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Background: Delirium in traumatic brain injury (TBI) is common, may be predictable, and has 

a multifaceted symptom complex. This study aimed to examine: 1) the sum score of Glasgow 

Coma Scale (GCS) and if its component scores could predict delirium in TBI patients, and 

2) the prominent symptoms and their courses over the first days after TBI.

Methods: TBI patients were recruited from neurosurgical ward inpatients. All participants were 

hospitalized within 24 hours after their TBI. Apart from the sum score of GCS, which was obtained 

at the emergency department (ED), the Diagnostic and Statistical Manual of Mental Disorders, 

Fifth Edition, diagnostic criteria for delirium were applied daily. The severity of delirium symp-

toms was assessed daily using the Delirium Rating Scale – Revised-98 (DRS-R-98).

Results: The participants were 54 TBI patients with a mean GCS score of 12.7 (standard 

deviation [SD] =2.9). A total of 25 patients (46.3%) met the diagnosis of delirium and had 

a mean age of 36.7 years (SD =14.8). Compared with 29 non-delirious patients, 25 delirious 

patients had a significantly lower mean GCS score (P=0.04), especially a significantly lower 

verbal component score (P=0.03). Among 18 delirious patients, four symptoms of the DRS-R-98 

cognitive domain (orientation, attention, long-term memory, and visuospatial ability) were 

moderate symptoms (score $2) at the first day of admission. After follow-up, three cognitive 

(orientation, attention, and visuospatial ability) and two noncognitive symptoms (lability of 

affect and motor agitation) rapidly resolved.

Conclusion: Almost half of patients with mild to moderate head injuries may develop delirium 

in the first 4 days after TBI. Those having a low GCS score, especially the verbal component 

score, at the ED were likely to have delirium in this period. Most cognitive domains of delirium 

described in the DRS-R-98 were prominent within the first 4 days of TBI with delirium. Three 

cognitive and two noncognitive symptoms of delirium decreased significantly.

Keywords: Delirium Rating Scale Revised-98, DRS-R-98, brain injuries, traumatic, noncogni-

tive symptoms, cognitive symptoms, Glasgow Coma Scale score

Background
Traumatic brain injury (TBI) is a brain injury caused by an external mechanical force 

severe enough to disrupt normal brain function. This injury may lead to hospitalization, 

need critical care, and cause adverse long-term outcomes. Each year, 235,000 Americans 

are hospitalized for nonfatal TBI, and 3.8% of the population in northern Finland expe-

rienced at least one hospitalization due to TBI by 35 years of age.1,2 TBI can adversely 

affect both short-term and long-term cognitive, behavioral/emotional, and physical 

functioning. After 1 year of TBI, 21.3% of the patients may have at least one psychiatric 

disorder.3 The impact on a person and his or her family can be devastating.

Delirium in TBI is common and may be predictable. The incidence of delirium 

is varied among samples, largely due to the different levels of TBI severity. A study 
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in 85 patients with less severe TBI revealed that 69.4% of 

the sample developed delirium during the hospitalization.4 

This study also found that cognitive impairment on bedside 

examination and sleep–wake cycle disturbance might be 

predictors of delirium in this population. Other findings 

also suggest that the Glasgow Coma Scale (GCS) score may 

predict the development of delirium in elderly patients with 

multiple organ traumas.5

Delirium has a multifaceted symptom complex. In a medi-

cal record review of 80 patients admitted for rehabilitation 

following TBI, agitation was observed in 70% of them for an 

average of 32 days.6 In another study, sleep abnormality was 

found in 66% of TBI patients.7 The aforementioned findings 

suggest a dearth of evidence on the delirium following TBI. 

Only a few predictors of such delirium have been found. It 

is not yet known if the predictability of GCS score in elderly 

patients with multiple organ traumas is also applicable in 

patients with head trauma. No systematic study was found 

regarding delirium symptoms in this population.

This study was, therefore, carried out to determine if the 

sum score of GCS and its component scores could predict 

delirium in this population. In addition, for those developing 

delirium, we further examined prominent symptoms and their 

courses over the first days after TBI.

Methods
Study design and setting
This was an observational prospective study in TBI 

patients aged $18 years. The patients recruited were inpa-

tients of the neurosurgical ward of Chiang Mai University 

Hospital, a tertiary-care setting in northern Thailand. The 

study was conducted from May to September 2015. The 

present study was approved and monitored by the Ethics 

Committee of Faculty of Medicine, Chiang Mai University. 

Written informed consent was obtained from patients with-

out delirium or the relatives of patients with delirium. The 

informed consent was given after the study details had been 

fully explained.

Selection criteria
All patients hospitalized for 24  hours with TBI were 

evaluated. Both male and female patients were included 

if they were aged $18 years. This study excluded patients 

who were in a coma (GCS score #3) or had a history of a 

psychiatric disorder.

Assessment
All baseline data were collected on the first day of hos-

pitalization. In addition, sociodemographic data such as 

age, sex, years of education, and history of alcohol use 

were collected.

GCS
The GCS was the first grading scale to assess the conscious-

ness of patients.8 The assessment of motor, verbal, and eye 

responses of the GCS characterizes the level of consciousness. 

The picture provided by these responses enables comparison 

both between patients and of changes in patients over time 

that crucially guides management. The three components can 

be scored separately or combined in a sum score, ranging 

from 3 to 15. An approximately linear relationship exists 

between decreasing sum scores and increasing mortality 

in patients with TBI,9 and the motor component is a strong 

predictor of poor outcome in moderate or severe TBI.10,11 

Our study applied the GCS at the emergency department 

(ED) and used it for daily assessment to determine the con-

sciousness and the severity of TBIs. Based on three modes 

of behavior, the score of eye opening ranged from 1= no 

eye response, 2=  response to pain/pressure, 3=  response 

to speech/sound, and 4= spontaneous response. The verbal 

response scores were 1= no verbal response, 2= incompre-

hensible speech/sounds, 3=  inappropriate speech/words, 

4=  confused speech/conversation, and 5=  orientated con-

versation. The motor response scores were 1=  no motor 

response, 2= stereotyped extension, 3= stereotyped flexion, 

4= normal flexion, 5= localizes pain, and 6= obeys simple 

commands. Generally, brain injury is classified as severe, 

GCS 3–8; moderate, GCS 9–12; and mild, GCS 13–15. Mild 

brain injuries can result in temporary or permanent neurologi-

cal symptoms, and a neuroimaging test such as computed 

tomography (CT) scan or magnetic resonance imaging (MRI) 

may or may not show evidence of any damage. Moderate 

and severe brain injuries often result in long-term impair-

ments in cognition (thinking skills), physical skills, and/or 

emotional/behavioral functioning.8

Delirium Rating Scale – Revised-98 (DRS-R-98)
The presence of delirium was examined daily by using the 

Diagnostic and Statistical Manual of Mental Disorders, Fifth 

Edition (DSM-5).12 The DRS-R-9813 was used daily to assess 

the severity of delirious symptoms. The DRS-R-98 noncogni-

tive (items 1–8) and cognitive (items 9–13) subscales scores 

were also computed.14 Eight symptoms of the DRS-R-98 

noncognitive domain were sleep–wake cycle disturbance, 

perceptual disturbances and hallucinations, delusions, labil-

ity of affect, language, thought process abnormalities, motor 

agitation, and motor retardation. Five symptoms of the 

DRS-R-98 cognitive domain included orientation, attention, 
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short-term memory, long-term memory, and visuospatial 

ability.15 The DRS-R-98 scale comprises 16 items with a 

maximum total scale score of 46 points (includes the three 

diagnostic items’ score of 7 points and a maximum severity 

score of 39 points). The scores of each symptom range from 

0= normal behavior(s)/no symptom(s), 1= mild symptom, 

2= moderate symptom, and 3= severe or the most disturbed 

behavior(s).13,16 This study used the DRS-R-98 severity score 

to assess the clinical symptoms of TBI patients.

Statistical analysis
Statistical analysis was carried out using SPSS for Windows 

version 22.0. The delirium groups were those developing 

delirium in the first days of hospitalization. Sociodemographic 

differences between the delirium and non-delirium groups 

were compared using the chi-square tests (for categorical 

data) and the Student’s t-tests (for interval data). Between-

group differences on the summation of the severity score and 

each domain scores of DRS-R-98 on day 1 and GCS at the ED 

were determined by using the Mann–Whitney U tests. A total 

of 13 delirious symptoms assessed by using the DRS-R-98 

were taken into consideration. The delirium symptom scores 

obtained on the first days of hospitalization were plotted to 

see the symptom patterns. In addition, the mean scores of 

each symptom obtained on these days were compared using 

the Friedman tests. All calculated P-values were two sided, 

and statistical significance was set at P,0.05.

Results
Between May and September 2015, 272 patients were 

screened. A total of 210 patients did not satisfy the inclu-

sion criteria of the study. In all, 62 patients with TBI were 

evaluated at the ED and transferred to the neurosurgery 

ward. Of these, seven patients had no DRS-R-98 score and 

one patient had an incomplete record of demographic data. 

The data of 54 patients were, therefore, included in the 

present analysis. The mean GCS total score of this sample 

was 12.7 (standard deviation [SD] =2.9). Figure 1 shows 

flow diagram for the study enrollment and completion of 

delirious patients.

In all, 25 patients (46.3%) met the diagnosis of delirium 

and had a mean age of 36.7 years (SD =14.8). Of the patients 

with delirium, 21, two, and two developed delirium symp-

toms on day 1, day 2, and day 3, respectively. Except the sig-

nificantly higher DRS-R-98 severity score and two domain 

scores (noncognitive and cognitive subscores) obtained 

from delirious patients (P,0.01), the data collected on day 

1 showed that delirium and non-delirium patients were not 

significantly different with respect to age, sex, education, 

and current alcohol use). Table 1 lists the demographics and 

clinical characteristics of 54 patients with TBI.

Table 2 lists GCS data at the ED of 54 patients with TBI. 

The TBI patients with and without delirium had the mean of 

eye opening scores, verbal response scores, motor response 

scores, and the sum scores of GCS 2.9 (1.2) vs 3.4 (0.9), 3.4 

(1.7) vs 4.2 (1.4), 5.6 (0.8) vs 5.9 (0.4), and 11.9 (3.2) vs 

13.5 (2.4), respectively. From these data, it can be observed 

that the TBI patients with delirium had not only significantly 

lower total scores (mean score difference =1.6, P=0.04) but 

also significantly lower verbal response subscores (mean 

score difference =0.8, P=0.03) than those of the TBI patients 

without delirium.

Of the 25 delirium participants, 18 patients were hospi-

talized for at least 4 days, and the data of these 18 patients 

were included in the study of delirious symptom patterns. 

Table 3 lists the demographics and clinical characteristics 

of 18 TBI patients with delirium included in the study of 

symptom patterns. The mean age of these TBI patients with 

delirium was 38.9 years (15.5), most of them had less than a 

primary school education (,6 years) and were males. A total 

of ~60% of these TBI patients with delirium were currently 

using alcohol. All the other data are listed in Table 3. While 

14 patients had delirium on day 1, two patients each devel-

oped delirium on day 2 and day 3. The causes of injury were 

traffic injury (14 patients, 77.8%) and falls (four patients, 

22.2%). During the 4-day observation study, all patients 

Figure 1 Flow diagram for the study enrollment and completion of delirious patients.
Abbreviations: TBI, traumatic brain injury; DRS-R-98, Delirium Rating Scale – 
Revised-98.
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received environmental manipulation to minimize delirium. 

Two patients also received 0.5 mg/day of risperidone, and 

one patient received 0.25 mg/day of haloperidol.

Figure 2 shows the mean domain scores of noncognitive 

and cognitive symptoms of 18 TBI patients with delirium. 

Both the eight symptoms of the DRS-R-98 noncognitive 

domain, such as sleep–wake cycle disturbance, perceptual 

disturbances and hallucinations, and the five symptoms of the 

DRS-R-98 cognitive domain, for example orientation, atten-

tion, and short-term memory, are arranged on the x-axis. The 

mean domain scores of each symptom range from 0= normal 

behavior(s)/no symptom(s) to 3= severe or the most disturbed 

behavior(s), which are labeled on the y-axis.

The mean domain scores of the DRS-R-98 noncogni-

tive and cognitive symptoms were highest on day 1, and 

most of these scores decreased gradually over the 4 days of 

observation. On the first day of the study, TBI patients with 

delirium had prominent four cognitive symptoms from 

13 symptoms of DRS-R-98, including orientation (mean 

[SD] =2.1 [1.0]), attention (mean [SD] =2.1 [0.8]), long-term 

memory (mean [SD]  =2.6 [0.9]), and visuospatial ability 

(mean [SD] =2.9 [0.2]).

Figure 2 shows that the mean scores of eight DRS-R-98 

noncognitive domains were not prominent. The mean (SD) 

scores of sleep–wake cycle, lability of affect, language, 

thought process abnormalities, perceptual disturbances and 

hallucinations, delusions, motor agitation, and motor retarda-

tion were 1.6 (1.1), 1.2 (1.1), 1.2 (0.9), 1.3 (0.9), 0.3 (0.6), 

0.2 (0.7), 0.8 (1.0), and 0.1 (0.3), respectively.

Comparing the mean scores obtained on the first to the 

fourth day of study, the Friedman tests showed that three 

cognitive symptoms, including orientation (χ2=11.02, 

P=0.01), attention (χ2=10.16, P=0.02), and visuospatial abil-

ity (χ2=14.91, P=,0.01), were significantly decreased from 

the baseline. Based on noncognitive symptoms, only lability 

of affect (χ2=13.71, P=,0.01) and motor agitation (χ2=12.73, 

P=,0.01) were significantly reduced from the baseline.

Discussion
Given that the GCS classifies a TBI as mild (13–15), mod-

erate (9–12), or severe (3–8),8 our sample (mean GCS total 

score =12.7, SD =2.9) consisted of those having a mild to 

moderate head injury. This study presents the illness course 

of TBI in the first 4 days. Almost a half of them developed 

delirium after having head injury. The GCS total and verbal 

response scores obtained at the ED might predict delirium. 

At the first day of study, cognitive symptoms of delirium were 

more severe than noncognitive ones. Delirious symptoms 

Table 1 Demographics and clinical characteristics of 54 patients with TBI

Demographic and 
clinical data

TBI with 
delirium (n=25)

TBI without 
delirium (n=29)

Statistical test, 
P-value

Age (years), mean (SD) 36.7 (14.8) 36.5 (17.1) T=0.05, P=0.96
Male, n (%) 21 (38.9) 18 (33.3) χ2=3.22, P=0.07
Education, n (%)

,6 years 14 (25.9) 12 (22.2) χ2=1.15, P=0.28
$6 years 11 (20.4) 17 (31.5)

Current alcohol use, n (%) 17 (31.5) 21 (38.9) χ2=0.72, P=0.13
Day 1, mean (SD)

Severity scores 16.6 (6.7) 6.2 (4.3) U=53.5, P=,0.01*
Noncognitive scores 6.0 (4.5) 2.2 (2.2) U=149.0, P=,0.01*
Cognitive scores 10.5 (2.9) 4.0 (2.5) U=31.0, P=,0.01*

Notes: Chi-square test was used for analysis of categorical data, Student’s t-test was used for continuous data, and Mann–Whitney U test was used for ordinal data. 
*Significantly different.
Abbreviations: TBI, traumatic brain injury; SD, standard deviation. 

Table 2 GCS data at the ED of 54 patients with TBI

GCS score at the ED TBI with 
delirium (n=25)

TBI without 
delirium (n=29)

Statistical test

Eye opening (maximum score =4) 2.9 (1.2) 3.4 (0.9) U=275.0, P=0.10
Verbal response (maximum score =5) 3.4 (1.7) 4.2 (1.4) U=251.5, P=0.03*
Motor response (maximum score =6) 5.6 (0.8) 5.9 (0.4) U=292.5, P=0.09
The sum score of GCS (maximum score =15) 11.9 (3.2) 13.5 (2.4) U=274.5, P=0.04*

Notes: Statistical test: Mann–Whitney U test for analysis of ordinal data. *Significantly different.
Abbreviations: GCS, Glasgow Coma Scale; ED, emergency department; TBI, traumatic brain injury.
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likely to be rapidly resolved were orientation, attention, 

visuospatial ability, lability of affect, and motor agitation.

Although the prevalence rate of delirium in this 

study (46.3%) was lower than that in a previous study, it 

still confirms that delirium is common in TBI patients. 

Nakase-Thompson et al4 have found delirium in 69.4% of 

TBI patients. Apart from other methodological differences, 

it is possible that the lower prevalence rate was caused by 

the less severe head injuries in our sample.

The GCS score has been used to predict several outcomes 

of TBI patients. Previous findings suggest that it may not be 

used to predict the providing of neurosurgical interventions,17 

but it is independently associated with 1-year survival rates.18 

Age and the GCS total score obtained at the ED may pre-

dict the development of delirium in elderly patients with 

multiple organ traumas.5 Apart from the confirmation of the 

predictability of GCS total score, the present findings add 

more evidence that the GCS verbal response score may be 

superior to the other two domain scores in predicting delirium 

in this population.

By using a delirium rating scale, this study system-

atically and daily assessed delirious symptoms in the first 

4 days after having a TBI. Based on the 13 symptoms of 

DRS-R-98, the cognitive symptoms were more prominent 

than noncognitive symptoms in TBI patients with delirium at 

the first day. This phenomenon may be attributed to the fact 

Table 3 Demographics and clinical characteristics of 18 TBI 
patients with delirium included in the study of symptom patterns

Demographic and  
clinical data

TBI with 
delirium (n=18)

Age (year), mean (SD) 38.9 (15.5)
Male, n (%) 15 (83.3)
Education, n (%)

,6 years 11 (61.1)
$6 years 7 (38.9)

Current alcohol use, n (%) 12 (66.7)
The sum score of GCS at ED, mean (SD) 12.6 (2.9)
The sum score of GCS on day 1, mean (SD) 13.9 (1.1)
DRS-R-98 on day 1, mean (SD)

Severity scores 18.1 (7.2)
Noncognitive scores 6.7 (5.0)
Cognitive scores 11.3 (2.9)

Abbreviations: TBI, traumatic brain injury; GCS, Glasgow Coma Scale; ED, emer
gency department; DRS-R-98, Delirium Rating Scale – Revised-98.

Figure 2 Mean domain scores of noncognitive and cognitive domains obtained from 18 TBI patients with delirium, from day 1 to day 4.
Abbreviations: TBI, traumatic brain injury; DRS-R-98, Delirium Rating Scale – Revised-98.
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that all subjects had brain insult. After 4 days of follow-up 

study, the sum score of GCS gradually increased and the sum 

score of DRS-R-98 gradually decreased. It suggested that 

the delirious symptoms possibly decreased after the brain 

gradually recovered. According to cognitive symptoms, 

orientation, attention, and visuospatial ability appeared to 

rapidly improve, while two noncognitive symptoms, includ-

ing lability of affect and motor agitation, resolved on day 4. 

However, sleep–wake problem was persistent, which was 

similar to previous evidences.6,7

This study had some limitations. First, the sample size was 

small. Therefore, false-negative findings may not be ruled out. 

Second, the mean GCS total scores of 11.9 and 13.5 obtained 

from delirium and non-delirium groups suggested that only 

a few patients with a severe TBI were included in this study. 

Third, as a part of the service network, some participants were 

referred to another hospital or discharged from the hospital 

within the first 4 days of their hospitalization. Last, some par-

ticipants had multiple organ injuries. However, other organ 

injuries, which might also contribute to the development of 

delirium, were not taken into account.

Conclusion
Almost a half of patients with mild to moderate head injuries 

may develop delirium in the first 4 days after a TBI. Those 

having low GCS total and verbal response scores in the ED 

are likely to have delirium in this period. Most delirious 

symptoms described in the DRS-R-98 were prominent within 

the first day of TBI with delirium. Delirium symptoms that 

rapidly resolved included orientation, attention, visuospatial 

ability, lability of affect, and motor agitation. Further research 

in a larger sample size or with a longer period of observation 

is warranted.
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