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Abstract. Background: Potentially inappropriate brain CT scan requesting in the emergency department im-
poses extra charges to the healthcare system and patients. Besides, the unnecessary radiation exposure may 
cause irreparable damage to the patient. In this study we investigated the percentage of potentially inappro-
priately conducted brain CT scan for different chief complaints in non-traumatic patients presented to our 
emergency department. Material and methods: 160 patients aged over 18 years old with chief complaints other 
than trauma, referred to the emergency department of Imam Hossein Hospital (Tehran, Iran), were enrolled 
in this study. Data were collected from medical records; the inclusion criteria was patients older than 18 years 
with chief complaint other than trauma. Results: 160 people aged 18 to 100 years old enrolled in this study, 
83 (51.87%) were male and 77 (48.13%) were female. There was no statistically significant difference in terms 
of potentially inappropriate brain CT between different age groups. Percentage of potentially inappropri-
ate CT according to chief complaints were as follows: 4.8% for dysarthria, 0% for right and left hemiplegia, 
9.1% for decreased level of consciousness, 30% for nausea and vomiting, 41.7% for generalized weaknesses, 
0% for seizures, 55.6% for vertigo, 25% for headache, and 57.7% for other complaints. There was a statisti-
cally significant association between chief complaints and potentially inappropriate brain CT scan requests 
(p-value = 0.001). Conclusion: Considering the significant percentage of potentially inappropriate brain CT 
scan requests for non-traumatic patients in the setting of emergency department, it is critical for healthcare 
policymakers to propose practical guidelines and supervise their application. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction  

Charging patients and healthcare systems with 
additional costs of unnecessary imaging does not 
improve the quality of medical care (1, 2). In this set-
ting, unnecessary imaging, on the other hand, may 
reveal incidental findings that demand further evalu-
ation and procedures. Neurological complaints are 
commonly encountered in the emergency department 
(ED). Imaging, particularly brain computed tomog-
raphy scan (CT-scan), is requested in these patients, 

which may not be indicated in the clinical setting. This 
may arise from absence of practical guidelines and lack 
of knowledge (3, 4).  

Fear of missing significant pathologies which 
may bring about other consequences such as lawsuits, 
patient’s demand for further evaluation as reassur-
ance, having financial conflict of interest, and self-
referral are among the main causes of unnecessary 
imaging (5, 6).  

Brain CT has become the modality of choice 
for acute neurologic complaints in the emergency 
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department. There are practical guidelines for order-
ing brain CT in traumatic brain injury; moreover, in 
neurology textbooks, other red flags are also proposed 
such as vertigo, headache, and generalized weakness to 
choose the patient who needs an instant imaging. As 
a good case in point, in case of headache, papilledema 
or a focal neurologic deficit should be pursued by neu-
roimaging. However, requesting not indicated imaging 
or rarely missing a patient with an alarming condition 
may happen.  In this retrospective study, we aimed 
to find out the percentage of brain CT scans among 
patients with neurologic manifestations in our center 
that were not indicated based on the Merritt’s textbook 
of neurology (7). This is the first step to encourage local 
healthcare policy makers to present practical guidelines. 

Material and Methods 

160 patients aged over 18 years old with neurologi-
cal complaints, referred to the emergency department of 
Imam Hossein Hospital (Tehran, Iran), were enrolled in 
this retrospective study. All the evaluation and examina-
tions were performed by a single emergency resident. All 
study protocols were approved by the ethics committee 
of Shahid Beheshti university of medical sciences.  

Patient information, indication of CT scan 
including clinical symptoms and chief complaints of 
patients (such as headache, nausea, dizziness, drowsi-
ness, restlessness, hemiparesis, hemiplegia, speech 
impairment, weakness, seizure), and patient’s request 
were recorded on the checklist. For patients who have 
more than one chief complaint, each one was reviewed 
independently. CT scan indications in this study were 
determined using Merritt’s textbook of neurology.

Inclusion criteria were as follows: 1. Patients over 
18 years old, and 2. Neurological complaints. Also, 
exclusion criteria were as follows: 1. Patients less than 
18 years, 2. patients presenting with traumatic injuries, 
and 3. Incomplete medical records. 

Statistical analysis 

Data were analyzed using SPSS (version 21.0) 
software. The significance of not indicated CT scan 
requested in association with chief complaint of the 

Table 1. Frequency and percentage of chief complaints.

Type of symptoms Frequency Percentage 

Dysarthria 21 13.1 

Right hemiplegia 10 6.2 

Left hemiplegia 18 11.2

Decreased level of 
consciousness 

22 13.7

Nausea and vomiting 10 6.2

Generalized weakness 24 15.0

Seizure 12 7.5

Dizziness 9 5.6

Headache 8 5.0

Other conditions 26   16.2

patients was analyzed using Chi-square and Fisher 
exact test.

Results 

160 people aged 18 to 100 years old were enrolled 
in this study; 83 (51.87%) were male and 77 (48.13%) 
were female. 

Of the patients, 18 (11.2%) aged 18 to 40, 38 
(23.7%) aged 41 to 60, 66 (36.7%) aged 61 to 80, and 
38 (23.7%) aged 80 to 100 years old.  

Frequency of chief complaints

As shown in table 1, distribution of chief com-
plaints studied were as follows:  21 (13.1%) with dys-
arthria, 10 (6.2%) with right hemiplegia, 18 (11.2%) 
with left hemiplegia, 22 patients (13.7%) with 
decreased level of consciousness, 10 (6.2%) with nau-
sea and vomiting, 24 (15.0%) with generalized weak-
ness, 12 (7.5%) with seizure, 9 (5.6%) with dizziness, 
8 (5.0%) with headache, and 26 (16.2%) patients with 
other complaints.  

Frequency of indicated or not indicated brain CT scan in 
age groups

Frequency and percentage of indicated and not 
indicated CT scan in different age groups of the study 
are illustrated in figure 1. In the group of 18 to 40 years, 
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12 (66.6%) indicated and 6 (33.3%) not indicated brain 
CT scans were conducted. In the age group of 41 to 
60 years, 33 (86.8%) were indicated and 5 (13.2%) were 
not indicated. Also, in the age group of 61 to 80 years, 
49 (74.2%) indicated and 17 (25.7%) not indicated, and 
in the age group of 80 to 100 years, 28 (73.7%) indi-
cated and 10 (26.3%) not indicated decisions were made. 
There was no statistically significant difference between 
the studied age groups in terms of potentially inappro-
priate brain CT scan request (p value = 0.314) (Figure 1). 

Frequency of indicated or not indicated brain CT scan in 
association with chief complaints

Frequency and percentage of indicated and not 
indicated brain CT scan according to the chief com-
plaints is shown in figure 2: dysarthria: 20 (95.2%) 
indicated and 1 (4.8%) not indicated; for right hemi-
plegia, 10 (100%) indicated and 0 (0%) not indicated; 
left hemiplegia, 18 (100%) indicated and 0 (0%) not 
indicated; decreased level of consciousness, 20 (90.9%) 
indicated and 2 (9.1%) not indicated, nausea and vom-
iting 7 (70%) indicated and 3 (30%) not indicated; 
generalized weaknesses 14 (58.3%) indicated and 10 
(41.7%) not indicated, seizures 12 (100%) indicated 
and 0 (0%) not indicated, vertigo 4 (44.4%) indicated 
and 5 (55.6%) not indicated, headache 6 (75%) indi-
cated and 2 (25%) not indicated, and in other con-
ditions, 11 (42.3%) indicated and 15 (57.7%) not 
indicated CT scan were performed. There was statisti-
cally significant association between chief complaints 

Figure 1. Percentage of appropriate and potentially inappro-
priate CT scan request in different age groups (blue columns 
shows appropriate and orange columns shows potentially 
inappropriate decisions). 
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Figure 2. Percentage of appropriate and potentially inappropri-
ate CT scan request in terms of chief complaints. LOC: level of 
consciousness.
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and potentially inappropriate brain CT scan request 
(p value = 0.001) (Fig. 2).

Frequency of indicated or not indicated brain CT scan 
according to gender

The frequency (percentage) of indicated and not 
indicated CT scan were 69 (83.1%) and 14 (16.9%) in 
male patients, respectively, while it was 53 (68.8%) and 
24 (31.2%) in female patients, respectively, which was 
significantly different (p value = 0.034).

Discussion 

In this study, we demonstrated that there is a high 
percentage of requesting not indicated brain CT scan 
in the emergency department for common neurologi-
cal complaints.

Performing unnecessary brain imaging leads to 
extra charges, radiation damage, and excessive bur-
den on the staff. Considering the radiation exposure, 
there is an estimation that 36,000 lung cancers could 
be induced associated with CT screening for lung can-
cer provided that 50% of smokers in the United States 
underwent testing (8). Brenner and Hall have sug-
gested that 1.5% to 2% of all cancers in the United 
States may be attributed to CT ionizing radiation 
(9). Santiago Medina et al. in their research men-
tioned that performing brain CT and MRI for head-
ache evaluation in children with intermediate risk to 
have brain tumor and normal neurologic examination 
costs over $1 million per quality of life adjusted years 
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gained compared with strategies other than imaging. 
They also suggested clinical follow up as the strategy 
of choice in low risk patients and MRI for high risk 
ones (10). Although the cost of performing a brain 
CT in our hospital is not high, which itself may have 
leaded to the high rate of unnecessary imaging, this is 
an important issue to be considered.

A previous study by Barzin et al. on patients with 
headache referred to a tertiary center showed that 
abnormal findings were found in 18.23% of cases, and 
concluded that the prevalence of important conditions 
in brain MRI of patients with headache is relatively 
low (11). A study was conducted in the United states 
on patients complaining of dizziness and vertigo dur-
ing a three-year period, evaluating the cost effective-
ness of brain CT and MRI. Their analysis showed that 
performing CT scans for vertigo subjects had only a 
small prognostic value for significant pathological 
findings. Although 12.2% of the MRIs detected sig-
nificant pathologies endorsing wisely selecting the 
imaging for better management of the patients (12). 
Consistent with this, Mitsunaga et al. have found out 
that in patients with dizziness, syncope and near syn-
cope, the possibility of finding a significant pathology 
via brain CT scan was related mainly to three factors 
including: a focal neurologic deficit, age greater than 
60 years, and acute head trauma. Otherwise, patients 
who were younger and had normal neurologic exami-
nation showed lesser involvement (13). 

A previous work by Lehnert et al. in outpatient 
setting demonstrated that 26% of elective outpa-
tient imaging examinations did not meet appropri-
ateness criteria and there was a high negativity rate 
among them, posing the fact that the chance of find-
ing a significant pathology was 3.5 times lesser in not 
indicated imaging (14). Based on a comprehensive 
work by Comelli et al, it should be kept in mind that 
complaints such as nausea/vomiting/dizziness might 
be the presenting sign of a brain tumor (4.4%) which 
possibly would be elucidated at earlier stages if brain 
CT was conducted beyond the indication guidelines 
(15). Overall, practical tools are needed to help phy-
sicians improve the appropriateness of their requests. 
There are guidelines and protocols all over the world 
but their practicality and physicians’ compliance is 
under question.  

Conclusion 

In conclusion, our findings show a significant per-
centage of not indicated imaging requests in the emer-
gency departments for neurologic complaints. It is an 
obligation for healthcare policy makers and authorities 
to present feasible guidelines and supervise practition-
ers to stick to these guidelines. There is, however, some 
evidence that even potentially inappropriate brain CT 
scanning in the ED could lead to a non-negligible 
number of diagnoses of brain tumors.
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