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Abstract 

Background:  The Full Outline of Unresponsiveness (FOUR) score is a clinical instrument for the assessment of con-
sciousness which is gradually gaining ground in clinical practice, as it incorporates more complete neurological infor-
mation than the Glasgow Coma Scale (GCS). The main objectives of the current study were the following: (1) translate 
and cross-culturally adapt the FOUR score into Greek; (2) evaluate its clinimetric properties, including interrater reli-
ability, internal consistency, and construct validity; and (3) evaluate the reliability of assessments among health care 
professionals with different levels of experience and training.

Methods:  The FOUR score was initially translated into Greek. Next, patients with neurosurgical pathologies in need of 
consciousness monitoring were independently assessed with the GCS and FOUR score within one hour by four raters 
who had different levels of experience and training (two board-certified neurosurgeons, a neurosurgery resident, 
and a registered nurse). Interrater reliability, internal consistency, and construct validity were evaluated for the scales 
using weighted Cohen’s κ (κw) and intraclass correlation coefficients (ICC), Cronbach’s α and Spearman’s ρ values, 
respectively.

Results:  A total of 408 assessments were performed for 99 patients. The interrater reliability was excellent for both 
the FOUR score (ICC = 0.941) and GCS (ICC = 0.936). The values of κw exceeded 0.90 for all pairs, suggesting that the 
FOUR score can be reliably applied by raters with varying experience. Among the scales’ components, FOUR score’s 
brainstem and respiratory items showed the lowest, yet high enough (κw > 0.60), level of agreement. The interrater 
reliability remained excellent (κw > 0.85, ICC > 0.90) for all diagnosis and age groups, with a trend toward higher FOUR 
score values in the most severe cases (ICC = 0.813 vs. 0.723). Both the FOUR score and GCS showed high internal con-
sistency (Cronbach’s α > 0.70 for all occasions). The FOUR score correlated strongly with GCS (Spearman’s ρ > 0.90 for all 
raters), suggesting high construct validity.
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Introduction
Assessment of the level of consciousness and the depth 
of coma are important aspects of neurological examina-
tion [1]. The Glasgow Coma Scale (GCS) is the clinical 
instrument most widely used for this purpose, assessing 
eye opening, verbal response, and motor response [2–6]. 
Nevertheless, numerous downsides have been outlined 
over the years, such as the inability to reliably evaluate 
intubated patients or patients with tracheostomy and 
the lack of evaluation of brainstem reflexes [1, 7–12]. To 
overcome some of those drawbacks, a number of scales, 
such as the Reaction Level Scale (RLS85) and the Inns-
bruck Coma Scale, have been proposed in clinical prac-
tice [1].

The Full Outline of Unresponsiveness (FOUR) score 
seems to be of particular interest, since it is increasingly 
implemented worldwide and already available in many 
languages, yet not in Greek [13]. This scale does not 
include a verbal component (an element that cannot be 
always reliably assessed), but it contains other important 
clinical indicators, such as the assessment of the patient’s 
breathing pattern and brainstem reflexes [14].

The exclusion of verbal assessment has been presented 
as a potential advantage by the FOUR score’s origina-
tors [14]. However, because this component cannot be 
assessed in patients in severe condition (especially those 
under mechanical ventilation), its significance may be 
limited for patients with mild or moderate disturbance 
of responsiveness, in which verbal performance is con-
sidered a critical distinguishing feature. In those patients, 
the GCS still has high clinical value [15, 16].

The original validation of the FOUR score found that 
agreement between nurses when applying the scale 
was “less than optimal” [14, 17]. Since then, the inter-
rater reliability of the scale has been assessed by various 
reports with good results overall [18]. However, studies 
that involve a large number of neurological assessments 
are limited [19–21]. Moreover, in reports that included 
evaluators with different levels of experience and train-
ing, patients were not assessed consistently by all avail-
able raters.

This study aimed to: (1) translate and cross-culturally 
adapt the FOUR score into Greek; (2) evaluate the FOUR 
score’s interrater reliability, internal consistency, and 
construct validity; and (3) test the hypothesis that the 

FOUR score can be consistently applied reliably by raters 
with different levels of health care education and experi-
ence. The secondary objective of this study was the evalu-
ation of the interrater reliability and internal consistency 
for the Greek version of the GCS, in comparison with the 
FOUR score.

Methods
Development of the Greek Version
The “Process of Translation and Adaptation of Instru-
ments” proposed by the World Health Organization was 
followed for the development of the Greek version of the 
scale [22].

Initially, the scale was translated into Greek by author 
DMA, who is a native Greek speaker neurosurgeon, pro-
ficient in English, and well familiar with the required sci-
entific terminology. Next, an expert panel was formed by 
authors PPT, NGF, and CAT, (neurosurgeons fluent in 
either language), a psychologist with experience in the 
development of Greek translations of clinical instruments 
from English (MST), and the original translator (DMA). 
In this step, all discrepancies regarding the clarity of the 
translation were resolved. The final version was trans-
lated back to English by a bilingual health care profes-
sional based in the United Kingdom, who was blinded to 
the original scale. The back-translated version was then 
compared with the original one by the expert panel and 
by Professor EFM Wijdicks, the originator of the FOUR 
score (Table 1).

The GCS is considered the gold standard clinical tool 
for the assessment of coma [4–6]; thus, it was decided to 
use the GCS for comparison with the FOUR score. The 
examiners used the existing Greek version of the GCS 
[23], which is the sole coma scale used in Greek hospi-
tals. The GCS is being taught to medical students, nurse 
students, and residents throughout the country and has 
been included in a number of official medical textbooks 
(Internal Medicine, Intensive Care Medicine, Neurology, 
and Neurosurgery). Thus, its adoption by Greek medical 
practitioners has been vast for decades. To avoid unnec-
essary disruptions and inconveniences during the study 
of its clinimetric parameters and the comparison with 
those of the FOUR score, it was decided to keep the exist-
ing Greek version of the GCS.

Conclusions:  The Greek version of the FOUR score is a valid and reliable tool for the clinical assessment of patients 
with disorders of consciousness. It can be applied successfully by nurses, residents, and specialized physicians. There-
fore, its use by medical practitioners with different levels of experience and training is strongly encouraged.

Keywords:  Coma scale, Level of consciousness, Full outline of unresponsiveness score, Glasgow coma scale, 
Interrater reliability, Validation
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To ensure consistency, written guidelines for the appli-
cation of the two scales (based on our previous experi-
ence and the existing literature) were also formed and 
distributed to the evaluators during their assessments.

Validation in Neurosurgical Patients
Study Design and Setting
A prospective observational cohort study was conducted. 
The protocol had been previously defined and approved 
by all authors. The Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) cohort 
reporting guidelines [24] and the Consensus-based 
Standards for the Selection of Health Measurement 
Instruments (COSMIN) taxonomy and methodology 
[25–28] were followed.

The study was conducted between October 1st, 2018, 
and December 31st, 2020, in the Department of Neuro-
surgery at Hippokration General Hospital, Thessaloniki, 
Greece, which is a 24-bed unit, including a 20-bed gen-
eral ward and a 4-bed critical care unit. The latter critical 
care unit involves patients in need of closer monitoring 
and more intense treatment, such as those with markedly 
disturbed level of consciousness, potential candidates 
for clinical deterioration, individuals coming from long 

hospitalization in the intensive care unit, and those with 
a tracheostomy. Patients treated in the intensive care unit 
of the hospital were also included in our cohort, provided 
that they presented with neurosurgical pathology. The 
study protocol was approved by the ethics committee of 
the hospital (Ref. Nr. 985-2017). In compliance with the 
current legislation, the National Data Protection Author-
ity was notified on its conduction (Ref. Nr. 850-2018). 
The study was conducted in accordance with the ethical 
standards of the 1964 Helsinki Declaration and its later 
amendments.

To reach the best possible level in terms of medical eth-
ics, legal consent was obtained from patients capable of 
providing it or by proxy when deemed necessary.

Variables and Data Collection
As noted above, the level of consciousness was assessed 
using the GCS and the scale under validation (FOUR 
score). All participants were examined by four raters: 
two board-certified neurosurgeons, one senior (PPT) 
and one junior (DMA), a resident of neurosurgery (six in 
total) and a nurse (eight in total). All four assessments of 
each rating session were performed independently by the 
evaluators, and within one hour, ensuring that patients’ 
neurological status did not change during this period. 
Patients in which the level of consciousness was altered 
during a rating session (as noted by their supervising 
physician) were assessed anew by all examiners. Evalua-
tors were blinded to other raters’ results.

The residents were equally distributed through all pos-
sible years of training in neurosurgery in our depart-
ment (from the first to the last) and the involved nurses 
graduated from accredited nursing schools, with a clini-
cal experience ranging from 10 to 25 years. None had any 
prior experience on the application of the FOUR score. 
All were previously informed in detail on the methodol-
ogy and the objectives of the study and received vigorous 
training on the application of the scales by the two cer-
tified neurosurgeons. The training involved a one-hour 
lecture and ten exhibition assessments by the trainers in 
the initial phase, and, in the final phase, 30 assessments 
on acting patients, with predefined scenarios of varying 
severity, covering all possible subscores for each compo-
nent of the two scales. For the FOUR score’s brainstem 
subscores from 0 to 3 and respiratory 0 and 1, additional 
training was performed on actual patients. This proce-
dure took place in the intensive care unit and on patients 
in critical condition in the Neurosurgery Department, 
after obtaining informed consent by a next-of-kin. It was 
a prerequisite for each rater to reach a consensus with 
the supervisors for a number of assessments (including 
subscores) before official patient recruitment. All raters 
were given in written form the two scales and application 

Table 1  The Full Outline of Unresponsiveness score

Eye response

 4 Eyelids open or opened, tracking, or blinking to 
command

 3 Eyelids open but not tracking

 2 Eyelids closed but open to loud voice

 1 Eyelids closed but open to pain

 0 Eyelids remain closed with pain

Motor response

 4 Thumbs-up, fist, or peace sign

 3 Localizing to pain

 2 Flexion response to pain

 1 Extension response to pain

 0 No response to pain or generalized myoclonus status

Brainstem 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, and cough reflex

Respiration

 4 Not intubated, regular breathing pattern

 3 Not intubated, Cheyne–Stokes breathing pattern

 2 Not intubated, irregular breathing

 1 Breathes above ventilator rate

 0 Breathes at ventilator rate or apnea
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instructions in Greek, which they were asked to use 
throughout their training and study conduction.

For each patient, the results from the assessments of 
the level of consciousness were collected directly. The 
remaining data of interest (sex, age, diagnosis, clinical 
course, and imaging findings) were extracted during hos-
pitalization or directly after each participant’s discharge. 
All data were completely anonymized and digitally 
recorded in a Microsoft Excel 2019 (Microsoft Corpora-
tion, Redmond, WA) spreadsheet. The procedure was in 
full compliance with the current legislation.

Eligibility Criteria
Patients (1) 18  years old or older, (2) treated in the 
Department of Neurosurgery, and (3) in need of con-
sciousness monitoring were enrolled in the study. This 
included participants presenting on admission with dis-
turbed, but also with normal level of consciousness that 
could be disrupted during their hospitalization, to avoid 
bias during the assessment of alert patients.

Exclusion criteria were the following: (1) absence of 
legal consent (denial, withdrawal or inability to acquire), 
(2) unavailability of trained examiners to obtain complete 
patient assessment within one hour, (3) clinical deteriora-
tion during one rating session (between the assessment of 
different examiners) in case of inability to acquire anew 
all ratings reliably, (4) patients with dementia or mental 
illness, (5) patients under sedatives, neuromuscular junc-
tion blockers, alcohol or addictive substances, that could 
not be reliably evaluated, and (6) cases with missing data. 
Hospitalization in other departments, including the 
intensive care unit, was not a cause of exclusion.

Statistical Analysis
Descriptive statistics are presented as means ± standard 
deviation or medians. Normality of data was checked 
with the Kolmogorov–Smirnov test.

Quadratic weighted Cohen’s kappa (κw) values and 
intraclass correlation coefficients (two-way random-
effects, single rater, consistency ICC) with a confidence 
interval of 95% were calculated to assess interrater reli-
ability. Kw values of 0.40 or less suggest poor agreement, 
between 0.40 and 0.60 moderate, between 0.60 and 0.80 
substantial and higher than 0.80 almost perfect agree-
ment [13, 14, 29]. As per the ICC, values lower than 0.50 
are considered poor, between 0.50 and 0.75 moderate, 
between 0.75 and 0.90 good, and higher than 0.90 excel-
lent [30].

The aforementioned parameters were calculated for the 
total of assessments and then in subgroups, according to 
age, severity and diagnosis. To estimate the level of agree-
ment in those cases where the verbal component of the 
scale could be reliably assessed, additional calculations 

for the GCS verbal and total score were done separately, 
after the pseudoscored patients were excluded. Specifi-
cally, intubated patients or those with a tracheostomy, 
where the GCS verbal component could not be assessed, 
were pseudoscored with the lowest possible verbal 
score of 1 and, thus, were not included in this subgroup 
analysis.

The intrarater reliability was not tested in our study. 
This was decided because, as already noted in the litera-
ture, it cannot be reliably evaluated. Specifically, there are 
doubts whether a rater can assess free of bias a patient 
after a short time period without being influenced by 
previous scoring [14, 31–33].

Cronbach’s α values were calculated for internal con-
sistency assessment. Values higher than 0.70 are gener-
ally accepted to suggest good internal consistency, since 
if α is too high it may indicate item redundancy [34, 35].

For the evaluation of construct validity, we stated a 
priori hypotheses regarding the relationship between 
the FOUR score and other instruments measuring 
similar constructs. The GCS [2, 3] is the widely used 
performance-based observational clinical tool for the 
assessment of coma [4–6], with two of its three compo-
nents (namely eye opening and motor response) related 
to those of the FOUR score [14]. The correlation between 
the FOUR score and the GCS (in terms of Spearman’s ρ) 
has been repeatedly used as a measure of the former’s 
construct validity [13]. In the literature, the translation 
of the FOUR score into other languages has resulted in 
Spearman’s ρ values higher than 0.80 [36–38]. Thus, 
Spearman’s ρ values indicating a high positive correlation 
between the two scales were expected for all four raters.

A power analysis was performed to select the minimum 
number of participants in line with the design of our 
study that would reach an adequate statistical strength. It 
was found that 84 subjects would reach a power of 80%, 
which was considered appropriate for the purposes of the 
current study. Previous similar single-center studies pre-
sented with a median sample of 87 patients and a median 
number of performed assessments of 168 [13]. P values 
below 0.05 were considered statistically significant.

The software packages SPSS version 25 (IBM Corpora-
tion, Armonk, NY), G*Power 3.1 (Heinrich-Heine-Uni-
versität Düsseldorf ) and GraphPad Prism© 7 (GraphPad 
Software Incorporation, San Diego, CA) were used for 
the analysis.

Results
Development of the Greek Version
As defined by the World Health Organization [22], 
emphasis was given to conceptual equivalence. Mini-
mal linguistic issues during the process were resolved 
unanimously by the expert panel after discussion. The 
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third version of the translated scale was unanimously 
accepted by the members of the expert panel and its 
back-translation was approved (Supplementary Mate-
rial 1). The “Instructions for the Assessment of the 
Individual Categories of the FOUR” [14] were also 
translated in Greek. Booklets containing the scales of 

interest with detailed application instructions were 
designed.

Validation in Neurosurgical Patients
Participants’ Characteristics and Assessments’ Data
A total of 102 rating sessions were performed on 99 
patients, resulting in 408 assessments (Fig. 1). Sixty-four 

Fig. 1  Study flow chart
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men and 35 women with a median age of 70 years (range 
18–97) participated in the study. Their main diagno-
ses (Fig.  2) were acute traumatic brain injury (44 cases, 
44.4%), ischemic or hemorrhagic stroke (22 cases, 22.2%), 
chronic or subacute subdural hematoma (15 cases, 
15.2%), aneurysmal subarachnoid hemorrhage (8 cases, 
8.1%), brain tumor (5 cases, 5.1%), hydrocephalus (4 
cases, 4%), and central nervous system infection (1 case, 
1%). Twenty-nine sessions (116 assessments, 28.4%) were 
performed on intubated patients or on patients with a 
tracheostomy tube. Other factors that would make the 
assessment of any of the scales’ parameters impossible, 

such as language and communication problems, tongue, 
and ocular trauma [11], were not recorded. No patients 
were excluded due to missing data.

According to the evaluations, the median GCS score 
was 10 for the two specialists and the nurses and 9.5 for 
the residents, whereas it was 13 for all raters’ catego-
ries with the FOUR score. The minimum value of 3 for 
the GCS scored 28 times and the counterpart values of 
the FOUR score ranged from 3 to 8. FOUR score values 
between 0 and 2 were not recorded. This range of FOUR 
score values up to 8 for the most critical cases suggests 
its potential usefulness in such patients, the clinical con-
dition of which cannot be described and monitored in 
detail by solely applying the GCS. On the other hand, the 
FOUR score’s best possible value of 16 scored 105 times 
among patients who were not pseudoscored. Interest-
ingly, in 69.5% of those cases the counterpart values of 
the GCS were lower than 15 (range 12–14). The maxi-
mum value of the GCS was recorded 32 times. The coun-
terpart values of the FOUR score were different than 16 
in only 3 cases (15 in all of them). Those results suggest 
that the GCS probably has a similar advantage when 
assessing patients with mild consciousness disturbances.

Interrater Reliability
The κw values for the total scores were higher than 0.90 
for all pairs of raters, suggesting almost perfect agree-
ment for both scales. The lowest level of agreement was 
seen in the less experienced raters (resident and nurse), 
yet remained remarkably high (0.920 for the GCS, 0.918 
for the FOUR score). The ICC values also indicated excel-
lent overall agreement for the total scores (Tables 2 and 
3).

Fig. 2  Bar chart showing the main diagnoses. SAH, aneurysmal suba-
rachnoid hemorrhage, SDH, chronic or subacute subdural hematoma, 
TBI, acute traumatic brain injury

Table 2  Quadratic weighted kappa (for each pair of  raters) and  intraclass correlation coefficient (for all raters) values 
for the GCS

The GCS showed excellent interrater agreement for the total score and its three components in almost all cases. Values did not change significantly even after the 
exclusion of pseudoscored patients

CI, Confidence Interval, E, Eye component, GCS, Glasgow Coma Scale, ICC, Intraclass Correlation Coefficient, M, Motor component, Te, Total score with pseudoscored 
patients excluded, V, Verbal component, Ve, Verbal component with pseudoscored patients excluded
a  Denotes excellent agreement
b  Denotes good agreement

Raters’ pair Total (95% CI) E V M Te Ve

Weighted kappa

 Sr specialist and Jr specialist 0.931a (0.901–0.961) 0.794b 0.920a 0.828a 0.937a 0.878a

 Sr specialist and resident 0.940a (0.913–0.966) 0.803a 0.901a 0.848a 0.939a 0.856a

 Sr specialist and nurse 0.934a (0.903–0.965) 0.852a 0.914a 0.842a 0.919a 0.874a

 Jr specialist and resident 0.936a (0.908–0.965) 0.842a 0.898a 0.873a 0.926a 0.849a

 Jr specialist and nurse 0.952a (0.929–0.975) 0.884a 0.915a 0.869a 0.951a 0.871a

 Resident and nurse 0.920a (0.879–0.961) 0.851a 0.883a 0.753b 0.915a 0.830a

Overall ICC 0.936a (0.914–0.953) 0.843b 0.907a 0.842b 0.932a 0.863b
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The values of κw for each one of the scales’ components 
were higher than 0.60, indicating at least substantial 
agreement in all cases and for all pairs of raters; in most 
cases they were higher than 0.80, indicating excellent 
agreement. The lowest level of agreement was observed 
in the assessment of brainstem and respiratory com-
ponents of the FOUR score, but remained high (0.647–
0.860 and 0.618–0.858, respectively). The ICC assessing 
the overall agreement among the four raters for each 
component also suggested good or excellent agreement 
(ICC > 0.75), for almost all pairs of raters. As with the κw, 
the brainstem and respiratory components of the FOUR 
score showed the lowest level of agreement (Tables 2 and 
3).

The interrater agreement was found to be comparable 
for the two scales by diagnosis group (acute trauma vs. 
other diagnoses) and age group (younger vs. older than 
the median age of 70  years), and excellent for all pairs 
of raters (> 0.90). When grouping the patients to coma-
tose and non-comatose (GCS score ≤ 8 vs. > 8), there was 
a trend toward higher FOUR score values in cases with 
more severe disturbance of consciousness, remaining 
yet > 0.60 on all occasions (Table  4). After excluding 29 
cases that were pseudoscored for the GCS verbal compo-
nent, the values remained higher than 0.80 in all cases, 
suggesting good to excellent agreement (Table 2).

Internal Consistency
The values of Cronbach’s α for the GCS were 0.815, 0.828, 
0.807, and 0.852 for the four raters (senior and junior 
specialist, resident, and nurse, respectively). The corre-
sponding values for the FOUR score were 0.782, 0.724, 

0.730, and 0.735, respectively, indicating good internal 
consistency for both scales.

Construct Validity
The values of Spearman’s ρ between the FOUR score and 
the GCS were 0.936, 0.948, 0.906, and 0.930 for the four 
raters (senior and junior specialist, resident, and nurse, 
respectively). All correlations were found to be significant 
(p < 0.001; Fig. 3). Thus, the hypotheses of a high correla-
tion between the two scales for all raters were confirmed, 
suggesting high construct validity for the Greek version 
of the FOUR score.

Discussion
In the present study, the Greek version of the FOUR 
score was presented and validated. Our results showed 
high interrater reliability, internal consistency, and con-
struct validity for the FOUR score among raters. To our 
knowledge, this is the first study that provides such an in-
depth assessment of interrater agreement when the scale 
is applied by raters with different levels of training and 
experience.

The possible impact of the raters’ training and experi-
ence on interrater reliability has emerged since the initial 
validation of the FOUR score, where a lower agreement 
between nurses for some categories, in particular eye and 
brainstem components, was seen [14]. However, inter-
rater reliability among nurses significantly improved in 
later studies [17]. Proper training and familiarity with 
the FOUR score were considered important factors 
in improving the agreement between raters, while the 

Table 3  Quadratic weighted kappa (for each pair of  raters) and  intraclass correlation coefficient (for all raters) values 
for the FOUR score

Excellent interrater agreement was noted in most cases for the FOUR score and its components. The brainstem and respiration elements scored the lowest values; 
however, agreement remained at least moderate for all occasions

B, Brainstem component, CI, Confidence Interval, E, Eye component, FOUR, Full Outline of Unresponsiveness, ICC, Intraclass Correlation Coefficient, M, Motor 
component, R, Respiration component
a  Denotes excellent agreement
b  Denotes good agreement
c  Denotes moderate agreement

Raters’ pair Total (95% CI) E M B R

Weighted kappa

 Sr specialist and Jr specialist 0.950a (0.930–0.971) 0.885a 0.877a 0.747b 0.727b

 Sr specialist and resident 0.923a (0.894–0.952) 0.847a 0.870a 0.647b 0.618b

 Sr specialist and nurse 0.955a (0.938–0.973) 0.893a 0.859a 0.823a 0.812a

 Jr specialist and resident 0.929a (0.901–0.958) 0.859a 0.873a 0.837a 0.663b

 Jr specialist and nurse 0.964a (0.945–0.982) 0.917a 0.922a 0.860a 0.858a

 Resident and nurse 0.918a (0.886–0.949) 0.852a 0.820a 0.776b 0.689b

Overall ICC 0.941a (0.921–0.957) 0.879b 0.875b 0.784b 0.733c
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Table 4  Quadratic weighted kappa (for each pair of  raters) and  intraclass correlation coefficient (for all raters) values 
for the two scales under assessment in patients with head trauma or not, in comatose and non-comatose patients, and in 
patients younger and older than 70 years

The interrater agreement remained at least moderate with no exceptions, ranging from good to excellent on most occasions. There was almost perfect agreement 
regardless of the diagnosis and age group. Note a trend toward a higher agreement in favor of the FOUR score when assessing comatose patients

FOUR, Full Outline of Unresponsiveness, GCS, Glasgow Coma Scale, ICC, Intraclass Correlation Coefficient, N, Number of cases
a  Denotes excellent agreement
b  Denotes good agreement
c  Denotes moderate agreement

Categories Diagnosis Severity Age

Acute trauma Other GCS ≤ 8 GCS > 8  ≤ 70 years  > 70 years

N 47 55 39 63 51 51

Weighted kappa

 Raters’ pair GCS FOUR GCS FOUR GCS FOUR GCS FOUR GCS FOUR GCS FOUR

 Sr specialist and Jr specialist 0.948a 0.945a 0.917a 0.954a 0.704b 0.865a 0.771b 0.802a 0.921a 0.958a 0.940a 0.943a

 Sr specialist and resident 0.939a 0.915a 0.939a 0.930a 0.799b 0.745b 0.792b 0.736b 0.925a 0.923a 0.953a 0.924a

 Sr specialist and nurse 0.923a 0.950a 0.943a 0.960a 0.678b 0.880a 0.786b 0.798b 0.938a 0.952a 0.931a 0.958a

 Jr specialist and resident 0.944a 0.928a 0.930a 0.931a 0.730b 0.758b 0.833a 0.800b 0.927a 0.925a 0.944a 0.934a

 Jr specialist and nurse 0.962a 0.955a 0.944a 0.970a 0.786b 0.883a 0.864a 0.880a 0.941a 0.952a 0.962a 0.975a

 Resident and nurse 0.919a 0.905a 0.920a 0.927a 0.618b 0.729b 0.796b 0.717b 0.898a 0.915a 0.941a 0.920a

Overall ICC 0.940a 0.936a 0.933a 0.946a 0.723c 0.813b 0.813b 0.795b 0.926a 0.938a 0.946a 0.947a

Fig. 3  Scatterplots of the participants’ assessments with the two scales for each rater category. A good correlation between FOUR and GCS score 
was seen in all raters. FOUR, Full Outline of Unresponsiveness, GCS, Glasgow Coma Scale
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different level of experience between nurses did not seem 
to play any important role [17].

According to our results, on most occasions, κw 
and ICC values showed good to excellent agreement 
between different raters, for both GCS and FOUR 
score, in all pairs of raters and all subgroups of patients, 
regardless of age, diagnosis or severity of consciousness 
disturbance. Therefore, it can be stated that the FOUR 
score can be reliably applied after proper training, 
despite the rater’s level of education and experience. 
These findings agree with other reports from translated 
versions of the scale into various languages [36–39].

Even though medical practitioners in our hospital 
are widely experienced in the use of the GCS, the cur-
rent results suggest comparable reliability between the 
two scales. The level of agreement remained good even 
among the less experienced raters (nurses and resi-
dents) for the brainstem and respiratory components 
of the FOUR score, the most demanding aspects of the 
scale with varying reliability results in the literature 
[19, 32, 33, 36, 40–43]. These findings indicate that, 
although the application of the FOUR score requires a 
more detailed assessment of the patient, a brief but vig-
orous training is sufficient to achieve an effective and 
reliable use in clinical practice. This is in line with the 
existing literature [31, 32]. Although the translation 
of a clinical tool in Greek was demanding due to the 
peculiarities of the language (for instance loanwords 
or repatriated words derived from the Greek language, 
especially in medical terminology), its feasibility and 
applicability in clinical practice were not influenced.

The absence of a verbal component has been pre-
sented as a potential advantage of the FOUR score over 
GCS, as it cannot be reliably assessed in many neuro-
logical patients [14]. Furthermore, the GCS has report-
edly shown varying levels of interrater agreement, 
with some studies reporting κw values even less than 
0.4, suggesting poor reliability [1]. Our results do not 
support this claim, since it was found to present excel-
lent reliability among raters even after the exclusion of 
pseudoscored patients (untestable verbal component 
misleadingly increases interrater agreement, since all 
raters pseudoscore it with 1), for both the total score 
and verbal component.

Another reported advantage of the FOUR score is 
that, in the most severe cases, the components evalu-
ating brainstem and respiration functions add useful 
neurological information, which allow for further sub-
categorization of individuals presenting with the low-
est possible GCS score [13, 14]. This observation was 
clearly confirmed by the current results. Ιt should be 
also mentioned that the FOUR score’s interrater reli-
ability when assessing comatose patients was found to 

be higher compared with GCS for most pairs of raters 
(except for the senior specialist vs. resident), suggesting 
a potential superiority of the FOUR score in this sub-
group of patients.

On the other hand, based on the present findings, 
it can be supported that cases with the less disturbed 
level of consciousness which present with the best pos-
sible FOUR score can be further subcategorized using 
the GCS. This is an expected finding, as the verbal com-
ponent in the FOUR score is absent and patients with 
mild disturbance of consciousness often show confused 
communication. Further, it can be suggested that omit-
ting the assessment of verbal communication deprives 
crucial information for cases that present with mild, or 
even moderate, disturbance of consciousness. This con-
stitutes the majority of patients treated in neurosurgi-
cal and neurological wards, who need close monitoring 
for early detection of clinical deterioration [15, 16]. The 
verbal assessment retains clinical importance in mild 
cases usually hospitalized in neurosurgical and neuro-
logical departments, as these patients rarely present with 
disturbed brainstem function and respiratory pattern, 
therefore a possible replacement of the GCS cannot be 
supported. This is not the case, however, for patients with 
severe unresponsiveness resulting in inability to inter-
act verbally, where the FOUR score shows undeniable 
advantages.

According to the current results, both GCS and FOUR 
score present with high interrater reliability and inter-
nal consistency, but also correlate significantly with each 
other. However, it cannot be suggested that differences 
between them are insignificant and the selection of one 
of them in clinical practice is usually a matter of personal 
or institutional preference. Nevertheless, each scale pre-
sents with potential advantages when applied in patients 
with specific characteristics.

This study has some limitations. It is a single-center 
study, limited to patients of neurosurgical concern. It 
has to be noted, however, that all were highly in need of 
accurate level of consciousness assessment and moni-
toring, with a notable number of them presenting with 
severely disturbed level of consciousness. Furthermore, 
the number of patients under mechanical ventilation 
that were included was limited. Patients under sedation 
were also excluded. Thus, our results need further verifi-
cation for those and, since the FOUR score’s advantages 
are likely associated with patients in a more severe con-
dition, future studies should probably focus on this cat-
egory. Except for the two specialists, it was not feasible 
to obtain four constant raters. Although this was clearly 
the case in all previous studies, it might have affected 
the ratings’ consistency. However, all raters underwent 
similar intensive training for the application of the scales, 
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therefore minimizing the risk of bias. To avoid unneces-
sary disruptions and inconveniences during the study, a 
translation of the GCS through a similar vigorous proce-
dure was not performed, since the existing Greek version 
has been widely and successfully used for many years. 
Finally, despite the meticulous prospective design, slight 
clinical deterioration that remained unnoticed, influenc-
ing thus the level of consciousness between ratings, can-
not be ruled out.

Nevertheless, this study presents one of the largest 
numbers of total ratings for the assessment of interrater 
reliability. It is the first in the Greek population and it was 
designed to include a large number of raters, both expe-
rienced and less experienced, also nurses who were not 
well familiar with the neurological examination. Further-
more, contrary to previously published reports in which 
patients were divided into groups each examined by a 
different pair of raters, all participants were evaluated by 
all categories of examiners. We were able to successfully 
evaluate the agreement among health care professionals 
with different levels of experience and training, highlight-
ing, thus, the effectiveness and simplicity of training nec-
essary for the reliable application of the FOUR score.

Conclusions
The Greek version of the FOUR score is a valid and reli-
able tool for assessing the level of consciousness. It has 
high interrater reliability, internal consistency and con-
struct validity, which is comparable with GCS, with simi-
lar observations among raters with different training and 
experience. Its clinical importance is probably greater 
for patients with severely disturbed level of conscious-
ness. Studies including larger number of patients under 
mechanical ventilation are needed to further validate the 
present findings.
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