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Abstract

Background The most widely used and most studied

coma score to date is the Glasgow Coma Scale (GCS),

which is used worldwide to assess level of consciousness

and predict outcome after traumatic brain injury (TBI).

Our aim was to determine whether the Full Outline of

UnResponsiveness (FOUR) score is an accurate predictor

of outcome in TBI patients and to compare its performance

to GCS.

Methods We prospectively identified TBI patients admit-

ted to our Neuro-ICU between July 2010 and February 2011.

We enrolled 51 patients. The FOUR score and GCS were

determined by one of the investigators. Outcomes were

in-hospital mortality, and poor neurologic outcome (Glas-

gow Outcome Scale (GOS) 1–3 and Modified Rankin Scale

(mRS) score 3–6) at 3–6 months.

Results There was a high degree of internal consistency

for both the FOUR score (Cronbach’s alpha = 0.89) and

GCS (Cronbach’s alpha = 0.85). In terms of predictive

power for in-hospital mortality, the area under the receiver

operating characteristic (ROC) curve was 0.93 for FOUR

score and 0.89 for GCS. In terms of predictive power of

poor neurologic outcome at 3–6 months, the area under the

ROC curve was 0.85 for FOUR score and 0.83 for GCS as

evidenced by GOS 1–3, and 0.80 for FOUR score and 0.78

for GCS as evidenced by mRS 3–6. The odds ratio (OR) for

in-hospital mortality was 0.64 (0.46–0.88) from FOUR

score and 0.63 (0.45–0.89) from GCS, for poor neurologic

outcome was 0.67 (0.53–0.85) from FOUR score and 0.65

(0.51–0.83) from GCS for GOS, and was 0.71 (0.57–0.87)

from FOUR score and 0.71 (0.57–0.87) from GCS for

mRS.

Conclusion The FOUR score is an accurate predictor of

outcome in TBI patients. It has some advantages over GCS,

such as all components of FOUR score but not GCS can be

rated in intubated patients.
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Full Outline of UnResponsiveness (FOUR) score �
Glasgow coma scale

Introduction

Traumatic brain injury (TBI) is a major source of death and

severe disability worldwide. In the USA alone, this type of

injury causes 290,000 hospital admissions, 51,000 deaths,

and 80,000 permanently disabled survivors [1, 2]. The most

widely used and most studied coma scale to date is the

Glasgow Coma Scale (GCS), first described by Teasdale

and Jennett in 1974 and revised in 1976 with the addition

of a sixth point in the motor response subscale for

‘‘withdrawal from painful stimulus’’ [3, 4]. The GCS was

initially intended to assess level of consciousness after TBI

in a neurosurgical intensive care unit (Neuro-ICU) [3]. The

GCS was broadly accepted as an instrument to classify the

severity of TBI because it was easy to use and reproduc-

ible. It was used to classify the severity of TBI as mild

(GCS 13–15), moderate (GCS 9–12), and severe (GCS < 9)

[5, 6]. Since then it has become the gold standard against

which newer scales are compared. As a result, the GCS was

incorporated into several scoring systems, like the APACHE

II [7], the Simplified Acute Physiology Score (SAPS), and

F. Sadaka (&) � D. Patel � R. Lakshmanan

St. John’s Mercy Medical Center, St Louis University, 621 S.

New Ballas Rd, suite 4006B, St. Louis, MO 63141, USA

e-mail: farid.sadaka@mercy.net

123

Neurocrit Care (2012) 16:95–101

DOI 10.1007/s12028-011-9617-5



SAPSII [8], the Revised Trauma Score (RTS) [9], the

Circulation, Respiration, Abdomen, Motor, Speech scale

(CRAMS) [10], the Traumatic Injury Scoring System

(TRISS) [11], and A Severity Characterization of Trauma

(ASCOT) scale [12]. However, the reliability of GCS in

predicting patient outcomes is unsatisfactory, especially

with regard to the verbal component. As a result, Widjicks

et al. published a new scoring system in 2005, the Full

Outline of UnResponsiveness (FOUR) score, a newer scale,

developed to provide a more comprehensive assessment

[13]. The FOUR score includes additional information not

assessed by the GCS like brainstem reflexes, visual tracking,

breathing patterns, and respiratory drive [13] (Fig. 1). It is

also more practical for evaluating critically ill intubated

patients, as it does not depend on an evaluation of the verbal

response. It has already been validated in various popula-

tions of comatose patients [14–19].

The aim of our study was to determine whether the

FOUR score accurately predicts outcome in TBI patients

and to compare its performance to the GCS in this patient

population. We hypothesized that the accuracy of the

FOUR score was at least as good as GCS in predicting

outcome in TBI patients, that is easy to score and that it has

some advantages over GCS.

Methods

We prospectively identified TBI patients admitted to our

Neuro-ICU between July 2010 and February 2011. This is

a 16 bed Neuro-ICU in a large university-affiliated level I

Trauma hospital with subspecialty residency in critical care

medicine. The Neuro-ICU is staffed by Intensivists (board

certified by the American Board of Internal Medicine in

Internal medicine and Critical Care Medicine and certified

by the United Council of Neurologic Subspecialties in

Neurocritical care) 24 h/day. Spinal cord injury patients

were excluded. The FOUR score and the GCS were

Fig. 1 Full Outline of UnResponsiveness (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; and 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; and 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; and

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; and R0 breathes at ventilator rate or apnea
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determined by one of the investigators (DP) within 15 min

apart. Scoring was done within the first 24 h of admission

to the Neuro-ICU. When feasible, patients were examined

in the absence of effects of sedative medications. Patients

were excluded if they were heavily sedated, precluding the

examiner from obtaining FOUR or GSC scores. Outcomes

were in-hospital mortality, and poor neurologic outcome

(Modified Rankin Scale (mRS) score 3–6 and Glasgow

Outcome Scale (GOS) 1–3) at 3–6 months (Table 1). The

long-term functional outcome was measured at 3–6 months

using mRS [20]. Functional outcome was dichotomized,

poor versus good, based on the mRS at 3–6 months. Poor

outcome was defined as mRS 3–6 (Table 1). The long-term

neurologic outcome was scored according to the five-cat-

egory GOS [21] at same time point of 3–6 months for each

patient. Poor outcome was defined as GOS 1–3 (Table 1).

The 3–6 month outcomes were determined through a

telephone survey by an investigator who is blinded to the

patients’ data and scores. Both mRS and GOS were used

for outcome prediction because TBI patients have other

associated injuries that may affect these two outcomes

differently (Table 1). This study was approved by the

Institutional Review Board at St. John’s Mercy Medical

Center with waiver of written informed consent.

Statistical Analysis

Cronbach a 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 in-hospital mortality and morbidity were com-

pared by a logistic regression model controlling for age, and

gender. The area under the receiver operating characteristic

curve was calculated for each model. The association

between the outcomes of interest (in-hospital death, a mRS

of 3–6, and Glasgow outcome score of 1–3) and the total

scores (FOUR score, GCS score) was displayed graphically

by scatter plots with superimposed curves representing

logistic regression probabilities and 95% confidence limits.

Results

A total of 51 patients were enrolled. Mean age was 58 years

(range 18–87). Patient characteristics are summarized in

Table 2. The diagnosis of TBI included intracranial bleeding/

contusions (n = 27), subarachnoid hemorrhage (n = 27),

subdural hematoma (n = 24), concussion (n = 5), and epi-

dural hematoma (n = 2). Five patients had more than 5 mm

midline shift diagnosed by brain imaging. Other associated

injuries included lung contusions (n = 15), rib fractures

Table 2 Patient’s characteristics at the time of enrollment

Age (years) 58 (18–87)

Male gender (%) 33 (65)

APACHE II scorea 12 (2–36)

GCSb 12 (3–15)

FOUR scorec 13 (0–16)

Mean arterial pressure (mmHg) 73 (48–110)

Temperature (�F) 98.2 (94.5–102.9)

Brain injury (n)

Intracranial bleed/concussion 27

Subarachnoid hemorrhage 27

Subdural hematoma 24

Concussion 5

Epidural hematoma 2

Midline shift (>5 mm) 5

Outcomes (n)

In-hospital mortality (%) 7.8

mRS 3–6 months (3–6%) 28.9

GOS 3–6 months (1–3%) 28.9

Data are presented as median (25th to 75th percentiles) or n (%)
a APACHE II Acute Physiology and Chronic Health Evaluation
b GCS Glasgow Coma Scale
c FOUR Focused Outline of UnResponsiveness

Table 1 Definitions of mRS and GOS

mRS GOS

Grade Description Grade Description

0 No symptoms at all 1 Dead

1 No significant disability

despite symptoms; able

to carry out all usual

duties and activities

2 Vegetative state

2 Slight disability; unable to

carry out all previous

activities, but able to

look after own affairs

without assistance

3 Severe disability

Able to follow

commands/unable to

live independently

3 Moderate disability;

requiring some help, but

able to walk without

assistance

4 Moderate disability

Able to live

independently; unable

to return to work or

school

4 Moderately severe

disability; unable to

walk without assistance

and unable to attend to

own bodily needs

without assistance

5 Good recovery

Able to return to work or

school

5 Severe disability;

bedridden, incontinent

and requiring constant

nursing care and

attention

6 Dead

Neurocrit Care (2012) 16:95–101 97

123



(n = 12), facial bone fractures (n = 10), spinal fractures

(n = 8), pneumothorax/pneumomediastinum (n = 7), and

pelvic/lower extremity fractures (n = 7).

The distribution of all ratings of the FOUR score and the

GCS score is shown in Figs. 2 and 3. There was a high

degree of internal consistency for both the FOUR score

(Cronbach’s alpha = 0.89) and GCS score (Cronbach’s

alpha = 0.85). Spearman correlation coefficient for the

FOUR score and the GCS score was high (P = 0.97).

Functional and neurologic outcome were poor in 15

patients as evidenced by a mRS of 3–6 and GOS of 1–3.

Four patients died. For every 1-point increase in the total

FOUR score, the odds of in-hospital mortality were

reduced by an estimated 36% (odds ratio, 0.64; 95% con-

fidence interval (CI), 0.46–0.89) (Table 3). Every 1-point

increase in the total FOUR score was associated with a

29% reduction in the odds of a poor functional outcome, as

defined by a mRS of 3–6. Similarly, every 1-point increase

in the total FOUR score was associated with a 33%

reduction in the odds of a poor neurologic outcome, as

defined by a GOS of 1–3. All of these associations

remained statistically significant after the analyses were

adjusted for age and gender (Table 3).

Similarly, on the unadjusted model, each 1-point

increase in the total GCS score was associated with an

estimated 37% reduction in the odds of in-hospital mor-

tality. Each 1-point increase in the GCS score was

associated with a 29% reduction in the odds of a poor

functional outcome, as defined by a mRS of 3–6. In a

similar fashion, every 1-point increase in the total GCS

score was associated with a 35% reduction in the odds of a

poor neurologic outcome, as defined by a GOS of 1–3.

These associations also persisted after the analyses were

adjusted for age and gender (Table 3).

We charted the receiver operating characteristic curves

(ROC) to compare the predictive power of the 2 scales for

in-hospital death and poor functional and neurologic out-

come. In terms of predictive power for in-hospital

mortality, the area under the ROC curve was 0.93 for

FOUR score and 0.89 for GCS. In terms of predictive

power of poor functional and neurologic outcome at

3–6 months, the area under the ROC curve was 0.80 for

Fig. 2 Distribution of total

FOUR scores and scores for eye

response, motor response,

brainstem reflexes, and

respiration pattern
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FOUR score and 0.78 for GCS as evidenced by mRS 3–6,

and was 0.85 for FOUR score and 0.83 for GCS as evi-

denced by GOS 1–3. The association between the outcome

and the total score can be further shown by the use of

scatter plots with superimposed curves representing logistic

regression probabilities and 95% confidence limits (Fig. 4).

Fig. 3 Distribition of total GCS

scores and scores for eye

response, motor response,

and verbal response

Table 3 Comparison of predictions of outcome (In-hospital mortality, mRS of 3–6 and GOS 1–3) by the FOUR score and the GCS Score

In-hospital mortality mRS 3–6 GOS 1–3

OR (95% CI)a OR (95% CI)b OR (95% CI)a OR (95% CI)b OR (95% CI)a OR (95% CI)b

FOUR score total 0.64 (0.46–0.89) 0.63 (0.44–0.91) 0.71 (0.57–0.88) 0.69 (0.55–0.86) 0.67 (0.53–0.85) 0.62 (0.47–0.82)

FOUR score categories

Eye response 0.36 (0.16–0.80) 0.37 (0.16–0.85) 0.36 (0.20–0.63) 0.34(0.18–0.63) 0.38 (0.22–0.66) 0.33 (0.18–0.62)

Motor response 0.18 (0.06–0.59) 0.12 (0.02–0.91) 0.18 (0.05–0.69) 0.17 (0.04–0.66) 0.16 (0.04–0.64) 0.12 (0.03–0.57)

Brainstem reflexes 0.18 (0.06–0.58) 0.18 (0.05–0.63) 0.30 (0.10–0.90) 0.29 (0.09–0.91) 0.28 (0.09–0.87) 0.28 (0.09–0.86)

Respiration pattern 0.37 (0.13–1.05) 0.39 (0.13–1.16) 0.55 (0.36–0.86) 0.53(0.32–0.86) 0.42 (0.25–0.70) 0.32 (0.16–0.63)

GCS score total 0.63 (0.45–0.89) 0.64 (0.45–0.92) 0.71 (0.57–0.88) 0.68(0.53–0.86) 0.65 (0.51–0.83) 0.56 (0.40–0.78)

GCS categories

Eye response 0.31 (0.12–0.77) 0.32 (0.12–0.83) 0.27 (0.12–0.59) 0.24 (0.10–0.58) 0.28 (0.13–0.59) 0.21 (0.08–0.54)

Motor response 0.29 (0.13–0.65) 0.24 (0.07–0.82) 0.23 (0.06–0.87) 0.22 (0.05–0.85) 0.20 (0.05–0.84) 0.16 (0.03–0.79)

Verbal response 0.58 (0.29–1.14) 0.63 (0.32–1.27) 0.66 (0.46–0.93) 0.63 (0.42–0.93) 0.52 (0.35–0.78) 0.4 (0.23–0.71)

Data are expressed as unadjusted or adjusted odds ratio (OR) with 95% confidence intervals (CI). FOUR Full Outline of UnResponsiveness, GCS
Glasgow Coma Scale
a Unadjusted odds ratio
b Odds ratio adjusted for age and gender
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Discussion

This prospective study shows that the FOUR score coma

scale has a high degree of internal consistency, and is an

accurate predictor of mortality and neurologic outcome in

TBI patients cared for in the neurosurgical intensive care

unit.

Widjicks et al. proposed the FOUR score coma scale in

order to measure impaired consciousness and overcome

some of the shortcomings of the GCS [13]. Wijdicks et al.

criticized GCS in that it lacks the ability to identify subtle

changes in alteration of consciousness. The FOUR score

assesses four variables: eye response, motor response,

brainstem reflexes, and respiration pattern (Fig. 1). The

acronym also reflects the number of categories and the

maximum number of potential points in each category,

making it fairly simple to use and remember. In addition,

the FOUR score is superior to the GCS in that it can

account for the intubated patient without substituted or

guessed scores. The FOUR score can also identify a

locked-in state, and detect the presence of a vegetative

state, whereas the GCS cannot. Furthermore, the FOUR

score adds to the eye opening of the GCS by testing eye

tracking, thus incorporating midbrain and pontine func-

tions. This allows the examiner to even localize lesions.

Another advantage for the FOUR score is that it gives all

components equal weight, making it linear which is ideal

for a coma scale. The GCS score on the other hand is

skewed toward motor responses. Because of the above, we

found that the FOUR score is easier and faster to perform

and easier to communicate to other care providers than the

GCS score.

Our study has some limitations. We did not evaluate the

interrater reliability of the FOUR score, however, this has

already been proven in several studies, among neurosci-

ence nurses, neurology residents, and neurointensivists

[14–16]. Our study population may not have included

enough severely injured patients, as the in-hospital

Fig. 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 (GCS)

score with mortality and morbidity (defined as a Modified Rankin Scale

[mRS] score of 3–6 and Glasgow Coma Scale [GOS] of 1–3)
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mortality was 7.8%. Also, a smaller proportion of our

patients had GCS < 9 (n = 8), versus, GSC of 9–12

(n = 12), and GCS 13–15 (n = 31). However, our patient

population is not much different from other studies.

Dombovy and Olek had similar proportions in their study

(GCS < 9, 22%; GCS 9–12, 26%; and GCS 13–15, 52%)

with an outcome similar to our population (23 vs. 28.9%)

[22]. This also reflects the difficulty of carrying such a

study on TBI patients, since we had to exclude 14 patients

because they were heavily sedated in this early period of

head injury, and thus we were unable to obtain FOUR or

GCS accurately. GCS and FOUR scores were determined

within 24 h of admission to the ICU by only one investi-

gator and the scores were determined off sedation ‘‘when

feasible’’. This may have introduced selection bias. How-

ever, a significant proportion (28.9%) of our patients ended

up with poor functional and neurologic outcome suggesting

that our patient population is representative of TBI patients

admitted to the intensive care unit [22]. In a recent review

on coma scales, Kornbluth et al. recognized one potential

flaw in that up until recently the FOUR score had only been

validated at the Mayo Clinic [23]. Our study is a successful

attempt to overcome this limitation and this is a notable

strength of this study.

Conclusion

The FOUR score is an accurate predictor of outcome in TBI

patients. It is easy to learn, remember, and administer. It has

some advantages over GCS, such as all its components can

be rated in intubated patients, gives all components equal

weight, and allows the examiner to localize lesions and

diagnose a locked-in state. Further work needs to be done in

other institutions and with other patient populations before

FOUR score can be endorsed as a standard scale for outcome

prediction.
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