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Abstract: Age is variably described as a minor or major risk factor for traumatic intracranial lesions
after head injury. However, at present, no specific CT decision rule is available for elderly patients
with minor head injury (MHI). The aims of this prospective multicenter cohort study were to assess
the performance of existing CT decision rules for elderly MHI patients and to compare the clinical
and CT characteristics of elderly patients with the younger MHI population. Thirty-day mortality
between two age groups (cutoff > 60 years), along with clinical and CT characteristics, was evaluated
with four CT decision rules: the National Institute for Health and Care Excellence (NICE) guideline,
the Canadian CT Head Rule (CCHR), the New Orleans Criteria (NOC), and the CT Head Injury
Patients (CHIP) rule. Of the 5517 MHI patients included, 2310 were aged > 60 years. Elderly patients
experienced loss of consciousness (17% vs. 32%) and posttraumatic amnesia (23% vs. 31%) less
often, but intracranial lesions (13% vs. 10%), neurological deterioration (1.8% vs. 0.2%), and 30-day
mortality (2.0% vs. 0.1%) were more frequent than in younger patients (all p < 0.001). Elderly patients
with age as their only risk factor showed intracranial lesions in 5% (NOC and CHIP) to 8% (CCHR
and NICE) of cases. The sensitivity of decision rules in the elderly patients was 60% (CCHR) to 97%
(NOC) when age was excluded as a risk factor. Current risk factors considered when evaluating
elderly patients show lower sensitivity to identify intracranial abnormalities, despite more frequent
intracranial lesions. Until age-specific CT decision rules are developed, it is advisable to scan every
elderly patient with an MHI.

Keywords: minor head injury; intracranial lesions; CT decision rules; elderly patients; traumatic
brain injury

1. Introduction

Minor head injury (MHI) is a common and ever-growing cause of admission to
emergency departments (EDs) worldwide [1]. MHI is the least severe category within the
traumatic brain injury (TBI) spectrum and includes patients with and without clinical TBI
characteristics such as loss of consciousness (LOC), posttraumatic amnesia (PTA), and focal
neurological deficit [2]. The risk of sustaining a TBI increases with age, as elderly patients
fall more frequently secondary to pre-existing frailty, dementia, and motor disorders [3-5].
Although these falls are most often from standing height, elderly individuals require
more hospitalizations after TBIs and have higher mortality and morbidity rates [6]. It
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is important to gain more insight into the characteristics of this specific population of
MHI patients with regard to the policy of evaluation, diagnosis, and treatment upon
arrival to the ED. Elderly patients with MHI may have a different clinical presentation due
to delayed clinical symptoms of intracranial hemorrhage, because of brain atrophy and
specific intracranial abnormalities as a result of a higher vulnerability of vessels to rupture
and lower-energy trauma mechanisms compared to younger patients [7-9]. Additionally,
injury assessment at the ED may be more complicated in elderly patients due to coexistent
mental impairment and additional pre-trauma intracranial pathology, which can influence
the clinical presentation.

An important aspect of the evaluation of elderly patients with MHI at the ED is
to determine the risk of intracranial injuries and, thus, the indication for a computed
tomography (CT) scan of the head. Several decision rules for the application of head CT in
patients with MHI at the ED have been developed with the purpose of detecting all relevant
intracranial traumatic lesions while minimizing the number of unnecessary CT scans. The
National Institute for Health and Care Excellence (NICE) guideline for head injury was
developed for the full spectrum of MHI patients [10]. However, two other decision rules
(the Canadian CT Head Rule (CCHR) and the New Orleans Criteria (NOC)) include only
patients who have experienced loss of consciousness or posttraumatic amnesia [11,12]. The
CT in Head Injury Patients (CHIP) rule was developed to also include patients without
loss of consciousness or posttraumatic amnesia [13]. An issue with the aforementioned
CT decision rules is that they are less representative of the current MHI population, since
they were originally developed for a relatively young population (who most likely had
significantly fewer comorbidities) and not specifically for the elderly. Moreover, the CT
decision rules define the cutoff age—which is considered to be a risk factor—differently. The
NOC and CHIP rules use a cutoff of 60 years as a major risk factor for intracranial pathology
following a head injury, while the CCHR and the NICE guideline use 65 years as a major and
minor risk factor, respectively [10-13]. The national guideline of the Netherlands is based
on the CHIP rule, although age has been made a minor rather than a major criterion [14].
As a consequence, elderly patients with MHI only require a CT scan when they have at
least one other risk factor—for example, LOC or the use of anticoagulant agents [10,14].
These varying CT scanning regimes warrant further investigation as to whether a CT scan
of the head should be mandatory for every elderly MHI patient. This is especially relevant
considering the higher medical costs, radiation exposure, and (over)crowding at the ED
to which a more expansive CT scan regime could lead. Our research group previously
completed an external validation of the CT decision rules in a cohort of Dutch patients after
MHIs [15]. Although elderly patients were represented in this cohort, specific validation
for this patient group was not performed.

Evidence-based guidelines on acute management for elderly patients with MHI are
lacking. In most TBI studies, elderly patients are frequently excluded because of their past
medical history [16,17]. Previous reviews highlight this gap in MHI knowledge and call
for dedicated research into this growing population [9,18]. Only the NEXUS II criteria
have been re-evaluated in a large population of elderly MHI patients [19]. Other recently
published studies about decision rules were retrospective or included only a subgroup
of elderly patients. For example, a new decision tree was investigated in elderly patients
with ground-level falls, an amendment of the CCHR was examined for elderly patients
in nursing homes with ground-level falls, and another CCHR study suggested increasing
the age criterion to 75 years [20-22]. Therefore, the aim of this prospective study was
to assess the performance of four commonly used CT decision rules for the elderly MHI
population to determine whether it is necessary to use age as a major criterion for CT
scanning. To this end, we evaluated the frequency of injury characteristics (clinical and
traumatic), intracranial lesions, deterioration, and mortality of elderly patients with minor
head injuries and compared these findings to their younger counterparts to discern more
potential age-group-related differences in a defined cohort of patients with MHI.
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2. Materials and Methods
2.1. Study Design and Setting

Data were derived from a prospective multicenter cohort study (the CREST study)
conducted from March 2015 to December 2016 in nine EDs in the Netherlands [15]. The
study cohort was divided into two groups—younger and elderly patients (defined by a
cutoff of >60 years)—in accordance with both the CHIP and NOC decision rules [12,13].
We obtained institutional ethics and research board approval, and the need for informed
consent was waived.

The inclusion criteria of the CREST study were as follows: blunt trauma to the head
(all mechanisms), age > 16 years, and presentation at the ED within 24 h after trauma
with a Glasgow Coma Scale (GCS) score of 13-15. Patients were included irrespective
of the presence of PTA or LOC. The exclusion criteria were as follows: GCS score of
<13, age < 16 years, transfer from other hospitals, or any contraindication for obtaining a
CT scan.

2.2. Data Collection

Consecutive patients with MHI were included by trained research physicians, who
did not personally have contact with the patients. During the study period, the research
physicians screened all of the patients who were seen at the emergency department daily
and included the patient if eligible. This meant that any patient with blunt head trauma
was included—not only the patients who had head trauma as their main complaint. After
including the patient, the research physicians entered the required data into the digital
study data management system, which included information about the injury, risk factors,
and outcomes. The attending clinicians were trained to fill out forms containing the
relevant risk factors or they were asked to enter information concerning the risk factors in
the patient’s electronic medical record. Refer to Foks et al. for more details about the risk
factors [15].

The participating centers used the Dutch national guideline based on the CHIP
rule, with age defined as a minor risk factor [14]. The CT scans were interpreted by
(neuro)radiologists who were aware of the patient’s medical history and clinical findings.

The clinical risk factors were derived from the criteria used in the NICE, CCHR,
NOC, and/or CHIP decision rules [10-13]. The NOC and CCHR rules were developed
for specific MHI populations, with the NOC excluding MHI patients with GCS scores of
<15, while CCHR excluded patients who used coumarin medications, had a history of
bleeding disorders, or had an obvious skull fracture. In order to investigate the entire MHI
population, these original exclusion criteria were added as additional major risk factors.

One of the risk factors is ‘dangerous mechanism’, which includes the following (high-
energy) trauma mechanisms: pedestrian or cyclist versus vehicle, ejected from vehicle, fall
from elevation (>1 m or five stairs), or an equivalent mechanism.

Information on hospital admission, clinical neurological deterioration, neurosurgical
intervention, mortality, moment of discharge, and 30-day follow-up on neurosurgical
interventions was retrieved from the electronic medical records.

Large intracranial lesions on the head CT were defined as epidural hematoma, subdu-
ral hematoma (mass), contusion(s) (mass), depressed skull fracture, and any lesion resulting
in a midline shift or compression of the basal cisterns [18]. The remaining traumatic lesions
were defined as small intracranial lesions. ‘Any intracranial lesion” included all small
and large traumatic intracranial lesions, while ‘Relevant intracranial lesion” included large
lesions and small lesions that needed neurosurgical intervention within 30 days. Moreover,
patients who deteriorated or died during admission because of their intracranial lesion
were labelled as having a relevant intracranial lesion.

We completed a subgroup analysis with the aim of evaluating whether elderly patients
who did not meet a scanning criterion except for their age could have intracranial lesions.
We examined two subpopulations of elderly patients: a group of patients with age as their
only risk factor for a CT scan, and a group of patients with a GCS score of 15 with or without
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one or more clinical TBI risk factors (i.e., posttraumatic amnesia, loss of consciousness,
retrograde amnesia, or focal neurological deficit) after MHIL

2.3. Outcomes

The primary outcome measure was the performance of the current CT decision rules
for the elderly MHI population, depicted by the frequency and type of lesion defined as
‘Any intracranial lesion’ or a ‘Relevant intracranial lesion” on the CT scan. The secondary
outcome measures were deterioration during admission, neurosurgical intervention, and
30-day mortality.

2.4. Statistical Analysis

SPSS Data Editor 23.0 (IBM SPSS Statistics, SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. Demographic and trauma characteristics were displayed as means and
standard deviations or medians and interquartile ranges for continuous variables, and as
frequencies and percentages for categorical variables. Differences between younger and
elderly patients were tested with Student’s t-test or the nonparametric Mann-Whitney
U-test. Nominal statistics were performed with Pearson’s X? test. A two-tailed probability
< 0.05 was considered to be significant.

To minimize potential bias, missing data were assumed to be missing at random.
Therefore, missing data were imputed on the basis of all available clinical risk factors with
R version 3.3.2 (R Foundation for Statistical Computing), using multiple imputation (n = 5)
with the ‘multivariable imputation by chained equations’. Additionally, outcomes (i.e.,
head CT abnormalities) could not be observed in patients without a CT scan. Therefore,
for these patients, the expected outcomes (“Any intracranial lesion” and ‘Relevant intracra-
nial lesion’) were imputed on the basis of their risk factors with multiple imputation to
avoid selection bias and, thus, yield unbiased estimates of sensitivity and specificity [23].
Specifically, without imputation, this might result in an overestimation of sensitivity and
underestimation of specificity for all of the rules.

To assess the performance of the CT decision rules in combination with investigating
the value of the risk factor (age > 60 years), we excluded this age criterion from the four
most commonly used CT decision rules and calculated the sensitivity, specificity, positive
predictive value, and negative predictive value of the adapted decision rules in elderly
patients. For the subgroup analysis of the predictive value of clinical TBI characteristics
(i.e., maximum GCS score in combination with PTA, LOC, retrograde amnesia, or focal
neurological deficit) in elderly patients with a maximal GCS score, the sensitivity, specificity,
and positive and negative predictive values were also calculated. Sensitivity was calculated
by dividing the number of patients with clinical TBI characteristic(s) and intracranial lesions
(any or relevant) by the total number of patients with intracranial lesions (any or relevant).
Specificity was calculated by dividing the number of patients without intracranial lesions
and no clinical TBI characteristic(s) by the total number of patients without intracranial
lesions. The positive predictive value was calculated by dividing the number of patients
with intracranial lesions and clinical TBI characteristic(s) by the total number of patients
with clinical TBI characteristic(s). The negative predictive value was calculated by dividing
the number of patients without intracranial lesions and with no clinical TBI characteristic(s)
by the total number of patients without clinical TBI characteristic(s).

3. Results

In total, 5517 patients were included for further analysis; 3207 patients were aged < 60 years,
and 2310 patients were aged > 60 years (Figure 1).

3.1. Demographic and Clinical Characteristics

Elderly patients experienced loss of consciousness (17% vs. 32%, p < 0.001), post-
traumatic amnesia (23% vs. 31%, p < 0.001), and posttraumatic headache (25% vs. 36%,
p < 0.001) less often than the younger patients. The most common trauma mechanism in the
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elderly population was a fall from standing height (60% vs. 19%, p < 0.001), which mostly
occurred at home (50% vs. 18%, p < 0.001) (Table 1). Elderly patients were admitted to the
hospital more frequently than younger patients (44% vs. 30%; p < 0.001), with neurosurgical
intervention taking place in 11 (0.5%) elderly patients and in 8 (0.2%) younger patients
(p =0.156).

Patients entered in database (n = 5839)

Patients did not meet inclusion criteria
(n=322)

\ 4

\ 4

Patients included in analysis (n = 5517)

\ 4 A

16-59 years (n = 3207) >60 years (n = 2310)

‘ Subgroup analysis ‘

Lo

GCS 13-14 GCS 15
(n=378) (n=1932)

Figure 1. Study flowchart. GCS = Glasgow Coma Scale.

Table 1. Demographics and trauma characteristics of younger versus older patients at the ED after MHL

No. (%)
<60 Years >60 Years Missing Values
n = 3207 n = 2310 p-Value No. (%)
Sex (female) 1079 (34) 1218 (53) <0.001 0(0.0)
Age (years) (mean (SD)) 36 (13) 76 (10) <0.001 0(0.0)
Initial GCS score < 15 536 (17) 378 (16) 0.730 0(0.0)
GCS deterioration
- ITpoint 17 (0.5) 24 (1.0) 0.092 31(0.5)
- 22points 9 (0.3) 9 (0.4) 0.770
Posttraumatic amnesia 980 (31) 529 (23) <0.001 632 (11)
>4h 145 (5) 63 (3) <0.001
Loss of consciousness 1016 (32) 382 (17) <0.001 851 (15)
gg‘gf;i;;’efore impact 126 (4) 75 (3) 0.018 932 (17)
Posttraumatic headache 1163 (36) 581 (25) <0.001 811 (15)
Vomiting 266 (8) 142 (6) 0.026
- >2episodes 128 (4) 70 (3) 0.026 810
Alcohol/drug intoxication 1024 (32) 277 (12) <0.001 99 (2)
Anticoagulation treatment 40 (1) 578 (25) <0.001 35 (0.6)
Bleeding or clotting disorder 24 (0.7) 29 (1) 0.137 37 (0.7)
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Table 1. Cont.
No. (%)
<60 Years >60 Years Missing Values
n = 3207 n = 2310 p-Value No. (%)

Visible trauma above the clavicle 2381 (74) 1899 (83) <0.001 40 (0.7)
Contusion of the skull (excl. face) 1497 (47) 1434 (62) <0.001 33 (0.6)
ZL;scfssszed open or depressed skull 18 0.6) 7 (0.3) 0355 45 (0.8)
Any sign of basal skull fracture 97 (3) 94 (4) 0.071 37 (0.7)
Focal neurological deficit 68 (2) 67 (3) <0.001 150 (3)
Posttraumatic seizure 32(1) 13 (0.6) 0.168 86 (2)
Dangerous trauma mechanism

- Pedestrian struck by vehicle 55 (2) 24 (1) <0.001

- Cyclist struck by vehicle 147 (5) 63 (3) <0.00 62 (1)

- Occupant ejected 156 (5) 74 (3) <0.001

- Fall from elevation * 390 (12) 350 (15) 0.001
Fall from standing position 612 (19) 1383 (60) <0.001 21 (0.4)
Traumatic CT findings

- Any intracranial lesion 243 (10) 284 (13) <0.001 815 (15) **

- Relevant intracranial lesion 51 (2) 77 (3) <0.001
30-Day mortality 2(0.1) 46 (2) <0.001

Abbreviations: ED = emergency department, GCS = Glasgow Coma Scale, IQR = interquartile range, ISS = Injury
Severity Score, MHI = minor head injury, SD = standard deviation. Values are listed as number (%) unless
otherwise specified. * Fall from > 3 feet/5 stairs. ** CT was not performed, as these patients did not meet the local
scanning criteria.

3.2. Computed Tomography after MHI in Elderly Patients

Ahead CT was performed in 96% (1 = 2210) of the elderly and 78% of the younger patient
group (n = 2492), as not all patients met the local scanning criteria. Both ‘Any intracranial
lesion’ (13% (1 = 284) vs. 10% (n = 243); p < 0.001) and ‘Relevant intracranial lesions’ (3% (1 = 77)
vs. 2% (n = 51); p < 0.001) were more frequently seen in elderly patients. Elderly patients with
any intracranial lesion had acute subdural hematoma (SDH) (45% (1 = 129) vs. 29% (n = 71);
p = 0.007) more often and epidural hematoma (6% (1 = 16) vs. 15% (1 = 36); p = 0.002) less
often compared to the younger group. The occurrence of other traumatic CT characteristics,
such as subarachnoid hemorrhage and contusions, was comparable between both age groups.
The percentage of ‘Any intracranial lesion’ in patients with anticoagulant medication was
almost twice as high in elderly patients compared to their younger counterparts, although
this was not statistically significant (8% (1 = 48) vs. 5% (n = 2), p = 0.435). The same applied
to antiplatelet therapy (14% (1 = 90) vs. 11% (n = 8), p = 0.450) (Tables 2 and S1).

Table 2. Demographics and trauma characteristics of intracranial lesions after MHI in elderly patients
(n = 2210).

No. (%)
Any Intracranial Lesion Relevant Intracranial Normal CT Scan
n =284 Lesion  n =77 n=1926
Sex (female) 128 (44) * 24 (31) ** 1031 (53)
Age (years) mean (SD) 75 (10) * 77 (10) 77 (10)

Initial GCS score < 15

109 (38) * 45 (58) ** 266 (14)
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Table 2. Cont.
No. (%)
Any Intracranial Lesion Relevant Intracranial Normal CT Scan
n =284 Lesion ? n =77 n=1926
GCS deterioration
- 1point 4(1) 1(1) 20(1)

- 22points 6(2) 4(5) 3(0.2)
Posttraumatic amnesia 179 (63) * 62 (81) ** 501 (26)
- 24h 42 (15) * 22 (29) ** 47 (2)
Loss of consciousness 162 (57) * 50 (65) ** 583 (30)
- >15min 13 (4) * 2(3) 20 (1)
Posttraumatic headache 111 (39) * 32 (42) ** 577 (30)

éﬂ%ﬁ?ﬂ?efore impact 48 (17) * 22 (29) ** 65 (3)
Vomiting 39 (14) * 18 (23) ** 106 (6)
- >2episodes 22 (8)* 11 (14) ** 48 (3)
Alcohol/drug intoxication 31(11) 6 (8) 251 (13)
Anticoagulation treatment 48 (17) * 18 (23) 529 (27)
Antiplatelet therapy 90 (32) 29 (39) 536 (28)

Bleeding or clotting disorder 3(1) 1(1) 26 (1)
Visible trauma to the head (excl. face) 188 (66) 50 (65) 1211 (63)
Visible trauma to the face 87 (31) 24 (31) 562 (29)
Suspected open or depressed skull fracture 4(1) 1(1) 3(0.2)
Any sign of basal skull fracture 35(12) * 12 (16) ** 61 (3)
Focal neurological deficit 20(7)* 9 (12) ** 47 (2)
Posttraumatic seizure 4(1) 2(3) 12 (0.6)
Dangerous trauma mechanism

- Pedestrian struck by vehicle 5(2) 1(1) 18 (0.9)

- Cyclist struck by vehicle 17 (6) * 6 (8) ** 46 (2)

- Occupant ejected 16 (6) * 4(5) 60 (3)

- Fall from height 67 (24) * 22 (29) ** 279 (15)
Fall from standing position 113 (40) * 26 (34) ** 1223 (64)

Abbreviations: CT = computed tomography, GCS = Glasgow Coma Scale, MHI = minor head injury, SD = standard
deviation. Values are listed as number (%) unless otherwise specified; * p < 0.05, significant difference between any
traumatic abnormality and normal CT scan; ** p < 0.05, significant difference between relevant traumatic lesion
and normal CT scan. * Relevant intracranial lesions are defined as (potential) neurosurgical CT abnormalities,
deterioration, or death during admission. Missing values were corrected by multiple imputation.

3.3. CT Decision Rules in Elderly Patients

After excluding age as a risk factor, the sensitivity for identifying an elderly patient
with any intracranial lesion according to the four decision rules ranged from 60.1% (CCHR)
t0 97.2% (NOC). For identifying a relevant intracranial lesion, the sensitivity was the lowest
using the CCHR (76.6%) and 100% using the NOC (Table 3).

We also examined a subgroup of elderly patients without risk factors for intracranial
lesions according to the commonly used CT decision rules, except for being aged 60 years
or older. Of these patients with age as their only risk factor, 5-8% had any intracranial
lesion and 0.5-1% had a relevant intracranial lesion, depending on which CT decision rule
was used (Table 4).
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In the group of patients with a GCS score of 15 and with any intracranial lesion, 59
of 177 (33%) patients had no other TBI characteristics (e.g., posttraumatic amnesia, loss of
consciousness, retrograde amnesia, or focal neurological deficit) (Table 5). Almost half of
all elderly patients with a relevant intracranial lesion (n = 32) had a maximal GCS score at
the ED, while seven patients had none of these clinical TBI characteristics.

Table 3. Performance of the four commonly used decision rules in 2310 elderly patients with MHI
when age was excluded as a risk factor.

CT Decision Rule Positive Negative ,,s ensi:ivity OS pecioﬁcity Predli):tsii\:tiev\ialue Prezli\ilceg?/tei‘{falue
Outcome (7))  Outcome (1) (% (95% CI)) (% (95% CI)) (% (95% CI)) (% (95% CI))
NOC
Any intracranial lesion
- NOC positive 278 1882 97.2 7 12.9 94.7
- NOC negative 8 142 (95.3 t0 99.1) (59 t0 8.1) (115 to 14.3) (91.1 to 98.3)
Relevant intracranial lesion
- NOC positive 77 2083 100 6.7 3.6 100
- NOCnegative 0 150 (100 to 100) (5.7 t0 7.7) (2.8 to 4.4) (100 to 100)
CCHR
Any intracranial lesion
- CCHR positive 172 676 60.1 66.6 20.3 922
- CCHR negative 114 1348 (54410 65.8)  (64.5t0 68.7) (17.6 to 23.0) (90.8 to 93.6)
Relevant intracranial lesion
- CCHR positive 59 789 76.6 64.7 7 99
- CCHR negative 18 1444 (671t086.1)  (62.7 to 66.7) (53t08.7) (98.5 to 99.5)
CHIP rule
Any intracranial lesion
- CHIP positive 249 1318 87.1 34.9 159 95
- CHIP negative 37 706 (832t091.0)  (32.8 to 40.0) (141 t0 17.7) (93.4 to 96.6)
Relevant intracranial lesion
- CHIP positive 73 1494 948 33.1 47 99.5
- CHIP negative 4 739 (89.8t099.8)  (31.1t035.1) (3.7105.7) (99.0 to 100)
NICE
Any intracranial lesion
- NICE positive 194 952 67.8 53 16.9 92.1
- NICE negative 92 1072 (624t0732)  (50.81t055.2) (14.7 to 19.1) (90.6 t0 93.6)
Relevant intracranial lesion
- NICE positive 65 1081 84.4 51.6 5.7 929
- NICE negative 12 1152 (763t092.5)  (49.5 to 53.7) (44t07.1) (914 to 94.4)

Abbreviations: CCHR = Canadian CT Head Rule, CHIP = CT in Head Injury Patients, CI = confidence interval,
MHI = minor head injury, NOC = New Orleans Criteria. NICE = National Institute for Health and Care Excellence
guideline for head injury. Missing values were corrected by multiple imputation.

Table 4. Subgroup analysis of elderly patients with age as their only risk factor after MHI.

Elderly with Age as Their

Only Risk Factor (1 (%)) Number Needed to Scan

NOC n =150 **

Any intracranial lesion 7 (5) 21
Relevant intracranial lesion * 1 (0.6) 150
Neurosurgical intervention 0(0) -

CCHR n =1462 **
Any intracranial lesion 112 (8) 13
Relevant intracranial lesion * 19 (1) 77

Neurosurgical intervention 1(0.1) 1462
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Table 4. Cont.

Elderly with Age as Their

Only Risk Factor (1 (%)) Number Needed to Scan

CHIP rule n=743**
Any intracranial lesion 36 (5) 21
Relevant intracranial lesion * 4(0.5) 186
Neurosurgical intervention 0(0.0) -
NICE n=1164**
Any intracranial lesion 92 (8) 12
Relevant intracranial lesion * 12 (1) 97
Neurosurgical intervention 1(0.1) 1164

Abbreviations: CCHR = Canadian CT Head Rule, CHIP = CT in Head Injury Patients, MHI = minor head injury,
NOC = New Orleans Criteria. NICE = National Institute for Health and Care Excellence guideline for head injury.
* Relevant intracranial lesions are defined as (potential) neurosurgical CT abnormalities, deterioration, or death
during admission. ** Numbers of patients were not similar per decision rule, because each decision rule has
slightly different defined risk factors.

Table 5. Subgroup analysis of the predictive value of clinical TBI characteristics * in elderly patients
with a maximal GCS score ** (n = 1932).

Any Intracranial Lesion Relevant Intracranial Lesion *
(n=177) (n=32)
% (95% CI) % (95% CI)
Sensitivity 67 (60-74) 78 (64-92)
Specificity 65 (63-67) 63 (62-65)
Positive predictive value 16 (13-19) 3 (2-5)
Negative predictive value 95 (94-96) 99 (99-100)

Abbreviations: CI = confidence interval. * Clinical TBI (traumatic brain injury) characteristics were defined as any
one of the following: posttraumatic amnesia, loss of consciousness, retrograde amnesia, or focal neurologic deficit.
** Maximal GCS score = Glasgow Coma Scale score of 15. ¥ Relevant intracranial lesions are defined as (potential)
neurosurgical CT abnormalities, deterioration, or death during admission.

3.4. Neurological Deterioration and Deceased Elderly Patients

During admission, 53 (2.3%) elderly patients deteriorated, of whom 42 (1.8%) pri-
marily deteriorated because of their MHI. This deterioration rate was nine times higher
compared to the younger cohort (eight patients (0.2%); p < 0.001). All of these patients
with neurological deterioration initially had intracranial lesions, with a small lesion in
20 patients, constituting 8.8% of all elderly patients with a small lesion. A large lesion was
present in 22 patients, constituting 39% of all elderly patients with a large lesion. The most
common intracranial lesions in deteriorating patients were acute SDH (48%) and traumatic
subarachnoid hemorrhage (43%). The remaining 11 patients, who deteriorated due to other
causes (such as systemic traumatic abnormalities or non-traumatic diseases such as heart
failure), had an initial normal head CT scan without new traumatic intracranial lesions on
repeated CT scans.

A total of 46 (2%) elderly patients died at the ED or during hospital admission,
compared to 2 (0.1%) of the younger patients (p < 0.001). Of the deceased patients, 12 elderly
patients died directly as result of their MHI, with an initial large lesion in 11 patients. Acute
SDH was the most common intracranial lesion (10 patients). Eight deceased patients
(67%) used anticoagulants and/or antiplatelet therapy. In seven patients (58%), the trauma
mechanism was a fall from standing height.

4. Discussion

This study shows that elderly patients aged 60 years or older with MHI more frequently
have traumatic CT lesions as well as a higher frequency of neurological deterioration and a
higher mortality rate when compared to younger patients. Despite this, the elderly more
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frequently presented without clinical signs of MHI. As a consequence, the commonly used
risk factors denoted in several CT decision rules for MHI clearly show a lower sensitivity
to identify traumatic intracranial abnormalities in elderly patients. Therefore, age should
be regarded as a major criterion for performing a head CT.

In elderly patients with MHI, traumatic intracranial lesions on CT are common when
compared to their younger counterparts. In our cohort, 13% of patients aged 60 years
or older had any intracranial lesion and 3% had a relevant intracranial lesion. Although
previous studies reported divergent percentages in elderly patients (2% to 21%), our
study is one of the first prospective studies with a substantial sample size [11,12,24-27].
In addition to having more frequent intracranial lesions after MHI, elderly patients also
present with different types of traumatic lesions compared to younger patients. In particular,
they are more at risk of developing subdural hematomas, most likely due to age-related
changes in vessels, resulting in higher vulnerability to rupture [28,29]. Acute subdural
hematomas result in worse outcomes, most likely related to underlying cortical (ischemic)
brain damage [30,31]. In addition to the presence of potentially more serious traumatic
intracranial lesions, elderly patients with MHI also have an increased risk of clinical
neurological deterioration and a higher 30-day mortality rate. In our elderly patient group,
the neurological deterioration rate was 9 times higher and the mortality rate was as much
as 20 times higher when compared to their younger counterparts.

Regarding the role of the mechanism of trauma, we found that elderly patients with
MHI sustained low-energy trauma more frequently. Falls from standing position were the
most common trauma mechanism and were reported in as many as 34% of patients with a
relevant intracranial lesion. This finding is consistent with those of previous studies [32,33].
Our results show that although dangerous mechanisms (e.g., falls from height or traffic
accidents) are well-known risk factors for TBI, they did not seem to be associated with
relevant intracranial lesions in our cohort of elderly patients with MHI. This finding might
indicate that the type of trauma mechanism—especially the distinction between low- and
high-energy trauma—is not sufficient to estimate the severity of the impact and the risk of
intracranial lesions in elderly MHI patients. As a consequence, clinicians must be aware
that low-energy accidents can also lead to significant intracranial lesions in this specific
patient category.

As elderly patients develop intracranial injury more frequently after MHI than younger
patients, it is essential to determine which factors can identify patients at risk of intracranial
traumatic abnormalities. However, the assessment of elderly patients with MHI at the ED
is challenging, as clinical characteristics in these patients are often subtle, absent, or difficult
to assess because of pre-existing physical and cognitive problems [18]. In a subgroup of our
cohort without the well-known accompanying risk factors for intracranial traumatic injury,
head CT still showed traumatic intracranial lesions in 5-8% of patients. Moreover, one-third
of the elderly patients with an intracranial lesion and a maximal GCS score at the ED did
not have clinical signs of TBI. Our findings confirm those of Rathlev et al., who investigated
the NEXUS II criteria in elderly patients—one of the CT decision rules that we did not
include in our analysis [19]. They found that 2.2% of the elderly patients with an MHI had
no evidence of clinically significant skull fracture, neurological deficit, or altered levels of
consciousness. In that study, three patients with significant injury did not manifest any of
the 16 clinical findings commonly used to assess MHI in patients. GCS scores, along with
the other well-known risk factors, might therefore inadequately reflect the severity of MHI
in elderly patients. Consequently, despite limited clinical signs of intracranial injury—i.e.,
a concealed clinical presentation—elderly patients with MHI can certainly have traumatic
intracranial lesions.

As GCS score, trauma mechanism, and other well-known risk factors are not sufficient
to predict intracranial lesions in elderly patients, a relevant question for the application
of CT decision rules is whether it is necessary to perform a head CT scan in every elderly
patient with MHI presenting at the ED. The CCHR, NOC, the original CHIP rule, and
the NEXUS II criteria already advise scanning every elderly patient, as age is a major



J. Clin. Med. 2023, 12, 982

11 0f 14

criterion [10-13,34]. This is in contrast to the national Dutch, NICE, and Scandinavian
guidelines [14,35]. The latter guideline does not include age as a risk factor, stating that
its predictive ability is only moderate. However, not every small intracranial lesion has
clinical consequences; therefore, it is particularly important to detect relevant intracranial
lesions [11-13]. In clinical practice, it has been suggested to use the same scanning criteria
for elderly patients as for the younger population, and to exclude the risk factor of age
60 years or older [26]. If we had applied this recommendation to our study cohort, 5-8% of
the elderly patients with any intracranial lesion and 1% of those with a relevant intracranial
lesion, including one patient who needed neurosurgical intervention, would not have
been scanned on initial presentation. Ideally, a sensitivity of 100% is desired in order to
detect every relevant intracranial lesion. If we want to achieve this 100% sensitivity, based
on our study population, every patient aged 60 years or older who presents at the ED
after a head injury should undergo a CT scan. Consequently, this will increase medical
costs, radiation load, and crowding at the ED, and the question is whether that can be
justified. A previous study on the cost-effectiveness of CT scanning in patients with MHI
has shown that the sensitivity of a prediction rule should be at least 97% for identifying
potential neurosurgical lesions in order for it to be cost-effective [36]. This threshold may
be too low for elderly patients, as the development of malignancy as a consequence of
ionizing radiation is negligible among elderly patients with reduced lifespans. It may thus
be more appropriate to increase the sensitivity to 99%. Our analyses of the different CT
decision rules in elderly patients have shown that none of the CT decision rules meets this
requirement if we exclude age as a criterion.

Some limitations of this study should be mentioned. Firstly, in this study, only the
risk factors relevant to the four most commonly used CT decision rules were collected.
Other risk factors that are specific to the elderly age group might have been missed, such
as, pre-injury frailty and pre-injury health status. Secondly, the follow-up was limited to
30 days for neurosurgical intervention and mortality. Patients who were discharged with a
normal head CT scan could theoretically have developed an intracranial abnormality over
time. Nevertheless, this is very rare at such a late stage [37]. Thirdly, only patients with MHI
who presented to the ED were included in this study, and non-hospitalized patients such as
those who were evaluated at the general practitioner’s office were not included. Finally, not
all patients with MHI in our study underwent a head CT scan—especially young patients
who did not fulfil the national scanning criteria. To overcome this problem, missing data
were imputed to avoid possible false negative findings. Although imputation might be
considered suboptimal, when not applied—and if we assigned all patients without a CT
scan as non-low risk—the sensitivity of the four decision rules would be overestimated
and the specificity would be underestimated. In addition, the CHIP rule was mainly used
in the study centers to decide whether a CT scan was necessary, and without imputation
we would introduce a larger bias in favor of the CHIP decision rule, because of possible
missed lesions that would have been detected by other decision rules. With the imputation
of outcomes, 25 additional patients had any intracranial lesion, and there was one extra
relevant intracranial lesion in the <60 years group. Imputation will therefore not have
had much influence on our results. Despite these limitations, our findings are based on a
prospective multicenter study with a considerable number of patients. Therefore, we deem
it likely that our results are representative of the overall population of elderly patients
with MHL

In summary, this large prospective study provides the opportunity to assess the
performance of four commonly used CT decision rules in elderly patients with MHI. We
found that intracranial lesions were more often present in elderly patients with a concealed
clinical presentation. The results of our study, combined with the earlier findings of the
NEXUS II study in which elderly patients with MHI were evaluated, provide substantial
scientific evidence that a concealed clinical presentation is common among older patients
despite significant traumatic intracranial injury that may only be detected by CT imaging.
Thereby, our paper underlines the need to preserve age as an independent risk factor
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for significant intracranial lesions, as suggested in the NOC, CCHR, original CHIP rule,
and NEXUS II guidelines, until more specific clinical and injury-related characteristics or
biomarkers become available to detect traumatic intracranial injury in elderly patients. This
also implies that for local and national guidelines, where age is currently a minor criterion,
an age of 60 years and older should be a major scanning criterion in patients with MHI.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jem12030982 /s1, Table S1: Demographics and trauma characteristics
of intracranial lesions after MHI in patients aged 16-59 years.

Author Contributions: K. A.F,, C.L.v.d.B, J.v.d.N,, BJ., KJ. and D.W.J.D. conceived the study, and
D.W].D. was the principal investigator of the CHIP development study. SM.C., B.J. and J.v.d.N.
designed the aims for this part of the study. S.M.C. and K.A.F. analyzed the data. S.M.C. performed
the literature search and drafted the manuscript. All authors performed a critical review of the
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: C.v.d.B. received a personal grant from the St. Jacobus Foundation, which is a non-profit
organization that supports research; the funder played no role in the design, analysis, or presentation
of the study.

Institutional Review Board Statement: Institutional ethics and research board approval was ob-
tained. This study was approved by the Medical Ethics Committee of the Erasmus Medical Center
as an amendment of the CENTER-TBI study (NL50366.058.14). Furthermore, the Medical Ethical
Committee of Zuidwest Holland reviewed the study protocol prior to the start of the study (16-001)
and decided that, in accordance with Dutch law, the study met the criteria for exempt research.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Anonymized patient-level data are available upon reasonable request
after contact with K. Foks: k.foks@erasmusmc.nl.

Acknowledgments: Hester E Lingsma, Eline de Jong, Hugo E den Boogert, Ozcan Sir, Peter Patka,
Suzanne Polinder, Menno I. Gaakeer, Charlotte E. Schutte, Kim E. Jie, Huib E. Visee, Myriam G.M. Hunink,
Eef Reijners, Meriam Braaksma, Guus G. Schoonman, Ewout W. Steyerberg, and Bridget Schoon.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Levin, H.S,; Diaz-Arrastia, R.R. Diagnosis, prognosis, and clinical management of mild traumatic brain injury. Lancet Neurol. 2015,
14, 506-517. [CrossRef] [PubMed]

2. Carroll, L.; Cassidy, ].D.; Holm, L.; Kraus, ].; Coronado, V.; WHO Collaborating Centre Task Force on Mild Traumatic Brain Injury.
Methodological issues and research recommendations for mild traumatic brain injury: The who collaborating centre task force on
mild traumatic brain injury. J. Rehabil. Med. 2004, 36, 113-125. [CrossRef] [PubMed]

3.  Tinetti, M.E.; Speechley, M.; Ginter, S.F. Risk Factors for Falls among Elderly Persons Living in the Community. New Engl. ]. Med.
1988, 319, 1701-1707. [CrossRef] [PubMed]

4. Liu, X,; Abudukeremu, A,; Jiang, Y.; Cao, Z.; Wu, M.; Zheng, K.; Ma, J.; Sun, R.; Chen, Z.; Chen, Y.; et al. Association of motor
index scores with fall incidence among community-dwelling older people. BMC Geriatr. 2022, 22, 1008. [CrossRef]

5. Guo, X; Pei, J.; Ma, Y.; Cui, Y.; Guo, J.; Wei, Y,; Han, L. Cognitive Frailty as a Predictor of Future Falls in Older Adults: A
Systematic Review and Meta-Analysis. ]. Am. Med Dir. Assoc. 2022, 24, 38-47. [CrossRef]

6.  Zonfrillo, M.R.; Kim, K.H.; Arbogast, K.B. Emergency Department Visits and Head Computed Tomography Ultilization for
Concussion Patients From 2006 to 2011. Acad. Emerg. Med. 2015, 22, 872-877. [CrossRef]

7.  Geijerstam, J.L.; Britton, M. Mild head injury - mortality and complication rate: Meta-analysis of findings in a systematic literature
review. Acta Neurochir. 2003, 145, 843-850. [CrossRef] [PubMed]

8. Harvey, L.A; Close, ].C. Traumatic brain injury in older adults: Characteristics, causes and consequences. Injury 2012, 43, 1821-1826.
[CrossRef]

9.  Gardner, R.C.; Rubenstein, R.; Wang, K.K.W.; Korley, EK.; Yue, ].K;; Yuh, E.L.; Mukherjee, P.; Valadka, A.B.; Okonkwo, D.O;
Diaz-Arrastia, R.; et al. Age-Related Differences in Diagnostic Accuracy of Plasma Glial Fibrillary Acidic Protein and Tau for
Identifying Acute Intracranial Trauma on Computed Tomography: A TRACK-TBI Study. J. Neurotrauma 2018, 35, 2341-2350.
[CrossRef]

10. National Clinical Guideline Centre. Head Injury: Triage, Assessment, Investigation and Early Management of Head Injury in Children,

Young People and Adults; National Institute for Health and Care Excellence: London, UK, 2014.


https://www.mdpi.com/article/10.3390/jcm12030982/s1
https://www.mdpi.com/article/10.3390/jcm12030982/s1
http://doi.org/10.1016/S1474-4422(15)00002-2
http://www.ncbi.nlm.nih.gov/pubmed/25801547
http://doi.org/10.1080/16501960410023877
http://www.ncbi.nlm.nih.gov/pubmed/15083875
http://doi.org/10.1056/NEJM198812293192604
http://www.ncbi.nlm.nih.gov/pubmed/3205267
http://doi.org/10.1186/s12877-022-03680-6
http://doi.org/10.1016/j.jamda.2022.10.011
http://doi.org/10.1111/acem.12696
http://doi.org/10.1007/s00701-003-0115-1
http://www.ncbi.nlm.nih.gov/pubmed/14577005
http://doi.org/10.1016/j.injury.2012.07.188
http://doi.org/10.1089/neu.2018.5694

J. Clin. Med. 2023, 12, 982 13 of 14

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Stiell, I.G.; Wells, G.A.; Vandemheen, K.; Clement, C.; Lesiuk, H.; Laupacis, A.; McKnight, R.D.; Verbeek, R.; Brison, R.; Cass, D.;
et al. The Canadian CT Head Rule for patients with minor head injury. Lancet 2001, 357, 1391-1396. [CrossRef]

Haydel, M.J.; Preston, C.A.; Mills, T.].; Luber, S.; Blaudeau, E.; DeBlieux, PM. Indications for Computed Tomography in Patients
with Minor Head Injury. New Engl. ]. Med. 2000, 343, 100-105. [CrossRef]

Smits, M.; Dippel, D.W.; Steyerberg, E.; De Haan, G.G.; Dekker, HM.; Vos, PE.; Kool, D.R.; Nederkoorn, PJ.; Hofman, PA;
Twijnstra, A.; et al. Predicting Intracranial Traumatic Findings on Computed Tomography in Patients with Minor Head Injury:
The CHIP Prediction Rule. Ann. Intern. Med. 2007, 146, 397-405. [CrossRef] [PubMed]

Van den Brand, C.L.; Rambach, A.; Postma, R.; Van De Craats, V.L.; Lengers, E; Bénit, C.P,; Verbree, FE.C.; Jellema, K. Practice
guideline ‘Management of patients with mild traumatic head /brain injury” in the Netherlands. Ned. Tijdschr. voor Geneeskd. 2014,
158, A6973.

Foks, K.A.; Brand, C.L.V.D.; Lingsma, H.E; Van Der Naalt, J.; Jacobs, B.; De Jong, E.; Boogert, H.F.D.; Sir, O.; Patka, P; Polinder, S.;
et al. External validation of computed tomography decision rules for minor head injury: Prospective, multicentre cohort study in
the Netherlands. BMJ 2018, 362, k3527. [CrossRef] [PubMed]

Gaastra, B.; Longworth, A.; Matta, B.; Snelson, C.; Whitehouse, T.; Murphy, N.; Veenith, T. The ageing population is neglected in
research studies of traumatic brain injury. Br. J. Neurosurg. 2015, 30, 221-226. [CrossRef] [PubMed]

McCullagh, S.; Feinstein, A. Outcome after mild traumatic brain injury: An examination of recruitment bias. J. Neurol. Neurosurg.
Psychiatry 2003, 74, 39-43. [CrossRef]

Papa, L.; Mendes, M.E.; Braga, C.F. Mild Traumatic Brain Injury Among the Geriatric Population. Curr. Transl. Geriatr. Exp.
Gerontol. Rep. 2012, 1, 135-142. [CrossRef]

Rathlev, N.K.; Medzon, R.; Lowery, D.; Pollack, C.; Bracken, M.; Barest, G.; Wolfson, A.B.; Hoffman, J.R.; Mower, W.R. Intracranial
pathology in elders with blunt head trauma. Acad. Emerg. Med. 2006, 13, 302-307. [CrossRef]

Lee, C.; Beavers, J.; Pham, J.; Hackett, L.; Miller, J.; Buntine, P. Impact of the Canadian CT head rule supplemented by the original
published minimum inclusion criteria to assist emergency department clinicians” assessment of patients presenting post fall from
residential aged care: A retrospective audit. BMC Geriatr. 2022, 22, 607. [CrossRef]

Dupuis, J.; Forestier, G.; Gbessemehlan, A.S.H.; Mounayer, C.; Magne, J.; Rouchaud, A. Revised indications for head CT in elderly
patients with minor traumatic injuries: A retrospective analysis. J. Neuroradiol. 2022. [CrossRef] [PubMed]

Fournier, N.; Gariepy, C.; Prévost, ].F.; Belhumeur, V.; Fortier, E.; Carmichael, PH.; Gariepy, J.L.; Le Sage, N.; Emond, M. Adapting
the Canadian CT head rule age criteria for mild traumatic brain injury. Emerg. Med. J. 2019, 36, 617-619. [CrossRef] [PubMed]
Sullivan, T.R.; Lee, K.J.; Ryan, P; Salter, A.B. Multiple imputation for handling missing outcome data when estimating the relative
risk. BMC Med. Res. Methodol. 2017, 17, 134. [CrossRef] [PubMed]

Styrke, ].; Stalnacke, B.M.; Sojka, P; Bjornstig, U. Traumatic Brain Injuries in a Well-Defined Population: Epidemiological Aspects
and Severity. J. Neurotrauma 2007, 24, 1425-1436. [CrossRef] [PubMed]

Gangavati, A.S.; Kiely, D.K.; Kulchycki, L.K.; Wolfe, R.E.; Mottley, J.L.; Kelly, S.P; Nathanson, L.A.; Abrams, A.P; Lipsitz, L.A.
Prevalence and Characteristics of Traumatic Intracranial Hemorrhage in Elderly Fallers Presenting to the Emergency Department
without Focal Findings. J. Am. Geriatr. Soc. 2009, 57, 1470-1474. [CrossRef] [PubMed]

Riccardi, A.; Frumento, F.; Guiddo, G.; Spinola, M.B.; Corti, L.; Minuto, P; Lerza, R. Minor head injury in the elderly at very low
risk: A retrospective study of 6 years in an Emergency Department (ED). Am. |. Emerg. Med. 2013, 31, 37-41. [CrossRef]
Jeanmonod, R.; Asher, S.; Roper, J.; Vera, L.; Winters, ].; Shah, N.; Reiter, M.; Bruno, E.; Jeanmonod, D. History and physical
exam predictors of intracranial injury in the elderly fall patient: A prospective multicenter study. Am. J. Emerg. Med. 2019, 37,
1470-1475. [CrossRef]

Ikonomovic, M.D.; Mi, Z.; Abrahamson, E.E. Disordered APP metabolism and neurovasculature in trauma and aging: Combined
risks for chronic neurodegenerative disorders. Ageing Res. Rev. 2017, 34, 51-63. [CrossRef] [PubMed]

Liu, H.; Yang, Y,; Xia, Y.; Zhu, W.; Leak, R.K.; Wei, Z.; Wang, J.; Hu, X. Aging of cerebral white matter. Ageing Res. Rev. 2017, 34,
64-76. [CrossRef]

Lee, ].J.; Segar, D.J.; Morrison, ].E.; Mangham, WM.; Lee, S.; Asaad, W.F. Subdural hematoma as a major determinant of short-term
outcomes in traumatic brain injury. J. Neurosurg. 2018, 128, 236-249. [CrossRef]

Yokobori, S.; Nakae, R.; Yokota, H.; Spurlock, M.S.; Mondello, S.; Gajavelli, S.; Bullock, R.M. Subdural hematoma decompression
model: A model of traumatic brain injury with ischemic-reperfusional pathophysiology: A review of the literature. Behav. Brain
Res. 2018, 340, 23-28. [CrossRef]

Dams-O’Connor, K.; Cuthbert, J.P.; Whyte, J.; Corrigan, ].D.; Faul, M.; Harrison; Felix, C.L. Traumatic Brain Injury among Older
Adults at Level I and II Trauma Centers. |. Neurotrauma 2013, 30, 2001-2013. [CrossRef]

Nagurney, ].T.; Borczuk, P.; Thomas, S.H. Elder patients with closed head trauma: A comparison with nonelder patients. Acad.
Emerg. Med. 1998, 5, 678-684. [CrossRef] [PubMed]

Mower, W.R.; Gupta, M.; Rodriguez, R.; Hendey, G.W. Validation of the sensitivity of the National Emergency X-Radiography
Utilization Study (NEXUS) Head computed tomographic (CT) decision instrument for selective imaging of blunt head injury
patients: An observational study. PLoS Med. 2017, 14, €1002313. [CrossRef] [PubMed]

Strand, I.H.; Solheim, O.; Moen, K.G.; Vik, A. Evaluation of the Scandinavian guidelines for head injuries based on a consecutive
series with computed tomography from a Norwegian university hospital. Scand. J. Trauma Resusc. Emerg. Med. 2012, 20, 62.
[CrossRef]


http://doi.org/10.1016/S0140-6736(00)04561-X
http://doi.org/10.1056/NEJM200007133430204
http://doi.org/10.7326/0003-4819-146-6-200703200-00004
http://www.ncbi.nlm.nih.gov/pubmed/17371884
http://doi.org/10.1136/bmj.k3527
http://www.ncbi.nlm.nih.gov/pubmed/30143521
http://doi.org/10.3109/02688697.2015.1119240
http://www.ncbi.nlm.nih.gov/pubmed/26744221
http://doi.org/10.1136/jnnp.74.1.39
http://doi.org/10.1007/s13670-012-0019-0
http://doi.org/10.1197/j.aem.2005.10.015
http://doi.org/10.1186/s12877-022-03284-0
http://doi.org/10.1016/j.neurad.2022.11.006
http://www.ncbi.nlm.nih.gov/pubmed/36402287
http://doi.org/10.1136/emermed-2018-208153
http://www.ncbi.nlm.nih.gov/pubmed/31326953
http://doi.org/10.1186/s12874-017-0414-5
http://www.ncbi.nlm.nih.gov/pubmed/28877666
http://doi.org/10.1089/neu.2007.0266
http://www.ncbi.nlm.nih.gov/pubmed/17892405
http://doi.org/10.1111/j.1532-5415.2009.02344.x
http://www.ncbi.nlm.nih.gov/pubmed/19558474
http://doi.org/10.1016/j.ajem.2012.05.023
http://doi.org/10.1016/j.ajem.2018.10.049
http://doi.org/10.1016/j.arr.2016.11.003
http://www.ncbi.nlm.nih.gov/pubmed/27829172
http://doi.org/10.1016/j.arr.2016.11.006
http://doi.org/10.3171/2016.5.JNS16255
http://doi.org/10.1016/j.bbr.2016.05.055
http://doi.org/10.1089/neu.2013.3047
http://doi.org/10.1111/j.1553-2712.1998.tb02485.x
http://www.ncbi.nlm.nih.gov/pubmed/9678391
http://doi.org/10.1371/journal.pmed.1002313
http://www.ncbi.nlm.nih.gov/pubmed/28700585
http://doi.org/10.1186/1757-7241-20-62

J. Clin. Med. 2023, 12, 982 14 of 14

36. Smits, M.; Dippel, D.W.J.; Nederkoorn, PJ.; Dekker, HM.; Vos, P.E.; Kool, D.R; Van Rijssel, D.A.; Hofman, P.A.M.; Twijnstra, A.;
Tanghe, H.L.].; et al. Minor Head Injury: CT-based Strategies for Management—A Cost-effectiveness Analysis. Radiology 2010,
254, 532-540. [CrossRef]

37. Af Geijerstam, J.L.; Britton, M. Mild head injury: Reliability of early computed tomographic findings in triage for admission.
Emerg. Med. ]. 2005, 22, 103-107. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1148/radiol.2541081672
http://doi.org/10.1136/emj.2004.015396
http://www.ncbi.nlm.nih.gov/pubmed/15662058

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Data Collection 
	Outcomes 
	Statistical Analysis 

	Results 
	Demographic and Clinical Characteristics 
	Computed Tomography after MHI in Elderly Patients 
	CT Decision Rules in Elderly Patients 
	Neurological Deterioration and Deceased Elderly Patients 

	Discussion 
	References

