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Abstract
Aim  To assess the amount of computed tomography (CT) scans for minor head injury (MHI) performed in young patients in 
our emergency department (ED), not indicated by National Institute for Health and Clinical Excellence (NICE) and Canadian 
Computed Tomography Head Rules (CCHR), and to analyze factors contributing to unnecessary examinations. Secondary 
objectives were to calculate the effective dose, to establish the number of positive CT and to analyze which of the risk factors 
are correlated with positivity at CT; finally, to calculate sensitivity and specificity of NICE and CCHR in our population.
Materials and methods  We retrospectively evaluated 493 CT scans of patients aged 18–45 years, collecting the follow-
ing parameters from ED medical records: patient demographics, risk factors indicating the need of brain imaging, trauma 
mechanism, specialty and seniority of the referring physician. For each CT, the effective dose and the negativity/positivity 
were assessed.
Results  357/493 (72%) and 347/493 (70%) examinations were not in line with the CCHR and NICE guidelines, respectively. 
No statistically significant difference between physician specialty (p = 0.29 for CCHR; p = 0.24 for NICE), nor between 
physician seniority and the amount of inappropriate examinations (p = 0.93 for CCHR, p = 0.97 for NICE) was found but CT 
scans requested by ED physicians were less inappropriate [p = 0.28, odds ratio (OR) 0.562, CI (95%) 0.336–0.939]. There 
was no statistically significant correlation between patient age and over-referral (p = 0.74 for NICE, p = 0.93 for CCHR). 
According to NICE, low speed motor vehicle accident (p = 0.009), motor vehicle accident with high energy impact (p < 0.01) 
and domestic injuries (p = 0.002) were associated with a higher rate of unwarranted CT; according to CCHR only motor 
vehicle accident with high energy impact showed a significant correlation with unwarranted CT scan (p < 0.001, OR 44.650, 
CI 33.123–1469.854). 2% of CT was positive. Multivariate analysis demonstrated that factors significantly associated with 
CT scan positivity included signs of suspected skull fracture (p < 0.001, OR 20.430, CI 2.727–153.052) and motor vehicle 
accident with high energy impact (p < 0.001, OR 220.650, CI 33.123–1469.854). In our series, CCHR showed sensitivity of 
100%, specificity of 74%; NICE showed sensitivity of 100%, specificity of 72%.
Conclusion  We observed an important overuse of head CT scans in MHI; the main promoting factor for inappropriate was 
injury mechanism. 2% of head CT were positive, correlating with signs of suspected skull fracture and motor vehicle accident 
with high energy impact.
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Introduction

Head trauma is a frequent cause for emergency department 
(ED) access (1.7–2 million/year in US) [1] and is consid-
ered a public health concern, with a major economic burden 
on health care services [2]. More than 75% of head trauma 
arriving at ED are classified as minor head injury (MHI) 
[3], which is defined as a history of loss of consciousness, 
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amnesia, or disorientation, with Glasgow Coma Scale (GCS) 
from 13 to 15 [3]. Head CT is considered the gold standard 
for the evaluation of head trauma, due to its high sensitivity 
for detecting brain hemorrhage and skull fractures [4], but 
the dramatic increase in its use has raised some concerns 
about its applicability, cost burden, ionizing radiation expo-
sure, especially in the emergency setting [5, 6].

Since < 1% of MHI needs surgical interventions [3, 7, 8], 
the execution of head CT in all MHI patients would not 
be fully justifiable economically and would expose patients 
to an unjustified radiation dose. Rigorously validated 
clinical decision rules have been introduced to establish 
which patients are eligible for brain imaging and to man-
age patients suffering from MHI. The most used clinical 
decision rules are: National Institute for Health and Clinical 
Excellence (NICE) [9], Canadian Computed Tomography 
Head Rules (CCHR) [3], American College of Emergency 
Physician (ACEP) [10], Neurotraumatology Committee of 
the World Federation of Neurosurgical Societies (NCWFNS) 
[11], National Emergency X Radiography Utilization Study 
(NEXUS-II) [12], New Orleans Criteria (NOC) [7], and 
Scandinavian Clinical Decision Rules [13]. Their main goal 
is to reduce costs and exposure to ionizing radiation [14].

NICE and CCHR proved to have high value of specific-
ity in detecting intracranial lesions needing neurosurgical 
intervention [3, 4, 15].

Despite these guidelines, the overuse of head CT in MHI 
still remains a diffuse problem both for patients-related and 
non-clinical human factors [16].

Therefore, our aim was to assess the amount of CT scans 
for MHI performed in relatively young patients in our ED 
that are not recommended by NICE and CCHR guide-
lines, and to analyze factors contributing to unnecessary 
examinations.

Secondary objectives were: to calculate the effective dose 
of head CT scans, to establish the rate of positive CT scans 
in our population and to analyze which of the risk factors, 
included in the clinical decision rules selected in our study, 
are correlated with CT positivity in our series.

Materials and methods

Patient population

Institutional review board approval was granted for this 
study with a waiver of the requirement to obtain written 
informed consent from each patient.

We choose to study a relatively young population of 
patients, as more sensitive to radiation exposure.

We retrospectively evaluated head CT scans of consecu-
tive patients aged 18–45 years from January 1 to June 30th 
2016, presented for MHI to the Emergency Department of 

an urban Hospital of Milan (Northern Italy) with a number 
of access to the ED of 100,000/year.

Our exclusion criteria were: patients aged < 18 years 
or > 45 years, trauma occurred > 24 h before the access in 
ED, GCS < 13, missing clinical data, refusal to undergo 
head CT scan, head CT scan performed at the request of 
the patient, unreliable history provided by the patient, and 
head trauma resulting from syncope or seizure. All head 
CT scans were executed between 30 and 180 min from the 
patients’ arrival at the ED (mean time: 75 ± 25).

Clinical decision rules

Because of their high values of sensitivity and specific-
ity, we chose to use the following clinical decision rules: 
NICE and CCHR guidelines.

NICE [9] include the following risk factors: (1) GCS 
score < 13 on arrival in the ED, (2) GCS score < 15 at 2 h 
after head injury on assessment in the ED, (3) suspected 
open or depressed skull fracture, (4) any sign of basal 
skull fracture: hemotympanum, “panda” eyes, cerebrospi-
nal fluid leakage from ear or nose, Battle’s sign, (5) post 
traumatic seizure, (6) focal neurological deficit, (7) > 1 
episode of vomiting.

CCHR [3] include: (1) GCS score < 15 at 2 h after 
injury, (2) suspected open or depressed fracture, (3) any 
sign of basal skull fracture: hemotympanum, “raccoon” 
eyes, cerebrospinal fluid leakage from ear or nose, Battle’s 
sign, (4) ≥ 2 episodes of vomiting, (5) age ≥ 65 years, (6) 
amnesia before impact ≥ 30 min, or dangerous mechanism 
of trauma (e.g., pedestrian struck by motor vehicle, occu-
pant ejected from motor vehicle, fall from height > 3 feet 
or 5 stairs).

We evaluated if the included CT scans met the NICE and 
CCHR guidelines.

Data collection: risk factors

For every patient included in this study, we collected the 
following parameters from ED medical records: patient 
demographics, GCS, headache, vomit (> 1 episode), dizzi-
ness, loss of consciousness, amnesia > 30 min, post trau-
matic seizure, presence of focal neurological deficit (any 
new posttraumatic neurological complaint: sensory or motor 
abnormality, abnormal speech, visual change, and hearing 
defects), well-evident head wound, signs of suspected skull 
fracture, hemotympanum, raccoon/panda eyes, presence of 
cerebrospinal fluid leakage from the nose/ear, previous cer-
ebral surgery, alcohol assumption, and oral anticoagulant 
assumption.
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Data collection: trauma mechanism

We categorized the mechanism of trauma as follows: (1) 
low-speed motor vehicle accident (as a passenger or driver 
or pedestrian), (2) motor vehicle accident (as a passenger 
or driver or pedestrian) with high-energy impact, (3) work 
accident, (4) domestic injury, (5) assault, (6) accidental 
fall injury, (7) sports injury, (8) self-induced injury (vol-
untary collision against wall/window), (9) hit by an object.

Data collection: physician characteristics

We also assessed the specialty of the referring physician to 
the CT scan: (1) emergency physician, (2) general surgeon, 
(3) orthopedic, (4) neurosurgeon, (5) neurologist, (6) oph-
thalmologist, and the seniority of the referring physician 
(only specialized physicians and not residents work in our 
ED), divided in three groups: (1) < 5 years, (2) 5–10 years, 
(3) ≥ 10 years.

CT protocol

All CT scans were performed on a second-generation 
dual-source scanner, Somatom Definition Flash (Sie-
mens, Forchheim, Germany); parameters of acquisition: 
kV: 120, Reference mAs: 320 (Care Dose), collimation: 
128 × 0.6 mm, tube rotation: 1 s; pitch value: 0.55; scan 
direction: caudocranial; reconstruction thickness: 5 mm; 
reconstruction filters: H30 for parenchyma and H60 sharp 
for bone.

CT analysis

For each examination, we determined the radiation expo-
sure from the effective dose, automatically calculated by 
NEXO [DOSE] Multi-Modality Radiation Informatics, and 
the negativity/positivity of the examination (established 
by two neuroradiologists in consensus, who revised all 
the examinations), considering positivity as follows: (1) 
subarachnoid hemorrhages, (2) intracerebral hemorrhages, 
(3) skull fractures, (4) subdural hemorrhages.

Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS 
Statistics for Windows, Version 22.0. Armonk, NY: IBM 
Corp).

Percentages of patients who underwent head CT not 
indicated by the NICE or CCHR were calculated.

We compared differences among patients who under-
went head CT not indicated by the NICE or CCHR using 

Pearson χ2 test for categorical variables and Mann–Whit-
ney U test for continuous variables.

A multivariable model for predicting inappropriate head 
CT request was built, by subjecting variable with a p value 
less than 0.200 to a backward stepwise logistic regres-
sion procedure. Adjusted odds ratios with 95% confidence 
intervals were estimated for each risk factor.

We then sought to determine predictive factors of posi-
tive head CT in our cohort. We performed group com-
parison using Pearson χ2 test for categorical variables and 
Mann–Whitney U test for continuous variables to identify 
any risk factor with statistically significant correlation 
with positive head CT. A multivariable model for predict-
ing positive head CT was built, as previously described.

A two-tailed p value of < 0.05 was considered 
significant.

Finally, we calculated the sensitivity, specificity, positive 
predictive value and negative predictive value of NICE and 
CCHR in the prediction of positive head CT after trauma.

Results

Appropriateness according to the guidelines

A total of 493 CT scans were collected; 357 (72%) and 347 
(70%) examinations were not indicated according to the 
CCHR and NICE, respectively.

Promoting factors: referring physicians’ 
characteristics

The total number of requested CT scans divided by types of 
physician specialty and by physicians’ seniority and number 
of inappropriate requested CT scans divided by types of spe-
cialty according to NICE and CCHR is shown in Table 1. No 
statistically significant difference between the specialty of 
the referring physician and over-referral was found (p = 0.29 
for CCHR; p = 0.24 for NICE), nor between the seniority 
of the referring physician and the amount of inappropriate 
examinations (p = 0.93 for CCHR, p = 0.97 for NICE).

The correlation between the different types of physician 
specialty and the three-different referring physician age 
range and inappropriately requested CT scans is shown in 
Table 2.

At multivariate analysis, CT scans requested by emer-
gency physicians were found to be less inappropriate 
than those required by other types of physician for NICE 
guideline [p = 0.28, odds ratio (OR) 0.562, CI (95%) 
0.336–0.939]. No other significant correlation was found at 
multivariate analysis.
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Promoting factors: patient age

The mean age of the patients in our group was 32 ± 3 years.
Analyzing the relationship between the patient age and 

unwarranted CT studies, we found no statistically significant 
correlation (p = 0.74 for NICE and p = 0.93 for CCHR).

Promoting factors: trauma mechanism

The number of traumas divided for mechanism and the cor-
relation between the trauma mechanism and inappropriate 
CT are shown in Tables 3 and 4, respectively.

Regarding the trauma mechanism, we observed that 
only three types of trauma showed a statistically significant 
correlation with unwarranted CT scans considering NICE 
guideline: low-speed motor vehicle accident (p = 0.009), 
motor vehicle accident with high-energy impact (p < 0.01) 
and domestic injuries (p = 0.002), while according to CCHR 
only motor vehicle accident with high-energy impact showed 
a statistically significant correlation with unwarranted CT 
scan (p < 0.005).

At multivariate analysis, the only trauma mecha-
nism showing statistically significant association with 

inappropriate CT considering CCHR guideline was motor 
vehicle accident with high-energy impact (p < 0.001, OR 
44.650 CI 33.123–1469.854). No significant correlation was 
found between trauma mechanisms and inappropriate CT 
requests according to NICE at multivariate analysis.

Table 1   Total number of 
requested CT scans divided by 
types of physicians specialty 
and seniority and number 
of inappropriate requested 
CT scans divided by types 
of specialty and seniority 
according to NICE and CCHR

Physicians specialty and seniority Total requested 
CT scans

Inappropriate requests 
according to NICE

Inappropriate 
requests according to 
CCHR

Emergency physician 76 55/76 53/76
General surgeon 368 260/368 262/368
Orthopedic 0
Neurosurgeon 19 16/19 16/19
Neurologist 23 19/23 19/23
Ophthalmologist 7 5/7 6/7
Experience < 5 years 25 17/25 18/25
Experience 5–10 years 53 35/53 37/53
Experience > 10 years 415 295/415 301/415

Table 2   Results of the univariate analysis, analyzing the correlation 
between physician characteristics and unwarranted CT scans

Variables NICE CCHR
p value p value

Emergency physician 0.62 0.60
General surgeon 0.78 0.38
Neurosurgeon 0.12 0.25
Neurologist 0.22 0.173
Ophthalmologist 0.97 0.42
Physician seniority < 5 years 0.63 0.91
Physician seniority 5–10 years 0.42 0.68
Physician seniority > 10 years 0.33 0.71

Table 3   Our series divided by trauma mechanisms, considering 
some cases belonging to more than one category (e.g.: work acci-
dent + assault)

Trauma mechanism Number 
of cases

Low-speed motor vehicle accident 134
Motor vehicle accident with high-energy impact 13
Work accident 29
Domestic injury 30
Assault 131
Accidental fall injury 142
Sports accident 6
Self-induced injury 2
Hit by an object 2

Table 4   Results of the univariate analysis, analyzing the correlation 
between trauma mechanisms and unwarranted CT scans

Variables NICE CCHR
p value p value

Low-speed motor vehicle accident 0.009 0.38
Motor vehicle accident with high-energy 

impact
0.000 0.000

Work accident 0.79 0615
Domestic injuries 0.002 0.300
Assault 0.208 0.329
Accidental fall 0.89 0.357
Sports accident 0.76 0.597
Self-induced trauma 0.37 0.400
Hit by an object 0.48 0.440
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CT scans positivity and risk factors related to CT 
positivity

Only 10/493 CT scans were positive (2%), divided as fol-
lows: (1) subarachnoid hemorrhages (SAH), n = 2, (2) intrac-
erebral hemorrhages (IH), n = 1, (3) skull fractures (SF), 
n = 3, (4) subdural hemorrhages (SDH), n = 1; one patient 
had IH + SAH, one patient had SF + SAH, one patient had 
IH + SAH + SDH.

2/10 of the positive CT did not meet NICE and CCHR 
criteria, 1 CT showed a fracture of the frontal bone and 1 CT 
demonstrated a fracture of the temporal bone; in both cases 
the patients did not show any risk factor included in the 
clinical guidelines. Moreover, one positive CT highlighted 
the presence of small parenchymal frontal hemorrhages, 
subarachnoid hemorrhage and subdural hemorrhage; in this 
case, the patient presented only with seizure, therefore, the 
CT scan met the NICE criteria, but not the CCHR.

1/10 patients (whose CT scan met both NICE and CCHR 
criteria) required neurosurgical intervention; the other 

patients underwent clinical follow-up and CT repetition till 
the resolution of the anomalies.

We analyzed the correlation between CT scan positivity 
and risk factors and trauma mechanisms at univariate and 
multivariate analysis (Table 5).

At univariate analysis, we observed a significant cor-
relation between abnormal CT scan, and well-evident 
head wound (p < 0.001), signs of suspected skull fracture 
(p < 0.001), hemotympanum (p < 0.001), panda/raccoon eyes 
(p = 0.02), trauma with high energy impact (p < 0.001), and 
sport injuries (p = 0.01). Multivariate analysis demonstrated 
that factors significantly associated with CT scan positiv-
ity included signs of suspected skull fracture (p < 0.001, 
OR 20.430, CI 2.727–153.052) and motor vehicle acci-
dent with high-energy impact (p < 0.001, OR 220.650, CI 
33.123–1469.854).

CT scan effective dose (ED)

Mean ED was 2.2 ± 0.2 mSv, calculated by NEXO [DOSE].

Table 5   Results of the univariate and multivariate analysis, assessing the correlation between risk factors, trauma mechanisms and abnormal CT 
scans

Positive Head CT Univariate analysis Multivariate analysis

p value p value Adjusted OR (95% CI)

Low-speed motor vehicle accident 0.46
Motor vehicle accident with high-energy impact 0.00 0.000 220.650 (33.123–1469.854)
Work accident 0.40
Domestic injuries 0.64
Assault 0.25
Accidental fall 0.18 0.687 1.837 (0.095–35.411)
Sports accident 0.01 0.200 147.599 (6.367–3421.819)
Self-induced trauma 0.83
Hit by an object 0.83
GCS 0.82
Headache 0.85
Vomit 0.56
Dizziness 0.52
Loss of consciousness 0.32
Amnesia 0.05 0.848 1.236 (0.141–10.794)
Seizure 0.15 0.460 13.854 (1.056–181.775)
Focal neurological deficit 0.69
Well-evident head wound 0.00 0.680 1.667(0.147–18.874)
Signs of suspected skull fracture 0.00 0.000 20.430 (2.727–153.052)
Hemotympanum 0.00 0.100 231.500 (10.426–5240.437)
Raccoon eyes 0.02 0.990 0.000 (0.000–179.000)
Cerebrospinal fluid leakage from the nose/ear 0.88
Previous cerebral surgery 0.80
Alcohol assumption 0.99
Oral anticoagulant assumption 0.74
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Sensitivity and specificity of CCHR and NICE

In our series, NICE showed sensitivity of 100%, specificity 
of 74%, accuracy of 74%, positive predictive value (PPV) of 
7%, and negative predictive value (NPV) of 100%.

CCHR showed sensitivity of 100%, specificity of 72%, 
accuracy of 72%, PPV of 7%, and NPV of 100%.

Discussion

In the diagnostic workup of head trauma, head CT is the first 
imaging investigation to be executed because it is widely 
available, fast, and has a high sensitivity for the detection of 
intracranial injuries requiring neurosurgery [17]. However, 
its use creates concern about costs and radiation exposure 
when applied to large population. To decide whether to per-
form CT imaging, various clinical decision rules have been 
developed; among these, the NICE and CCHR have been 
used in our study.

According to both guidelines, we observed an impor-
tant overuse of head CT, greater than the data reported in 
literature.

Jame et al. [18], in a study on 400 patients with MHI, 
reported that 36.8% patients had no indication for the execu-
tion of the CT scan, according to a list of CT indications 
created by a panel of experts from a revision of the literature. 
Klang et al. [19] considering CCHR as reference, observed 
10.9% of CT scans non-appropriate in the population study 
in general, and 37.3% of non-indicated examinations, when 
analyzing patients younger than 65 years. Melnick et al. 
[20], in their study on 346 patients found a proportion of 
appropriate CT for head trauma in MHI of 64.7% accord-
ing to CCHR, of 86.7% according to NICE, of 74.3% for 
ACEP, and 90.5% for NOC. When investigating the possible 
contributing factors for unwarranted CT, we did not find a 
significant association with physician specialty, while Jame 
et al. [18] found that the risk of inappropriate examinations 
by ENT specialists was five times higher than by emergency 
physician, and Klang et al. [19] showed a significant higher 
tendency of the neurologists to request non-indicated CT.

No type of seniority was statistically significant as a risk 
factor, as also reported by Klang et al. [19], even if in the 
latter study residents are included. In our study, only special-
ized physicians work in our emergency room, and the level 
of experience of our first aid physicians can be considered 
more homogeneous.

Significant correlation between patient age and unwar-
ranted CT was not observed in our group, unlike other series 
[19] and this can be explained by the fact that we considered 
a restricted age range of young patients.

When analyzing the mechanism of head trauma, motor 
vehicle accidents with high-energy impact was found to 

be a significant risk factor for non-indicated CT for both 
NICE and CCHR; these findings are in line with Klang 
et al. [19]. Moreover, we found an association between 
domestic injuries and appropriate CT scans only for CCHR 
(p = 0.02).

Since in our case series we found many inappropriate 
requests for CT but few correlations with the clinical param-
eters, we can assume that there are other non-clinical factors 
that influence CT examinations requirements, such as the 
physician’s attitude towards the patient, fear of litigation and 
of missed diagnosis, patient expectations and compensation 
methods, as suggested by Melnick et al. [16]. Other proposed 
non-clinical factors related to the inappropriate/different use 
of head CT in ED were race/ethnicity [21] and patient eco-
nomic factors [22]. Therefore, we can hypothesize that the 
problem of CT overuse in MHI is a complex issue, involving 
clinical and non-clinical factors. The differences between 
our data and those reported in the literature can be largely 
explained by the different models of Health organization in 
the various countries: given that in Italy the access to the 
exams is not bound to the presence of a patient’s insurance, 
the use of the CT scan in the emergency department is more 
widespread than in other countries and not limited by patient 
social or economic factors.

In our case series, we found only 10 positive CT (about 
2%) and this is less than what reported by Lee [23], who 
observed an important increase of the use of head CT in 
head trauma from 2001 to 2007 with a constant rate of 
detected intracranial hemorrhages (that is 3%) and by Sad-
egh et al. [8], who observed 13% of abnormal CT in a group 
of 500 patients affected by minor head trauma. However, in 
their series the patients had at least one of the risk factors 
included in decision rules. In our group of abnormal CT 
scans, we did not observe a significant prevalence of brain 
contusions, as previously reported [3, 7, 8, 24, 25], while 
subarachnoid hemorrhage was the most frequent finding. 
Analyzing the correlation between trauma mechanisms, risk 
factors and CT positivity, at univariate analysis we observed 
a significant correlation between abnormal CT scan, and 
well-evident head wound, signs of suspected skull fracture, 
hemotympanum, raccoon eyes, motor vehicle accident with 
high energy impact, and sport injuries. At multivariate anal-
ysis, we found a correlation with only two variables: signs 
of suspected skull fracture and motor vehicle accident with 
high-energy impact.

The evidence that suspected skull fracture is correlated 
with CT abnormal findings has already been reported [18], 
as well as the presence of hemotympanum and raccoon eyes, 
that are both signs of basal skull fracture [3, 7, 8, 18, 26].

As in other studies, headache and amnesia did not have 
a significant association with positive CT scan [3, 7, 8, 24]. 
Previous studies demonstrated a correlation between abnormal 
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CT and various risk factors, such as focal neurological deficit 
[8, 25–27], loss of consciousness [28], and GSC [8, 29].

In our study, the majority of risk factors did not show a 
significant correlation with abnormal head CT, and this can be 
explained by the fact that in our series only a reduced number 
of patients had a positive CT scan.

In our case series, only 1/493 patient needed a neurosurgi-
cal intervention, and this rate is below the data reported in the 
literature; Sadegh et al., in a study on MHI including patients 
who had at least one risk factor according to clinical decision 
rules reported a rate of MHI patients needing neurosurgery of 
1% [8], Stiell et al. of 1.4% [3] and Geijerstam et al. of 0.9% 
[29]; our data are more similar to the one reported by Haydel 
et al., of 0.4% [7].

Calculating the radiation exposure from our CT scan, the 
effective dose of about 2 mSv is similar to the dose reported 
in literature [23, 30].

The main concern regarding the use of CT in the ED is 
that CT is a significant source of radiation exposure [31, 32]. 
The radiation sensitivity is greatest in childhood, but cancer 
risk persists into adulthood, especially in young adults, as 
in our population. Effective dose varies according to patient 
age, conduct of scan and CT scanner. Individual cancer risk 
is a multifactorial entity that is difficult to estimate; however, 
age, sex and delivered examination dose are important con-
tributing factors [32–34]. 2 mSv is a relatively low dose of 
radiation exposure, anyway, the risk from repeated low-dose 
exposure need to be considered [24, 31, 32]. In our case series, 
we observed two patients with abnormal CT whose CT scan 
was not required according to both CCHR and NICE, and one 
patient with intracranial post traumatic lesions with CT scan 
indicated by NICE but not by CCHR; therefore, on the one 
hand we can consider that a close adhesion to the guidelines 
would have resulted in missing post-traumatic findings, on the 
other hand, none of the patients with a CT scan not in line with 
the clinical guidelines required a neurosurgical intervention.

This is a retrospective study; we carefully analyzed patient 
medical records for any sign and symptoms, but we have to 
consider the possibility that patients who underwent CT scan 
had signs/symptoms that could justify the execution of brain 
imaging but were not reported in the medical records and this 
fact can lead to an overestimation of the rate of non-indicated 
CT, even if we can suppose that severe signs or symptoms 
have been registered.

Moreover, this study was conducted in a single Institution 
with a particular organization and may not be generalizable 
to another ED.

Conclusions

In conclusion, we observed an overuse of CT scan in MHI 
in young patients according to both CCHR and NICE 
guidelines. The main contributing factor for over-referral 
was injury mechanism.

In our case series, 2% of positive CT scans were 
observed, and a correlation between CT positivity and 
signs of suspected skull fracture and motor vehicle acci-
dent with high-energy impact.

The overuse of head CT scan in MHI is the cause of 
unnecessary radiation exposure and health care cost. An 
analysis of the causes for overuse should be carried out in 
every ED to target specific interventions, education of the 
staff, compliance with the guidelines, and revision of the 
management protocols.
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