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ABSTRACT
Background  Although there are eight factors known 
to indicate a high risk of intracranial hemorrhage (ICH) 
in mild traumatic brain injury (TBI), identification of the 
strongest of these factors may optimize the utility of 
brain CT in clinical practice. This study aimed to evaluate 
the predictors of ICH based on baseline characteristics/
mode of injury, indications for brain CT, and a 
combination of both to determine the strongest indicator.
Methods  This was a descriptive, retrospective, 
analytical study. The inclusion criteria were diagnosis 
of mild TBI, high risk of ICH, and having undergone a 
CT scan of the brain. The outcome of the study was any 
type of ICH. Stepwise logistic regression analysis was 
used to find the strongest predictors according to three 
models: (1) injury pattern and baseline characteristics, 
(2) indications for CT scan of the brain, and (3) a 
combination of models 1 and 2.
Results  There were 100 patients determined to be at 
risk of ICH based on indications for CT of the brain in 
patients with acute head injury. Of these, 24 (24.00%) 
had ICH. Model 1 found that injury due to motor vehicle 
crash was a significant predictor of ICH, with an adjusted 
OR (95% CI) of 11.53 (3.05 to 43.58). Models 2 and 3 
showed Glasgow Coma Scale (GCS) score of 13 to 14 
after 2 hours of observation and open skull or base of 
skull fracture to be independent predictors, with adjusted 
OR (95% CI) of 11.77 (1.32 to 104.96) and 5.88 (1.08 
to 31.99) according to model 2.
Discussion  Open skull or base of skull fracture and 
GCS score of 13 to 14 after 2 hours of observation were 
the two strongest predictors of ICH in mild TBI.
Level of evidence  III.

INTRODUCTION
Traumatic brain injury (TBI) is a common problem 
in both developed and developing countries, with 
a worldwide incidence of 250 per 100 000 persons 
per year.1 TBI incidence may vary by age, sex, and 
region. The incidence in young adults in France, 
for example, is 535 per 100 000 persons, which is 
higher than in the USA (154) and Australia (240). 
The male to female ratio is generally about 2:1. 
Common causes of TBI include traffic-related injury, 
falls, or assault.1 It can lead to morbidity, mortality, 
and lack of well-being, particularly in the elderly, 
who are at greater risk of falls.2 In Thailand the rate 
of traffic-related injuries has been increasing, from 
449.0 per 100 000 population in 2012 to 524.9 in 

2016, which may in turn result in similar increases 
in the incidence of TBI.3

TBI can be classified into three categories: mild, 
moderate, or severe.4 Although mild TBI may result 
in lower morbidity, it causes cognitive impairment 
in 51.4% of cases and post-traumatic stress disorder 
in 18%.5 6 It is important to accurately detect intra-
cranial hemorrhage (ICH), particularly in patients 
with mild TBI. However, to lower cost and avoid 
unnecessary radiation exposure, appropriate 
patient selection for CT of the brain is crucial. 
Several previous studies have reported predictors of 
intracranial bleeding in mild TBI.7–9 Some clinical 
factors predictive of ICH in mild TBI include head-
ache, vomiting, and focal neurological deficit.10–12

In Thailand, a CT scan of the brain without 
contrast injection is indicated in patients with 
mild TBI identified as being at high risk of ICH. 
However, CT scans are only available at larger 
hospitals. Knowing the strongest predictors of ICH 
in patients with mild TBI may facilitate quick and 
appropriate case detection and reduce the risk of 
unnecessary radiation exposure, particularly in 
resource-limited settings such as community hospi-
tals. Although there are eight factors that indicate 
a high risk of ICH in mild TBI, identification of 
the strongest of these factors may help optimize the 
utility of brain CT in clinical practice. This study 
aimed to evaluate the predictors of ICH based on 
baseline characteristics/injury-related factors, indi-
cations for brain CT, and a combination of the 
two to find the strongest indicator. Knowing these 
indicators may be helpful in triaging cases for CT, a 
potentially expensive tool with limited availability 
in developing countries or resource-limited settings.

METHODS
This was a descriptive, retrospective, analytical 
study and conducted at Khon Kaen University’s 
Srinagarind Hospital in Thailand. The inclusion 
criteria were age >18 years, mild TBI, and high risk 
of ICH. All consecutive patients during the study 
period were admitted and underwent CT scans of 
the brain. Those with other abnormal CT findings, 
such as brain infarction, were excluded. Mild TBI 
was defined as Glasgow Coma Scale (GCS) score of 
13 to 15. Patients considered to be at high risk of 
ICH were those who exhibited any of the following: 
GCS score of 13 to 14 after 2 hours of observation, 
open skull or base of skull fracture, vomiting >2 
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episodes, focal neurological deficit, post-traumatic seizure, age 
60 years or older, decrease in GCS score of more than 2 without 
identifiable causes, or high mechanism of injury. The study 
period was between January 1 and December 31, 2018.

Eligible patients’ baseline characteristics, mechanism of 
injury, physical signs, and brain CT indications and results were 
recorded. Mechanisms of injury were categorized as fall, traffic-
related injury, or assault. Traffic-related injuries were classified 
by type of vehicles (car, motorcycle, bicycle, or pedestrian) and 
whether the patient was a driver or a passenger. Falls were clas-
sified as either same level or high. Place of injury was recorded 
as either home or road/park. History of alcohol consumption, 
history of loss of consciousness, and number of injury sites were 
also examined. The outcome of the study was any type of ICH, 
including epidural hematoma, subdural hematoma, intracerebral 
hemorrhage, and subarachnoid hemorrhage. Outcomes were 
divided into two groups: ICH and non-ICH.

Statistical analysis
Descriptive statistics were used to calculate and compare differ-
ences in numerical and categorical factors between the ICH and 
non-ICH groups. Logistic regression analysis was used to find 
predictors of ICH. There were three models for ICH prediction: 
model 1, using injury pattern and baseline characteristics; model 
2, using indications for brain CT; and model 3, which combined 
models 1 and 2 (using both injury pattern/baseline characteris-
tics and indications for CT scan of the brain). Univariate logistic 
regression analysis was performed to determine the predictive 
strength of the studied factors. Factors with a p value of less than 
0.25 by the univariate logistic regression analysis were entered 
into a subsequent multivariate logistic regression model. Step-
wise logistic regression analysis was executed for models 1 and 
2 to find the strongest predictors. The remaining factors from 
those models were analyzed for the combination model. Results 
were reported as median (IQR), numbers (percentage), and 
unadjusted/adjusted OR with 95% CI. Statistical analysis was 
computed using STATA V.10.1 (College Station, TX).

RESULTS
During the study period, there were 1268 patients with mild 
TBI, 117 (9.23%) of whom were categorized as being at high 
risk of ICH (figure 1). Of these, 100 met the study criteria (17 
patients were excluded as their TBI was due to brain infarc-
tion). ICH was found in 24 patients (24.00%): 9 with subdural 
hematoma (37.5%), 4 with subarachnoid hemorrhage (16.7%), 
4 with intracerebral hemorrhage (16.7%), 2 with epidural hema-
toma (8.2%), 4 with a combination of subdural hematoma and 
subarachnoid hemorrhage (16.7%), and 1 with a combination of 
subdural hematoma and intracerebral hemorrhage (4.2%).

Baseline characteristics and injury-related factors of eligible 
patients are shown in table 1. There were three significant factors 

that differed between those with and without ICH: age, mecha-
nism of injury, and place of injury. The ICH group had a lower 
median age (62 years vs. 72 years), higher proportion of traffic 
injuries (70.83% vs. 20.27%), and higher proportion of road 
injuries (70.83% vs. 23.68%) than the non-ICH group. There 
were two factors determined to be predictive of ICH according 
to model 1: involvement in a motor vehicle crash and multiple 
injuries (table 2). Of these, only motor vehicle crash involvement 
was significant, with an adjusted OR (95% CI) of 11.53 (3.05 
to 43.58) according to multivariate logistic regression analysis.

Among the eight indications for CT of the brain in patients 
with acute head injury, three differed significantly between those 
with and without ICH: GCS score of 13 to 14 after observation, 
open skull or base of skull fracture, and age 60 years or older 
(table 3). There were two significant predictors of ICH according 
to model 2: GCS score of 13 to 14 after 2 hours of observa-
tion and open skull or base of skull fracture, with adjusted OR 
(95% CI) of 11.77 (1.32 to 104.96) and 5.88 (1.08 to 31.99) 

Figure 1  Study flow of patients with mild traumatic brain injury (TBI) 
during the study period categorized by severity of mild TBI.

Table 1  Baseline characteristics and injury-related factors in patients 
with acute head injury with suspected intracranial hemorrhage (ICH)

Factors
No ICH
n=76

ICH
n=24 P value

Median age (IQR) 72 (63–80) 62 (49–71) 0.007

Male sex 36 (47.37) 13 (54.17) 0.642

Mechanism of injury <0.001

 � Fall 57 (77.03) 7 (29.17)

 � Traffic-related injury 15 (20.27) 17 (70.83)

 � Assault 2 (2.70) 0

Traffic-related injury

 � Type of vehicle 0.469

 � Car 4 (26.67) 2 (11.76)

 � Motorcycle 9 (60.00) 13 (76.47)

 � Bicycle 2 (13.33) 1 (5.88)

 � Pedestrian 0 1 (5.88)

 � Driver/passenger 0.394

 � Drivers 11 (68.75) 13 (86.67)

 � Passengers 5 (31.25) 2 (13.33)

Type of fall 0.668

 � Same level 43 (74.14) 7 (87.50)

 � High fall 15 (25.86) 1 (12.50)

Place of injury <0.001

 � Home 58 (76.32) 7 (29.17)

 � Road/park 18 (23.68) 17 (70.83)

Alcohol consumption 8 (10.53) 5 (20.83) 0.293

History of loss of consciousness 30 (39.47) 14 (58.33) 0.156

Multiple injuries 11 (14.47) 8 (3.33) 0.069

Table 2  Injury patterns and baseline characteristics (model 1) 
predictive of intracranial hemorrhage in patients with acute head 
injury remaining in the final model by stepwise analysis

Factors Unadjusted OR (95% CI)* Adjusted OR (95% CI)†

Motor vehicle 
crash

9.22 (3.23 to 26.31) 11.53 (3.05 to 43.58)

Multiple injuries 2.95 (1.02 to 8.54) 1.98 (0.64 to 6.15)

*Indicates univariate logistic regression analysis.
†Indicates multivariate logistic regression analysis.
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according to multivariate logistic regression analysis, as shown 
in table 4. In the combination model (model 3), only GCS score 
of 13 to 14 after 2 hours of observation and open skull or base 
of skull fracture remained significant. The adjusted OR (95% CI) 
of these two factors was 18.10 (1.91 to 171.29) and 8.24 (1.33 
to 50.75) according to multivariate logistic regression analysis 
(table 5).

DISCUSSION
Among the mechanisms of injury and baseline characteristics, 
only traffic-related injury was an independent factor for ICH. 
As previously reported, motor vehicle crashes are the most 
common cause of TBI in the USA, accounting for approximately 
50% of cases.1 It is also a leading cause of TBI in developing 
countries. A report from India found that 56.3% of TBI cases 
were due to motor vehicle crash.10 Although several studies have 
reported on clinical factors predictive of ICH in mild TBI,7 9 11 
none has found traffic-related injury to be a significant predictor. 
Our results may be explained by the high proportion of motor 
vehicle crash in our population (76.47% in the ICH group), as 
shown in table 1. We analyzed results by type of traffic injury 
and whether the patient was a passenger or a driver, but neither 
of these factors were statistically significant, with adjusted OR 
(95% CI) of 0.71 (0.80 to 6.29) and 2.77 (0.34 to 22.27).

The most common indication in this study for CT scan of the 
brain was age ≥60 years (76%), as shown in table 3. However, 
GCS score of 13 to 14 after 2 hours of observation and open 
skull or base of skull fracture were both strongly predictive after 
adjustment by other factors (table 4). A previous study found that 
if patients with mild TBI have GCS score of 15/15, it may be safe 
to delay CT scanning of the brain for 8 hours.13 However, our 
study supported previous findings that GCS score of 13 or 14 

that does improve may be a strong indicator of ICH in patients 
with mild TBI (sensitivity of 83.3%; table 3).14 Skull fracture has 
also been reported as an indicator of ICH.6 We also found this to 
be the case, with a sensitivity of 71.4% (table 3).

After combining both models 1 and 2, clinical signs seemed 
to be stronger predictors of ICH than mechanism of injury 
(table 5). Both GCS score of 13 to 14 after 2 hours of observation 
and open skull or base of skull fracture were dominant factors 
in the multivariate analysis of the combination model.9 14 These 
results emphasize the importance of proper clinical examination 
by emergency room or trauma physicians to look for any skull or 
base of skull fracture as well as close monitoring of GCS during 
the first 2-hour period. Additionally, a previous study also found 
that GCS score of 13 predicted ICH with 100% sensitivity.15 
This may justify performing brain CT in patients with mild TBI 
with GCS score of 13 to 14 without first waiting 2 hours.

Although age and involvement in a motor vehicle crash were 
significant factors according to descriptive statistics (table  1), 
the former did not remain and the latter was not significant in 
the final model (table 5). The median age of patients who had 
been in motor vehicle crash was significantly lower than those 
who had not (58.5 years vs. 74.5 years; p<0.001). The fact that 
younger patients were more likely to have been involved in a 
motor vehicle crash likely accounts for the younger average age 
of patients in the ICH group versus the non-ICH group (62 years 
vs. 72 years; p=0.007). The fact that involvement in a motor 
vehicle crash remained in the final model but not age (table 5) 
may indicate that mechanism of injury may be a more signifi-
cant predictor of ICH than age but not when compared with the 
other two factors, as previously discussed.

Open skull or base of skull fracture and GCS score of 13 to 
14 after 2 hours of observation were the two strongest predic-
tors of ICH. Note that patients with GCS score of 13 to 14 
may be eligible for a CT scan without the 2-hour wait. Other 
factors indicating a high risk of ICH, such as vomiting (0%) or 
post-traumatic seizure (0%), were weaker predictors and/or less 
common in the ICH group (table 3). The results of this study 
may allow physicians at the emergency department to perform 
CT in mild TBI more rapidly and effectively. Additionally, physi-
cians in resource-limited settings may be able to more accurately 
judge whether to transfer patients with mild TBI for brain CT. 
Note that the results of this study differ from those of previous 
studies in some respects. For example, one previous study found 
that CT can be safely delayed for up to 8 hours in patients with 
mild TBI and GCS score of 15,8 whereas we suggest immediate 
brain CT if GCS score is 13 and 14. Second, a previous report 
found high-energy trauma to be suggestive of ICH in mild TBI, 
whereas we did not.11 This difference may be due to the low 
prevalence of high-energy trauma in our study (two patients). 

Table 3  Indications for CT of the brain in patients with acute head 
injury with suspected intracranial hemorrhage (ICH)

Factors
No ICH
n=76

ICH
n=24 P value

GCS score of 13–14 after 2-hour 
observation

1 (1.32) 5 (20.83) 0.003

Open skull or base of skull fracture 2 (2.63) 5 (20.83) 0.008

Vomiting >2 episodes 6 (7.89) 0 0.331

Focal neurological deficit 1 (1.32) 1 (4.76) 0.391

Post-traumatic seizure 1 (1.33) 0 0.999

Age ≥60 years 63 (82.89) 13 (61.90) 0.037

Decrease in GCS score of more than 2 
without identifiable causes

0 0 NA

High-energy trauma 2 (2.67) 0 0.999

GCS, Glasgow Coma Scale; NA, not available.

Table 4  Indications for CT of the brain (model 2) predictive of 
intracranial hemorrhage in patients with acute head injury remaining 
in the final model by stepwise analysis

Factors Unadjusted OR (95% CI)* Adjusted OR (95% CI)†

GCS score of 
13–14 after 2-hour 
observation

19.73 (2.17 to 179.06) 11.77 (1.32 to 104.96)

Open skull or base of 
skull fracture

9.73 (1.75 to 54.13) 5.88 (1.08 to 31.99)

*Indicates univariate logistic regression analysis.
†Indicates multivariate logistic regression analysis.
GCS, Glasgow Coma Scale.

Table 5  Factors remaining in the final model predictive of 
intracranial hemorrhage in patients with acute head injury (model 3)

Factors Unadjusted OR (95% CI)* Adjusted OR (95% CI)†

Multiple injuries 2.95 (1.02 to 8.54) 1.45 (0.40 to 5.24)

Motor vehicle crash 9.22 (3.23 to 26.31) 1.98 (0.88 to 4.44)

GCS score of 13–14 after 
2-hour observation

19.73 (2.17 to 179.06) 18.10 (1.91 to 171.29)

Open skull or base of skull 
fracture

9.73 (1.75 to 54.13) 8.24 (1.33 to 50.75)

*Indicates univariate logistic regression analysis.
†Indicates multivariate logistic regression analysis.
GCS, Glasgow Coma Scale.
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Further prospective studies may be necessary to confirm our 
results prior to their implementation in clinical guidelines.

This study had some limitations. First, no methods of preven-
tion or intervention, such as preventive models or encouraging 
the use of public transportation, were evaluated.16–19 Second, as 
this study was conducted in a university/tertiary hospital, the 
results may not be applicable to other settings. Another limita-
tion was that some clinical factors that were not significant 
according to our model, such as age over 65 years combined 
with GCS score of 13, may be suggestive for brain CT in clinical 
practice.20 21 Further studies are required to confirm our results.22 
Additionally, some factors were not studied due to the retrospec-
tive design, including Injury Severity Score, coagulation factor, 
anticoagulant or antiplatelet therapy, and some laboratory tests 
such as serum ubiquitin C-terminal hydrolase L1.23–26 Finally, 
treatment and treatment outcomes were not reported.

CONCLUSION
Open skull or base of skull fracture and GCS score of 13 to 14 
after 2 hours of observation were the two strongest predictors 
of ICH in mild TBI among the examined indicators for CT of 
the brain.
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