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Objective : The purpose of this study was to analyze risk factors that are associated with intracranial lesion, and to propose criteria for
classification of mild head injury (MH}, and appropriate treatment guidelines.

Methods : The study was based on 898 patients who were admitted to our hospital with Glasgow Coma Scale (GCS) score of 13 to 15 between
2003 and 2007. The patients’ initial computerized tomography {CT) findings were reviewed and clinical findings that were associated with
intracranial lesions were analyzed.

Results : GCS score, loss of consciousness {LOC), age and skull fracture were identified as independent risk factors for intracranial lesions.
Based on the data analysed in this study, MH! patients were divided into four subgroups : very low risk MHI patients are those with a GCS score
of 15 and without a history of LOC or headache; low risk MHI patients have a GCS score of 15 and with LOC and/or headache; medium risk MHI
patients are those with a GCS score of 15 and with a skull fracture, neurological deficits or with one or more of the risk factors; high risk MH
patients are those with a GCS score of 15 with abnormal CT findings and GCS score of 14 and 13.

Conclusion : A more detailed classification of MHI based on brain CT scan findings and clinical risk factors can potentially improve patient

diagnosis. In light of our findings, high risk MH patients should be admitted and treated in same manner as those with moderate head injury.

KEY WORDS : Mild head injury - CT scan findings - Risk factors - Classification - Treatment guideline.

INTRODUCTION

The term ‘minor head injury was first defined by Rimel
et al.”” in 1981 as head trauma with Glasgow Coma Scale
(GCS) score™ of 13-15 on admission, a loss of consciousness
(LOCQ) of less than 20 minutes who were admitted to
hospital for less than 48 hours. Generally, mild head injury
(MHI) leads to quick recovery without complications and
doesn’t result in mortality. However, among patients who
were diagnosed with MHI, there are instances of patients
developing life-threatening complications or long term
sequelae-rendering the neurosurgeon unable to respond
effectively, given current classification of MHI.

To address this issue, several authors have proposed to re-
define MHI using various approaches””'>***% The ratio-
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nale behind sub-grouping MHI is to identify risk factors
and screen those patients with high risk for acute intracra-
nial lesions, which can adversely affect the patient prognosis.
Unfortunately; there exists no consensus regarding such cla-
ssification.

The main objective of this study is to propose criteria for
classifying a patient with MHI to analyze the importance of
clinical findings in the detection of patients at risk for intra-
cranial lesions after MHI.

MATERIALS AND METHODS

This study was conducted retrospectively on dlinical records
of 898 MHI patients who were admitted to our hospital
berween January 2003 and December 2007. Patients under
16 years old, patients with penetrating cranial trauma and
hospital admission of less than 12 hours were excluded.
MHI was defined as a GCS score of 13 to 15 at the time of
admission, with or without LOC. Since the GCS score may
vary depending on the person performing the assessment,
our study used the initial GCS score given at the time of
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admission by the attending neurosurgeon for consistency.
Demographic and clinical data were retrospectively collected
in all cases. Symptoms, clinical signs, and previous medical
conditions considered to be risk factors for developing in-
tracranial lesions after MHI were checked and Skull X-ray
and CT scan findings were reviewed for all patients. Abnor-
mal CT scan findings were defined as the following; 1) all
intracranial post-traumatic hematoma or contusion, 2)
depressed fractures, 3) traumatic subarachnoid hemorrhage,
and 4) pneumocephalus. A CT scan demonstrating an
acute intracranial lesion was defined as an abnormal CT
finding, therefore isolated cases of linear skull fracture and
initial diagnosis chronic subdural hematoma were not
considered as abnormal CT findings. When the patient
displayed neurological deterioration or worsening symp-
toms, CT scan was repeated. Clinical deterioration was
defined as an increase in a preexisting neurological deficit,
development of a new focal sign, appearance of pupillary
abnormality or a 2 point decrease in GCS score. Patient
outcome was assessed 6 months post-injury using the
Glasgow Outcome Scale. For outpatients, follow up records
were reviewed. For the other patients, prognosis was deter-
mined by telephone interviews. Chi-square test and the
logistic regression model were used for the analysis. We
accepted p values of less than 0.05 as significant for all
measures.

RESULTS

During the 5 year period between 2003 and 2007, 898
patients were included in the study. Of the 898 patients,
528 patients were male and 370 patients were female (ratio
1.4 : 1). The patients ranged in age between 16 and 94
years old and the average age were 49.3 + 21.7 years. Patients
were classified into three age groups for analysis; 16-40
years old, 41-64 years old, and over 65 years old. 352 (39%)
patients were 41-64 years old. Among male patients, higher
frequency of abnormal CT scan findings was observed,
especially in the over 65 years old group compared to the
16-40 years old group. At the time of admission, 730
patients were assigned GCS score of 15, which was the most
prevalent score, followed by 107 patients with GCS score of
14 and 61 people with GSC score of 13. Incidences of
abnormal CT scan findings were 88% in GCS score of 13
group and 74% in GCS score of 14 group, and 19% in
GCS score of 15 group, demonstrating higher incidences of
abnormal CT scan finding in the GCS score 13 group. The
most common symptom reported by the patients was
headache, which was reported by 521 patients, followed by
nausea and vomiting. Five-hundred-and-fifteen patients

reported LOC, and abnormal CT scan findings were
observed in 42% of these patients. Transport-related
injuries were the most common causes of injury, account-
ing for 577 out of the 898 cases, followed by falls and other
causes. Among the causes of injuries, fall and motorcycle
accidents resulted in higher incidences of abnormal CT scan
findings than other causes (Table 1). Skull fractures were
observed in 158 patients by skull X-ray and CT scan, and
linear skull fracture was the most prevalent type. Of these,
138 patients displayed fracture at the time of admission
displayed abnormal CT scan findings, which was higher
than patients without skull fracture (Table 2). Initial CT

Tabie 1. Summary of the patient characteristics

Total cases 898 304 (34)
Gender
Male 528 (59) 212 (40)
Femcle 37041 92 (25)
Age distribution
1640 318 (35) 56 (18)
11-64 362 39) 130 37)
=265 228 (26) 118 (52)
Cause of injury
Transport related injuries 577 (65)
Motor vehicles 346 54(16)
Motor cycles 102 48 (47)
Bicycles 45 19 (42)
Pedestrians 84 3137
Fall 226 (25) 128 (57)
Assault 8 22(26)
Hit by falling subject i[¢1Q)] 20
Initial Symptom
Headache 521 139 @27)
Loss of consciousness 515 21442
Nausea/Vomiting 192 59 @31
Neurological defic 69 54 (78)
Dizziness 58 1729
Sign of basal skull fracture 36 28 (78)
Posttraumatic amnesia 15 5@33)
Seizure 7 229
GCS at the time of admission
13 61 () 54 (88)
14 107 (12 7974
15 730 (81) 17109

CT: computerized tomography, GCS: Glasgow Coma Scale

Table 2. Incidence of abnormal CT findings in patients with skull
fracture

“VYes - 158 (18)
No 740 (82)
CT: computerized tomography

138 (87)
166 (22)
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scan showed 594 cases of normal and 304 cases of abnormal
findings. Among patients with intracranial lesions, hemor-
rhagic contusion was the most prevalent in 122 patients,
followed by subdural hematoma (SDH) and epidural
hematoma (EDH) (Table 3). Eighty-three patients showing
newly developed lesions and enlarged pre-existing lesions
were assessed by repeat CT' scan. Of those, hygroma was the
most common, found in 45 patients, followed by delayed
traumatic intracerebral hematoma (DTICH) and delayed
epidural hematoma (DEDH). Hygroma and DTICH were
often found in patients with newly developed lesion, while
DEDH was observed in patients with enlarged pre-existing
lesion (Table 4). Generally, hygroma cases were from repeat
CT scan of patients with headaches, and they were
diagnosed within 7 days of the initial injury. DTICH and
DEDH were generally observed in repeat CT scan of
patients showing neurological deterioration. Twelve patients
required repeat CT scan within 24 hours, and of those, 6
patients showed DTICH and 5 patients showed EDH.
Over the study period, 28 patients received neurosurgical
interventions (Table 5). Twenty-two (2.4%) of these required
surgery within first third day of injury, and theirs GCS
scores on admission were as follows; 11 patients with GCS
score 13, 5 patients with GCS score 14, and 6 patients with
GCS score 15. Six patients received elective surgery after
follow up assessments revealed chronic subdural hematoma
and hydrocephalus (Table 6). Results of the uni- and
multivariate analyses that relate to clinical findings to the
presence of abnormal CT findings are shown in Table 7.
Ten variables showed statistically significant relationships
with abnormal CT findings in the univariate analysis. Four
remained independent risk factors in the multivariate
analysis. These were patient age greater than 65 years [odds
ratio (OR) 6.40, 95% confidence interval (CI) 3.81-
10.75), GCS score (OR 11.10, 95% CI 4.22-29.25), LOC
(OR 1.84, 95% CI 1.24-2.71) and skull fracture (OR
25.5, 95% CI 12.92-50.18). Based on these findings, we
further classified the existing MHI patients into subgroups.
Patients with GCS score of 15 were classified into very low
risk, low risk and medium risk MHI. GCS score of 15 with
abnormal CT scan findings and GCS score of 14 and 13
were classified as high risk MHI (Table 8). All patients in
the very low, low and medium risk MHI displayed favo-
rable outcomes while 17 patients in the high risk MHI
displayed adverse outcomes, including eight deaths, and these
differences were statistically significant (p < 0.01). In
addition, all twenty-eight patients who required surgical treat-
ments were from the high risk group (Table 9). Finally, of
the 898 patients in the study; only 17 patients (2%) showed
adverse outcomes, a result that is consistent with other pre-

Table 3. Initial CT findings

Lesions No: of cases (%)

Normal 504 (66.1)

Abnormal 304 (33.9)
Hemorhagic contusion 122 (13.6)
Subdural hematoma 86 (9.6)
Epidural hematoma 29 3.2
Traumatic subarachnoid hemorhage 25028
Pneumocephalus 14(1.6)
Depressed fracture 10(1.1)
Traumatic infracerebral hematoma 9010
Hygroma 9010

CT: computerized tomography

Table 4. Analysis of delayed lesions detected from repeat CT scans
- Newly develop Eniarged

Lesions T R .
S lesion lesion
Hygroma 4 4
Delayed traumatic intracerebral 11 1
hematoma
Delayed epidural hematoma 3 6
Hemorhagic contusion 3 2
Chronic subdural hematoma 8 1
Hydrocephalus 2 0
Traumatic infraventricular hemrthage 1 0

CT: computerized tomography

Table 5. Summary of operative procedures required in the 28 patients
Procedure ‘ No. of cases
Craniotomy

Acute epidural hematoma 8

Acute subdural hemnatoma 1
Craniectomy

Traumatic infracerebral hematoma

Acute subdural hematoma
Reconstruction of depressed fracture
Burr holes for chronic subdural hematoma
Venfriculoperifoneal shunt

N O

Table 6. Association between neurosurgical intervention and GCS
score at the admission

Urgenticoses Elective
GCSscore Total (<13‘ days, %) cases (%)
15 730 608) 303
14 107 5@.7 209
13 61 11(18) 107
Total 898 224 607

GCS: Glasgow Coma Scale

vious studies, but the mortality rate of 0.9% was very low.

DISCUSSION

Rimel et al*V first classified the severity of head injuries
based on GCS score. MHI corresponds to GCS score of
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between 13 and 15. The majority of MHI patients recover
without requiring specific treatments, but a small, signi-
ficant proportion of patients develop serious complications
that require urgent neurosurgical care. Accurate evaluation
and treatment of patients who are diagnosed with MHI is
one of the most important factors that can reduce morbi-

dity and death association with head injury'. To address

this issue, several authors have proposed to re-defined MHI
using various methods. Williams et al.”” sub-classified MHI
into complicated and uncomplicated MHI based on radio-
logical findings. Hsiang et al.'? proposed high-risk MHI
subgroup based on GCS score and CT findings, while
Servadei et al.” subgrouped patients with GCS of 14 or 15
into three levels of risk groups. On the other hand, some

Table 7. Results of univariate and multivariate analyses relating the clinical variable to the presence of abnormal CT scan
aric It

<0.0001 0.3263

Male 532316 69.7 212 123 081-1.87
Female 46.8 (278) 30392 1

Age <0.0001 <0.0001
16-40 44.1 (262) 18.4 (56) 1
41-64 375(222) 428 (130) 205 1.28-3.30
>65 18.4(110) 38.8(118) 640 3.81-10.75

GCSscore < 0.0001 <0.0001
15 94.1 (659) 56.3(171) 1
14 47 (28) 26079 450 247-8.19
13 12 17.8 (54 11.10 4.22-29.25

LOoC <0.0001 0.0022
Yes 50.7 (301) 704 214) 1.84 1.24-2.71
No 49.3 (293) 29.6 (90) 1

Headache <0.0001 0.3855
Yes 644 (382) 457 (139 398 0.18-90.31
No 356212 54.3 (165) 1

Nausea/Vomiting 0.3438 0413
Yes 223133 194 (59 370 0.16-85.14
No 77.7 (461) 80.6 (245) 1

Dizziness 04769 0.6276
Yes 694N 56(17) 221 0.09-54.77
No 93.1(653) 94.4 (287) 1

Amnesia 1.000 04517
Yes 1.69 10 1.6 (5) 3.79 0.12-122.03
No 98.3 (584) 98.4(299) i

Neurological deficit <0.0001 03728
Yes 25015 17.8 (54 426 0.17-103.0
No 975679 82.2 (250) 1

Coagulopathy 0.0079 04161
Yes 4929 9.2(28) 1.34 0.66-2.70
No 95.1 (565) 90.8 (276) 1

Alcohol consumption <0.0001 0.0695
Yes 37.8 (225) 52.3 (159) 1.46 0.97-2.20
No 62.2 (369) 47.7 (145) 1

Signs of basal skull fracture < 0.0001 0.8355
Yes 14(8) 9.2 (28) 141 0.06-35.41
No 98.6 (586) 90.8 (276) 1

Skull fracture <0.0001 <0.0001
Yes 3420 45.4(138) 2550 12.92-50.18
No 96.6 (674) 54.6 (166) 1

Cl: confidence interval, CT : computerized tomography, GCS : Glasgow Coma Scale, LOC : Loss of consciousness
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Table 8. Level of risk for intracranial lesions in mild head injured patients

Definifion GCS Clinical findings* Neurological deficits Skull fracture Risk factors T
Very low risk 15 Absent Absent Absent Absent
Low risk 15 Present Absent Absent Absent
Medium risk 15 Yes/No Present Absent Absent
Medium risk 15 Yes/No Absent Present Absent
Medium risk 15 Yes/No Absent Absent Present
High risk 15 Abnormal CT findings

High risk 14 May or not be associated with other clinical or radioclogical findings

High risk 13 May or not be associated with other clinical or radiological findings

*One or more loss of consclousness and headache, TCoagulopathy, alcohol consumption, and age over 65 years. GCS : Glasgow Coma Scale

Table 9. Outcome at 6 months and management resuits using the new classification of mild head injury

Good outcome

Bad outcome

Definition GCS oR VD ) Vs ) Neurosurgical infervention
Very low risk 15 136 0 0 0 0 0
Low risk 15 112 1 0 0 0 0
Medium risk 15 302 5 0 0 0 0
High risk 15 147 21 5 0 1 9
High risk 14 78 26 0 0 3 7
High risk 13 23 30 3 1 4 12
Total 798 83 8 1 8 28

p<0.01. GCS : Glasgow Coma Scale, GR : good recovery, MD : moderate disabiity, SD : severe disabllity, VS : vegetative state, D : death

authors proposed to limit MHI classifica-tion to GCS of
14 to 15 while classifying patients with GCS score of 13 as
“moderate head injury” due to the high incidences of
intracranial lesion in this group.'****. In our study, we
observed incidences of abnormal CT scans in 88% of
patients with GCS score of 13, which was markedly higher
than 19% observed in patients with GCS score of 15.
These results indicate that patients with GCS score of 13
have comparable level of intracranial lesions as moderate
head injury patients. Since the GCS score was the most
widely used parameter for grading the clinical severity of
head injuries, we defined MHI as GSC score of 13-15.
However, the term ‘mild’ can be a misleading label for
patients with GCS score of 13, and thus a more detailed
classification is needed to distinguish the risk levels.

CT scans are important in determining the presence of
intracranial abnormalities in MHI patients and numerous
criteria has been proposed to help determine when CT scans
should be performed. The National Institute for Health
and Clinical Excellence (NICE) guideline for CT imaging
included GCS score of 14, signs of basal skull fracture,
neurologic deficit, vomiting, amnesia before impact greater
than 30 minutes, posttraumatic seizures, coagulopathy, dan-
gerous mechanism, age greater than 64 years™, while another
guideline from the Neurotraumatology Committee of the
World Federation of Neurosurgical Societies (NCWFEFNS)
proposed GCS score of 14, suspected skull fracture, neu-
rologic deficit, vomiting, amnesia, LOC, hea-dache, history

of seizures, previous neurosurgery, alcohol or drug abuse,
coagulopathy®. Based on our study, we recommend that
CT scans be performed to all cases of head and facial injuries,
to assess the severity of the injury. Since adverse outcomes are
very rare in MHI patients with normal initial CT scan”,
ruling out the chances of adverse outcome by CT scans is
helpful in assessing patient risk-levels. With respect to the
timing of the CT scans, there are no clear guidelines on
how soon a CT scan should be performed after the patient
is admitted. In clinical practice, early CT scan probably
means anytime between around 30 minutes up to several
hours after injury". Since the initial CT scan is a good indi-
cation of the patient outcome, repeat CT' scans were per-
formed only for patients with clinical deterioration or with
new clinical symptoms®. Incidences of abnormal CT fin-
dings differed widely between studies, from 4-34%""".
These differences are due to the varying definition of MHI
used by different groups. For example, Rimel et al.>¥ has
used GCS scores between 13 and 15 to define MHI, while
Stein and Ross” used GCS scores of 14 or 15 to classify
MHI. Hsiang et al.” used both GCS score and radiological
findings to define MHI and Master et al.*? defined MHI
based on clinical symptoms. In addition, significant discre-
pancies may happen between neurosurgeons and other phy-
sicians or paramedical professionals regarding interpretation
during assessment of GCS scores?™. In our study, the inci-
dences of abnormal CT findings were higher than previously
reported, due to the method of dassification (inclusion of
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GCS score 13) and may also be due to higher incidences of
injuries from falls and larger proportion of seniors in our
patient population. Previous studies have reported that
among intracranial lesions, 4-28% were EDH, 10-31%
were SDH and 37-69% were contusion and intracerebral
hematoma”™'**¥?¥_ Our study found that hemorrhagic
contusion was the most prevalent, at 14% of the total
intracranial lesions, followed by SDH and EDH. Whether
or not MHI patients need to be assessed by skull radiogra-
phy is still debated”'******%_ Since skull fracture can be
accompanied by intracranial hematoma’****, when CT
scan is not available, skull radiography is required to confirm
the presence of fracture. Risk factors associated with inci-
dences of intracranial lesion can lead to more effective
treatment of head injuries. Numerous groups have proposed
risk factors, such as age, gender, cause of injury, GCS score,
focal neurological deficiencies, headache, vomiting, nausea,
seizure, loss of consciousness, post-traumatic amnesia, skull
fracture, signs of basal skull fracture, coagulopathy; alcohol
consumption, seizure, and previous neurosurgical proce-
dure?®11-15202426283940 Among these, age (> 65 years old),
GCS score (< 15), skull fracture, pedestrian victims of
traffic accident and victims of assault and focal neurological
deficiencies have been accepted clinical risk factors for the
development of intracranial lesions following MHI.

In our study, the following factors were shown to have
statistically significant relationship with abnormal CT find-
ings when assessed in univariate statistical analysis; GCS
score, LOC, headache, gender, age, coagulopathy, alcohol
consumption, neurological deficit, signs of basal skull frac-
ture, and skull fracture. However, multivariate analysis
revealed that only age, GCS score, LOC and skull fractures
showed statistically significant value in predicting abnormal
CT findings. Based on these findings, we further classified
the existing MHI patients into four subgroups. Patients
with GCS score of 15 were classified into very low and low
and medium risk. GCS score of 15 with abnormal CT
findings and GCS score 14 and 13 were classified as high
risk. All padents in the very low and low and medium risk
group displayed favorable outcomes while 17 patients in
the high risk group displayed adverse outcomes, including
8 deaths, and these differences were statistically significant
(Table 8) (< 0.01). Based on the current finding, we propose
a guideline for treating MHI patients based on their risks
for intracranial lesion development. An accurate neurolo-
gical examination based on the GCS score and pupil size
and response, motor power and vital signs must be per-
formed. Clinical variables should also be checked for patients
as well as CT scans that need to be performed in all patients
with MHI. Very low and low risk group can be allowed to

go home with written instruction about symptoms that
can occur which would prompt a return to the hospital.
Medium risk patients should be admitted to the hospital
for at least 2 or 3 days. High risk group patients should be
admitted to an intensive care unit and treated as a moderate
head injury.

Previous studies have reported that 0.6-2.4% of MHI
patients required surgical treatments”'***, Consistent with
these findings, our study has shown that among 898
patients, 22 (2.4%) required surgical treatments within 3
days of being admitted. Six other patients received elective
surgery after follow up assessments revealed chronic sub-
dural hematoma and hydrocephalus. When MHI patients
develop intracranial hematoma, several issues must be
considered in deciding the course of treatment. Whether to
treat the patient surgically or by conservative treatment, the
need for additional CT scan assessment and the timing of
surgical treatments are some of the considerations that
must be addressed. We propose a guideline for treating
intracranial hematoma in MHI patients as followings. For

‘epidural hematoma, surgery should be performed in case of

significant mass effect, focal neurologic deficit, or coma. In
the absence of clinical symptoms, hematoma with a thick-
ness of less than 15 mm*>®??, a volume of less than 30 cc”
and a midline-shift of less than 5 mm>”* can be treated
with conservative treatments. Presence of a heterogeneous
clot or lucent swirl density or air within high density areas
in CT scans require close observation, since these signs are
indications of active bleeding and can lead to hematoma
enlargement'®*. Guidelines for conservative treatment of
epidural hematoma must also include assessments to deter-
mine if repeat CT is needed in the first 12 hours after
injury®. Guidelines for non-operative management of patient
with a CT scan demonstrated acute subdural hematoma
may be proposed as follows; 1) GCS score greater than or
equal to 13 since injury, 2) Absence of associated intrapa-
renchymal hematoma, contusion or edema, 3) Midline shift
of less than 10 mm, and 4) Absence of basal cisternal efface-
ment™. There is no rule regarding what size a subdural
hematoma must be to necessitate removal. Parenchymal
post traumatic damage occurs frequently in patients with
MHI, but the need for surgical intervention is rare”. In our
study, approximately 14% of MHI patients showed hemor-
thagic contusion. One of the most difficult decisions to
make in treating traumatic intracerebral hematoma is whe-
ther to remove the clot or use conservative treatment. Gui-
delines for surgical treatment of traumatic intracerebral
hematoma patients are as follows; 1) Neurologically deter-
iorating patients, 2) Hematoma with a volume greater than
20 mL in temporal, temporoparietal or cerebellum regions”,
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3) Hematoma with a volume greater than 30mL in frontal or
parieto-occipital regions, 4) Compression of mesencephalic
cistern, midline shift of greater than 3 mm and subarach-
noid hemorrhage®, and 5) Accompanying intracranial
lesions such as EDH or SDH or depressed fracture.

Repeat CT scan must be planned in the case of non-
operative treatment of the acute SDH and TICH. Repeat
CT scans were conducted for patients with clinical deterio-
ration or with new clinical symptoms. MHI patients with
adverse outcomes, including death, were reported at 0.2-
3.4% of all patients>">*?. In our study, incidences of adverse
outcome was 2% and death rate was 0.9%. With better
treatment of MHI through improved risk-level assessment,
we believe that deaths amongst MHI patients can be elimi-
nated.

CONCLUSION

In our study, GCS score, LOC, patient age (> 65 years
old) and skull fracture were identified as independent risk
factors in patients presenting with intracranial lesions
following MHI. Based on the risk levels for incidences of
intracranial lesions, existing classification of MHI was
further subdivided into four categories; very low, low; med-
ium, and high risk groups. Treatment guidelines proposed
for each category are as followings. CT scan is recommend-
ed for all head injury patients; patients with very low and
low risk MHI may be discharged; medium and high risk
MHI patients should be admitted for clinical observation
because there are still a risk of deterioration; and high risk
MHI patient should be treated as moderate head injury.
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