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Accuracy of Glasgow Coma Score and FOUR Score: 
A Prospective Study in Stroke Patients at Siriraj Hospital
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Background: Full Outline of Unresponsiveness Score Coma Scale (FOUR score) is better than Glasgow coma scale (GCS) 
for predicting neurological outcome in an intensive care and traumatic patients. However, there is no report in stroke patients 
in emergency department (ED).
Objective: Determine the relation between FOUR score and GCS as primary outcome. Secondary outcomes were 
prognostication of each score.
Material and Method: This prospective cohort study was conducted in acute stroke patients. Those with history of head 
injury were excluded. Patients were evaluated by both scores at ED before definite treatment. All patients were followed-up 
at day 3, 7, 30, and 90.
Results: Sixty patients were included. Overall mean FOUR score was 14.05 (SD 4.02) and mean GCS was 12.45 (SD 3.74). 
FOUR score and GCS had an excellent correlation with r = 0.821 (p<0.001). FOUR score predicted 3-month mortality 
rate better than GCS with area under the curve (AUC) of 1.00 (p<0.001, 95% CI 0.94 to 1.00) while AUC for GCS was 
0.99 (p<0.001, 95% CI 0.92 to 0.99). FOUR score was also outstanding in predicting the poor neurological outcome 
(modified Rankin Scale 4 to 6 and cerebral performance category 3 to 5) with AUC of 1.00 (p<0.001, 95% CI 1.00 to 1.00).
Conclusion: FOUR score and GCS had an excellent relation. FOUR score is better than GCS for predicting 3-month 
mortality and poor neurological outcome in acute stroke patients.
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 Stroke is the second leading cause of death 
above the age of 60 years worldwide(1). Each year, there 
are about 15 million people suffered from stroke. Of 
these patients, mortality rate is up to 40%. On average, 
one people dies from stroke every six seconds(2). In 
Thailand, hypertension and cerebrovascular accident 
rank second among all causes of death(3). In 2013, 
mortality rate is 36.13 per 100,000 populations(4).           
The incidence increases each year, although there are 
health promotions aimed at reducing the risk factors. 
However, disabilities and deaths can be minimized by 
precise diagnosis and rapid treatment.
 Accurate determining of the level of 
consciousness is important for making a decision           
for stroke treatment. This process is often done in 
emergency room because stroke treatment is time 
sensitive. Glasgow Coma Scale (GCS) is one of the 
well-known scoring system. Although it is reliable and 
practical, there is limitation especially in intubated 
patients. In 2005, Wijdick et al developed a new grading 

scale which is Full Outline of Unresponsiveness         
Score Coma Scale (FOUR score)(5). It consists of four 
components, which are demonstrated in Table 1. Each 
component grades as a score ranges from 0 to 4.
 There are studies proving that FOUR score has 
a great yield for evaluating the level of consciousness. 
For example, FOUR score showed greater inter-rater 
reliability than GCS in critical care patients(6), and 
emergency department setting(7). In stroke patients, 
there are evidences that FOUR score is reliable(8,9). 
However, these studies are in only critical care and 
stroke unit. Therefore, the present study was aimed to 
define the relation of FOUR score and GCS in acute 
stroke patients in the emergency setting.

Material and Method
 We conducted a prospective cohort study in 
emergency department of Siriraj hospital, a university 
hospital in Thailand. Our population are acute stroke 
patients aged over 18 years old. Patients who had 
history of recent head injury would be excluded. The 
present study had been approved by the Institutional 
Review Board. At the beginning, there was a workshop 
for training about how to use GCS and FOUR score to 
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all emergency residents and physicians. When the 
patient was included, after inform consent was taken, 
each stroke patient would be assessed by both scoring 
systems before receiving definite treatment. This 
evaluation must not delay the process of diagnosis and 
treatment. All patients would be treated along standard 
stroke guideline. After discharge from emergency 
room, all patients would be followed-up at day 3, 7, 
30, and 90 by dialogue telephone call for data of 
neurological outcome which are modified Rankin Scale 
(mRS), Cerebral Performance Category (CPC), and 
mortality rate.
 The primary outcome was to determine the 
correlation between GCS and FOUR score in stroke 
patients by emergency physicians. The secondary 
outcome was to identify the predicted value of both 
scores in neurological outcome and mortality rate. We 

defined poor neurological outcome as the patient who 
has mRS score of 4 to 6 and CPC score of 3 to 5.

Statistical analysis
 By nQuery method as shown in Fig. 1, we 
need 42 patients in the present study for achieving 
Pearson product-moment correlation coefficient value 
of 0.5, 0.01 level of significance, and 0.8 power of test. 
Twenty percent of calculated sample was added for 
missing data therefore we need at least 60 patients.

Results
 From sixty patients included, the median         
age of them was 65 years (IQR 34 to 91). About          
half (46.7%) were male. Most common comorbidities 
were hypertension followed by dyslipidemia and 
diabetes mellitus respectively as described in Table 2. 
Most patients had ischemic stroke (75%) and most 
commonly affected area was frontoparietal (66.7%), 

Table 1. Details of FOUR score compared with Glasgow 
Coma Scale (GCS)

FOUR score Glasgow Coma Scale
Eye response Eye response
4 = eyelids open, tracking, or 
 blinking to command
3 = eyelids open but not tracking
2 = eyelids closed but open to 
 loud voice
1 = eyelids closed but open to pain
0 = eyelids remain closed with pain

4 = eyes open spontaneously
3 = eyes opening to verbal 
 command
2 = eyes opening to pain
1 = no eyes opening

Motor response Motor response
4 = thumbs-up, fist, or peace sign
3 = localizing to pain
2 = flexion response to pain
1 = extension response to pain
0 = no response to pain or 
 generalized myoclonus status

6 = obeys commands
5 = localizing pain
4 = withdrawal from pain
3 = flexion response to pain
2 = extension response to pain
1 = no motor response

Brainstem reflexes Verbal response
4 = pupil and corneal reflexes 
 present
3 = one pupil wide and fixed
2 = pupil or corneal reflexes absent
1 = pupil and corneal reflexes 
 absent
0 = absent pupil, corneal, and 
 cough reflex

5 = oriented
4 = confused
3 = inappropriate words
2 = incomprehensible sounds
1 = no verbal response

Respiration
4 = not intubated, regular breathing 
 pattern
3 = not intubated, Cheyne-Stokes 
 breathing 
2 = not intubated, irregular 
 breathing
1 = breathes above ventilator rate
0 = breathes at ventilator rate or 
 apnea
FOUR = Full Outline of Unresponsiveness

Fig. 1 Calculated nQuery method and program.

Table 2. Baseline characteristics
Variable Number (%) (n = 60)
Median age (min to max) 65 (34 to 91)
Male 28 (46.7)
Pathology
 Ischemic stroke
 Hemorrhagic stroke

 
45 (75.0)
15 (25.0)

Ischemic 
stroke (n = 45)

Hemorrhagic 
stroke (n = 15)

Underlying disease
 Hypertension
 Dyslipidemia
 Diabetes mellitus
 Atrial fibrillation
 Ischemic heart disease

 
20 (44.4)
15 (33.3)
13 (28.9)
12 (26.7)
  5 (11.1)

 
13 (86.7)
10 (66.7)
  8 (53.3)
  2 (13.3)
  3 (20.0)

Affected area
 Frontoparietal
 Brainstem
 Basal ganglia
 Thalamus
 Unspecified

 
30 (66.7)
  8 (17.6)
3 (6.7)
1 (2.2)
3 (6.7)

 
1 (6.7)
1 (6.7)

10 (66.7)
  3 (20.0)
0 (0.0)
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followed by brainstem and basal ganglia. While the 
common of hemorrhagic strokes were found at basal 
ganglia (66.7%) and thalamus (20%). Only 6% had 
intraventricular hemorrhage. Only five patients (8.3%) 
were intubated because of airway compromise and 
bradypnea. Of these, three were ischemic and two were 
hemorrhagic stroke.
 Mean FOUR score of our population was 14.05 
(SD 4.02), which was 10.06 (SD 3.02) for hemorrhagic 
and 15.37 (SD 1.76) for ischemic stroke. While mean 
GCS score for overall, hemorrhagic and ischemic 
stroke patients were 12.45 (SD 3.74), 9.93 (SD 5.11), 
and 13.28 (SD 2.81), respectively, as shown in Fig. 2.
 FOUR score and GCS has an excellent 
relationship as shown in Fig. 3 and the correlation (r), 
by Spearman’s rank, was 0.821 (p<0.001).
 During admission, 10 patients (16.7%) died. 
Two were diagnosed intracerebral hemorrhage while 
the rest were ischemic stroke. After three months of 
follow-up, there was no more death after discharge so 
in-hospital mortality was 16.7% as same as 90-day 
mortality. Mean FOUR score and GCS score of non-
survival group were 5.6 (SD 2.82) and 5.6 (SD 0.83), 
respectively. We found that patients who have FOUR 
score less than ten are not survive. While there is no 
definite cut point for GCS as shown in Fig. 4.

 Area under the curve (AUC) values for 
predicting three months’ mortality of FOUR score          
and GCS were 1.00 (p<0.001, 95% CI 0.94 to 1.00) 
and 0.99 (p<0.001, 95% CI 0.92 to 0.99), respectively. 
Cut-off point of FOUR score was 10 and GCS was 9 
(Fig. 5).
 Neurological outcome at 90 days was shown 
in Table 3. The mean mRS and CPC were 3.0 (SD 0.85) 
and 2.7 (SD 0.50), respectively. Patients with intra-
cerebral hemorrhage had worse prognosis.
 Sixteen patients (32%) had poor neurological 
outcome. Relation between both scaling systems             
and mRS were demonstrated in Fig. 6. Patients with 
intracerebral hemorrhage had more severe disability 
than ischemic group. Relation of neurological outcome 
(mRS and CPC) at 90 days and FOUR score were 
shown in Fig. 5. AUC of FOUR score for predicting 
poor neurological outcome was 1.00 (p<0.001, 95% CI 
1.00 to 1.00). GCS had AUC of 0.94 (p<0.001 and  

Fig. 2 Distribution of FOUR score (above) and GCS score 
(below).

Fig. 3 Correlation between FOUR score and GCS.

Fig. 4 Frequency of FOUR score (above) and GCS score 
(below) among survival and death.
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95% CI 0.91 to 1.02). Cut-off point as a predictor          
for morbidity was 10 for FOUR score and 9 for GCS 
(Fig. 7).

Discussion
 Baseline characteristic of our population was 
similar to the general acute stroke patient(10,11). Most of 
them were female, aged over 60 years old and common 
underlying diseases are hypertension and dyslipidemia, 
which are risk factors for atherosclerosis. Hemorrhagic 
stroke had lower incidence. We had only 15 patients 

(25%) with hemorrhagic stroke but most of them       
died or had poor neurological outcome at 90 days.        
This result was compatible with reviews from many 
countries(12-14).
 Overall 90-day mortality rate from the present 
study was 16.6% (4.4% for ischemic stroke and 53.3% 
for hemorrhagic stroke). This mortality ratio between 
ischemic stroke and intracerebral hemorrhage was 
similar to report from Centers for Disease Control 
(CDC)(15). FOUR score and GCS had an excellent 
correlation when using in acute stroke patients by 
emergency physicians with r = 0.821. Therefore, they 
both can be used as a prognostication tool in emergency 
setting as mentioned in study of Kevric et al(7). There 

Fig. 5 ROC curve of FOUR score and GCS score for 
predicting mortality.

Fig. 6 Relation of FOUR score to modified Rankin Scale 
(above) and cerebral performance category (below) 
at 90 days.

Fig. 7 ROC curve of FOUR score and GCS score for 
predicting neurological outcome.

Table 3. 90-day neurological outcome
Ischemic 

stroke 
(n = 45)
No. (%)

Hemorrhagic 
stroke 

(n = 15)
No. (%)

Modified Rankin Scale
 0
 1
 2
 3
 4
 5
 6

 
0 (0.0)
1 (2.2)

12 (26.7)
15 (33.3)
14 (31.1)
1 (2.2)
2 (4.5)

 
     0 (0.0)
     0 (0.0)
     1 (6.7)
     5 (33.3)
     1 (6.7)
     0 (0.0)
     8 (53.3)

Cerebral performance category
 1
 2
 3
 4
 5

 
1 (2.2)

12 (26.7)
30 (66.7)
0 (0.0)
2 (4.4)

 
     0 (0.0)
     1 (6.7)
     6 (40.0)
     0 (0.0)
     8 (53.3)
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were many studies that proved the accuracy of FOUR 
score in alteration of consciousness patients in the 
setting of neurosurgery(16), emergency(7,17), and critical 
care unit(18,19). In acute stroke patients, there also 
showed the great yield for determining survival in 
intensive care unit(9,20). Mansour et al found that           
GCS and FOUR score were not different in predicting         
in-hospital mortality (AUC of 0.977 for FOUR score 
and 0.975 for GCS)(9). This study also showed that both 
GCS and FOUR score were great for predicting 
mortality of acute stroke patients in emergency setting 
with AUC of 0.99 and 1.0, respectively.
 In the present study, there was 32% of 
unfavorable neurological outcome at 3 months which 
was lower than the previous studies. Sturm et al 
reported that stroke patients with poor neurological 
outcome at 3 and 12 months were found in 68% and 
66%(21) while the Ovbiagele et al reported that severe 
disability at 1 and 3 months were 60.3% and 52.7% of 
patients(22). This might reflect the development of stroke 
treatment. Early detection and rapid definite treatment 
significantly improve the long-term neurological 
outcome.
 For prognostication of morbidity, we found that 
AUC of FOUR score and GCS score for three months’ 
unfavorable neurological outcome were 1.00 (p<0.001, 
95% CI 1.00 to 1.00) and 0.94 (p<0.001, 95% CI 0.91 
to 1.02) respectively. Our result was consistent with 
previous studies that included patients with altered 
mental status in internal medicine ward(23), traumatic 
patients in emergency department(17), and patients with 
neurologic symptoms in ICU(6). However, there was 
no statistically significant difference between FOUR 
score and GCS score in predicting neurologic outcome 
at 3 months (p = 0.052).

Conclusion
 FOUR score and GCS had an excellent 
correlation when using in acute stroke patients by 
emergency physicians. FOUR score was better than 
GCS for predicting in-hospital mortality, 3-month 
mortality and morbidity.

What is already known on this topic?
 FOUR score is a reliable prognostic tool in 
many situations such as critical care and stroke unit.

What this study adds?
 FOUR score can also be used in acute stroke 
patients in emergency room. It was even better than 
GCS in prognostication.
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ความแมนยาํของการตรวจประเมนิระดบัความรูสกึตวัของผูปวยหลอดเลือดสมอง 2 วธิ ีในหองฉกุเฉนิ โรงพยาบาลศิรริาช
อุษาพรรณ สุรเบญจวงศ, วีรพล สอนมีทอง, ธันยพร นครชัย
ภูมิหลัง:  Full Outline of Unresponsiveness Score Coma Scale (FOUR score) สามารถพยากรณการเสียชีวิตและ
ความทุพพลภาพไดดีกวา Glasgow coma scale (GCS) ในผูปวยวิกฤติและผูปวยอุบัติเหตุ อยางไรก็ดีไมมีการศึกษาในผูปวย
หลอดเลือดสมองในหองฉุกเฉิน
วัตถุประสงค: วัตถุประสงคหลัก ไดแก การศึกษาความสัมพันธระหวางระบบคะแนนท้ัง 2 ประเภท และความสามารถในการ
พยากรณการเสียชีวิต และการเกิดภาวะทุพพลภาพของแตละระบบคะแนนเปนวัตถุประสงครอง
วัสดุและวิธีการ: เปนการศึกษาเปรียบเทียบไปขางหนา ในผูปวยผูใหญที่มีภาวะหลอดเลือดสมองเฉียบพลันและไมมีประวัติไดรับ
บาดเจ็บที่ศีรษะนํามากอน ผูปวยจะไดรับการประเมินคะแนนทั้ง 2 วิธี ที่หองฉุกเฉินกอนไดรับการรักษา และติดตามผลการรักษา
ที่ 3, 7, 30 และ 90 วัน
ผลการศึกษา: จากผูปวย 60 ราย ที่เขารวมการศึกษา พบวาคะแนนเฉล่ีย FOUR score ของผูปวยท้ังหมดเทากับ 14.05         
(SD 4.02) และคะแนนเฉล่ีย GCS เทากับ 12.45 (SD 3.74) ทั้ง 2 ระบบ คะแนนมีความสัมพันธกันในระดับดีเยี่ยมเมื่อใชใน
ผูปวยหลอดเลือดสมองในหองฉุกเฉินดวยคา r 0.821 (p<0.001) เมื่อนํามาใชในการพยากรณการเสียชีวิตในโรงพยาบาลและการ
เสียชีวิตภายใน 3 เดอืน พบวาพ้ืนที่ใตโคงของ FOUR score มีคาเทากับ 1.00 (p<0.001, 95% CI 0.94-1.00) ในขณะท่ี GCS 
มีพื้นที่ใตโคง 0.99 (p<0.001, 95% CI 0.92-0.99) นอกจากนี้เมื่อศึกษาถึงการพยากรณภาวะทุพพลภาพท่ี 3 เดือน (modified 
Rankin Scale 4-6 และ Cerebral Performance Category 3-5) พบวา FOUR score สามารถใชไดดีกวา GCS เนื่องจาก
มีพื้นที่ใตโคงสูงถึง 1.00 (p<0.001, 95% CI 1.00-1.00)
สรปุ: FOUR score และ GCS มคีวามสมัพนัธกนัในระดบัดเียีย่ม และ FOUR score มคีวามสามารถในการพยากรณการเสียชวีติ
และภาวะทพุพลภาพที่ดีกวา GCS ในผูปวยหลอดเลือดสมองในหองฉุกเฉิน


