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Abstract

Aim: To audit the reporting results of a cohort of radiographers (n=6) completing an accredited
academic programme in clinical reporting of Computed Tomography (CT) head examinations.

Methods: An audit of retrospective academic image case banks and prospective random clinical
workload case banks. Both the academic test banks and clinical workload banks included a wide
range of normal and abnormal cases of different levels of difficulty and pathology. Abnormalities
included: haemorrhage, fractures, lesions, infarctions, degeneration, and normal variants from a
variety of referral sources. True positive and negative, as well as false positive and negative fractions
were used to mark the reports, which were analysed for accuracy against a reference standard.
Further interobserver variability was assessed using Cohens Kappa, one-way analysis of variance and
Tukey for multiple comparisons and significance testing at 95% confidence intervals.

Results: The mean accuracy score for all radiographers (n=6) and reports (n=3,008) was 90.7%
(95%CI 88.3%-93.0%). Mean sensitivity and specificity rate was 86.9% (95%Cl 85.8%-88.2%), and 94%
(95%Cl 89.6%-98.3%) respectively. The most common errors were associated with herniation,
lacunar infarctions and subtle fractures (false negatives) and involutional changes, subtle infarctions,
and ventricular dilation (false positives).

Conclusions: The results suggest appropriately trained radiographers can successfully undertake to
report CT head examinations to a high standard. The adoption of both academic and clinical
workload image banks that reflect disease examples and the prevalence that may logically be
encountered in practice offers the potential for an accurate measure of performance of
radiographer’s abilities.
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Introduction

Demand for Computed Tomography (CT) examinations in English National Health Service (NHS) Trusts
between March 2015 and February 2016 approximated 5,007,188 examinations. For the month of
February 2016 alone, there were 104,667 on the waiting list, 37,734 planned tests, and 126,500
unscheduled tests?. The NHS Imaging and Radiodiagnostic activity report® assessed the number of CT
investigations between April 2013 to March 2014 at 5.2 million. Demonstrating a 10% increase from
the previous year?, a 43.1% rise over five years?, and 160% growth over a decade®. The Centre for
Workforce Intelligence (CfWI)® describe the likely factors that influenced the increase of imaging was
due to growing/aging populations, an escalation in cancer diagnosis and chronic illness, screening
programmes, and extended working hours. For CT cranial imaging the growth of imaging has also risen
due to endorsement by the National Institute for Health and Care Excellence (NICE)® “as the first line
imaging of choice® due to being fast, non-invasive and the routine availability of CT.

NICE recommends traumatic CT head scans to be reported within 1 hour®, and Stroke CT examinations
to be scanned and reported with 1 hour”®. The Royal College of Radiologists (RCR)° recommend a
formal report for all diagnostic examinations within a maximum of 2 days but acknowledge due to
workforce shortages this does not occur®. With the current number of registered radiologists in the
United Kingdom (UK) totalling 2,997 (4.7 working time equivalent consultant radiologists per 100,000
population)?. Leading to delays in cancer and serious illness diagnosis, prolonged hospital stays, and
the subsequent increased registration of radiology departments to NHS risk registers™®.

In October 2014 the RCR highlighted a month delay in results in 25% of English NHS trusts, follow-up
evidence in February 2015 indicated 71% of NHS trusts had delays of over a month for reporting.
Revealing over 2,883 unreported CT scans, estimated for all English NHS trusts to be up to 3,693%°. By
May 2016 the RCR stated!! the backlog had escalated to 263,318 test results being delayed by more
than a month (including 4,408 CT reports), affecting 75% of English NHS Trusts. One current response
to the crisis that the NHS is attempting is a short-term and costly resolution through outsourcing of
reporting to private companies at a cost of £73.8million (2014-15)*.

A more efficient and long term approach would be a larger investment in a skills mix of reporting as
promoted and endorsed jointly by the RCR and the Society and College of Radiographers (SCoR) %2>,
Examples of such an approach have been demonstrated through surveys by the SCoR!*!” and Snaith
et al®®illustrating a minimum of 179 radiology departments in the UK adopting and supporting
advanced practice reporting radiographers. The intention of the skills mix of reporting is to
supplement current service provision®®, reduce backlogs and improve reporting of acute conditions
and early detection of malignant pathologies'®?2%, This advanced practice includes CT head reporting,
which has been appraised since 1997%, and evidenced in NHS practice since 200752327,

The aim of this study was to progress the work of previous papers?>?® through auditing the reporting
performance of the latest cohort of radiographers (n=6) completing a postgraduate clinical reporting
course in CT Head examinations. The Postgraduate Certificate (PgC) Clinical Reporting (CT Head)
programme is a three 20 credit, level 7 modular course, validated by the SCoR. The course involves
part-time distance learning over one year, which includes academic teaching (by lecturers, consultant
radiographers and reporting radiographers) and clinical department tutorials by mentors.

Method



Ethics and governance approval for this study were agreed by the Faculty of Health and Wellbeing
Research Ethics Committee, with adherence to RCR?® and General Medical Council (GMC)?® best
practice guidelines.

An element of the student’s proficiency in the PgC programme (May 2015- April 2016) involved
retrospectively reporting multiple banks of CT head examinations under controlled examination
conditions®°. Using low level lighting and high definition reporting monitors®! that meet the current
RCR reporting specification standards®? (42cm, 1280 x 1084 screen resolution, >170 cd/m2 luminance,
>250:1 luminance contrast ratio). The case studies were displayed in Digital Imaging and
Communications in Medicine (DICOM) format using KPACS software3 to enable manipulation32.

A retrospectively amassed and anonymised DICOM collection of CT head examinations with referral
details (patient gender, age, clinical symptoms and history) and clinical reports from previous
research®2® was used. Each test bank of CT cases had been reported independently by three
experienced consultant radiologists (and blinded to each other’s reports, to reduce verification and
work-up bias®*). Expected responses (compiled from the reports of three consultant radiologists®) for
all of the examinations were then agreed and approved by the programme panel and external
examiner (independent consultant radiologist), to verify that a suitable and robust range of examples
were incorporated. A wide range of pathological examples was featured to adequately evaluate the
students’ knowledge and demonstration of competence. The test banks incorporated normal cases
up to 50% (variation occurred in each test bank shown in Tables 1 and 2) and a wide range of subtle
and characteristic abnormal (single and multi-site) pathological examples (disease prevalence ranged
from 50-100% over the test banks are shown in Tables 1 and 2). Pathological cases included:
hematomas, haemorrhages, cranial fractures, Ischaemic infarctions, primary and secondary malignant
and benign cerebral lesions, post-surgical interventions, degenerative changes and normal variants
(to reduce spectrum bias®?).

The radiographers (RR1-6) were provided with demographic details, including gender, age (18-92),
referral source (in-patient, out-patient, General Practitioner (GP), Accident and Emergency (A&E) and
clinical history for each case. The radiographers were instructed to comment if they deemed the
examination to be normal or abnormal, and provide a detailed report of findings (describing the exact
anatomical location) to justify and support the diagnosis in the form of a free text response. Including
any secondary effects of the primary condition, such as the mass effect on surrounding structures and
sulci, herniation of anatomy (and direction of herniation), and if a lesion was identified, the size (in
mm) and lesion outline (smooth, nodular, ring, irregular, and contrast enhancing characteristics).

A recent article by Hardy et al*® discussed the issue and influence of prevalence bias of pathology upon
standard academic test bank construction and the resulting accuracy of results. Hardy et al®®
advocated test bank designs to move away from previously established academic models®?%3 to
representative local clinical workloads to reduce bias of high abnormality prevalence that may
potentially over-estimate observer’s competency in abnormality detection. The PgC programme used
a second tier of observer performance measures of a local clinical workload bank, to reflect lower
reported incidence of abnormal cases. Using prospective clinical worklists in CT (to reduce population
bias**) from a variety of referral sources, including in-patient, out-patient, GP and A&E, (age range 17-
98). Total sample size of cases used was important to reduce the risk of Type Il error (performance
may not be statistically significant but clinically important®3°), each radiographer (RR1-6) was
required to report a minimum of 375 prospective reports at the local NHS Trust from the daily CT
worklist as a course requirement. The disease prevalence ranged between 22.4-60.6%, as shown in
Table 1. These reports were blind reported by a consultant radiologist and further reviewed and



arbitrated by a consultant radiologist and qualified and experienced CT head reporting radiographer
for concordance (to the reference standard®3°). The daily worklists used General Electric (GE)
Centricity RIS-i 5.0; the scans were produced on the five CT scanners in the NHS Trust (a mix of GE 64
slice CT and Siemens Definition Flash 128 slice CT). The reports were completed in open plan reporting
rooms, using EIZO RadiForce RX340 54cm 3MP (1,000 cd/m? luminance, 1400:1 luminance contrast
ratio) LCD workstation monitors, running GE Centricity Picture archiving and communication systems
(PACS) Radiology RA1000 Workstation and Exam Manager PACS software to review the examinations.

Responses were classified (using a 2x2 contingency table®) as true positive (TP), true negative (TN),
false positive (FP) or false negative (FN), using fractions (whole and partial) as described in a previous
study®. Sensitivity, specificity, and accuracy were calculated using standard measures of observer
performance?>%; mean values were further analysed using Cohens Kappa statistic for inter-observer
variability3®3*. One-way analysis of variance (ANOVA) from summary data and Tukey post-hoc test was
used for multiple comparisons and significance testing between radiographers and against the test
bank reference standard at 95% confidence intervals (95%Cl).

Results

All radiographers (RR1-6) completed the retrospective academic test banks and achieved the
minimum number of the prospective test reports from the local clinical worklists. The primary
outcome measures calculated participant mean accuracy (90.7%, 88.3-93.0%), sensitivity (86.9%,
85.8-88.2%), and specificity levels (94%, 89.6-98.3%) shown in Table 3. No inter-observer statistical
significance was noted (p=0.000) in the results. The inter-observer ANOVA and Tukey multiple
comparison tests were also conducted and shown in Table 3. The Kappa values for radiographer
performance (Tables 2 and 3) across all test banks combined (k=0.8114) and for individual test banks,
displayed a high Kappa score of agreement*! (Table 4).

A recognition of the limitations when comparing results between the academic test banks (n=738
cases) and the local clinical workload test banks (n=2270 cases) needs to consider the difference of
sample size that can influence results although this was not an aim of this audit.

Discussion

Errors of FN in the case banks included major discrepancies of midline shift and herniation, cranial
linear fractures, subtle subdural hematomas, and small acute infarctions in the cerebellum. Minor
discrepancies included small chronic ischaemia and lacunar infarctions, scalp hematomas, white
matter changes, previous mastoid surgery, and included under-calling small associated linear fractures
in major trauma cases.

A Study by Abujudeh et al. (2010)* using CT abdomen and pelvis examinations reflected the
complexity of interpreting multiple pathologies in cross-sectional imaging (with volumetric data
reconstruction in multiple planes) establishing major discrepancy rates of 25-32%. These perceptual
errors in failure to detect disease occurred when multiple lesions were present and combined with a
failure of ‘satisfaction of search’ patterns***’, Pinto et al*é, Stephens et al*® and Lee et al*® estimate
errors of searching can approximate to 30-43%, and although the reasons are multi-faceted, the main
factors are misinterpretations. Indeed, it may be difficult to underpin the average error rate in CT
reporting, and it may even be under-estimated nationally.

The most common FP errors comprised major discrepancies of subtle haemorrhage, middle cerebral
artery thrombus, lacunar infarction, and small vessel disease. Minor discrepancies of cerebral
calcification, ventricular dilation, and involutional changes were also recorded. Overcalling of FPs also



frequently occurred in elderly patients, which included white matter changes, differentiation between
normal and pathological has been regarded to affect sensitivity rates in previous studies®>?. It could
be argued that interpretation of the test banks in the academic environment may influence decision
making®! with the low level of risk associated in this context, some may have been over cautious, with
the diagnosis of pathological conditions.

There has been a paucity of evidence on inter-observer radiographer performance of CT head
examinations to compare against from current literature???>2%, Using academic image test banks in
this study allows results to be comparable to previous radiographers results?®?6, Data for inter-
observer accuracy from clinical workload test banks allowed a predicative value of radiographer’s
abilities to perform in a clinical environment, where no exact comparable study is available. By using
random, but representative case studies that conform to routine practice allows judgement of
competency in clinical practice®®>>>3 with strong results (87.7%; cases n=753 and 92.8%; cases n=1517,
Table 2). Research by Le et al*4, using a sample size of 10 radiologists and 5 first year fellows, reviewing
n=3,886 cases from an emergency department referral source displayed a similar accuracy rate
(97.3%), with discordance of 2.7%. Further research by Erly et al*>, of an equal sample size (15
radiologists) and smaller case bank sample of n=716 (despite a significantly lower disease prevalence
of 6.5%, using an emergency only referral source) demonstrated an equivalent range of measures of
agreement (95%). Other studies have shown comparable results, including Schriger et al*® employing
a larger sample size of 36 radiologists reviewing a smaller sample bank of n=56 CT scans (75% disease
prevalence of stroke referrals) established a lower accuracy of 83%. Likewise, a smaller study by
McCarron et al*” reviewed 9 radiologists reading n=77 CT head examinations, obtained an agreement
of 86.6%.

The method used evidences current best practice policy in training, to expose radiographers to both
academic retrospective example test banks and clinical prospective workload banks of images to
present a varying case mix of normal/abnormal to reduce prevalence bias on interpretation. High-
prevalence case banks have shown in training to nurture a desirable sensitivity-specificity
compromise>®* in cases where abnormalities have major health implications. Likewise, ‘context
bias’® has been shown to influence the interpretation and evaluation of varying prevalence (pre-set
high and low abnormality) test banks, which illustrates the complexity in achieving unbiased
performance levels. Although this is not without its critics and challenges to provide exact measures
of accuracy in performance using varying levels of disease prevalence®%162,

Defining a satisfactory level of performance for CT head reporting by radiographers is a difficult task
and often dependent upon adequate sample size determination and statistical power. Scally and
Brealey®® use an expected example of 80% sensitivity and 95% specificity (60% disease from 250-335
cases, using 95% Cl), but note these figures will alter with varying prevalence of disease and case
number in test banks.

Furthermore, it would be useful for future research to re-evaluate these results through clinical audit
after qualification. Following best practice frameworks by the SCoR*and RCR® quality improvement
guidelines, to maintain a record of measure of performance. This is an important practice in rapidly
developing modalities where the volume of data per patient is increasing per examination, raising the
complexity of reporting, which can be a factor contributing to misinterpretation errors of clinically
important findings in discordant CT examinations®*%>,

Conclusion



The radiographer’s performance demonstrated similar results to previous research?>% on observer
performance and competency. The discrimination parameter of using a prospective random clinical
workload model for testing radiographer’s interpretative findings provided similar results to the
academic retrospective test results, and the differences did not provide statistically different results.

The data suggests appropriately trained radiographers can successfully undertake reporting of CT
head examinations to a high standard. Although, a recognition of the limitations of the sample size of
participants impacts upon the generalisable nature of the results. The adoption of both academic and
clinical test banks that reflect disease examples and the prevalence that may logically be encountered
in practice offers the potential for an accurate measure of performance of radiographer’s abilities.
Recommendations from this study include further research to review the post-qualified clinical audits
of reports for quality, consistency and concordance.



Table 1. Disease prevalence across clinical workload test banks.

Test Bank Number of cases RR1 RR2 RR3 RR4 RR5 RR6 Dhi’sI:::e
Prevalence
Clinical Workload Mixed Test Bank 1 n=125 Minimum 59.3% (n=128) 38.4% (n=125) 32% (n=125) 66.9% (n=125) 22.4% (n=125) 34.1% (n=125) 42.1%
Clinical Workload Mixed Test Bank 2 n=250 Minimum 49.4% (n=263) 50% (n=250) 44.2% (n=253) 60.6% (n=250) 31.6% (n=251) 38.3% (n=250) 45.6%
Table 2. Comparison of mean observer outcomes by test bank
Type of bank Test Bank Disease Amount Accuracy Sensitivity Specificity
Prevalence of cases Mean 95% Cl SD Mean 95% Cl sD Mean 95% Cl sD
1.Manufactured Test Bank Normal Case Bank 0% 5 100 100-100 0 0 0 0 100 100-100 0
2.Manufactured Test Bank Trauma Case Bank 100% 7 96.4 94.0-98.7 2.27 96.4 94.0-98.7 2.27 0 0 0
3.Manufactured Test Bank Degenerative Case Bank 70% 10 65.8 54.9-76.6 10.3 67.8 44.5-91.0 22.12 61.0 20.1-100 38.96
4.Manufactured Test Bank Stroke Case Bank 100% 13 90.0 83.5-96.4 6.13 90.0 83.5-96.4 6.13 0 0 0
5.Manufactured Test Bank Tumour Case Bank 100% 8 91.1 86.7-95.4 4.17 91.1 86.7-95.4 4.17 0 0 0
6.Manufactured Test Bank Mixed Case Bank 1 63% 16 82.2 72.5-91.8 9.15 82.1 71.4-92.7 10.1 83.3 67.6-98.9 14.93
7.Manufactured Test Bank Mixed Case Bank 2 50% 24 95.4 87.4-100 7.6 95.6 87.6-100 7.59 95.2 86.5-100 8.19
8.Manufactured Test Bank Mixed Case Bank 3 50% 40 93.1 91.0-95.1 1.94 91.2 89.5-92.8 1.56 95.0 90.3-99.6 4.47
1.Clinical Workload Test Bank Mixed Case Bank 1 42% (22.4-66.9%) Min. 125 87.7 84.9-90.4 2.64 75.9 68.1-83.6 7.41 94.0 89.0-98.9 4.76
2.Clinical Workload Test Bank Mixed Case Bank 2 45% (31.6-60.9%) Min. 250 92.8 89.4-96.1 3.21 89.8 86.9-92.6 271 94.8 90.2-99.3 4.33
Table 3. Standardised performance results across all test banks
Radiographers Number Accuracy Sensitivity Specificity Cohens Kappa Cohens Kappa
ofcases Mean  95%Cl D Mean  95%CI sD Mean  95%CI sD Unweighted  95% CI \LI:IneEi!;;te ’ 95%CI
RR1 514 86.8 83.5-89.7 10.68 87.5 84.5-90.1 28.94 86.0 82.2-89.2 45.55 0.7346 0.6756-0.7936 0.7346 0.6756-0.793¢
RR2 498 92.2 89.4-94.1 16.74 88.9 86.1-90.8 31.9 95.6 92.8-97.5 4431  0.8444 0.7974-0.8914 0.8444 0.7975-0.891:
RR3 501 91.3 88.5-93.2 9.75 85.7 82.6-87.8 29.64 96.0 93.5-97.8 46.26 0.8237 0.7736-0.8738 0.8237 0.7738-0.873¢
RR4 498 89.6 86.6-91.7 8.12 87.5 85.1-89.2 28.71 93.1 89.1-95.9 45.75  0.7831 0.7272-0.839 0.7831 0.7276-0.838
RR5 499 92.7 90.1-94.7 7.57 86.4 82.8-89.0 29.64 96.5 94.3-98.0 47.8 0.8427 0.7932-0.8922 0.8427 0.7933-0.892:
RR6 498 92.3 89.6-93.9 10.26 85.8 82.8-87.7 30.99 97.2 94.8-98.6 46.96  0.8403 0.7919-0.8887 0.8403 0.7921-0.888:
n=6 3008 90.7 88.3-93.0 10.5 86.9 85.8-88.2 29.97 94.0 89.6-98.3 46.1 0.8114 0.765-0.858 0.8114 0.7599-0.862"

Table 4. Value of Cohens Kappa Strength of agreement*?

Kappa score Agr strength
<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect
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