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Assessing impaired consciousness in the medical and 
surgical intensive care unit (ICU) is very difficult. 

The complexity of such an assessment relates in part to 
the difficulty of finding usable terminology, as illustrated 
in an earlier study in which 3 observers variously described 
a single patient as “somnolent,” “difficult to arouse,” 
and “deeply comatose.”1 In recognition of this problem, 
Teasdale and Jennett1 devised the Glasgow Coma Scale 
(GCS) in 1974 in an attempt to bring uniformity to the 
clinical examination and to clinical communication about 
the level of consciousness.
 The GCS has become a fixture in the initial assessment 
of abnormal consciousness but is not designed to capture 
distinct details of the neurologic examination. The GCS 

OBJECTIVE: To evaluate the validity of the FOUR (Full Outline of 
UnResponsiveness) score (ranging from 0 to 16), a new coma 
scale consisting of 4 components (eye response, motor response, 
brainstem reflexes, and respiration pattern), when used by the 
staff members of a medical intensive care unit (ICU).

PATIENTS AND METHODS: This interobserver agreement study 
prospectively evaluated the use of the FOUR score to describe the 
condition of 100 critically ill patients from May 1, 2007, to April 
30, 2008. We compared the FOUR score to the Glasgow Coma 
Scale (GCS) score. For each patient, the FOUR score and the GCS 
score were determined by a randomly selected staff pair (nurse/
fellow, nurse/consultant, fellow/fellow, or fellow/consultant). 
Pair wise weighted κ values were calculated for both scores for 
each observer pair.

RESULTS: The interrater agreement with the FOUR score was 
excellent (weighted κ: eye response, 0.96; motor response, 0.97; 
brainstem reflex, 0.98; respiration pattern, 1.00) and similar to 
that obtained with the GCS (weighted κ: eye response, 0.96; motor 
response, 0.97; verbal response, 0.98). In terms of the predictive 
power for poor neurologic outcome (Modified Rankin Scale score, 
3-6), the area under the receiver operating characteristic curve was 
0.75 for the FOUR score and 0.76 for the GCS score. The mortality 
rate for patients with the lowest FOUR score of 0 (89%) was higher 
than that for patients with the lowest GCS score of 3 (71%).

CONCLUSION: The interrater agreement of FOUR score results was 
excellent among medical intensivists. In contrast to the GCS, all 
components of the FOUR score can be rated even when patients 
have undergone intubation. The FOUR score is a good predictor 
of the prognosis of critically ill patients and has important 
advantages over the GCS in the ICU setting.
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FOUR = Full Outline of UnResponsiveness; GCS = Glasgow Coma Scale; 
ICU = intensive care unit

has been routinely used in medical and surgical ICUs and 
is commonly used in the Acute Physiology and Chronic 
Health Evaluation (APACHE) scoring system. However, its 
reliability in predicting patient outcomes is unsatisfactory, 
particularly with regard to the verbal component.2 Other 
investigators have found additional shortcomings of the 
GCS and have suggested that adding measures of brainstem 
reflexes to the GCS could provide better prognostic in
formation.3 Rowley and Fielding4 found that the reliability 
of the GCS increases with the experience of its users and that 
user inexperience is associated with a high rate of errors.
 We have developed a new coma scale, the Full Outline 
of UnResponsiveness (FOUR) score. Although the FOUR 
score is based on the bare minimum of tests necessary 
for assessing a patient with altered consciousness, it in
cludes much important information that is not assessed by 
the GCS, including measurement of brainstem reflexes; 
determination of eye opening, blinking, and tracking; a 
broad spectrum of motor responses; and the presence of 
abnormal breath rhythms and a respiratory drive. Because 
the FOUR score, unlike the GCS, does not include an 
assessment of verbal response, it is more useful for assessing 
critically ill patients who have undergone intubation. 
 The FOUR score was originally tested with staff members 
of a neuroscience ICU5 and has been subsequently validated 
by tests with experienced and inexperienced neuroscience 
ICU nurses.6 To determine whether the FOUR score is 
equally suited for use by intensivists, fellows, residents, 
and nurses without a neuroscience background, we pro
spectively tested the validity of the FOUR score coma scale 
when used by staff members of a medical ICU.

PATIENTS AND METHODS

A prospective observational study design was used to 
validate the FOUR score. A total of 18 nurses, 10 fellows, 
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and 5 consultants from the ICU staff volunteered to serve 
as raters for the study. They were oriented to the study’s 
aims and design during a 30minute teaching session that 
included videotape clips demonstrating the determination 
of the FOUR score with actual patients. The raters had 
no formal neuroscience training and had not worked in a 
neuroscience ICU before participating in this study. 
 Patients with abnormal consciousness were recruited 
from all ICUs of Mayo Clinic’s Saint Marys Hospital dur
ing a 1year period from May 1, 2007, to April 30, 2008. 
All nonsedated or nonparalyzed patients admitted to 
any of the ICUs were eligible for participation and were 
grouped into 4 broad categories of consciousness: alert 
(fully aware and awake), drowsy (responds to loud voice 
only), stuporous (responds briefly but only after noxious 
stimuli), or comatose (eyes closed and no localization of 
pain stimuli). Informed consent was obtained from patients 
or proxy. The study was reviewed and approved by the 
Mayo Clinic  Institutional Review Board.
 A randomization sheet was used to select the rater pair 
(fellow/fellow, fellow/nurse, fellow/consultant, or nurse/
consultant) that would assess the patient. Within the 
same hour, each evaluator in the pair recorded a FOUR 
score and a GCS score for the patient. Each evaluator 
was given a worksheet that outlined the components of 
the FOUR score and the GCS score. For patients who 
had undergone intubation, the lowest GCS verbal score 
was used both for scoring and for data analyses. This 
approach provided standardization to the otherwise sub
jective nature of the verbal score for patients who had 
undergone intubation.

Description of the foUr score

The FOUR score has 4 components: eye responses, motor 
responses, brainstem reflexes, and respiration pattern. 
Each component has a maximal value of 4 (Figure 1). 
Assessing all components of this score usually takes only 
a few minutes.5 The eye response component of the FOUR 
score allows differentiation between a vegetative state 
(eyes open but do not track) and a lockedin syndrome 
(eyes open, blink, and track vertically on command). 
The motor assessment component of the FOUR score 
combines the withdrawal reflex and decorticate rigidity 
responses because these conditions are often difficult to 
distinguish clinically. The motor component includes 
a complex command (the patient is asked to produce a 
thumbsup hand signal, a fist, and the peace sign) that 
determines whether patients are alert.7 Similarly, the 
motor component of the FOUR score can detect signs 
of severe cerebral dysfunction, such as myoclonic status 
epilepticus. Such dysfunction is often a poor prognostic 
sign for patients with suspected anoxic brain injury.8 The 

brainstem components of the FOUR score assess the 
pons, the mesencephalon, and the medulla oblongata in 
various combinations. The FOUR score also includes an 
assessment of CheyneStokes respiration and irregular 
breathing; such signs can indicate bihemispheric or lower 
brainstem dysfunction of respiratory control. For patients 
who have undergone intubation, the FOUR score records 
the presence or absence of a respiratory drive.

oUtcome Assessment 
Data on inhospital mortality and clinical diagnosis of 
brain death were recorded for all patients. Morbidity was 
assessed at 3 months with the Modified Rankin Scale.9 
Briefly, a Rankin score of 0 indicates no symptoms; a score 
of 1, no evident disability despite symptoms; a score of 2, 
slight disability, with an inability to carry out all previous 
activities; a score of 3, moderate disability, with the need 
for some help but the ability to walk without assistance; a 
score of 4, moderately severe disability, with the inability 
to walk without assistance or to attend to bodily needs 
without assistance; a score of 5, severe disability, with 
the patient being bedridden and incontinent and requiring 
constant nursing care; and a score of 6, death.

stAtisticAl AnAlyses

For both the FOUR score and the GCS score, pairwise 
weighted κ values (for each observer pair), overall weighted 
κ values, and intraclass correlation values were calculated. 
A κ statistic of 0.4 or lower is considered poor; a value 
between 0.4 and 0.6, fair to moderate; a value between 0.6 
and 0.8, good interobserver agreement; and a value higher 
than 0.8, excellent agreement. Cronbach α was calculated 
for each score as an assessment of internal consistency, and 
Spearman correlation coefficients were calculated between 
the FOUR score and the GCS score as an assessment of 
construct validity. 
 The sensitivity and specificity of the total FOUR score 
and the total GCS score in predicting inhospital mortality 
and morbidity were compared by a logistic regression 
model controlling for age, sex, and alertness. The area 
under the receiver operating characteristic curve was 
calculated for each model. The association between the 
outcomes of interest (inhospital death, a Rankin score of 
36) and the total scores (FOUR score, GCS score) was 
displayed graphically by scatter plots with superimposed 
local regression smoothers. Modelbased smoothing 
with generalized additive models was used to obtain the 
estimates required for generating the scatter plots and 
the corresponding 95% confidence intervals. Generalized 
additive models were used because of the flexibility they 
offer in modeling additive nonlinear associations between 
the predictor variables and the outcome.
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FIGURE 1. Description of Full Outline of UnResponsivenes (FOUR) score. Eye response: E4 = eyelids open or opened, tracking, or blinking to 
command; E3 = eyelids open but not tracking; E2 = eyelids closed but open to loud voice; E1 = eyelids closed but open to pain; E0 = eyelids 
remain closed with pain. Motor response: M4 = thumbs-up, fist, or peace sign; M3 = localizing to pain; M2 = flexion response to pain; M1 = 
extension response to pain; M0 = no response to pain or generalized myoclonus status. Brainstem reflexes: B4 = pupil and corneal reflexes 
present; B3 = one pupil wide and fixed; B2 = pupil or corneal reflexes absent; B1 = pupil and corneal reflexes absent; B0 = absent pupil, 
corneal, and cough reflex. Respiration pattern: R4 = not intubated, regular breathing pattern; R3 = not intubated, Cheyne-Stokes breathing 
pattern; R2 = not intubated, irregular breathing; R1 = breathes above ventilatory rate; R0 = breathes at ventilator rate or apnea.
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RESULTS

BAseline DAtA 
Our study involved 55 men and 45 women with a mean ± SD 
age of 63.0±18.4 years (range, 1894 years). At the time of 
evaluation, 46 of the patients were comatose, 6 were stupor
ous, 14 were drowsy, and 34 were alert. The 34 alert patients 
had a variety of medical illnesses (cirrhosis, exacerbation of 
chronic obstructive pulmonary disease, diabetic ketoacidosis, 
ischemic heart disease, septic shock, hypertensive crisis, 
and esophageal perforation). For the remaining 66 patients, 
diagnoses included cerebral hemorrhage (n=12), anoxic
ischemic brain injury (n=11), ischemic stroke (n=10), sub
arachnoid hemorrhage (n=7), craniotomy (n=7), metabolic 
encephalopathy (n=6), seizures (n=5), meningitis or enceph
alitis (n=5), and traumatic brain injury (n=3) (Table 1).
 The frequency of Modified Rankin Scale scores was as 
follows: a score of 0, 19 patients; a score of 1, 6 patients; 
a score of 2, 9 patients; a score of 3, 4 patients; a score of 
4, 18 patients; a score of 5, 11 patients; and a score of 6, 
33 patients. All of the inhospital deaths (other than brain 
death) resulted from withdrawal of care by family members 
faced with a catastrophic neurologic outcome.

interrAter reliABility of the foUr score

The distribution of all 200 ratings (2 ratings for each 
patient, 1 from each member of the observer pair) of the 
FOUR score and the GCS score is shown in Figures 2 
and 3, respectively. There was a high degree of internal 
consistency for both the FOUR score (Cronbach α, 0.87 
for both the first and the second rater) and the GCS score 
(Cronbach α, 0.87 for both the first and the second rater). 
Spearman correlation coefficients for the FOUR score 
and the GCS score were high (P=.98 for the first rater; 
P=.92 for the second rater).

 The overall interclass correlation score was 0.99 
(0.990.99) for the FOUR score and 0.98 (0.98 to 0.99) for 
the GCS score. The rater agreement was good to excellent 
among all rater pairs (Table 2). Six patients were declared 
brain dead, and 1 patient had a lockedin syndrome. Two 
patients had myoclonic status epilepticus and received a 
score of 0 on the motor component of the FOUR score. 
For 156 (78%) of the 200 ratings, the brainstem component 
of the FOUR score received the maximal score. As was 
true in earlier studies, the distribution of the eye and motor 
components of the FOUR score was comparable to their 
distribution in the GCS score. A GCS score of 3 was 
recorded for 45 (23%) of the 200 ratings; for 18 (40%) 
of these 45 GCS ratings, the lowest possible FOUR score 
of 0 was assigned. The FOUR score provided additional 
discrimination for the remaining 27 ratings (60%), with 
total scores ranging from 0 to 8.
 The neurologic outcome of 66 patients was poor, as 
evidenced by a Rankin score of 3 to 6. In all, 33 patients 
died, including 6 patients who were declared brain dead.
For every 1point increase in the total FOUR score, the 
odds of inhospital mortality were reduced by an estimated 
15% (odds ratio, 0.75; 95% confidence interval, 0.680.84) 
(Table 3). Similarly, every 1point increase in the total 
FOUR score was associated with an 18% reduction in 
the odds of a poor neurologic outcome, as defined by a 
Rankin score of 3 to 6. Both of these associations remained 
statistically significant after the analyses were adjusted for 
age, sex, and alertness.
 Similarly, on the unadjusted model, each 1point increase 
in the total GCS score was associated with an estimated 
17% reduction in the odds of inhospital mortality. In a 
similar fashion, each 1point increase in the GCS score 
was associated with an 18% reduction in the odds of an 
adverse neurologic outcome, as defined by a Rankin score 

TABLE 1. Diagnostic Categories of 100 Patients Involved in Validation Study  
of the FOUR Score

      Modified 
  No. of Inhospital Brain  Rankin Scale
 Diagnostic category patients deaths death Intubation score of 36

Cerebral hemorrhage   12   4 1   4 11
Ischemic stroke   10   5 0   4   9
Subarachnoid hemorrhage    7   2 1   5   7
Craniotomy (eg, tumor, aneurysm)     7   2 0   1   2
Trauma     3   2 0   2   3
Seizures     5   1 1   3   1
Anoxicischemic 
 encephalopathy   11   9 3 10 11
Infection     5   2 0   2   5
Acute metabolic derangement     6   2 0   4   4
Miscellaneous medical illnesses   34   4 0 10 13
Total 100 33 6 45 66

FOUR = Full Outline of UnResponsiveness.
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of 3 to 6. These associations persisted after the analyses 
were adjusted for age, sex, and alertness.
 We charted the receiver operating characteristic curves to 
compare the predictive power of the 2 scales for inhospital 
death. The area under the curve for the FOUR score was 
0.86; that for the GCS was 0.82. Similarly, calculations of 
the predictive power for poor neurologic outcome (Rankin 
score, 36) showed that the area under the curve was 0.75 
for the FOUR score and 0.76 for the GCS score.
 The association between the outcome and the total score 
can be further shown by the use of scatter plots with super
imposed local regression smoothers (Figure 4). A model
based smoothing with generalized additive models was used 
in this approach. The probability of inhospital death at the 
lowest FOUR score was higher than that at the lowest GCS 

score. This finding was evidenced by the fact that patients 
with the lowest GCS score of 3 exhibited a wide range of 
FOUR scores (08) and that 8 (89%) of the 9 patients with 
the lowest FOUR scores died. In comparison, of the 21 
patients with the lowest GCS score, 15 (71%) died. 

DISCUSSION

The results of this prospective study show that the 
FOUR score coma scale maintains a high degree of 
internal consistency and interrater reliability among 
medical intensivists, including nursing staff at all levels 
of experience, fellows, and consultants. The level of 
interobserver agreement found in the current study was 
slightly higher than that found by the first validation study, 

FIGURE 2. Distribution of total Full Outline of UnResponsiveness (FOUR) scores and scores for eye response, motor response, brainstem 
reflexes, and respiration pattern.
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which tested neuroscience ICU staff members.5 These 
results are remarkable, particularly because the raters 
in this study were not trained to recognize neurologic 
signs. Our finding of no or only slight interrater variance 
provides evidence that the FOUR score can be used outside 
a neuroscience ICU.
 An ideal coma scale would be reliable (measures what 
it is supposed to measure), valid (yields the same results 
with repeated testing), linear (gives all components equal 
weight), and easy to use (provides simple instructions 
without the need for tools or cards). In addition, these 
scales may predict outcome, although mortality rates in the 
ICU are confounded by withdrawal of life support. 

TABLE 2. Interobserver Agreement of Rater Pairs With the FOUR Score and the GCS Score as Indicated by Weighted κ Values

  No. of
 Rater pairs patients Eye Motor Brainstem Respiration Total Eye Motor Verbal Total

Fellow/fellow   16 0.94 0.82 1.00 1.00 0.99 1.00 0.82 0.84 0.96
Fellow/nurse   53 0.80 0.88 0.96 0.98 0.98 0.75 0.83 0.91 0.97
Nurse/intensivist   16 0.81 0.65 1.00 1.00 0.97 0.59 0.89 0.61 0.97
Fellow/intensivist   15 1.00 1.00 0.63 0.93 0.99 0.84 0.94 0.83 0.99
Overall (95% CI) 100 0.96 0.97 0.98 1.00 0.99 0.96 0.97 0.98 0.98
   (0.950.97) (0.960.98) (0.980.99) (0.991.00) (0.990.99) (0.950.97) (0.960.98) (0.970.98) (0.980.99)

CI = confidence interval; FOUR = Full Outline of UnResponsiveness; GCS = Glasgow Coma Scale.

 GCS scoreFOUR score

 Although the GCS has been widely used in hospital 
settings and is considered a standard assessment tool, it 
has a number of shortcomings. The usefulness of a verbal 
component in assessing level of consciousness can be 
questioned. First, the verbal component of the GCS tests 
primarily orientation, which quickly becomes abnormal 
in agitated and confused patients without impaired 
consciousness. Conversely, many patients with little or no 
verbal response are alert. Moreover, the verbal response 
component of the GCS cannot be assessed in critically ill 
patients who have undergone intubation; in fact, verbal 
response could not be reliably assessed in 45 of the 100 
patients in our study. Second, and most importantly, the 

FIGURE 3. Distribution of total Glasgow Coma Scale scores and scores for eye response, motor response, and verbal response.
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(RLS85),10 the Comprehensive Level of Consciousness 
Scale (CLOCS),11 the Clinical Neurologic Assessment 
Tool (CNA),12 the Coma Recovery Scale (CRS),13 the 
GlasgowLiège Scale (GLS),14 the Innsbruck Coma Scale 
(ICS),15 and the 60Second Test (SST).16 These tests are 
lengthy, including as many as 21,11 28,17 or 3518 testable 

GCS does not assess brainstem reflexes, eye movements, 
or complex motor responses in patients with altered 
consciousness (reliability). Furthermore, the GCS score 
is numerically skewed toward motor responses (linearity). 
These shortcomings have prompted several earlier 
attempts to improve on the GCS: the Reaction Level Scale 

TABLE 3. Comparison of Predictions of Outcome (In-Hospital Death and  
Modified Rankin Scale Score of 3-6) by the FOUR Score and the GCS Scorea

   Modified Rankin Scale
  Inhospital death (33 events) score of 36 (66 events)

  OR (95% CI)b OR (95% CI)c OR (95% CI)b OR (95% CI)c

FOUR score total 0.75 (0.680.84) 0.70 (0.580.85) 0.82 (0.740.93) 0.88 (0.721.06)
FOUR score categories    
 Eye response 0.50 (0.380.68) 0.66 (0.391.14) 0.59 (0.440.79) 0.92 (0.431.96)
    Motor response 0.47 (0.340.63) 0.50 (0.310.81) 0.58 (0.420.78) 0.75 (0.441.30)
    Brainstem reflexes 0.40 (0.260.60) 0.47 (0.290.75) 0.34 (0.130.86) 0.37 (0.131.02)
    Respiration pattern 0.48 (0.350.66) 0.61 (0.420.89) 0.69 (0.520.91) 1.01 (0.671.52) 
GCS score total 0.73 (0.640.83) 0.64 (0.480.85) 0.82 (0.740.91) 0.91 (0.711.19)
GCS categories    
   Eye response 0.43 (0.300.62) 0.63 (0.351.14) 0.52 (0.350.76) 0.87 (0.391.93)
    Motor response 0.55 (0.430.70) 0.58 (0.390.86) 0.64 (0.500.81) 0.77 (0.501.19)
    Verbal response 0.49 (0.340.71) 0.68 (0.401.16) 0.66 (0.520.84) 1.00 (0.651.55)

a Data are expressed as unadjusted or adjusted odds ratios (ORs) with 95% confidence intervals (CIs). FOUR = 
Full Outline of UnResponsiveness; GCS = Glasgow Coma Scale. 

b Unadjusted odds ratios.
c Odds ratios adjusted for age, sex, and alertness. 

FIGURE 4. Scatter plots with superimposed local regression smoothers and 95% confidence intervals showing association of the Full 
Outline of UnResponsiveness (FOUR) score and the Glasgow Coma Scale score with mortality and morbidity (defined as a Modified Rankin 
Scale [MRS] score of 3-6).
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components. None of these scales has gained sufficient 
traction to become a substitute for the GCS.
 The FOUR score aims to overcome these shortcomings 
with a scale that is both simple to use and comprehensive 
in its overall neurologic assessment of the comatose or 
stuporous patient. The 4 components of the FOUR score 
(eye response, motor response, brainstem reflexes, and 
respiration pattern) are equally weighted. This scale is 
easy to remember because it contains 4 components, 
each with a maximal score of 4. Brainstem reflexes are 
included for a full and accurate assessment of the depth of 
coma. The FOUR score is particularly useful for patients 
with acute metabolic derangements, sepsis, or shock or 
with other nonstructural brain injuries because it detects 
early changes in consciousness (eg, inability to follow 
specific commands, inability to track examiner’s finger 
movements, and CheyneStokes respiration). The FOUR 
score is also far more useful than the GCS for patients 
who have experienced a catastrophic neurologic event as 
a complication of medical illness or surgery. In addition, 
the GCS performs poorly in assessing patients with less 
severe degrees of coma, such as those seen in the medical 
ICU.4 The frequent use of mild sedation in the medical and 
surgical ICU could affect eye opening and motor response 
but not brainstem reflexes and respiration. In contrast, all 3 
components of the GCS are affected by sedation.
 Our study has several limitations. Because this is the 
fourth validation study of the FOUR score to be performed 
at Mayo Clinic,5,6,19 the familiarity of raters with the system 
and their enthusiasm in using it may have increased the 
level of agreement among raters. This study included 
fewer patients than our initial study and did not perform 
comparisons of nurse/nurse ratings. However, our earlier 
validation study documented that the ratings of ICU nurses 
without a neuroscience background agree with those of 
neuroscience ICU nurses, regardless of experience.6

CONCLUSION

The FOUR score can be used in a variety of ICU settings. 
It is easily taught, is simple to administer, and provides 
essential neurologic information that allows an accurate 
assessment of patients with altered consciousness. The 
FOUR score accurately predicts which patients will have 
a poor outcome and can detect the occurrence of brain 
death in a critically ill patient. In addition, the FOUR score 
can diagnose a lockedin syndrome mimicking coma and 
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can test the vigilance of the patient by using simple hand 
signals. In contrast, the GCS  cannot assess these conditions 
because it uses only eye opening and motor response to 
pain as measures of impaired consciousness in intubated 
patients. The FOUR score has the potential to become an 
important measure in prospective clinical studies.


