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Abstract

Background Prognostication for survivors of cardiac

arrest is a frequent challenge to neurologists. Our aim was

to determine whether the FOUR (Full Outline of UnRe-

sponsiveness) score is an accurate predictor of outcome in

patients after cardiac arrest and to compare its performance

to the Glasgow Coma Scale (GCS).

Methods We prospectively identified patients surviving

cardiac arrest from June 2006 to October 2009. Neurologic

exams were grouped into two time intervals following car-

diac arrest: 1–2 days and 3–5 days. The FOUR score and the

Glasgow coma scale (GCS) were determined for each

examination. Primary outcome was in-hospital mortality.

Results Of 136 patients, 112 (82%) were examined on

days 1–2 after cardiac arrest and 87 (64%) on days 3–5.

Forty-seven patients (35%) survived to hospital discharge

and 89 (65%) died during hospitalization. No patients with

a sum FOUR score B4 at exam days 3–5 survived (false

positive rate [FPR] 0% C.I. 0.000–0.0345), whereas one

patient (2%) with sum GCS score of 3 survived to dis-

charge (FPR 2.2%, C.I. <0.0001–0.1758). At days 3–5

after arrest, 41 of 45 (91%) patients with a sum FOUR

score >8 survived (P < 0.0001), while 39 of 45 (87%)

with a sum GCS > 6 survived (P < 0.0001). A 2-point

improvement in FOUR score, but not GCS, in serial exams

was associated with survival. Sensitivities, specificities,

positive, and negative predictive values were comparable

between both scales.

Conclusion The FOUR score, a simple clinical tool, is an

accurate predictor of outcome in patients surviving cardiac

arrest.
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Introduction

Following resuscitation after cardiac arrest, an accurate

prognostic opinion regarding survival and functional out-

come is needed. This can present a major challenge because

of the broad range of possible outcomes, from death to

independent functional recovery. Although advances in

brain imaging, biochemical markers, and electrophysiologic

studies have aided in accurate prognostication [1–5], the

clinical neurologic examination remains the foundation of

the assessment. Certain signs, such as absent pupillary or

corneal reflexes at day 3 after cardiac arrest, motor response

no better than extensor at day 3, as well as the presence of

myoclonus status epilepticus, are known predictors of poor

outcome [6–11].

The Glasgow Coma Scale (GCS) has been used to

predict outcome following cardiac arrest [12, 13]. While

the GCS remains widely used in clinical evaluation, a more

informative scale, the Full Outline of UnResponsiveness

(FOUR) score, was recently developed to provide a more

comprehensive assessment. The FOUR score includes

additional information not assessed by the GCS including
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brainstem reflexes, visual tracking, breathing patterns, and

respiratory drive [14] (Fig. 1). It is also more practical for

evaluating critically ill intubated patients, as it does not

depend on an evaluation of the verbal response. It has

already been validated in various populations of comatose

patients [15–17].

The aim of our study was to determine whether the

FOUR score accurately predicts outcome in comatose

patients after cardiac arrest and to compare its performance

to the GCS in this setting.

Methods

We prospectively identified patients who survived cardiac

arrest for whom a neurologic consultation was requested at

our institution from June 2006 to October 2009. Detailed

neurologic examinations were performed and recorded

exclusively by consultant neurointensivists. Exams were

performed at two intervals, 1–2 days and 3–5 days after

cardiac arrest. When information was available from several

examinations during these two periods, the earlier exam was

used for analysis. When feasible, patients were examined in

the absence of effects of sedative medications. At our

institution, patients with out-of-hospital ventricular fibril-

lation arrests are candidates for therapeutic hypothermia.

Patients who were treated with therapeutic hypothermia

were examined after rewarming. The Full Outline of

UnResponsiveness (FOUR) score and the Glasgow coma

scale (GCS) were determined upon each examination. Sur-

vival and neurologic outcome according to the Cerebral

Performance Categories (CPC) scale were assessed at hos-

pital discharge [18]. The CPC scale is a measure of outcome

defined by the following: 1—good cerebral performance

(conscious, alert, able to work, may have mild deficit),

2—moderate cerebral disability (disabled but independent),

3—severe cerebral disability (conscious but disabled and

dependent), 4—coma or vegetative state, and 5—death. The

study protocol was approved by the Mayo Clinic Institu-

tional Review Board. A more detailed analysis including

extensive neurologic examination findings, neuroimaging,

serum neuron-specific enolase measurements, and results of

electrophysiologic studies will be presented in a larger

analysis.

Statistical Analysis

Data are presented using calculations for sensitivity, speci-

ficity, positive and negative predictive values, and false-

positive rate (FPR, i.e., 1—specificity). Confidence intervals

(95%) were determined using the modified Wald method,

except when the frequency of the event was zero. In that

circumstance, the upper limit of the confidence interval was

determined using Hanley’s formula (3/n). Statistical com-

parison was performed using two-tailed Fisher’s exact test

or Chi-square test. A P value < 0.05 was considered sta-

tistically significant.

Fig. 1 Full Outline of UnResponsiveness (FOUR) score. Eye
response: E4 eyelids open or opened, tracking, or blinking to

command; E3 eyelids open but not tracking; E2 eyelids closed but

open to loud voice; E1 eyelids closed but open to pain; and E0 eyelids

remain closed with pain. Motor response: M4 thumbs-up, fist, or

peace sign; M3 localizing to pain; M2 flexion response to pain; M1
extension response to pain; and M0 no response to pain or generalized

myoclonus status. Brainstem reflexes: B4 pupil and corneal reflexes

present; B3 one pupil wide and fixed; B2 pupil or corneal reflexes

absent; B1 pupil and corneal reflexes absent; and B0 absent pupil,

corneal, and cough reflex. Respiration pattern: R4 not intubated,

regular breathing pattern; R3 not intubated, Cheyne-Stokes breathing

pattern; R2 not intubated, irregular breathing; R1 breathes above

ventilatory rate; and R0 breathes at ventilator rate or apnea
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Results

A total of 136 patients were identified. Mean age was

62 years (range 21–87, standard deviation 15). Baseline

characteristics are summarized in Table 1. Fifty-one

patients (38%) were treated with therapeutic hypothermia.

Forty-seven patients (35%) survived to hospital discharge

(26 of whom were treated with hypothermia) and 89 (65%)

died during hospitalization. All survivors were conscious at

hospital discharge and 75% of survivors achieved at least

moderate functional outcome, as measured by discharge

CPC B2. Seventeen patients (36% of survivors and 13% of

total population) had a discharge CPC of 2, and 12 (26% of

survivors, 9% of total) had discharge CPC of 3. No patients

had a CPC of 4 at discharge. Median duration of hospital

stay for survivors was 15 days. Of those who did not sur-

vive to discharge, median day of death was 4.

One-hundred and twelve patients (82%) were examined

within 1–2 days after cardiac arrest. Of these, 36 (32%)

had a sum FOUR score B4 and only one (0.9%), with a

sum score of 4, survived to discharge. With the exception

of three patients who had second cardiac arrests, all of the

remaining 30 patients with a sum FOUR score >8 sur-

vived to discharge. Similarly, all but three patients (two

with repeat cardiac arrest) with a sum GCS score >6

(24 of 27) survived to discharge. However, four of the 55

(7%) patients with a sum GCS score of 3, the lowest score

possible, also survived to discharge.

Eighty-seven patients (64%) were examined in the

interval of 3–5 days following cardiac arrest. The great

majority of these (n = 70, 80%) were examined on day 3,

while 14 were examined on day 4, and 3 were examined on

day 5. The FOUR score and GCS distributions at exam day 3

are provided in Fig. 2. Of 20 patients with a sum FOUR

score B4, none (0%) survived to discharge, yielding a

specificity of 100% and FPR of 0% (C.I. 0.000–0.0345).

In contrast, there was one patient (2%) with a sum GCS

score of 3 who survived to discharge (FPR 2.2%, C.I.

<0.0001–0.1758). This patient had a sum FOUR score of 5

(E0, M0, B4, and R1) and by discharge the only deficit

present was reduced visual acuity. She was otherwise

awake, alert, ambulating independently and was without

Table 1 Baseline characteristics of study population

Characteristics Values

Age, y, mean 62

Gender, n (%)

Male 89 (65)

Female 47 (35)

Resuscitation Location, n (%)

Out of hospital 93 (68)

In-hospital 43 (32)

Resuscitation cause, n (%)

Myocardial infarction 34 (25)

Cardiomyopathy 15 (11)

Respiratory failure 28 (21)

Pulmonary embolism 6 (4)

Other 25 (18)

Unknown 28 (21)

Initial rhythm, n (%)

Ventricular fibrillation 59 (43)

Asystole 22 (16)

PEA 47 (35)

Unknown 8 (6)

Total n = 136

y years, PEA pulseless electrical activity
Fig. 2 Patient distribution among two coma scales (A—FOUR score,

B—GCS) for comatose patients at days 3–5 after cardiac arrest
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significant cognitive deficit. Patients with a sum GCS score

of 3 exhibited a wide range of FOUR scores (0–7).

Of 42 patients who died during hospitalization after

being examined in days 3–5, 38 (91%) had a sum FOUR

score B8 and a sum GCS score B6. Forty-one of 45

patients (91%) with a sum FOUR score >8 survived

(P < 0.0001). The majority of these patients (n = 29,

71%) had scores C13. Of the 45 who survived to dis-

charge, 39 (87%) had a sum GCS >6 (P < 0.0001).

Using these cutoffs of eight for FOUR score and six for

GCS, specificities are similar (91% vs. 87%, respectively)

while the sensitivities are equivalent at 91%. The FOUR

score and GCS performed identically in our population

when using higher cutoffs of 10 and 8, with both producing

92% sensitivity and 80% specificity. Table 2 presents

additional data on sensitivity, specificity, and predictive

values.

Sixty-two patients were examined at both time intervals.

Of these, 22 (35%) had improvement in their coma scale

ratings. An increase in 2 points from the first examination

to the second was significantly associated with survival

when graded by the FOUR score, but not the GCS. There

were 29 patients with a FOUR score delta C2, 19 of whom

survived (P = 0.041). There were 23 patients with a GCS

delta C2, 15 of whom survived (P = 0.114). The coma

scales were divided into three categories based on the

results of our sensitivities and specificities for cutoffs of

three and eight for the FOUR score and three and six for

the GCS. The shift in patient distribution in coma scale

grade from first to second examination for these patients is

shown in Fig. 3.

Discussion

The results of this study show that in patients surviving

cardiac arrest, the FOUR score is an accurate predictor of

outcome. The vast majority of patients with a FOUR

score >8 at days 3–5 after cardiac arrest survive to

hospital discharge. We also found that no patients with a

FOUR score B4 at days 3–5 after cardiac arrest survived,

while in contrast, a GCS of 3 was not invariably associated

with death. Improvement in coma scale by 2 points in serial

examinations was associated with survival with the FOUR

score but not the GCS. The overall performance of the two

coma scales was similar.

Previous studies have evaluated the GCS as a predictor

for neurologic outcome after cardiac arrest [12, 19].

Though various cutoffs and time periods were used, results

of these studies indicated that the GCS was a reasonable

predictor of outcome but lacked specificity. Results of a

recent study showed that at day 3 after cardiac arrest, a

GCS >6 had a specificity of 87% and sensitivity of 73%

Table 2 Coma scale analysis

Specificity Sensitivity PPV NPV

FOUR score B4 100 47.6 100 67.2

GCS = 3 97.8 71.4 96.8 78.6

FOUR score B8 91.1 90.5 90.5 91.1

GCS B6 86.7 90.5 86.4 90.7

FOUR score B10 80.0 92.9 81.3 92.3

GCS B8 80.0 92.9 81.3 92.3

Analysis for the coma scale done on examination at day 3 after car-

diac arrest

PPV positive predictive value, NPV negative predictive value

Fig. 3 Shift in distribution in two coma scales (A—FOUR score,

B—GCS) between two consecutive neurologic examinations in 62

patients. The first exam was performed on days 1–2 and the second on

days 3–5 following cardiac arrest
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for predicting good outcome [13]. Though our end point

was different and we included patients not treated with

hypothermia, we found a comparable specificity (86%) but

a higher sensitivity (90%) for a GCS cut off of six at

examination day 3 after cardiac arrest.

On serial examination, about 35% of patients improved

in coma scale rating, with the majority of these patients

moving from moderate into higher ranges of the two scales,

while almost all patients with low scores remained low.

However, there was remarkable improvement seen in some

patients with low scores (for example, one patient with a

FOUR score of 4 and GCS of 3 moving to scores of 13 and

15, respectively). Furthermore, an improvement by 2 points

in the sum FOUR score on serial examinations was sig-

nificantly associated with good outcome. This illustrates

the value of serial neurologic examinations when estimat-

ing prognosis.

This study is limited by non uniformity of examination

times, potential confounder effects of residual effects of

sedative medications, and relatively small study population.

In addition, only two-thirds of our population had docu-

mented examinations during the 3–5 day interval which was

used for analysis. This is in part because some patients who

recovered substantially within 1-2 days did not require

repeat examination for prognostication purposes, but also

reflects patients in whom support was withdrawn prior to

day 3 after cardiac arrest. As it is probably the case in the

majority, if not all, previous studies on prognostication in

cardiac arrest, mortality in this series was most often pre-

ceded by withdrawal of life support measures. Therefore, it

is conceivable that the high predictive value of the coma

scores could have been favored by an increased rate of

withdrawal of life support in deeply comatose patients with

estimated poor prognosis leading to a self-fulfilling proph-

ecy. It is important to note that prognostication in this setting

should not be done on the basis of a single clinical assess-

ment or a single test. In this study population, several

ancillary tests were done during the course of evaluation

including serum NSE (69%), head computed tomography

scan (72%), somatosensory evoked potentials (36%), and

electroencephalogram (34%). We are currently performing

a more detailed analysis of this population including more

detailed neurologic examination findings, neuroimaging

data, serum neuron-specific enolase (NSE) measurements,

results of electrophysiologic studies, and main reasons for

withdrawal of life support. These will be presented in sep-

arate studies and are beyond the scope of this manuscript.

In summary, we found that the FOUR score is an

accurate predictor of outcome in survivors of cardiac arrest.

It performs at least as well as the GCS in this population.

This simple clinical tool should be incorporated along with

biomarker and electrophysiologic data to prognosticate in

cardiac arrest survivors.
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