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ABSTRACT

Objectives To (1) compare timely but preliminary and
definitive but delayed radiological reports in a large urban
level 1 trauma centre, (2) assess the clinical significance of
their differences and (3) identify clinical predictors of such
differences.

Design, setting and participants We performed

a retrospective record review for all 2914 patients

who presented to our university affiliated emergency
department (ED) during a 6-week period. In those that
underwent radiological imaging, we compared the
patients’ discharge letter from the ED to the definitive
radiological report. All identified discrepancies were
assessed regarding their clinical significance by trained
raters, independent and in duplicate. A binary logistic
regression was performed to calculate the likelihood of
discrepancies based on readily available clinical data.
Results 1522 patients had radiographic examinations
performed. Rater agreement on the clinical significance
of identified discrepancies was substantial (kappa=0.86).
We found an overall discrepancy rate of 20.35% of which
about one-third (7.48% overall) are clinically relevant. A
logistic regression identified patients’ age, the imaging
modality and the anatomic region under investigation to be
predictive of future discrepancies.

Conclusions Discrepancies between radiological
diagnoses in the ED are frequent and readily available
clinical factors predict their likelihood. Emergency
physicians should reconsider their discharge diagnosis
especially in older patients undergoing CT scans of more
than one anatomic region.

INTRODUCTION

Annually, between 100000 and 250000
patients in the USA alone die from medical
errors.' ? Diagnostic errors are a frequent
and the most consequential medical error,**
and misdiagnosis thus is one of the greatest
concerns for patientsin the emergency depart-
ment (ED).7 It furthermore has important
economic and legal consequences.® Errors in
the assessment of radiographs are a potential
source of such diagnostic errors. Especially in

Strengths and limitations of this study

» Retrospective record review of a real-world patient
sample.

» Clinically valid comparison between immediate first
and delayed final radiological diagnosis.

» Single-centre study, situated in a large urban
emergency room, where many diagnoses are first
made.

» Designed to identify readily available predictors of
misdiagnosis such as age, imaging modality and
anatomic region.

» Unable to determine long-term consequences due to
retrospective design.

In most EDs, plain film radiographs (X-ray)
are initially interpreted by the treating emer-
gency physician (EP), and a definitive diag-
nosis by a radiologist is provided hours to days
later. More complex examinations, including
CT scans or MRI, are often interpreted imme-
diately by a (junior) radiologist on duty and
findings communicated to the EP,' while a
senior’s definitive approval of such reports
might follow much later. Often, EPs addi-
tionally informally consult radiologists on
duty on findings the EPs are uncertain about.
Thus, two interpretations of radiographs typi-
cally exist in most EDs: an immediately avail-
able reading by EPs and potentially junior
radiologists and a delayed but more reliable
reading by senior radiologists. Treatment
and discharge decisions in the ED are typi-
cally based on the former due to the time
constraints in most EDs.

Previous studies have shown overall
discrepancy rates in the interpretation of
radiographic images between radiologists
and EPs to range between 1.1%'" and 9.2%,"
although much higher discrepancy rates have
been reported for specific types of examina-
tions."”” However, missed radiological findings
that would have resulted in an immediate

Dr Wolf E Hautz: the ED, diagnostic errors might lead to iatro-  change in the management of a patient have
wolf.hautz@insel.ch genic harm to the patient.9 been reported to be exceedingly rare.'*
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Whereas differences in the interpretation of radio-
graphic images between radiologists and EPs have been
extensively researched, the discrepancies between prelim-
inary results reported in the EDs discharge letter and the
definitive radiology report are less well examined. We
thus aimed to compare the preliminary findings reported
by the ED with the definitive radiological reports and
determine the clinical significance of any differences in
order to estimate the resulting degree of consequential
diagnostic errors. We further aimed to model the binary
outcome discrepancy/nodiscrepancy based on clin-
ical data readily available to the EP before discharge to
provide the EP with an a priori estimate of the probability
of error.

PATIENTS AND METHODS

This study is a retrospective review of all radiological
studies ordered between December 2012 and January
2013 in a large urban academic ED and level 1 trauma
centre that saw approximately 38 000 patients in 2013.
The ED is staffed by physicians certified in internal medi-
cine, surgery, traumatology and emergency medicine.'”
We retrieved records of all adult patients presenting with
traumatic or non-traumatic injury, medical or neurolog-
ical chief complaints during the study period. Of these
patients, we included all those for whom radiological
studies had been ordered. Patients consulting directly
with specialist clinics (orthopaedics, neurosurgery, hand
surgery, plastic surgery, nephrology and urology) for
non-urgent reasons were excluded since the procedures
of how and when radiological findings are reported to
the requesting physicians differ strongly depending on
requesting departments. All relevant data, including age,
gender, time of day, diagnosis and clinical management
as noted in the discharge documents were retrieved from
the ED patient management system (ECare ED V.2.1.3.0;
E.care bvba, Turnhout, Belgium) and entered into a
database (Microsoft Excel 14.0; Microsoft, Redmond,
Washington, USA). Definitive radiological reports were
retrieved from our digital radiological database (Spectra
Workstation IDS 7; Sectra AB, Linkoping, Sweden) and
imaging modality categorised as either X-ray, CT, MRI,
ultrasound (US) or scintigraphy (SCI). We further coded
the body part examined as either head (including face
and neck), chest, abdomen, skeletal system or other. The
total number of imaging studies in each category was
recorded.

We subsequently analysed the preliminary radiolog-
ical report as given in the ED-discharge documents and
compared them with the definitive radiological report,
which was defined as the gold standard. Two independent
reviewers analysed the data set and noted discrepancies
between preliminary and definitive findings. Discrepan-
cies were subsequently categorised by two independent
EPs in duplicate as either ‘clinically significant’, that is,
changing clinical management or ‘clinically insignifi-
cant’. Rater agreement was calculated as Cohen’s kappa

and disagreements resolved by discussion. More than one
abnormal finding may be present in any radiographic
imaging, especially in patients with eg known comorbid-
ities or after major trauma. Whenever rater encountered
a discrepancy between the first and final radiological
report, we counted this as a discrepancy. However, each
image with a discrepancy was counted only once, regard-
less of the total number of discrepancies present on that
image, leading to a conservative estimate of the total
number of discrepancies. For each discrepancy identified
per image, the clinical relevance was assessed separately
but again counted only once if present.

Statistical analysis was conducted in SPSS V.22 (IBM,
Armonk, New York, USA) and included descriptive statis-
tics (frequency, mean and SD) and a logistic regression
model. With the regression, we aimed to predict the binary
outcome discrepancy versus no discrepancy between the
radiological studies based on the patient’s age, gender,
the imaging modality, the anatomic location of the radio-
logical study and the time of day. Metric predictor vari-
ables (age and time of day) were z-standardised prior to
the analysis to ensure comparability within the model.
We refined the model stepwise by removing all non-sig-
nificant predictor variables and report Nagelkerke’s R”
as measure of the models fit together with P values from
Wald statistics and the respective regression coefficients.
P values <0.05 were considered significant. We planned
to assume data to be missing at random and thus impute
missing data by means of a maximum likelihood estima-
tion. We did however not encounter any missing data in
the variables assessed in this study, which may result from
the fact that we only retrieved very basic patient data such
as gender or age.

RESULTS

In the 6-week study period from 1 December 2012 to 15
January 2013, a total of 2914 patient visits were recorded
in the ED. Of these, a total of 1522 patients, which corre-
sponds to just over half (52.0%) of all patients, had at
least one radiological study taken and were thus included
in the study. On presentation, 608 of these patients had
been triaged as surgical, 544 patients as medical and
360 patients as neurological emergencies. A majority of
patients were men (n=868, 57.0%), and the median age
was 53.74 years (minimum 16, maximum 98, SD 20.9).
The majority of studies were ordered during daytime
between 07:00 hours and 20:00 hours (n=1086) (table 1).

A total of 1875 radiological studies were performed,
including 776 X-ray, 680 CT, 367 MRI, 49 US and 3 SCIL
Due to their small number, SCIs were excluded from
further analysis. The most common radiological studies
ordered were CT of the head and neck (n=343), X-ray of
the chest (n=319) and MRI of the head (n=329).

Rater agreement on whether or not discrepancies
between discharge report and final radiological report
were clinically significant was substantial (kappa=0.86).
Overall, 381 discrepancies (20.35%) were found, of
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Table 1 Total number of patients, overall and clinically significant discrepancies

Total number of

Overall discrepancies, Clinically significant

P value (significant

Variable patients, n n (%) discrepancies, n (%)  discrepancies)
Specialty
Surgery 608 146 (24.0) 39 (6.4) 0.031
Medicine 504 130 (23.9) 36 (6.6)
Neurology 360 57 (16.1) 10 (2.8)
Gender
Women 654 135 (20.6) 36 (5.5) 0.911
Men 868 230 (23.4) 50 (5.8)
Age (years)
65 and older 543 176 (32.4) 45 (8.3) 0.002
Under 65 979 162 (16.6) 41 (4.2
Time of presentation
Daytime 1086 238 (21.9) 51 (5.6) 0.903
Night-time 436 100 (22.9) 25 (5.7)

which 149 (7.48%) were judged to be clinically significant
(table 2).

An example for a discrepancy judged as not clinically
relevant is the CT scan of the head of patient 27, who
was found unconscious. The radiographic report of the
ED documents ‘no pathologies in contrast enhanced CT
scan of the head’, while the final report points to ‘no
explanation for acute unconsciousness identifiable, signs
of chronic sinusitis’. The patient was found to be intoxi-
cated with mixed substances. A relevant discrepancy, for
example, was identified in patient 51, who presented with
an acute abdomen due to a perforated sigmoid diverticu-
litis . While the ER’s report mentions this diagnosis of the
CT of the abdomen, it fails to mention the infiltrate in
the lower sections of the left lung, which the final report
identified.

Whether or not a discrepancy between an initial radio-
logical assessment and the definitive report by the depart-
ment of radiology did or did not occur was predicted by
several clinical variables. Logistic regression identified
patients’ age, modality of imaging and anatomic region
of the radiological study to be significant predictors (all
P values <0.05), while time of day and patient gender
had no significant predictive value. The model fits the
data fairly well (R*=0.112) and would correctly predict
outcome on 77.8% of the cases. Details of the model are
given in table 3.

Figures 1 and 2 show the change in probability of a
discrepancy predicted by the regression model based on
age, imaging modality and anatomic region of the study.

DISCUSSION

Radiological images are an important part of medical
diagnosis. In many EDs, patients’ radiographs are
initially assessed by ED physicians as well as junior radiol-
ogists and treatment is determined based on their joint

Table 2 Number of radiological studies, overall and
clinically significant discrepancies classified according to
type of radiological study

Clinically

Overall significant
Radiological discrepancies, discrepancies,
study Overall n (%) n (%)
X-ray hand/wrist 87 12 (13.79) 2 (2.3)
X-ray thorax 319 74 (23.2) 22 (6.9)
X-ray spine 48 11 (22.92) 4 (8.34)
X-ray pelvis 51 14 (27.45) 4 (7.84)
X-ray knee 56 4 (7.14) 1(1.79)
X-ray ankle/foot 62 10 (16.13) 5 (8.06)
X-ray other* 153 14 (9.15) 6 (3.92)
Sum X-ray 776 139 (17.91) 44 (5.67)
CT head/neck 343 63 (18.37) 29 (8.46)
CT thorax 115 39 (33.91) 17 (14.78)
CT abdomen 114 31 (27.19) 9(7.9)
CT whole body 57 27 (47.39) 14 (24.56)
CT othert 51 12 (23.53) 5(9.8)
Sum CT 680 172 (25.29) 74 (10.88)
MRI head 329 55 (16.72) 12 (3.65)
MRI spine 32 7 (21.88) 6 (18.75)
MRI otherf 6 4 (66.67) 3 (50)
Sum MRI 367 66 (17.98) 21 (5.77)
Sum US 49 4 (8.16) 1 (2.04)
Sum total 1872 381 (20.35) 140 (7.48)

*X-ray skull/Orthopantomagraphy (OPT) and body parts not
otherwise specified.

TCTs of soft tissue and bone and from body parts not otherwise
specified.

FBody parts not otherwise specified.

US, ultrasound.
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Table 3 Results of the refined logistic regression model
to predict a discrepancy between emergency department’s
discharge report and definitive radiological report based on
clinical characteristics

Regression
Predictor coefficient P value
Age 0.472 <0.001
Imaging modality -0.649 0.006
Anatomic region -1.085 <0.001
Constant -0.584 <0.001

interpretation. A more definitive interpretation by senior
radiologists is typically only available with a considerable
delay.

Comparing the interpretation of radiographs in the
discharge letter of ED patients to the final report from
radiology, we found an overall discrepancy rate of 20.35%.
Slightly more than one-third of these (7.48% overall)
were deemed clinically relevant by two independent
expert raters. The estimates of error from our study are
well within the range of previous publications,'! # #1618
which however mainly compared EPs’ reading of radio-
graphs to senior radiologists. Such a comparison is only
directly applicable to very small EDs as larger centres such
as the one under investigation in our study typically have

at least a junior radiologist on duty around the clock.
Thus, the study reported here extends previous findings
to the clinical reality in tertiary centres. A previous review
of diagnostic error in medicine in general found the
rate of critical discrepancies between a first and a second
reading of images in visual specialties such as radiology,
dermatology or pathology to range between 2% and 5%,
just below the rate of discrepancies the raters deemed
clinically relevant in our study.

Using a linear regression to model the likelihood of a
discrepancy between first and final radiological diagnosis,
we found several readily available clinical factors to be
predictive of an error. These factors namely are patient
age, imaging modality and region of the body under
investigation. The factors are both plausible from a clin-
ical perspective as well as in line with the sparse previous
findings on the issue. Age has been previously found to
be associated with diagnostic error®” and adverse events
in the ED,” likely because radiographs become harder
to interpret in the presence of age-related or chronic
findings.

We further found imaging modality and region of the
body under investigation to be predictive of a discrep-
ancy. From a clinical as well as a mathematical perspec-
tive, it is plausible that both more than one modality as
well as more than one body region under investigation
increase the likelihood of a discrepancy. Furthermore,
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two well-known cognitive sources of error are prema-
ture closure, that is, the failure to consider alternative
diagnoses22 as well as satisfaction of search, that is, the
termination of a diagnostic search after successful identi-
fication of one pathological finding.” Both phenomena
are less likely to occur with increasing expertise on a
subject.”* Consequently, some authors have argued that
the interpretation of any medical image should be exclu-
sively left to experienced radiologists,25 while others
argue that non-radiologists should simply be better
trained,26 especially given the increasing availability of
radiographic imaging.

One counterintuitive finding at first sight is the rather
low discrepancy rates in MRIs of the head as well as in
patients triaged as neurological emergencies. We assume
these findings to be related because most MRIs of the
head are ordered in patients with neurological chief
complaints. One reason why the discrepancy rate in these
patients is rather low may be the fact that neurologists are
highly trained in interpreting cerebral MRL.*" Further-
more, the variety of possible interpretations is lower in
cerebral MRIs than in a patient population with highly
diverse body regions under investigation commonly
triaged as medical or surgical chief complaints. Also,
the likelihood of a coincidental finding in an MRI of
the head, that is not related to the ER presentation and
thus not actively searched for, is likely smaller than in, for
example, a CT scan of the abdomen, where there simply

is more to see and therefore a higher probability of an
abnormality.

Our study has several limitations. First, this is a retro-
spective study susceptible to both documentation bias
and hindsight bias.”® Prospective studies of diagnostic
error are imperative and currently ongoing.” Second,
our study design does not allow us to discern whether the
discrepancies identified between the final radiological
report and the findings documented in the ED discharge
report are due to misinterpretations by the junior radiol-
ogist, the discharging EPs or failed communication
between the radiologist and the EP. However, regardless
of where the error originates, it is the differences prag-
matically assessed in this study that arguably matter most
to the patient. Future studies focusing on collaboration
in healthcare are needed® because failed teamwork has
been repeatedly identified as an important source of
diagnostic error.® Third, due to the retrospective nature
of this study, we are unable to determine if and how the
identified discrepancies were acted on. Future prospec-
tive investigations should include a follow-up on diag-
nostic discrepancies. Fourth, the study is a single-centre
cohort study. Results may vary between centres and levels
of care.

Last, one obvious question is why the estimates of error
with and without consequence vary by an order of magni-
tude from author to author. We would offer two potential
explanations. First, the definition of what constitutes a
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diagnostic error in general’" and a clinically significant
difference in radiological diagnosis specifically is highly
variable between publications, potentially resulting in
different estimates. Second, due to time constraints, EPs
may tend to only report findings they deem significant,
which may explain the comparatively large number of
insignificant differences found in our study.

In conclusion, we found a comparatively large number
of discrepancies between radiological findings in patients
discharge documentation compared with the final radio-
logical report and identified age, imaging modality and
body parts under investigation to be predictive of such
discrepancies. All three predictors are readily available
in clinical practice and should prompt EPs to reconsider
their discharge diagnosis especially in older patients
undergoing CT scans of more than one anatomic region.
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