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ABSTRACT

Introduction: Assessment of the neurological condition of patients admitted to intensive care
units gives healthcare professionals the necessary knowledge to attempt to improve their condition
and final outcome. Such an assessment cannot be done without a highly reliable and accurate
instrument. This study aimed to compare the ability of GCS and FOUR scales to assess the level of
consciousness and dysfunction in patients with traumatic brain injury. Methods: This descriptive
cross-sectional study was conducted on 102 patients with traumatic brain injury who were found
by convenience sampling. The condition of patients during hospitalization up until determination
of the final outcome was assessed using GCS, FOUR, Karnofsky, and APACHE-Il scales. In the end, the
ability of these scales to predict outcome and dysfunction of these patients, and their correlation
in this application, was measured using one-way ANOVA and the Pearson correlation test. Results:
Of the 102 patients, 80 (78.4%) were male, and 22 (21.6%) were female. The mean age of patients
was 32.2+14.8. There was a significant correlation between the results of FOUR and GCS in the
assessment of the patients' consciousness level (r = 0.925), which was statistically significant (p =
0.0001). The mean scores of FOUR, GCS, and Karnofsky scales were significantly higher in survivors
and in patients with neurological deficits than in non-surviving patients. The patients who died
also had a significantly higher APACHE-II score than those who did not. FOUR and GCS showed a
strong positive correlation in the assessment of outcomes, and both of them also exhibited a high
correlation with APACHE Il in this respect. Conclusion: GCS and FOUR are both suitable scales for
assessing consciousness level and outcome of patients with traumatic brain injury.

Key words: FOUR, Glasgow Coma Scale, APACHE Il, Traumatic Brain Injury, Karnofsky scale,

Intensive care unit

INTRODUCTION

Traumatic brain injury (TBI) is one of the world’s
most important causes of mortality and severe dis-
ability and imposes a devastating financial burden

on communities !

. This issue is exacerbated by the
fact that most people suffering from TBI are young?.
Mortality from TBI can be reduced by improving pa-
tient assessment and management systems 3, In mod-
ern evidence-based medicine, access to reliable as-
sessment scales is essential for predicting mortality
risk and the ultimate outcome of intensive care so
as to allow caregivers to determine the severity and
outcome of patient condition and to make important
health care decisions accordingly. One of the scales
used for such evaluations is the Glasgow Coma Scale
(GCS). This scale was first designed in 1974 to assess
the level of consciousness of patients with head in-
jury®. GCS can predict the primary outcome of TBI
(mortality and morbidity) and help healthcare profes-
sionals devise a model for care delivery®8. However,
some researchers have questioned the validity of this

scale since it does not evaluate brainstem reflexes and
cannot assess verbal responses in patients with intu-

9-11 To avoid these short-

bation and tracheostomy
comings, researchers have developed other scales for
measuring consciousness in TBI patients. One of
these scales is the FOUR (Full Outline of UnRespon-
siveness) score, developed by researchers at Mayo
Clinic (United States), which consists of four com-
ponents: eye responses, motor responses, brainstem

12,13 Several stud-

reflexes, and respiration pattern
ies have suggested that the FOUR scales can provide
a better assessment of patients’ final outcome than
GCS7312. However, these studies have reached this
conclusion by comparing these two scales with each
other and have not assessed the consistency of these
two scales with the results of APACHE II or other ma-
jor scales. Therefore, this study aimed to compare the
ability of GCS and FOUR, versus other scales (Karnof-
sky, APACHE-II, etc.), to evaluate the level of con-
sciousness and dysfunction in TBI patients.
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METHODS

This descriptive cross-sectional study was performed
with the authorization of the Department of Re-
search and Technology of Zahedan University of
Medical Sciences (Iran) and the approval of the
Ethics Committee of the university (with Code
IR.ZAUMS.REC.1396.33). Using the reports of pre-
vious studies and the sample size formula, the sample
size was calculated as 102 %, Sampling was performed
using the convenience sampling method according to
the defined inclusion criteria.

Inclusion criteria were as follows: age of 18-65 years,
hospitalization for head trauma, mechanical ventila-
tion, and at least 24 hours of stay in the intensive
care unit. Exclusion criteria were as follows: lack of
consent of family members, the discovery of malig-
nant and fatal diseases, cervical spinal cord injury,
musculo-skeletal paralysis, deafness, blindness, and
history of eye surgery resulting in a change in pupil
size and shape.

All eligible patients were monitored using GCS,
FOUR, APACHE II, and Karnofsky scales until dis-
charge or death. For sedated patients, the infusion was
stopped one hour before measurements. The scores
obtained from the scales were analyzed in SPSS using
descriptive statistics, one-way ANOVA, and Pearson’s
correlation test.

The FOUR scale consists of four components: eye re-
sponses, motor responses, brainstem reflexes, and res-
piration patterns (Figure 1). The validity and relia-
bility of GCS and FOUR for Iranian patients were as-
sessed in a 2011 study conducted in Tehran on 155
patients with 4 nurses and anesthesiology residents
(including the author) in two groups of trained and
untrained staff, which observed excellent inter-group
agreement. In this study, the coefficient of correla-
tion of FOUR scores in the trained and untrained
groups were 0.998 and 0.993, respectively; the kappa
coefficient of intra-group agreement in these groups
were 0.981 and 0.986, respectively; as well, the coef-
ficient of correlation between FOUR and GCS scores
in these groups were 0.980 and 0.925, respectively '°.
APACHE 1I (Table 1) consists of 3 main dimensions:
a physiological dimension, which includes GCS, tem-
perature, mean arterial blood pressure, heart rate, res-
piratory rate, Pao2, arterial blood pH, serum sodium,
potassium, creatinine, hematocrit, and white blood
cell count. The score of each item in the physiological
dimension ranges from 0 to 4, giving this dimension
a total score of 0-59. The second part of this scale is a
score between 0 and 6, which is awarded based on the
patient’s age group. The third part involves the evalua-
tion of chronic diseases and the failures of one or more
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organs. The sum of scores obtained from these three
parts is the APACHE II score, which ranges from 0 to
71. The higher the APACHE II score, the higher the
patient’s risk of mortality '°. Karnofsky scale is used
for assessing the patient’s degree of dysfunction. This
scale takes values between 0 (death) and 100 (no dys-
function), and reflect the patient’s activity level; the
lower the Karnofsky score, the more intensive care the

patient requires '7!8.

RESULTS

Of the 102 patients, 80 (78.4%) were male, and 22
(21.6%) were female. The mean age of patients was
32.2 £ 14.8 (Figure 2).

The mean GCS score at admission was 8.6 & 3.5, and
at the end of the study was 12.9 £ 3.5. The mean
GCS score during the hospitalization period was 10.8
+ 2.9. The mean FOUR score at admission was 9.3 £
4.5 and at the end of the study was 14.8 & 4.8. Also,
the mean FOUR score during the hospitalization was
11.7 £ 3.9. The mean Karnofsky core was 23.9 5.5,
with the lowest score being 10 and the highest being
40.

The mean APACHE II score at admission was 11.5 £
6.7, with the lowest score being 1 and the highest be-
ing 29 (Figure 3).

There was a significant correlation between the
FOUR and GCS scores for the level of conscious-
ness (r=0.925), which was statistically significant
(p=0.0001). The mean scores of FOUR, GCS and
Karnofsky scales were significantly higher in sur-
vivors and patients with neurological deficits than in
patients who died. Patients who died also had a signif-
icantly higher APACHE II score than those who did
not (Table 2).

A high degree of positive correlation was observed be-
tween assessments by FOUR and GCS for patient out-
come (healthy, neurological deficits, or death). Also,
both of these scales showed very high negative cor-
relation with APACHE II. The correlation between
Karnofsky and APACHE 1II scores in healthy patients
was r = -0.457; in patients with neurological deficits
r = -0.481, and in deceased patients, was r = -0.796.
These correlations were statistically significant in all
cases except for patients with neurological deficits
(Table 3).

Both GCS and FOUR were as capable as APACHE II
in predicting the outcomes. The highest agreement
between the scales was in the assessment of mortal-
ity rates, which was slightly higher between GCS and
APACHE IL
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EYE RESPONSE

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=0ne 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

Figure 1: The FOUR scale.

Table 2: Comparison of mean scores of the FOUR, GCS, Karnofsky, and APACHE Il scales using one-way ANOVA

Variable Outcome at discharge P-value
Survival Neurological deficit Death
n=78 n=14 n=10
GCS 11.6 = 1.9 94+13 7.7 47 0.0001
FOUR 129+£24 114+1.2 88 £6.7 0.0001
Karnofsky 248 £55 21.4+£3.6 20+ 4.7 0.005
APACHE I 9+£47 179 £ 6.1 22.1+5 0.0001
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Figure 2: Age frequency of patients.

Table 3: Comparison of correlation between FOUR and GCS, Karnofsky and APACHE Il scores for the assessment
of patient outcomes using Pearson correlation test

Outcome at discharge Compared variable r P-value

Healthy GCS-FOUR 0.826 0.0001
Survival

neurological deficit GCS-FOUR 0.746 0.002
Death GCS-FOUR 0.871 0.001

Healthy Karnofsky-APACHE II -0.457 0.0001
Survival

neurological deficit Karnofsky-APACHE II -0.481 0.082
Death Karnofsky-APACHE II -0.796 0.006

Healthy GCS-APACHE II -0.737 0.000
Survival

neurological deficit GCS-APACHE II -0.7 0.01
Death GCS-APACHE II -0.911 0.000

Healthy FOUR-APACHE II -0.699 0.0001
Survival

neurological deficit FOUR-APACHE II -0.646 0.00
Death FOUR-APACHE I -0.891 0.000
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Figure 3: Frequency distribution of APACHE Il score of the patients.
DISCUSSION Contrary to this finding, Keykha et al. reported that

Access to reliable and uniform scales for assessing
a patient’s level of consciousness can help caregivers
provide a better assessment of patient condition®.
The results of this study showed that GCS and FOUR
are perfectly consistent in the assessment of patients’
level of consciousness. Most of the previous studies
have reported the better ability of the FOUR scale in
assessing consciousness and have suggested that GCS
is unable to measure brainstem reflexes, is inconsis-
tent in measuring verbal reflexes in confused patients
without consciousness disorder, and is unable to give
reliable results for patients with intubation and tra-
cheostomy 1781°. However, the results of this study
showed no significant difference between the initial
score obtained from these two scales. There was also
no significant difference between the two scales in the
assessment of consciousness and outcome. In other
words, GCS was as capable as FOUR in predicting pa-
tient outcomes. Considering the ease of use of GCS
and the fact that it can be used by all healthcare team
members and does not need any special measurement
equipment, GCS can still serve as a good scale for
measuring consciousness and outcome.

1619

the FOUR scale is a better measure of consciousness
level and should be used instead of GCS when mea-
suring consciousness in ICU patients®. This differ-
ence in the results can be attributed to the fact that
the above study was performed on patients receiving
continuous sedation infusion, whereas sedation of the
patients in this study was stopped one hour before
measurements. Stopping the sedation infusion before
consciousness measurements have the benefit of en-
suring that the patient’s level of consciousness is not
physically reduced. To avoid high levels of reduced
consciousness, it is best to use on-off infusions, be-
cause sedative drugs may accumulate in the fat tissue,
and their sedative effects can remain for as long as 24
hours after stopping infusion?’. In cases where con-
tinuous sedation is absolutely needed for pain con-
trol or tolerance of mechanical ventilation, although
the scores of both scales would drop, the FOUR scale
appears to be more suitable for consciousness assess-
ment. In a study by Jalali, it was reported that the
FOUR scale was better in assessing consciousness and
predicting mortality than GCS, but the low score of
neither scale was associated with mortality because
deceased patients had a higher mean score in both
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scales!.

In terms of the scales” ability to measure conscious-
ness, these results are consistent with previous find-
ings but are inconsistent with the findings of the
present study. In terms of predicting mortality, these
results are inconsistent with all other reports because
all previous studies have shown that patients with a
low admission score, in either scale, have a mortal-
ity outcome. Unlike the present study, Phuping et
al. recognized the FOUR scale as a reliable predic-
tor of recovery and mortality and reported that most
of the recoveries occurred in patients who earned a
FOUR score of more than 10. They argued that since
the lower scores of the FOUR scale could provide
a better assessment of patient condition (compared
to GCS), this scale is recommended for measuring
changes in the level of consciousness in neurosurgery
and similar patients. It should be noted that there are
etiological differences between these two studies, as
subjects of that study included patients with tumors,
aneurysms, hydrocephalus, and brain infections. Yet,
this study was conducted only on patients with head
trauma?!. Consistent with the results of the present
study, Bruno et al. reported that GCS and FOUR
are well-correlated in predicting mortality and recov-
ery14. But in intensive care units, these scales must
not only measure prognosis and consciousness but
also meet other requirements, one of which is the dis-
tinction between coma, vegetative state and locked-in
syndrome (LIS). According to the GCS scoring crite-
ria in the eye response dimension, open eyes earn a
complete score. Meanwhile, vegetative patients can-
not close their eyes or follow a target, and LIS pa-
tients only have vertical eye movements. In the eye
response component of the FOUR scale, a complete
score is awarded only when the patient can blink on-
demand or follow a target, which helps make a dis-
tinction between the aforementioned states !?2. De-
spite all these shortcomings of GCS, Hosseini et al. re-
ported that this scale was even better than APACHE
Il in predicting patient mortality?>. Cho et al. stated
that although GCS is suitable for assessing early mor-
tality, it is not a good replacement for APACHE, as
APACHE I is a better predictor of late mortality 2.

CONCLUSIONS

The results of this study showed that GCS and FOUR
are both very good scales for measuring the con-
sciousness level and outcome of TBI patients and that
neither scale can be considered preferable over the
other in measuring the consciousness level. Since

many healthcare professionals with varying degrees of
expertise participate in the treatment process, the in-

struments used to evaluate patients’ condition should

be able to provide a uniform assessment of conscious-
ness level and outcomes when applied by different
people. Therefore, it is best to choose the right instru-
ment according to the type of department and the skill
of healthcare professionals who are going to employ it.

LIMITATIONS

The limitations of this study included the absence of
any measurement during sedation and the small size
of the sample. The authors recommend conducting
a similar study with a greater number of subjects to
confirm the findings.
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