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Further Validation of the FOUR Score Coma Scale by Intensive Care Nurses

CHris A. WoLF, RN; EeLco F. M. Wipicks, MD; WiLLiam R. BamLeT, MS; anp RoByN L. McCLELLAND, PHD

OBJECTIVE: The FOUR (Full Outline of UnResponsiveness) score is
a new coma scale that consists of 4 components (eye, motor,
brainstem, and respiration). The scale was recently validated, but
variability among nursing staff has been documented.

PATIENTS AND METHODS: We prospectively studied the FOUR
score in 80 patients with acute neurologic disease in an intensive
care unit (ICU) and compared it with the Glasgow Coma Scale
(GCS) using 20 experienced and inexperienced neuroscience ICU
nurses and nonneuroscience ICU nurses. Each nurse was trained
with the use of video examples and instruction cards. Each pa-
tient was rated by 2 nurses, with the order randomly assigned.

RESULTS: The rater agreement was good to excellent with the
FOUR score (weighted K: eye, 0.84; respiration, 0.92; brainstem,
0.89; and motor, 0.73) and similar to that for the GCS (weighted
K: eye, 0.85; verbal, 0.89; and motor, 0.74). Greater average
experience in years was associated with less disagreement, but
the difference was not statistically significant.

CONCLUSION: The FOUR score provides more neurologic informa-
tion than the GCS. The FOUR score can be used by any ICU nurses,
even those with minimal experience.
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Cl = confidence interval; FOUR = Full Outline of UnResponsiveness;
GCS = Glasgow Coma Scale; ICU = intensive care unit; OR = odds ratio

he FOUR (Full Outline of UnResponsiveness) sco
was recently developed and validated and is an al
native to the Glasgow Coma Scale (GCS). The FOUR

re

surgical ICUs with virtually no exposure to monitoring
acutely ill neurologic patients. Among the experienced
nurses, the median year in the neurological ICU was 4.5
years (range, 2-27 years). With the use of video examples
and instruction cards, each nurse was trained for 20 to 30
minutes and shown a patient example. Each nurse was
allowed to practice on 1 to 2 patients while being super-
vised by one of the authors (E.F.M.W.). Patients aged 18
years and older who were admitted to the neuroscience ICU
and patients seen in consultation and admitted to medical
and surgical ICUs within 24 hours of admission were in-
cluded in the study. Patients taking sedative agents that
could not be temporarily discontinued were excluded.
Twenty patients in each conscious category (alert,
drowsy, stupor, coma) were studied (total, 80 patients).
Each patient was scored by 2 nurses, with the order ran-
domly assigned. We blocked the randomization by con-
sciousness group as in our prior stddyach rater was
provided with a handout with a FOUR score (Figure 1) and
GCS description, and nurses assessed the patient within 1
hour of each other. Raters were blinded to other ratings and
were not aware of the diagnosis of the patient. Outcome
was assessed at 30 days after admission using the Rankin

r-scale to measure outcorhe.

For both the FOUR score and the GCS overall average,

score consists of 4 components—eye, motor, brainstemweightedk scores were calculated to determine the degree

and respiration-and each component has a maximal
score of 4. A low FOUR score is associated with in-
hospital mortality and disability in patients with acut
brain injury! Because only 3 intensive care unit (ICU
nurses rated patients in our prior study, we studied b
neuroscience ICU nurses’ and nonneuroscience I
nurses’ variability with a larger rater pool. We also teste
the effect of experience on rater variability using th
FOUR score and GCS.
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PATIENTS AND METHODS

n

of agreement between paiksStatistics (weighted) of 0.4

or less are considered poor. Values between 0.4 and 0.6 are
considered fair to moderate, values between 0.6 and 0.8
suggest good observer agreement, and values greater than

nth0.8 suggest excellent agreemé&fronbacha was calcu-
CUlated for each score to assess the internal consistency.

Bland and Altmahreported that, although a Cronbazch
value of 0.7 to 0.8 would be considered satisfactory when
the scale is being used as a research tool to compare
groups, a minimum of 0.9 would be needed and a value of
0.95 desirable for a clinical application. To investigate the
association between level of disagreement and the rater

All raters were ICU nurses at Saint Marys Hospital
Rochester, Minn. Ten were experienced neuroscience |
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nurses, 5 were inexperienced neuroscience ICU nurses,
5 were ICU nurses with no neuroscience training. In t
study, raters were considered experienced if they ha

minimum of 2 years of neuroscience experience. Inexperi

enced neuroscience nurses were defined as nurses witl]
months of graduation or nurses assigned in medical
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FURTHER VALIDATION OF THE FOUR SCORE BY INTENSIVE CARE NURSES
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FIGURE 1. Full Outline of UnResponsiveness (FOUR) score.
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FURTHER VALIDATION OF THE FOUR SCORE BY INTENSIVE CARE NURSES

TABLE 1. Nurse Rater Agreement With the FOUR Score and Glasgow Coma Scale as Indicated by Weighted K Values™

No. of FOUR score Glasgow Coma Scale score

Alertness group patients Eye Respiration ~ Brainstem  Motor  Total Eye Verbal Motor  Total
Overall 80 0.84 0.92 0.89 0.73 0.85 0.85 0.89 0.74 0.83
ICC 0.90 0.95 0.95 0.84 0.96 0.89 0.94 0.86 0.94
Evaluator pairs

2 Experienced 20 0.94 0.87 1.0 0.91 0.92 0.82 0.97 0.81 0.86

1 Experienced and

1 inexperienced 41 0.83 0.91 0.85 0.64 0.83 0.86 0.87 0.70 0.81
2 Inexperienced 19 0.72 0.95 0.89 0.72 0.82 0.87 0.82 0.77 0.83

*FOUR = Full Outline of UnResponsiveness; ICC = interrater correlation coefficients.

experience level, we calculated the absolute difference inpoor outcome (OR, 0.58; 95% CI, 0.41-0.82) was also
the total FOUR score between the 2 raters for each of theobserved; however, the effect did not remain significant
80 patients. We modeled this as a function of rater experi-after adjustment (OR, 0.81; 95% CI, 0.53-1.23).With the
ence (expressed as categories) alone and then adjusted f&CS total score, for every 1-point increase in total score,
age, sex, diagnosis (trauma vs nontrauma), and alertnesthere is an estimated 55% reduction in the odds of in-
group. This approach was also applied for the total GCShospital mortality (OR, 0.45; 95% CI, 0.31-0.66). This
score. relationship remained (OR, 0.56; 95% ClI, 0.34-0.93) after
adjustment. A lower odds of poor outcome (OR, 0.67; 95%
RESULTS Cl, 0.54—0.83) was alsq observed with the GCS; similarly,
the effect did not remain significant after adjustment (OR,
Our study consisted of 37 women and 43 men. The averag®.96; 95% CI, 0.67-1.38).
age was 64 years (range, 27-96 years). The diagnoses or A GCS score of 3 was assigned to 14 (18%) of the 80
procedures of the selected patients were hemorrhagigatients. All 14 patients had a poor outcome (13 with in-
stroke (n=14), subarachnoid hemorrhage (n=9), cra-hospital death). Patients with a GCS score of 3 had the
niotomy for brain tumor (n=8), encephalopathy (n=8), is- following FOUR sum scores: 0, n=5; 1, n=3; 3, n=4; and 5,
chemic stroke (n=7), subdural hematoma (n=5), seizuresi=2. The minimum FOUR score was assigned to 5 patients,
status epilepticus (n=5), vascular surgery (n=4), postanoxicall of whom died.
encephalopathy (n=3), spine surgery (n=3), trauma (n=2), The association of various factors with the average dif-
central nervous system infection (n=2), neuromuscular dis-ference in scores between 2 raters grading the same patient
ease (n=1), and miscellaneous acute neurologic disordergs shown in Table 2. Regarding experience level, rater pairs
(n=9). with at least 1 inexperienced rater had approximately half a
The rater agreement is shown in Table 1. The overall point greater discrepancy between the 2 raters on average
weightedk score was 0.85 for the FOUR score and 0.83 (0.61 with 1 inexperienced rater and 0.58 with 2 inexperi-
for the GCS. Cronbact was high for the FOUR score enced raters) compared with 2 experienced raters; how-
(0.95) and for the GCS score (0.94). Using the FOUR ever, this difference was not statistically significant. We
score, the overall weighted score for 2 experienced also modeled experience as a continuous variable (using
nursing pairs was higher (0.92) than that with the GCS the average experience of the 2 raters), and conclusions
(0.86). The weighted values remained good to excellent were similar (data not shown). That is, although greater
but declined in pairs that included an inexperienced nurseaverage experience was associated with less disagreement,
(Table 1). this difference was not statistically significant. Age, sex,
Both the FOUR score and the GCS were associated withand trauma were investigated and were not significantly
in-hospital death and poor outcome. Twenty-three patientsasseiated with average disagreement. Consciousness cat-
(29%) died, and 61 patients (76%) had a poor outcomeegory was the only variable that was significantly associ-
(modified Rankin Scale, 3-6). Considering the total FOUR ated with greater discrepancies. There was significantly
score, for every 1-point increase in total score, there is anless disagreement between the 2 raters for patients in the
estimated 38% reduction in the odds of in-hospital mortal- alert category vs patients in the other categories (drowsy,
ity (odds ratio [OR], 0.62; 95% confidence interval [CI], 0.94; stupor, 1.24; coma, 1.21). Results were similar for
0.51-0.75). This relationship remained (OR, 0.73; 95% CI, the GCS, in that rater experience, age, sex, and trauma
0.56-0.95) after adjusting for age, sex, alertness group, andvere not significantly associated with average disagree-
diagnosis (traumatic vs nontraumatic). A lower odds of ment, and there was significantly less disagreement for
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FURTHER VALIDATION OF THE FOUR SCORE BY INTENSIVE CARE NURSES

TABLE 2. Linear Regression Model for the Absolute Interrater Difference in Coma Scores*

GCS FOUR
Rater pair Coefficient (95% CI) P value Coefficient (95% CI) P value
2 Experienced Reference Reference
1 Experienced and
1 inexperienced 0.30 (-0.34 to 0.94) .36 0.61 (-0.03 to 1.25) .06
2 Inexperienced 0.09 (-0.65 to 0.83) .80 0.58 (-0.17 to 1.32) 13
Age (1y) —0.01 (-0.03 to 0.01) .22 —0.003 (-0.180 t0 0.170) .97
Men vs women —0.13 (-0.67 to 0.40) .63 0.22 (-0.32t0 0.76) 42
Trauma vs nontrauma —0.66 (-1.62 to 0.29) A7 —0.03 (-0.99 t0 0.93) .95
Group
Alert Reference . Reference e
Drowsy 1.18 (0.46 to 1.90) .001 0.94 (0.22 t0 1.67) .01
Stupor 1.05 (0.30 to 1.80) .006 1.24 (0.48 to 2.00) .001
Coma 1.38 (0.58 t0 2.18) <.001 1.21 (0.41 to 2.01) .003

*Cl = confidence interval; FOUR = Full Outline of UnResponsiveness; GCS = Glasgow Coma Scale.

patients in the alert group (drowsy, 1.18; stupor, 1.05; score and the GCS score, there is little diminishing effect of
coma, 1.38). inexperience on observer agreenfenhis could be a con-
sequence of teaching the GCS in nursing curriculum and its
frequent use in ICUs and other areas of the hospital. The
good to excellent agreement between the experienced and
A less than optimal agreement was found between theinexperienced nurses with the FOUR score, irrespective of
nursing pairs in our prior validation study of the newly years of experience, is notable. This can be explained by
devised coma scale, the FOUR sclofdthough the agree-  incorporating simple daily neurologic tests to assess levels
ment between nursing staff and residents (weigltted  of unconsciousness into the new scale.
0.75) and nursing staff and neurointensivists (weighkted
0.81) rating pairs was high, we found the most variability
within the nursing staff, with the highest variability in the
eye component of both the FOUR score (weigkte2l48) The FOUR score has major advantages. The 4 components
and the GCS score (weighted 0.50). We found this  provide important details of the neurologic examination
disagreement among nurses concerning, but the currensuch as brainstem reflexes and eye movements. It recog-
new large validation study in ICU nursing staff shows that nizes uncal herniation, a locked-in syndrome, and the be-
both experienced and inexperienced nurses are able to usginning of a vegetative state. This detail is not provided by
both scales with a high degree of agreement. Inexperiencehe GCS. In fact, 1 of the 3 components of the GCS (verbal
in monitoring neurologic patients did not significantly re- score) cannot be used in patients who have undergone
duce the interobserver agreement, and the scores remainethtubation. We believe our results suggest that the FOUR
in the good to excellent weighteadategory. Therefore, we  score could be used outside the neuroscience ICU by any
conclude that the FOUR score can be used reliably bynurses because experience in the neuroscience ICU is not a
nurses with limited experience in the neuroscience ICU strong determinant of reliability.
using a similar patient mix. In addition, the study confirms
its association with patient outcome. REFERENCES
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