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Risk of Intracranial Complications in Minor Head Injury:
The Role of Loss of Consciousness and Post-Traumatic
Amnesia in a Multi-Center Observational Study

Kelly A. Foks, Simone A. Dijkland," Hester F. Lingsma,' Suzanne Polinder,' Crispijn L. van den Brand,>*
Korné Jellema Bram Jacobs? Joukje van der Naalt® Ozcan Sir,” Kim E. Jief Guus G. Schoonman?
Myriam G.M. Hunink,'°~'2 Ewout W. Steyerberg,"'® and Diederik W.J. Dippel® and collaborators™

Abstract

Various guidelines for minor head injury focus on patients with a Glasgow Coma Scale (GCS) score of 13—15 and loss of
consciousness (LOC) or post-traumatic amnesia (PTA), while clinical management for patients without LOC or PTA is
often unclear. We aimed to investigate the effect of presence and absence of LOC or PTA on intracranial complications in
minor head injury. A prospective multi-center cohort study of all patients with blunt head injury and GCS score of 15 was
conducted at six Dutch centers between 2015 and 2017. Five centers used the national guideline and one center used a
local guideline—both based on the CT in Head Injury Patients (CHIP) prediction model—to identify patients in need of a
computed tomography (CT) scan. We studied the presence of traumatic findings and neurosurgical interventions in
patients with and without LOC or PTA. In addition, we assessed the association of LOC and PTA with traumatic findings
with logistic regression analysis and the additional predictive value of LOC and PTA compared with other risk factors in
the CHIP model. Of 3914 patients, 2249 (58%) experienced neither LOC nor PTA and in 305 (8%) LOC and PTA was
unknown. Traumatic findings were present in 153 of 1360 patients (11%) with LOC or PTA and in 67 of 2249 patients
(3%) without LOC and PTA. Five patients without LOC and PTA had potential neurosurgical lesions and one patient
underwent a neurosurgical intervention. LOC and PTA were strongly associated with traumatic findings on CT, with
adjusted odds ratios of 2.9 (95% confidence interval [CI] 2.2-3.8) and 3.5 (95% CI 2.7-4.6), respectively. To conclude,
patients who had minor head injury with neither LOC nor PTA are at risk of intracranial complications. Clinical guidelines
should include clinical management for patients without LOC and PTA, and they should include LOC and PTA as
separate risk factors rather than as diagnostic selection criteria.

Keywords: clinical guidelines; loss of consciousness; mild traumatic brain injury; minor head injury; post-traumatic
amnesia

Introduction

EAD INJURY is a common injury seen at emergency depart-
ments, comprising mostly (~90%) patients with minor head
injury."? Besides minor head injury, various other definitions are
used, such as mild traumatic brain injury, minor traumatic brain
injury, or mild head injury.®> Key components of these definitions

are blunt traumatic injury to the head, a Glasgow Coma Scale
(GCS) score of 13—15 on admission, and often loss of conscious-
ness (LOC) or post-traumatic amnesia (PTA).*3

For minor head injury, several clinical guidelines and decision
rules have been developed to help decide which patients are at
higher risk of intracranial complications and need a computed to-
mography (CT) of the head.®™ Some of these clinical guidelines
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were only developed for patients with LOC or PTA, while for
patients without LOC or PTA no scan recommendation was pro-
vided, or clinicians were simply advisd to discharge the patients to
home without a CT (Table 1).'°'* However, it is likely that the
absence of LOC and PTA does not exclude the possibility of in-
tracranial traumatic findings, including a subdural and epidural
hematoma. In many emergency departments only guidelines for
patients with LOC or PTA are used, which may lead to discharge of
high-risk patients without CT.'*

Moreover, LOC and PTA are known risk factors for intracranial
traumatic findings, but have not been added as separate risk factors
in some clinical guidelines (Table 1).“’12’15’16

We hypothesize that although LOC and PTA are important risk
factors for intracranial complications, patients without LOC and
PTA are still at risk of intracranial complications. Therefore, the
aim of our study is to investigate the effect of absence and presence
of LOC and PTA on intracranial complications in a prospective
multi-center study in the Netherlands.

Methods
Study design and setting

Data were prospectively collected in six emergency departments
in the Netherlands between 2015 and 2017."7 The six centers in-
cluded one university center (trauma Level 1) and five non-
university centers (trauma Level 1 [two centers], trauma Level 2
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[one center], trauma Level 3 [two centers]). All centers had an
urban location. We obtained institutional ethics and research board
approval and informed consent was waived.

Inclusion and exclusion criteria

Consecutive patients with blunt traumatic head injury were in-
cluded if they met the following criteria: presentation within 24 h
after blunt trauma to the head, a GCS score of 15 at presentation at
the emergency department, and age 16 years and older. All patients
with a GCS score of 13-14 were excluded because clinical
guidelines will recommend the performance of a head CT regard-
less of the presence of other risk factors. Patients with and without a
head CT were included. All patients transferred from other hospi-
tals were excluded.

Definition of risk factors

Information about risk factors for intracranial complications in-
cluded in the CT in Head Injury Patients (CHIP) prediction rule were
collected as follows: LOC reported by the patient or witness, PTA
reported by the patient, the witness or tested at neurological exam-
ination, age in years, trauma mechanism (pedestrian or cyclist versus
vehicle, ejected from vehicle and fall from any elevation), vomiting,
signs of a skull base fracture (for example: raccoon eyes, battle sign,
cerebrospinal fluid otorrhea, palpable discontinuity, bleeding from
ear), GCS score deterioration (1 or more points) within 1h after
presentation, use of pre-injury anticoagulants, post-traumatic sei-
zure, visible injury to the head (excluding the face), neurological

TABLE 1. GUIDELINE RECOMMENDATIONS FOR CT OF PATIENTS WITH AND WITHOUT LOC AND PTA

Guideline/decision rule Patients with LOC

Patients with PTA

Patients

Patients without LOC without PTA

American College of Emergency  Other risk factor
Physicians guideline for mild
traumatic brain injury’

Canadian CT Head Rule
(CCHR), 2001'°

CT in Head Injury Patients
(CHIP), 20077

Other risk factor

Other risk factor

Other risk factor

Other risk factor

- If PTA >4h
- If PTA 24 h: if other

Other risk factor Other risk factor

No recommendation®*  No recommendation*

Other risk factor Other risk factor

risk factor
- If persistent amnesia: if
other risk factor

European Federation of
Neurological Societies
(EFNS) guideline TBI, 2012%”

National Institute for Health and  Other risk factor
Care Excellence (NICE): head
injury, 2014%

National Emergency X-
Radiography Utilization

Always CT

Other risk factor

Always CT

Other risk factor

Abnormal level of
alertness including

Other risk factor Other risk factor

Other risk factor Other risk factor

Other risk factor Other risk factor

Study (NEXUS) head CT, disorientation
2005
NCWENS guideline for mild Always CT Always CT No CT No CT

head injury, 2001"?

New Orleans Criteria (NOC),
2000"!

Ono, 2007"

Scandinavian guidelines TBI,
2013"

Other risk factor

LOC or PTA
If LOC and

abnormal S100B

Deficits in short-term
memory and LOC

LOC or PTA
No CT

No recommendation”

Other risk factor
Other risk factor

No recommendation

Other risk factor
Other risk factor

Other risk factor: any other risk factor which will lead to performing a head CT, for example vomiting or use of anticoagulation.
*CCHR was only developed for patients with witnessed LOC, definite amnesia, or witnessed disorientation.
#NOC was only developed for patients with GCS 15 and LOC.

CT, computed tomography; LOC, loss of consciousness; PTA, post-traumatic amnesia; NCWENS, Neurotraumatology Committee of the World

Federation of Neurosurgical Societies; S100B, S100 calcium binding protein (biomarker for head injury); GCS, Glasgow Coma Scale.
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deficit (paresis, dysphasia or other such as cranial nerve damage
including diplopia, changes in sensibility, asymmetrical reflexes or
pathological reflexes, coordination problems, and ataxia).” In addi-
tion, information about retrograde amnesia and intoxication with
drugs or alcohol (history or suggestive findings on examination, such
as symmetrical nystagmus, foetor) was collected.

Outcome measures

The primary outcome was any (intra)cranial traumatic finding on
CT, including skull fractures, subdural hematomas, epidural he-
matomas, subarachnoid hemorrhages, cerebral contusions, suspi-
cion of diffuse axonal injury (at least one petechial hemorrhage),
and intraventricular hemorrhages. Secondary outcomes were a 1)
neurosurgical intervention within 30 days after the injury and 2)
any potential neurosurgical lesion, such as epidural hematomas,
large acute subdural hematomas (or mass lesions), large contusions
(or mass lesions), depressed skull fractures or any lesion with a
midline shift or herniation.

Data collection

All eligible patients were included by trained research physi-
cians and the risk factors were collected by taking the patients’
history or information from a witness or family member. The local
guidelines were used to assess which patients needed a head CT."”
Five centers used the national guideline and one center used a local
guideline, both based on the CHIP prediction model, to identify
patients in need of a CT (Appendix 1). Only the initial head CT was
interpreted by (neuro)radiologists for traumatic findings. To ensure
accuracy, a subset of CTs were over-read by neuroradiologists.
Research physicians reviewed the electronic health records 30 days
after the injury to assess information about neurosurgical inter-
ventions. All data were entered in the web-based application
OpenClinica (LCC, Version 3.12.2).

2379

Statistical analysis

Patients were categorized based on the LOC and PTA variables:
all patients with LOC, with PTA, or both were selected for the
group “with LOC or PTA.” All patients without LOC and PTA
were selected for the group “‘without LOC and PTA.”” All patients
with unknown LOC and PTA were selected for the group “‘un-
known LOC and PTA.”

Demographic characteristics, risk factors, and outcome were
described using frequencies and percentages for categorical vari-
ables, and median and interquartile range for continuous variables.

We performed univariable logistic regression analysis to quan-
tify the relevance of LOC and PTA as individual risk factors for the
presence of intracranial traumatic findings on CT and presented the
odds ratios (ORs) and 95% confidence intervals (CIs). In addition,
we performed multivariable logistic regression analysis to assess
the incremental value of LOC and PTA in addition to other risk
factors for intracranial traumatic CT findings present in the CHIP
prediction model. The CHIP model consisted of the following
variables: LOC, PTA, age, pedestrian or cyclist versus vehicle,
ejected from vehicle, vomiting, signs of skull fracture, GCS score
deterioration, use of anticoagulants, seizure, fall from any eleva-
tion, visible injury to the head and neurologic deficit. Four separate
models were created: 1) CHIP model without LOC and PTA; 2)
CHIP model with LOC; 3) CHIP model with PTA; and 4) complete
CHIP model (including LOC and PTA as separate variables). We
compared the variability in outcome explained by the variables by
Nagelkerke R? values of the four models.'®

For univariable and multivariable analysis, missing data (2.4%)
were assumed to be missing at random and imputed based on the
available data of all nine centers in the original study using multiple
imputation (m = 5) with the mice package in R. For patients without
a head CT, the expected outcomes (intracranial traumatic finding
and potential neurosurgical lesion) were imputed based on their risk
factors using multiple imputation.'” All analyses were performed
with R, version 3.3.2 (R foundation for statistical computing,
Vienna, Austria).

patients with minor head injury
and GCS 15

n=3914

A

y

with LOC or PTA

n=1360 (35%)

without LOC and PTA

N=2249 (58%)

unknown LOC and PTA

n=305 (8%)

Includes patients with

only LOC, only PTA or
LOC and PTA

Includes patients with

neither LOC nor PTA

Includes patients with

unknown LOC and
unknown PTA

often unclear policy according to guidelines

FIG. 1.

Flowchart patient categorization. GCS, Glasgow Coma Scale; LOC, loss of consciousness; PTA, post-traumatic amnesia
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Results

During the study period, 4557 consecutive patients with blunt
traumatic head injury were seen at the six emergency departments.
After excluding 643 patients with a GCS score of 13—14 at pre-
sentation, we analyzed 3914 minor head injury patients with a GCS
score of 15.

LOC and PTA

LOC lasted less than 15 min in 962 patients (n =962/3914; 25%)
and in 24 patients (n =24/3914; 1%) it lasted 15 min or more. LOC
was not documented or unknown in 408 patients (n=408/3914;
10%). Most patients with PTA had post-traumatic amnesia for less
than 2h (n=745/3914; 19%), 40 patients (n=40/3914; 1%) be-
tween 2 and 4 h, and 31 patients (n=31/3914; 1%) for more than
4h. The majority of patients did not experience LOC (n=2520/
3914; 64%) or PTA (n=2816/3914; 72%). PTA was not docu-
mented or unknown in 282 patients (n=282/3914; 7%).

Baseline characteristics

Of all patients, 1360 (n=1360/3914; 35%) had LOC or PTA,
2249 (n=2249/3914; 58%) had no LOC and PTA, and 305 patients
(n=305/3914; 8%) had unknown LOC and PTA (Fig. 1).

The patients with LOC or PTA were slightly younger than the
patients without LOC and PTA (median 50.5 vs. median 53 years;
Table 2). More patients without LOC and PTA used anticoagulants
before the injury than patients with LOC or PTA (n=227/2249;
12% vs. n=105/1360; 8%). Patients with LOC or PTA were more

FOKS ET AL.

often intoxicated with alcohol or drugs (n=351/1360; 26% vs.
n=284/2249; 13%) and vomited (n=133/1360; 10% vs. n=382/
2249; 4%) more often than patients without LOC and PTA.

QOutcome

Most patients underwent a head CT (n=3109/3914; 79%) and
246 patients (n=246/3914; 6%) had a traumatic intracranial finding
on CT, mostly traumatic subarachnoid hemorrhage (n=111/3914;
3%) or an acute subdural hematoma (n=91/3914; 2%; Table 3).
A potential neurosurgical lesion was found in 32 patients (n=32/
3914; 1%) and eight patients (n=8/3914; 0.2%) underwent a
neurosurgical intervention.

Almost 70% of the patients without LOC and PTA (n=1531/
2249; 68%) underwent a head CT and 67 patients (n=67/2249; 3%)
had intracranial traumatic findings (Table 3). These 67 patients had
a median age of 74 years (interquartile range 44.5-84.0 years), 12
patients (n=12/67; 18%) used anticoagulation and 10 patients
(n=10/67; 15%) were intoxicated with drugs or alcohol. Two pa-
tients vomited twice or more (2/67; 3%) and one patient had a post-
traumatic seizure. Three patients had signs of a skull base fracture
(n=3/67; 5%), two patients had a new neurological deficit (n=2/
67; 3%), and 45 patients had a visible injury to the head (45/67;
67%). Five patients (n=5/2249; 0.2%) had a potential neurosur-
gical lesion; all had a small epidural hematoma, and one patient
also had a depressed skull fracture. One patient (n=1/2249; 0.0%)
underwent a neurosurgical intervention because of a depression
fracture and a small epidural hematoma.

TABLE 2. BASELINE CHARACTERISTICS

All patients ~ With LOC or PTA  Without LOC and PTA  Unknown LOC and PTA
(n=3914) (n=1360) (n=2249) (n=305)

Demographics
Age in years, median (IQR) 53 (30-73) 50.5 (29-68) 53 (31-75) 62 (38-79)
Sex, n male 2241 (57%) 814 (60%) 1247 (55%) 180 (59%)
Use of anticoagulants® 421 (11%) 105 (8%) 277 (12%) 39 (13%)
Injury descriptives
Mechanism of injury”

- Pedestrian or cyclist vs. vehicle 106 (3%) 38 (3%) 50 (2%) 18 (6%)

- Road traffic accident vehicle or motor 410 (11%) 125 (9%) 250 (11%) 35 (12%)

- Fall from height 574 (15%) 220 (16%) 302 (13%) 52 (17%)

- Fall from standing 1574 (40%) 584 (43%) 905 (40%) 85 (28%)

- Assault 432 (11%) 154 (11%) 238 (11%) 40 (13%)

- Other* 790 (20%) 219 (16%) 503 (22%) 68 (22%)
Ejected from vehicle® 127 (3%) 48 (4%) 69 (3%) 10 3%)
Fall from any elevation® 743 (19%) 310 (23%) 384 (17%) 49 (16%)
Intoxication with drugs or alcohol® 758 (19%) 351 (26%) 284 (13%) 123 (40%)
Symptoms
Retrograde amnesia’ 339 (9%) 300 (22%) 15 (1%) 24 (8%)
Vomiting® 240 (6%) 133 (10%) 82 (4%) 25 (8%)
Neurological deficit"* 94 (2%) 40 (3%) 49 (2%) 5 2%)
Seizure' ) 27 (1%) 22 (2%) 4 (0.2%) 1 (0.3%)
Visible injury of the head’ 2202 (56%) 756 (56%) 1267 (56%) 179 (59%)
Signs of skull fracture® 102 (3%) 49 (4%) 45 (2%) 8 (3%)
GCS score deterioration' * 11 (0.3%) 9 (1%) 2 (0.1%) -

*Missing 1= 13, 0.3%; "missing n=28, 1%; “missing n=42; 1%; “missing n=22, 1%, © missing n=66, 2%; " missing n=386, 10%; £ missing n =38,

1%; " missing n=128, 3%; ' missing n=42, 1%; ' missing n=19, 1%; * missing n=20, 1%; ' missing n=15, 0.4%.

*Includes patients with mild head injury such as bump head against object.
**History or suggestive findings on examination (for example nystagmus, abnormal walking, etc.).
#GCS deterioration (1 or more points) 1h after presentation at the emergency department.

LOC, loss of consciousness; PTA, post-traumatic amnesia; IQR, interquartile range; GCS, Glasgow Coma Scale.
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TABLE 3. PRIMARY AND SECONDARY OUTCOMES

All patients With LOC or PTA Without LOC and PTA Unknown LOC and PTA

Outcome (n=3914) (n=1360) (n=2249) (n=305)
CT performed 3109 (79%) 1285 (95%) 1531 (68%) 293 (96%)
Traumatic findings on CT 246 (6%) 153 (11%) 67 (3%) 26 (9%)

Skull fracture 82 (2%) 51 (4%) 25 (1%) 6 (2%)

- Linear skull fracture 46 (1%) 31 %) 12 (1%) 3 (1%)

Epidural hematoma 18 (1%) 13 (1%) 5 (0.2%) -

Acute subdural hematoma 91 (2%) 56 (4%) 23 (1%) 12 (4%)

Contusion 68 (2%) 46 (3%) 14 (1%) 8 (3%)

Subarachnoid hemorrhage 111 (3%) 82 (6%) 20 (1%) 9 (3%)
Potential neurosurgical lesion 32 (1%) 26 (2%) 5 (0.2%) 1 (0.3%)
Neurosurgical intervention 8 (0.2%) 7 (1%) 1 (0.0%) -

LOC, loss of consciousness; PTA, post-traumatic amnesia; CT, computed tomography.

Of the 305 patients with unknown LOC and PTA, the majority
underwent a head CT (n=293/305; 96%). In 26 patients (n=26/
305; 9%) intracranial traumatic findings were found and one patient
(n=1/305; 0.3%) had a potential neurosurgical lesion, a large acute
subdural hematoma (Table 3).

No other risk factors

There were 42 (n=42/1360; 3%) patients with LOC or PTA who
did not have other risk factors of the CHIP model for intracranial
abnormalities and none of these patients had intracranial traumatic
findings on CT. There were 69 (n=69/2249; 3%) patients without
LOC and PTA who did not have other risk factors of the CHIP
model. Of these, one patient (n=1/2249; 0.04%) had an intracranial
traumatic finding on CT (a small contusion), and none had potential
neurosurgical lesions or underwent a neurosurgical intervention.
Eight patients (n=8/305; 3%) with unknown LOC and PTA had no
other risk factors of the CHIP model, and none of these patients had
intracranial traumatic findings on CT.

Predictive value of LOC and PTA

Univariable logistic regression analysis for the association be-
tween LOC and an intracranial traumatic finding on CT yielded an
OR of 3.0 (95% CI 2.4-3.9; Table 4). For PTA, the OR was 3.8
(95% CI12.9-4.9). For LOC and PTA, the OR was 4.1 (95% CI 3.1-
5.3). Multivariable logistic regression analysis for the association
between LOC and an intracranial traumatic finding on CT yielded
an adjusted OR of 2.9 (95% CI 2.2-3.8). For PTA, the adjusted OR
was 3.5 (95% CI 2.7-4.6).

In multivariable logistic regression analysis, the CHIP predic-
tion model without LOC and PTA had a R of 6%. The CHIP model
with addition of LOC as a predictor had a R* of 10% and with the
addition of PTA as a predictor a R* of 12% (Fig. 2). After adding
both LOC and PTA as predictors, the R? increased to 13% (Fig. 2).

Discussion

In this study of patients with blunt traumatic head injury and a
GCS score of 15, we confirmed that both LOC and PTA are im-
portant risk factors for identifying traumatic intracranial findings
on CT. Nevertheless, among more than half of the patients who did
not experience LOC and PTA, a small proportion had traumatic
intracranial findings on CT and one patient underwent a neuro-
surgical intervention. Almost all patients with unknown LOC and

PTA underwent a head CT and in a small portion, traumatic in-
tracranial findings were found.

Our study shows a strong association of LOC and PTA with
traumatic findings on CT. In previous studies, univariable logistic
regression analyses yielded ORs for LOC between 1.9 and 6.5 and
for PTA between 1.7 and 6.3.7'>'972! Because these studies all
used different inclusion criteria and definitions of outcome and
variables, the associations are difficult to compare head to head.
However, these studies all show that LOC and PTA should be
included as risk factors in guidelines for minor head injury. This is
confirmed in our study.

Patients with LOC or PTA are at higher risk of intracranial
complications than patients without LOC and PTA, but the risk in
patients without LOC and PTA should not be ignored. In the past,
the risk of intracranial complications in patients without LOC or
PTA was estimated to be low and a head CT did not seem neces-
sary.?? This resulted in still widely used guidelines that exclude
patients without LOC and PTA for imaging. However, in a few
studies, the occurrence of traumatic lesions in patients without LOC
and PTA was described and ranged between 2.9-10%.'>2!232* This
is similar to our results and confirms our hypothesis that the risk of
complications in patients without LOC and PTA is not always
negligible. It should be noted that in our study, where centers used
the CHIP rule, the majority of patients without LOC and PTA were
scanned because they had other risk factors. Only a small portion of
the patients without LOC and PTA had no other risk factors.

With the increasing prevalence of patients with minor head in-
jury presenting at the emergency departments, it is important that
adequate guidelines are used to help decide if patients need a head

TABLE 4. UNIVARIABLE ANALYSIS OF LOC AND PTA
FOR IDENTIFICATION OF TRAUMATIC FINDINGS ON CT

Number of

Number of  patients with Odds ratio
Variable patients  traumatic finding  (95% CI)
LOC 1184 147 3.0 (2.4-3.9)
PTA 904 135 3.8 (2.9-4.9)
LOC or PTA 1449 172 33 (2.543)
LOC and PTA 639 110 4.1 (3.1-5.3)
No LOC, no PTA 2465 97 0.3 (0.2-0.4)

Calculated after imputation of missing data.
LOC, loss of consciousness; PTA, post-traumatic amnesia; CT,
computed tomography; CI, confidence interval.
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FIG. 2. Cumulative prognostic value of LOC and PTA in
multivariable logistic regression analysis for identification of
traumatic findings on computed tomography (CT). Model: trau-
matic findings on CT ~ age + pedestrian or cyclist versus vehicle
+ ejected from vehicle + vomiting + signs of skull fracture +
Glasgow Coma Scale score deterioration + use of anticoagulants +
seizure + fall from any elevation + visible injury to the head + neu-
rologic deficit. Model +LOC and PTA is the CT in Head Injury
Patients (CHIP) prediction rule. R-squared =the proportion of vari-
ability in outcome explained by the variables. Calculated after im-
putation of missing data. PTA, post-traumatic amnesia, LOC, loss of
consciousness.

CT.>* If guidelines only apply to a subgroup of patients, such as
patients with LOC or PTA, clinical management for the patients
without LOC and PTA is not clear. This results in practice variation
with unnecessary scanning or discharge of patients at risk. Further,
clinical management is unclear not only for patients without LOC
and PTA, but also for patients with unknown LOC or PTA. After
sustaining a head injury, it is not uncommon that patients do not
know whether or not they experienced LOC or PTA, especially
when there was no relative or witness present. In our study we
found that in 8% of the patients LOC and PTA was unknown and
that 9% of these patients had a traumatic finding on CT. Patients
with unknown LOC and PTA were older and more often in-
toxicated with alcohol or drugs, which could lead to performing a
CT regardless of presence of any other risk factors.

Two other studies described the proportion of patients with
unknown LOC or PTA; 18-32% for LOC and 10-24% for PTA.”*°
However, in most other studies the proportion of patients with
missing or unknown LOC and PTA was never mentioned. Our
results suggest that clinical guidelines for minor head injury should
not only include LOC and PTA as separate risk factors, but they
should also be made applicable to patients without and unknown
LOC and PTA. Examples of guidelines that comply with these
requisites are the National Institute for Health and Care Excellence
(NICE) head injury guideline, the CHIP prediction rule, and the
American College of Emergency Physicians (ACEP) guideline for
mild traumatic brain injury.”” In the future, clinical guidelines
might be improved by incorporating blood-based biomarkers
to predict intracranial traumatic findings on CT, although the
additional diagnostic value of these biomarkers over clinical
characteristics remains to be established.>”?® For instance, the
opportunities for improvement of the CHIP prediction model are
reflected by the relatively small R* values of the full model (< 15%:;
Fig. 2). Substantial variability may be explained by risk factors that
have not (yet) been included in the CHIP prediction model.

An important strength of this study is that all consecutive blunt
head injury presenting at the emergency department were included.

FOKS ET AL.

Studies in minor head injury patients often only include patients
with a CT or patients with specific risk factors and a CT, causing the
analysis to be limited to a subgroup of all patients with minor head
injury presenting at the emergency department. However, this
strength is also associated with a limitation of our study, being that
the outcome of all patients without a CT (21%) was imputed for the
univariable and multivariable analyses. In the participating centers,
assessment whether or not patients with minor head injury needed a
CT was based on national or local guidelines, and it was not feasible
to acquire a CT in all patients for the purpose of this study. Therefore,
we collected all possible risk factors and imputed the outcome based
on these risk factors and patients with known outcome using multiple
imputation. This resulted in an estimate of 18 more patients with a
traumatic intracranial finding on CT and no patients with potential
neurosurgical lesions. Further, variability in local guideline adher-
ence may have influenced CT use. Unfortunately, information on
guideline adherence was not available in our study.

Other limitations should also be acknowledged. For instance, no
gold standard for PTA assessment exists and there is controversy
about the preferred method to measure the presence and duration of
PTA. Most centers in this study assessed PTA by asking the patients a
few orientation questions, which could lead to discrepancies of the
PTA duration. Additionally, patients undergoing a neurosurgical in-
tervention in a different hospital might have been missed. However,
we believe this is unlikely because the participating centers were all
primary neurosurgery centers in the area. Nevertheless, we used po-
tential neurosurgical lesion as a secondary outcome, and those find-
ings were not affected by missing neurosurgical interventions.

To conclude, patients with neither LOC nor PTA are at risk of
intracranial complications if other risk factors are present. This risk
is low, but a low risk of a potential neurosurgical lesion or neuro-
surgical intervention is not negligible. Further, identification of
intracranial traumatic findings causes a change in management,
such as admission to the hospital for observation, temporary stop of
oral anticoagulation, and a different follow-up policy. Clinicians
should be aware of the risk of intracranial complications in patients
without LOC and PTA, and clinical guidelines should include pa-
tients without LOC and PTA, such as the NICE head injury
guideline, the CHIP rule, and the ACEP mild traumatic brain injury
guideline. In addition, we confirmed that LOC and PTA are im-
portant risk factors in blunt traumatic head injury and we recom-
mend that guidelines should include LOC and PTA as separate risk
factors rather than as diagnostic selection criteria.

Collaborators

Menno I Gaakeer, Charlotte E Schutte, Huib F Visee, Hugo den
Boogert, Eef Reijners, Meriam Braaksma, Eline de Jong, and Peter
Patka.

Author Disclosure Statement

MGMH and DWJD were the principle investigators of the CHIP
development study.
No competing financial interests exist.

References

1. Peeters, W., van den Brande, R., Polinder, S., Brazinova, A., Steyerberg,
E.W., Lingsma, H.F., and Maas, A.I. (2015). Epidemiology of traumatic
brain injury in Europe. Acta Neurochir. (Wien.) 157, 1683-1696.

2. Maas, ALR., Menon, D.K., Adelson, P.D., Andelic, N., Bell, M.J.,
Belli, A., Bragge, P., Brazinova, A., Buki, A., Chesnut, R.M., Citerio,
G., Coburn, M., Cooper, D.J., Crowder, A.T., Czeiter, E., Czosnyka,



Downloaded by University of Groningen Netherlands from www.liebertpub.com at 11/02/21. For personal use only.

LOC AND PTA IN MINOR HEAD INJURY

10.

11.

12.

14.

M., Diaz-Arrastia, R., Dreier, J.P., Duhaime, A.C., Ercole, A., van
Essen, T.A., Feigin, V.L., Gao, G., Giacino, J., Gonzalez-Lara, L.E.,
Gruen, R.L., Gupta, D., Hartings, J.A., Hill, S., Jiang, J.Y., Kethar-
anathan, N., Kompanje, E.J.O., Lanyon, L., Laureys, S., Lecky, F.,
Levin, H., Lingsma, H.F., Maegele, M., Majdan, M., Manley, G.,
Marsteller, J., Mascia, L., McFadyen, C., Mondello, S., Newcombe, V.,
Palotie, A., Parizel, P.M., Peul, W, Piercy, J., Polinder, S., Puybasset, L.,
Rasmussen, T.E., Rossaint, R., Smielewski, P., Soderberg, J., Stanworth,
S.J., Stein, M.B., von Steinbuchel, N., Stewart, W., Steyerberg, E.-W.,
Stocchetti, N., Synnot, A., Te Ao, B., Tenovuo, O., Theadom, A., Tib-
boel, D., Videtta, W., Wang, K.K.W., Williams, W.H., Wilson, L., and
Yaffe, K.; InTBIR Participants and Investigators. (2017). Traumatic
brain injury: integrated approaches to improve prevention, clinical care,
and research. Lancet Neurol 16, 987-1048.

. Shukla, D. and Devi, B.I. (2010). Mild traumatic brain injuries in

adults. J. Neurosci. Rural Pract. 1, 82-88.

. Kristman, V.L., Borg, J., Godbolt, A.K., Salmi, L.R., Cancelliere, C.,

Carroll, L.J., Holm, L.W., Nygren-de Boussard, C., Hartvigsen, J.,
Abara, U., Donovan, J., and Cassidy, J.D. (2014). Methodological
issues and research recommendations for prognosis after mild trau-
matic brain injury: results of the International Collaboration on Mild
Traumatic Brain Injury Prognosis. Arch. Phys. Med. Rehabil. 95,
$265-S277.

. Carroll, L.J., Cassidy, J.D., Holm, L., Kraus, J., and Coronado, V.G.;

WHO Collaborating Centre Task Force on Mild Traumatic Brain In-
jury. (2004). Methodological issues and research recommendations for
mild traumatic brain injury: the WHO Collaborating Centre Task
Force on Mild Traumatic Brain Injury. J. Rehabil. Med. 113-125.

. Pandor, A., Goodacre, S., Harnan, S., Holmes, M., Pickering, A.,

Fitzgerald, P., Rees, A., and Stevenson, M. (2011). Diagnostic man-
agement strategies for adults and children with minor head injury: a
systematic review and an economic evaluation. Health Technol. As-
sess. 15, 1-202.

. Smits, M., Dippel, D.W., Steyerberg, E.-W., de Haan, G.G., Dekker,

H.M.,, Vos, P.E., Kool, D.R., Nederkoorn, P.J., Hofman, P.A., Twijn-
stra, A., Tanghe, H.L., and Hunink, M.G. (2007). Predicting intracra-
nial traumatic findings on computed tomography in patients with minor
head injury: the CHIP prediction rule. Ann. Intern. Med. 146, 397—405.

. National Clinical Guideline Centre (UK). (2014). Head Injury Triage,

assessment, investigation and early management of head injury in
children, young people and adults. https://www.ncbi.nlm.nih.gov/
books/NBK248061. Accessed March 19, 2019.

. Jagoda, A.S., Bazarian, J.J., Bruns, J.J. Jr., Cantrill, S.V., Gean, A.D.,

Howard, P.K., Ghajar, J., Riggio, S., Wright, D.W., Wears, R.L.,
Bakshy, A., Burgess, P., Wald, M.M., and Whitson, R.R.; American
College of Emergency Physicians; Centers for Disease Control and
Prevention. (2008). Clinical policy: neuroimaging and decisionmaking
in adult mild traumatic brain injury in the acute setting. Ann. Emerg.
Med. 52, 714-748.

Stiell, I.G., Wells, G.A., Vandemheen, K., Clement, C., Lesiuk, H.,
Laupacis, A., McKnight, R.D., Verbeek, R., Brison, R., Cass, D.,
Eisenhauer, M.E., Greenberg, G., and Worthington, J. (2001). The
Canadian CT Head Rule for patients with minor head injury. Lancet
357, 1391-1396.

Haydel, M.J., Preston, C.A., Mills, T.J., Luber, S., Blaudeau, E., and
DeBlieux, P.M. (2000). Indications for computed tomography in pa-
tients with minor head injury. N. Engl. J. Med. 343, 100-105.
Unden, J., Ingebrigtsen, T., and Romner, B.; Scandinavian Neuro-
trauma Committee (SNC). (2013). Scandinavian guidelines for initial
management of minimal, mild and moderate head injuries in adults: an
evidence and consensus-based update. BMC Med. 11, 50.

. Servadei, F., Teasdale, G., and Merry, G.; Neurotraumatology Com-

mittee of the World Federation of Neurosurgical Societies. (2001).
Defining acute mild head injury in adults: a proposal based on prog-
nostic factors, diagnosis, and management. J. Neurotrauma 18, 657—
664.

Foks, K.A., Cnossen, M.C., Dippel, D.W.J., Maas, A., Menon, D., van
der Naalt, J., Steyerberg, E-W., Lingsma, H., and Polinder, S. (2017).
Management of mild traumatic brain injury at the emergency de-
partment and hospital admission in Europe: a survey of 71 neuro-
trauma centers participating in the CENTER-TBI study. J.
Neurotrauma 2017 Apr 11; Epub ahead of print.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2383

. Smits, M., Hunink, M.G., Nederkoorn, P.J., Dekker, HM., Vos, P.E.,

Kool, D.R., Hofman, P.A., Twijnstra, A., de Haan, G.G., Tanghe, H.L.,
and Dippel, D.W. (2007). A history of loss of consciousness or post-
traumatic amnesia in minor head injury: ““conditio sine qua non” or one
of the risk factors? J. Neurol. Neurosurg. Psychiatry 78, 1359-1364.

. Mower, W.R., Gupta, M., Rodriguez, R., and Hendey, G.W. (2017).

Validation of the sensitivity of the National Emergency X-
Radiography Utilization Study (NEXUS) Head computed tomo-
graphic (CT) decision instrument for selective imaging of blunt head
injury patients: an observational study. PLoS Med 14, e1002313.
Foks, K.A., van den Brand, C.L., Lingsma, H.F., van der Naalt, J.,
Jacobs, B., de Jong, E., den Boogert, H.F., Sir, O., Patka, P., Polinder,
S., Gaakeer, M.I,, Schutte, C.E., Jie, K.E., Visee, H.F., Hunink,
M.G.M.,, Reijners, E., Braaksma, M., Schoonman, G.G., Steyerberg,
E.W,, Jellema, K., and Dippel, D.W.J. (2018). External validation of
computed tomography decision rules for minor head injury: prospec-
tive, multicentre cohort study in the Netherlands. BMJ 362, k3527.
Lingsma, H.F., Roozenbeek, B., Steyerberg, E.-W., Murray, G.D., and
Maas, A.L. (2010). Early prognosis in traumatic brain injury: from
prophecies to predictions. Lancet Neurol. 9, 543-554.

Ono, K., Wada, K., Takahara, T., and Shirotani, T. (2007). Indications
for computed tomography in patients with mild head injury. Neurol.
Med. Chir. (Tokyo) 47, 291-297.

Fabbri, A., Servadei, F., Marchesini, G., Dente, M., lervese, T., Spada,
M., and Vandelli, A. (2005). Clinical performance of NICE recom-
mendations versus NCWENS proposal in patients with mild head in-
jury. J. Neurotrauma 22, 1419-1427.

Ibanez, J., Arikan, F., Pedraza, S., Sanchez, E., Poca, M.A., Ro-
driguez, D., and Rubio, E. (2004). Reliability of clinical guidelines in
the detection of patients at risk following mild head injury: results of a
prospective study. J. Neurosurg. 100, 825-834.

Teasdale, G.M., Murray, G., Anderson, E., Mendelow, A.D., Mac-
Millan, R., Jennett, B., and Brookes, M. (1990). Risks of acute trau-
matic intracranial haematoma in children and adults: implications for
managing head injuries. BMJ 300, 363-367.

Sharif-Alhoseini, M., Khodadadi, H., Chardoli, M., and Rahimi-
Movaghar, V. (2011). Indications for brain computed tomography
scan after minor head injury. J. Emerg. Trauma Shock 4, 472-476.
Sheehan, A. and Batchelor, J.S. (2012). A retrospective cohort study to
re-evaluate clinical correlates for intracranial injury in minor head
injury. Emerg. Med. J. 29, 899-901.

Van den Brand, C.L., Karger, L.B., Nijman, S.T., Hunink, M.G., Patka,
P., and Jellema, K. (2017). Traumatic brain injury in the Netherlands,
trends in emergency department visits, hospitalization and mortality
between 1998 and 2012. Eur. J. Emerg. Med. 25, 355-361.

Strand, I.H., Solheim, O., Moen, K.G., and Vik, A. (2012). Evaluation
of the Scandinavian guidelines for head injuries based on a consecu-
tive series with computed tomography from a Norwegian university
hospital. Scand. J. Trauma Resusc. Emerg. Med. 20, 62.

Bazarian, J.J., Biberthaler, P., Welch, R.D., Lewis, L.M., Barzo, P.,
Bogner-Flatz, V., Gunnar Brolinson, P., Buki, A., Chen, J.Y., Chris-
tenson, R.H., Hack, D., Huff, J.S., Johar, S., Jordan, J.D., Leidel, B.A.,
Lindner, T., Ludington, E., Okonkwo, D.O., Ornato, J., Peacock, W.F.,
Schmidt, K., Tyndall, J.A., Vossough, A., and Jagoda, A.S. (2018).
Serum GFAP and UCH-L1 for prediction of absence of intracranial
injuries on head CT (ALERT-TBI): a multicentre observational study.
Lancet Neurol. 17, 782-789.

Maas, A.LR. and Lingsma, H.F. (2018). ALERT-TBI study on bio-
markers for TBI: has science suffered? Lancet Neurol. 17, 737-738.

Address correspondence to:

Kelly A. Foks, PhD(c)

Department of Public Health

Erasmus MC University Medical Center Rotterdam
PO Box 2040

3000 CA Rotterdam

the Netherlands

E-mail: k.foks@erasmusmc.nl

(Appendix follows —)


https://www.ncbi.nlm.nih.gov/books/NBK248061
https://www.ncbi.nlm.nih.gov/books/NBK248061

Downloaded by University of Groningen Netherlands from www.liebertpub.com at 11/02/21. For personal use only.

2384

FOKS ET AL.

APPENDIX 1. OVERVIEW OF CT GUIDELINES USED IN THE PARTICIPATING CENTERS

National guideline

Local guideline

Number of centers
One or more major criteria

Two or more minor criteria

5

GCS <15 (including persisting PTA)

2 or more points deterioration in GCS (1h after
presentation)

Vomiting

Post-traumatic seizure

Signs of skull fracture

Pedestrian or cyclist versus vehicle

Ejected from motor vehicle

Post-traumatic amnesia >4 h
Use of anticoagulants

Focal neurologic deficit

Suspicion of intracranial injury after focal ‘‘high
impact’ injury

Fall from any elevation

Loss of consciousness

Post-traumatic amnesia 2-4 h

Visible injury to the head, excluding the face
(without signs of fracture)

1 point deterioration in GCS (1 h post-
presentation)

Age >40 years

1

GCS <15

2 or more points deterioration in GCS (1h after
presentation)

Vomiting

Post-traumatic seizure

Age 260 years

Signs of skull fracture

Dangerous mechanism (pedestrian or cyclist versus
vehicle; ejected from motor vehicle; Fall from
more than 1 m or five stairs; or equivalent
mechanism)

Post-traumatic amnesia >4 h

Coagulopathy, e.g., use of coumarin derivate (INR
>1.7), NOAC:s, or chronic alcohol abuse

Focal neurologic deficit

Intoxication that impairs neurological examination

Fall from <1 m

Loss of consciousness

Post-traumatic amnesia 2-4 h

Persisting post-traumatic amnesia (recall deficit)
Traumatic injury above the clavicles

1 point deterioration in GCS (1 h post-presentation)

Age 40-60 years

CT, computed tomography; GCS, Glasgow Coma Scale; PTA, post-traumatic amnesia; INR, international normalized ratio; NOACs, new oral

anticoagulants.



