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Head trauma is a common presentation in the Emergency Department (ED), ranging from skull fractures, minor traumatic
brain injuries (TBIs) to severe TBIs in polytraumas. In moderate traumatic brain injuries, patient assessment and diagnostic
work-ups can be ameliorated with the application of Clinical Decision Rules (CDRs) such as the Canadian CT Head Rule
(CCHR) and the National Institute for Care and Excellence (NICE) guidelines. Optimal adherence to these CDRs greatly ben-
efits patients, reduces waiting times, ED overcrowding, mortality and ED clinician pitfalls. The aim of this report is to provide
the reader with a brief review of the CCHR and NICE guidelines, which are implemented in Dubrava University Hospital, with
an overview as to how our ED collaborates with its neurosurgical team and other surgical specialists in situations of poly-
trauma and TBI patients, mainly focusing on TBI. In addition, we will introduce the Dubrava Model, one of the neurotrauma
models implemented in fast treatment of TBIS in rural hospitals devoid of resident neurosurgeon.
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INTRODUCTION

Head trauma is a common occurrence in the Emergen-
cy Department (ED) and is a broad term encompass-
ing various types of craniofacial injuries (1). Traumatic
brain injury (TBI) is brain injury and impairment of
brain function due to mechanical forces, which caus-
es great mortality and morbidity worldwide (1-3). In
traumas, the most frequent cause of early death was
exsanguination (3). Survival and neurological deficits
depend on the extent of brain injury, both primary
(initial trauma) and secondary (hypotension, hypoxia,

brain edema) injuries, which warrant prompt anesthe-
tist and neurosurgical intervention with computed to-
mography (CT) scanning (4,5).

The estimated incidence of TBI is highest in North
America and Europe; approximately 69 million indi-
viduals worldwide are reported to suffer TBI each year
(6). The majority of TBIs are attributed to falls (old-
er population and alcoholics) and motor vehicle col-
lisions (MVC) (younger adults) (1,6). The Centers for
Disease Control and Prevention (CDC) report that TBI
accounts for a considerable portion of the global in-
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jury burden due to health loss, disability, health care
systems and high health care costs (7). The incidence
of TBI will continue to increase due to population ag-
ing, increase in population density and increase in the
number of motor vehicles and bicyclists (8). In 2014,
the CDC reported that an average of 155 people in the
United States died each day from injuries that included
TBI (7), and it is pertinent to suspect TBI in all poly-
traumatized patients in the ED. Priority in the ED is
to stabilize patient airway, breathing, maintaining ad-
equate ventilation and intubation, where required
(severe TBI) and circulation (Airway, Breathing, Cir-
culation, Disability, Exposure, ABCDE). The clinician
must perform fast primary assessment (examination),
work with a multidisciplinary team and use appropri-
ate radiological interventions. Polytrauma (multiple
trauma), according to the new Berlin definition, is an
Abbreviated Index Score (AIS) =3 involving two or
more areas of the body and including one of the fol-
lowing: hypotension (systolic blood pressure <90 mm
Hg), unconsciousness (Glasgow Coma Scale (GCS)
score <8), acidosis (base excess <-6.0), coagulopathy
(International Normalized Ratio (INR) >1.4 or partial
prothrombin time (PTT) 240 s) or 70 years of age (9).

The aim of this article is to review some of the pitfalls
in the ED in adult and geriatric examination and to
demonstrate that by utilizing Clinical Decision Rules
(CDR), such as the Canadian CT Head Rule (CCHR)
and the National Institute for Health and Care Excel-
lence (NICE) guidelines, both adapted and integrat-
ed in Dubrava University Hospital, assist clinicians in
determining when to use CT imaging. We will review
the pitfalls in the underusage of CDRs, overuse of head
CT imaging, neurological examination, anticoagulant
therapies, and the effects of alcohol consumption. We
will also introduce the reader into the Dubrava Model
implemented in fast treatment of TBIs in rural areas
where a neurosurgical team is not available in EDs.

Canadian CT Head Rule

The CCHR was published in 2001 by Stiell et al. at the
University of Ottawa, and was developed as a clinical
tool to predict which patients having suffered ‘minor’
head injury warranted CT head scan (10,16); details
are listed in Table 1. This CDR was designed to assist in
the ED physician decision making, reduce the number
of unwarranted CT scans, avoid unnecessary patient
radiation exposure, reduce waiting times in the ED,
and spare resources (16). This prospective study was
designed for ‘minor’ head injuries only and the CCHR
should only be used in patients having one of the fol-
lowing: 1) witnessed loss of consciousness (LOC); 2)
amnesia for the injury; or 3) confusion after the injury.
In addition, if the patient has GCS 13-15 on ED arriv-
al, and the injury occurred within the last 24 hours,
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these patients will require head CT scan (16). Thus,
the CCHR is not used in those with ‘minimal’ head in-
juries or those with minor head injury not exhibiting
neurological symptoms (16). The misinterpretation of
inclusion and exclusion criteria is a major pitfall. Inclu-
sion criteria refer to patients who were involved in the
study to devise the CCHR and exclusion criteria were
patients not used in the study. In addition, not all indi-
viduals aged 265 with minor head trauma will require
CT scan unless they are on anticoagulant or antiplatelet
therapy or unless they exhibit neurological symptoms.
The mechanism of injury should always be considered
in head trauma. The patient may have GCS 15, no loss
of consciousness, amnesia or confusion, and still re-
quire detailed diagnostic workup (Figure 1).

Table 1. The Canadian Head CT Rule. Indications for CT
head scan required in minor head trauma (by the courtesy of
Stiell IG, Lesiak H, Wells GA et al. The Canadian Head CT
Rule for Minor Head Injury. Lancet 2001;367:1391-6).

FIVE HIGH RISK CRITERIA

1. Glasgow Coma Scale <15 two
hours post-injury

MEDIUM RISK CRITERIA

1. Amnesia before impact =30 minutes

2. Dangerous mechanism (pedestrian struck
by vehicle, occupant ejected from vehicle,
fall from elevation >3 feet or 5 stairs)

2. Suspected open or depressed
skull fracture

3. Any sign of basal skull fracture

4. Vomiting >2 episodes

5. Age >65 years

Exclusion criteria: non-trauma cases, Glasgow Coma
Scale 213, age 216, Coumadin or bleeding disorder,
obvious open skull fractures

Fig. 1. Head injury in a 59-year-old female after falling down
a metal spiral staircase (>5 stairs, medium risk criteria as per
the CCHR). GCS 15 and unremarkable pupillary reactivity.
No loss of consciousness with full reconstruction of events,
no episodes of vomiting. No findings on CT head scan. The
patient was discharged after wound suturing and a 6-hour
observation period.
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The National Institute for Health and Care Excellence
(NICE) Guidelines for Head Injury

In 2002, the National Institute for Health and Care
Excellence (NICE) released its guidelines on head in-
juries and CT recommendations based on the CCHR
but with some modifications (10). These modifications
include that CT is now the primary modality in as-
sessing head injuries, CT head scan is required within
1 hour of the risk factor being identified, patients on
anticoagulation treatment should have CT head scan
within 8 hours of the injury and more than 1 episode
of vomiting requires and urgent CT head scan (12).
Anticoagulants such as warfarin, direct oral anticoag-
ulants/non vitamin-K oral anticoagulants or novel oral
anticoagulants (DOACs/NOACs) and antiplatelets
such as Aspirin and clopidogrel require CT head scans,
documented observation and follow-up procedures,
verbal and written advise for patient and family upon
patient discharge, follow-up dates and instructions
for an appropriate care provider to stay with the pa-
tient for the next 24-hour post-discharge (12). NICE
also recommends effective pain management for ED
patients, which is another pitfall in some EDs, as the
lack of analgesia leads to exacerbation of intracrani-
al pressure increase in addition to patient discomfort
(12). NICE recommends both head and cervical spine
imaging and CT head scan for patients returning 24-
hour post-discharge (12). Dubrava University Hospi-
tal practices detailed documentation upon discharge,
verbal and written instructions are given to the patient
and family, along with immediate instruction to return
to the ED in case of symptom worsening.

CT head imaging and Clinical Decision Rules

Although CT head imaging is the modality of choice
for acute head injury, not all patients require it. The
pitfall is that we are overexposing our patients to un-
necessary radiation levels, inundating EDs and com-
pelling patients to wait countless hours and straining
resources when not adhering to the CCHR or NICE
guidelines. In 2000, before he pioneered the CCHR,
Stiell reported that out of the 7 teaching hospitals in
Canada, only 6.2% of all minor head traumas in the
ED had brain injury results on CT scans and only 0.5%
had epidural hematoma (13). It has been reported that
the largest source of ionizing radiation exposure is due
to medical exposure, whereby 1 of 4 Americans are CT
scanned each year (14). Sharp et al. also report that 1
of 3 CT scans performed for head injury is avoidable
and by implementing the CCHR there was a reported
reduction in head CT use across 13 community EDs in
addition to reduction in radiation exposure and costs
(15). Harris et al. proved that by the application of the
NICE guidelines, due to inadequate adherence, there
was a 23% decrease in the number of CT head requests,

decrease in CT scan times and decrease in time to re-
port subsequent scans (16). A study from 2018 showed
the number of head CT scans to have increased over
two decades with less findings (17). Approximately
7%-12% of patients with minor TBI (mTBI) have ab-
normal CT scans and neurosurgical intervention is re-
quired in less than 1% of them due to deterioration/
complications related to intracranial hematomas (17).

Neurological assessment using the GCS Motor Score
and Pupillary Reaction

The GCS is the most widely used scale in assessing
neurological status in TBI patients. Scores are based
on best eye opening, best verbal response and best mo-
tor reaction, and total scores range from 3 to 15 (18).
The most prognostic information is obtained in the
motor component of the CGS in severe TBI patients
(18). A pitfall is in reporting GCS Motor Score as a to-
tal sum without pupillary reaction. In ED practice, the
GCS should be reported as “E4-V5-M6” and not just
15 along with pupillary reactivity assessment to a light
source, and if the pupil is dilated, it is an indication for
CT scan and neurosurgical intervention (18) (Figure
2). On assessing mTBI, a set of specific questions are
asked at the Dubrava University Hospital to see if the
patient is able to fully reconstruct the events: “Can you
tell me where you are right now, what is today’s date?”,
“Can you tell me what happened, when and where?”,
“How did it happen?”, “Are you nauseous?”, “Have you
vomited?”, and “Are you on any blood thinners?”. We
get patient history (SAMPLE) and perform GCS Motor
Score, pupillary reactivity, eye movements (bulbomo-
tor) examination and note any nystagmus, coordina-
tion testing (finger-to-nose testing, heel-to-shin), not-
ing any involuntary movements, graded strength and
resistance testing of upper and lower limbs, and sensa-
tion testing of all extremities.

Fig. 2. (a) Right frontotemporal epidural hematoma in a
non-enhanced CT scan in a 32-year-old female after a fall
during an epileptic seizure. GCS 8, anisocoria with absent

pupillary reactivity; (b) the same patient, post-operative tre-
panation and hematoma evacuation.
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Alcohol

Alcohol intoxication is reported in 35%-50% of TBI
patients in the ED, making the GCS assessment a chal-
lenge (11). Alcohol has both depressive effects and
neuroprotective effects (11). There are a few pitfalls in
this category as there are no concise rules, so the cli-
nician’s judgment is paramount. Absolute indications
for CT head scan are if the patient has suffered TBI in
the past, had prior intracranial hemorrhage, or if there
is evidence for neurological deterioration (19). Ethanol
intoxication is frequently associated with subarachnoid
hemorrhage and subdural hematomas due to ground
level falls (GLFs), particularly in chronic intoxication
or with larger blood alcohol concentrations, which
leads to impairment of the blood brain barrier, brain
edema and platelet impairment resulting in post-trau-
matic coagulopathy (19,11) (Figures 3 and 4). These
patients are also at a higher risk of cervical spine frac-
tures due to osteopenia, even from GLFs, as most trau-
mas that occur in GLF are in intoxicated patients (19).
It has been reported that GCS improves significantly
over time in intoxicated patients with TBI after 24
hours (11). In practice, at Dubrava University Hospi-
tal, we evaluate injury severity, observe intoxicated pa-
tients for at least 6 hours, frequently reassess the GCS,
obtain regular blood pressure, pulse, SpO2 readings,
monitor temperature, provide intravenous crystalloids,
gauge pupillary reactivity and other neurological ex-
aminations, and order CT head scan within a 3-hour
window. Where warranted, we consult our neurosur-
geons to observe patients for 24 hours.

Fig. 3. (a) Non-enhanced CT scan of a severe TBI showing
a right sided subdural hematoma in a 51-year-old alcoholic
after falling from a bicycle. GCS 3 and absent pupillary rea-
ctivity; (b) the same patient exhibiting massive subarachnoid
hemorrhage.
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Fig. 4. Non-enhanced CT scan in a 24-year-old male after
physical assault and alcohol consumption; (a) GCS 3 with
absent pupillary reactivity. Visible subarachnoid hemorrhage;
(b) follow-up CT (24-hour): left-sided postoperative trepana-
tion and hematoma evacuation.

Older Adults

According to the CDC, in the United States, 81% of
TBI related ED visits where in older adults (265 years
of age) caused by falls and the rates of TBI and hos-
pitalizations were higher for persons aged =75, more
in women (7,19,20). However, many respond well to
therapy and rehabilitation after TBI (19). Older adults
are classified as 275 years of age by some authors, and
>55 years of age by others (12,19,20). Patients aged
=55 have the highest sports related rate of TBIs due to
skiing related injuries (19). Older adults have more co-
morbidities and predisposing factors to falling, such as
a history of TBI, medication side effects, visual, cogni-
tive or gait impairment and dementia (19). Thus, they
are 3 times more likely to undergo CT head scan in the
ED and 4 times more likely to be admitted (19). They
are at an increased risk of midline shifts and subdural
hematomas due to brain atrophy, and up to 45% have
subdural hematoma reported on CT imaging (19). An-
ticoagulation, antiplatelet, and DOAC/NOAC therapy
are greater in patients aged =55 (21). The pitfall is that
not all seniors require CT head image. If the patient
has sustained ‘minimal’ head injury without neurolog-
ical symptoms, no amnesia or LOC, there is no need
for CT. An Emergency Medical Services (EMS) study
in California has reported that many older adults (55
and older) who did not meet their criteria guidelines
to be transported to a trauma center and who were on
anticoagulant therapy had a higher incidence of TBI
related hospitalization and worse related TBI outcomes
compared to younger adults (21). Cervical neck frac-
tures are also necessary to consider due to degenerative
changes in this age population (20).

Our recommendation for mTBI in the older adult is to
utilize CDRs. Intoxicated patient requires frequent re-
cording of vital signs, monitoring, CT head scan per-
formed within a 3-hour window (post-incident) and
keeping the patient in observation for at least 6-24 hours.
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Anticoagulants and TBI

There is an increase in the number of patients that are
on some form of anticoagulant or antiplatelet therapy
due to comorbidities such as cardiovascular problems
and thromboembolic events. Nishijima et al. found
traumatic intracranial hemorrhage (ICH) to have be-
come an epidemic in patients on anticoagulant thera-
pies aged 255 (21). This is yet another pitfall as antico-
agulated patients still present a dilemma to clinicians,
which leads to more diagnostic and therapeutic proce-
dures, resulting in increased healthcare costs and com-
promising patient safety (22). Clopidogrel and aspirin
are antiplatelet agents, whereas vitamin K inhibitors
(warfarin) and NOACs or DOACs (direct oral antico-
agulants) are used as anticoagulants (22). Patients on
warfarin who sustain TBI have poorer outcome, espe-
cially in the event of ICH but at greatest risk are patients
on clopidogrel or aspirin therapy (22,23). DOACs/
NOAGCs appeared to have a lower risk, although some
studies report that the use of DOAC/NOAC was asso-
ciated with the incidences of delayed ICH, especially
in geriatric patients in the event of GLE whereas oth-
ers report no risk of ICH or ICH progression (22-25).
Minor head trauma in anticoagulated patients leads to
less than 9% of ICH, but to avoid any pitfalls, by fol-
lowing CCHR and NICE guidelines, all patients that
are on anticoagulant or antiplatelet therapy and present
with mTBI, regardless of the history or neurological ex-
amination, moderate or severe TBI, or any alteration
in mental status, should undergo head CT scan and in
the event of any ICH, neurosurgical intervention is re-
quired (22,26). All patients with TBI on anticoagulant
therapy should be held for 24-hour observation even
with normal findings on head CT scan with follow-up
CT in cases of neurological deterioration (22). Patients
on aspirin monotherapy with normal CT, GCS 15, with
no further complaints or without any other risk factors,
can be discharged but with family/friend monitoring
(22).

The Dubrava Model

The Dubrava Model was designed to treat neurotrau-
matized patients in rural hospitals lacking a resident
neurosurgeon (27). For the past 5 years, neurosurgeons
from Dubrava University Hospital have performed
over 300 urgent neurosurgical interventions in 4 rural
general hospitals in Croatia (Sisak, Koprivnica, Bjelo-
var and Cakovec) (27). Through prompt assistance
of telemedicine and 24-hour on-call neurosurgeon at
Dubrava University Hospital, pertinent patient infor-
mation, laboratories and CT scans are sent to our neu-
rosurgeon in emergency situations (27). If urgent neu-
rosurgical intervention is warranted, two additional
on-call mobile neurosurgeons are on standby and can
be mobilized to any of these hospitals (27). This has

proven effective in reducing patient transport times,
transportation costs and transport complications. It
has also reduced patient waiting times from ED pre-
sentation to arrival to the operating theater (OT) (27).
It has enabled Dubrava University Hospital and the ru-
ral hospitals involved in the Dubrava Model adhere to
the ‘golden hour, where the first 60 minutes following
TBI is a critical period, and the patient can be trans-
ported into the OT within this time frame, thus reduc-
ing patient mortality (27). Additionally, it has reduced
the extra burden on our Hospital (OT and ICU), thus
providing appropriate availability for our patients (27).
Patients are able to recover in their respective hospital
ICU with 24-hour follow-up availability via telemedi-
cine with our neurosurgical department.

CONCLUSION

In adhering to the CCHR and NICE Guideline, ED cli-
nicians are empowered with rapid decision-making to-
ols to reduce unwarranted patient radiation exposure,
waiting times, health care costs and mortality in eva-
luating mTBIs. CDRs are designed to prevent nume-
rous pitfalls and we recommend the need for on-going
education and stricter CDR implementation. CT ima-
ging remains the modality of choice for moderate to
severe TBIs, and in detecting secondary injuries. Close
collaboration with Dubrava University Hospital ED
clinicians, neurosurgeons and other surgical speciali-
sts allows for rapid transportation to the OT, within 20
minutes, when surgical intervention is required, thus
reducing mortality. The Dubrava Model, one of the
neurotrauma models in Croatia, implemented in fast
treatment of TBIs in rural hospitals devoid of a resi-
dent neurosurgeon, further enhances optimal patient
care with additional reduction in mortality.
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SAZETAK

SMJERNICE ZA OBRADU TRAUMATSKIH 0ZLJEDA GLAVE U ODRASLOJ POPULACIJI U HITNOJ SLUZBI U KLINICKOJ
BOLNICI DUBRAVA

W. M. MILETIC", F ALMAHARIQ2, M. SORIC', S. ZIGA', T. BARSIC GRACANIN', V. GRABOVAC', T. KERES' i D. CHUDY?
Klinicka bolnica Dubrava, 'Zavod za hitnu i intenzivnu medicinu i ?Klinika za neurokirurgiju, Zagreb, Hrvatska

Trauma glave, sezuci od prijeloma lubanje i manje traumatske ozljede mozga do teSke traumatske ozljede mozga u politra-
umama, ¢esta je prezentacija u hitnoj sluzbi. Kod umjerenih/srednje teskih traumatskih ozljeda mozga pristup bolesniku i
dijagnosticka obrada mogu se poboljSati primjenom Klinickih smjernica kao $to su Canadian CT Head Rule (CCHR) i smjerni-
ce National Institute for Care and Excellence (NICE). Optimalno pridrzavanje navedenih smjernica uvelike koristi bolesnicima,
smanjuje vrijeme Cekanja, prenapucenost hitne sluzbe, smrtnost i pogreske lijecnika u hitnoj sluzbi. Cilj ovoga rada je pruZziti
Citatelju kratak pregled smjernica CCHR i NICE koje se primjenjuju u Klinickoj bolnici Dubrava, s osvrtom na suradnju nase
hitne sluzbe i neurokirurSkog tima te lijec¢nika drugih kirurSkih grana u obradi politraumatiziranih bolesnika i bolesnika s tra-
umatskim ozljedama mozga. Uz to, prikazujemo Model “Dubrava”, jedinstveni model pristupu neurotraumi koji se primjenjuje
u brzom lijeenju traumatskih ozljeda mozga u ruralnim bolnicama liSenim sluzbuju¢eg neurokirurga.

KLJUCNE RIJECI: traumatska ozljieda mozga, Kanadski protokol za CT glave kod ozljede mozga, smjernice NICE, trauma
glave, antikoagulantna terapija, Model “Dubrava”
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