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Abstract

Background: The management of minor head injury (GCS score 
of 15) especially in the use of computed tomography (CT) scan is 
still controversial. As a big and developing country, Indonesia faced 
some problems in the management of minor head injuries. Those 
problems were limited number of CT scan, big number of minor 
head injured patients assessed in emergency unit and far distance 
between small cities and referral centers. This study was aimed to 
provide different approaches in obtaining CT scan in this group of 
patients.

Methods: This was a cohort prospective study involving 364 head 
injured patients with a GCS score of 15, aged over six years. All 
studied clinical data were recorded and CT scan was obtained. The 
relationship between the clinical risk factors and the presence of 
abnormal CT scan (the first end point of this study) and the need for 
surgery (the second end point) were tested by univariate analysis 
((X2-test). Logistic regression analysis was then used to find the 
best combination of these clinical factors that were highly sensitive 
to detect abnormal CT scan and the need for surgery.

Results: The incidence of abnormal CT scan and the need for sur-
gery were 13.2% and 3.7% respectively. Loss of consciousness 
(LOC) (RR 4.84, 95 % CI 1.29 - 18.13), amnesia (RR 4.45, 95% 
CI 1.86 - 10.68), cranial soft tissue injury (RR 8.56, 95% CI 3.43 
- 21.46), skull fracture (RR 6.81, 95% CI 2.04 - 22.77), age > 60 
years (RR 5.56, 95% CI 2.09 - 14.77) were significant clinical fac-
tors of abnormal CT scan. While amnesia (RR 0.068, 95% CI 0.007 
- 0.626), cranial soft tissue injury (RR 0.076, 95% CI 0.009 - 0.647) 
and skull fracture (RR 0.145, 95% CI 0.035 - 0.607) were signifi-
cant clinical factors of the need for surgery.

Conclusion: Our recent study provided two different approaches in 
obtaining head CT scan in minor head injuries, which were depen-
dent on the availability of CT scan and the aim of taking CT scan.

Keywords: Minor head injury; Risk factors; Abnormal CT scan; 
The need for surgery

Introduction

Minor head injury is the most common type of head injury 
assessed in emergency unit. Different definitions had been 
proposed for mild and minor head injury. Some authors de-
fined minor head injury as GCS score of 13 to 15 [1-3] and 
others said that minor head injury included patients with 
GCS score of 14 - 15 [2, 4]. Teasdale firstly classified head 
injured patients with a GCS score of 15 as minor head in-
jury [5]. Many other authors agree with this classification 
[6-9]. The separation between minor (GCS score of 15) and 
mild head injury (GCS score of 13 - 14) is essential because 
the latter has significantly higher incidence of abnormal CT 
scan, the need for surgery and clinical deterioration [10-15]. 
Therefore, the use of initial CT scan in head injury with a 
GCS score of 13 and 14 is in agreement among investigators 
[4, 10, 11, 16, 17].

There are continued debates about which minor head 
injured patients may require computed tomography in the 
emergency unit [4, 12, 13, 18, 19]. This disagreement is 
driven by the need to immediately detect all patients with 
potentially serious injury vs. increasing demand to cut in-
creasing medical expenses [1, 4, 13].

Although GCS score has been widely used to assess 
head injuries, some investigators think that this scale is less 
useful to evaluate acute abnormal lesion especially in milder 
type of head injury [4, 13]. A small number of patients with a 
GCS score of 15 have abnormal CT scan and small percent-
age of them need surgical intervention [4, 11]. Thus, there 
must be some other clinical factors in this group of patients 
who most likely to have a significant risk of developing 
acute intracranial lesion. Therefore, the objectives of our re-
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cent study were; 1), to analyze the significance of some clini-
cal factors in detection of abnormal CT scan in this group 
of patients; 2), to analyze some clinical factors presenting 
abnormal CT that needs neurosurgical procedure. These two 
end points will provide different approaches in the use of CT 
scan in minor head injury.

 
Materials and Methods

   
A prospective cohort study was conducted on 364 patients 
aged over 6 years with minor head injury admitted at emer-
gency unit, Sanglah General Hospital between October 2011 
and February 2012. In this study, a patient was considered 
suffering from minor head injury when he or she had a blow 

to the head presented with a GCS score of 15. All patients 
who had known medical illnesses, suffered from cerebro-
vascular diseases or intracranial pathology, who were under 
the influence of alcohol or drugs, who were on blood thin-
ner treatment, had a previous brain surgery, came to hospital 
more than 12 hours after trauma, had penetrating head in-
jury, had no clear history of trauma and patients with major 
trauma to other organs that necessitated specialized care in 
hospital were excluded.

Since we do not have a uniform protocol for obtaining 
head CT scan on head injured patients, all these patients were 
evaluated with head CT scan without any additional cost be-
ing charged to patients. All head CT scans were initially read 
by the on-duty neurosurgeon and subsequently reviewed by 
radiologist. An abnormal CT scan was defined as an acute 

Characteristic Number (%)

Gender

Male 237 (65.1%)
Female 127 (34.9%)

Age (year)
6 - 10 30 (8.2%)
10 - 20 74 (20.3%)
21 - 40 161 (44.3%)
41 - 60 55 (15.1%)
> 60 44 (12.1%)

Mechanism of injury
Traffic accident 292 (80.2%)
Fall 62 (17.1%)
Assault 10 (2.7%)

CT Scan
Normal 316 (86.8%)
Abnormal 48 (13.2%)

Lesions
EDH 15 (31.2%)
SDH 9 (18.8%)
Parenchymal lesion 11 (22.9%)
IVH 2 (4.1%)
SAH 8 (16.7%)
EDH + SAH 1 (2.1%)
Parenchymal lesion + SAH 1 (2.1%)
Parenchymal lesion + EDH 1 (2.1%)
Neurosurgical intervention 14 (3.7%)

Table 1. Patient’s Characteristic

EDH: epidural hematoma; SDH: subdural hematoma; SAH: subarchnoid hemorrhage; IVH: 
intraventricular hemorrhage.
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intracranial lesion therefore excluding isolated skull fracture 
or chronic subdural effusion [20, 21]. Neurosurgical proce-
dure was defined as craniotomy to repair an acute traumatic 
injury. Placement of an intracranial pressure (ICP) monitor-
ing device was not included in neurosurgical procedure.

From literature review many important clinical factors 
were associated with acute intracranial lesion [4, 7, 11, 13, 
19]. On the basis of our previous observation, in this study 
eight clinical symptoms and signs were selected as clinical 
factors to be tested in minor head injury at emergency unit. 

These factors were LOC, amnesia, seizures, vomiting, head-
ache, cranial softs tissue injury, skull fracture and age over 
60 years. LOC was defined as a witness seeing the patients 
in a state of unconsciousness and reporting this finding to the 
senior surgical trainee at emergency unit [13]. Amnesia was 
defined as a patient being unable to describe or remember 
the incidence that led to head injury [13]. Cranial soft tissue 
injury was defined as trauma above the eyebrows including 
abrasion and laceration [22].

History and physical examination of defined variables 

Table 2. Results of Univariate Analyses Associating Clinical Factors and Abnormal CT Scan

*Chi-square, **Fisher’s Exact. Significant at P < 0.05.

Risk factors
Abnormal 
CT Scan
(n = 48)

Normal 
CT Scan
(n = 316)

No (%) P value RR 95 % CI

LOC

Yes 45 185 230 (63.2) < 0.001* 8.74 2.77 - 27.57

No 3 131 134 (36.8)

Amnesia

Yes 35 79 114 (31.3) < 0.001* 5.90 3.25 - 10.72

No 13 237 250 (68.7)

Seizures

Yes 2 2 4 (1.0) 0.086** 3.91 1.41 - 10.81

No 46 314 360 (99.0)

Cranial soft tissue injury

Yes 35 54 89 (24.5) < 0.001* 8.32 4.61 - 15.00

No 13 262 275 (75.5)

Vomiting

Yes 25 124 149 (40.9) 0.092* 1.57 0.92 - 2.65

No 23 192 215 (59.1)

Headache

Yes 47 250 297 (81.6) 0.002* 10.60 1.48 - 75.49

No 1 66 67 (18.4)

Fracture

Yes 21 8 29 (8.0) < 0.001** 8.99 5.86 - 13.75

No 27 308 335 (92)

Age > 60

Yes 15 29 44 (12.1) < 0.001* 3.30 2.77 - 27.57

No 34 286 319 (87.6)
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were taken at admission by senior trainees under direct su-
pervision by the on-duty neurosurgeon. Patients with normal 
CT scan were discharged home after a few hours observation 
in emergency ward. All these patients were provided infor-
mation on delayed symptoms of intracranial lesion and were 
suggested to return if they had one of them. Patients with 
abnormal CT scan findings were hospitalized and treated 
(surgical or non surgical treatment).

All variables were recorded in binary notation. We used 
univariate (X2-test) to determine the strength between each 
factor and intracranial lesions and the need for surgery. 
Logistic regression analysis was then used to find the best 
combination of clinical factors that highly sensitive to detect 
acute intracranial lesion and the need for surgery. Relative 
risk with 95% confidence interval (CI) was recorded. The 
level of significance was set at value of less than 0.05.

 
Results

  
Patient demography and general data

Between October 2011 and February 2012, 364 consecutive 
minor head injury were analyzed at our emergency unit. Gen-
der distribution was 237 (65.1%) male and 127 (34.9%) female 
with a mean age of 32.83 ± 18.20 years (ranging 6 - 87 years). 
Forty-four patients (12.1%) aged over 60 years. Traffic accident 
was the most common mechanism of injury (80.2%) followed 
by fall (17.1%) and assault (2.7%) (Table 1).

The most frequent clinical findings were headache (81.6%), 
followed by loss of consciousness (63.2%), vomiting (40.9%) 
and amnesia (31.3%) (Table 2). The incidence of abnormal CT 
scan was 48 patients (13.2 %) and abnormal CT that needed 
surgery was 14 patients (3.7%) (Table 1). The most frequent 
lesion was epidural hematoma (EDH), followed by intraparen-
chymal lesion. No patients died in this study.

Analysis of clinical factors

The first end point of this study was abnormal CT scan findings. 
In univariate analysis LOC (RR 8.74, 95% CI 2.77 - 27.57), 
amnesia (RR 5.90, 95% CI 3.25 - 10.72), cranial soft tissue in-
jury (RR 8.32, 95% CI 4.61 - 15.00), headache (RR 10.60, 95% 
CI 1.48 - 75.49), skull fracture (RR 8.99, 95% CI 5.86 - 13.75) 
and age > 60 years (RR 3.30, 95% CI 2.77 - 27.57) were sig-
nicant variables (Table 2). In multivariate analysis LOC (RR 
4.84, 95 % CI 1.29 - 18.13), amnesia (RR 4.45, 95% CI 1.86 - 
10.68), cranial soft tissue injury (RR 8.56, 95% CI 3.43 - 21.46), 
skull fracture (RR 6.81, 95% CI 2.04 - 22.77), age > 60 years 
(RR 5.56, 95% CI 2.09 - 14.77) remained significant variables 
(Table 3).

The second end point of this study was the need for surgery. 
In univariate analysis LOC (RR 7.57, 95% CI 1.00 - 57.25), 
amnesia (RR 28.51, 95% CI 3.77 - 215.30), cranial soft tissue 
injury (RR 40.17, 95% CI 5.32 - 307.76), skull fracture (RR 
28.88, 95% CI 9.65 - 86.38) were significant factors of the need 
for surgery (Table 4). However, multivariate analysis showed 
amnesia (RR 0.068, 95% CI 0.007 - 0.626), cranial soft tissue 
injury (RR 0.076, 95% CI 0.009 - 0.647) and skull fracture (RR 
0.145, 95% CI 0.035 - 0.607) remained significant factors (Ta-
ble 5).

Discussion
  
Minor head injury (GCS score of 15) is an extremely com-
mon entity seen in emergency unit; however, there are vari-
ous controversial issues in the management of minor head 
injury such as the use of head CT scan in evaluating mild 
head injury [1, 4, 7, 11, 13] and the definition of serious-
ness of abnormal CT scan [9]. Many trauma centers obtained 
CT scans on all minor head injuries on the basis of various 
significant risk factors [1, 4, 7, 21]. In our institution there is 

Table 3. Results of Multivariate Analyses Associating Clinical Factors and Abnormal CT Scan

Logistic Regression *Significant at P < 0.05.

Risk factors P value RR 95% CI

LOC 0.019* 4.84 1.29 - 18.13

Amnesia 0.001* 4.45 1.86 - 10.68

Cranial soft tissue injury 0.001* 8.56 3.43 - 21.46

Headache 0.135 4.93 0.61 - 40.06

Skull fracture 0.002* 6.81 2.04 - 22.77

Age > 60 years 0.001* 5.56 2.09 - 14.77
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no clear protocol in obtaining CT scan of minor head injury 
and tends to take head CT scan on all head injured patients 
regardless of the level of consciousness. This approach, of 
course, is very costly because CT scan is still relatively ex-
pensive and the clinical management is almost not changed 
by the result of CT scan.

GCS has shortcoming in evaluating minor head injury, 
as it does not distinguish different degrees of brain damage 
in patients with a GCS score of 15 [10, 23]. Even patients 
with a GCS score of 15 arriving at emergency unit may even-
tually present life-threatening lesion that evolve to coma or 
even death [24]. Therefore, there must be clinical variables 
that could be used to screen patients for the necessity of tak-
ing an emergent CT scan. Literature reviews revealed that 

many investigators proposed different clinical parameters in 
obtaining head CT scan in minor head injuries [4, 10, 12, 19, 
21, 25, 26].

Definition of the seriousness of acute abnormal CT scan 
is in another controversial issue in minor head injury [9]. 
Some clinicians believed that any intracranial hemorrhage in 
minor head injuries, no matter how small should be consid-
ered serious [11, 21]. Therefore, this group of patients was 
classified as high-risk mild head injury, and they were con-
sidered having the same risk as patients with a GCS score 
of 13 or 14 [11, 21]. However, other investigators said that 
serious abnormal CT scan was acute lesion that needs for 
surgery [2, 8, 20, 27]. Thus, not all acute abnormal CT was 
considered serious and not all abnormal CT scan should 

Table 4. Results of Univariate Analyses Associating Clinical Factors and the Need for Surgery

*Chi-square, **Fisher’s Exact. Significant at P < 0.05.

Risk factors No. of 
patients P value RR 95 % CI

LOC
Yes 230 0.019* 7.57 1.00 - 57.25

No 134

Amnesia

Yes 114 < 0.001** 28.51 3.77 - 215.30

No 250

Seizure

Yes 4 0.146 6.92 1.16 - 41.02

No 360

Vomiting

Yes 149 0.482 1.44 0.51 - 4.02

No 215

Cranial soft tissue injury

Yes 89 < 0.001** 40.17 5.32 - 307.76

No 275

Headache

Yes 297 0.082** 0.95 0.92 - 0.97

No 67

Cranial fracture

Yes 29 < 0.001** 28.88 9.65 - 86.38

No 335

Age > 60 years

Yes 44 0.233** 1.98 0.57 - 6.83

No 319
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Table 5. Results of Multivariate Analyses Associating Clinical Factors and the Need 
for Surgery

Logistic Regression. *Significant at P < 0.05.

be identified and treated regardless of the need for surgery. 
Some reasons were proposed: 1), during observation, the 
non-surgical lesion did not show any change in mental status 
or require any intervention [12, 13]; 2), abnormal CT scan 
was a poor predictor of final neurologic outcome [13]; 3), 
the outcome of patient with a GCS score of 15 with abnormal 
CT scan was the same as those without [28].

Besides incomplete agreement in taking CT scan and 
controversy in defining the seriousness of acute abnormal 
lesion in minor head injury, the big number of patients with 
minor head injury assessed in emergency unit in our coun-
try, unavailability to CT scan in all hospitals and far distance 
between small city and referral centers had led us to conduct 
this study. This study was expected to provide more flex-
ible choice in obtaining CT scan in this group of patients. 
Therefore, in this study we set two end points. The first end 
point was abnormal CT scan, which was found in 13.2% of 
total patients. Our finding was comparable to the 15% rate 
reported by Shackford et al [29], 17% rate reported by Go-
mez et al [10] and 18% rate reported by Hsiang et al [11]. 
In our study, factors that were identified to significantly in-
creased the incidence of acute abnormal CT scan were LOC, 
amnesia, cranial soft tissue injury, cranial fracture and age > 
60. Our findings were in agreement with other investigators 
[10, 21, 22].

LOC is an important factor of acute intracranial lesion 
in mild head injury [16, 19-21]. In large series of fully con-
scious patients, it was estimated that a history of altered con-
sciousness increased the risk of traumatic intracranial lesion 
by a factor of 5 [5]. LOC is a clinical symptom that is eas-
ily taken from patients who are mostly present at emergency 
unit in alert condition. Amnesia, which includes both retro-
grade and antegrade memory disturbance, with intensive an-
amnesis is not difficult to be recorded either [10]. Our recent 
study showed that amnesia was not the only a clinical factor 
of abnormal CT scan but also the need for surgery.

Many investigators agreed that age over 60 is signifi-
cantly associated with acute abnormal CT [4, 8, 10, 21, 22, 
26, 30, 31]. Thus, it seems that advanced age patients need 
special attention and longer periods of observation.

We did not test confusion as a risk factor of abnormal CT 
scan, because it is confused with a GCS score of 14, which 
has higher chance to develop abnormal CT scan. Many stud-
ies also did not include the term “confusion” as independent 
risk of abnormal CT scan [4, 20, 21]. In this study, we also 
did not test neurological deficit because there has been a 
complete agreement that it is an absolute parameter for CT 
scan in all type of head injury [9, 29, 30].

The second end point of our study was the need for sur-
gery, which was found 3.6% of total patients. This also was 
comparable to the 2.2% rate reported by Hsiang et al [11], 
3.2% rate reported by Shackford et al [29] and 3.9% rate 
reported by Mendelow et al [28]. Kisat et al reported 4.2% 
rate, which was slightly higher than that of other reports 
[18]. In our study, the clinical factors of the need for surgery 
were amnesia, cranial soft tissue injury and skull fracture.

Cranial soft tissue injury represents external evidence 
of cranial trauma, which is easily recognized by rural doc-
tors [22]. Our finding was in agreement with the findings 
of other investigators [8, 9, 20, 22, 25]. Skull fracture as a 
significant variable of abnormal CT and the need for surgery 
has been in agreement by many authors [10-12, 16, 21, 25, 
32, 33]. Hsiang et al found that the presence of skull fracture 
in mild head injury increased the need for surgical interven-
tion by a factor of 20 [11]. Mendelow et al reported that a 
patient with skull fracture and impaired consciousness had a 
25% chance of developing intracranial hematoma, whereas 
a patient without skull fracture or impairment of conscious-
ness, the risk was one in 6000 [28]. Servadei et al observed 
significantly more intracranial lesions and the need for sur-
gery in minor head injured patients with a skull fracture than 
those without [32]. Gomez et al found that the presence of 
skull fracture in mild head injury significantly increased the 
incidence of abnormal CT findings and the need for surgery 
[10]. From a neurosurgical perspective it is very clear that 
the presence of skull fracture in patients with minor head 
injury increases the risk of intracranial lesion that is both sta-
tistically and clinically highly significant [30].

These two different approaches would be expected to 
accommodate any aim in obtaining CT scan. The first end 

Risk factors P value RR 95% CI

Amnesia 0.018* 0.068 0.007 - 0.626

Cranial soft tissue injury 0.018* 0.076 0.009 - 0.647

Skull fracture < 0.001* 0.145 0.035 - 0.607
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point may be used to those who do not want to miss any 
abnormal CT scan and considered all traumatic lesions are 
serious. This needs availability to CT scan and neurosurgical 
services in hospitals. This approach of course will be costly. 
The second end point may be the most important for physi-
cian especially working in remote area, that their ultimate 
concern is not to identify those with abnormal CT scan, but 
rather to detect those patients who need acute surgical inter-
vention [20, 25]. From a neurosurgical perspective, the goal 
of any protocol for management of mild head injury is to 
identify significant surgical traumatic lesions and to evacu-
ate these before clinical deterioration occurs [16, 27, 30]. 
Thus, surgical lesion is an absolute indicator of seriousness 
of injury. In the Canadian rule, traumatic lesion that at great-
est risk for requiring neurosurgical intervention is classified 
high-risk lesion category [2].

The second approach would help physicians to selective-
ly refer this group of patients not only for obtaining CT scan 
but also for further treatment. In our study, clinical factors of 
the need for surgery were easily recognized by physicians. 
Applying this approach would reduce the number of patients 
with a GCS score of 15 to be referred to neurosurgical cen-
ter. Our hospital is top referral hospital in eastern territory of 
Indonesia covering approximately four million people living 
in Bali and another million living beyond Bali Island. This 
second approach would reduce the number of minor head 
injured patients to be referred to our hospital, meaning less 
emergency patients would be cared in aisles waiting for bed.
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