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ABSTRACT

Emergency and trauma care produces a “perfect storm” for radiological errors: uncooperative patients, inadequate histories,

time-critical decisions, concurrent tasks and often junior personnel working after hours in busy emergency departments.

The main cause of diagnostic errors in the emergency department is the failure to correctly interpret radiographs, and the

majority of diagnoses missed on radiographs are fractures. Missed diagnoses potentially have important consequences for

patients, clinicians and radiologists. Radiologists play a pivotal role in the diagnostic assessment of polytrauma patients

and of patients with non-traumatic craniothoracoabdominal emergencies, and key elements to reduce errors in the

emergency setting are knowledge, experience and the correct application of imaging protocols. This article aims to

highlight the definition and classification of errors in radiology, the causes of errors in emergency radiology and the

spectrum of diagnostic errors in radiography, ultrasonography and CT in the emergency setting.

INTRODUCTION

Errors in medicine have become eye-catching news in re-

cent years, and legal acts against physicians for suspected

malpractice is an increasing problem in all industrialized

nations and in all fields of medicine. Radiology is not im-

mune to this phenomenon and presents an amount of dis-

tinctive features linked to both the inherent characteristics of

the discipline and its latest developments.1,2 In fact, diagnosis

in radiology depends entirely on the visual perception and on

the identification of specific characteristics on a radiograph.

Radiologists play a pivotal role in the diagnostic assessment of

patients in the emergency setting. The emergency room set-

ting presents a scenario suitable for malpractice claims, such as

rapid diagnosis and management of patients with whom we

have had no prior interaction and who, quite often, may be

uncooperative and/or under the influence of drugs or alcohol,

and produces an environment with important risk.3

Fractures in some complicated anatomical locations are

notoriously difficult to detect on plain radiographs that,

overall, remain the primary imaging modality used in the

emergency department (ED).4 Misinterpretation of frac-

tures may determine a delayed treatment and poor outcome

for patients treated in the ED.5 It is also one of the most

frequent factors leading to medical legal claims.6

The present review aims to highlight: (1) definition and

classification of errors in radiology, (2) causes of errors in

emergency radiology, and (3) spectrum of diagnostic errors

in radiography, ultrasonography and CT in the emergency

setting.

DEFINITION AND CLASSIFICATION OF

ERRORS IN RADIOLOGY

An error represents a deviation from the ordinary norm,

regardless of whether it results in any damage. A diagnostic

error has been defined as a diagnosis that is missed, wrong

or delayed as discovered by later conclusive tests or find-

ings.7 Errors may be categorized according to different

approaches, and we have systems to facilitate their identi-

fication so that steps can be used to decrease their incidence.

Usually, there are four leading causes why radiologists are

litigated: (1) observer errors, (2) errors in interpretation, (3)

failure to suggest the next appropriate procedure and (4)

failure to communicate in a timely and clinically appropriate

manner.8

Observer errors

Kundel et al9 reported the following three varieties of ob-

server errors: scanning error, recognition error and decision-

making error. Failure of the radiologist to fixate on the
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region of the lesion is a scanning error. Recognition error includes

fixating on the area of the lesion yet failing to detect the lesion.

Decision-making error is the inappropriate interpretation of a le-

sion as a normal finding.

Another type of observer error that may contribute to lesions

being overlooked is the satisfaction of search (SOS) error.10 An

SOS error is the consequence of the radiologist’s attention being

diverted from a tumour by an eye-catching but unrelated finding.

Failures of abnormality diagnosis during the evaluation of

radiographs are subject to psychophysiological factors of visual

perception.11,12 They are common to visual perceptual jobs and

are significant to other professions (e.g. professional drivers, air

traffic controllers) where observation is a crucial part of the

professional activity.8

Errors in interpretation

An error of interpretation happens at the interpretation phase of

film reading and typically consists of an incorrect diagnosis

given to an abnormal finding (or, rarely, to a normal finding).

Interpretation errors in radiology can generally be classified into

two categories: cognitive and perceptual. Cognitive errors are

rare and might be owing to a lack of knowledge or mistaken

judgment, for example, and are the minority. Perceptual errors,

in which an abnormality is simply not seen, account for up to

80% of radiologic errors.

In a recent review of closed malpractice claims in the USA, radi-

ology was the sixth most frequent specialty involved;13 approxi-

mately, three out of four claims against diagnostic radiologists

mention errors in interpretation resulting in missed diagnoses.14

There are many explanations why radiologists make errors in

interpreting abnormalities. Poor ergonomics and ambient light,

recurrent telephone disturbances, working with an inexperienced

resident, the absence of clinical history and other factors are

important sources of error, especially in the emergency setting.

Failure to suggest the next appropriate procedure

Radiologists must warrant that their suggestions or recom-

mendations for any additional radiological procedures are appro-

priate and will add significant information to explain, confirm

or exclude the initial impression.15,16 Especially in the emer-

gency setting, a radiologist may recommend supplementary im-

aging procedures (especially CT) that disclose injuries not

evident on conventional radiographic examination (Figure 1).

Radiologists more completely understand the limitations of

radiography for certain diagnoses and can best indicate the

need for more advanced imaging, such as CT, for a correct

diagnosis in an appropriate time frame.17

Failure to communicate in a timely and clinically

appropriate manner

In addition to the final written report, the radiologist is re-

sponsible for communicating these findings directly to the re-

ferring physician.18 Documentation should include the date,

time, name of the person spoken to and what was discussed.8

A radiologist who interprets an imaging examination and writes

a report of the results controls what happens to them next.

CAUSES OF ERROR IN EMERGENCY RADIOLOGY

The causes of errors in emergency radiology are multifactorial

and frequently joined.11,19 Technical factors such as the quality

of images and the views obtained, quantity of clinical informa-

tion (Figure 2), the absence of previous imaging studies, the

reading room atmosphere, the level of alertness of the inter-

preter, errors of speed, failure of perception, the lack of knowl-

edge, errors in interpretation (Figure 3), SOS, errors due to

multitasking, increased workload, rising quality expectations,

misjudgement and poorly understood factors seemingly inherent

to “human nature”may all play an important role.20–23 Diagnosis

of fracture in some anatomical sites is particularly challenging

on plain radiographs that remain the primary imaging modality

Figure 1. Anteroposterior radiograph of the pelvis (a): the

absence of fracture. The radiologist recommends the need of

a CT examination. Subsequent CT (axial section, b) reveals an

anterior left-column acetabular fracture (arrow).
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used in the ED. Leading factors contributing to fractures missed

on radiographs are the lack of relevant clinical information, in-

appropriate or insufficient radiographs performed, multiple frac-

tures and severe osteoporosis.

In the ED, a patient with polytrauma is a catalyst for multiple

errors as well as serious complications for various reasons: in-

adequate history, quick life-saving decisions, severity and com-

plexity of the injuries or owing to the patient’s pre-existing medical

conditions, multiple concurrent tasks and multidisciplinary ap-

proach. Moreover, the majority of physicians working at a Level 1

trauma centre include junior medical staff, often still poorly

experienced in the management of polytrauma patients.3,24–26

ERRORS IN RADIOGRAPHY IN THE

EMERGENCY SETTING

Traditional radiography as the first and widespread procedure

for evaluating the appendicular skeleton and skeletal parts of the

torso and the chest is limited by its low intrinsic resolution.

Plain radiographs are still the main imaging tool in the ED for

detecting bony fractures in patients sustaining trauma; two

perpendicular imaging views are the lowest requirements to

visualize the injured site, even if imaging in two planes may not

show non-displaced fractures.27 Failure to identify fractures

(Figure 4) is the most common diagnostic error, which may

account for 41–80% of diagnostic errors in the ED.4–6,28 Missed

or late diagnosis of skeletal injuries, especially those of the

appendicular skeleton statistically account for the mainstream

of claims in radiography malpractice suits.29

Isolated fractures of the scapula are commonly overlooked in

interpretation of both chest radiographs and thoracic CT.30

Figure 2. Plain abdominal radiograph: missed diagnosis of

ingested foreign body (arrow). The clinician did not report an

adequate history.

Figure 3. Cross-table lateral radiograph of the abdomen (a).

Evidence of a translucent image (arrow) not correctly inter-

preted as pneumoperitoneum. Subsequent multidetector CT

examination (sagittal reconstruction, b) shows the presence of

a faecal impaction and the absence of free intraperitoneal air.

Fracture of T12 body.

Review article: Errors in imaging patients in the emergency setting BJR

3 of 9 birpublications.org/bjr Br J Radiol;89:20150914

http://birpublications.org/bjr


These injuries are important because they indicate the likelihood

of significant chest wall impact and may be a cause of pain and

limitation of shoulder girdle motion.

Another frequent cause of errors in traditional radiology com-

prises the evaluation of costal fracture, which can usually be

recognized only several days after the traumatic event; injuries to

the sternum are also frequently underestimated.31

The anatomical complexity of the wrist commonly results in

a misdiagnosis, especially in patients with semilunar dis-

locations of the carpal and scaphoid bones, both of which can

determine disability as well as neurological complications.

On the other hand, fracture of the scaphoid bone is associated

with 60–70% of all carpal injuries and is the most common

form of wrist fracture.32–37 Not surprisingly, it is estimated

that up to 40% of scaphoid fractures are missed at first pre-

sentation;38 failure to diagnose and immobilize scaphoid in-

juries can lead to osteoarthritis, malunion, non-union and

avascular necrosis, and indeed, non-union occurs in 5–12% of

the cases.39,40

A recurring scenario in the ED is hip pain after falling or motor

vehicle collision. Evaluation of the hip joint starts with adequate

radiographs that include an anteroposterior (AP) pelvic radio-

graph with accompanying AP and frog leg views of the hip. Even

with careful inspection, the incidence of radiographically occult

hip fractures ranges from 4% to 9% in patients presenting with

pain after trauma;41–43 in fact, visualizing the fracture may be

quite subtle owing to overlapping osseous structures.

Fractures in infants and children are different in comparison

with fractures involving adults. Some fractures are very subtle

and difficult to detect on radiographs. Specific attention should

be given to “incomplete fractures”, i.e. hairline fractures (toddler’s

fracture) and subtle avulsion fractures. In the ED, injuries more

often undetected in paediatric patients include fractures of the

following segments: hand phalanges, metatarsal bones, distal

radius, tibia and phalanges of the foot.44 Moreover, non-

displaced greenstick fractures of the wrist, fractures of the

scaphoid, skull, zygoma and radial head can be missed on plain

radiographs.45 Traumatic vertebral lesions represent about 10%

of all misdiagnoses; in particular, at the craniocervical junction

(40–50%) and at the cervical–dorsal transition are more

commonly involved.46

Standard radiographic assessment of the cervical spine includes

at least the following three projections: anteroposterior, cross-

table lateral and open mouth odontoid views.47 However,

standard radiographs are insufficient for identification of 50% of

the fractures detected.48 The American College of Radiologists

recommended multidetector CT (MDCT) with multiplanar re-

construction as the procedure of choice in patients with suspected

spinal trauma, replacing standard radiographs for patients with

a suspicious clinical framework according to the criteria of the

National Emergency X-Radiography Utilization Study or the

Canadian C-Spine Rule.49

Fractures of the thoracic spine may be easily overlooked when

interpreting the frontal chest radiograph in acute blunt trauma

patients. The admission chest radiograph in the acute trauma

setting is frequently compromised by patient motion, overlying

support lines and tubes, and scatter radiation.30

Underdetection of a lumbar spine fracture (Figure 5) is more

likely in overweight patients. The frequency of unrecognized

spinal injuries seems to be higher when injuries of the hollow

viscera are also present, followed by those of the mesentery, solid

organs and large vessels;50 moreover, transverse process fractures

are identifiable with traditional radiology only in 60% of cases.51

In the emergency setting, the diagnosis of a subtle lung tumour

at plain chest film (Figure 6) remains a terrible challenge. Pitfalls

of interpretation related to overlapping structures and to the tiny

size and low conspicuity typical of several lesions have been

reported.52–55 Despite the difficulty to provide the correct di-

agnosis, missed lung cancer represents the second frequent cause

of malpractice claims against radiologists.56 Undetected lung

Figure 4. Missed fracture of the lateral plateau on the

anteroposterior view of the knee radiograph (arrow).
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cancers on chest plain films have the following characteristics:

(a) most missed neoplastic nodules are subtle, but they are not

usually very small (median diameter, 16–20mm); (b) missed

cancers are mainly placed in the upper pulmonary lobes; (c)

distracting lesions as well as superposing structures are fre-

quently present; and (d) image quality is commonly low.52,56,57

Moreover, lung cancer nodules are frequently missed on chest

radiographs by radiologists in clinical practice, especially in the

emergency setting, where the single plain chest film is often

performed in supine decubitus.

ERRORS IN ULTRASONOGRAPHY IN THE

EMERGENCY SETTING

Ultrasonography is an important diagnostic tool for the evalu-

ation of an increasing number of acute non-traumatic abdom-

inal conditions or as the first evaluation of the trauma patient.

Ultrasonography imaging can be executed at bedside. Further

features of this technique are non-invasive nature, safety and

reduced cost, which justify its utilization as a first-line diagnostic

procedure in several clinical scenarios.

Figure 5. Lateral radiograph: missed diagnosis of subtle

depression of the superior endplate of L1 (arrow).

Figure 6. Missed lung cancer (arrow) on chest radiograph (a).

Corresponding axial CT examination of the same patient

outlining the missed lesion (b).
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The causes of errors in emergency ultrasonography are multi-

factorial and, as in other diagnostic imaging techniques,58–61 are

frequently seen at the same time and include the lack of atten-

tion to the clinical history and examination, low knowledge of

the technical equipment, employment of inappropriate probes,

incorrect optimization of the images, poor communication with

the patient, lack of perception, reduced knowledge of the dif-

ferential diagnoses, overestimation of one’s own skill and failure

to indicate other ultrasonography examinations or further im-

aging techniques, such as CT or MRI.62–65

In the management of polytrauma patients, an error can raise

the mortality and morbidity rate, and more frequently, errors in

radiology occur during traditional imaging studies, i.e. plain

radiographs and ultrasonography examinations, owing to their

inherent low resolution and/or restricted field of view. Ultraso-

nography represents an operator-dependent examination, there-

fore it is crucial that the operator is well trained in emergency

radiology in order to be able to implement the diagnostic

capabilities of this technique.62 As a first step in correct ultra-

sonography scanning, the sonographer must be aware of the

mechanism of the injury, patient’s symptoms and clinical

findings.66,67 Furthermore, the operator should consider the

patient in terms of the physical constitution (in obese patients,

the thickness of the subcutaneous fat can reduce the ultraso-

nography diagnostic capabilities because of wide sound atten-

uation) and the presence of conditions possibly limiting the

examination, such as obliged decubitus, scars, asking for more

comprehensive diagnostic imaging procedures (multidetector

row CT).63

ERRORS IN CT IN THE EMERGENCY SETTING

The correct use of advanced diagnostic procedure, which in many

thoracoabdominal non-traumatic emergencies and in polytrauma

patients almost exclusively involves the use of contrast-enhanced

MDCT, may tangibly reduce the amount of diagnostic errors

associated with the use of traditional procedures. This is due to

the high sensitivity and accuracy intrinsic to MDCT in the as-

sessment of patients in the emergency setting.68 The important

information obtained from correctly performed contrast-enhanced

MDCT studies accounts for the “gold standard” rating of this

technique in the assessment of major trauma. However, the use

of contrast-enhanced MDCT is not immune to the possibility

of errors.69,70

Since one of the leading causes of death in polytrauma patients is

massive monolateral or bilateral pneumothorax, it is crucial for

the radiologist to carefully evaluate the CT scout view of the

contrast-enhanced MDCT study. Another common situation

that may produce errors is the inadequate flow of intravenously

injected contrast material. Consequently, adequate catheter ac-

cess and a flow rate of intravenous contrast of 3.5ml s21 or

higher should be established, as such conditions will help for the

correct identification of vascular injuries. In fact, in polytrauma

patients, the correct characterization of such injuries is crucial;

the site of vascular contrast extravasation (blush) must be

identified and the nature of the extravasation must be charac-

terized, which is possible using the recent MDCT equipments.71

A correct multiphase CT study will discriminate all sites of active

arterial bleeding in the early contrast-enhanced phase from the

slower venous bleeding characteristic of the portal and late

phases, allowing the identification and characterization of

pseudoaneurysms and arterovenous fistulas, which would oth-

erwise remain underestimated.46,72–75

Injuries of the diaphragm are not common and represent 5% of

missed injuries, half of which are not recognised in the first 24h

after the traumatic event.76 Diagnosis of the injured diaphragm is

particularly difficult,77 resulting in a late diagnosis, and some

studies77,78 have reported that the sensitivity CTexamination for the

diagnosis of fractures of the diaphragm is relatively low (50–73%).

In abdominal traumas, a significant cause of errors is the pres-

ence of respiration artefacts on the images. These are charac-

teristically identified, presenting as an indistinct margin of the

scanned vascular structures associated with hyperechoic bands

near the adjacent parenchymatous organs and hollow viscera.

Moreover, the CT scout view need to be routinely reviewed as

part of the CT interpretation, in order to avoid misdiagnosis of

significant pathological findings (Figure 7).79

In the evaluation of patients with acute non-traumatic thoracic

or abdominal pain, diagnostic errors in CT examinations can

arise from the use of an inadequate CT protocol; moreover,

normal anatomical structures or anatomic variants may repre-

sent potential pitfalls in that they can mimic pathological entities.

Technical parameters of CT scans (region of interest, use of

a contrast agent and scanning timing) differ according to the

clinical suspected diseases, and if performed under in-

appropriate conditions, CT images will not provide appropriate

information for diagnosis. Thus, to avoid missing positive CT

findings, in addition to careful readings, radiologists need to

obtain such patient information from clinicians.80–82

HOW TO REDUCE ERRORS IN

EMERGENCY RADIOLOGY

The problem of misdiagnosis cannot be solved without educa-

tion, but it cannot also be solved with education alone.83

Figure 7. CT examination of the brain. Missed diagnosis of

fracture of C2 body on CT scout view (arrow).
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In the emergency setting, diagnostic errors can be reduced

by increases in both knowledge and systems. Key elements

are communication of the patient’s clinical history, com-

parison of the current imaging procedure with the previ-

ous radiological investigation and the correct selection of

the initial and subsequent radiological procedure.22 Better

system organization arises from improvements in working

conditions and the time available for reporting, equip-

ment changes to prevent accidental error, double report-

ing and in good communication between clinicians and

radiologists.22

Learning from errors needs a serious review of our own practice

and the employment of change to increase performance levels.

Peer review is essential in order to evaluate radiologists’ per-

formance and to increase diagnostic accuracy.

In order to decrease the likelihood of diagnostic errors, we

recommend to be part of educational programs and morbidity

meetings, as well as to perform a comprehensive and respected

root cause analysis process.

SUMMARY

EDs face an increasing number of diagnostic problems, with sev-

eral medicolegal consequences. Radiographs remain the mainstay

for fracture assessment, and their assessment remains challenging.

On plain radiographs, an error in diagnosing a bone fracture can

occur because it is radiologically imperceptible or equivocal; in-

deed, some subtle and non-displaced fractures may be radio-

graphically occult. Accordingly, in patients with negative plain

radiographs and high clinical suspicion of occult fracture, a di-

agnostic error may arise if the radiologist does not highlight in

the report the need of other more appropriate examinations.

Radiologists play a pivotal role in the diagnostic assessment of

polytrauma patients, and key elements to reduce errors in the

emergency setting are knowledge, experience and correct ap-

plication of imaging protocols.

It is crucial to encourage a safety culture within radiology

departments, where in presence of a diagnostic error made by

a colleague, we discuss it together with the department’s medical

staff in a constructive fashion.
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