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Objective : To evaluate the reliability between the FOUR score and the GCS score for evaluating patients with
intubation in emergency room and to predict in-hospital mortality. Methods : FEighty patients with intubation
in the ER were enrolled. Each patient was evaluated by random pairs of raters using both the FOUR and
the GCS scores. The statistical analysis included Willcoxon's sign rank test to determine the differences
between the groups, Spearman’s and Kendall's correlation to determine the correlation between FOUR and
GCS, weighted kappa and intra-class correlation coefficient (ICC) to determine the degree of agreement and
the logistic regression for in-hospital deaths. Results : Inter-rater agreements were good to excellent for the
FOUR and GCS scores. The correlation between score system was good. For every 1-point increase in the total
scores, there was a reduction in the odds of an in-hospital mortality. Conclusion : The FOUR score is reliable

for evaluating patients with intubation in the ER. The FOUR score can be used to predict in-hospital mortality.
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Introduction

The Glasgow Coma Scale (GCS) is a worldwide tool
used for evaluating the alterations of consciousness in
patients. It is widely popular particularly in pre-hospital
care, with emergency physicians and neuroscience
physicians. There are some limitations in some cases
such as patients with intubation or lock- in syndrome.'
Because of these limitations the overall decline can't
be fully evaluated in these patients.

Many scores have been developed to assess the
patients such as RAPS (The Rapid Acute Physiology

2
’

Score), REMS (Rapid Emergency Medicine Score)
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APACHE (Acute Physiology and Chronic Health
Evaluation II)° and IHSS (In House Score System)* but
no score has been used as the gold standard and some
are difficult to use. In many scores, the GCS is also
part of the assessment.

Since 2005, the Full Outline of UnResponsiveness
(FOUR) score has been developed to reduce some
of the limitations of the GCS in the intensive care
setting compared to the GCS for evaluating patients.
The FOUR score can correlate well with the GCS to
be assessed by evaluation by several specific groups,
There

has been widespread increased use of the FOUR score

such as nurses and neuroscience physicians.

in evaluating patients in the ICU MED®, Neuro ICU°,
Pediatric population” and ER setting® in comparison to

the GCS assessment in the alteration of consciousness
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divided into groups such as alertness, drowsiness,
stuporous and coma. All studied results were effective.

The FOUR score consists of four components e.g.
eyes, motor, brainstem and respiration pattern and the
evaluator assigns a score of 0 to 4 to each of the four
functional categories. The maximum total score is 16
and the minimum score is 0. (Figure 1)

This study compared the FOUR score and the
GCS score used for patients with intubation in the
emergency room. Our objective was to study the intra-
observer reliability, validity and functional outcome at

hospital discharge.

Materials and Methods
An observational study was conducted after
approval by ethic committee. The data was collected
from patients who had alterations of consciousness with
intubation in the emergency room, Phramonkutklao
Hospital between May 2011 and November 2011.
Inclusion criteria
1. Patients with intubation
2. Age over 18 years old
3. Thai language understandable
4. Visited to emergency room at Phramongkutklao
Hospital
Exclusion criteria
1. Patients received sedative or neuromuscular
blocking agents.
2. Patients with effects from anesthesia within
the period of 24 hours.
A total of 80 patients were recruited for the study.
The FOUR and GCS scores would be assessed by three
types of raters, each with two personnel i.e. emergency
medicine residents (D), nurses (N) and externs (E). To
protect patients from over-assessment, only 2 raters
would independently examine and assign both the
FOUR and the GCS scores to each patient in the ER
within 30 minutes. (Figure 2)
The raters all participated in training, provided by

the investigator, related to the use of the GCS and the

FOUR Score

Eye Response &

4 Eyelids open or opened,
tracking or blinking to
command

3 Eyelids open but not tracking

2 Eyelids closed but opens to
loud voice

1 Eyelids closed but opens to ,:@‘ =8 ’ ! -H = ! ‘ '
pain LS = J: )~

g : i -~

E2 E1¥ " EO™

0 Eyelids remain closed
with pain

Motor Response

4 Thumbs up, fist, or peace
sign to command

3 Localizing to pain

2 Fexion response to pain

1 Extensor posturing

0 No response to pain or {:
generalized myoclonus status ; T s, J
epilepticus =

Brainstem Reflexes B4 B3

4 Pupil and corneal reflexes o ) o P

present f ‘ R‘

3 One pupil wide and fixed

2 Pupil or comeal reflexes B2
absent B I @ Zar

1 Pupil and comeal reflexes
absent . e

0 Absent pupil, corneal, and ;
cough reflex A ﬂ’ =

Respiration

4 Not intubated, regular
breathing pattern

3 Not intubated, Cheyne-Stokes
breathing pattern

2 Not intubated, irregular sy

al N
breathing pattern =) A fanif )
) iV
1 Breathes above ventilator rate R2 & ; t R f

0 Breathes at ventilator rate
or apnea =:|

Wiicks EFM, Barnlet WR, Maramattom BY, Manno EM,
MicCledland RL.\alidation of anew Coma Scale: the
FOUR score. Annals of Meurclogy, 2005, G8:585.503

Figure 1 FOUR score (Wijdicks EF, Bamlet WR,

Maramattom BV, et al. Validation of a new coma

scale: the FOUR score. Ann Neurol 2005:58:585-93)

FOUR score assessment tool. The raters were given a
copy of the GCS and the FOUR score instruction card
for reference during the assessment of the patients.
To reduce bias, raters were blinded to the other’s
score and were not aware of the diagnosis of the patients.
A randomization sheet was used to select the rater pair
(D/D, D/E, D/N, E/E, E/N or N/N) that would assess the
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All alteration of consciousness patients with intubation at emergency room

<— Inclusion/Exclusion criteria

Two raters both score evaluation within 30 min for each patient

(Nurse/Nurse, Nurse/extern, Nurse/resident EM, Extern/ Extern,

Extern/resident, Resident/resident)

FOUR score ——» | «+—— Glasgow Coma Scale (GCS) score

Initial treatment

Data collection —— age, sex, FOUR and GCS total score

Level of consciousness
Diagnosis after discharge from hospital

Dead/alive from discharge

Data analysis

Result & Report

Figure 2 Flow Diagram

patients. During the patients evaluation each rater would
follow the instructions and complete the scoring sheet.

Informed consent releases were required to be signed
by every patient or the legal relative and the study was
approved by the Ethics Committee for Clinical Research
of Phramongkutklao Hospital.

Analyses

The statistical analysis of the study used descriptive
statistics for the baseline data which will be presented
as mean, SD, or median in continuous data and the
categorical data will be presented as frequency (%).
We used Willcoxon’ s sign rank test to determine the
differences between groups, Spearman’s and Kendall's

correlation to determine correlation between the FOUR

and the GCS, weighted kappa and Intra-class Correlation
Coefficient (ICC) to determine the degree of agreement
and the logistic regression for in-hospital death. Their
analyses were conducted using the SPSS software (version
15) and STATA 12 trial version.

Results
There were 80 patients and 160 sets of data available
for final analysis. The age of the patients in the study
was 62.23 * 17.92 years with a range of 19-92 years.
Forty-five patients (56%) were male. All patients were
intubated with a mechanical ventilator and categorized
into 3 stages of consciousness as follows ; 64% drowsy,

10% stupor and 26% coma. The top three underlying
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diseases of the patients were hypertension, diabetic
mellitus and ischemic heart disease. Following the
results of the treatment at the hospital after discharge,
there were 21 patients who died. (Table 1)

The overall rater agreement was good to excellent for
both scores. Inter-rater reliability using weight kappa
(KW) and intra-class correlation coefficient (ICC) for the
FOUR score (KW = 0.80, ICC = 0.96, 95% CI 0.93-0.97)
and the GCS score (KW = 0.83, ICC = 0.92, 95% CI
0.96-0.98). Weight kappa agreement value according
to the following : values of 0.4 or less is considered
poor, values between 0.4 and 0.6 are considered fair
to moderate, those between 0.6 and 0.8 suggest good
interobserver agreement, and values greater than 0.8

suggest excellent agreement. (Table 2)

Table 1 Baseline characteristics of patients

Table 3 presents the FOUR score and the GCS
within subject differences by rater types (ED Resident,
ED Nurse and Extern on duty at ER). Each pair of
raters used both scores to evaluate each subject and
present the mean differences. The mean differences
of the FOUR score range from 0.00 (Extern /Extern)
to 1.15 (Resident/ Resident) and the GCS range from
0.07 (Resident/Nurse) to 0.42 (Nurse/ Extern). There
were no statistical significant differences between rater
types. (Table 3)

Table 4 presents that good to excellent internal
consistency was found by measuring Cronbach'’s alpha
for the FOUR score and the GCS between pairs of raters
(Cronbach’s alpha > 0.8). The Cronbach’s alpha values

2> 0.9 as excellent internal consistency, 0.9 > o > 0.8

Characteristic N=80 (%) Min. Max. Mean + SD
Age 19 92 62.23 £ 17.92
Gender
Male 45 (56.3)
Female 35 (43.8)
Level of consciousness
Drowsiness 51 (63.8)
Stuporous 8 (10)
Coma 21 (26.3)
Underlying diseases
none 7 (8.8)
1 33 (41.3)
2 30 (37.5)
>3 10 (12.5)
Outcome (hospital discharge)
death 21 (26.3)
alive 59 (73.0)
Min. = minimum; Max. = maximum; SD= standard deviation
Table 2 Inter-rater reliability using weighted kappa and intra-class correlation (ICC)
FOUR score GCS score
Eye Resp. Motor Total Eye Verbal Motor Total
Weighted kappa 0.88 0.57 0.81 0.8 0.84 0.81 0.87 0.83
ICC [95% CI] 0.95 0.77 0.95 0.96 0.94 0.96 0.97 0.92
[0.93-0.97] [0.65-0.85] [0.93-0.97] [0.93-0.97 [0.92-0.97] [0.93-0.97] [0.96-0.98]  [0.96-0.98]

FOUR = Full Outline of Unresponsiveness;

ICC = Intra-class Correlation Coefficient;

GCS = Glasgow Coma Scale;
CI = Confident Interval
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Table 3 FOUR score and GCS within subject differences by rater type
FOUR GCS
Pair of rater N
Mean’ SD p-value Mean’ SD p-value
Resident/Resident 13 1.15 2.54 0.13 0.16 0.90 0.65
Resident/Nurse 14 0.07 1.60 0.87 0.6 1.16 0.13
Resident/Extern 13 0.23 1.17 0.49 0.15 0.38 0.17
Nurse/Nurse 156 0.20 2.01 0.70 0.07 1.10 0.82
Nurse/Extern 12 0.50 1.93 0.40 0.42 1.50 0.36
Extern/Extern 13 0.00 0.68 1.00 0.15 0.38 0.17
Mean differences between rater
Table 4 Internal consistency of the FOUR and GCS score demonstrated in Cronbach’s alpha value.
Raters N FOUR score GCS score
Overall rater 160 0.73 0.81
Pair of rater
Resident/Resident 13 0.87 0.97
Resident/Nurse 14 0.97 0.94
Resident/Extern 13 0.99 0.99
Nurse/Nurse 15 0.95 0.97
Nurse/Extern 12 0.93 0.90
Extern/Extern 13 0.99 0.99
Table 5 The correlation between the FOUR score and GCS which measured by the rater
Pair of rater N Spearman’s rho Kendall’s tau_b p-value
FOUR GCS FOUR GCS
Resident/Resident 13 0.85 0.99 0.79 0.98 < 0.01
Resident/Nurse 14 0.85 0.73 0.72 0.65 < 0.01
Resident/Extern 13 0.84 0.95 0.78 0.92 < 0.01
Nurse/Nurse 16 0.85 0.95 0.78 0.91 < 0.01
Nurse/Extern 12 0.66 0.84 0.54 0.79 < 0.01
Extern/Extern 13 0.92 0.99 0.88 0.99 < 0.01
Total FOUR/Total GCS 80 Spearman’ s rho = 0.82 Kendall’s tau_b=0.73 < 0.01

as good, 0.8 > a0 > 0.7 as acceptable, 0.7 > d > 0.6 as
questionable, 0.6 > 0L > 0.5 as poor and as unacceptable
if o < 0.5. (Table4)

Table b presents the correlation between the FOUR
score and the GCS which was measured by the raters.
Total FOUR score and total GCS significantly intercorrelated
(Spearman’s tho = 0.82, Kendall's tau_b = 0.74 : p <

0.01). Rater type correlation was highest among Extern

and Extern for both scores. The lowest correlation was
the Nurse and the Extern group. (Table b)

Table 6 shows the relationship between the total FOUR
score and the GCS with an the outcome of in-hospital
deaths. We found that each time the total FOUR score
increased 1- point it resulted in a 0.87 (95% CI 0.68-1.10)
times lower risk of experiencing in -hospital mortality

under the unadjusted model. (Table 6)
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Table 6 FOUR score and GCS relation to In-hospital mortality

Outcome N Total FOUR Total GCS
(N=80) OR 95%CI OR 95%CI
In-hospital death 21 0.865 0.678-1.103 0.908 0.569-1.447
Discussion the unadjusted model. These results were similar to

The overall rater agreement in this study was good
to excellent for both the FOUR and GCS scores by
using weighted kappa (KW) and intra-class correlation
coefficient (ICC) analyses.
of the FOUR score had the lowest score from KW=0.57

and ICC = 0.77. The raw data showed errors of the

The respiration subscale

raters when evaluating the scores differently from the
protocol in some critical situations in the ER. Previous
studies”™'*"" have found results similar to our findings.
All of the studies found that education and experience
did not interfere with the agreement of the raters. The
level of overall reliability is possibly caused by strong
guidance, training and demonstration of the evaluation
process for all raters.

The internal consistency for the FOUR score and
the GCS score between pairs of raters calculated by
Cronbach’ s alpha in this study was good to excellent
as was the high scores’ s correlation between the FOUR
score and the GCS score analyzed by Spearman’s rho
and Kendall's tau_b. The results are similar to the prior
, on the other hand, this

study of Spearman’s rho®*

study shows good correlation by Kendall's tau_b also.

The FOUR score and the GCS score were used to
evaluate within the subject by rater type (Table 3) and
showed no statistical significant difference between
the raters. These results demonstrated that the FOUR
score has no limitations and does not depend on the
knowledge or expertise of the evaluators, as well as
the GCS score.

The total FOUR score can be used to predict in-
hospital mortality. We found that every 1- point increase
in the total FOUR score will result in a 0.87 times

lower risk of experiencing an in-hospital mortality in

previous studies.”’

In our study, all of the patients were in an altered
state of consciousness with intubation. This may have
improved rater agreement values in the GCS with no
interferences with the FOUR score.

Following the research objective, the author has
proposed that the FOUR score is reliable regarding the
differences of the raters and powerful for predicting
in-hospital mortality. Further studies of FOUR score in
varying situations should be done to verify the foregone
conclusion of the new coma score instead of the GCS

score in the near future.

Limitation

There were several limitations to this study. Observation
could introduce a variety of bias including those related
to ascertainment. Intra-raters reliability had not been
evaluated because it was impossible for the rater to
score the same patient in such a short time period
without remembering the previous scores. This study
was produced at one center and was time limited.
Further studies may be produced at multicenter to

verify the results.

Conclusion

The FOUR score is reliable for evaluating the alterations
of the consciousness of patients with intubation in
emergency rooms and can be used to predict in-hospital
mortality. The Four score can an improvement in the
emergency care system for triage, transportation and
disaster or critical situations for evaluating the patients
if the GCS is limited. The Four score can be used
and applied in every emergency room for evaluating

all patients.
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