

o g easo pa ado ,

where a false positive and false negative diagnosis cancel each other has been discussed, and images
with multiple abnormalities cannot be assessed.343 Receiver operator characteristic curves also
assign equal weight to sensitivity (true positive) and specificity (true negative) decisions.344 In many
situations such as screening, these decisions will not have equal clinical importance.64 243 341 There is
debate in the literature about the significance of these limitations; some argue that providing the
lesion is rated abnormal further investigation or treatment will occur and the patient will come to no
harm while others disagree, with these errors contributing to inflated observer performance that
does not reflect clinical practice.64 341 It is essential that research conducted in a controlled setting,
and this includes diagnostic accuracy research, replicates and reflects clinical practice as closely as
possible. The clinical signifi a e of the ight fo the

o g easo pa ado is sig ifi a t a d ould

potentially result in patient harm, due to incorrect or unnecessary treatment. For this reason, the
free response paradigm was used, and these considerations incorporated into the study design. This
ensured that the results of the study would be an accurate reflection of reporting practitioner
performance and the results generalisable to clinical practice.

12.4.1.2

Free response receiver operator characteristic (FROC) methodology

Free response ROC (FROC) is an evolution on ROC analysis that requires that each lesion is to be
identified, localised and assigned a confidence rating.241 An acceptance radius for a true or false
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positive decision needs to be defined, and is based on both clinical and technical parameters.64 241 249
The free response paradigm is more representative of clinical practice; the number of possible
abnormalities is unknown to the reader and images with multiple abnormalities can be assessed.243
244

Another important distinction between FROC and ROC is that as there is no forced binary

normal/abnormal decision, each FP event contributes to observer performance.64 241 243 The measure
of observer performance is also different in ROC and FROC analyses; FROC studies employ a figure of
merit (FoM) instead of the AUC due to statistical variations (the FoM is not contained within a unit
square [0 – 1], rather continues to infinity) due to the unlimited number of false positive
decisions.241
An important assumption for ROC and FROC methodologies is that each observation (TP or FP) is an
independent event. The contribution that multiple FP events on a single case have on observer
performance in FROC analysis violates this assumption; if the signal to noise threshold has been
reached (corresponding to the highest rated FP event), then by definition all other FP events are not
truly independent.243 This shortcoming has been addressed with alternate free response receiver
operator characteristic (AFROC) curve analysis. With this method of analysing free response data,
only the highest rated FP contributes to observer performance.243 Another limitation of FROC
analysis which is addressed with AFROC is the unequal weight given to cases with more than one
lesion/abnormality compared to abnormal lesions with a single abnormality.342
Although AFROC is suitable, jack-knife alternate free response receiver operator characteristic
(JAFROC) is at the leading edge of observer performance methodologies.241 346 Building on the
strengths of AFROC, JAFROC calculates pseudo-values by sequentially removing each case from
analysis and recalculates performance that enables the performance for each case to be
determined, resulting in increased statistical power.247 Another important feature of AFROC analysis,
in particular JAFROC, is the ability to assign relative weights to each lesion/abnormality contained on
an abnormal case. Traditional ROC and FROC analysis assigns equal weight to each abnormality on
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an abnormal image regardless of the clinical significance and rewards the observer equally for each
abnormality detected.342 This limitation is overcome with AFROC analysis; each abnormality can be
assigned relative weight based on the clinical significance of each lesion without skewing overall
observer performance for cases with multiple abnormalities compared to a single abnormality.342 In
weighted JAFROC analysis, each lesion is assigned a weight, with the sum of all abnormalities
included in a case equal to 1.247 342 The current study therefore utilised the alternate free response
methodology analysed using the JAFROC method to investigate the diagnostic accuracy of the
radiographer and radiologist chest x-ray interpretations.

12.4.2

Reference standard diagnosis for the diagnostic accuracy study

The importance of a robust reference standard has been unanimously recognised in the literature as
a fundamental requirement for effective analysis of the diagnostic accuracy of medical tests.122 246
More recently, the fallibility of long held 'gold standards', such as histological diagnosis has been
identified and also that invasive tests are not appropriate for all diagnostic accuracy studies.45 183
Variation within the reference standard diagnosis is now recognised as a potential source of bias in
diagnostic accuracy studies within the methodological literature.45 183 339 Previously held to be the
gold standard of image interpretation, the use of a single consultant radiologist opinion as the
reference standard diagnosis.233 276 is a failure to acknowledge the considerable body of evidence
describing observer variation in image interpretation.77 82 188 189 214 Other considerations must also be
incorporated into the choice of reference standard. Invasive tests and additional radiation exposure
raise significant ethical concerns for diagnostic research; subjecting patients to these risks without
due need is unacceptable.45 One method described to avoid the need for an invasive reference
standard diagnosis is the use of expert clinical panel consensus and follow up.246 339
The most appropriate reference standard diagnosis will vary depending on the nature of the study;
histological confirmation is traditionally used as the reference standard diagnosis for cancer,77
219

although the use of another modality, most commonly computed tomography, is also widely
reported252 299 347 and microbiological results (culture) are frequently used for studies which examine
the diagnosis of tuberculosis.74 269 For studies which include a range of pathologies, images are often
taken from the teaching files of experienced radiologists262 which may or may not incorporate
clinical case note review348 or the use of another diagnostic modality.82 230 So that a broad disease
spectrum was included in the current study without the need for further investigations, the
reference standard diagnosis was taken to be the consensus decision of two expert consultant
radiologists with a subspecialist interest in thoracic imaging. Each expert assessed all available
imaging independently, blinded to the initial clinical interpretation made at time of examination.
These interpretations were assessed for concordance by two experienced arbiters with experience in
assessing radiological reports for agreement in both a clinical and academic setting. The use of
multiple, independent expert interpretation as a reference standard in radiology diagnostic accuracy
studies, typically two or three consultant radiologists, is well established. The staged approach used
by Piper et al. had all cases reviewed by a consultant radiologist with discordant cases sent for
review by an independent second radiologist,22 and comparable to the approach used for
constructing an objective structured examination for magnetic resonance reporting.349 Robinson et
al. found agreement fell from approximately 80% for between two consultant radiologists to 61%
when three consultant radiologists interpreted a case.38 This variation was considered by Piper et al.,
who only included skeletal X-rays in an image bank when three consultant radiologists were in
agreement.23 In these studies, observers only had access to the index examination, whereas the
expert chest radiologists in the current study also had access to all previous and follow up imaging
available, including computed tomography. This additional information has ensured that a robust
reference standard diagnosis was obtained. The final clinical diagnosis was made by case note
review by a professor of medicine, specialised in respiratory medicine. This review, taken at 18-24
months after the initial X-ray examination, synthesised all available information and was correlated
with the radiological diagnosis. The consensus diagnosis of two expert thoracic radiologists consisted
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of a list of all abnormalities on each X-ray, localisation and diagnosis. Precise localisation and
diagnosis of all abnormalities enabled the diagnostic accuracy of participants to be assessed using
the alternate free response approach. The clinical case note review facilitated a robust clinicoradiological diagnosis for each case.

12.4.3

Diagnostic Impact

Diagnostic impact, or diagnostic thinking efficacy, is an intermediate outcome measure that
determines the influence that a radiology report has on the diagnostic decision-making of
clinicians.57 61 62 Several measures have been proposed, which include change in clinician diagnosis,
164 350

change in confidence of an existing diagnosis,176 exclusion of a diagnosis from the differential

diagnosis list135 143 147 and displacement of other investigations.56 170
Two methodologies have been used in the literature to measure diagnostic impact. The
methodology employed by Lusted was structured such that pre and post X-ray diagnostic confidence
was assessed.233 The study design required the treating clinician to specify a most likely and most
serious diagnosis for each patient, and to determine the diagnostic confidence in each decision on a
0 – 100 scale. These assessments were performed both prior to and then in conjunction with the Xray report. The pioneering work of Fineberg and colleagues that quantified the contribution that CT
epo ts had o

li i ia s diag osti thi ki g diffe ed f o

this app oa h. As a alte ate to di e t

measures of diagnostic confidence they employed indirect measures of diagnostic confidence;
confirmed a suspected diagnosis, reduced further investigation, the unexpected normal
examination.56 143 A limitation to the indirect measure of diagnostic impact utilised by Fineberg et al.
is that this could fail to capture a change in diagnosis which should have been attributed to the CT
report (reduces further investigation).56 Subsequent work that examined the diagnostic efficacy of
MRI by Dixon and colleagues again employed the more direct approach, pre and post-test diagnoses
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decision-making.158 162-164
The use of pre and post imaging diagnostic confidence enables analysis that is more robust, the
influence that the radiology report has on decision-making can be quantified. Various permutations
of this have been used; Lusted asked clinicians for the most likely and most serious diagnosis for
emergency X-rays.233 Only the most likely diagnosis was required for the analysis of emergency ankle
X-rays by Omary et al.276 and the analysis of MRI by Dixon and colleagues.136 158 162-164 The decision to
limit clinician choice to the two main diagnoses (most likely/most serious), or to prune the decision
tree,146 233 is acceptable when determining diagnostic impact and is compatible with medical
decision-making theory.165 Considering the issues discussed above, the methodology employed in
the current study required li i ia s to spe if a diag osis a d diag osti

o fide e fo thei

ost

likely and most serious diagnoses for each case and was the most appropriate study design. This is
the established method when assessing diagnostic impact276 as it provided a direct and quantifiable
measure of the influence that consultant radiologist and reporting radiographer chest X-ray reports
ha e o

li i ia s diag osti de isio -making. This facilitated comparison between the practitioners

who provide the reports.
The influence that radiology investigations have on clinician diagnostic confidence is quantified in
several ways. A new post investigation diagnosis indicates a change in clinician diagnostic thinking. A
change in confidence in an existing diagnosis is assessed by comparing the confidence levels pre and
post examination, using either continuous or categorical measures.
Previous work that examined diagnostic impact failed to consider the accu a

of the li i ia s fi al

diagnosis, an important limitation with the potential to alter patient outcome significantly.56 233
Lusted used the interpretation of a single consultant radiologist as the sole measure of accuracy, as
ase ote e ie seldo

p o ed this diag osis to e i o e t p.

.233 The same method was

employed in the evaluation of MRI.162-164 This is in stark contrast to the literature on image
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interpretation, as both historic and contemporary studies highlight the inherent variation in medical
image interpretation. This constraint was identified in recent work that examined the influence that
abdominal-pelvic CT has on diagnostic thinking, as Ng et al. suggested that there is nothing more
dangerous than a clinician who is confidently wrong.275
Methods to correct for an incorrect radiology diagnosis have been developed.275-277 While these have
focused on CT examinations, the structure is transferrable to any radiology investigation. The final,
definitive diagnosis for each case is obtained, which combines clinical follow up, laboratory, surgical
and histology results.275 277 When a radiology report is associated with an incorrect clinician
diagnosis, using the Tsushima method, the diagnostic confidence is corrected (turned into a negative
value).277 Correction of confidence recognises the potential detrimental impact on patient
management and outcome associated with the incorrect diagnosis.277 This correction also
acknowledges the threshold nature of diagnostic and therapeutic decisions; incorrect radiology
epo ts that ould
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penalised, reflecting the increased detrimental effect on patient outcome.165 This is also true in the
converse situation, when disease has been made very unlikely, as in the incorrect normal report. The
a ua

of a li i ia s fi al diag osis is i ti atel

elated to patient outcome and of fundamental

importance when diagnostic confidence is to be used as an intermediate outcome measure. In order
to incorporate this vital aspect into the study design, the Tsushima methodology has been employed
in the current study when the diagnostic influence of chest X- a

epo ts o

li i ia s diag osti

decision-making was examined. The Tsushima methodology, to date, has only been used in studies
performed in clinical practice. The author has indicated that this method of assessment should be
transferable to a structured assessment (personal communication).351
Criticism of diagnostic impact studies include the incomplete reporting of the methods used; it is
difficult to critique a study where the methods have not been fully reported.133 Guidance on the
design, conduct and reporting of observational studies have been developed, the STengthening the

223

Reporting of OBservational studies in Epidemiology (STROBE) statement.49 Concerns have also been
raised about the external validity of diagnostic impact research, and it is suggested that the results
are only applicable to the study population (patient and clinician).133 The use of multiple cases, each
reported by a range of reporting practitioners (reporting radiologists and consultant radiologists),
assessed by multiple clinicians of different experience (consultants, specialist registrars, junior
medical staff) enabled the current study to have improved external validity when compared to
previous work.
The initial studies that examined the influence that CT had on diagnostic thinking when it was first
implemented found that the impact on clinicians thinking increased over the study period. As the
technology became more established and embedded in patient care, clinicians became aware of the
limitations and benefits of the information provided by the radiology investigation and adapted their
practice accordingly.143 With experience of this new technology, clinicians were able to synthesise
data with established investigations, clinical examination, and patient information to formulate a
diagnosis that incorporated all of this information. This is not an issue with chest X-rays, as they are
not a new technology rather an established diagnostic tool that has become a key component of
clinical practice.
The clinician has the critical role in requesting, gathering and combining multiple sources of
information to formulate a diagnosis for each patient. As such, the clinician has an important, central
role in the diagnostic process. The radiology report is often the sole method of communicating the
information provided by a radiology investigation to the clinician. It is imperative that information
produced by radiology in the form of written radiology reports is communicated effectively to
clinicians. If radiology report are to have an influence on patient management there are two
outcomes required of a radiology report. Firstly, that clinicians understand and recognise the
importance of findings and that clinicians are able to incorporate the information into diagnostic
process.352-354 As such, an essential component of all radiology reports is that the information is
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presented in a way that clinicians can understand, recognise and use in patient diagnostic and
treatment decisions. In order for diagnostic decision-making to be influenced, the findings must be
communicated effectively. The second part of the study assessed how the diagnostic decisionmaking of clinicians is influenced by the reporting radiographer and consultant radiologist chest Xray reports.

12.5

External Validity

Image selections plays a crucial role in determining the external validity of diagnostic accuracy
studies.206 Highly selective banks, which include complex and/or rare pathologies can discriminate
between observers with a high degree of confidence. This atypical setting will rarely reflect clinical
practice.63 206 Conversely, selecting a consecutive series from routine care will often result in a high
proportion of normal or obviously abnormal cases that will reduce the ability of subsequent analysis
to identify small yet important differences in observer performance.63 For example, an uncommon
yet important pathology may be deliberately included in a selected image bank to ensure that the
practitioner under examination will recognise this thus ensuring significant findings are not missed in
routine care but this may not occur in a consecutive series of images drawn from clinical practice.206
It is a fine balance; the choice should be made by determining the focus of the study.63 206 A selected
image bank will require a smaller number of cases and observers to detect a small difference in
performance but will have lower external validity.63 Generalisability will be increased in a study that
more closely replicates routine care, a heterogeneous mix of cases, but will require more cases
and/or observers to identify small differences in observer performance.63 183 206
Another important consideration is the proportion of normal and abnormal cases required to ensure
that the study is appropriately powered to detect a difference between observers or modalities
without a prohibitively large number of cases and/or observers.256 The type of observers also plays a
role in determining the external validity of a diagnostic accuracy study.183 355 Many of the Level 2
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efficacy-diagnostic accuracy studies recruit highly specialised observers to interpret the index test.183
355

This is a recognised limitation when trying to apply the results to clinical practice as many of these

diagnostic investigations demonstrate reduced performance when interpreted by average
practitioners.242 Nevertheless, the use of expert practitioners in the early development and
assessment of imaging modalities plays a role, for if there is no improvement in the performance of
these specialists there is unlikely to be when applied in routine care.183 There is however, a paucity
of literature that examines the performance of new radiology investigations in routine practice.

12.6

Non-Inferiority Approach

In an effort to improve the design, conduct and reporting of clinical trials so that they provide robust
evidence to support practice, a set of suggested minimum standards was constructed by the
Consolidated Standards of Reporting Trials (CONSORT) group who developed guidance and
checklists,356 similar to the STARD group,47 for the various clinical trial designs. The checklist,
adopted by the medical publishing community as best practice, was designed to improve the
reporting of clinical trials. Recognition of biases due to study population or study design could help
prevent flawed conclusions from being drawn and therefore inappropriately influencing practice.
The CONSORT guidance can also be used to ensure that important determinants of bias, such as
participant selection, exact nature of the intervention and statistical methodology, can be
considered and addressed during study conception and design.356 Although advocated as examples
of best practice, uptake has not been universal.357-359
One significant difference in the current study is that the majority of medical research, both
diagnostic and therapeutic, utilises a superiority approach; is treatment X more effective than
placebo, does test Y have increased accuracy when compared to Z?48 The aim of this study was not
to investigate if the new test (reporting radiographers) were more accurate than the existing test
(consultant radiologists), as radiographer reporting is always complimentary and integrated into a
226

radiology service and is never intended to be a direct replacement for consultant radiologists.44 168
The aim of the current study was to investigate if the performance of the reporting radiographers
as o less effe ti e, o less elia le i othe
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reporting.
Non-inferiority studies have specific design considerations and statistical implications.48 289 360
Standard superiority trials require a smaller sample size to accurately accept or reject the null
hypothesis.48 361 It is incorrect to assume equivalence or non-inferiority just because the null
hypothesis has not been rejected.48 238 241 289 360 These specific methodological issues, which reverse
the traditional alternate and null hypotheses, have been addressed by an extension to the CONSORT
statement and have been incorporated into both part one and part two of the current study.48 These
considerations were applied to the hypothesis statements below (Chapter 3.2). This has ensured
that the study is adequately powered to detect a statistically significant difference, if one exists,
between the diagnostic accuracy of chest X-ray interpretation of radiographers and radiologists and
the influence that their reports have on clinicians' diagnostic thinking. While it may seem
counterintuitive to have the null hypothesis stating that one treatment, intervention or group of
reporting practitioners is superior to another, this methodology and statistical approach will
facilitate robust and valid results.

12.7

Methods

The hierarchy of efficacy (Chapter 2.3), employed as the conceptual framework, identifies several
paradigms which can be used to investigate each level. Utilising a staged approach, Part one of the
study examined the accuracy with which qualified reporting radiographers interpreted a bank of
chest x-rays in a controlled setting. Joint guidance published by the Royal College of Radiologists and
Society and College of Radiographers reiterates that any radiographer who wishes to extend their
practice to include image interpretation must perform at a level comparable to a consultant
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radiologist.44 Therefore, in the current study, the performance of a group of consultant radiologists
who interpreted the same image bank was the baseline measure.48 289 360
The written radiology report is the primary output of most radiology investigations and the vehicle
for communicating with clinicians.362 The role of the report is to communicate in an effective manner
the nature, location and significance of the radiological findings, not to just describe the findings and
assume that the clinician recognises the significance.352 Part two of the study will investigate the role
that radiographer and radiologist chest x-ray reports play in the diagnostic decision-making of
clinicians; using the rationale that you must first change clinician diagnosis/confidence in order to
instigate a change in management.57 184 363
The limitation of using diagnostic impact (level 3) as an intermediate outcome measure was
e og ised

Ma ke zie a d Di o , ho oted that Diag osis is ot a e d i itself; o l a

esti g pla e fo p og osti

o side atio s a d the apeuti de isio s p.

e tal

.61 Nevertheless, this

step provides valuable information. If the investigation does not prompt a clinician to change their
diagnosis or confidence in a diagnosis, there will be, by definition, no improvement in patient
outcome but taking next step to show contribution of imaging to improved patient outcome is
difficult.133 184
Several methodologies are available to examine this question, with distinct outcome measures. The
methodologies chosen for each part were:


Part One: Diagnostic Accuracy = alternative free-response receiver operator characteristic
curves82 183 242 244 338



Part Two: Diagnostic Impact = influence on diagnostic decision-making62 148 164 233

The evidence base for diagnosis had lagged behind therapeutic assessments, both in volume and
quality.59 133 364 Several large meta-analyses reviewed the methodological quality of diagnostic
accuracy studies. These concluded that poor study design and poor reporting of key details, such as
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recruitment and application of the reference standard, meant that clinicians were unable to identify
bias within these studies.365 366 This is a challenge for clinicians who are required to assess if a
diagnostic test would perform at a comparable level in routine practice, as the reported diagnostic
accuracy within some research can be elevated due to bias.367
In order to increase the volume of robust research evidence to underpin practice, several
statements which outline best practice have been published by eminent research groups for
different research designs. These tools aid in the construction of solid methodologies, assist in the
recognition and minimisation of biases, enable systematic reporting within the literature and
contribute to consistency between studies. The STAndards for Reporting of Diagnostic accuracy
(STARD) was published in 2003 as a 25 item checklist to facilitate high quality diagnostic accuracy
research and improve study reporting through a structured and methodical approach.46 This was
updated in 2015 and consists of a 30-item checklist to be considered when performing studies that
examine the accuracy of investigations.47 This comprehensive list, ranging from title structure to
presentation of results, has acted as a tool for study design and manuscript preparation. Recent
work has suggested that, even in high impact journals, uptake has been heterogeneous and
incomplete.358 364 The current study has considered the 30 items as fundamental to a robust
assessment of diagnostic accuracy of radiographer chest x-ray reporting and each has been
addressed in the diagnostic accuracy methodology and methods.
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Appendix 13

Electronic Records Search Terms

Examination Type = CR, DR
Examination Type = Chest
Patient Age is > 16 years
Patient Location = Accident & Emergency, Out-Patient, In-Patient
Report Status = Finalised
Report Completion time is 01/04/2011 < time < 31/03/2012
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Appendix 14

Advertisement for reporting radiographers in Synergy:Imaging and Therapy
Practice and Synergy News (radiography professional newsletter)

Calling all chest reporting radiographers!
We are conducting a study which will examine the accuracy of chest x-ray interpretation by qualified
reporting radiographers.

If you
- Are a qualified chest x-ray reporting radiographer
- Currently undertake chest x-ray reporting sessions in clinical practice
- Working in the NHS
And:
-

Can spare one day
Are able to travel to (xxxx) London

What are you waiting for?!
To register your interest or for further information contact xxxx, chief investigator, on xxxx or xxxx.
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Appendix 15

Data collection template for reference standard diagnosis – Expert Chest
Radiologist

Reference Standard Report Proforma
Chest X-ray Image Bank n
Reviewer: CCR1/2
There are n chest x-rays for interpretation in this image bank which have been randomly selected
from hospital based patients at a London acute district general hospital (DGH).

Section 1 contains the patient demographics, including age, gender and source of referral (Accident
& Emergency, In-Patient or Out-Patient). If any previous chest x-rays are available this will be
indicated, a d ill e lo ated i the patie ts i age folde .
Section 2 provides the clinical information and history given to the reporting practitioner at the time
of initial imaging request.
Section 3 is to be completed by placing an x in the corresponding box indicating your interpretation
of the chest x-ray. A list of abnormalities not considered to be clinically relevant is included
(Appendix 1). For the purposed of this study, any images containing only these findings should be
interpreted as normal.
Section 4 is a free text field which should contain your report, containing a description of the salient
features, diagnosis (if appropriate) and any specific recommendations. Please localise all
abnormalities using the zonal criteria (Appendix 2).
Section 5 asks for a list of all abnormalities (if any) and their location on the image, using the
predefined zonal localisation criteria (Appendix 2).
Section 6 requires that you allocate a disease category for each abnormal case.
Section 7 requires an x to be placed in the box corresponding to the level of conspicuity of the
lesion described in an abnormal report. Please leave blank if in your opinion the radiograph is
normal.

Many thanks for your participation in this study. If there are any queries please do not hesitate to
contact the researcher on xxxx or xxxx.

This study has been given formal ethics approval by xxxx
Local R&D approval reference xxxx
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Case Number: 0001

Case Reference Number: Anonmale1946
Section 1 - Patient Demographics
Age: xx years
Gender: Fe/Male
Referral Source:
Previous Chest X-rays:
AE/IP/OP
Yes/No
Section 2 - Clinical History
(as provided by clinician at the time of initial request)
Section 3 – Confidence in Interpretation
(please mark one box below with an x)

0
Normal

1
Abnormal

Section 4 - Report
(free text of salient findings, diagnosis and recommendations)

Section 5 – List of Abnormalities
(please list and localise all abnormalities eg. RUZ consolidation, L apical fibrosis etc)

Section 6 – Disease Category
(please mark one box with a x if case is abnormal)
Infection

Cardiac/Pulm Oedema

Malignancy

Other

Section 7 – Conspicuity (please mark one box with a x )

1
Very
Subtle

2

3

Subtle

Obvious

4
Very
Obvious
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appendix 1 – Reporting Guidance
(This will be based on the work of Robinson et al.188 and agreed after discussion with the expert
chest consultant radiologists prior to the study commencing)
For the purposes of this study, the following are to be considered NORMAL:






Congenital/anatomical variants
Small calcified foci
Old fractures
Previous surgery
Hiatus hernia

For the purposes of this study, the following are to be considered ABNORMAL:









Pleural fluid
Pneumothorax
Consolidation
Non-calcified nodules
Cardiac enlargement
Mediastinal widening
Recent fracture
Foreign body
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Appendix 2 – Zonal Localisation Criteria

For the purposes of this study please use the following zonal criteria when localising abnormalities.

Supraclavicular
Apex

Paratracheal

nd

2 Ant Rib

4th Ant Rib

Upper Zone

Perihilar

Middle Zone

Lower Zone

Hilar
6th Ant Rib

Cardiac
Basal Zone

Cardiophrenic Angle
Costophrenic Angle
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Appendix 16

Arbiter agreement proforma – reference standard
Arbiter Proforma
Reference Standard
Chest X-ray Image Bank n
Reviewer: A1/2

There are n chest x-ray reports for comparison, derived from an image bank which has been
randomly selected from hospital based patients at a London acute district general hospital (DGH).

Section 1 provides the reports for each case.
Section 2 asks for your opinion regarding agreement between the abnormality lists and select either
agree or disagree by placing a x in the corresponding box.
Please use the acceptance radius as outlined in Appendix 1.

Many thanks for your participation in this study. If there are any queries please do not hesitate to
contact the researcher on xxxx or xxxx.

This study has been given formal ethics approval by xxxx
Local R&D approval reference xxxx
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Abnormality List Number: 001
Section 1 – Abnormality Lists
List A

List B

Section 2 – Report Agreement
Please mark a box with an x

0

1

Agree

Disagree
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appendix 1 – Zonal Localisation Criteria250
For agreement to be reached, the abnormality described in the lists above must be contained with
the same zonal region (acceptance radius). For the purposes of this study please use the following
zonal criteria when localising abnormalities.

Supraclavicular

Apex

2

nd

Ant Rib

4th Ant Rib

Paratracheal

Upper Zone

Perihilar

Middle Zone

Hilar

Lower Zone

6th Ant Rib

Basal Zone

Cardiophrenic Angle
Costophrenic Angle
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Appendix 17

Participant (consultant radiologist/reporting radiographer) chest X-ray
interpretation data collection proforma

Participant Report Proforma
Chest X-ray Image Bank A & B
Reviewer: Rn

There are 106 chest radiographs for interpretation in his image bank which have been randomly
selected from hospital based patients at a London acute district general hospital (DGH).
Section 1 contains the patient demographics, including age, gender and source of referral (Accident
& Emergency, In-Patient or Out-Patient). If any previous chest x-rays are available this will be
indicated, and will be located in the patients imaging folder.
Section 2 provides the clinical information and history given to the reporting practitioner at the time
of initial imaging request.
All information (Sections 3 & 4) are to be completed on the online form.
Section 3 is to be completed by selecting the corresponding box indicating your interpretation of the
chest x-ray. A list of abnormalities not considered to be clinically relevant is included (Appendix 1).
For the purposed of this study, any images containing only these findings should be interpreted as
normal.
Section 4 is a free text field which should contain your report, containing a description of the salient
features, diagnosis (if appropriate) and any specific recommendations. Please localise all
abnormalities using the zonal criteria (Appendix 2). All abnormalities must be assigned a confidence
score by inserting a rating after the free text description (1 – 4), according to the following scale:
1 = uncertain
2 = possibly abnormal
3 = probably abnormal
4 = definitely abnormal
Fo e a ple A
right upper zo e odule is suspi ious for a
Normal images do not require a confidence rating.

alig a t lesio

.

Many thanks for your participation in this study. If there are any queries please do not hesitate to
contact the researcher on xxxx or xxxx.

This study has been given formal ethics approval by xxxx
Local R&D approval reference xxxx
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Case Number: 013

Age: 73 years

Case Reference Number: 4120020A
Section 1 - Patient Demographics
Request Number: 11000099A
Gender: Male
Referral Source: OP
Previous:

Yes

Section 2 - Clinical History
(as provided by clinician at the time of initial request)
Previous lung ca surgery-?recurrence
smoker
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Appendix 1 – Reporting Guidance
For the purposes of this study, the following are to be considered NORMAL:






Congenital/anatomical variants
Small calcified foci
Old fractures
Previous surgery
Hiatus hernia

For the purposes of this study, the following are to be considered ABNORMAL:









Pleural fluid
Pneumothorax
Consolidation
Non-calcified nodules
Cardiac enlargement
Mediastinal widening
Recent fracture
Foreign body
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Appendix 2 – Zonal Localisation Criteria

For the purposes of this study please use the following zonal criteria when localising abnormalities.

Supraclavicular
Apex

Paratracheal

nd

2 Ant Rib

4th Ant Rib

Upper Zone

Perihilar

Middle Zone

Lower Zone

Hilar
6th Ant Rib

Cardiac
Basal Zone

Cardiophrenic Angle
Costophrenic Angle
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Appendix 18

Arbiter proforma – participant observers (consultant radiologists and
reporting radiographers) for diagnostic accuracy study (Part 1)
Arbiter Proforma
Participant Reports
Chest X-ray Image Bank n
Reviewer: A1/2

There are n chest x-rays reports which have been produced from an image bank randomly selected
from hospital based patients at a London acute district general hospital (DGH).

Section 1 provides the reports for each case.
Section 2 asks you to extract all abnormalities from the participant report with the corresponding
confidence score. Using the reference standard diagnosis list, assign either a lesion localisation or
non-lesion localisation rating for each abnormality.
An abnormality identified in the participant report will be deemed to be a lesion localisation (LL)
event if:



the abnormality is within the acceptance radius (Appendix 1)
the correct diagnosis is made

An abnormality in the participant report will be deemed a non-lesion localisation (NLL) event if:




the abnormality is outside the acceptance radius (Appendix 1)
and/or
the incorrect diagnosis is made

Many thanks for your participation in this study. If there are any queries please do not hesitate to
contact the researcher on xxxx or xxxx.

This study has been given formal ethics approval by xxxx
Local R&D approval reference xxxx
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Report Pair Number: 001
Section 1 – Radiology Reports/Abnormality Lists
Reference Standard Abnormality List

Participant Report

Section 2 – Report Agreement
Please complete the table below for the participant report provided

Abnormality

Rating

LL/NLL
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appendix 1 – Zonal Localisation Criteria
For agreement to be reached, the abnormality described in the lists above must be contained with
the same zonal region (acceptance radius). For the purposes of this study please use the following
zonal criteria when localising abnormalities.

Supraclavicular
Apex

2

nd

Ant Rib

4th Ant Rib

Paratracheal

Upper Zone

Perihilar

Middle Zone

Hilar

Lower Zone

6th Ant Rib

Basal Zone

Cardiophrenic Angle
Costophrenic Angle
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Appendix 19

JAFROC lesion master sheet (sample)
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Appendix 20

Sample of JAFROC lesion localisation data collation spreadsheet

True Positive Events (section)
Locat

Study
Ref

AbN

R2

R3
1

13
1

xx

R4
1

xx

R5
1

R6
2

xx

0 xx

xx

R9
2

xx

R16
2

xx

R17
1

xx

R19
1

xx

R8
2

xx

R12
1

xx

R13
1

xx

R22
2

xx

R24
1

xx

R20
1

xx

R23
2

xx

2
xx

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4 MISS

4

0

4

4

4

4

0

0

0

0

0

4

0

0

0

0

0

0

0

0 MISS

0

0

0

0

0

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

xx

0 xx

xx

xx

xx

0 xx
xx

xx

0 xx

xx

xx

xx

xx

MISS

xx

xx

xx

xx

xx

0 xx

xx

xx

xx

xx

1 LMZ

Pleural Calc

4

4

4

4

4

4

4

4

4

4

3

4

4

2

4

4

0

4

4

4

2 RMZ

Pleural Calc

4

4

4

4

4

4

4

4

4

4

3

4

4

2

4

4

0

4

4

4

4

3 R Diaph

Pleural Calc

4

3

4

4

4

4

4

4

4

4

3

4

4

2

4

4

0

4

0

4

4

4

1 LLZ

Fibrosis

4

4

0

0

4

4

0

2

0

4

0

4

3

4

4

4

2

4

3

0

4

2 RLZ

Fibrosis

0

4

0

0

4

0

4

2

0

4

0

4

0

2

4

0

2

0

3

0

4

8

0 xx

xx

10

xx

xx

xx

15

xx

xx

xx

17

xx

xx

20

xx

0 xx

xx

xx

xx

xx

xx
xx

xx
xx
0

0 xx

xx

xx

0 xx

xx

xx

xx

xx

0 xx

xx

xx

xx

xx

xx
xx

xx

xx

xx

0 xx

xx

xx

xx

xx

xx

xx

0

0
xx
xx

0
xx

0

0

xx

xx

xx

xx

0 xx

xx

xx

xx

xx

xx
xx

xx

xx

xx

0 xx

0 xx

xx

xx

xx

0 xx

xx

xx

xx

0 xx

xx

xx

xx

xx

xx

xx

xx

0 xx
xx

xx
0

xx

xx

0
xx

1 LMZ

Interstitial oedem

4

4

0

0

0

0

0

4

0

4

0

0

4

4

0

4

0

0

3

0

0

2 RMZ

Interstitial oedem

4

4

0

0

0

0

0

4

0

4

0

4

4

4

0

4

0

0

3

0

0

3 LLZ

Pulm Oedema

0

4

4

4

4

4

3

4

4

0

0

0

4

4

4

0

0

4

4

0

4

4 RLZ

Pulm Oedema

4

4

4

4

4

4

0

4

4

0

4

4

4

4

4

4

4

4

4

3

4

5 L CP

Effusion

4

3

4

4

4

4

4

4

4

22

4
xx

4
xx

xx

0 xx

4
xx

4
xx

xx

0 xx

4
xx

4
xx

4
xx

xx

0 xx

4
xx

4
xx

4
xx

4
xx

Consolidation

4

3

4

4

4

4

4

0

4

0

4

4

4

4

4

4

4

4

4

0

2 R CP

Effusion

4

3

4

0

0

0

4

0

0

0

0

4

4

3

4

0

0

4

3

0

0

0 xx

xx

28

0 xx

xx

xx

0 xx

xx

xx

xx

xx

0 xx

xx

xx

xx

xx

0 xx

xx

xx

xx

xx

0 xx

xx

xx

0 xx

xx

xx

xx

xx

xx

xx

xx

0
xx

1 RLZ

24
45

xx

R10
1

Cardiomegaly

xx

23

xx

R1
2

AVN
xx

21

xx

R21
2

1 Heart

3

30

R7
2

2 Spine
2
4

R18
1

0
3
0

xx

xx

1 L Apex

Fibrosis

4

0

4

4

4

4

4

4

4

4

0

4

4

4

4

4

4

4

4

0

4

2 R Apex

Fibrosis

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

29

1 RLZ

Rib #

4

4

4

0

4

0

4

4

4

4

4

4

0

4

4

4

4

4

4

0

4

31

1 LMZ

Interstitial Oedem

4

4

4

0

4

0

0

0

4

4

0

4

4

4

4

0

0

3

0

0

4

2 RMZ

Interstitial Oedem

4

4

4

0

4

0

0

0

4

4

3

4

4

4

4

0

0

3

0

0

4

1 L CP

Effusion

2

0

1

2

4

2

4

4

3

4

0

4

4

4

4

4

4

0

3

0

0

43
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False Positive Events (section)
Study
Ref
13
1

R2

R3

R4

3
3

R5

4
4

R6
3
2

R18

3
3

R7

R21

2

R1

R10

4
4

R9

4
4

2
3
4
2

4
3

30

3

2

4
4
4
2

2
2

2

4

4

2

4

4
4

4
4
4

10
15
17

3

20
21

3

4

24

3

28
45

2

4
4
4
4
4
4

4
4

4
4
4
4

3

4
4

22
23

R17

R19

R8

R12

R13

R22

4
4
1

4

4
4
4
4

4
4

4
4

2

3

4
4

4

3

4

4

2
2
2

4
4

4
4

3

1

4
4

1

4

2

4
4

4

1
4
4

R24

R20

R23

4
4

2
2

4

2

2

4

8

R16

3

4

4
4

2
2

3
4

3

3

3

4

4

4
4
4

4
4

4

4

2
2
1
2
2

4
4
4

3
3

3
3

4
4

2

4
4
4

3

4
4

4

4

4
3
3

3

2
2

2
1

4
4

4
4

1

4

4

3
3
4

4

4

4

4
4
4

3

4
4
3
2

2
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Appendix 21

Clinician recruitment email

Dear Colleague,
We are conducting a study which will examine the influence that chest x-ray reports have on
li i ia s diag osti thi ki g.
You will be required to review a series of short case scenarios and to arrive at a diagnosis, both with
and without a chest x-ray report. The scenarios will be given to you in small batches to be completed
at your convenience.
To register your interest or for further information please contact xxxx, chief investigator, at xxxx or
xxxx or xxxx.

This study has been given formal ethics approval by xxxx
Local R&D approval reference xxxx
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Appendix 22

Clinician pre-chest X-ray diagnosis proforma

Clinician Report Proforma
Diagnostic Case Summaries Bank n
Reviewer: Cn
There are n case summaries in this bank which have been randomly selected from hospital based
patients at a London acute district general hospital (DGH) who have been referred for a chest x-ray
as part of their management.

In the context of each individual case, please complete Sections 3 and 4 overleaf.
Section 1 contains the patient demographics, including age, gender and source of referral (Accident
& Emergency, In-Patient or Out-Patient). If any previous chest x-rays have been obtained this will be
indicated.
Section 2 provides the summary for each case. This will include patient history, symptoms, clinical
findings and the results of laboratory investigations available prior to the initial chest x-ray request
being made.
Section 3 requires you to formulate your most likely diagnosis from the information provided and to
select one option only by placing a x in the corresponding box from the list provided. If this list does
ot o tai ou ost likel diag osis the please sele t the othe optio . You should also o side
your confidence in the ost likel diag osis a d sele t this pla i g a u e i al s o e i the o
between 0 and 100, where:
0 = very unlikely
50 = uncertain
100 = certain
Section 4 e ui es ou to o side ou
ost i po ta t diag osis fo the p ese ted ase su mary.
This is the most serious diagnosis that you would want to exclude in this patient and one option
should e sele ted f o the list p o ided. You should also i di ate ou o fide e i the ost
i po ta t diag osis a d sele t this pla i g a u e ical score in the box between 0 and 100,
where:
0 = very unlikely
50 = uncertain
100 = certain

Many thanks for your participation in this study. If there are any queries please do not hesitate to
contact the researcher on 0208 510 7848 or 0208 510 7105.
This study has been given formal ethics approval by xxxx
Local R&D approval reference xxxx

250

Case Number: 0001
Age: xx years
Referral Source:

AE/IP/OP

Section 1 - Patient Demographics
Gender: Fe/Male
Previous Chest X-rays: Yes/No
Section 2 – Case Summary

(case summary provided by a Physician following review of the notes, to include all pertinent information
available up to the time of initial chest x-ray request)

Section 3 – Most Likely Diagnosis
Most Likely Diagnosis
(please mark one box below with an x)
Diagnosis
1 Normal
2 Infection
3 Cardiac/Pul
m Oedema
4 Pleural
Effusion
5 COPD

6
7
8
9

Pneumothorax
Perforation
Malignancy
TB

1
0
1
1

Fibrosis

Confidence in Most Likely Diagnosis
(please provide your numerical answer below)
Confidence (0-100)

Other

Section 4 – Most Important Diagnosis
Most Important Diagnosis
(please mark one box below with an x)
Diagnosis
1 Normal
2 Infection
3 Cardiac/Pul
m Oedema
4 Pleural
Effusion
5 COPD

6
7
8
9

Pneumothorax
Perforation
Malignancy
TB

1
0
1
1

Fibrosis

Confidence in Most Important Diagnosis
(please provide your numerical answer below)

Confidence (0-100)

Other
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Appendix 23

Clinician post-chest X-ray diagnosis proforma

Clinician Report Proforma
Diagnostic Case Summaries Bank n
Reviewer: Cn
There are n case summaries in this bank which have been randomly selected from hospital based
patients at a London acute district general hospital (DGH) who have been referred for a chest
radiograph as part of their management.
In the context of each individual case, please complete Sections 4 and 5 overleaf.
Section 1 contains the patient demographics, including age, gender and source of referral (Accident
& Emergency, In-Patient or Out-Patient). If any previous chest x-rays have been obtained this will be
indicated.
Section 2 provides the summary for each case. This will include patient history, symptoms, clinical
findings and the results of laboratory investigations available prior to the initial chest x-ray request
being made.
Section 3 provides a radiology report for the chest x-ray that was requested by the treating clinician.
Section 4 requires you to formulate your most likely diagnosis from the information provided and to
select one option only by placing a x in the corresponding box from the list provided. If this list does
ot o tai ou ost likel diag osis the please sele t the othe optio . You should also o side
ou o fide e i the ost likel diag osis a d sele t this placing a numerical score in the box
between 0 and 100, where:
0 = very unlikely
50 = uncertain
100 = certain
Section 4 e ui es ou to o side ou
ost i po ta t diag osis fo the p ese ted ase su
a .
This is the most serious diagnosis that you would want to exclude in this patient and one option
should e sele ted f o the list p o ided. You should also i di ate ou o fide e i the ost
i po ta t diag osis a d sele t this pla i g a u e i al s o e i the o et ee a d
,
where:
0 = very unlikely
50 = uncertain
100 = certain
Many thanks for your participation in this study. If there are any queries please do not hesitate to
contact the researcher on xxxx or xxxx.
This study has been given formal ethics approval by xxxx
Local R&D approval reference xxxx
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Case Number: 0001
Age: xx years

Report Reference: vwxyz
Section 1 - Patient Demographics
Gender: Fe/Male Referral Source: AE/IP/OP Previous Chest X-rays: Yes/No
Section 2 – Case Summary

(case summary provided by a Physician following review of the notes, to include all pertinent
information available up to the time of initial chest x-ray request)

Section 3 – Radiology Report
(report produced by one of the reporting practitioners in the diagnostic accuracy arm of the study,
anonymised for reporting source [radiologist/radiographer])

Section 4 – Most Likely Diagnosis
Most Likely Diagnosis
(please mark one box below with an x)
Diagnosis
Normal
Infection
Cardiac/Pulm
Oedema
Pleural
Effusion
COPD

Pneumothorax
Perforation
Malignancy
TB

Confidence in Most Likely Diagnosis
(please provide your numerical answer below)

Confidence (0-100)

Fibrosis
Other

Section 5 – Most Important Diagnosis
This is the most serious diagnosis you would want to exclude
Most Important Diagnosis
Confidence in Most Important Diagnosis
(please mark one box below with an x)
(please provide your numerical answer below)
Diagnosis
Infection
Cardiac/Pulm
Oedema
Pleural Effusion
COPD
Pneumothorax

Diagnosis
Perforation
Malignancy

Confidence (0-100)

TB
Fibrosis
Other
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Appendix 24

Clinicians diagnoses and diagnostic confidence data collation sheet (sample)

Reporting_Pra
Rep_Practiti
Most Likely Di
Probability of
Likely Cat Likely Compar
Novel
8
1
1
90
4
0
8
1
1
95
5
0
8
1
1
50
3
0
8
1
0
60
3
0
8
1
99
95
5
0
8
1
1
5
1
0
8
1
0
80
4
0
8
1
0
99
5
3
8
1
0
95
5
3
8
1
0
95
5
3
8
1
2
90
4
3
8
1
0
80
4
0
8
1
2
60
3
3
8
1
1
100
5
0
8
1
8
60
3
0
8
1
0
99
5
0
8
1
1
90
4
0
8
1
2
90
4
3
8
1
7
98
5
0
8
1
2
99
5
3
8
1
0
60
3
0
8
1
2
70
4
0
8
1
3
99
5
0
8
1
8
100
5
0
8
1
4
60
3
0
8
1
2
70
4
0
8
1
1
90
4
0
8
1
888
888
888
888
8
1
1
80
4
0
8
1
888
888
888
888
8
1
99
90
4
0
8
1
0
95
5
0
8
1
1
80
4
0
8
1
0
90
4
0
8
1
1
80
4
0
8
1
1
95
5
0
8
1
0
70
4
3
8
1
99
90
4
0
8
1
2
70
4
3
8
1
0
95
5
3
8
1
1
90
4
0
8
1
0
90
4
0
8
1
99
80
4
0
8
1
1
90
4
0
8
1
99
100
5
0
8
1
3
100
5
0
8
1
0
97
5
3
8
1
2
90
4
0
8
1
99
80
4
0
8
1
0
95
5
3
8
1
0
95
5
3
8
1
7
90
4
3
8
1
888
888
888
888

LikelyNew
D Correcteffect
Li
of CXRCorrected Con
Sig Likely Cont
Sig Likely CatMost SeriousProbability of
Serious Cat Serious Comp
Novel
0
0
4
-30
0
0
1
80
4
0
1
0
4
-5
0
0
1
95
5
0
1
0
1
-140
0
0
1
50
3
0
0
0
4
30
1
0
99
10
2
3
0
0
4
0
0
0
99
5
1
0
1
0
4
85
1
0
1
5
1
0
1
0
1
-140
0
0
7
10
2
0
0
0
3
0
0
0
1
1
1
0
0
0
3
-3
0
0
7
3
1
0
0
0
3
15
0
0
99
5
1
0
0
0
3
30
1
0
7
1
1
0
1
0
1
-130
0
0
1
10
2
0
1
1
2
159
1
0
2
60
3
3
1
0
4
-60
0
0
1
100
5
0
1
0
4
0
0
0
8
60
3
0
0
0
4
0
0
0
0
99
5
0
1
0
4
9
0
0
1
90
4
0
1
1
2
150
1
0
2
90
4
3
1
0
4
-28
0
0
7
98
5
0
0
0
3
29
1
0
2
99
5
3
1
0
1
-155
0
0
1
20
2
3
1
0
4
25
1
0
1
20
2
0
1
0
4
-59
0
0
3
99
5
0
0
0
4
0
0
0
8
100
5
0
1
0
4
39
1
0
1
5
1
0
1
0
1
-80
0
0
1
20
2
3
1
0
4
0
0
0
1
90
4
0
888
888
888
888
888
888
888
888
888
888
0
0
4
-10
0
0
1
80
4
0
888
888
888
888
888
888
888
888
888
888
1
0
4
-30
0
0
99
90
4
0
0
0
4
-5
0
0
2
2
1
3
1
0
1
-130
0
0
1
80
4
0
0
0
4
5
0
0
7
3
1
3
0
0
4
0
0
0
1
80
4
0
0
0
4
-25
0
0
7
3
1
3
0
0
3
10
0
0
99
20
2
0
0
0
4
-10
0
0
1
5
1
3
0
0
3
0
0
0
2
70
4
3
0
0
3
15
0
0
99
2
1
0
1
0
1
-180
0
0
1
90
4
0
1
0
1
-185
0
0
2
5
1
0
0
0
4
-50
0
0
99
80
4
0
1
0
4
0
0
0
1
90
4
0
1
0
4
-80
0
0
99
100
5
0
1
0
1
-200
0
0
7
100
5
3
0
0
3
0
0
0
1
2
1
0
1
0
1
-180
0
0
99
5
1
0
1
0
1
-180
0
0
7
10
2
0
0
0
3
15
0
0
8
2
1
0
0
0
3
15
0
0
8
1
1
0
1
1
2
120
1
0
7
90
4
3
888
888
888
888
888
888
888
888
888
888

Serious
Novel
0
0
0
0
1
1
0
1
0
0
0
0
0
0
1
1
1
0
0
0
0
0
0
0
0
1
1
888
0
888
1
1
0
1
0
1
1
1
0
1
0
1
1
0
1
1
1
1
0
0
0
1
888

Serious
Effect CXR Seri
Corrected Con
Sig Serious Co
Sig Serious Ca
Likely or Serio
New Likely or
Sig Serious or
Likely/Serious
Sig Likely/Seri
Both Likely/Se
0
4
-20
0
0
0
0
0
0
0
0
0
4
-75
0
0
0
0
0
0
0
0
0
4
-40
0
0
0
0
0
0
0
0
0
3
5
0
0
1
0
1
0
0
0
0
1
-15
0
0
0
0
0
0
0
0
0
4
45
1
0
0
0
1
1
0
0
0
4
30
1
0
0
0
1
0
0
0
0
4
0
0
0
1
0
0
0
0
0
0
4
-2
0
0
1
0
0
0
0
0
0
4
15
0
0
1
0
0
0
0
0
0
4
9
0
0
1
0
1
0
0
0
0
4
10
0
0
0
0
0
0
0
0
0
3
59
1
0
1
1
1
1
0
0
0
4
-80
0
0
0
0
0
0
0
0
0
4
-30
0
0
0
0
0
0
0
0
0
4
-98
0
0
0
0
0
0
0
0
0
4
-89
0
0
0
0
0
0
0
0
0
3
60
1
0
1
1
1
1
0
0
0
4
-97
0
0
0
0
0
0
0
0
0
3
29
1
0
1
0
1
1
0
0
0
3
-75
0
0
1
0
0
0
0
0
0
4
-15
0
0
0
0
1
0
0
0
0
4
-79
0
0
0
0
0
0
0
0
0
4
-1
0
0
0
0
0
0
0
0
0
4
-4
0
0
0
0
1
0
0
0
1
2
110
1
0
1
1
1
0
0
0
0
1
-100
0
0
0
0
0
0
0
0
888
888
888
888
888
888
888
888
888
888
888
0
4
-10
0
0
0
0
0
0
0
0
888
888
888
888
888
888
888
888
888
888
888
0
4
-60
0
0
0
0
0
0
0
0
1
2
7
0
0
1
1
0
0
0
0
0
4
-40
0
0
0
0
0
0
0
0
1
2
4
0
0
1
1
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
1
2
93
1
1
1
1
1
0
1
0
0
4
0
0
0
1
0
0
0
0
0
1
2
15
0
0
1
1
0
0
0
0
0
3
0
0
0
1
0
0
0
0
0
0
4
3
0
0
1
0
0
0
0
0
0
4
-85
0
0
0
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
4
-75
0
0
0
0
0
0
0
0
0
4
-80
0
0
0
0
0
0
0
0
0
4
-95
0
0
0
0
0
0
0
0
1
2
105
1
1
1
1
1
0
1
0
0
4
1
0
0
1
0
0
0
0
0
0
4
0
0
0
0
0
0
0
0
0
0
4
10
0
0
0
0
0
0
0
0
0
4
13
0
0
1
0
0
0
0
0
0
4
14
0
0
1
0
0
0
0
0
1
2
92
1
0
1
1
1
1
0
0
888
888
888
888
888
888
888
888
888
888
888
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