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Abstract

Background Existing scoring systems for aneurysmal
subarachnoid hemorrhage (SAH) patients fail to accurately
predict patient outcome. Our goal was to prospectively
study the Full Outline of UnResponsiveness (FOUR) score
as applied to newly admitted aneurysmal SAH patients.
Methods All adult patients presenting to Health Sciences
Center in Winnipeg from January 2013 to July 2015
(2.5 year period) with aneurysmal SAH were prospectively
enrolled in this study. All patients were followed up to
6 months. FOUR score was calculated upon admission,
with repeat calculation at 7 and 14 days. The primary
outcomes were: mortality, as well as dichotomized 1- and
6-month Glasgow Outcome Scale (GOS) and modified
Rankin Scale (mRS) values.
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Results  Sixty-four patients were included, with a mean
age of 54.2 years (range 26-85 years). The mean FOUR
score upon admission pre- and post-external ventricular
drain (EVD) was 10.3 (range 0-16) and 11.1 (range 3-16),
respectively. There was a statistically significant associa-
tion between pre-EVD FOUR score (total, eye, respiratory
and motor sub-scores) with mortality, 1-month GOS, and
6-month GOS/mRS (p < 0.05 in all). The day 7 total, eye,
respiratory, and motor FOUR scores were associated with
mortality, 1-month GOS/mRS, and 6-month GOS/mRS
(p < 0.05 in all). The day 14 total, eye, respiratory, and
motor FOUR scores were associated with 6-month GOS
(p < 0.05 in all). The day 7 cumulative FOUR score was
associated with the development of clinical vasospasm
(p < 0.05).

Conclusions The FOUR score at admission and day 7 post-
SAH is associated with mortality, 1-month GOS/mRS, and
6-month GOS/mRS. The FOUR score at day 14 post-SAH
is associated with 6-month GOS. The brainstem sub-score
was not associated with 1- or 6-month primary outcomes.
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Introduction

Outcome prediction in aneurysmal subarachnoid hemorrhage
(SAH) has been attempted utilizing a variety of scoring sys-
tems. One-month mortality rate for aneurysmal SAH is around
40%, with the 6-month rates approaching 50-60%. The
intention through past attempts was to reliably predict, by way
of clinical status and neuroimaging, the risk of developing the
serious complications and adverse outcomes associated with
SAH. Complications such as vasospasm, shunt-dependent
hydrocephalus, subendocardial ischemia, and neurogenic
pulmonary edema are of primary interest. In addition, length
of intensive care unit (ICU) stay, ventilator dependency, tra-
cheostomy and gastrostomy status, discharge rates, and 1- and
6-month outcome prediction are desired.

Commonly used clinical assessment scores include the
World Federation of Neurological Surgeons (WFNS) [1],
based on Glasgow Coma Scale (GCS), and the classical
Hunt and Hess (H 4+ H) [2] score based on general level of
consciousness and the presence of focal deficits. These
scores have demonstrated some usefulness in predicting the
risk of post-aneurysmal SAH vasospasm rates and out-
come. However, reliability has been drawn into question
[3], and prediction value has fallen short of what is desired.

Furthermore, these current clinical assessment scores
fail to reliably differentiate outcome among those patients
with severe deficits. In particular, those patients that are
intubated are notoriously difficult to assess on presentation
to tertiary care neurosurgical services due to difficulties
with communication and the pitfalls in the GCS score when
endotracheal tubes are in place. One of the most important
clinical factors in this category of patients is brainstem
reflexes on neurological examination, which is documented
but not included objectively in those scores currently used
for aneurysmal SAH.

The Full Outline of UnResponsiveness (FOUR) score [4]
has been validated in recent literature as equivalent to GCS in
outcome prediction of post-traumatic brain injury [5]. In
addition, recent analysis within the critical care literature has
demonstrated good inter-rater agreement across multiple
institutions [6]. More recently, a study comparing the FOUR
score and GCS displayed superiority of the FOUR score to
predict in-hospital mortality in severe traumatic brain injury
(TBI) patients [7, 8]. The benefit that the FOUR score has over
preexisting systems is the inclusion of specific categories for
eyelid movement, motor examination, brainstem reflexes, and
respiratory pattern.

@ Springer

Thus, the FOUR score does provide a structured
objective scoring for aspects of brainstem function that can
be assessed in all patients, especially those unable to
verbally communicate. In addition to recent validation in
the TBI population, the FOUR score has been shown to
predict poor outcome and in-hospital mortality in general
neurosurgical patients [8] and predict outcome in ICU
settings [9]. Based on this, one could expect that this
scoring system when applied to aneurysmal SAH will
provide predictive value for post-SAH 1- and 6-month
mortality rates, in addition to complications and patient
functional outcomes. To date, there have been no studies
assessing the use of the FOUR score in outcome prediction
in a purely aneurysmal SAH population. Chen et al. has
described the application of the FOUR score for SAH
patients previously; however, this was conducted as the
assessment of the FOUR score in an amalgamated,
heterogeneous, neurosurgical population [10].

Our objective was to prospectively study the use of the
FOUR score as applied to newly admitted aneurysmal SAH
patients and determine its predictive value for a primary
outcome of post-SAH 1- and 6-month mortality and mor-
bidity. In addition, the FOUR score’s ability to predict
post-SAH complications will be assessed in secondary
analysis. To the author’s knowledge, this is the only such
study in the literature to date.

Methods
Study Design

This study was a prospective observational study with
patient recruitment over a 2.5-year period from January
2013 to July 2015. Local institutional research ethics board
(REB) approval was obtained prior to initiation of this
study. Any need for individual patient consent was waived
by the REB panel.

Patient Population

All patients presenting to Health Sciences Center in
Winnipeg during the above time period were included in
this study. Any patient suffering complications related to
the aneurysm treatment modality (i.e., clipping versus
coiling) were removed from the study, so as to avoid
confounding of outcome analysis secondary to surgical
complications. However, during the above recruitment
period there were no such treatment complications suffered
by the study population. Thus, no patients were removed
from the study or final analysis.
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Primary Study Outcome

One- and 6-month mortality and functional outcomes as
assessed by the modified Rankin Score (mRS) and Glas-
gow Outcome Scale (GOS).

The mRS system employed ranged from 0 to 6, with 0
representing complete recovery back to baseline, 1
representing no significant disability despite mild symptoms,
2 representing mild disability, 3 representing moderate dis-
ability requiring some assistance, 4 representing moderate-
severe disability requiring significant assistance ambulating
and with activities of daily living, 5 representing severe dis-
ability leaving the individual bed bound and completely
dependent, and 6 representing death. For the purpose of
analysis, we dichotomized the mRS scores into: Good Out-
come = 0, 1, 2, or 3; and Poor Outcome = 4, 5, or 6.

The GOS system employed ranged from 1 to 5, with 5
representing complete recovery back to baseline, 4 repre-
senting mild deficits, 3 representing moderate deficits, 2
representing severe deficits, and 1 representing death. For the
purpose of analysis, we dichotomized the GOS scores into:
Good Outcome = 4 or 5 and Poor Outcome = 3 or less.

These specific dichotomizations were selected given that
they have been readily described in the literature in various
neurological outcome studies, including FOUR score in
TBI [10, 11].

Secondary Study Outcomes

Vasospasm rate (radiographic and clinical), shunt-dependent
hydrocephalus, subendocardial ischemia, neurogenic pul-
monary edema, length of ICU stay, duration of mechanical
ventilation, tracheostomy status, gastrostomy status, length
of hospital stay, survival to discharge, and rehabilitation
candidacy were recorded.

FOUR Score Calculation

Admission FOUR score was calculated by the assessing
physician assistant, resident or attending from the neuro-
surgery service within 48 h of aneurysmal SAH onset. Only 3
individuals were responsible for the acquisition of the FOUR
score. If delayed presentation to hospital occurred, the FOUR
score was then calculated upon admission. Repeat calculation
occurred at 7 and 14 days post-hemorrhage.

The reason behind the long recruitment window of 48 h
is secondary to the geographic limitations of the region
which our neurosurgical center covers. We cover a vast
territory within Canada, and transport times lead to delayed
presentations to the only neurosurgical service within the
city of Winnipeg. Thus, setting a 48-h window allowed us
to capture as many people within a “reasonable”
timetable for patient transport to our location.

The FOUR score is graded as follows: The eye response
(E) is graded as: 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 EO = eyelids remain closed to
pain. The motor response (M) is graded as: M4 = thumbs-up,
fist or peace sign, M3 = localizing to pain, M2 = flexion
response to pain, M1 = extension to pain, and MO = no
response to pain. The brainstem reflexes (B) are graded as:
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 BO = pupil,
corneal and cough reflex absent. Finally, the respiration pat-
tern (R) is graded as: R4 = not intubated, regular breathing
pattern, R3 = not intubated, Cheyne—Stokes breathing,
R2 = nointubated, irregular breathing, R1 = breathes above
ventilator rate, and RO = breathes at ventilator rate or apnea.

Data Acquisition

All data were collected prospectively during their hospital
stay, with a focus on: vasospasm rate, shunt-dependent
hydrocephalus, subendocardial ischemia, neurogenic pul-
monary edema, length of ICU stay, duration of mechanical
ventilation, tracheostomy status, gastrostomy status, length
of hospital stay, survival to discharge, rehabilitation can-
didacy, mortality rate at 1 and 6 months, and 6-month GOS
and mRS.

Clinical vasospasm was determined by a change in
neurological examination which coincided with computed
tomography (CT) angiographic or formal catheter angio-
graphic presence of cerebral vasospasm. The diagnosis of
subendocardial ischemia was made via serum troponin
elevations seen persistently for 72 h post-SAH, with evi-
dence of some degree of dysfunction on bedside
echocardiography. The diagnosis of neurogenic pulmonary
edema was made via clinical examination with radio-
graphic evidence of bilateral patchy infiltrates in the
absence of cardiac, renal, and hepatologic dysfunction.

All data were recorded on a standard form (Appendix A
of supplementary materials) included in the patients
chart during their hospital stay, with a copy sent to their
outpatient neurosurgery chart upon discharge to ensure
transcription of follow-up data onto their data sheet.
Functional assessments were conducted in clinic by
physician assistant at the 1- and 6-month intervals.

Statistical Analysis
All statistical analysis was conducted via: SPSS statistical
software (IBM Corp. Released 2013, IBM SPSS Statistics

for Windows, version 22.0, Armonk, NY: IBM Corp.),
XLSTAT (Addinsoft, New York, USA https://www.xlstat.
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com/en/) add-on package to Microsoft Excel (Microsoft
Office 15, version 16.0.7369.1323) and R statistical soft-
ware ((R Core Team (2016). R: A language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https://www.
R-project.org/).

For all analysis, alpha was set at 0.05. Comparison of
demographic factors between various subgroups of patients
(i.e., “good” vs. “poor” outcome, and “alive” vs. “dead”)
was conducted using: two tailed ¢ test, Mann-Whitney
U test, and Chi-squared analysis depending on the para-
metric/nonparametric nature of continuous variables and
the presence of categorical variables, respectively.

Cumulative FOUR score and FOUR sub-scores were
compared with mortality, 1-month GOS/mRS, and 6-month
GOS/mRS. The FOUR score values upon admission, day 7
and day 14 post-SAH were assessed with relation to the
primary outcomes. The pre-external ventricular drain
(EVD) FOUR score was utilized for the admission FOUR
score values, since 26 patients did not receive an EVD
upon admission, and those whom did receive an EVD had
no significant difference in pre- versus post-EVD FOUR
score values.

Analysis of the relation between FOUR score and the
primary outcome of interest (i.e., patient outcome as per
GOS/mRS) was conducted utilizing the dichotomized
outcome scores (dichotomization described above). We
employed a binary logistic regression analysis, in order to
determine the association between sequential increases in
FOUR score values (both total and sub-scores) and patient
outcomes. All analysis between FOUR score (cumulative
and sub-score values) and patient outcomes (dichotomized
GOS/mRS) were done controlling for age.

Post-SAH complications and other secondary outcome
measures were assessed in a secondary analysis to prove
predictive value in these areas. This was conducted via
univariate logistic regression, followed by a multivariate
logistic regression for those variables which reached sig-
nificance via univariate analysis. Receiver operating curves
were generated for each admission scoring system (GCS,
WENS, H + H, Fisher CT, and FOUR) in prediction of
1-month mortality, 6-month mortality, 1-month dichot-
omized GOS, and dichotomized 6-month GOS.

Results
General
There were 64 patients included in the study with a mean
age of 54.2 years (range 26-85 years). There were 49

females and 15 males. The mean time from bleed until
neurosurgery assessment was 35.6 h (range 2-264 h). The
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mean admission GCS, WENS grade, and H + H grade
were 12 (range 3—15), 2.5 (range 1-5), and 2.4 (range 1-5),
respectively. The mean Fischer CT grade was 3.4. Forty-
one patients (64.1%) underwent microsurgical clipping of
their aneurysm, with the remaining undergoing endovas-
cular coiling.

The mean FOUR score upon admission pre- and post-
EVD (if needed) was 10.3 (range 0-16) and 11.1 (range
3-16), respectively. Twenty-six patients did not receive an
EVD. The remaining 38 whom received an EVD had no
substantial difference in their FOUR score total, or sub-
scores, comparing pre- to post-EVD. Hence, for the pur-
pose of the statistical analysis, the pre-EVD score was
utilized. The mean post-bleed day 7 and 14 FOUR scores
were 14.5 (range 4-16) and 15.4 (range 6-16), respec-
tively. No patients were lost to follow up.

A summary of the patient demographics is given in
Table 1. Table 2 displays demographic comparison
between patients with “good” versus “poor” dichotomized
GOS at 1 and 6 months, and “alive” versus “dead” status
at both 1 and 6 months (p values <0.05 were considered
significant). Of note, there was no difference in age, sex or
mean time to presentation to hospital between those with
“good” versus “poor” outcome, and those with “alive”
versus “dead’ status at both 1 and 6 months post-bleed.
Details surrounding the aneurysm characteristics are shown
in Appendix B of supplementary materials.

Primary Outcome

Overall 10 patients (15.6%) died in hospital. The mean GOS
and mRS values at 1 month were 3.8 (range 1-5) and 2.6
(range 0-6), respectively. The mean GOS and mRS at
6 months were 4.0 (range 1-5) and 2.0 (range 0-6), respec-
tively. Bar diagrams depicting 1- and 6-month GOS and mRS
outcomes for the patients in this study are shown in Appendix
C of supplementary materials. Upon comparing the aneurysm
treatment modality (i.e., clip versus coiling) with patient
outcomes, there was no statistically significant difference in:
1-month mortality (p = 0.205), 6-month mortality
(p = 0.115), 1-month dichotomized GOS (p = 0.655),
1-month dichotomized mRS (p = 0.935), 6-month dichot-
omized GOS (p = 0.118), and 6-month dichotomized mRS
(p = 0.650) between treatment modalities.

There was a statistically significant correlation between
admission GCS with mortality and 1- and 6-month mRS
and GOS values (p < 0.05 in all). There was a statically
significant correlation between the admission H + H grade
with mortality and 1- and 6-month mRS and GOS values
(p < 0.05 in all). There was a statistically significant
correlation between the admission WFNS score with
mortality and 1- and 6-month mRS and GOS values
(»p < 0.05 in all). The admission Fisher CT score was not
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Table 1 Patient demographics and admission characteristics

Number of patients

64

Mean age (years)

Mean time to assessment (h)

Mean admission GCS

Number of patients with EVD placement upon admission
Mean admission fisher CT score

Mean admission H + H grade

Mean admission WENS grade

Mean admission FOUR score in patients without EVD
Mean admission FOUR score in patients with EVD

Number of patients alive at 7 days

Mean FOUR score for survivors at 7 days
Number of patients alive at 14 days

Mean FOUR score for survivors at 14 days

Surgical treatment

54.2 (range 26-85)
356 h

11.7 (range 3-15)
38

3.4 (range 1-4)
2.4 (range 1-5)
2.5 (range 1-5)
15.9 (range 14-16)

Before EVD 10.3 (range 0-16)
After EVD 11.1 (range 3-16)
59
14.5 (range 4-16)
55
15.4 (range 6-16)
Clipped (%) 20 (31.3%)
Coiled (%) 41 (64.1%)
Death before surgery (%) 3 (4.7%)

CT computed tomography, EVD external ventricular drain, FOUR Full Outline of Unresponsiveness, GCS Glasgow Coma Scale, H + H Hunt

and Hess, % percent, WFNS World Federation of Neurological Surgeons

associated with mortality and 1- and 6-month mRS/GOS
values.

There was a statistically significant association between
pre-EVD FOUR score (total and E/R/M sub-scores) with
mortality and 1-month GOS/mRS and 6-month GOS/mRS
(p < 0.05 in all). The pre-EVD brainstem sub-score was
only associated with overall mortality (p = 0.036), but not
with 1- or 6-month GOS/mRS.

The day 7 FOUR score (total and E/R sub-scores) was
associated with mortality, 1-month GOS and 6-month
GOS/mRS (p < 0.05 in all). The brainstem sub-score at
day 7 was not associated with any primary outcome. The
motor sub-score at day 7 was only associated with overall
mortality (p < 0.001) and 6-month GOS (p = 0.015).
There was no statistically significant difference in day 7
FOUR score for those undergoing surgical clipping or
endovascular coiling (p = 0.587).

The day 14 FOUR score was rarely found to be associated
with any of the primary outcome measures. The total, eye,
respiratory, and motor day 14 scores were only associated
with 6-month GOS (p < 0.05 in all). The day 14 motor
score was associated with overall mortality (»p < 0.001).
Table 3 displays the admission pre-EVD, day 7 and day 14
FOUR score categories and their association with mortality,
I-month GOS/mRS and 6-month GOS/mRS. There was no
statistically significant difference in day 14 FOUR score for
those undergoing surgical clipping or endovascular coiling
(p = 0.474).

We also determined the ROCs for primary outcome
prediction across all admission scoring systems (GCS,
Fisher CT, WENS, H + H, and FOUR), allowing com-
parison between the scoring systems. Table 4 displays a
tabulated version of all area under the curve (AUC) for the
ROCs of all scoring systems in the prediction of 1-month
mortality, 6-month mortality, 1-month dichotomized GOS,
and 6-month dichotomized GOS. Of note, admission
FOUR score displays superior AUC in the prediction of
1-month (AUC = 0.762, p = 0.009) and 6-month mor-
tality (AUC = 0.823, p = 0.004), when compared to all
other scoring systems. Furthermore, the admission FOUR
score displayed co-superiority in the prediction of 1-month
(AUC = 0.810, p < 0.001) and 6-month (AUC = 0.832,
p = 0.001) GOS with the admission H + H score
(AUC = 0.831, p < 0.0001; AUC = 0.842, p < 0.001,
respectively). Figure 1 displays all ROCs for the prediction
of 6-month mortality. The ROCs for 1-month mortality,
I-month dichotomized GOS and 6-month dichotomized
GOS are found in Appendix D of supplementary materials.

Secondary Outcomes

The mean ventilator-dependent days, length of ICU stay, and
hospital stay were 3.6 days (range 0-24 days), 5.8 days
(range 040 days),and 30.7 days (range 3—290), respectively.

Clinical and radiographic vasospasm occurred in 29.7
and 62.5% of patients, respectively. Subendocardial
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Table 3 FOUR score association with mortality, 1- and 6-month GOS/mRS—binary logistic regression analysis
Mortality 1-month GOS I-month mRS 6-month GOS 6-month mRS
)4 Exp; 95% CI )4 Exp; 95% CI  p Exp; 95% CI  p Exp; 95% CI  p Exp; 95% CI
Admission FOUR before EVD
T 0.003 Exp 0.764; <0.001 Exp 0.703; <0.001 Exp 0.609; <0.001 Exp 0.772; <0.001 Exp 0.757;
0.640-0.911 0.593-0.833 0.469-0.790 0.668-0.893 0.652-0.879
E 0.011 Exp 0.467; <0.001 Exp 0.439; <0.001 Exp 0.386; 0.001 Exp 0.517; <0.001 Exp 0.491;
0.259-0.841 0.292-0.661 0.247-0.602 0.344-0.776 0.337-0.714
B 0.036 Exp 0.243; 0.085 Exp 0.152; 0.998 Exp 0.0; 0 0.068 Exp 0.369; 0.127 Exp 0.374;
0.065-0.914 0.018-1.297 0.127-1.075 0.106-1.321
R 0.015 Exp 0.551; <0.001 Exp 0.425; <0.001 Exp 0.347; <0.001 Exp 0.502; 0.002 Exp 0.565;
0.342 - 0.890 0.283-0.639 0.193-0.624 0.342-0.737 0.397-0.806
M 0.004 Exp 0.440; 0.001 Exp 0.273; <0.001 Exp 0.055; 0.002 Exp 0.463; 0.001 Exp 0.266;
0.252-0.770 0.130-0.573 0.011-0.280 0.281-0.762 0.121-0.583
Day 7 FOUR score
T <0.001 Exp 0.637; 0.003 Exp 0.504; 0.992 Exp 0.0; 0 <0.001 Exp 0.628; - 0.009 Exp 0.469;
0.499-0.812 0.322-0.790 484-0.615 0.265-0.830
E <0.001 Exp 0.287; 0.002 Exp 0.109; 0.996 Exp 0.0; 0 <0.001 Exp 0.273; 0.003 Exp 0.160;
0.153-0.537 0.027-0.442 0.144-0.518 0.047-0.541
B 0.998 Exp 0.0; 0 0.998 Exp 0.0; 0 0.998 Exp 0.0; 0 0.998 Exp 0.0; 0 0.998 Exp 0.0; 0
R 0.001 Exp 0.243; <0.001 Exp 0.328; 0.998 Exp 0.0; 0 <0.001 Exp 0.346; <0.001 Exp 0.285;
0.106-0.557 0.192-0.562 0.214-0.560 0.143-0.570
M <0.001 Exp 0.244; 0.997 Exp 0.0; 0 0.997 Exp 0.0; 0 0.015 Exp 0.127; 0.997 Exp 0.0; 0
0.121-0.491 0.024-0.666
Day 14 FOUR score
T 0.061 Exp 0.462; 0911 Exp 0.0; 0 0.992 Exp 0.0; 0 0.002 Exp 0.608; 0.165 Exp 0.199;
0.206-1.038 0.441-0.838 0.020-1.947
E 0911 Exp 0.0; 0 0.997 Exp 0.0; 0 0.997 Exp 0.0; 0 0.002 Exp 0.145; 0.997 Exp 0,0; 0
0.043-0.489
B 0.966 Exp 0.0; 0 0.996 Exp 0.0; 0 0.997 Exp 0.0; 0 0.997 Exp 0.0; 0 0.997 Exp 0.0; 0
R 0.933 Exp 0.0; 0 0.998 Exp 0.0; 0 0.998 Exp 0.0; 0 <0.001 Exp 0.294; 0.998 Exp 0.0; 0
0.168-0.514
M <0.001 Exp 0.186; 0.997 Exp 0.0; 0 0.997 Exp 0.0; 0 0.005 Exp 0.192; 0.052 Exp 0.122;
0.079-0.438 0.061-0.608 0.015-1.020

Bold values indicate statistical significance (p < 0.05)

B brainstem, CI confidence interval, E eyes, EVD external ventricular drain, Exp exponent (i.e., for every 1 point increase in the FOUR score,
there is an ‘*x’’ times increase in positive outcome), FOUR Focused Outline of UnResponsiveness, GOS Glasgow Outcome Scale, M motor,
mRS modified Rankin Scale, p p value, R respiratory, T total. GOS and mRS scores are dichotomized into Good and Poor outcomes; GOS

(Good = 4 or 5; Poor = 3 or less); mRS (Good = 0, 1, 2, or 3; Poor = 4, 5, or 6)

ischemia and neurogenic pulmonary edema occurred in 9.4
and 20.3%, respectively. Tracheostomy and gastrostomy
were required in 4.7 and 9.4%, respectively.

Only 48.4% of patients were able to be discharged to
home directly from hospital. The remaining patients either
spent a period of time in rehabilitation or were sent directly
to long-term care facilities.

Through multivariate analysis, the following signifi-
cant associations were discovered. There was a
statistically significant correlation between the presence
of subendocardial ischemia with mortality and 1- and
6-month GOS values (p < 0.05). In addition, the
development of clinical vasospasm was statistically

significantly correlated with 1- and 6-month GOS val-
ues (p < 0.05). Similarly, the development of
neurogenic pulmonary edema was statistically signifi-
cantly correlated with mortality (p < 0.05).

The total FOUR score (at 7 days post-hemorrhage)
was found to be statistically significantly correlated with
the development of clinical vasospasm (p < 0.05). The
total FOUR score at admission (pre-EVD), at day 7 and
day 14 post-bleed was not statistically associated with
any other of the secondary outcomes included in this
study. Appendix E of supplementary materials depicts the
number of patients developing the secondary outcomes of
interest.
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Table 4 Binary logistic regression ROC-AUC—1- and 6-month GOS/mortality

Dichotomized GOS at 1 month  Dichotomized GOS at 6 months

Mortality at 1 month Mortality at 6 months

ROC-AUC p value ROC-AUC p value ROC-AUC p value ROC-AUC p value

Admission GCS 0.796 <0.001 0.832 <0.001 0.753 0.012 0.820 0.005
Fisher CT score 0.686 0.004 0.703 0.014 0.700 0.067 0.693 0.108
Admission WENS score  0.782 <0.001 0.822 <0.001 0.741 0.018 0.800 0.008
Admission H + H score  0.831 <0.0001 0.842 <0.001 0.758 0.018 0.817 0.007
Admission FOUR score

T 0.810 <0.001 0.832 0.001 0.762 0.009 0.823 0.004
E 0.769 <0.001 0.801 0.001 0.734 0.028 0.794 0.012
M 0.816 0.002 0.843 0.003 0.773 0.015 0.834 0.008
B 0.594 0.117 0.653 0.071 0.738 0.043 0.777 0.039
R 0.793 <0.001 0.802 0.001 0.712 0.057 0.764 0.031

Dichotomized GOS: Good = 4 or 5, Poor = 3 or less

AUC area under the curve, B brainstem, CT computed tomography, E eyes, FOUR Full Outlined of UnResponsiveness, GCS Glasgow Coma
Scale, GOS Glasgow Outcome score, H + H Hunt and Hess, M motor, Ma male, R respiratory, ROC receiver operating curve, T total, WFNS

World Federation of Neurological Surgeons

Discussion

The FOUR score provides us with a clinical assessment
tool and a potential means of subcategorizing these mod-
erate to severe SAH patients in greater detail. Existing
studies in TBI [4] and in the intensive care unit setting have
displayed the utility of this scoring system. Inter-rater
variability is low [6] with the FOUR score and in fact has
been demonstrated to be less than GCS [11], with scoring
of intensivists equivalent to neurologists. Patients consid-
ered to be in “vegetative states” as per GCS have been
displayed to be minimally conscious according to FOUR
calculation [12].

Despite the advantages of this relatively new coma
scoring system, the FOUR score has yet to be commonly
applied in the setting of aneurysmal SAH. Given easy use,
its early success in the intensive care setting, and potential
to further clinically subcategorize those patients with
moderate and severe hemorrhage grade, our hope is that it
will prove superior to existing grading and scoring systems
in prediction of outcome. With improved prediction value,
the FOUR score has the potential to replace existing
aneurysmal subarachnoid hemorrhage grading schemes,
simplifying the assessment of these patients and improving
communication among healthcare professionals involved in
the care of this patient population. As well, better predic-
tion of adverse events and outcomes allows for enhanced
communication with the patient and family in terms of in-
hospital and suspected out-of-hospital clinical course.

Our study on the application of the FOUR score in the
SAH population is, to the authors’ knowledge, the only
study to do this in a purely SAH population. We have

@ Springer

identified some interesting correlations between the FOUR
score and our primary and secondary outcomes.

First, the FOUR score upon admission (pre-EVD) dis-
played a statistically significant relationship to mortality,
1-month GOS/mRS, and 6-month GOS/mRS. Further to
this, the admission FOUR score displayed superior AUC
(0.762, p = 0.009; 0.823, p = 0.004, respectively) in the
prediction of 1- and 6-month mortality, compared to all
other admission scoring systems (GCS, Fisher CT, WENS,
and H 4+ H). The admission FOUR score also displayed
co-superiority (with H 4+ H) in the prediction of 1-month
dichotomized GOS (AUC = 0.810, p < 0.001) and
6-month dichotomized GOS (AUC = 0.832, p = 0.001).
The brainstem sub-score was the only admission FOUR
sub-score not associated with 1- or 6-month primary out-
comes. Thus, the admission FOUR score may prove to be
superior, particularly in mortality prediction, compared to
other standard clinical scoring systems in SAH.

Second, the cumulative FOUR score (in addition to the
eyes and respiratory sub-scores) at day 7 post-hemorrhage
correlated mortality, 1-month GOS, and 6-month GOS/
mRS. The brainstem sub-score at day 7 failed to be asso-
ciated with any primary outcome measure.

Third, the day 14 FOUR scores (total, eyes, respiratory,
and motor) were only associated with 6-month GOS. The
day 14 brainstem sub-score failed to be associated with any
primary outcome.

Fourth, the brainstem sub-score at various time points
(admission, days 7 and 14) was not found to be associated
with the primary outcomes. Only the admission pre-EVD
brainstem sub-score was found to be associated with
overall mortality. This is contradictory to our initial
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Fig. 1 Binary logistic regression analysis—6-month mortality ROCs.
AUC area under the curve, B brainstem, CT computed tomography,
FOUR Full Outlined of UnResponsiveness, E eyes, GCS Glasgow

thoughts regarding the benefit of this scoring tool. The
brainstem score is not found in the GCS, WENS or H + H
scoring systems, and thus, it was our belief that this sub-
score would be able to predict outcome in those with
severe neurological impairment. Our study does not
support this. We believe this is secondary to a mean
admission WENS and H + H scores of 2.5 and 2.4,
respectively. Thus, with the majority of our patients in
low to moderate grade for SAH severity, our numbers for
those with heavy deficits and high-grade SAH are likely
too small to determine the association between abnormal
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Coma Scale, GOS Glasgow Outcome Score, H + H Hunt and Hess,
M motor, Ma male, R respiratory, ROC receiver operating curve,
T total, WFNS World Federation of Neurological Surgeons

brainstem sub-score values and the various primary
outcomes.

Finally, the cumulative FOUR score at day 7 post-
hemorrhage was found to be statistically significantly
linked to the development of clinical vasospasm. The
association of the total FOUR score at day 7 with the
development of clinical vasospasm needs to be viewed
with caution. Only 19 patients developed clinical vasos-
pasm; thus, despite a “statistically significant”
association, this relationship requires further large con-
firmatory studies.
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Limitations

Despite the interesting trends and associations identified,
there are some significant limitations within our study
which need to be highlighted.

First, there were a small number of patients included in
the study across the 2.5-year recruitment period. This likely
stems from the fact that our center covers a significant
territory, where a large portion of SAH patients typically
present to their local community hospital setting. In the
case of severe grade SAH, the decision to transfer the
patient to our neurosurgical center is at the discretion of the
attending neurosurgeon fielding the phone call from the
local hospital. Thus, we are likely missing a large number
of severe clinical grade SAH patients since it was elected to
palliate them at their local facilities. Missing these patients
potentially impacts our analysis of the FOUR scores ability
to predict outcome.

Second, the average time until neurosurgical assessment
was quite high in some cases. This stems from the geo-
graphic territory that our hospital Thus,
suboptimal care for these SAH patients during this time
delay may have led to the development of complications
such as clinical vasospasm and clinical deterioration prior
to neurosurgical assessment. This would also skew our
results on the association of FOUR score and the primary
outcomes. Furthermore, the admission FOUR score values
could have varied between patients solely based on the
time from hemorrhage to presentation, thus making the
statistical associations between the admission FOUR score
on the primary/secondary outcomes somewhat difficult to
comment on.

Third, EVD placement varied significantly within our
patient population. We found that there was not a signifi-
cant difference between the FOUR score values when
comparing pre- and post-EVD scores. However, the deci-
sion to place EVDs within our patients was made on an
individual basis, based on: patient clinical presentation and
radiographic appearance of hydrocephalus. Finally, the
ultimate decision to place, and the timing of placement, of
an EVD was made by the staff vascular neurosurgeon on
call at the time. Given the potential for heterogeneity in
EVD placement and variable time lag between pre- and
post-EVD FOUR scores, it is possible that we are missing a
significant difference between these two scores.

Fourth, the day 14 post-hemorrhage cumulative FOUR
score (in addition to eye, respiratory, and motor sub-scores)
was essentially only associated with 6-month GOS. It is not
surprising that the 14-day FOUR score values were not
associated with mortality in our group, since most of those
whom died had already done so by day 14 given the
complexity and severity of the ICU course. It is slightly
surprising that the day 14 scores were not associated with

services.
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I-month GOS/mRS. This lack of association may by again
due to lack of power. Finally, despite previous literature
displaying acceptable inter-rater variability in the assign-
ment of the FOUR score [6], there is still the potential that
inter-rater variability impacted out FOUR score calcula-
tions. We utilized 3 individuals for the FOUR score
assessment at the various time points. We did not under-
take overlapping assessments of the FOUR scores; thus, we
cannot make a comment on our individual institution’s
inter-rater variability throughout this study.

Future Directions

We have displayed interesting results with the use of the
FOUR score for outcome prediction in the SAH population.
However, further prospective application of the FOUR score
in the setting of aneurysmal SAH is required. We postulate
that further study of this scoring system will demonstrate its
ability to predict outcome in the high-grade SAH patients,
superior to existing SAH clinical scoring systems. Future
plans include multicenter application of this scoring system
to SAH patients in order to achieve much high patient
numbers, with the hopes of validating our results from this
study. Furthermore, we plan to focus on the high clinical
grade SAH patients in order to determine the FOUR score’s
ability to predict both short- and long-term outcome.

Conclusions

The FOUR score at admission and day 7 post-SAH is
associated with mortality, 1-month GOS/mRS and 6-month
GOS/mRS. The FOUR score at day 14 post-SAH is asso-
ciated with 6-month GOS. The brainstem sub-score was
not associated with 1- or 6-month primary outcomes.
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