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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, andimprovement of quality control. This study aimed to determine the ability to predict mortality and dischargerate of patients using the FOUR score in the pediatric ICU (PICU) of Ali Ibn Abitalib Hospital, Zahedan andcompare the results with those of Glasgow Coma Scale (GCS).
Methods: This prospective study was conducted on 200 patients admitted to the PICU. Conveniencepurposive 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 descriptivestatistics 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 thatthe 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 anddischarge of patients admitted to the PICU.
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IntroductionConsidering the high mortality in intensive careunits (ICUs) in hospitals compared with otherunits as well as high costs of inpatient treatment inthese units, mortality prediction has long been aconcern[1]. Several tools are designed for mortalityprediction in ICUs[2]. One of the most widely used

tools for examining patients’ consciousness leveland disease outcome prediction is Glasgow ComaScale (GCS)[3,4]. This scale was first developed in1974 to evaluate the consciousness level of headinjury patients[5], and then was widely used forevaluating the consciousness level of otherpatients admitted to ICU[6]. Several studies haveindicated that GCS provides the guideline for
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primary care and disease outcome prediction(mortality and morbidity)[7-9]. Because of thefailure of GCS in examining the verbal responses ofintubated patients and evaluating brainstemreflexes, several other scales have become popularfor assessment of intubated patients’consciousness level and disease outcomeprediction during the past decade. However, noneof the other scales have been used widely[3,10-12].During recent years, many efforts to improve CGShave been made so that it can be used more easily.One of these tools is the Full Outline ofUnresponsiveness (FOUR) score that was designedby Wijdicks et al in 2005[12]. This scale includesfour considerable components: eye responses,motor responses, brainstem reflexes, andbreathing pattern. Each component receives ascore between 0 and 4 (the lowest and highestscores are 0 and 4, respectively)[13]. Severalstudies have investigated the validity of the FOURscore and suggest that it is a good alternative forGCS in disease outcome prediction[14-17].The results of the research by Cohen on 60children admitted to an ICU in California (2009)indicated that the FOUR score is a powerful tool indisease outcome prediction for pediatric patientsadmitted to ICU and the inter-rater reliability forthe FOUR score was excellent[14].Because a large percentage of patients admittedto ICU are comatose[18], their examination is animportant part of work in the ICU, and the mostwidely used tool for assessing patients’ level ofconsciousness and predicting disease outcome isGCS. Because of the weaknesses of GCS and itsfailure in assessing verbal responses in intubatedpatients, the brainstem reflexes and also thestrengths of the FOUR score in brainstem reflexassessment, we decided to compare the ability ofGCS and FOUR score in predicting the mortalityand discharge of patients admitted to pediatricICU (PICU).
Subjects and MethodsThis prospective study was conducted in the PICUof  Ali Ibn Abitalib Hospital, Zahedan. The Childrenand Adolescents Health Research Center ofZahedan University of Medical Sciences approved

the study. Convenience purposive sampling wasused. Written consent was obtained from familymembers of patients, and they were assured thatpatient’s personal information would be safe andwould be used only for research and they couldwithdraw from the study any time. Sample sizewas calculated at 200 according to the sample sizeformula. Inclusion criteria were all children withneurological or neurosurgery disorders admittedto PICU of the Hospital. Exclusion criteria includedpatients receiving sedating drugs andneuromuscular blockers including midazolam,fentanyl, sufentanil, morphine, pancuroniumbromide, atracurium, nesdonal, and propofol, orhad recognized vision, hearing, speech, or limbparalysis problems. In addition, patients under theage of two years and above 12 years (because ofan inability to communicate verbally ill patientsless than 2 years and because of lack of PICUadmission in patients over 12 years) wereexcluded. Data collection lasted from February toNovember 2012. Data was collected using theFOUR score and GCS using questionnaires. Thepatients’ level of consciousness was routinelycontrolled by nurses using GCS after entering thePICU and recorded in a special flowchart forconsciousness level measurement. To measure thepatients’ level of consciousness using the FOURscore, it was primarily translated to Persian andthen back-translated to English, and theaccordance of English versions were examined byan individual fluent in both languages. Contentvalidity index (CVI) was used for measuring thevalidity of the data collection tool. Ten facultymembers of the department of neurology andneurosurgery were provided with the tool, andtheir comments and corrections were applied. Thenew coma scale (FOUR score) was taught tonurses participating in this study by the specialtypediatric neurology during three 30–45 minsessions on each item (Table 1)[16]. And eachparticipant was given an instruction bookletregarding the FOUR score. And again after a weekof personal training, clinical training in the PICUwas given by a pediatric neurologist. At the end ofthe course, each of the nurses participating in thestudy were allowed to practice on 2–3 patientsand all the problems were resolved in relation toworking with this scale. Sixteen nursesparticipated in the study. All of these 16 nurseshad bachelor’s degree in nursing. Nurses had
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Table 1: Full Outline of Unresponsiveness (FOUR) score[16]
EYE RESPONSE4 = Eyelids open or opened, tracking or blinking tocommand3 = Eyelids open but not to tracking2 = Eyelids closed but opens to loud voice1 = Eyelids closed but opens to pain0 = Eyelids remain closed with pain stimuli
MOTOR RESPONSE4 = Thumbs up, fist, or peace sign3 = Localizing to pain2 = Flexion response to pain1 = Extension response0 = No response to pain or generalizedMyoclonus status
BRAINSTEM REFLEXES4 = Pupil and corneal reflexes present3 = One pupil wide and fixed2 = Pupil or corneal reflexes absent1 = Pupil and corneal reflexes absent0 = Absent pupil, corneal, or cough reflex
RESPIRATION4 = Regular breathing pattern3 = Cheyne-Stokes breathing pattern2 = Irregular breathing1 = Triggers ventilator or breathesabove ventilator rate0 = Apnea or breathes at ventilator rate

different working shifts (morning, evening, andnight) and different working experience includingrecruiting, contract, and formal nurses, and theaverage work experience was 8.31±7.14 years. Toassess inter-rater reliability of the FOUR score,each patient was rated on the FOUR score by twodifferently trained nurses. The raters performedtheir examination on arrival of the patient to thePICU without knowledge of the other rater’sscores. To study the predictive ability of mortalityand discharge rate of both scales, scores of theFOUR score were compared to those of GCS, whichwere routinely controlled by nurses and recordedin the special flowchart for measuring GCS scores.For patients who had undergone intubation, thelowest GCS verbal score was used both for scoringand for data analysis. Ultimately, both tools werecompared regarding their predictability of patientmortality or discharge. Afterwards, obtained datawas analyzed using SPSS 16.

FindingsOf the 200 patients that participated in thisresearch, 55% (n=110) were males and 45%(n=90) females. The mean age of patients was 4.4years. Of the 200 patients, 76% (n=152) hadspontaneous respiration and 24% (n=48) wereventilated with a mechanical ventilator. The causeof patients’ admission to ICU was mostlyintracranial hemorrhage. The admission diagnosesof patients are listed in Table 2. Of the 200patients who participated in this study, 143(71.5%) patients were discharged after recoveryand 57 (28.5%) patients died in ICU. According tothe results of the independent t test, patients’ agedid not affect the outcome (discharge or death)(P=0.5). Also, results of the chi square test did notshow any differences with regard to the  outcomeand patients’ sex (P=0.5). The inter-raterreliability of the FOUR score was evaluated using
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Table 2: Admission diagnosis of patients
Diagnosis Number (Percent)
Intracranial hemorrhage 36 (18)
Intracranial infection 31 (15.5)
Hydrocephaly 29 (14.5)
Aneurism 28 (14)
Seizure 27 (13.5)
Brain tumor 22 (11)
Other causes 27 (13.5)

the weighted kappa (κw) coefficient. A κw statisticof ≤0.4 is considered poor, values between 0.4 and0.6 are considered fair to moderate, thosebetween 0.6 and 0.8 suggest good inter-observeragreement, and values greater than 0.8 suggestexcellent agreement. The rater agreement isshown in Table 3. The inter-rater reliability for theFOUR 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 thetime 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 timeof admission was 12.5±2.1 and 5.1±2.8 fordischarged and dead patients, respectively (cut-offpoint 8) (Table 4). The differences between thetwo groups were statistically significant(P=0.001). The mean GCS at the time of admissionwas 11.4±3.5 and 7.9±3.8 for discharged and deadpatients, respectively (cut-off point 9; P=0.001).Logistic regression analysis was performed todetermine the ability of the two scales (GCS andFOUR score) to predict the outcome. Results ofthis test showed that odds ratios for the FOURscore 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 ratioshave been related to a positive predictive value fora higher chance of a positive outcome withincreased total score values[13,16].

DiscussionThe purpose of establishing a PICU is to obtain thebest results and better outcomes for severely illchildren. One of the ways to achieve that goal is topredict the mortality risk of the patients admittedto the PICU to provide them with the best careavailable[20]. It is necessary to develop models thatpredict the mortality risk in PICU to monitor theeffectiveness of the care carried out[21]. For thispurpose, the neurological examination tools orcoma examination scales of patients are acceptedas effective scales for disease outcomeexamination[2]. To be an effective tool, a comascale must be practical for use in a wide variety ofsettings and by healthcare providers with diverseexperience[14]. In this regard, the FOUR score isdesigned to remedy the deficiencies of GCS toshow more neurological details in unconsciouspatients and predict the final result moreaccurately and easily[4,16]. Research resultsindicated that the inter-rater agreement with theFOUR score was good to excellent (weighted κ:eye, 0.72; respiration, 0.82; brainstem, 0.74;motor, 0.78). These results are consistent withthose by Wolf et al[11] and Wijdicks et al[16]. Thehigh level of agreement between nurse ratersusing the FOUR score suggests that the applicationof the FOUR score and assessment of the level ofconsciousness is easier and requires minimalfacilities, and nurses with differing levels ofexperience and expertise are more likely to
Table 3: Kappa values, Standard Error and 95% Confidence Intervals for Inter-rater agreement onthe Full Outline of Unresponsiveness score

Eye Motor Brainstem Respiration
Kappa 0.72 0.78 0.74 0.82
Standard Error 0.037 0.035 0.039 0.032
Confidence Intervals (CI) 0.67-0.77 0.73-0.84 0.69-0.80 0.77-0.87
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Table 4: Mean score of FOUR coma sub score in discharged and deceased patients
FOUR coma sub scale Number Mean P. value

Eye opening
Discharged 143 2.7 (0.97) 0.001
Deceased 57 0.73 (0.76)

Motor
Discharged 143 3.2 (0.82) 0.001
Deceased 57 1.6 (1.01)

Brainstem
Discharged 143 3.4 (0.7) 0.001
Deceased 57 1.6 (0.88)

Respiration
Discharged 143 3.1 (0.74) 0.001
Deceased 57 1.1 (0.88)

Total score
Discharged 143 12.5 (2.1) 0.001
Deceased 57 5.1 (2.8)FOUR: Full Outline of Unresponsiveness

correctly assess the patient and assign the samescore using the FOUR score.Although the GCS has been widely used inhospital settings, because of the failure inexamining the verbal responses of intubatedpatients and evaluating brainstem reflexes, theFOUR score was developed. By these advantages,the FOUR score can show patients’ real state ofconsciousness. Therefore, it is better at predictingpatients’ future state[3,14].Our results demonstrate that mortality in PICUpatients with the lowest FOUR score is higher thanin patients with the lowest GCS. The mortality ratefor patients with the lowest FOUR score of 0(100%) was higher than that for patients with thelowest GCS score of 3 (85.7%). With this finding,the FOUR score would have great value foroutcomes prediction than the GCS. These resultsare consistent with those by Cohen[14], Wijdicks etal[16], and Iyer et al[15]. In the research byBüyükcam et al in Turkey, no significant differencewas observed between these tools for predictingthe mortality of children admitted to the ICU[19].This difference is probably because of the fact thatthe participants of the research by Büyükcam et alwere only children with a medical diagnosis ofstroke, but in the present research a group ofchildren with different medical neurology andneurosurgery diagnoses were investigated.This new coma scale, unlike the GCS, does notinclude a verbal response, and thus is morevaluable in PICU that typically has a large numberof intubated patients. In our study, 24% ofpatients were intubated, and GCS was less usefulfor verbal response.Research results indicated that cut off point 8correlated with worse outcome, while the

research by Wijdicks et al[16] indicated that a cut-off point of 9 and that by Akavipat et al[2] a cut-offpoint of 10 correlated with worse outcome,. Thisdifference may be due to deterioration of thepatients’ health participating in the study.A limitation of this study was that thepopulation in this study included only patientswith neurological problems and the results of thisstudy cannot be extended to all patients admittedto PICU.
ConclusionIt is important to assess the consciousness level ofpatients admitted to PICU using an accurate, easy-to-use tool that is better at showing diseaseoutcome. With respect to the results, the FOURscore is more capable than GCS in assessingpatients’ level of consciousness and diseaseoutcome predictability.
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