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Abstract

Objective Full Outline of Unresponsiveness (FOUR)

score has previously been validated scale in the Neuro-

sciences Intensive Care Unit. In this study, we sought to

validate the use of FOUR score in the emergency depart-

ment (ED) using non-neurology staff. We also compared

its performance to the Glasgow Coma Scale (GCS) and

correlated it to functional outcome at hospital discharge

and overall survival.

Methods We prospectively rated 69 patients with initial

neurologic symptoms presenting to the ED. Three types of

examiners performed the FOUR score: ED physician, ED

resident, and ED nurse. Patients were followed through

hospital discharge; functional outcome was measured using

modified Rankin Score (mRS).

Results Interrater reliability for FOUR score and GCS

was excellent (respectively, jw = 0.88 and 0.86). Both

FOUR score and GCS predicted functional outcome, and

overall survival with and without adjustment for age, sex,

and alertness group.

Conclusion The FOUR score can be reliably used in the

ED by non-neurology staff. Both FOUR score and GCS

performed equally well, but the neurologic detail incor-

porated in the FOUR score makes it more useful in

management and triage of patients.

Keywords FOUR score � Neurologic � Glasgow Coma

Scale � Consciousness

Introduction

Coma scales have been created to improve communication

between providers and have been used to triage patients

with impaired consciousness in and out of the Emergency

Department (ED). The Glasgow Coma Scale (GCS) was

originated in a Neurosurgical Intensive Care Unit, but

found its way elsewhere, and became a standard scale used

in the field by first responders, emergency physicians, and

neuroscience specialists [1]. Over the years, considerable

limitations have been identified on this scale: crucial parts

of the neurologic examination of a patient with impaired

consciousness were not included (e.g., brainstem reflexes

and eye movements) and language evaluation—largely an

assessment of orientation rather than consciousness—

became useless in intubated patients. More concerning, the

performance of the GCS in the ED has mixed results.

Recently, pre-hospital GCS scores were compared with its

assessment in the ED, and poor agreement was found in

patients with traumatic head injury and GCS sum scores

<13 points [2]. This disagreement between emergency

medical service and emergency physicians confirmed a

number of earlier studies that found only good agreement
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in alert or near alert (GCS 13–15) patients [3, 4]. Other

observational studies found concerning disagreements

between ED physicians and ED physicians and nurses

when rating consciousness using the GCS [5, 6], and

marked differences between level I trauma centers in cal-

culations of the GCS were found [7].

There has been perceived need for an improved coma

scale [8]. Such a scale would provide the essentials of a

neurological examination and should in a better way

indicate the depth of coma. The Full Outline of Unre-

sponsiveness (FOUR) score is a recently developed and

validated [9, 10] in the Neurointensive Care Unit and can

supplement the GCS [11]. The FOUR score consists of four

components—eye, motor, brainstem, and respiration—and

each component has a maximal score of 4 (Fig. 1). The

Four score has been validated using neurologists and

neuroscience nurses as raters, but no studies have investi-

gated its validity outside neurology staff. As use of the

FOUR score becomes more widespread, we sought to test

its validity in the ED setting and compare its performance

to the GCS and correlate it to functional outcome at hos-

pital discharge.

Methods

This is an observational study in adult patients presenting

with acute neurologic disease to an ED with an annual

census of 79,000.

The study was designed to enroll 120 patients sampled

from all four alertness group categories—30 alert patients,

30 comatose, and 60 drowsy/stuporous patients. The raters

were selected from three different training type groups (ED

physicians, ED residents, and ED nurses). Raters were

provided a one-page handout with written instructions

describing both the FOUR score and the GCS and were

asked to grade a few patients using both the GCS and the

FOUR score scale. Written instructions and a scoring sheet

were used by each rater during examination of all patients.

The 120 subjects would be comprised of 20 patients

scored for each combination of training type (nurse/nurse,

nurse/resident, nurse/physician, resident/resident, resident/

physician, and physician/physician). Each patient was rated

on both scales by two different raters, who performed their

examination within 10 min of each other without knowl-

edge of the other’s scores. The order of the evaluations was

EYE RESPONSE 

a b

4 = Eyelids open or opened, tracking or 
      blinking to command 

3 = Eyelids open but not to tracking 
2 = Eyelids closed but opens to loud 

         voice 
1 = Eyelids closed but opens to pain 

              0 = Eyelids remain closed with pain      
        stimuli 

MOTOR RESPONSE 
              4 = Thumbs up, fist, or peace sign 

 3 = Localizing to pain 
2 = Flexion response to pain 

 1 = Extension response 
              0 = No response to pain or generalized 

     Myoclonus status 

BRAINSTEM REFLEXES 
              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, or cough

        reflex 

RESPIRATION
4 = Regular breathing pattern 

              3 = Cheyne-Stokes breathing pattern 
 2 = Irregular breathing 

              1 = Triggers ventilator or breathes 
     above ventilator rate 

              0 = Apnea or breathes at ventilator rate 

Fig. 1 Four score visual aid

Neurocrit Care



randomized to reduce bias. (For instance, of the 20 subjects

rated by both a resident and a physician, 10 were rated by

the resident first followed by physician, and 10 rated by the

physician first.) This design allowed us to evaluate both

intra-training and inter-training type reliability. We did not

evaluate intra-rater reliability since it would not be possi-

ble for a single rater to score a patient at two time points

sufficiently close in time to ensure the patient has not

changed status without remembering their previous scores.

The study was stopped early after 1 year of recruitment

with only 69 patients having been evaluated because of

slow recruitment. For the purposes of this manuscript, the

cohort was a convenience sample of 69 adult patients

presenting to the ED with neurologic signs and symptoms

during a 12-month period. Patients with altered con-

sciousness were categorized as alert, or non-alert. Patients

were prospectively followed through hospital discharge,

and their functional outcome measured via the Modified

Rankin score (mRS). The mRS is a 6-point score that

measures functional outcome [12].

This study was approved by the Emergency Medicine

Research Committee and Mayo Foundation Institutional

Research Board. All patients were prospectively enrolled

and provided informed consent.

Statistical Analysis

For both the FOUR score and GCS, overall average

weighted kappa scores were calculated to determine the

degree of agreement between raters. jw (weighted kappa)

of 0.4 or less is considered poor, values between 0.4 and

0.6 are considered fair to moderate, jw between 0.6 and 0.8

suggest good observer agreement, and jw values >0.8

suggest excellent agreement [13, 14]. In order to assess the

level of agreement between raters, we calculated the

absolute difference in total FOUR (and GCS) score

between the two raters for each of the 69 patients. We used

the Kruskal–Wallis test to compare total FOUR (and GCS)

score across the three levels of rater group. We investigated

prediction of in-hospital mortality and morbidity using a

logistic regression model controlling for age, sex, alertness

group, and either total FOUR score or total GCS score. The

relationship between total score for each scale and overall

survival was investigated using Cox proportional hazards

regression models, and analyses for both scales considered

unadjusted models as well as models which adjusted for

age, sex, and alertness group.

Results

The study cohort comprised 69 patients, with the following

neurologic complaints: Suspicion CNS infection (1%);

stroke (22%); seizure (14%); subarachnoid hemorrhage

(3%); altered consciousness or encephalopathy (51%), and

traumatic head injury (9%).

There were 32 alert and 44 non-alert patients. Thirty-one

percent of the evaluations were done by nurses, 36% by

residents, and 33% by physicians. There was no difference

in the total score assigned by nurses, residents, or physi-

cians for either the FOUR score (P = 0.777) or the GCS

(P = 0.125), with a median FOUR score 16, 16, and 16,

and a median GCS of 14.5, 14, and 14.5 for nurses, resi-

dents, and physicians, respectively. The within subject

differences between the first and second rater total scores

were small for both scores. The median absolute value of

the difference for both the FOUR and GCS scores was

equal to 0 (mean ± SD, respectively, 0.36 ± 0.76,

0.46 ± 0.87).

Table 1 presents the rater agreement characteristics for

both scales. The overall weighted kappa for the FOUR

score was 0.882 and for the GCS 0.862. Intra-class corre-

lation coefficients were 0.975 and 0.964, respectively.

Table 2 presents the relationships between total score

for each of the two scales and the outcomes of in-hospital

death and mRS. Considering the FOUR scale total score,

we see that for every 1-point increase in total score there is

a 0.67 (95% CI = 0.53–0.84) times lower risk of experi-

encing in-hospital mortality under the unadjusted model. A

1-point increase in total score was related to a better

functional outcome (OR = 0.43, 95% CI = 0.26–0.71)

when we consider all poor outcomes defined as Rankin

scores of 3, 4, 5, and 6. Considering the GCS scale total

score, we see that for every 1-point increase in total score

there is a 0.68 (95% CI = 0.56–0.83) times lower risk of

experiencing in-hospital mortality under the unadjusted

model. A 1-point increase in total score also has a pro-

tective effect (OR = 0.49, 95% CI = 0.32–0.75) when we

Table 1 Rater agreement—weighted kappa and intra-class correlation coefficients (ICC)

FOUR score GCS

Eye Respiration Brainstem Motor Total Eye Verbal Motor Total

Weighed kappa 0.859 0.756 0.943 0.825 0.882 0.871 0.869 0.807 0.862

ICC 0.945 0.843 0.969 0.926 0.975 0.934 0.921 0.911 0.964

Adjusted for age, sex, and alertness group
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consider all poor outcomes defined as Rankin scores of 3,

4, 5, and 6. Both relationships remain after adjusting for

age, gender, and alertness group.

Table 3 presents the relationships between total score

for each of the two scales and overall survival. Consid-

ering the FOUR scale total score, we see that for every 1-

point increase in total score there is a 0.84 (95%

CI = 0.79–0.89) times lower risk of mortality. After

adjusting for age, sex, alertness group, HR = 0.93 (95%

CI = 0.84–1.01) which is no longer significant at the 0.05

level. Considering the GCS scale total score, we see that

for every 1-point increase in total score there is a 0.80

(95% CI = 0.73–0.87) times lower risk of mortality. After

adjusting for age, sex, alertness group, HR = 0.88 (95%

CI = 0.78–1.00) which is no longer significant at the 0.05

level.

Table 4 presents a summary of within subject differ-

ences for the FOUR score and the GCS by evaluator type

(including ED nurse, ED attending physician, and ED

resident) and alertness group (alert versus drowsy/stupor-

ous/comatose). The within subject differences between

raters appear to be comparable across evaluator type

combinations for both the FOUR score (mean difference

ranging from 0.10 to 0.67) and for the GCS (mean differ-

ence ranging from 0.0 to 1.0). Mean within subject

differences for non-alert patients were higher for both

FOUR score and GCS (0.64 and 0.72, respectively) then

were observed for alert patients (0.03 and 0.15,

respectively).

Discussion

This is the first study of the FOUR score outside the

Neurosciences Intensive Care Unit using non-neurology

staff as raters. The advantages of the FOUR score have

been outlined previously [9, 10]. This new coma scale

includes important clinical neurological findings in patients

with impaired consciousness and this study shows that can

be assessed by emergency physicians, residents, and nurses

in the ED with excellent agreement. Our raters with no

specific neurological training were able to identify key

neurologic signs in patients with impaired consciousness.

Furthermore, this study confirmed prior studies that the

FOUR score is a robust predictor of in-hospital mortality,

functional outcome at hospital discharge, and overall sur-

vival in patients seen for neurologic complaints [9, 10].

The GCS has remained the ‘‘gold standard’’ for assess-

ment of impaired consciousness in all patient populations.

Studies in the ED have not only involved validation of the

scale, but also attempts at modifications (e.g., simplified

motor scale) eliminating the eye and verbal response [15].

We would argue that further simplification of the GCS

diminishes neurologic assessment despite better interrater

reliability. Our study also shows that the GCS has an

excellent interrater agreement and at least in our ED is

much higher than prior reports. This can be explained by

inclusion of a high proportion of alert patients because

most validation studies perform worse in patients with

marked decline in consciousness.

The FOUR score was developed to fill in a need for an

easy to use rapid assessment of all essential neurologic

signs in patients with impaired consciousness. It ignores

disorientation or confusion used in the verbal scale, but

provides a good assessment of eye movements, brainstem

reflexes, and respiratory drive in ventilated patients. The

FOUR score has the potential to recognize a locked-in

Table 2 FOUR score and GCS relation to functional outcome (mRS)

Outcome

(N = 69)

N FOUR score GCS

OR 95% CI P-value OR 95% CI P-value

In-hospital

death

9 0.67 0.53–0.84 <0.001 0.68 0.56–0.83 <0.001

mRS 3–6

Unadjusted 25 0.43 0.26–0.71 <0.001 0.49 0.32–0.75 0.001

Adjusteda 25 0.59 0.36–0.95 0.029 0.61 0.41–0.92 0.018

a Adjusted for age, sex, and alertness group

mRS, modified Rankin Score

Table 3 FOUR score and GCS relation with overall survival

Outcome

(N = 69)

N FOUR score GCS

HR 95% CI P-value HR 95% CI P-value

Unadjusted 25 0.84 0.79–0.89 <0.001 0.80 0.73–0.87 <0.001

Adjusteda 25 0.93 0.84–1.01 0.101 0.88 0.78–1.00 0.050

a Adjusted for age, sex, and alertness group

Table 4 FOUR score and GCS within subject differences by evalu-

ator type and alertness group

N FOUR score GCS

Mean SD Mean SD

Evaluator type

Nurse/nurse 10 0.10 0.31 0.00 0.00

Nurse/resident 10 0.40 0.69 0.50 0.70

Nurse/physician 13 0.46 0.96 0.69 0.94

Resident/resident 12 0.67 0.88 1.00 1.27

Resident/physician 15 0.33 0.89 0.40 0.82

Physician/physician 9 0.11 0.33 0.00 0.00

Alertness group

Alert 32 0.03 0.17 0.15 0.57

Non-alert 37 0.64 0.94 0.72 0.99
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syndrome, uncal herniation, brain death, and less severe

neurologic injury. A more comprehensive assessment of a

patient with an impaired consciousness could assist in

initial decision making, assess the need for additional

consultation (neurosurgeon) and more effectively triage

patient to the most appropriate Intensive Care Unit, neu-

roradiology suite, or operating theater.

Limitations

One of the limitations was that the target enrollment cohort

was not reached, and approximately half of the studied

patient population included alert patients. This increases

the chance of interobserver agreement because no neuro-

logic abnormality will have to be identified. A study of a

larger group of stuporous or comatose patients would be

desirable. However prospective scale validation studies are

very difficult to perform in the ED environment with a

diverse population of patients and varying work schedules

of potential raters. Such a study is easier to perform in a

neurological Intensive Care Unit with patients with acute

neurologic disease.

This was a single center study, so the generalizability to

other EDs has not been yet proved.
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