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ABSTRACT

Background/Aims: This study aims to compare the reliability of the Full Outline of Unresponsiveness
(FOUR) score and the Glasgow Coma Score (GCS) when used by specialists from different medical
disciplines.

Methods: This prospective observational study was conducted at Selcuk University Faculty of
Medicine between December 2023 and June 2024. Eighty-two patients in the Anesthesiology
and Reanimation Intensive Care Unit (ICU) were assessed by three specialists—the pulmonologist,
the neurologist, and the anesthesiologist—within 24 hours of ICU admission. The scores for each
patient by each specialist independently were recorded within a time interval of one hour,
consecutively, as possible to minimize the likelihood of any changes in the patient’s condition. The
variation between evaluators of both scoring systems was analyzed using the Intraclass Correlation
Coefficient (ICC). If ICC was below 0.50, the agreement was inferpreted as poor.

Results: The study included 82 patients. There were no statistically significant differences in the FOUR
and GCS scores assighed by the three specialists. The mortality rate among patients with low scores
on both FOUR and GCS was higher than the hospital mortality rate.

Conclusions: Scales used in the ICU should be simple, reliable, and predictive. This study
demonstrated that the FOUR is at minimum equivalent to the GCS in meeting these criteria.

Keywords: Full outline of unresponsiveness score, Glasgow coma scale, Intensive care unit

oz

Amag: Bu calisma, farkl fip disiplinlerinden uzmanlar tarafindan kullanilan FOUR (Full Outline
of Unresponsiveness) skoru ile GKS'nin (Glasgow Koma Skoru) gUvenilirligini  karsilastirmayi
amagclamaktadir.

Gere¢ ve Yontem: Bu prospektif gdzlemsel calisma Aralik 2023-Haziran 2024 tarihleri arasinda
Selcuk Universitesi Tip FakUltesi’nde gerceklestirimistir. Anesteziyoloji ve Reanimasyon Yogun Bakim
Unitesindeki (YBU) 82 hasta, YBU'ye kabul edildikten sonraki 24 saat icinde géguUs hastaliklar uzmani,
nérolog ve anesteziyolog olmak Uzere U¢ uzman tarafindan degerlendirildi. Her bir hasta icin her bir
uzman tarafindan bagimsiz olarak verilen skorlar, hastanin durumunda herhangi bir degisiklik olmasi
ihtimalini en aza indirmek igin mimkdn oldugunca bir saatlik bir zaman araliginda ve ardisik olarak
kaydedildi. Her iki skorlama sisteminin degerlendiricileri arasindaki varyasyon Sinif Igi Korelasyon
Katsayisi (ICC) kullanilarak analiz edildi. ICC 0,50'nin altinda ise uyum zayif olarak yorumlandi.
Bulgular: Calismaya 82 hasta dahil edilmistir. Ug uzman tarafindan verilen FOUR ve GKS skorlari
arasinda istatistiksel olarak anlamli bir fark yoktu. Hem FOUR hem de GKS skorlar dUsuk olan hastalar
arasindaki mortalite orani hastane mortalite oranindan daha yUksekti.

Sonug: YBU'de kullanilan dlgekler basit, gUvenilir ve 6ngérict olmalidir. Bu ¢alisma, FOUR skorunun
bu kriterleri karslamada en azindan GKS'ye esdeger oldugunu gdstermistir.

Anahtar kelimeler: Glasgow koma skalasi, Tepkisizlik skorunun tam taslagdi, yogun bakim Unitesi

The scoring systems in the intensive care unit (ICU) verbal responses may not be evaluated, especially
serve as a guide in determining consciousness levels IN Patients who are intubated and aphasic. It does
(1, 2). Scales have been developed to enable Notf include the brainstem reflexes in the scale and
healthcare providers to communicate to each other fails fo take into account the patient’s respiration
the general clinical condition of patients, neurological characteristics (1, 4). Quick shifts in mental state, along
and cardiopulmonary, in a concise and standardized with changes in breathing and brainstem reflexes, can
manner (3). Among these scales, the Glasgow Coma €dsily be overlooked.

Scale is the most widely used (4). Nevertheless, the

GCS has several drawbacks. It is limited in cases where

The Glasgow Coma Scale was published 50 years
ago by Teasdale and Jennet for the assessment of
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coma and impaired consciousness sources (5).
Celebrating its 50th anniversary (6), this scale is sfill
widely used foday, although alternative scales have
been developed. The Full Outline of Unresponsiveness
(FOUR) scoring system, a recently developed coma
scale from the Mayo Clinic, assesses four aspects:
eye responses, motor responses, brainstem reflexes,
and respiration (7). The FOUR allows for the inclusion
of brainstem reflexes, respiratory patterns, and verbal
responses, which provide additional information for
patient assessment, aspects not covered by the GCS
(8. 9). This makes it particularly useful in the ICU, where
factors like infubation, sedation, or delirium can hinder
an accurate assessment of verbal responses, making
the FOUR a valuable alternative (8). To ensure the
correct understanding and precise application of this
scale in Turkey, in 2010, a reliability trial of the Turkish
version of the FOUR was performed (10). Especially
for unconscious patfients, these scales play a crucial

Table 1. GCS and FOUR scoring systems

GCS
4 = Spontaneous eye-opening

Category

3 = Eye-opening fo verbal command
Eye Response 2 = Eye opening to pain

1 =No eye opening

6 = Obeying commands

5 = Localizing pain

4 = Withdrawal from pain
Motor Response

2 = Abnormal extension (decerebrate pos-

turing)
1= No motor response
5 = Oriented
4 = Confused
Verbal Response 3 = Inappropriate ?NOFdS
2 = Incomprehensible sounds

1 = No verbal response

N/A

Respiration

3 = Abnormal flexion (decorticate posturing)

role in determining diagnosis and freatment, and their
effectiveness can be somewhat influenced by the
user.

This study aimed to evaluate the reliability of the
FOUR by comparing it with the GCS assigned to the
patients in the ICU by specialists from three different
disciplines, the pulmonologist, the neurologist, and the
anesthesiologist.

Material and Methods

This prospective observational study was conducted
between 15th December 2023 and 15th June 2024 at
Selcuk University, the Faculty of Medicine, the ICU of
the departments of Anesthesiology and Reanimation.
Three different specialists, a pulmonologist (Group
A), a neurologist (Group B), and an anaesthesiologist
(Group C), independently assessed the patient within
the first 24 hours of admission to the ICU and applied

FOUR

4 = Eyelids open, tracking, or blinking fo command
3 = Eyelids open but not tracking

2 = Eyelids closed, open to loud voice

1 = Eyelids closed, open to pain

0 = Eyelids remain closed with pain stimuli

4 = Thumbs up, fist, or peace sign

3 = Localizing pain

2 = Flexion response to pain

1 = Extension response (decerebrate posturing)

0 = No response to pain or generalized myoclonus
status

Brain Stem 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 =Triggering ventilator or breathing above ventilator
rate

0 = Apnea or breathing only at venfilator rate

FOUR: Full Outline of Unresponsiveness score, GCS: Glasgow Coma Scale, N/A: Non-applicable
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the GCS and FOUR scores (Table 1) in the neurological
examination. Patients for whom all three specialists
were able to rate consecutively within a one-hour time
interval were included. The scoring was conducted
at the earliest opportunity following admission, with
each patient being evaluated only once. The raters
were unaware of the other ratings or their outcomes.
Demographic data of the patients, APACHE Il scores,
ICU length of stay, and patient’s outcome as survivor or
nonsurvivor were collected. Diagnosis of the patients
as ischemic or hemorrhagic stroke, pulmonary and
cardiac arrest, sepsis-septic shock, and others were
also recorded. The study included patients between
18 and 65 years of age who were treated in the ICU for
24 hours or more and who were not sedated. The study
excluded patients who were younger than 18 years
or older than 65 years, those who received sedation,
those who died within the first 24 hours, and those who
stayed in intensive care for less than 24 hours.

Statistical Analysis

All statistical analyses were performed using R version
4.2.1 (www.r-project.org). Repeated measures analysis
of variance was used to test whether there was a
significant difference between the scores given by
the experts for each scoring system. In addition, the
agreement of the scores given by the experts both
in each scoring system and between the two scoring
systems was evaluated with the Intraclass correlation
coefficient (ICC) and 95% confidence interval. If the
ICC was below 0.50, the agreement was interpreted
as poor, between 0.50 - 0.75 as moderate, between
0.75 - 0.90 as good, and above 0.90 as excellent
according to the levels determined by Koo and Li(11).

Results

A total of 82 patients, 50 males (61%) and 32 females
(39%). were included in the study. The mean age of
the patients was 62.27 + 19.87 years (age range: 18-91
years), the mean length of ICU stay was 24.19 (range:
2-145days) days and the meanlength of hospitalization
was 34.18 (range: 4-160 days) days. The mean APACHE
lIscorewas 11.11+6.79 (range: 3-39). Of the 82 patients,
47 were discharged (57.3%), 35 were died in hospital
(42.7%). The mortality rate was 42.6%. Twenty-two
patients (26.8%) were intubated or tracheotomized
and were using mechanical ventilation, and 60 (73.1%)
were breathing spontaneously. The diagnoses of the
patients are indicated in Table 2.
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Table 2. Diagnosis of the patients in the study

Diagnosis n (%)
Ischemic and hemorrhagic stroke 7 (8.5)
Pulmonary and cardiac arrest 3 (3.6)
Multitraumas 18 (21.9)
Sepsis 32 (39)
Others 22 (26.8)
Total 82

Patients with low FOUR and GCS scores were found
a mortality rate higher than the hospital mortality. For
FOUR scores, there were found to be no stafistically
significant differences between groups A, B, and C
(p=0.743). Nor were there any statistically significant
differences in GCS scores, among groups A, B, and
C (p=0.927). Reliability results for overall patients are
compared in Table 3, for survivors and non-survivors in
Table 4, and for female and male patients in Table 5.

Table 3. Reliability results for all patients

FOUR GCs ICC' [95% Cl]
Group A 13.04£3.79 12.11 £3.81 0.959 [0.846 - 0.983]
Group B  13.05+3.76 12.12+3.75 0.959 [0.840 - 0.983]
Group C  13.06 £3.75 12.11+£3.77 0.958 [0.828 - 0.983]
p-value 0.743 0.927
ICC? 0.999 0.981
[95% CI]  [0.998-0.999] [0.972-0.987]

The data were expressed as meantstandard deviation,
a p-value was obtained by Repeated Measures analysis
of variance (ANOVA). ICC1 indicates overall agreement
among specialists, and ICC2 indicates the agreement
between scoring systems.

Abbreviations: Cl: Confidence intervals, FOUR: Full Outline of
Unresponsiveness score, GCS: Glasgow Coma Scale, ICC:

Intraclass correlation coefficients
Discussion

The present prospective observational study
compared the agreement between the evaluators of
GCS and FOUR scores. The evaluators were composed
of three specidlists in different fields, studying as fellows
in the intensive care unit, one pulmonologist, one
neurologist, and one anesthesiologist. The scores for
each patient were recorded as close together within
a time interval of one hour as possible to minimize the
likelihood of any changes in the patient’s condition. In
the primary outcome, agreement between evaluators,
there was no significant difference between the GCS
and the FOUR score, nor between the evaluations
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Table 4. Reliability results for non-survivors and survivors

FOUR
Non-survivors (n=35)
Group A 11.771 £ 4.264
Group B 11.800 * 4.234
Group C 11.800 % 4.220
p-value 0.885
ICC? [95% Cl] 0.999 [0.999 — 0.999]
Survivors (n=47)
Group A 13.979 £3.138
Group B 13.979 £ 3.103
Group C 14.000 + 3.071
p-value 0.613
ICC? [95% Cl] 0.998 [0.996 — 0.998]

GCS ICC' [95% Cl]
11.000 + 4.221 0.965 [0.906 — 0.985]
11.000 £ 4.165 0.967 [0.900 — 0.986]
11.000 + 4.172 0.966 [0.900 — 0.985]

0.885

0.999 [0.998 — 0.999]

12.936 +3.273 0.943 [0.671 - 0.980]

12.957 £ 3.223 0.942 [0.686 - 0.979]

12.936 + 3.246 0.941 [0.638 - 0.979]
0.999

0.998 [0.997 — 0.998]

The data were expressed as meantstandard deviation, a p-value was obtained by Repeated Measures analysis of variance
(ANOVA). ICC1 indicates overall agreement among specialists, and ICC2 indicates the agreement between scoring systems.

Abbreviations: Cl: Confidence intervals, FOUR: Full Outline of Unresponsiveness score, GCS: Glasgow Coma Scale, ICC: Infrac-

lass correlation coefficients

Table 5. Reliability results for male and female patients

FOUR
Male (n=50)
Group A 13.480 * 3.632
Group B 13.500 + 3.598
Group C 13.520 + 3.558
p-value 0.372
ICC? [95% Cl] 0.999 [0.999 - 0.999]
Female (n=32)
Group A 12.344 + 4.004
Group B 12.344 + 3.964
Group C 12.344 £ 3.972
p-value 0.999
ICC2 [95% Cl] 0.998 [0.997 - 0.999]

GCS ICC' [95% CI]

12.560 + 3.753 0.961 [0.820 — 0.985]

12.600 + 3.636 0.959 [0.828 — 0.984]
12.540 + 3.764 0.958 [0.784 — 0.984]
0.175

0.999 [0.999 - 0.999]

11.406 + 3.842 0.953 [0.844 -0.981]

11.375 + 3.883 0.957 [0.828 — 0.984]

11.438 + 3.741 0.956 [0.848 — 0.983]
0.723

0.997 [0.996 - 0.998]

The data were expressed as meantstandard deviation, a p-value was obtained by Repeated Measures analysis of variance
(ANOVA). ICC1 indicates overall agreement among specialists, and ICC2 indicates the agreement between scoring systems.
Abbreviations: Cl: Confidence intervals, FOUR: Full Outline of Unresponsiveness score, GCS: Glasgow Coma Scale, ICC:

Intraclass correlation coefficients

of the anaesthesiologist, the neurologist, and the
pulmonologist.

The GCS has several disadvantages, such as the lack
of ability to evaluate the verbal responses in infubated
and aphasic patients, and the omission of the brain
stem reflexes and the respiratory patterns from its
evaluation criteria (2, 12). Thus, quick shiftsin the mental
status caused by alterations in the respiration patterns
and the brainstem reflexes might go undetected.
While assessing the patient’s state of consciousness,
these shortcomings of the Glasgow Coma Scale
can lead to mistakes regarding the level of the
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coma recovery, and the brain death (10). Unlike the
GCS, the FOUR has respiratory parameters. Using this
parameter, healthcare professionals can determine if
infubated or fracheotomized patients on mechanical
ventilation are either apnoeic or breathing at the
ventilator frequency. Wijdicks et al. found that the
FOUR has advantages over the GCS. One key benefit
is that it includes the brainstem reflexes, providing more
information about the patient’s progress and helping
guide urgent interventions for intubated patients (13).
Additionally, the FOUR scoring system predicts mortality
more accurately. Pafients with the low FOUR score
have a higher mortality rate compared to those with
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the low GCS (13). Finally, the FOUR score shows better
observer compliance. However, the drawback is that
it does not assess all the behavioral criteria needed
to diagnose the minimally conscious state (MCS).
MCS is characterized by the patients demonstrating
inconsistent  but noticeable minimal signs  of
consciousness, such as responding to noxious stimuli,
eye fixafion or tracking, reproducible movements to
commands, or nonfunctional verbalization (14). The
FOUR scale includes an assessment of eye tracking,
which helps distinguish between the vegetative state
and the MCS patients. However, it is important to
note that both acute and chronic patients might only
exhibit visual fixation, a factor that is not evaluated by
the FOUR scale (15).

Temiz et al. studied 47 patients in the neurosurgical
ICU, and the agreement between the practitioners
in terms of FOUR and GCS evaluations was found to
be high. Wijdicks et al. found that incorporating the
brainstem and the respiratory parameters made the
FOUR scale a more accurate predictor of mortality
compared to the GCS (13). However, other studies
have shown that the two scoring systems produce
similar outcomes. Eken et al. concluded that the FOUR
was not superior to the GCS in patients with altered
consciousness arriving at the emergency department
(16). Studies comparing GCS and FOUR have shown
high inter-observer agreement and correlation (10, 17).
In our study, both scoring systems showed similar results
between the pulmonologist, the neurologist, and the
anesthesiologist. We conducted a similar study in two
different ICUs with two specialists from different fields in
2019 and no significant difference was found between
the two evaluators. We extended our previous study
to evaluate the difference in scoring between internal
and surgical departments and to obtain more effective
results with a larger number of evaluators. Given the
advantages of the FOUR scale, the comparable results
between the three specialists suggest that it may be a
more beneficial tool for patient assessment. Jalali et
al. studied the agreement between users in terms of
scoring in a specific group of patients with traumatic
brain injury and found that the FOUR score provided
more neurological information than the GCS (7). The
absence of a clear superiority between the two scores
in our findings may be attributed fo the selection of
a nonspecific patient population and the relatively
limited sample size.

Our study has several limitations. A key limitatfion is that
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it was conducted at a single center and within a single
intensive care unit, which means its generalizability
to other ICUs has not been established. Additionally,
the sample size may have been relatively small.
We consider that future research involving multiple
centers, more ICUs, and larger sample sizes would
provide a more robust evaluation.

Conclusion

While the GCS has been the standard scoring system
for several decades, various scales are currently in use.
These scoring systems must be simple, reliable, and
predictive. This study demonstrated that the FOUR is,
at minimum, equivalent to the GCS in meeting these
criteria.
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Main Points

The Glasgow Coma Scale, while widely used for
assessing consciousness, has limitations such as
excluding brainstem reflexes and respiratory patterns,
which the recently developed FOUR scale addresses.

The FOUR score was found to be at least as reliable as
the GCS when used by specidalists from three different
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fields—pulmonology, neurology, and anesthesiology—
in a study conducted in ICU patients, with no significant
differences between evaluators.

Although both the GCS and the FOUR scores showed
high agreement between evaluators, the FOUR
score's inclusion of brainstem reflexes and respiratory
parameters makes it a potentially more informative
tool, particularly in ICU settings where intubation and
other factors complicate verbal assessments.
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