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Abstract
Background The Glasgow Coma Scale (GCS) is considered
the gold standard for assessment of unconsciousness in pa-
tients with traumatic brain injury (TBI) against which other
scales are compared. To overcome the disadvantages of GCS,
the Full Outline Of Unresponsiveness (FOUR) score was pro-
posed.We aimed to compare the predictability of FOUR score
and GCS for early mortality, after moderate and severe TBI.
Methods This is a prospective observational study of patients
with moderate and severe TBI. Both FOUR and GCS scores
were determined at admission. The primary outcome was
mortality at the end of 2 weeks of injury.
Results A total of 138 (117 males) patients were included in
the study. Out of these, 17 (12.3 %) patients died within
2 weeks of injury. The mean GCS and FOUR scores were
9.5 (range, 3–13) and 11 (0–16), respectively. The total GCS
and FOUR scores were significantly lower in patients who did
not survive. At a cut-off score of 7 for FOUR score, the AUC
was 0.97, with sensitivity of 97.5 and specificity of 88.2 %
(p<0.0001). For GCS score, AUC was 0.95, with sensitivity
of 98.3 % and specificity of 82.4 % with cut-off score of 6
(p<0.0001). The correlation coefficient was 0.753 (p<0.001)
between the GCS and FOUR scores.

Conclusions The predictive value of the FOUR score on ad-
mission of patients with TBI is no better than the GCS score.

Keywords Traumatic brain injury . Full Outline Of
Unresponsiveness (FOUR) score .

GlasgowComa Scale (GCS) . Coma

Introduction

Traumatic brain injury (TBI) is a major cause of death and
disability worldwide. To assess the level of consciousness
after TBI, Teasdale and Jennett in 1974 described a coma scale
known as the Glasgow Coma Scale (GCS) [15]. It incorpo-
rates three components: eye, verbal, and motor responses with
a maximum of four, five, and six points; and a minimum of
one point in each category, respectively. The GCS is a simple,
objective, easy-to-follow scale that is widely accepted to as-
sess the severity of TBI, and is considered the gold standard
against which other coma scales are compared. TBI is classi-
fied as mild, moderate, or severe, depending on the GCS. In
TBI, GCS has frequently been used to predict outcome after
head injury. Studies have been done to evaluate the predictive
ability of GCS after head injury. Bishara et al. reported a
statistically significant relationship between admission GCS
and outcome as measured by the Glasgow Outcome Scale
(GOS) at 6 months and 12-months post-injury (r=0.45,
p<0.001) [3]. Similarly, Poon et al. reported 71 % accuracy
of GCS using outcome categories of moderate/severe disabil-
ity and good recovery [10]. However, GCS differentiates
poorly between patients with low GCS, and also in intubated
patients. Also, there are certain drawbacks of the GCS system
such as skewness towards motor score, an inability to assess
verbal score in intubated and aphasic patients, and a lack of
brainstem reflexes.
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In order to overcome the disadvantages of GCS, Widjicks
et al. published the Full Outline Of Unresponsiveness (FOUR)
score in 2005 [16]. It provides additional information about
brainstem function and respiratory drive. The FOUR score is
useful even in intubated patients as verbal response is not a
component of FOUR score. The four components of FOUR
score are: eye tracking, motor response, brainstem function,
and respiratory drive. Each category is given 0–4 points, 0
being the worst and 4 being the best. The FOUR score has
been found to be superior in the assessment of comatose pa-
tients [14].

There is a paucity of literature comparing FOUR score and
GCS for prediction of outcome in TBI. In a recently published
study byMcNett et al., the authors found that the FOUR score
is comparable to GCS in terms of predictive ability for func-
tional status, cognitive outcome at 3 months post-injury, and
in-hospital mortality [7]. In a similar study by Sadaka et al.,
the authors found that FOUR score was an accurate predictor
of in-hospital mortality, and neurologic outcome. However, in
their study, the majority of patients had mild head injuries
[11]. We aimed to compare the predictability of FOUR score
and GCS for early mortality after moderate and severe TBI.

Materials and methods

This is a prospective observational study. An approval from
the institute’s ethics committee was obtained (Item No. XII,
Sl. No. 12.20, Clinical Neurosciences). The study population
included consecutive patients with moderate and severe TBI
admitted to the emergency department of our hospital over a
period of 3 months. The patients were managed as per the
standard hospital protocol and CT scans were done as indicat-
ed. The patients underwent surgical or medical treatment as
required. Both FOUR and GCS scores were determined by the
same rater (AS) at admission. The patients were followed up
until 2 weeks after injury to look for mortality. The 2-week
time period was chosen based on a prognostic calculator pro-
posed by CRASH collaborators [8]. The primary outcome of
our study was mortality at the end of 2 weeks. A total of 138
patients were recruited in the study.

Statistical analysis

The predictive value of the GCS and FOUR scores in
predicting mortality was established using the receiver op-
erating characteristic (ROC) curve by calculating area un-
der the curve (AUC). Mann–Whitney test was used to
compare the two scores between survivors and non-survi-
vors. Spearman’s rank correlation was used to determine
the correlation between GCS and FOUR scores. The power
of the study was >90 %.

Results

A total of 138 (117 males) patients were included in the study.
Out of these, 17 (12.3 %) patients died within 2 weeks of
admission to the hospital. The mean age of patients was
38 years (SD 15.5). The Marshal CT scan grading was I, II,
III, IV, V, and VI in 7, 78, 13, 5, 28, and 7 patients, respec-
tively. The mean GCS and FOUR scores for the entire patient
cohort were 9.5 (SD 2.4) and 11 (SD 3), respectively
(Table 1). The total FOUR and GCS scores were higher in
patients who survived than those who did not. The mean
FOUR scores were 12 and 4.9 in survivors and non-survivors,
respectively (p value<0.001). The mean GCS scores were 10
and 4.7 in survivors and non-survivors respectively (p value<
0.001). The score for the individual components of both GCS
and FOUR were also lower in patients who did not survive
(Tables 2 and 3). When using a cut-off score of 7 for FOUR
score, the AUC was 0.97 with sensitivity of 97.5 % and spec-
ificity of 88.2 % (p<0.0001). Similarly, with a cut-off score of
6 for the GCS score, AUC was 0.95 with sensitivity of 98.3 %
and specificity of 82.4 % (p<0.0001) (Fig. 1). When using the
same cut-off of 7 for FOUR score, 76.5 % of patients who did
not survive had FOUR score <7, while all the survivors had
FOUR score≥7. Similarly for GCS, 76.5 % of non-survivors
hadGCS<6, and all the survivors had GCS≥6 (Pearson’s Chi-
square value <0.001). Spearman’s correlation showed a corre-
lation coefficient of 0.758 between GCS and FOUR score
with p value of<0.001 (Fig. 2). This indicates a good-to-
very good correlation between the two scores. When analyz-
ing FOUR score in seven patients who had GCS of 3, FOUR
scores were 2 in three patients, 3 in one patient, and 4 in three
patients, and none of them survived. Similarly, amongst nine
patients who had FOUR score <5, all except two patients had
GCS 3 (one each had GCS 4 and 5), and none survived. This
indicates that at the lowest scores the correlation between
FOUR and GCS scores is nearly perfect in predicting mortal-
ity. Logistic regression analysis was used to determine which
components of the score can be used to predict early mortality
after adjusting for age. The results showed that although the
FOUR score in total can be used to predict mortality, individ-
ually, none of the components were significantly associated
with mortality. When applied to GCS, GCS as a whole and its
motor component independently were significantly associated
with mortality (Table 4).

Discussion

Accurate assessment of the level of unconsciousness is essen-
tial for improving communication among health care profes-
sionals and for prognosticating outcomes. The most common-
ly used scale for this purpose in patients with head injury is the
Glasgow Coma Scale. The GCS has been used to predict
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mortality in a number of studies. In a large study of 46,977
head-injured patients, the authors investigated the relationship
between GCS and mortality [5]. The results showed a sharp
progressive increase in mortality in patients who presented to
the emergency room with a GCS score of 3–8. Irrespective of
pathology, GCS is a significant predictor of mortality. Even in

the Acute Physiology and Chronic Health Evaluation
(APACHE) III scoring system for use in general intensive care
unit (ICU), the GCS has been found to be more predictive of
the outcome than any other single variable [1].

There are certain shortcomings with the use of GCS,
which may explain the encountered discrepancies with
prognostication using GCS. In intubated patients, the ver-
bal component cannot be assessed. GCS may not detect
subtle changes in neurological status and it is difficult to
interpret intermediate GCS scores. Any change in respira-
tory pattern or brainstem reflexes, which reflect the sever-
ity of coma, are not accounted for in the calculation of
GCS. Moreover, there is skewness towards motor score
[2]. In order to overcome the disadvantages of GCS,
Widjicks et al. published the Full Outline Of Unrespon-
siveness (FOUR) score in 2005 [16]. It provides additional
information about brainstem function and respiratory
drive. The FOUR score is useful even in intubated patients
as verbal response is not a component of FOUR score.
Since all the components of FOUR score are given equal
weightage, the score is linear and may make it a more
reliable. The FOUR score has been validated in the evalu-
ation of comatose patients [14]. Both scores are also used
as clinical monitoring tool and the added value of the
FOUR score is probably in more severe patients in the
ICU environment over time.

Table 1 General
characteristics of patients Variable Numbers

Age in years (mean±SD) 38.31±15.73

Gender – Male:Female 114:20

GCS score (mean±SD) 9.5±2.4

FOUR score (mean±SD) 11±3

Marshall CT Scan Grade (%)

1 7 (5.2 %)

2 76 (56.7 %)

3 12 (9.0 %)

4 5 (3.7 %)

5 27 (20.1 %)

6 7 (5.2 %)

Mortality 17 (12.3 %)

SD standard deviation, GCS Glasgow Co-
ma Scale, FOUR Full Outline of Unre-
spons i v ene s s , CT compu t e r i z ed
tomography

Table 2 Comparison of each
component of Full Outline Of
Unresponsiveness (FOUR) score
between survivors and non-
survivors

Components of FOUR score Survivors

(n=121) (%)

Non-survivors

(n=17) (%)

E0 (Eyelids remain closed with pain) 15 (12.4) 15 (88.2)

E1 (Eyelids closed but open to pain) 32 (26.4) 1 (5.9)

E2 (Eyelids closed but open to loud voice) 47 (38.8) 1 (5.9)

E3 (Eyelids open but not tracking) 27 (22.3) 0

E4 (Eyelids open or opened, tracking, or blinking to command) 0 0

M0 (No response to pain or generalized myoclonus status) 0 7 (41.2)

M1 (Extension response to pain) 0 5 (29.4)

M2 (Flexion response to pain) 17 (14) 3 (17.6)

M3 (Localizing to pain) 101 (83.5) 2 (11.8)

M4 (Thumbs-up, fist, or peace sign) 3 (2.5) 0

B0 (Absent pupil, corneal, and cough reflex) 0 0

B1 (Pupil and corneal reflexes absent) 0 5 (29.4)

B2 (Pupil or corneal reflexes absent) 12 (9.9) 8 (47.1)

B3 (One pupil wide and fixed) 9 (7.4) 4 (23.5)

B4 (Pupil and corneal reflexes present) 100 (82.6) 0

R0 (Breathes at ventilator rate or apnea) 0 0

R1 (Breathes above ventilator rate) 0 6 (35.3)

R2 (Not intubated, irregular breathing) 5 (4.1) 9 (53)

R3 (Not intubated, Cheyne–Stokes breathing pattern) 23 (19) 1 (6)

R4 (Not intubated, regular breathing pattern) 93 (77) 1 (6)

Total 12.02±1.74 4.94±2.6
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The FOUR and GCS scores have been compared for as-
sessment of coma due to various causes. Stead et al. found that
the inter-reliability of FOUR score and GCS was excellent
(Kw=0.88 and 0.86, respectively). Both predicted the func-
tional outcome and overall survival with and without adjust-
ment for age, sex, and alertness [14]. In a study by Chen et al.,
the authors found that the predictive value of the FOUR score
for 30-day mortality was slightly higher than GCS; however
for prediction of poor outcome and favorable outcome after
30 days, both scales showed similar performance. The patient
population included mainly TBI, non-traumatic intracerebral
hemorrhage, and aneurysmal subarachnoid hemorrhage [4].

There are only four studies comparing FOUR and GCS scores
for prediction of outcome exclusively in patients with TBI. In
a study by McNett et al. comprising 136 patients admitted to
the ICU, the authors compared FOUR and GCS scores at 24
and 72 h for functional and cognitive outcomes, and also
compared the scores at same time points with mortality [7].
The FOUR score was found comparable to GCS in terms of
predictive ability for functional status, cognitive outcome at
3 months post-injury, and in-hospital mortality [7]. The AUCs
for FOUR andGCS scores for predictingmortality were 0.913
and 0.935, respectively. However, the AUCs for other out-
come measures were lower. In another study by Sadaka

Table 3 Comparison of each
component of Glasgow Coma
Scale (GCS) score between
survivors and non-survivors

Components of GCS Survivors
(n=121) (%)

Non-survivors (n=17)

(n=17) (%)

E1 (Does not open eyes) 15 (12.4) 15 (88.2)

E2 (Opens eyes in response to painful stimuli) 32 (26.4) 1 (5.9)

E3 (Opens eyes in response to voice) 73 (60) 1 (5.9)

E4 (Opens eyes spontaneously) 1 (0.8) 0

V1 (Makes no sounds) 4 (3.3) 14 (82.4)

V2 (Incomprehensible sounds) 41 (33.9) 1 (5.9)

V3 (Utters inappropriate words) 52 (43) 2 (11.8)

V4 (Confused, disoriented) 24 (19.8) 0

V5 (Oriented, converses normally) 0 0

M1 (Makes no movements) 0 7 (41)

M2 (Extension to painful stimuli (decerebrate response) 0 5 (29.4)

M3 (Abnormal flexion to painful stimuli (decorticate response) 5 (4.1) 1 (5.9)

M4 (Flexion/withdrawal to painful stimuli) 12 (9.9) 2 (11.8)

M5 (Localizes painful stimuli) 101 (83.5) 2 (11.8)

M6 (Obeys commands) 3 (2.5) 0

Total 10.21±1.47 4.71±2.39

Fig. 1 Receiver operative
characteristics curve of GCS and
FOUR scores
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et al. comprising 51 patients admitted to the ICU, the authors
found that FOUR and GCS scores were comparable for
predicting in-hospital mortality and when outcome was com-
pared using the Glasgow Outcome Scale (GOS) and the mod-
ified Rankin scale (mRS) [11]. The AUCs for FOUR andGCS
scores for predicting mortality were 0.93 and 0.89. The AUCs
for functional outcome measures were relatively low. In the
same study, the odds ratio (OR) for in-hospital mortality was
0.64 (0.46–0.88) for FOUR score and 0.63 (0.45–0.89) for
GCS. In another study by Jalali et al., 88 patients with TBI
(after excluding heavily sedated patients) were recruited from
the intensive care unit. Patients were followed up for 2 weeks
or hospital discharge to determine mortality. They found that
the FOUR score had a better prediction of death than GCS in
terms of specificity positive predictive value, negative predic-
tive value, and accuracy [6]. In another study by Okasha et al.,
60 patients with TBI were enrolled in the study. The GCS and
FOUR score were documented on arrival to the emergency
room. The FOUR score showed significantly higher AUC

than the GCS score (0.850 vs. 0.796, p=0.025). The FOUR
score and the GCS score were not different in predicting un-
favorable outcome (AUC 0.813 vs. 0.779, p=0.136) and en-
dotracheal intubation (AUC 0.961 vs. 0.982, p=0.06). Both
scores were good at predicting length of stay in an ICU [9]. In
a recent multi-institutional study of unselected critically ill
patients, the authors compared predictability of FOUR and
GCS scores [17]. They found that the AUC for FOUR score
was 0.742, whereas GCS was 0.715. The difference was sig-
nificant. The authors concluded that the FOUR score might be
a better prognostic tool of ICU mortality. However, in their
patient population, only 19.7 % had neurological illness [17].
The number of patients with TBI is not mentioned. As GCS is
primarily intended for patients with TBI, it was not surprising
that it performed poorly in this study comprising a large pro-
portion of non-TBI patients. These studies concluded that the
FOUR score and GCS performed equally well, but the neuro-
logic detail incorporated in the FOUR score makes it more
useful for evaluating patients.

These studies included only patients admitted to an ICU. In
the present study, we have taken the admission scores, as evalu-
ation at the time of admission has prognostic importance.We did
not include mild TBI (mTBI) cases as mortality after mTBI is
very low [13]. Moreover, mortality is not the appropriate out-
come measure for mTBI [12]. We also found FOUR and GCS
scores to be comparable for prediction of mortality, in terms of
AUC, sensitivity, and specificity. Though there are many simi-
larities between the FOUR score motor response and the GCS
motor response, the FOUR score motor response was not signif-
icant, whilst the GCSmotor response was significant. This is due
to a lack of abnormal flexion or withdrawal response category in
the FOUR score. Other reasons are that the number of motor
responses in FOUR score is five, whilst in GCS it is six. There
was also good to very good correlation between the FOUR and
GCS scores. Our findings confer with other studies.

Limitations of the study

Ours is a single-center study, however this also ensured that
other factors such as level of care and management strategy
would be similar for all the study subjects. The FOUR score
and GCS were assessed by the same investigator, so we can-
not comment about inter-rater reliability. As the inter-rater
reliability of FOUR and GCS scores is established, we did
not feel it necessary to repeat it for our study. As we took early
mortality as an outcome measure, hence the predictive ability
of these scores for functional outcome cannot be commented
upon. If these scores are utilized for continuous care, then
other outcome tools like GOS or outcomes of disability are
required for comparing the utility of these scores. We did not
adjust for other predictors of mortality, like CT scan findings,
hypoxia, and hypotension as the primary objective of study
was to compare two scoring systems. Only moderate and

Fig. 2 Scatter plot of GCS vs. FOUR showing good correlation. Small
size dots—frequency of occurrence 5 or less. Medium size dots—
frequency of occurrence 6–10. Large size dots—frequency of
occurrence >10

Table 4 Logistic regression analysis after adjusting for age of each
component of Full Outline of Unresponsiveness (FOUR) and Glasgow
Coma Scale (GCS) scores in determining mortality

Score variable Odds ratio 95 % CI p value

FOUR score eye response 0.643 0.12–3.41 0.604

FOUR score motor response 0.227 0.04–1.30 0.094

FOUR score brain stem function 0.309 0.08–1.21 0.092

FOUR score respiratory function 0.372 0.08–1.78 0.22

FOUR Score total 0.348 0.22–0.56 <0.001*

GCS eye response 0.206 0.02–1.84 0.16

GCS motor response 0.077 0.012–0.513 0.008*

GCS verbal response 2.13 0.241–18.84 0.50

GCS Score total 0.336 0.215–0.525 <0.001*

Bold means statistically significant.

*indicates p value is significant
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severe head injury patients were included in the study, so the
performance of the scores in mild head injury can only be
extrapolated. A multicenter study with larger sample size
would be required to confirm the findings of our study.

Conclusions

Though the FOUR score provides details of other neurological
examination useful for assessment of comatose patients, the
individual components of the FOUR scores were not signifi-
cant predictors independently. Though GCS has some short-
comings, its accuracy was similar to the FOUR score for
predicting mortality. However, the FOUR score can be used
in patients with severe coma for sub-categorization of patients
with lowest GCS. The predictive value of the FOUR score on
admission of patients with TBI is no better than the GCS
score.

Conflicts of interest None.
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