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Clinical significance of head CT scan in patients admitted
to the emergency department with mild head trauma
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Abstract

Head computed tomography (CT) scan is the gold standard for early diagnosis of brain injuries in the Emergency Depart-
ment (ED), but clinically important injuries after a mild head trauma (MHT) are rare. This study aims to evaluate the impact
of head CTs on the management of patients presenting to the ED with MHT. In this prospective observational study, we
enrolled adult patients admitted to the ED of a medium-size University Hospital for MHT. Patients were evaluated at the
time of admission and then at 6-24-48-72 h (if still in the ED). A 90-day telephone follow-up was performed. The primary
composite endpoint was a change in patients’ management (hospitalization, modifications in pharmacotherapy or invasive
treatments) following a CT. Between June 2021 and July 2023 we enrolled 508 patients. At least 1 CT was performed in
454 patients (89.4%), and the first CT revealed a brain injury in 87 (19.2%) of them. At least another CT was repeated in the
first 24 h in 144 patients; delayed injuries were observed in 4 cases only, with no clinical impact. The cumulative number
of CTs performed throughout the study was 620, but only 24 of them (3.9%) had a clinical impact, and none of the patients
underwent neurosurgery. The incidence of intracranial injuries requiring admission or treatments was 4.5%. In conclusion,
the incidence of brain injuries requiring treatment was very low, and most of the CTs had no clinical impact.

Keywords Mild head trauma - Mild traumatic brain injury - Mild head injury - Brain computed tomography - Emergency
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Introduction Although the incidence of mild head trauma (MHT) is high,
the overall mortality is very low (0.1%) [7].
Background Nevertheless, the definition of MHT is not univocal: for

Head trauma is the main cause of death and disability in
people under the age of 40 in industrialized countries [1] and
contributes to 30% of trauma-related deaths [2]. Every year
2.5 million people are admitted to the Emergency Depart-
ment (ED) because of head trauma in the USA [2] and 1.4
million in the UK [3]. In the European Union incidence and
mortality are respectively 262/100'000 and 10.5/10'000
person-year [4] with an overall cost of 33 billion euros [5].
It has been estimated that 70-90% of all head traumas evalu-
ated in the ED can be classified as mild, corresponding to a
Glasgow Coma Scale score (GCS) between 13 and 15 [6].
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example, many authors use in their works a more restrictive
definition of mild traumatic brain injury (mTBI) or minor/
mild head injury which requires the presence of at least one
additional finding among loss of consciousness < 30 min,
retrograde amnesia <24 h or transient altered mental status
[8]; moreover, the inclusion of a GCS =13 in the definition
of “mild” is debated as such patients have higher mortality
and worse neurological outcome [9-12].

The main goal of the emergency physician is to identify
patients with MHT who could have evolving intracranial
injuries and should then be tested with a brain computed
tomography scan (CT). Over the years, multiple tools and
guidelines have been developed to identify which patients
need a CT [1, 13-18]. However, all these tools have shown a
very high sensitivity but a very poor specificity in identifying

@ Springer


http://orcid.org/0000-0002-5595-6224
http://crossmark.crossref.org/dialog/?doi=10.1007/s11739-026-04314-0&domain=pdf

Internal and Emergency Medicine

brain injuries [15, 16]. Moreover, there is growing evidence
that only a small percentage of all the brain injuries diag-
nosed in patients with MHT are actually clinically impor-
tant (6.5-8.5%) and only 1.5-3.6% eventually need surgery
[15, 16]. In 2005 Stiell et al. [15] proposed a definition of
“clinically important” brain injuries based on radiologi-
cal features: the group considered as clinically important
every brain injury except a solitary contusion <5 mm, a
localized subarachnoid blood <1 mm, a smear subdural
hematoma <4 mm or a closed depressed skull fracture not
through the inner table (as long as the patient is neurologi-
cally intact).

The need to repeat a CT when the first examination is
positive or when the patient has high risk factors is also
debated. It has been suggested that patients on antiplatelet
therapy (APT) are at high risk for injury expansion [19], and
the same can be assumed for patients on oral anticoagula-
tion (OAC). Nevertheless, the evidence is usually obtained
from retrospective studies with heterogeneous populations
and endpoints [20-22]. Similarly, it has been demonstrated
that, when the first CT is negative, delayed injuries are
extremely rare (0.0-6.0% in different studies) [23-30], usu-
ally with no clinical relevance [25, 26, 29-31]. Despite this
evidences, many local protocols (including the one in force
in our region) [32] still recommend the repetition of a CT in
high-risk patients such as those on OAC.

Objectives

The aim of this study was to assess the impact of brain CTs
on the management of patients with MHT. Secondary aims
were to evaluate the adherence to key clinical decision tools
(Canadian Computed Tomography Head Rule or CCTHR,
New Orleans Criteria or NOC, National Emergency X-Ray
Utilization Study II or NEXUS II) [13-16] and guidelines
(National Institute for Health and Care Excellence or NICE,
American College of Emergency Physician or ACEP) [1, 17,
18], to assess their effectiveness in detecting injuries requir-
ing admission or therapy, and to identify new predictors of
such injuries.

Materials and methods
Design and setting

This is a prospective observational monocentric study car-
ried out in the ED of a medium-size Italian University Hos-
pital. The study was approved by the local Ethical Com-
mittee (approval no. 636, 06/21/2021, CE 100/21) and
conducted in accordance with the Declaration of Helsinki.
Patients admitted to the ED for MHT (defined as any
blunt head trauma with a GCS between 13 and 15 at the first

@ Springer

medical evaluation, as assessed by the attending physician)
were enrolled unless they met one of the following exclusion
criteria: age < 18 years, pregnancy, or refusal to provide a
signed informed consent.

Data collection

Data about the mechanism of injury, the patient’s personal
medical history, previous neurological condition (modified
Rankin Scale—mRS) and drugs history (with a focus on
antithrombotic treatments, intended either as APT or OAC)
were collected at the time of the first evaluation in the ED
(ty)- A clinical examination focused on neurological signs
and symptoms was performed at ¢, and after 6 (¢,), 24 (t,),
48 (t;), and 72 h (¢,), as long as patients were still in the ED
or, after ED evaluation, had been transferred to its brief-
intensive Observation Unit (OU). Information about CTs
was collected during the 72-h study period. A 90-day tel-
ephone follow-up was performed.

Data were collected by emergency medicine residents
and medical students and then anonymized and uploaded
to a Research Electronic Data Capture platform (REDCap
consortium, Vanderbilt University, TN, USA), hosted at the
Universita del Piemonte Orientale. This process was con-
stantly supervised by the researchers, who, at the end of
the study, double-checked the consistency between data and
official medical records.

Outcomes

The primary composite endpoint was a change in patients’
management decided by the emergency physician after
finding a post-traumatic intracranial injury on a CT. The
components of the primary endpoint were: (i) admission
because of the brain injury, (ii) modifications in pharmaco-
therapy (reversal of anticoagulation, prolonged withdrawal
of antithrombotic drugs, antiedema treatments) or (iii) inva-
sive treatments (invasive ventilation or surgery).

Secondary endpoints were: (a) the single components of
the primary endpoint; (b) brain injuries found at the first
CT; (c) delayed injuries (intended as brain injuries seen in
the following CTs, but not present at the first one); (d) the
expansion at subsequent CTs of a brain injury; (e) a nega-
tive neurological outcome (defined as an increase in mRS
attributable to head injury); (f) 90-day mortality from all
causes and from head injury.

Analysis

The sample size was set at 483 patients and calculated based
on the previous estimate of the incidence of clinically impor-
tant injuries (8.5%) [15], by setting the confidence interval
at 95% and the interval width at 0.05.
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Patients’ characteristics and clinical presentation factors
were summarized using descriptive statistics. Continuous
variables were reported as medians and interquartile ranges,
while categorical variables were presented as counts and
percentages. The comparisons between groups were per-
formed through the Mann—Whitney U test for continuous
variables and through the Fisher’s exact test for categorical
variables. The Cohen’s k coefficient was calculated to evalu-
ate the adherence to the main tools and guidelines. Univari-
able logistic regression analyses were conducted to explore
associations between candidates predictors and the outcome.

Statistical significance was set at two-tailed P <0.05.

Machine learning

A machine learning model was developed using clini-
cally relevant predictors investigated at presentation. The
selected variables included both demographic and clinical
features, reflecting the patient’s risk profile and presentation.
We implemented and tested a suite of supervised machine
learning algorithms to evaluate and compare the predictive
performance. The characteristics of the developed models,
as well as threshold optimization and calibration, model
evaluation and comparison are reported in Supplementary
Information S1 (Online Resource 2).

Predictor variables with more than 30% missing data
were excluded from the analysis. For the remaining vari-
ables, missingness was addressed using a non-parametric
hot-deck imputation method based on nearest-neighbor algo-
rithms. This approach considered similarity patterns within
the observed data to impute missing values in a stratified
manner. The outcome variable was not imputed to preserve
the validity of predictive modeling.

All analyses were performed using MedCalc 19.3.1 soft-
ware (Mariakerke, Belgium), R version 3.4.2 and Python
version 9.3.

Results
Characteristics of study subjects

Between June 2021 and July 2023, 510 patients were
enrolled. Two were excluded because they left the ED before
the physician’s assessment.

Table 1 reports the main characteristics of the cohort
(focusing on pre-event condition, risk factors and mecha-
nism of injury) and the main data obtained through the first
physical examination. The median time from trauma to tri-
age was 80 [54—138] min, with 22 [8-59] min as the median
waiting time before being assessed by a physician.

Head CT scans

At least one CT was performed in 454 patients (89.4%). The
adherence to the most important decision tools or guidelines
was limited: the best Cohen’s k was obtained for the NEXUS
IT (0.313). These tools and guidelines were confirmed to
have a high sensitivity, but an overall very low specificity
in identifying patients with a positive CT and, moreover,
an intracranial injury that eventually has an impact on the
patients’ management. The adherence to the tools and guide-
lines and their diagnostic power are reported, respectively,
in Supplementary Table S1 and S2 (Online Resource 1).
The CT was repeated at least once in 144 patients. The
primary reason for repeating a scan was routine since most
of the patients on OAC (N ="74/95, 77.9%) or with a posi-
tive first scan (N=73/87, 83.9%) repeated the exam within
72 h (in 95.1% of cases within 24 h), regardless of their
neurological status. Other reasons for repeating a CT were
the recommendation of a neurosurgeon (38.3%) or a change
in the neurological status (4.2%). Further data about the evo-
lution of the patients’ clinical features are reported in Sup-
plementary Information S2 (Online Resource 2).

Primary composite endpoint and its components

Overall, data about 620 CTs were recorded in the study (1.2
CTs per patient).

Out of the 454 first CTs, only 11 (2.4%) had an impact on
the patient’s management (Fig. 1).

Considering all the 620 examminations, 24 of them
(3.9%) had a clinical impact (Fig. 2). Considering the whole
sample of patients, the incidence of injuries requiring admis-
sion or treatment was 4.5% (N=23/508).

Only one subject (0.2%) underwent endotracheal intuba-
tion (ETI) during the study, but no surgical intervention was
performed. Twelve patients (1.9%) were admitted because
of an intracranial injury (10 patients in neurosurgery, 1 in
Semi-Intensive Care Unit, 1 in neurology). In 15 patients
(2.4%) pharmacological treatments were modified or admin-
istered: in 9 cases antithrombotic drugs were withdrawn, in
6 cases antiedema treatments were given, and in 3 cases a
reversal treatment for OAC was administered (more than one
measure could follow a single scan).

The absolute number of CTs with clinical impact was
higher at the first examination (11) and decreased during
observation (1 at ¢,, 8 at t,, 4 at ¢5, 0 at ¢,), but the proportion
of scans with clinical impact was higher at ¢, (6.1%) and #;
(18.2%).

Patients taking OAC or APT were admitted or received
treatment in a higher percentage of cases (54.2% vs.
44.0%), but this difference was not statistically significant
(P=0.442). The same was found when OAC and APT were
considered separately (P=0.511 and 0.805, respectively).
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Table 1 Main characteristics of the overall sample

Patients and trauma characteristics Median [IQR] Symptoms and signs N (%)
(N=508) or N (%) at presentation (N =508)
Age (years) 71 [51-82] GCS
Sex (M/F) 262/246 (51.6%/48.4%) 15 492 (96.9%)
High dynamic trauma 56 (11.0%) 14 15 (3.0%)
Pedestrian struck 16 (3.1%) 13 1(0.2%)
Ejection from vehicle 10 (2.0%) Headache 58 (11.4%)
Fall from elevation> 1 m or> 5 stairs 30 (5.9%) Nausea 69 (13.6%)
Non-high dynamic trauma 452 (89.0%) Vomiting 38 (7.5%)
Accidental fall 328 (64.6%) > 1 episode 7 (1.4%)
Fall due to dizziness, presyncope or syncope 70 (13.8%) Projectile vomiting 1(0.2%)
Seizure 4 (0.8%) Dizziness 52 (10.2%)
Assault 13 (2.6%) Focal neurological deficit’ 1(0.2%)
Traffic accident 10 (2.0%) Motor-cognitive impairment’ 9 (1.8%)
Hit by a fallen object 4(0.8%) Speech impairment’ 11 2.2%)
Unknown 23 (5.4%) Unspecified 1(0.2%)
Alcohol or drug intoxication 17 3.3%) Repetitiousness 8 (1.6%)
At least one among the following* 145 (28.5%) Dysarthria 2 (0.4%)
Loss of consciousness 69 (13.6%) Aphasia 0 (0.0%)
Amnesia 74 (14.6%) Sight impairment’ 10 (2.0%)
Transient altered mental status 73 (14.4%) Visible trauma above the clavicle 393 (77.4%)
Cognitive impairment 37 (7.3%) Scalp hematoma' 250 (49.2%)
Pre-event mRS Suspected open or depressed skull fracture 11 (2.2%)
0 429 (84.4%) Signs of basal skull fracture 8 (1.6%)
1 22 (26.5%) Hemotympanum 4 (0.8%)
2 23 (27.7%) Racoon eyes 3 (0.6%)
3 15 (18.1%) Battle’s sign 0 (0.0%)
4 19 (22.9%) CSF otorrhea or rinorrhea 1(0.2%)
Oral anticoagulation 95 (18.7%) Behavioral abnormalities 7 (1.4%)
Antiplatelet therapy 118 (23.2%) Seizure 1(0.2%)

IQR interquartile range, M males, F females, mRS modified Rankin Scale. GCS Glasgow Coma Scale score, CSF cerebrospinal fluid

“In the literature, patients presenting at least one among loss of consciousness, amnesia or witnessed transient altered mental status are often
classified as high risk patients [1] or included in more restrictive definitions of head trauma such as mild Traumatic Brain Injury (mTBI) or

minor head injury [8, 13, 14]

"New-onset neurological signs potentially related to brain injuries

PScalp hematoma refers to swelling secondary to hematoma formation over any portion of the bony calvarium (excluding hematomas limited to

the face and neck), as it is defined in the NEXUS II criteria [16]

Secondary endpoints
Brain injuries found at the first CT

A brain injury was observed at the first CT in 87 patients
(17.1% of the overall sample, 19.2% of patients with at
least one CT). Figure 3 shows the prevalence of each type
of intracranial lesion. According to the definition proposed
by Stiell et al. [15], 40 patients had a “clinically impor-
tant” injury (7.9% of the overall sample, 8.8% of all the
patients with at least one CT, and 46.0% of the patients
with a positive first CT).
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The percentage of positive CTs was not significantly dif-
ferent in patients taking OAC (15.8% with OAC vs. 20.1%
without, P=0.428) or APT (21.6% with APT vs. 18.3%
without, P=0.535).

Delayed injuries

A delayed injury was identified in four patients (0.8% of
the overall sample): in three cases brain petechiae appeared
at the second scan (in 1 patient at #; and in 2 patients at #,),
while the remaining patient had a subarachnoid hemorrhage
and intraventricular hemorrhage.
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First CT scans (N = 454)

Positive with no Int ti Therapy
ntervention 4.(0.9%)

impact 0 (0.0%
6 (16.7%) (0.0}

Positive with Admiss:jon
Negati clinical impact 4 (0.9%)
(80.8° 11 (2:4%)

367 (80.8%)

Admission and
therapy
3(0.7%)

Fig. 1 Analysis of data obtained from the first CT scan of every patient

All CT scans (N = 620)

Positive with no impact
146 (23.5%)

Therapy
11 (1.8%)

Positive with clinical

impact )
24 (3.9%) o tion agd therapy
Admission 1(0.2%)

Negative 9 (1.5%)
450 (72.6%) \

N Ad)lSSlon and therapy
" 3(05%)

Fig.2 Analysis of data obtained from all the CT scans performed in the study

Finding a delayed injury had a clinical impact only in 1/4  Injury expansion
cases (OAC was withdrawn but not reversed).

The incidence of delayed injuries was not significantly ~ Injury expansion was observed in 13 of the 87 patients with
different in patients on antithrombotic treatments (neither  a first positive CT (14.9%): in 2 patients the first CT
APT nor OAC). was already significant, and no further measure was
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Incidence of intracranial injuries
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Fig.3 Black bars indicate the absolute incidence of each lesion (in
fact, different lesions could be seen in the same CT scan), while light
bars indicate the incidence of each lesion as the main injury of a sin-
gle CT scan. On a pathophysiological basis, intracranial injuries were
given the following order of decreasing severity and importance:

implemented, 3 patients were admitted, in 3 patients
antithrombotic treatment was withdrawn, and 1 patient
underwent ETI.

The incidence of injury expansion was not significantly
different in patients on antithrombotic treatments (neither
APT nor OAC).

Neurological outcome

Patients stayed in the ED 5 [4—8] h before being discharged
or moved to the OU or an ordinary ward. Patients moved
to the OU (N=168) stayed in this setting for 23 [19-39] h.
The cumulative length-of-stay in our department was there-
fore 20 [5-31] h. Figure 4 shows the outcome of patients
in the ED and in the OU. Other information about patients’
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Incidence as main injury

intraventricular hemorrhage, epidural hematoma, parenchymal con-
tusion, subdural hematoma, subarachnoid hemorrhage, pneumoen-
cephalus, linear skull fracture, petechiae, hygroma. CT=computed
tomography

outcome is reported in Supplementary Information S3
(Online Resource 2).

Out of 508 patients, 134 (26.4%) were lost to follow-up.
The mRS increased compared to baseline in 43 patients
(11.7%), but only in 6 (1.6%) did this negative outcome
result from a brain injury. The analysis showed no associa-
tion between a TBI-related negative outcome and specific
trauma characteristics or signs and symptoms at presenta-
tion. Patients with an increase in the mRS at 90 days were
significantly older (68 vs. 78 years, P=0.023), but no dif-
ference in terms of age was found between patients with
or without a negative neurological outcome attributable to
a brain injury (69 vs. 68 years, P=0.530). A positive CT
scan was associated with a TBI-related negative neurologi-
cal outcome (11.5% vs. 1.2%, P=0.0002); and this associa-
tion appeared stronger considering patients with clinically
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Patients' outcome

Hospitalized from ED
55 (10.8%)

Walked away from ED
5(1.0%)

Transferred to OU
168 (33.1%)

Discharged from ED
280 (55.1%)

Deceased in OU
1 (0.6%)

Discharged from OU
120 (71.4%)

Hospitalized from OU
47 (28.0%)

Fig. 4. Outcome of patients in the ED and in the OU. ED Emergency Department; OU Observation Unit

important brain injuries (23.3% vs. 10.6%, P <0.0001) or
with brain injuries requiring admission or treatments (25.0%
vs. 2.0%, P <0.0001). Other information obtained at follow-
up is reported in Supplementary Information S4 (Online
Resource 2).

90-day mortality

Six patients died in hospital (1 in the OU), but only one
death was TBI related (further information about this patient
is reported in Supplementary Information S5 in Online
Resource 2). Thirteen patients died after being discharged
within 90 days from enrollment, but the review of these
cases showed that none of these deaths was TBI-related.
This is partially demonstrated by the fact that both in-hospi-
tal and 90-day mortality rates were not significantly higher
in patients with a first positive CT scan or a clinically impor-
tant brain injury. On the other hand, patients with at least one
CT scan with clinical impact had a higher in-hospital mortal-
ity (8.3% vs. 0.9%, P=0.030). Age was significantly higher
in patients who died in hospital (70 vs 82 years, P=0.034)
or within 90 days (69 vs. 85 years, P <0.0001).

Machine learning predictors of clinically important
injuries

Random forest consistently demonstrated the highest predic-
tive performance, regardless of preprocessing.

According to the variable importance plot shown in
Fig. 5, the most important covariate was the loss of con-
sciousness, followed by age and antithrombotic treatments.

The model achieved high discrimination, as demonstrated by
balanced accuracy values above acceptable training and test
set thresholds. The ROC AUC also confirmed the model’s
strong classification performance.

Further information about all the tested models is
reported in the Supplementary Information (Supplementary
Information S6 in Online Resource 2 and Fig. S1 in Online
Resource 3).

Discussion

This study investigated the actual impact of head CTs on the
clinical management of patients with MHT, in an effort to
move the focus from the identification of any brain injury to
the identification of brain injuries that actually modify the
clinical management of the patient. Specifically, we identi-
fied three clinically impacting “interventions”: admission
because of a brain injury (and mainly its extension and
effects on the patient’s condition), invasive procedures (e.g.
surgical procedures or simply ETI because of neurological
deterioration), and pharmacological treatments (includ-
ing reversal or modifications of ongoing antithrombotic
therapies).

The results show that our current protocols [32] lead
to performing more than one CT per patient (specifically
1.2), but only 3.9% of these examinations had some clini-
cal relevance. This percentage includes also patients who
were admitted, but in which no surgical treatment was per-
formed: the percentage of “treated patients” is therefore even
lower. This remarks how, in patients with MHT, not only
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Machine learning Model Performance and Variable importance Plot

Variable Importance (most important on top)

Transient loss of consciousness [

Age [

Oral anticoagulation

Antiplatelet therapy

Sight impairment

Balanced Accuracy (Train): 0.896 (95% CI: 0.866 - 0.926
Balanced Accuracy (Test): 0.844 (95% CI: 0.814 - 0.874)
ROC AUC: 0.968 (95% CI: 0.938 - 0.998)

1 1 1 1

BMI | ——————e
Transient altered mental status | ——————o
Behavioral abnormalites [ ~———e
Retrograde amnesia | —e
Repeated vomiting | ——e
0 2

Fig.5 Variable importance ranking and model performance metrics
for the best-performing model in the machine learning classification
task. Higher ROC and balanced accuracy values indicate robust dis-

intracranial injuries are rare, but even when present their
impact is very low [15, 16].

In fact, only one patient required an invasive treatment
(ETI). However, despite meeting the criteria for MHT, this
patient showed at presentation many warning signs that
clearly suggested the presence of a clinically important
injury (unknown trauma dynamic, GCS = 14, altered men-
tal status, cognitive motor slowing, speech impairment): no
emergency physician would probably have any doubt about
performing a CT in such a patient (Supplementary Informa-
tion S5 in Online Resource 2).

In 15 patients, either a pharmacological treatment was
administered (mainly a reversal treatment for OAC) or the
patient’s usual therapy was modified by withdrawing an
antithrombotic drug. Despite the obvious bias that only
patients taking OAC were eligible to receive reversal thera-
pies, these patients did not have a significantly higher rate
of “meaningful” CTs. In fact, reversal therapies were admin-
istered only in 3 out of 13 candidates, probably because the
physician did not consider the intracranial injury at risk of
expansion. However, the 90-day follow-up showed that this
choice had no negative impact on the outcome. This does
not mean that antithrombotic drugs are not a risk factor for
important injuries (as confirmed by the machine learning
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model that identified OAC and APT as potential predictors
of a “significant” brain injury), but that also in such patients
other variables should be considered, and that the indis-
criminate administration of reversal treatments to patients
on OAC with a positive scan is not needed.

On the other hand, the results confirmed that delayed
injuries are rare events (2.8% of all the patients who repeated
a CT) that usually have no impact on the patient’s clini-
cal outcome (0.7% of all the patients who repeated a CT).
Injury expansion was a more frequent event (14.9%), but
the reviewing of every single case showed that most of the
decisions taken after the second scan were already justified
by the results of the first one (such as the withdrawing of
OAC in patients with a positive scan).

The machine learning model identified loss of conscious-
ness following a head trauma as the most important predictor
of intracranial injuries requiring admission or treatment. As
a matter of fact, loss of consciousness is already included
in most of the diagnostic tools and guidelines as a reason
to perform a CT scan, as well as all the other potential pre-
dictors identified by the model and reported in the variable
importance plot displayed in Fig. 5. However, the model
showed an overall poor performance, probably because
of the small number of positive CTs with clinical impact,
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and this limits the interpretation of its results. The simplest
explanation could be that the items included in those tools
are actually the most accurate predictors, but they should be
combined and weighed in a more sophisticated diagnostic
score.

Limitations

A major limitation affecting this study, and more generally
the current literature on this topic, is related to the lack of
consensus about the definition of head trauma. As previ-
ously outlined, many authors use in their works the more
restrictive definition of mTBI or minor/mild head injury
that includes only patients reporting loss of consciousness,
amnesia, or a witnessed transient altered mental status. Oth-
ers do not use a specific term, but refer in general to head
trauma patients with or without those specific features, such
as the NICE Guidelines [1]. In our study, we decided to
adopt the most comprehensive definition to increase the gen-
eralizability of the results, but we also decided to specifi-
cally address the distinction between MHT and this more
restrictive definition because it remains widely used and two
of the investigated diagnostic tools (NOC and CCHTR) are
only validated for patients who meet those criteria [13, 14].
We acknowledge, however, that given the absence of a uni-
versally accepted definition, any choice made in this setting
may be subject to debate.

The study took place during the COVID-19 pandemic.
During viral outbreaks (e.g., in autumn—winter 2021-2022
and spring 2022) resources in our ED were reorganized to
face the emergency, and consecutive enrollment was not
always feasible.

Our ED has an OU where patients can be kept for
24-48 h. These patients are not considered as hospitalized
in our institution; therefore, when the protocol was designed,
admission to the OU was not included in the composite end-
point. This could be a bias, since other institutions/coun-
tries may have different organizations, and an observation of
2448 h may be considered as hospitalization. However, our
local guideline still suggests observing all patients taking
OAG,; if all these patients had been considered as hospital-
ized, the data would have probably been even more biased.

The sample size was calculated on the basis of a previ-
ous estimate of the incidence of clinically important injuries
(8.5%). The results confirmed this estimate since the inci-
dence of clinically important injuries was 7.8% in our study.
However, having a “clinically important” injury according
to the definition proposed by Stiell et al. [15] did not reflect
the need of admission or treatments, since the incidence of
such injuries was significantly lower in the study (4.5%).
Therefore, the limited number of “events” reduced the power
of the analysis, especially of the machine learning model,
and may restrict the generalizability of its findings. Further

external validation in larger cohorts is necessary to confirm
the model’s performance across different clinical settings.

Inter-observer variability may limit data reliability since
the same patient could be evaluated by different researchers
throughout the protocol time points.

The data obtained from the telephone follow-up are
limited by the high proportion of patients lost to follow-up
(26.4%).

Conclusions

This study shows that only a small percentage of all the CTs
performed in MHT have an impact on the patients’ man-
agement: in fact, the incidence of brain injuries requiring
admission or treatments is very low. The results confirmed
that delayed injuries and injury expansion are rare events
that usually do not impact on the patient’s outcome: the CT
should not be routinely repeated if the neurological status
is intact or unchanged. Larger studies are needed to identify
predictors of injuries requiring admission or treatments to
reduce the number of unnecessary CTs.
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