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Abstract
Objective: Prediction of survival and mortality rates in costly environments such as the intensive care unit
(ICU) is of great importance for the assessment of new treatments, resource consumption control, and
improvement of quality control. This study aimed to determine the ability to predict mortality and discharge
rate of patients using the FOUR score in the pediatric ICU (PICU) of Ali Ibn Abitalib Hospital, Zahedan and
compare the results with those of Glasgow Coma Scale (GCS).
Methods: This prospective study was conducted on 200 patients admitted to the PICU. Convenience
purposive sampling was used. Research data was collected using the Full Outline of Unresponsiveness
(FOUR) score and GCS using questionnaires. Obtained data was analyzed with SPSS 16 using descriptive
statistics and correlation analyses.

Findings: Of the 200 children admitted to the PICU, 71.5% and 28.5% were discharged and died, respectively.
The inter-rater reliability for the FOUR score was good to excellent (weighted κ: eye, 0.72; respiration, 0.82;
brainstem, 0.74; motor, 0.78), In terms of mortality and discharge prediction, logistic regression analyses
(FOUR score = OR: 0.13; 95% CI: 0.06–0.29; P<0.001; GCS=OR: 2.49; 95% CI: 1.44–4.32; P<0.001) showed that
the FOUR score is a good predictor for in-hospital mortality.
Conclusion: Results indicated that the FOUR score is more capable than GCS in predicting the mortality and
discharge of patients admitted to the PICU.
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Introduction
Considering the high mortality in intensive care
units (ICUs) in hospitals compared with other
units as well as high costs of inpatient treatment in
these units, mortality prediction has long been a
concern[1]. Several tools are designed for mortality
prediction in ICUs[2]. One of the most widely used

tools for examining patients’ consciousness level
and disease outcome prediction is Glasgow Coma
Scale (GCS)[3,4]. This scale was first developed in
1974 to evaluate the consciousness level of head
injury patients[5], and then was widely used for
evaluating the consciousness level of other
patients admitted to ICU[6]. Several studies have
indicated that GCS provides the guideline for
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primary care and disease outcome prediction
(mortality and morbidity)[7-9]. Because of the
failure of GCS in examining the verbal responses of
intubated patients and evaluating brainstem
reflexes, several other scales have become popular
for
assessment
of
intubated
patients’
consciousness level and disease outcome
prediction during the past decade. However, none
of the other scales have been used widely[3,10-12].
During recent years, many efforts to improve CGS
have been made so that it can be used more easily.
One of these tools is the Full Outline of
Unresponsiveness (FOUR) score that was designed
by Wijdicks et al in 2005[12]. This scale includes
four considerable components: eye responses,
motor responses, brainstem reflexes, and
breathing pattern. Each component receives a
score between 0 and 4 (the lowest and highest
scores are 0 and 4, respectively)[13]. Several
studies have investigated the validity of the FOUR
score and suggest that it is a good alternative for
GCS in disease outcome prediction[14-17].
The results of the research by Cohen on 60
children admitted to an ICU in California (2009)
indicated that the FOUR score is a powerful tool in
disease outcome prediction for pediatric patients
admitted to ICU and the inter-rater reliability for
the FOUR score was excellent[14].
Because a large percentage of patients admitted
to ICU are comatose[18], their examination is an
important part of work in the ICU, and the most
widely used tool for assessing patients’ level of
consciousness and predicting disease outcome is
GCS. Because of the weaknesses of GCS and its
failure in assessing verbal responses in intubated
patients, the brainstem reflexes and also the
strengths of the FOUR score in brainstem reflex
assessment, we decided to compare the ability of
GCS and FOUR score in predicting the mortality
and discharge of patients admitted to pediatric
ICU (PICU).

Subjects and Methods
This prospective study was conducted in the PICU
of Ali Ibn Abitalib Hospital, Zahedan. The Children
and Adolescents Health Research Center of
Zahedan University of Medical Sciences approved

the study. Convenience purposive sampling was
used. Written consent was obtained from family
members of patients, and they were assured that
patient’s personal information would be safe and
would be used only for research and they could
withdraw from the study any time. Sample size
was calculated at 200 according to the sample size
formula. Inclusion criteria were all children with
neurological or neurosurgery disorders admitted
to PICU of the Hospital. Exclusion criteria included
patients
receiving
sedating
drugs
and
neuromuscular blockers including midazolam,
fentanyl, sufentanil, morphine, pancuronium
bromide, atracurium, nesdonal, and propofol, or
had recognized vision, hearing, speech, or limb
paralysis problems. In addition, patients under the
age of two years and above 12 years (because of
an inability to communicate verbally ill patients
less than 2 years and because of lack of PICU
admission in patients over 12 years) were
excluded. Data collection lasted from February to
November 2012. Data was collected using the
FOUR score and GCS using questionnaires. The
patients’ level of consciousness was routinely
controlled by nurses using GCS after entering the
PICU and recorded in a special flowchart for
consciousness level measurement. To measure the
patients’ level of consciousness using the FOUR
score, it was primarily translated to Persian and
then back-translated to English, and the
accordance of English versions were examined by
an individual fluent in both languages. Content
validity index (CVI) was used for measuring the
validity of the data collection tool. Ten faculty
members of the department of neurology and
neurosurgery were provided with the tool, and
their comments and corrections were applied. The
new coma scale (FOUR score) was taught to
nurses participating in this study by the specialty
pediatric neurology during three 30–45 min
sessions on each item (Table 1)[16]. And each
participant was given an instruction booklet
regarding the FOUR score. And again after a week
of personal training, clinical training in the PICU
was given by a pediatric neurologist. At the end of
the course, each of the nurses participating in the
study were allowed to practice on 2–3 patients
and all the problems were resolved in relation to
working with this scale. Sixteen nurses
participated in the study. All of these 16 nurses
had bachelor’s degree in nursing. Nurses had

Iran J Pediatr; Vol 24 (No 5), Oct 2014
Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

Khajeh A, et al

605

Table 1: Full Outline of Unresponsiveness (FOUR) score[16]

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 = 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 = Triggers ventilator or breathes
above ventilator rate
0 = Apnea or breathes at ventilator rate

different working shifts (morning, evening, and
night) and different working experience including
recruiting, contract, and formal nurses, and the
average work experience was 8.31±7.14 years. To
assess inter-rater reliability of the FOUR score,
each patient was rated on the FOUR score by two
differently trained nurses. The raters performed
their examination on arrival of the patient to the
PICU without knowledge of the other rater’s
scores. To study the predictive ability of mortality
and discharge rate of both scales, scores of the
FOUR score were compared to those of GCS, which
were routinely controlled by nurses and recorded
in the special flowchart for measuring GCS scores.
For patients who had undergone intubation, the
lowest GCS verbal score was used both for scoring
and for data analysis. Ultimately, both tools were
compared regarding their predictability of patient
mortality or discharge. Afterwards, obtained data
was analyzed using SPSS 16.

Findings
Of the 200 patients that participated in this
research, 55% (n=110) were males and 45%
(n=90) females. The mean age of patients was 4.4
years. Of the 200 patients, 76% (n=152) had
spontaneous respiration and 24% (n=48) were
ventilated with a mechanical ventilator. The cause
of patients’ admission to ICU was mostly
intracranial hemorrhage. The admission diagnoses
of patients are listed in Table 2. Of the 200
patients who participated in this study, 143
(71.5%) patients were discharged after recovery
and 57 (28.5%) patients died in ICU. According to
the results of the independent t test, patients’ age
did not affect the outcome (discharge or death)
(P=0.5). Also, results of the chi square test did not
show any differences with regard to the outcome
and patients’ sex (P=0.5). The inter-rater
reliability of the FOUR score was evaluated using
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Table 2: Admission diagnosis of patients

Diagnosis
Intracranial hemorrhage
Intracranial infection
Hydrocephaly
Aneurism
Seizure
Brain tumor
Other causes

the weighted kappa (κw) coefficient. A κw statistic
of ≤0.4 is considered poor, values between 0.4 and
0.6 are considered fair to moderate, those
between 0.6 and 0.8 suggest good inter-observer
agreement, and values greater than 0.8 suggest
excellent agreement. The rater agreement is
shown in Table 3. The inter-rater reliability for the
FOUR score was good to excellent (weighted κ:
eye, 0.72; respiration, 0.82; brainstem, 0.74;
motor, 0.78).
The mean score of the FOUR and GCS at the
time of ICU admission for all patients was 10.5±4.1
(range: 0–16) and 10.4±3.9 (range: 3–15),
respectively. Mean of the FOUR score at the time
of admission was 12.5±2.1 and 5.1±2.8 for
discharged and dead patients, respectively (cut-off
point 8) (Table 4). The differences between the
two groups were statistically significant
(P=0.001). The mean GCS at the time of admission
was 11.4±3.5 and 7.9±3.8 for discharged and dead
patients, respectively (cut-off point 9; P=0.001).
Logistic regression analysis was performed to
determine the ability of the two scales (GCS and
FOUR score) to predict the outcome. Results of
this test showed that odds ratios for the FOUR
score are somewhat lower than those for the GCS
(FOUR score=OR: 0.13; 95%CI: 0.06–0.29;
P<0.001; GCS=OR: 2.49; 95%CI: 1.44–4.32;
P<0.001). In previous studies, lower odds ratios
have been related to a positive predictive value for
a higher chance of a positive outcome with
increased total score values[13,16].

Number (Percent)
36 (18)
31 (15.5)
29 (14.5)
28 (14)
27 (13.5)
22 (11)
27 (13.5)

Discussion
The purpose of establishing a PICU is to obtain the
best results and better outcomes for severely ill
children. One of the ways to achieve that goal is to
predict the mortality risk of the patients admitted
to the PICU to provide them with the best care
available[20]. It is necessary to develop models that
predict the mortality risk in PICU to monitor the
effectiveness of the care carried out[21]. For this
purpose, the neurological examination tools or
coma examination scales of patients are accepted
as effective scales for disease outcome
examination[2]. To be an effective tool, a coma
scale must be practical for use in a wide variety of
settings and by healthcare providers with diverse
experience[14]. In this regard, the FOUR score is
designed to remedy the deficiencies of GCS to
show more neurological details in unconscious
patients and predict the final result more
accurately and easily[4,16]. Research results
indicated that the inter-rater agreement with the
FOUR score was good to excellent (weighted κ:
eye, 0.72; respiration, 0.82; brainstem, 0.74;
motor, 0.78). These results are consistent with
those by Wolf et al[11] and Wijdicks et al[16]. The
high level of agreement between nurse raters
using the FOUR score suggests that the application
of the FOUR score and assessment of the level of
consciousness is easier and requires minimal
facilities, and nurses with differing levels of
experience and expertise are more likely to

Table 3: Kappa values, Standard Error and 95% Confidence Intervals for Inter-rater agreement on
the Full Outline of Unresponsiveness score

Kappa
Standard Error
Confidence Intervals (CI)

Eye
0.72
0.037
0.67-0.77

Motor
0.78
0.035
0.73-0.84

Brainstem
0.74
0.039
0.69-0.80

Iran J Pediatr; Vol 24 (No 5), Oct 2014
Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

Respiration
0.82
0.032
0.77-0.87

Khajeh A, et al

607

Table 4: Mean score of FOUR coma sub score in discharged and deceased patients

FOUR coma sub scale
Eye opening
Motor
Brainstem
Respiration
Total score

Discharged
Deceased
Discharged
Deceased
Discharged
Deceased
Discharged
Deceased
Discharged
Deceased

FOUR: Full Outline of Unresponsiveness

correctly assess the patient and assign the same
score using the FOUR score.
Although the GCS has been widely used in
hospital settings, because of the failure in
examining the verbal responses of intubated
patients and evaluating brainstem reflexes, the
FOUR score was developed. By these advantages,
the FOUR score can show patients’ real state of
consciousness. Therefore, it is better at predicting
patients’ future state[3,14].
Our results demonstrate that mortality in PICU
patients with the lowest FOUR score is higher than
in patients with the lowest GCS. The mortality rate
for patients with the lowest FOUR score of 0
(100%) was higher than that for patients with the
lowest GCS score of 3 (85.7%). With this finding,
the FOUR score would have great value for
outcomes prediction than the GCS. These results
are consistent with those by Cohen[14], Wijdicks et
al[16], and Iyer et al[15]. In the research by
Büyükcam et al in Turkey, no significant difference
was observed between these tools for predicting
the mortality of children admitted to the ICU[19].
This difference is probably because of the fact that
the participants of the research by Büyükcam et al
were only children with a medical diagnosis of
stroke, but in the present research a group of
children with different medical neurology and
neurosurgery diagnoses were investigated.
This new coma scale, unlike the GCS, does not
include a verbal response, and thus is more
valuable in PICU that typically has a large number
of intubated patients. In our study, 24% of
patients were intubated, and GCS was less useful
for verbal response.
Research results indicated that cut off point 8
correlated with worse outcome, while the

Number
143
57
143
57
143
57
143
57
143
57

Mean
2.7 (0.97)
0.73 (0.76)
3.2 (0.82)
1.6 (1.01)
3.4 (0.7)
1.6 (0.88)
3.1 (0.74)
1.1 (0.88)
12.5 (2.1)
5.1 (2.8)

P. value
0.001
0.001
0.001
0.001
0.001

research by Wijdicks et al[16] indicated that a cutoff point of 9 and that by Akavipat et al[2] a cut-off
point of 10 correlated with worse outcome,. This
difference may be due to deterioration of the
patients’ health participating in the study.
A limitation of this study was that the
population in this study included only patients
with neurological problems and the results of this
study cannot be extended to all patients admitted
to PICU.

Conclusion
It is important to assess the consciousness level of
patients admitted to PICU using an accurate, easyto-use tool that is better at showing disease
outcome. With respect to the results, the FOUR
score is more capable than GCS in assessing
patients’ level of consciousness and disease
outcome predictability.
Acknowledgment
The authors wish to express their profound gratitude to
the research council of the Research and Technology
Department of Zahedan’s University of Medical Sciences
for approving the research topic as well as the nursing
staff working in the PICU for their collaboration in the
research.
Authors’ Contribution

H. Askari, A. Khajeh: Conception and design, acquisition of data,
analysis and interpretation of data
A. Fayyazi, G. Miri-Aliabad, N.M. Noori: Critical Revision of the
Manuscript, Funds Collection

Iran J Pediatr; Vol 24 (No 5), Oct 2014
Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

608

Ability of GCS and FOUR Score to predict the Mortality and Discharge Rate of Patients Admitted to the PICU

B Khajeh: Drafting of the manuscript
All Authors approved final version of the manuscript.

Conflict of Interest: None

11. Wolf CA, Wijdicks EF, Bamlet WR, et al. Further
validation of the FOUR score coma scale by
intensive care nurses. Mayo Clin Proc 2007;82(4):
435-8.

References
1.
2.

3.

4.
5.
6.

7.
8.
9.

10. Idrovo L, Fuentes B, Medina J, et al. Validation of
the FOUR Score (Spanish version) in acute stroke:
an interobserver variability study. Eur Neurol
2010;63(6):364-9.

Noorizad S, Tabesh H, Mahdian M, et al. Causes of
Mortality and Morbidity in a Neurosurgery ICU in
Kashan 1999-2001. Feyz 2005;9(2):15-20. [In
Persian]

Akavipat P, Sookplung P, Kaewsingha P, et al.
Prediction of discharge outcome with the full
outline of unresponsiveness (FOUR) score in
neurosurgical patients. Acta Med Okayama 2011;
65(3):205-10.
Fischer M, Rüegg S, Czaplinski A, et al. Inter-rater
reliability of the Full Outline of Unresponsiveness
score and the Glasgow Coma Scale in critically ill
patients: a prospective observational study. Crit
Care 2010;14(2):R 64.

Wijdicks EF, Rabinstein AA, Bamlet WR, et al. Four
score and Glasgow coma scale in predicting
outcome of comatose patients: a pooled analysis.
Neurology 2011;77(1):84-5.
Balestreri M, Czosnyka M, Chatfield DA, et al.
Predictive value of Glasgow Coma Scale after brain
trauma: change in trend over the past ten years.
J Neurol Neurosurg Psychiatry 2004;75(1):161-2.

Gill M, Martens K, Lynch EL, et al. Inter rater
reliability of 3 simplified neurologic scales applied
to adults presenting to the emergency department
with altered levels of consciousness. Ann Emerg
Med 2007;49(4):403-7.
Gabbe BJ, Cameron PA, Finch CF. The status of the
Glasgow Coma Scale. Emerg Med (Fremantle)
2003;15(4):353-60.

Ting HW, Chen MS, Hsieh YC, et al. Good mortality
prediction by Glasgow Coma Scale for
neurosurgical patients. J Chin Med Assoc 2010;
73(3):139-43.

Izadiavanji F, Fakharian E, Masoodi Alavi N.
Outcome of factors related to traumatic brain
injuries among the patients hospitalized in
intensive care unit. Feyz 2010;14(2):112-9. [In
Persian)

12. Bruno MA, Ledoux D, Lambermont B, et al.
Comparison
of
the
Full
Outline
of
Unresponsiveness
and
Glasgow
Liege
Scale/Glasgow Coma Scale in an intensive care
unit population. Neurocrit Care 2011;15(3):44753.
13. Stead LG, Wijdicks EF, Bhagra A, et al. Validation of
a new coma scale, the FOUR score, in the
emergency department. Neurocrit Care 2009;
10(1):50-4.

14. Cohen J. Interrater reliability and predictive
validity of the FOUR Score Coma Scale in a
pediatric population. J Neurosci Nurs 2009;41(5):
261-7.
15. Iyer VN, Mandrekar JN, Danielson RD, et al.
Validity of the FOUR score coma scale in the
medical intensive care unit. Mayo Clin Proc 2009;
84(8):694-701.

16. Wijdicks EF, Bamlet WR, Maramattom BV, et al.
Validation of a New Coma Scale: The FOUR Score.
Ann Neural 2005;58(4):585-93.

17. Murthy T. A new score to validate coma in
emergency department — FOUR score. Indian J
Neurotrauma (IJNT) 2009;6;59-62.
18. Zand S, Rafiei M.
Causes and duration of
hospitalization and mortality rate in intensive care
units in Central province. IJCCN 2010;3(2):7-8.
19. Büyükcam F, Kaya U, Karakılıç ME, et al. Predicting
the outcome in children with head trauma:
comparison of FOUR score and Glasgow Coma
Scale. Ulus Travma Acil Cerrahi Derg 2012;18(6):
469-73.

20. Salamati P, Talaee S, Eghbalkhah A, et al.
Validation of Pediatric Index of Mortality-2 Scoring
System in a Single Pediatric Intensive Care Unit of
Iran. Iran J Pediatr 2012;22(4):481-6.

21. Khajeh A, Mohammad Noori N, Raeisi M, et al.
Mortality risk prediction by application of PRISM
scoring system in pediatric intensive care unit.
Iran J Pediatr 2013;23(5):546-50.

Iran J Pediatr; Vol 24 (No 5), Oct 2014
Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

