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Abstract Objective: Patients sus-
taining facial fractures are at risk for
accompanying traumatic intracranial
hematomas, which are a major cause
of morbidity and mortality. Prompt
recognition is crucial in improving
patient survival and recovery. This
study examined which simple clini-
cal signs identify facial fracture 
patients at risk for intracranial hem-
orrhage before the performance of
computed tomography. Design and
methods: Retrospective study of
2,195 patients with facial fractures
during a period of 7 years. By means
of univariate and multivariate analy-
sis clinical features potentially pre-
dictive for (a) intracranial hemor-
rhage and (b) surgery for intracranial
hemorrhage were identified. Setting:
Critical care units of anesthesiology
and neurology, general traumatology,
and oral and maxillofacial surgery 
in a level I trauma university hospi-
tal. Results: Seizures (OR 22.1) and
vomiting/nausea (OR 20.2) were the
strongest independent predictors of
intracranial bleeding in facial frac-
ture patients. For intracranial hemor-
rhages requiring surgical interven-
tion closed head injuries (OR 9.75)
and cranial vault fractures (OR 5.0)
were the most significant risk fac-
tors. However, among those patients
without vomiting/nausea and without
seizures and without closed head 
injury (n=1,628), 20 patients (1.2%)
suffered intracranial hemorrhage,
and six (0.37%) of them required

surgical intervention. Conclusions:
Simple clinical symptoms, such as
seizures, vomiting/nausea, history of
a closed head injury or cranial vault
fractures are strong predictors for in-
tracranial hemorrhage in facial frac-
ture patients. The early consideration
of such important indicators allows
us to detect patients at elevated risk
of an intracranial hematoma requir-
ing surgical intervention.
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Introduction

Patients sustaining craniofacial fractures are at great risk
for accompanying traumatic intracranial injuries [1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11]. Although most patients can be
discharged without sequelae, a certain proportion require
intervention for intracranial hematoma [12, 13, 14, 15,
16]. Traumatic intracranial hematoma is a major cause of
morbidity and mortality in head trauma patients. Early
detection may lead to improved results [17, 18, 19] be-
cause prompt evacuation of an intracranial hematoma is
crucial in improving the outcome of head injury [17, 20,
21]. The objective should be to identify patients at risk
for accompanying intracranial hemorrhage before the
performance of computed tomography (CT). For physi-
cians, especially outside of hospitals with CT scanners, it
is very important to have directions about which patients
require immediate transfers for CT. The purpose of this
study was to identify clinical signs predisposing patients
with craniofacial fractures for (a) intracranial hemor-
rhage or (b) necessary surgery for intracranial hemor-
rhage. Such information leads to more efficient use of
CT to detect intracranial hemorrhages in maxillofacial
fracture patients.

Patients and methods

Over a 7-year period (1991–1997) 6,649 patients with cranio- and
maxillofacial injuries were treated at the University Hospital Inns-
bruck, Austria, which serves a population of more than 500, 000
persons. Of these, 2,195 patients (1,627 men, 568 women; mean
age 34.9±19.1 years, range 1–98) sustained maxillofacial frac-
tures, classified as fractures of the orbit, zygoma, mandible, maxil-
la and nose. Fractures of Le Fort categories I–III were also count-
ed in the zygomatic or nasal complex group as these bones were
involved (Table 1). In addition to cervical spine fractures, skull
fractures were reviewed and further classified as fractures of the
cranial vault or the basal skull. Initial cranial CT was performed in
all patients with neurological abnormalities, impaired conscious-
ness or clinical signs of a skull fracture. All fractures were diag-
nosed on the basis of plain radiography or CT judged by a radiolo-
gist. A total of 3,411 fractures were found in the 2,195 patients;
the orbital complex was the site most frequently fractured, fol-
lowed by the zygomatic complex. The causes of injury were clas-
sified into five categories as follows: activities of daily living,
sport, traffic, and industrial accidents, and assaults. The classifica-
tion of the injury mechanism included falls, collisions, hits/pushes/
kicks and others. More than one-third of the patients were injured
in sports accidents; falls accounted for the majority of the acci-
dents. Open brain injuries were diagnosed on the basis of 
liquorrhea or apparent clinical signs. The category “closed head
injury” was defined by either a transient state of witnessed unre-
sponsiveness or a patient’s report of temporary loss of awareness
and/or posttraumatic amnesia. The occurrence of vomiting/nausea
and/or seizures was recorded only at the trauma scene or during
transport. Patients with nausea were only considered in the catego-
ry “vomiting/nausea” if they were about to vomit. Associated ex-
trafacial injuries (Table 2) were sustained by 711 patients (32.4%)
simultaneously with maxillofacial fractures. The most common
were closed head injuries, followed by intracranial bleeding.

Statistical analyses performed included both descriptive and
conclusive analysis. By means of univariate and multivariate anal-
ysis clinical features potentially predictive for (a) intracranial
hemorrhage and (b) surgery for intracranial hemorrhage were
identified. Selection of independent variables for logistic regres-
sion analysis was based on simple comparisons (Pearson’s c2 test).
Differences with p values less than 0.05 were considered signifi-
cant. Odds ratios and their 95% confidence intervals (CI) were
calculated to represent the risk of the predictors.

Results

A total of 212 patients (9.7%; 169 men, 43 women) sus-
tained epidural (n=55, 2.5%), subdural (n=95, 4.3%),
subarachnoid (n=116, 5.3%), or intracerebral hemorrhag-
es (n=139, 6.3%). In the overall series these accounted
for 10.4% of the men and 7.6% of the women (n.s.). The
incidence peaked between 21 and 30 years of age (mean
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Table 1 Characteristics of 2,195 facial fracture patients

Cause of injury n %

Sports accidents 793 36.1
Activities of daily living 579 26.4
Traffic accidents 397 18.1
Assault 294 13.4
Industrial accidents 132 6.0

Mechanism of injury
Falls 918 41.8
Hits, pushes, kicks 437 19.9
Collisions 213 9.7
Other mechanisms 627 28.6

Fractures
Orbit and floor of the orbit 995 45.3
Zygoma and zygomatic arch 974 44.4
Mandible 699 31.9
Nose 285 13.0
Maxilla 236 10.8
Le Fort II 86 3.9
Le Fort I 72 3.3
Le Fort III 64 2.9

Table 2 Associated injuries in 711 patients

Injury n %

Closed head injury 538 24.5
Intracranial hemorrhage 212 9.7
Cranial nerve injury 183 8.3
Brain contusion 179 8.2
Basal skull fractures 163 7.4
Brain edema 141 6.4
Cranial vault fractures 141 6.4
Open brain injury 114 5.2
Extremities injury 109 5.0
Thoracic injury 80 3.6
Cervical spine injury 49 2.2
Other spine injury 47 2.1
Abdominal injury 21 1.0



36.9±19.5). While sports accidents were the most fre-
quent cause of injury in general, traffic accidents were
most common among patients with intracranial hemor-
rhages (76, 35.8%). In this subgroup the signs of a closed
head injury were found in 87.3% (n=185); cerebral ede-
ma developed in 60.8% (n=129). Furthermore, open brain
injuries were seen in 43.4% (n=92 patients), and CT or
magnetic resonance imaging revealed cerebral contusion
areas in 77.8% (n=165) of the bleeding patients.

In a multivariate logistic regression model seizures
(odds ratio, OR, 22.1) and vomiting/nausea (OR 20.2)
were the strongest independent predictors of intracranial
bleeding in facial fracture patients (Table 3). The logistic
regression model further revealed the most significant risk
factors for intracranial hemorrhages requiring surgical in-
tervention (n=101) to be closed head injuries (OR 9.75)
and cranial vault fractures (OR 5.0; Table 4). In patients
without vomiting/nausea, seizures, and closed head injury
(n=1628) 20 (1.2%) suffered intracranial hemorrhage; 
only 6 of these (0.37%) required surgical intervention.

Discussion

This study analyzed the incidence of nature of risk fac-
tors for intracranial hemorrhages in facial fracture pa-
tients. Localized injury to the face resulting in maxillofa-
cial fractures may involve not only local structures but
also, by local extension, the brain and its meninges.
High-velocity impacts with enough force to break facial
bones may also cause rupture of intracranial vessels
leading to hemorrhages in different compartments. Such
accompanying injuries can be more life-threatening than
the facial injury itself. In a review of more than 1,000
patients Tung et al. [22] found that intracranial hemato-
mas were the most frequent accompanying life-threaten-
ing injuries in facial fracture patients. In such patients
rapid identification and assessment is vital because sur-
gical therapy is often required urgently.

Searching for predictors of intracranial injuries, loss
of consciousness, altered mental status, amnesia, evi-
dence of intracranial pressure, focal deficits, abnormal
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Table 3 Independent predictors of intracranial hemorrhage in patients with facial fracture (OR odds ratio, CI confidence interval)

Hemorrhage OR OR 95% CI p

Yes (n=212) No (n=1,983)

n % n %

Seizures 36 17.0 7 0.4 22.14 6.73–72.87 >0.0001
Vomiting/nausea 67 31.6 25 1.3 20.15 9.46–42.94 >0.0001
Closed head injury 185 87.3 353 17.8 9.92 5.73–17.19 >0.0001
Basal skull fracture 117 55.2 46 2.3 6.61 3.65–11.98 >0.0001
Cranial vault fracture 104 49.1 37 1.9 6.05 3.37–10.85 >0.0001
Open brain injury 92 43.4 22 1.1 4.43 2.15–9.13 >0.0001
Maxillary fracture 34 16.0 202 10.2 2.55 1.33–4.88 0.005
Nose fracture 49 23.1 236 11.9 1.68 0.94–3.02 0.081
Cervical spine injury 18 8.5 31 1.6 1.66 0.66–4.14 0.279
Periorbital fracture 132 62.3 863 43.5 1.56 0.93–2.63 0.095
Traffic accident 79 37.3 321 16.2 1.34 0.80–2.25 0.260
Zygoma fracture 117 55.2 857 43.2 1.28 0.77–2.14 0.345
Male sex 169 79.7 1458 173.5 0.79 0.46–1.35 0.387

Table 4 Independent predictors of surgery for intracranial hemorrhage in patients with facial fracture (OR odds ratio, CI confidence 
interval)

Surgery OR OR 95% CI p

Yes (n=101) No (n=2,094)

Closed head injury 92 91.1 446 21.3 9.75 4.53–21.00 >0.0001
Cranial vault fracture 60 59.4 81 3.9 5.01 2.86–8.77 >0.0001
Vomiting/nausea 34 33.7 58 2.8 3.51 1.88–6.59 >0.0001
Open brain injury 54 53.5 60 2.9 3.29 1.74–6.20 >0.0001
Seizures 19 8.8 24 1.1 2.78 1.17–6.60 0.020
Basal skull fracture 60 59.4 103 4.9 2.56 1.39–4.70 0.002
Nose fracture 21 20.8 264 12.6 1.39 0.73–2.66 0.315
Zygoma fracture 56 55.4 918 43.8 1.35 0.76–2.41 0.310
Periorbital fracture 60 59.4 935 44.7 1.03 0.57–1.84 0.931
Traffic accident 36 35.6 364 17.4 0.81 0.45–1.43 0.464



Glasgow Coma Scale score, and pupillary asymmetry are
only a few of those reported in the literature [23, 24, 25,
26, 27, 28]. This study used a multivariate logistic re-
gression model to verify and identify seizures (OR 22.1)
and vomiting/nausea (OR 20.2) as the strongest indepen-
dent predictors of intracranial bleeding in facial fracture
patients, which until now was at best an empirical, un-
proven assumption.

The number of reports about seizures as a sign for
traumatic intracranial injury is very low. Bonadio et al.
[29] found seizure activity to be significantly associated
with the presence of an intracranial lesion in children.
Arienta et al. [30] suggested immediate CT for head-
injured patients with seizures, assuming seizures to be an
indicator for an intracranial lesion. Most reports have
cleared counted seizures as “neurological deficits” and
have not provided accurate incidence figures for sei-
zures. Vomiting has previously been reported as an ac-
companying symptom in intracranial hematoma patients
[31, 32]. The comprehensive Canadian CT Head Rule
Study [33, 34, 35] identified vomiting as a high-risk fac-
tor for neurosurgical intervention.

Closed head injuries and cranial vault fractures were
the most significant risk factors in patients with intracra-
nial hemorrhages demanding surgical intervention. Both
of these predictors indicate severe force impact to the
head. The presence of closed head injury, defined either
by a transient state of witnessed unresponsiveness or by a
patient’s report of temporary loss of awareness or post-
traumatic amnesia, was used by Davidoff et al. [36] and
Haug et al. [37] in patients with facial trauma; they ob-
served an incidence of 55% and 17.5%, respectively. Al-
though the correct neurological definition of closed head
injury differs from their definition, this classification was
most practical and efficient especially for patients with a
short duration of loss of consciousness or posttraumatic
amnesia. Good comparability with the literature was
found in the case of skull fractures, known as an indicator
of an elevated risk of acute traumatic intracranial hemor-
rhage at all ages [28, 33, 34, 35, 36, 37, 38, 39].

In addition to seizures and vomiting, the occurrence
of amnesia and loss of consciousness (closed head inju-
ry) can be assessed easily and without technical expens-
es. Patients free of these signs were found to have a very
low risk (1.2%) of intracranial hemorrhage. Only six
(0.37%) patients in this group required surgical interven-
tion. Therefore the early consideration of these important

indicators allows us to assess the risk of an intracranial
hematoma and assignment to necessary surgical treat-
ment.

CT has become the method of choice for the identifi-
cation of intracranial disorders, but indications are un-
clear in head trauma patients with Glasgow Coma Scale
scores of 15 [33, 34, 35, 40]. However, unequivocal indi-
cations are desirable because CT without medical benefit
and justification is considered an inappropriate and ex-
pensive high-tech investigation, in addition to requiring
skilled personnel for the interpretation of CT images.
Moreover, CT facilities are often overbooked, and physi-
cians appreciate clear directions about which patients re-
quire costly and time-consuming transfer for CT to be
performed. Many patients require sedation or even anes-
thesia, which always entails elevated risks.

Consequently, clinical parameters for identifying pa-
tients at risk for accompanying intracranial hemorrhage
before performing CT are indispensable. A number of
studies have been carried out to identify high-risk factors
that would clearly indicate which patients with minor
head injury should undergo CT [33, 34, 35]. The range
of recommendations about the management of patients
with head injury and Glasgow Coma Scale score 15 de-
spite history of loss of consciousness or amnesia is dis-
parate. The reported incidence of positive CT findings in
these patient is 3–19% and the need for neurosurgical in-
tervention 0.08–3.3% [41]. Some studies have concluded
that a patient with minor head injury and a normal neuro-
logical examination can be discharged home safely [42,
43, 44]. Miller et al. [45] found that routine CT has a
minimal effect on trauma management in patients with a
history of loss of consciousness or amnesia but without
symptoms of nausea, vomiting, headache or dizziness, or
signs of depressed skull fracture and therefore is not
warranted. On the other hand, there are reports of pa-
tients requiring operative therapy despite Glasgow Coma
Scale scores of 15 and minor head trauma [46, 47, 48].

In summary, these findings show that simple clinical
symptoms such as seizures and vomiting/nausea are
strong predictors for intracranial hemorrhage in patients
with facial fracture. Both closed head injuries and cranial
vault fractures indicate a high-risk of accompanying in-
tracranial hematoma and the likely requirement of surgi-
cal intervention. The early consideration of such impor-
tant indicators allows us to assess the risk of an intracra-
nial hematoma requiring surgical intervention.
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