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Abstract

Introduction: To compare the clinical chest radiograph (CXR) reports provided by consultant

radiologists and reporting radiographers with expert thoracic radiologists.

Methods: Adult CXRs (n=193) from a single site were included; 83% randomly selected from CXRs
performed over one year, and 17% selected from the discrepancy meeting. Chest radiographs were
independently interpreted by two expert thoracic radiologists (CTR1/2).Clinical history, previous and
follow-up imaging was available, but not the original clinical report. Two arbiters compared expert
and clinical reports independently. Kappa (K), Chi Square (x?) and McNemar tests were performed to

determine inter-observer agreement.

Results: CTR1 interpreted 187 (97%) and CTR2 186 (96%) CXRs, with 180 CXRs interpreted by both
experts. Radiologists and radiographers provided 93 and 87 of the original clinical reports
respectively. Consensus between both expert thoracic radiologists and the radiographer clinical
report was 70 (CTR1;K=0.59) and 70 (CTR2; K=0.62), and comparable to agreement between expert
thoracic radiologists and the radiologist clinical report (CTR1=76,K=0.60; CTR2=75, K=0.62). Expert
thoracic radiologists agreed in 131 cases (K=0.48). There was no difference in agreement between
either expert thoracic radiologist, when the clinical report was provided by radiographers or
radiologists (CTR1 x=0.056, p=0.813; CTR2 x=0.014, p=0.906), or when stratified by inter-expert

agreement; radiographer McNemar p=0.629 and radiologist p=0.701.

Conclusion: Even when weighted with chest radiographs reviewed at discrepancy meetings, content
of CXR reports from trained radiographers indistinguishable from content of reports issued by

radiologists and expert thoracic radiologists.



Introduction

Clinical imaging is fundamental to modern medicine and worldwide there has been a sustained
increase in demand for all radiological investigations.™ The chest radiograph is integrated into many
patient pathways, and is the most frequent radiology examination in England with approximately 6.7
million performed in 2015-16.° The rise in demand for imaging has not been matched with increased
diagnostic capacity.® The Royal College of Radiologists (RCR) has found that more than 230,000
imaging examinations across all modalities are waiting more than 30 days to be reported,’ of which
170,00 are plain imaging investigations. Further, the volume of non-radiology clinicians who
interpret their own examinations is increasing.® Clinical reporting by trained radiographers is
established in the UK, and used by many departments to meet rising demand.®° Recent work by
Milner et al. suggests that this is concentrated on musculoskeletal radiograph reporting (255 of 259
respondents, 98.5%) with only 39 individual radiographers (15.1%) indicating that they currently
report CXRs in practice.'! There is definitive evidence that reporting radiographers interpret skeletal
radiographs with high accuracy.??*3 Evidence regarding chest radiograph reporting by trained
radiographers is more limited.}**> Several earlier studies have examined the performance of
radiographers in identifying normal and abnormal CXRs with promising results.**® However, the

radiographers had not completed accredited postgraduate CXR reporting training.

The aim of this study was to compare the content of clinical CXR reports, which had been provided
by consultant radiologists and reporting radiographers with expert thoracic radiologists during the

construction of a standard reference bank of CXRs.



Methods

Design, setting and ethical approval

This retrospective study, mirroring a case-control design, was conducted in an acute district general
hospital that performed approximately 20,000 hospital based CXRs per year. The purpose of the
study was to establish an image bank with a robust reference standard diagnosis to examine
diagnostic accuracy. Ethical approval was obtained from xxxx research ethics committee prior to the

study commencing.

Case selection

A sample of anonymised adult (>16 years) CXRs performed over a consecutive twelve month (April
2010 — March 2011) period at a single London acute district general hospital was used. A total of 106
CXRs (normal n=53, 50%) were required for the image bank. An estimated 176 cases were required
to be reviewed to generate a test bank of 106 CXRs with agreed reports assuming 61% agreement
between experts.” Sim and Wright estimate that for a disease prevalence of 50% and Kappa (K) of
0.5 a total of 43 cases would give 90% power to detect a significant difference at p=0.05.% All CXRs
were acquired using computed radiography (CR) or direct digital radiography (DR) systems. The time
frame was chosen to enable all clinical or radiological follow up to be performed in order to provide
maximum clinical information to the expert thoracic radiologists so that a robust reference standard
diagnosis could be formed. Comparison of case mix and the use of follow-up images and CT scans as
not changed substantially between data collection (2010) and publication (2018; local audit data).
Inclusion criteria were patients referred by a hospital based clinician; emergency department,
outpatient and inpatient examinations. Chest radiographs of patients under 16 years of age,
referrals from general practice and multiple CXRs from a single patient were excluded. Referrals
from general practice were excluded due to logistical difficulties in obtaining case notes for review

as part of the reference standard diagnosis.



Cases were also drawn from the monthly radiology discrepancy meeting (32, 17%). Reports were
provided by both consultant radiologists (n=8) and reporting radiographers (n=2). Selection of
difficult cases from the discrepancy meeting ensured that the resultant image bank included a range
of subtle cases (difficult normal and abnormal) to ensure that it would be discriminatory for small

differences in observer performance for the study of diagnostic accuracy.

To ensure that a representative sample of normal and abnormal cases and a range of pathologies
were included in the image bank that was to be formed, cases were stratified for a normal:abnormal
ratio of 1:1 and, for abnormal cases, a disease category (infection: cardiopulmonary: malignancy:
other) ratio of 3:3:1:3. Examples of cardiopulmonary pathology included pulmonary oedema,
congestive cardiac failure and pericardial effusion. The percentage of cases within each broad
disease category was based on the proportions found at audit of most frequent discharge diagnoses
associated with CXRs performed at the study site. These proportions were matched against national
disease datasets, and found to be similar.?! Stratification of the cases (normal and for each disease
category) was performed, based on the clinical report provided by the reporting practitioner at time
of clinical interpretation. Stratification of CXRs was consistent for reporting radiographer and

consultant radiologist reports.

Reporting

Chest radiograph reports were provided by reporting radiographers (post accredited education
experience 1 and 3 years) and consultant radiologists (n=8; experience 1-20 years post-FRCR). Two
consultant radiologists with a subspecialist interest in thoracic imaging (consultant thoracic
radiologists; CTR1/CTR2) independently interpreted the CXRs, blinded to the clinical report. All
pertinent imaging (previous and follow up CXRs, cross-sectional imaging) were available, and patient
demographics and clinical history provided. Best practice in reporting is to review previous imaging
when available. Additional imaging was made available to the thoracic radiologists so that a robust

reference standard diagnosis could be obtained for the image bank. Features to be considered



normal (incidental findings) and significant (abnormal) were agreed in advance, based on the work
of Robinson et al.’® The expert thoracic radiologists indicated if the CXR was normal or abnormal,
and for all abnormal cases, identified, localised and provided a diagnosis for all abnormalities

present.

Report comparison

Two independent arbiters compared both the interpretations of the expert thoracic radiologists and
each thoracic radiologist interpretation with the clinical report. Both arbiters had experience in
comparing radiology reports for agreement in academic practice as part of clinical reporting
assessment. Reports were determined to be in concordance only when both independent arbiters
agreed that all abnormalities were identified and localised. Arbiters were blinded to the source of

the report and did not have access to the images, patient demographics or clinical history.

Statistical analysis

Inter-observer agreement, between thoracic radiologists and between each thoracic radiologist and
the clinical report, was determined using Kappa (K) statistic. Agreement was categorised according
to Landis and Koch.?2 Moderate (0.41<K<0.60) agreement corresponds to 15-35% of data that is
reliable and substantial (0.61<K<0.80) translates to 35-63% reliability.?* Chi square and McNemar’s
test were used to examine the proportion of cases where the thoracic radiologist interpretations
were in concordance with the clinical report provided by consultant radiologists and reporting
radiographers. For this measure agreement was exact, missing no pathologies and not adding any
other findings, rather than an agreement at the level of a clinical diagnosis. Statistical difference
between observers was determined by examination of the 95% confidence intervals for Kappa;

overlapping indicates no statistical significant difference for all analyses and sub analyses.?*

Results



A summary of cases included and reviewed by expert thoracic radiologists is presented in Figure 1.

Random stratified sample of chest x-rays
Stratified by file report for:
Normal:abnormal 1:1

Diagnosis (based on clinical report; infection,
cardiac, malignant, other)

(n=193)

A4

2 independent Consultant Thoracic Radiologists

(CTR1/CTR2) blindly interpreted images

Excluded:
Access to clinical history given at time of initial »| %t interpreted by both
examination - . observers (n=13; 6.7%)
Access to additional (previous and follow up)
imaging

(CTR1 n=187 97%; CTR2 n=186 96%)

h 4

Radiology reports of expert chest radiologists
compared for agreement by 2 independent
arbiters

n=180 cases

A 4 A

Radiology reports of expert thoracic radiologists
compared to the clinical report provided by
consultant radiologists for agreement by 2

Radiology reports of expert thoracic radiologists
compared to the clinical report provided by
reporting radiographers for agreement by 2

independent arbiters independent arbiters
n=8 consultant radiologists; n=93 cases (52%) n=2 reporting radiographers; n=87 cases (43%)

Figure 1. Summary of case inclusion and expert thoracic radiologist review

Case inclusion and characteristics

One hundred and six CXRs were required for the image bank (n=53 (50%) normal; n=18 (17%)
infection; n=14 (13%) cardiopulmonary; n=7 (7%) malignancy; n=14 (13%) other). A total of 193
cases were reviewed by the expert thoracic radiologists to obtain the required image bank (n=106
CXRs). Each thoracic radiologist interpreted 187 (97%; CTR1) and 186 (96%; CTR2) examinations
respectively. Thirteen cases that received a single thoracic radiologist report (7%) were excluded
from analysis. The small number of cases not interpreted by each expert (CTR1 6 cases; CTR2 7
cases) occurred due to expert oversight (no image available for review, data form not completed).
There was no pattern to the cases only interpreted by a single expert radiologist and the cases are

summarised in Table 1. Of the 180 cases included, 52% (93 of 180) had the clinical report provided



by a consultant radiologist and 48% (87 of 180) by a reporting radiographer. Table 2 shows the prior

and follow-up imaging relative to the cases that were included in the study.

Expert Consultant
Thoracic Radiologist Number of Cases
Infection n=2
Thoracic Radiologist (CTR) 1 Cardiopulmonary n=1
Other n=3
Normal n=3
Thoracic Radiologist (CTR) 2 Cardiopulmonary n=1
Malignant n=2
Other n=1

Table 1. Summary of cases that only received a single cardiothoracic radiologist report

Number of Cases
Previous CXR 35 (19%)
Follow Up CXR 30 (17%)
Both Previous and Follow Up CXR 83 (46%)
Neither Previous nor Follow Up CXR 32 (18%)

Table 2. Proportion of cases with previous and/or follow up imaging
Agreement

For dichotomous normal/abnormal decisions, Table 3 shows moderate (0.41<K<0.60) or substantial
(0.61<K<0.80) agreement between expert radiologists and the clinical reports of consultant
radiologists and reporting radiographers using the classification system of Landis & Koch.?2 The
statistical significance (p<0.05) of Kappa values for most analyses indicates that the estimated
agreement between observers (CTR-RR, CTR-CR, inter-CTR) was probably not due to chance.?®
Access to additional imaging did not appear to influence agreement between thoracic radiologists
and reports provided by reporting radiographers or consultant radiologists as evidenced by
overlapping 95% confidence intervals for Kappa between all observers for all sub-analyses.?* The
CXRs with follow-up images did not show greater agreement than those with only a single

radiograph.



Agree Normal Agree Abnormal Total Kappa (95% Cl) Kappa
(Expert-Clinical) (Expert-Clinical) Cases p value
With Previous Imaging
Reporting Radiographer
Expert CTR1 9 6 21 0.46 (0.15 - 0.78) 0.012*
Expert CTR2 13 6 21 0.79 (0.51-1) <0.0001*
Consultant Radiologist
Expert CTR1 10 14 0.81(0.45-1) 0.001*
Expert CTR2 4 8 14 0.70(0.32 - 1) 0.006*
Thoracic Radiologists 11 16 35 0.60 (0.35-0.850) <0.0001%*
With Follow Up Imaging
Reporting Radiographer
Expert CTR1 2 9 12 0.75(0.29 - 1) 0.007*
Expert CTR2 2 7 12 0.44 (0-0.9) 0.067
Consultant Radiologist
Expert CTR1 4 7 18 0.23 (0-0.64) 0.196
Expert CTR2 8 5 18 0.43 (0-0.86) 0.066
Thoracic Radiologists 9 14 30 0.50(0.24-0.77) 0.001*
Both Previous and Follow Up
Imaging
Reporting Radiographer
Expert CTR1 7 27 40 0.60 (0.31-0.89) <0.0001*
Expert CTR2 9 21 40 0.47 (0.21-0.73) 0.001*
Consultant Radiologist
Expert CTR1 5 31 43 0.50(0.18 - 0.81) <0.0001*
Expert CTR2 11 24 43 0.61(0.37-0.84) <0.0001*
Thoracic Radiologists 15 45 83 0.41 (0.23 -0.58) <0.0001*
Neither
Reporting Radiographer
Expert CTR1 7 3 14 0.43(0-0.83) 0.051
Expert CTR2 11 1 14 0.44 (0-1) 0.047%*
Consultant Radiologist
Expert CTR1 11 5 18 0.75(0.44-1) 0.001*
Expert CTR2 12 18 0.56 (0.11 - 1) 0.017*
Thoracic Radiologists 17 4 32 0.25(0-0.53) 0.075
Combined
Reporting Radiographer
Expert CTR1 25 45 87 0.59 (0.42 -0.76) <0.0001*
Expert CTR2 35 35 87 0.62 (0.43-0.78) <0.0001*
Consultant Radiologist
Expert CTR1 23 53 93 0.60 (0.44 -0.77) <0.0001*
Expert CTR2 35 40 93 0.62 (0.46 - 0.77) <0.0001*
Thoracic Radiologists 52 79 180 0.48 (0.36 —0.59) <0.0001*

Table 3. Influence of additional imaging on normal-abnormal agreement between expert radiologists and the clinical report
*=statistically significant result (p<0.05)




Report concordance

Table 4 shows comparable report concordance between reports provided by expert thoracic
radiologists, consultant radiologists and reporting radiographers (CTR1 Chi square x?>=0.056, p=0.813;
CTR2 x?=0.014, p=0.906). Both arbiters agreed that the abnormalities described by expert thoracic
radiologist (CTR1) were included on the list of insignificant findings according to study protocol for a

single instance (stable post-operative change), and thus should have been considered normal.

Disagree Agree Total Cases
Reporting Radiographer
Expert CTR1 38 (44%) 49 (56%) 87
Expert CTR2 32 (37%) 55 (63%) 87
Consultant Radiologist
Expert CTR1 39 (42%) 54 (58%) 93
Expert CTR2 35 (38%) 58 (62%) 93

Table 4. Expert thoracic radiologist report concordance with the clinical report

Concordance between the thoracic radiologists and the clinical reports was stratified by inter-expert
agreement, to account for variability between the expert radiologists. Both experts agreed with
similar proportions of reports provided by reporting radiographers (CTR1-RR 48%; CTR2-RR 47%) and
consultant radiologists (CTR1-CR 42%; CTR2-CR 44%) as well as cases where there was disagreement
between both experts and the clinical reports (Table 5). When variability between expert thoracic
radiologists was accounted for, no significant difference in report concordance was found between
consultant radiologist (McNemar, p=0.701) and reporting radiographer (McNemar, p=0.629) clinical

reports.
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Inter-Expert Agreement (CTR1-CTR2)
Disagree Agree Total Cases

Reporting Radiographer

Expert CTR1 28 (32%) 42 (48%) 87

Expert CTR2 21 (24%) 41 (47%) 87
Consultant Radiologist

Expert CTR1 27 (29%) 39 (42%) 93

Expert CTR2 25 (27%) 41 (44%) 93

Table 5. Complete report concordance between expert radiologists (CTR1 & CTR2) and the clinical reports
provided by consultant radiologists and reporting radiographers

Discussion

In this study, we found that agreement among trained reporting radiographers, radiologists and
expert thoracic radiologists did not differ, even when a high proportion of difficult CXRs was included
in the image bank. Agreement was especially high for normal CXRs. The stringent nature of the
agreement criteria gave lower results than in the current literature. However, no difference in

reporting agreement could be demonstrated among the three groups.

Chest radiograph interpretation accuracy

The significant body of evidence that examines the performance of observers when interpreting
CXRs confirms that considerable inter-observer variation exists.?>? Accordingly, this was taken into
account for data analyses in the current study when comparing agreement between expert thoracic

radiologists and the clinical reports of consultant radiologists and reporting radiographers.

The current study found the expert chest radiologists agreed in 52 (of 180 total cases, 29%) of the
normal cases and 54 (of 180 cases, 30%) of abnormal cases, with moderate agreement using the
classification of Landis & Koch.?2 Both the work of Robinson et al., who found three consultant
radiologists agreed in only 61 of 100 CXRs (K=0.50),*® and Tudor et al. where agreement was K=0.58

(95%Cl .49-0.67)*° when a bank of 50 radiographs were interpreted with clinical history by five

11



radiologists , found slightly higher agreement than the inter-expert radiologist agreement in the
current study (K=0.48). The larger sample size (n=180) and use of reports produced in clinical
practice in the current study may partially explain the lower reported agreement. The use of strict
criteria when determining report agreement, as required for the reference standard diagnosis, could
also contribute to the lower agreement in the current study. Importantly, agreement between
expert thoracic radiologists and the clinical reports of consultant radiologists and reporting
radiographers were comparable and in line with previous research that determined agreement in
CXR reporting between consultant radiologists. Equivalent performance of reporting radiographers
and consultant radiologists is required.3! The results of the current study suggest that CXR reporting
performance, and by inference patient safety, is maintained with radiographer CXR in clinical

practice.

Radiographer chest radiograph reporting

This is the first study to examine trained radiographer reporting of CXRs appropriate to secondary
care and difficult CXRs. Other studies have noted that radiographers can distinguish between

1718 and can detect lung cancer in screening programs.® Fifty-one

normal and abnormal images,
Nigerian radiographers interpreted a bank (n=50 CXRs, 27 abnormal) with lower sensitivity (76.9%;
95% Cl 0.658 — 0.864) and specificity (79.8; 95% Cl 0.658 — 0.864) to previous work, possibly due to

the different educational and postgraduate experience profiles between the USA, UK and Nigeria.??

Only three previous studies that utilised trained reporting radiographers to report CXRs in clinical
practice have been published. Brealey included a small number of CXRs (112 of 28,900) in a meta-
analysis, which examined plain radiographic reporting performance, but accuracy was grouped for
all body areas rather than the chest per se. Robinson et al. incorporated a small number of CXRs
from the emergency department as part of a larger study, and agreement with a radiologist report
found in 52 normal and 31 abnormal cases (83 of 112, 74%).3* Both Brealey and Robinson failed to

segregate CXRs from other examinations. The current results are lower than that reported by

12



Woznitza et al.™ In their audit of clinical practice, 99 cases initially reported by a single reporting
radiographer were reviewed independently by three consultant radiologists. The authors reported
radiographer — radiologist agreement of 92%, 96% and 96%, and Kappa of 0.83, 0.91 and 0.91
respectively. These results may have been inflated due to incorporation and verification bias as the
consultant radiologists did not perform their interpretations blinded to the radiographer report.3*
These limitations were avoided in the current study as the thoracic radiologists were blinded to the
clinical report. The arbiters did not have access to the radiographs when comparing the reports for
agreement, and the reports were blinded to origin. The results of the current study, which included
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.

In the current study, absolute agreement between all findings was required for the case to be
concordant; agreement was assessed between report content and not clinical report outcome or
influence on patient treatment. No distinction was made on the clinical significance or context of the
finding, for example a small unilateral pleural effusion in a patient with other radiological signs and
clinical features of congestive cardiac failure. These strict criteria were required as the expert
thoracic radiologist findings were to be used as the reference standard diagnosis for a diagnostic
accuracy image bank. This may have resulted in lower inter-observer agreement, between expert
radiologist and between the clinical reports provided by consultant radiologists and reporting
radiographers. Crucially, CXR reporting agreement was lower only in absolute values when
compared to previous literature but was not lower in relative terms between the three groups of
observers (reporting radiographers, consultant radiologists, expert thoracic radiologists) in the
current study. The criteria used for report concordance was applied consistently across all
comparisons. Thus, current results suggest that CXR reporting between reporting radiologists and

consultant radiologists is indistinguishable.
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Limitations

Agreement between the clinical reports of consultant radiologists and reporting radiographers with
expert thoracic radiologist review was the outcome used in the current study. The relative diagnostic
accuracy of consultant radiologists and reporting radiographers was not assessed. Cases where all
participants agreed on the findings could have been incorrect, although this was mitigated as the
expert thoracic radiologists had access to follow up imaging (CXRs and CT) performed over 12-24

months after the index CXR.

Expert thoracic radiologist access to follow up imaging might have explained the lower agreement
with the clinical reports (reporting radiographer and consultant radiologist) but this did not appear
to be the case in this study. For example, expert thoracic radiologist access to CT could have
confirmed or refuted mediastinal lymphadenopathy. However, even with this additional
information, the agreement of reporting radiographers and radiologists with the expert thoracic

radiologists did not differ.

The current study only included a single clinical site and a small number of practitioners, two expert
thoracic radiologists, eight consultant radiologists and two reporting radiographers. This small
sample limits its generalisability. However, the hospital was not a teaching hospital but rather a
district general hospital. The exclusion of CXRs referred from primary care may have influenced the
case mix included in the study, both in terms of diagnoses and disease severity. Lack of access to
case notes for patients referred from primary care precluded inclusion of the CXRs in the diagnostic
accuracy image bank. Notably, agreement was greater for normal chest radiographs, which
constitute a higher proportion of the workload from primary compared to secondary care. Future

research that incorporates a larger number of observers from multiple clinical sites is needed.

Conclusion
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There is a general paucity of evidence that has examined the performance of radiographers
interpreting CXRs in clinical practice. This study has found comparable levels of normal —abnormal
agreement between clinical reports provided by consultant radiologists and reporting radiographers
at a single clinical site. Comparable report concordance was also found between the expert chest
consultant radiologists and the clinical reports of consultant radiologists. Even when weighted with
chest radiographs reviewed at discrepancy meetings, reporting radiographers were indistinguishable

from radiologists in their CXR reports.
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