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ABSTRACT
Introduction: Traumatic Brain Injury (TBI) is an alteration in 
the brain’s normal function that an external force can cause. 
The most reliable outcome prediction is essential to portray 
the burden of TBI. Hence, the present study compared two 
scores of the Full Outline of UnResponsiveness (FOUR) scale 
and GCS in predicting mortality in patients with traumatic brain 
injuries. Methodology: A comparative observational study 
was conducted with 60 patients with traumatic brain injury 
who matched with inclusion criteria at the Intensive care unit 
of Saveetha Medical College and Hospital. The mortality rate 
was predicted by measuring the responses mentioned in the 
Full Outline of Unresponsiveness (FOUR) scale and Glasgow 
Coma Scale daily from the day of admission to till seven days. 
Results Both scale was statistically effective in predicting mor-
tality rate. The predicted mortality rate on all seven days using 
the FOUR score was statistically (p<0.001) better than the GCS 
score among patients with traumatic brain injury. The baseline 
variable of age in years and length of admission to ICU had a 
statistically significant association with the Day 7 FOUR score 
and GCS score of mortality prediction at p<0.05 level. Con-
clusion: The Findings of the present study concluded that the 
FOUR score is comparable to the GCS score and more effective 
in predicting hospital mortality among critically ill patients in the 
intensive care unit. 
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INTRODUCTION
Traumatic Brain Injury (TBI) is an alteration in 

the brain’s normal function in that an external force 
of a blow can cause a bump or jolt to the head, vio-
lently hitting an object, or when an object pierces the 
skull and enters brain tissue. TBI is the leading cause 
of mortality and morbidity, and most patients survive 
with significant disabilities and socioeconomic bur-
dens for both patients and their families. Globally, 
the annual incidence of TBI is estimated at 27 to 69 
million [1, 2]. Approximately 1.4 million people are 
hospitalized for traumatic brain injury and require 
medical care every year, according to The centers for 
disease control (CDC) and prevention analysis [3]. 
One of the cornerstones in the management of TBI 
is that selecting and using an appropriate diagnostic 
tool is critical in intensive care treatment for an appro-
priate diagnosis, medical care, and prognosis [4]. The 
most reliable outcome prediction is most important to 
portray the burden of TBI with individual character-
ization and degree of cerebral reserve and resilience 
using multimodal frameworks of neuroprognostica-
tion using different prognostic tools [5]. It is mainly 
focused on the assessment of intensive neurological 
examination. The most widely used scoring system for 
neurological patients in intensive care is the Glasgow 
coma scale which Teasdale and Jennett introduced in 
1974 to record the level of consciousness [6]. Though 
GCS is considered the gold standard against which 
newer scales are compared. Nevertheless, with its 
widespread use, the GCS has some significant lim-
itations, including the impossibility of assessing the 
verbal score in intubated or aphasic patients, limited 
to assess the brain stem reflexes, and inconsistent in-
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ter-rater reliability [7, 8]. The full outline of unrespon-
siveness (FOUR) score is a new coma scale that was re-
cently developed and has the assessment of brain stem 
reflexes and breathing trail to give a better prognosis 
than other coma scales. However, the FOUR scores 
have been validated concerning the GCS in several 
clinical contexts [9-12]. More neurological detail be-
cause it includes consideration of brainstem reflexes, 
visual tracking, breathing patterns, and respiratory 
drive. It can also be applied in cases of spontaneous 
subarachnoid hemorrhage and other types of brain 
injury, especially in patients with severe conscious-
ness impairment. Decreasing GCS and FOUR scores 
are associated with a worsening level of consciousness 
[13]. Hence, the present study compared two scores of 
the Full Outline of UnResponsiveness (FOUR) scale 
and GCS in predicting mortality in patients with trau-
matic brain injuries. 

MATERIAL AND METHODS
An observational comparative research design was 

adopted to compare the Full Outline of Unresponsive-
ness (FOUR) and Glasgow Coma Scale (GCS) scores 
in predicting mortality among patients with traumat-
ic brain injury in the intensive care unit of Saveetha 
Medical College and Hospital after obtaining formal 
permission from the hospital authority. A study was 
approved ethically by the Institutional Ethical Com-
mittee of Health Sciences under the Saveetha Institute 
of Medical and Technical Sciences. A convenience 
sampling technique was used to select the samples that 
matched the inclusion criteria, and the sample size was 
60.The inclusion criteria for the selection of samples 
were male and female patients aged more than 21 years 
with traumatic brain injury who were admitted to the 
Intensive Care Unit within 24hrs of injury and will-
ing to participate in the study. Patients who were on 
the sedative and had known cases of sensory and mo-
tor disability and speech and hearing problems were 
excluded from the study. After selecting the sample, 
the investigators introduced themselves and explained 
the purpose of the study in their native language, and 
addressed their concerns. Written informed con-
sent was obtained after assuring confidentiality. The 
tool used for the data collection were demographic 
and clinical variables, the Full Outline of Unrespon-
siveness (FULL) scale, and the Glasgow Coma Scale. 
FOUR scale consists of eye response, motor response, 
brain stem response, and respiration, with grades 

ranging from 0-16.It is interpreted the mortality rate 
as 14-16(<10%), 11-13(15%-30%), 8-10(35%-50%), 
5-7(55%-70%) and 0-4(>80%). Similarly, the Glasgow 
coma scale consists of eye response (E4), verbal re-
sponse (V5), and motor response (M6). The total 
score is 15; the score ranges from 3, which indicates 
deep coma, to 15, which indicates fully awake and 
alert. It is interpreted the mortality rate as 15(<10%), 
13-14(15%-30%), 10-12(35%-50%), 6-9(55%-70%), 
and 3-5(>80%). Both scales are more valid and reli-
able in predicting mortality rates. The Demographic 
and clinical variables were collected by using multi-
ple-choice questionnaires. The mortality rate was 
predicted by measuring the responses mentioned in 
the Full Outlines of Unresponsiveness (FOUR) scale 
and the Glasgow Coma Scale daily from the day of 
admission to till seven days. The total time to collect 
the day was 5 minutes for each patient. The data were 
tabulated and analyzed by descriptive and inferential 
statistics. The demographic, clinical variables, FOUR 
Score, and GCS score were described as frequency and 
percentage. Paired ‘t-test was used for comparison of 
the predicted level of mortality using GCS score versus 
FOUR scores. The chi-square test was used for the as-
sociation of FOUR scores and GCS score of mortality 
prediction with selected Clinical and demographical 
Variables. The probability of p<. 05 or less was taken as 
statistically significant. Confidentiality and anonymity 
were maintained throughout the study and adhered to 
the ethical principles. 

RESULT
The Table 1 shows that out of 60 participants, 

32(53.4%) were aged between 18 -34 years, 42(70%) 
were male, 21(35%) had DM as co-morbidity, 
44(73.3%) had a traumatic brain injury due to motor-
cycle accident, 42(70%) had not intubated, 48(80%) 
were treated with medical management and 41(68.3%) 
had the length of admission to ICU within 24 hrs. 

Table 1
Baseline Outcome Variables

Baseline Outcome Variables Frequency
(f ) 

Percentage
(%) 

Age in Years
18 – 34 32 53.4
35 – 49 17 28.3
50 – 64 6 10.0
≥65 5 8.3
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Baseline Outcome Variables Frequency
(f ) 

Percentage
(%) 

Gender
Male 42 70.0
Female 18 30.0
Co-morbidities
DM 21 35.0
Hypertension 12 20.0
DM & Hypertension 19 31.7
Liver disease 3 5.0
COPD 3 5.0
Stroke 2 3.3
Cause for Traumatic Brain Injury 
Motorcycle accident 44 73.3
Car accident 12 20.0
Self-fall or fall from height 4 6.7
Intubation status
Yes 18 30.0
No 42 70.0
Treatment method
Medical management 48 80.0
Surgical management 12 20.0
Length of admission to ICU within
6 hrs 4 6.7
12 hrs 15 25.0
24 hrs 41 68.3

Table 2 depicts that on day 1, 24(40%) had the 
mortality rate of 35% – 50%, 18(30%) had mortality 
rate of 15% – 30%, 10(16.7%) had mortality rate of 
<10% and 8(13.3%) had mortality rate of 55% – 70%. 
Whereas on day 7, 45(75%) had the mortality rate of 
>80%, 10(16.7%) had mortality rate of 35% – 50%, 
3(5%) had mortality rate of 55% – 70% and 2(3.3%) 
had mortality rate of 15% – 30%. 

Table 2
Mortality Prediction using GCS 

GCS
Score

<10%
(15) 

15 – 30%
(13 – 14) 

35–50%
(10 – 12) 

55–70%
(6 – 9) 

>80%
(3 – 5) 

F % F % F % F % F %
Day 1 10 16.7 18 30.0 24 40.0 8 13.3 0 0
Day 2 10 16.7 18 30.0 24 40.0 8 13.3 0 0
Day 3 10 16.7 15 25.0 16 26.7 15 25.0 4 6.7
Day 4 9 15.0 16 26.7 11 18.3 16 26.7 8 13.3
Day 5 9 15.0 11 18.3 11 18.3 20 33.3 9 15.0
Day 6 7 11.7 9 15.0 13 21.7 19 31.7 12 20.0
Day 7 0 0 2 3.3 10 16.7 3 5.0 45 75.0

Table 3 represents that on Day 1, 14(23.3%) had the 
mortality rate of 35% – 50%, 18(30%) had mortality 
rate of 55% – 70%, 13(21.7%) had mortality rate of 
15% – 30% and >80% and 2(3.3%) had mortality rate 
of <10%. But, on day 7, 45(75%) had the mortality rate 
of >80%, 10(16.7%) had mortality rate of 35% – 50%, 
3(5%) had mortality rate of 55% – 70% and 2(3.3%) 
had mortality rate of 15% – 30%. 

Table 3
Mortality Prediction using FOUR Score

FOUR
Score

<10%
(15) 

15–30%
(13 – 14) 

35–50% 
(10 – 12) 

55–70% 
(6 – 9) 

>80%
(3 – 5) 

F % F % F % F % F %
Day 1 2 3.3 13 21.7 14 23.3 18 30.0 13 21.7
Day 2 3 5.0 8 13.3 19 31.7 8 13.3 22 36.7
Day 3 2 3.33 6 10.0 13 21.7 11 18.3 28 46.7
Day 4 1 1.67 6 10.0 10 16.7 9 15.0 34 56.7
Day 5 0 0 6 10.0 6 10.0 9 15.0 39 65.0
Day 6 0 0 3 5.0 9 15.0 5 8.33 43 71.7
Day 7 0 0 2 3.33 10 16.7 3 5.0 45 75.0

The mean GCS score of day 1 to day 7 was com-
pared with mean FOUR score of day 1 to day 7 was 
compared by paired t test. The calculated paired t val-
ue was found to be statistically significant at p<0.001 
level. This clearly infers that predicted mortality rate 
on all the 7 days using FOUR score was better than 
using GCS score among patients with traumatic brain 
injury as shown in Table 4.The comparison of GCS 
versus FOUR score of Day1 to Day 7 was represented 
in Figure 1.

Table 4
Comparison of mortality Prediction using GCS versus FOUR 
score 

Day
GCS Score FOUR Score Mean 

Difference 
Score

Paired 
‘t’ test & 
p-valueMean S. D Mean S. D

Day 1 9.0 3.43 10.60 3.34 1.60
t=7.088

p=0.0001, 
S***

Day 2 9.02 3.42 10.97 3.75 1.95
t=5.977

p=0.0001, 
S***

Day 3 9.73 3.75 11.88 3.49 2.15
t=10.825
p=0.0001, 

S***

Day 4 10.20 3.90 12.53 3.36 2.33
t=11.934

p=0.0001, 
S***
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Day
GCS Score FOUR Score Mean 

Difference 
Score

Paired 
‘t’ test & 
p-valueMean S. D Mean S. D

Day 5 10.83 3.78 13.05 3.13 2.22
t=11.471

p=0.0001, 
S***

Day 6 11.28 3.58 13.47 2.98 2.18
t=12.114

p=0.0001, 
S***

Day 7 11.60 3.59 13.73 2.72 2.13
t=10.692
p=0.0001, 

S***
***p<0.001, S – Significant
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Figure 1. Comparison of mortality prediction using GCS versus 
FOUR score

Table 5 shows that the baseline variable of age in 
years and length of admission to ICU had shown sta-
tistically significant association with Day 7 FOUR 
score and GCS score of mortality prediction at p<0.05 
level. 

Table 5
Association of GCS and FOUR score (Day 7) of mortality predic-
tion with Baseline Variables

Baseline Variables
Fre-

quency
(f ) 

Chi-Square & p-value
GCS Score 

(Day 7) 
FOUR Score 

(Day 7) 
Age in Years

χ2=16.180
d. f=12

p=0.183, N. S

χ2=19.349
d. f=9

p=0.022, S*

18 – 34 32
35 – 49 17
50 – 64 6
≥65 5
Length of admission to ICU 
within χ2=15.950

d. f=8
p=0.043, S*

χ2=9.711
d. f=6

p=0.137, N. S
6 hrs 4
12 hrs 15
24 hrs 41

*p<0.05, S – Significant, N. S – Not Significant

DISCUSSION
Neurologic outcome prediction, or neuroprognos-

tication, is complex and vital to save the lives of patients 
in ICU with brain injury in Intensive care treatment. 

There are many predictive tools or scales that have 
been used for predicting the prognosis and patient 
outcome. In this study, two predictive scales (GCS and 
FOUR scores) have been used to determine the pre-
diction of mortality in the medical ICU for seven days 
from the day of admission. Both scales are effective in 
assessing the prediction of mortality among patients 
with TBI. However, the predicted mortality rate on 
all seven days using the FOUR score was statistically 
(p<0.0001) better than using the GCS score. Because 
the FOUR scale measured the brain stem reflexes and 
respiration, both vital and which may be affected by 
the brain pathology due to brain injury, the FOUR 
scale overcomes the constraints in the GCS. This find-
ing is in line with the result of Jamileh Ramazani et 
al., who concluded that both the FOUR scores and 
GCS are valuable scales for predicting outcomes in pa-
tients are admitted to the MICU; however, the FOUR 
scores showed better discrimination and calibration 
than GCS [14]. Elham Sepahvand et al. stated that the 
FOUR scores are a valuable, sensitive, and specific di-
agnostic criterion for predicting outcomes in patients 
with traumatic brain injuries when comparing two 
criteria of the FOUR scale and GCS [15]. Similar-
ly, Rostam Jalali et al. reported that The FOUR scale 
has a better prediction for death than GCS and may 
be a suitable alternative or complementary tool for 
GCS [16]. Praveen K Javvaji, et al. conducted a study 
on the comparison of the FULL score with the GCS 
Score in predicting outcomes among patients with al-
tered mental status admitted to the Critical Care Unit 
and found that the use of the FOUR scores can over-
come the shortcomings and help in prognostication of 
these patients and it can be used as a good alternative 
to the GCS score [17]. The results of a study by Pari-
sa Ghelichkhani, et al. showed that GCS and FOUR 
scores have the same value in predicting the mortal-
ity of trauma patients. Both tools had high predictive 
power in predicting the outcome at the time of dis-
charge [18]. A study by Tamer Fakhry et al. compared 
the GCS and FOUR scores in predicting the morbidity 
and mortality of pediatric trauma patients. It conclud-
ed that GCS and FOUR scores have the same value in 
predicting the mortality of trauma patients in the first 
24 hours. However, the FOUR scores have high accu-
racy than the GCS score after 24 hours [19]. Tonne. E, 
et. al. Proved that the management intensity of hospi-
talized patients with TBI decreased with age and was 
associated with an increased risk of 30-day mortality 
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[20]. In line with this, the present study also found a 
significant association between length of stay and age 
group associated with Day 7 score of FOUR scores and 
GCS score. Though mentioned similar studies sup-
port the result of the study, it has certain limitations of 
small sample size, comparison within the samples, and 
measuring the prediction daily from the day of admis-
sion to 7 days. A similar study may be expanded with 
a large sample, measuring every 6 hours’ duration for 
better prediction and also compared with other neu-
rological disorders. However, the FOUR scales may 
be supplemented with GCS in the ICU, especially in 
Neuro ICU, for managing neuro medical and surgical 
patients. 

CONCLUSION
The finding of present study concluded that the 

FOUR score is comparable to the GCS score and is 
also more effective in predicting hospital mortality 
among critically ill patients in the intensive care unit. 
Because the FOUR scale has a more detailed neuro-
logical assessment as it includes brainstem reflexes of 
pupillary reaction, corneal and cough reflexes, as well 
as breathing patterns and respiratory drive. Hence, it 
can be utilized in all types of brain injury, especially in 
patients with severe unconsciousness to coma state in 
the critical care unit, as the FOUR scale complements 
the GCS. 
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