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INTRODUCTION

The emergency department plays a vital role in the early 
diagnosis and treatment of patients, thrusting its personnel 
to the frontline of health care delivery under exigent 
circumstances (1, 2). Due to the nature of the emergency 
department, patient referrals have a high turnover rate, 
making the department fraught with hazard. 

Clinicians and patients have high expectations from 
emergency department personnel to respond quickly and 
make accurate diagnoses. At the same time, doctors are 
expected to correctly filter out patients who do not require 
immediate attention. 

This demanding environment, together with the many 
uncertainties, has caused emergency doctors to rely more 
heavily on advanced technology, and less on their clinical 
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skills, to minimize errors in clinical diagnoses. The request 
for “high-end” diagnostic imaging, particularly computed 
tomography (CT), has increased exponentially as clinicians 
demand accurate diagnostic tests and detailed images to 
visualize injuries and diseases before deciding on further 
management (3). 

Although conventional radiography remains the tool of 
choice among emergency doctors, this article discusses 
the over-reliance on (or probable misuse of) CT scans, 
leading to radiation overexposure for patients and doctors 
themselves (4, 5). This scenario is alarming, particularly 
when emergency doctors lower their safeguard due to 
pressure from patients and their referring colleagues, who 
may lack insight on the principles of radiation exposure. 

Despite the danger of radiation exposure, the use of CT 
has been shown to significantly improve diagnoses and 
outcomes in trauma cases (6). It displays high accuracy in 
the assessment of non-traumatic acute abdominal pain (7) 
and may predict patient outcomes in acute stroke (8, 9). 

The benefits of using CT must, however, be weighed 
against the potential harm of the increasing exposure to 
ionizing radiation, which is the main safety concern when 
working in an emergency department (4). Unfortunately, 
distractions, such as staff and patient security, chemicals 
and biohazards, and overcrowding have relegated radiation 
exposure to a lower priority. The presence of numerous 
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clinical and non-clinical teams in the department further 
complicates the issue as it becomes less clear which party 
bears the responsibility for radiation safety.

In this article, we aim to highlight trends in the use of CT 
in emergency departments and the knowledge gap between 
different stakeholders. We also highlight some solutions for 
performing CT scans in a safe and effective manner (Table 1). 

CT Use Has Increased Rapidly

In a recent report about the abuse of medical technology, 
2 of the 10 issues involved ionizing radiation exposure from 
CT scans in hospital emergency departments. The report 
cited the inappropriate use of CT in investigating pulmonary 
emboli and respiratory tract infections (10). In addition to 
the potential harm from radiation exposure and contrast 
media toxicity, the study mentioned unnecessary delays, 
increased costs, and overdiagnosis of incidental findings as 
a result of inappropriate usage. 

Between 1995 and 2007, the United States experienced 
an exponential increase in CT use for emergency cases, 
growing from 2.8% to 13.9% of all patient visits. The 
cumulative radiation dose administered from CT has also 
increased by approximately 23-fold compared with a 10-fold 
increase in patient volume for the same time period (3). 

Of particular concern is a subset of patients presenting 
at emergency departments who are exposed to multiple CT 
examinations. A study in 2009 showed that this population 
received a mean effective dose of 122 mSv and a maximum 
of 579 mSv over a 7-year period, corresponding to an 
increased lifetime cancer risk of one in 82 and one in 17, 
respectively (11). A separate study showed that the use of 
CT scans has increased in emergency departments compared 
with the hospitals’ in-patient and outpatient units, or at 
private clinics (12). This increase is thought to be due to 
a combination of more scans being performed for common 
indications, like headaches, trauma, and seizure, as well as 
its expanded usage for new indications, such as back and 
chest pains. 

A recent study observed that CT scan requests for 
evaluating headaches have increased from 17.5% in 1996 
to 33.3% in 2014. For urinary tract infections, the figure 
went up from 0 in 1996 to 48% of presentations in 2016 
(13). A Taiwanese study found that although the use of 
CT had increased in emergency departments, the hospital 
admission of patients who underwent scans had decreased 
(14), indicating that the use of CT has largely been for 
non-emergency conditions and to “rule-out” a particular 
diagnosis. 

A recent review has identified three factors that 
predisposes the overuse of radiological imaging in 
emergency departments-poor integration of services, 
overcrowding or reduced staffing levels, and a litigious 
environment that encourages the practice of defensive 
medicine (15).

The Knowledge Gap Must Be Closed

Emergency personnel who request diagnostic imaging 
have demonstrated a knowledge gap in the risks of 
radiation exposure. This knowledge deficiency is particularly 
pronounced among nurses and physician assistants. A 
study in 2016 showed that 44.6% of health care providers 
surveyed were unable to identify which of six common 
imaging modalities used radiation. Nurse practitioners 
and physician assistants were more likely to incorrectly 
identify radiography and fluoroscopy as modalities that did 
not use ionizing radiation (16). A separate study showed 
that radiology residents also had similar knowledge gaps 
with only 7% able to state the radiation dose of a chest 
X-ray and 16% able to identify the dose of a CT scan of the 
abdomen and thorax (17).

A 2004 study revealed that only 9% of emergency 
physicians believed that CT scans posed an increased 
risk of cancer, while many others could not relate the 
radiation dose of a CT scan to that of a chest radiograph 
as a reference point (18). Compounding this issue, a 2010 
study demonstrated that only 34% of patients believed that 

Table 1. Summary of Proposed Solutions
Take Home Points

1. Recognizing that radiation protection in emergency departments presents unique scenario 
2. Vital to implement appropriateness criteria in performing CT scans 
3. Enhancing knowledge on risks of ionizing radiation can reduce requests for unnecessary scans
4. Promoting public awareness can improve communication and understanding among clinicians and patients 
5. Performing routine clinical audits will ensure adherence of appropriateness criteria and guidelines 

CT = computed tomography 
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the radiation dose of a CT scan was higher than a chest 
radiograph, while 74% of patients agreed that having a 
diagnosis from a CT scan was more important than concerns 
about radiation exposure (19). The effective radiation doses 
for common CT examinations in the emergency department 
are summarized in Table 2. 

When clinicians were made aware of the risks from high-
dosage CT radiation, there was a significant (> 50%) 
reduction in scan requests (20). Radiologists should be 
taking the lead in educating their fellow residents, nurses, 
and patients to help close the knowledge gap. 

Proceed with Caution and Solid Reason

To justify the use of a CT scan involves weighing the 
benefits against the detrimental effects on patients. 
This process involves obtaining clinical information, 
understanding the evidence for investigating the suspected 
pathology, and awareness of the side effects of ionizing 
radiation for the chosen modality. 

It can be very difficult to comply with this process. 
Patients frequently fail to provide their full medical history 
due to time constraints during the consultation and a 
lack of understanding of the severity of their illness. 
Furthermore, emergency physicians also frequently do not 
have access to medical or radiographic records due to poor 
record-keeping by the hospital, or the patients are new and 
have never been under their care. 

Reduced access to emergency specialists and radiologists, 
particularly during out-of-hours care, also widens the 
knowledge gap and compounds clinical uncertainty. 
Emergency physicians are expected to make clinical 
decisions with limited information, hence, encouraging the 
physicians to err on the side of safety and request CT scans 

to exclude pathology, even for low-risk cases. 
 The use of evidence-based, clinical decision support 

algorithms can potentially play an important role in 
improving the decision-making process. A study on the use 
of such algorithms for pulmonary embolism, which were 
incorporated into the requesting mechanism of a hospital 
emergency department, showed a reduction of 20.1% in the 
number of CT pulmonary angiograms requested and a 69% 
increase in the diagnostic yield of pulmonary emboli (21). 
When used for mild traumatic brain injuries, a study found a 
reduction of 13.4% with no increase in delayed diagnosis of 
radiologically significant findings (22). 

Frontline health care providers often have limited 
knowledge of the carcinogenic effects of ionizing radiation 
and lack the skills to communicate this risk adequately 
(23). As the modalities involved become increasingly 
complex, and the evidence base for investigating conditions 
continues to evolve, clinicians will come to rely on 
radiologists to justify a scan, and inform other colleagues 
on the current evidence and risks of investigation. 

Protocols for using CT scans have been developed by 
various medical organizations. For example, the American 
College of Radiology (ACR) has had its own appropriateness 
criteria since 1993 and is continuously revising it to stay 
relevant. Its guidelines aim to help referring physicians and 
other health care providers in deciding the best imaging 
modality for a given clinical condition. Some common 
indications encountered in the emergency department and 
the corresponding appropriateness of either a CT scan of the 
abdomen and pelvis or brain are summarized in Tables 3 and 4. 

A survey in 2009 found that only 2.4% of physicians 
actually used the ACR’s appropriateness criteria as one of 
their top three references. Radiologist consultation was 
found to be the most cited source of referral information, 
with 64.3% of respondents placing it in their top three 
sources (24). This highlights the important role that 
radiologists play in disseminating evidence, despite the 
formulation of guidelines by an organization that has the 
most expertise on the matter. 

Radiologists need to equip themselves and their trainees 
with the knowledge and communication skills to guide 
referring clinicians. An obstacle in implementing the ACR’s 
appropriateness criteria may be resistance from referring 
clinicians themselves. This must be resolved through 
discussions so a consensus can be reached on which criteria 
to implement, and periodical audits must be performed to 
ensure that these criteria are adhered to. As the association 

Table 2. Typical Radiation Effective Dose for Common Single-
Phase CT Procedures in Emergency Department

Examination
Effective 

Dose (mSv)
Chest Radiograph Effective 
Dose (0.02 mSv) Equivalent

CT brain 2.8 140
CT chest 6.2 310
CT abdomen and pelvis 17.2 860
CT whole aorta 13.4 670
CT pulmonary vessels 3.6 180
CT cervical spine 2.1 105
CT lumbar spine 2.7 135

Adapted from Brix et al. Eur Radiol 2003;13:1979, with permission 
of Springer (29)  
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between patients, clinicians, and modality, radiologists 
play an important role in monitoring and optimizing the 
radiation dose in CT. Dose-saving strategies are constantly 
evolving. Radiologists should lead teams of physicists and 
technologists to ensure the most up to date strategies are 
employed (25).

Other factors that encourage the misuse of CT scans is 
poor knowledge and apathy for patients. Some patients 
have unrealistically high expectations for health care 

services and demand expensive investigations, like CT scans, 
without knowing the limitations and disadvantages. 

In private practice, there is a monetary drive among 
clinicians and health care institutions to perform CT scans, 
whether indicated or not. Patients who are accustomed to 
treatment in private hospitals have been observed to insist 
for the same treatment when they are treated in public 
hospitals.

Table 4. ACR Appropriateness Criteria for Plain (Non-Contrast-Enhanced) CT Head*: Common Indications in Casualty

Indication
Appropriateness

Usually Appropriate May Be Appropriate Usually Not Appropriate
Suspected stroke √
Suspected acute subarachnoid bleed √
Clinically suspected parenchymal bleed √
Suspected dural venous sinus thrombosis √
Acute focal neurological deficit √
Sudden onset of severe headache √
Head trauma-minor, closed injury (GCS > 12). Imaging indicated 

by NOC or CCHR or NEXUS-II clinical criteria
√

Head trauma. Moderate or severe closed injury (GCS < 13) √
Traumatic visual defect √
New-onset seizure, unrelated to trauma √
Head trauma-minor, closed injury (GCS > 12). Imaging not 

indicated by NOC or CCHR or NEXUS-II clinical criteria
√

*Plain (non-contrast-enhanced) CT head does not include contrast-enhanced CT head, CTA, or multiphase CT head. CCHR = Canadian CT 
Head Rules, GCS = Glasgow Coma Scale, NEXUS-II = National Emergency X-radiography Utilisation Study criteria, NOC = New Orleans Criteria

Table 3. ACR Appropriateness Criteria for Contrast-Enhanced CT Abdomen and Pelvis*: Common Indications in Casualty

Indication
Appropriateness

Usually Appropriate May Be Appropriate Usually Not Appropriate
Acute non-localised abdominal pain and fever √
Blunt abdominal trauma, stable patient √
Left lower quadrant pain-suspected diverticulitis √
Suspected appendicitis √
Suspected small bowel obstruction √
Acute pyelonephritis in complicated patient† √
Suspected abdominal aortic aneurysm √
Acute pancreatitis √
Suspected acute mesenteric ischaemia √
Upper gastrointestinal bleed (non-variceal) √
Right upper quadrant pain √
Haematuria √
Suspected lower urinary tract trauma √
Blunt abdominal trauma, unstable patient √
Acute pyelonephritis in uncomplicated patient √
Suspected urolithiasis √

*Contrast-enhanced CT abdomen and pelvis does not include plain (non-contrast-enhanced) CT abdomen and pelvis, CTA, or multiphase 
CT abdomen and pelvis, †Diabetes or immunocompromised or history of stones or prior renal surgery or not responding to therapy. ACR = 
American College of Radiology, CTA = computed tomography angiography
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Policies Should Reflect Local Needs

The solution to overcoming CT overuse in the emergency 
department may require input from policymakers, both at 
national and local levels. Public need, funding, and cost of 
health care may vary greatly between countries. Therefore, 
this must be accounted for when creating policies and 
guidelines for the safe, equitable, and efficient use of CT. 
Guidelines applied in Europe may not be useful in Southeast 
Asian countries like the Philippines, for example, and vice 
versa.

An example of this difference based on geographic 
location is the difference in recommendations between the 
ACR appropriateness criteria and the National Institute of 
Health and Care Excellence (NICE) guidelines in the United 
Kingdom (UK) for the evaluation of head injuries. Both 
guidelines agree on the need for a head CT evaluation 
for patients that meet certain criteria. However, the NICE 
guidelines risk stratify patients further into those requiring 
a scan within 1 hour and those that can be delayed to 8 
hours. This difference likely stems from the difference in 
on call availability and pressures on health care providers 
particularly during out-of-hours care in the publicly-funded 
National Health Service in the UK. 

The Way Forward

There is a need for judicious use of CT, not solely in 
emergency departments, but in the health care industry as 
a whole. Following a meeting in 2008, the International 
Atomic Energy Agency published an article advocating the 
use of justifying and delineating steps to improve CT use 
(26). To make it easy to remember, the authors summarized 
the measures in the form of 3As-awareness, appropriateness, 
and audit. 

Awareness involves educating health care professionals 
and the public on the importance of justification in order 
to reduce radiation exposure. This requires a common 
framework for communication, not only with regard 
to the risks, but also to discuss the relevant ethical, 
clinical, and legal issues. The use of guidelines and 
appropriateness criteria has been shown to reduce the 
number of unnecessary scans and improve the quality of 
radiological requests (27). Educational reminders detailing 
appropriateness of the investigation requested attached 
to radiology reports was shown to have a sustained effect 
in reducing the number of inappropriate requests (28). 

Clinical audit ensures that the goals of justification are 
met and that the process is continuously improved. This 
will encourage ownership of the system and help promote 
change.

The process of delivering efficient, safe, and effective CT 
scans in the emergency department requires the continuous 
engagement of all stakeholders. Careful discussions with 
health care professionals, patient groups, administrators, 
and insurers are required to ensure that the concerns of all 
groups are addressed. The stakeholders must understand 
their own roles and challenges, as well as those faced by 
others. Failure to engage each other continuously will result 
in a transient change, with no sustainable benefits. 
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