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Abstract

Background. Despite being a rare cause of stroke, spontaneous subarachnoid hemorrhage (SAH)
is associated with high mortality rates. The prediction models that are currently being used on
SAH patients are heterogeneous, and few address premature mortality. The aim of this study was
to develop a mortality risk stratification score for SAH.

Methods. A retrospective study was carried out with 536 patients diagnosed with SAH who had
been admitted to the intensive care unit (ICU) at the University Hospital Complex of A Corufia
(Spain) between 2003 and 2013. A multivariate logistic regression model was developed to
predict the likelihood of in-hospital mortality, adjusting it exclusively for variables present on
admission. A predictive equation of in-hospital mortality was then computed based on the model’s
coefficients, along with a points-based risk-scoring system. Its discrimination ability was also
tested based on the area under the receiver operating characteristics curve and compared with
previously developed scores.

Results. The mean age of the patients included in this study was 56.9 + 14.1 years. Most of these
patients (73.9%) had been diagnosed with aneurysmal SAH. Their median length of stay was 7
days in the ICU and 20 days in the general hospital ward, with an overall in-hospital mortality
rate of 28.5%. The developed scales included the following admission variables independently
associated with in-hospital mortality: coma at onset [odds ratio (OR)=1.87; p=0.028], Fisher
scale score of 3-4 (OR=2.27; p=10.032), Acute Physiology and Chronic Health Evaluation Il
(APACHE 1) score within the first 24 h (OR=1.10; p<0.001), and total Sequential Organ
Failure Assessment (SOFA) score on day 0 (OR=1.19; p=0.004). Our predictive equation



demonstrated better discrimination [area under the curve (AUC)=0.835] (bootstrap-corrected
AUC=0.831) and calibration properties than those of the HAIR scale (AUC =0.771; p<0.001)
and the Functional Recovery Expected after Subarachnoid Hemorrhage scale (AUC=0.814;
p=0.154).

Conclusions. In addition to the conventional risk factors for in-hospital mortality, in our study,
mortality was associated with the presence of coma at onset of the condition, the physiological
variables assessed by means of the APACHE Il scale within the first 24 h, and the total SOFA
score on day 0. A simple prediction model of mortality was developed with novel parameters
assessed on admission, which also assessed organ failure and did not require a previous etiological

diagnosis.
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Introduction

Non-traumatic or spontaneous subarachnoid hemorrhage (SAH) is a condition with a
complex pathogenesis, which, despite representing the least frequent stroke subtype (5%)
[1, 2] has devastating consequences and is associated with high morbidity and mortality
rates [3, 4]. After surviving the initial hemorrhage, only 33% of these patients progress
well after receiving treatment and 50% develop some type of secondary morbidity [5, 6].
Establishing a prognosis on admission is crucial in these patients and depends on the
assessment of clinical variables associated with a certain degree of short- or long-term
disability and the likelihood of death [7,8,9,10]. Prognostic factors with a positive impact
should also be considered, such as those resulting from the advancement of both
diagnostic and therapeutic radiological techniques.

Different types of prognostic scales have been applied to SAH patients, including the
Glasgow Coma Scale (GCS) [11], despite not having been specifically developed for this
pathology. The first prognostic indicators developed specifically for this condition were
the Hunt and Hess scale (H-H) and the World Federation of Neurological Surgeons
(WFENS) classification [12, 13], based on the patients’ level of consciousness and the
clinical presentation on admission. These scales do not consider the failure of other

systems, which may cause the risk of mortality to be underestimated. Another limitation
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is their ambiguous terminology, which may cause inter-observer variability [14]. Imaging
tests also have prognostic implications, as they allow patients to be classified according
to their bleeding pattern [9, 15,16,17]. Other relevant factors not included in traditional
predictive models are the patient age, their neurological grade at admission, and the clot
thickness revealed in computed tomography (CT) images [7, 18, 19].

Different scales have therefore been developed to better estimate the prognosis of SAH,
such as the H-H, Age, Intraventricular hemorrhage, and Rebleed (HAIR) scale and the
Functional Recovery Expected after Subarachnoid Hemorrhage (FRESH) scale [5, 20].
Most of these scales have significant limitations, such as the need to perform complex
calculations or the inclusion of variables collected during the patients’ hospital stay [5,
21].

The predictive models currently used on patients with SAH are heterogeneous, and the
best predictive scale is yet to be defined. Thus, without forgetting the relevance of
updating and externally validating existing models, the development of new predictive
models such as the one proposed in this work may have additional benefits because it
allows us to explore the impact on mortality risk prediction of including the scales most
often used to evaluate critical patients that were excluded from other studies. In this sense,
we wanted to evaluate the role of organ failure in the prognosis of these patients. Hence,
in this study we sought to develop a prognostic model for SAH that would allow the
likelihood of in-hospital mortality to be for predicted based on patient admission variables

with the use of simple calculations.

Methods

Study Design

This was a retrospective observational follow-up study of patients aged > 15 years and
diagnosed with SAH based on the criteria of the Neurocritical Care Society (NCS) [6]
who were admitted to the ICU at the University Hospital Complex of A Coruiia (CHUAC,
Complexo Hospitalario Universitario de A Corufia) between 2003 and 2013 (n=1536).
This ICU is equipped with 32 surgical beds and serves approximately 990 critical patients
every year. Patients admitted to this unit are referred from the Emergency Room at the
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same clinic or from clinics located in the referral area. From the beginning of the study
until 2009/2010, our hospital was a reference site for other health care areas in which
neuro-interventionism was being developed and from which complex cases were referred
to our unit.

Patients meeting the following criteria were excluded from the study: (a) a suspected
diagnosis of subarachnoid hemorrhage not confirmed by imaging tests [CT/cranial
magnetic resonance imaging (MRI) scan] or a lumbar puncture, (b) a post-traumatic
subarachnoid hemorrhage, or (c) the existence of an aneurysm with no associated
subarachnoid hemorrhage. Patients with a diagnosis of perimesencephalic SAH (PM-
SAH) according to Rinkel’s criteria [15] were also excluded from the calculations used
in the mortality prediction model because of the clearly differentiated prognosis of this
subtype from that of aneurysmal (A-SAH) and idiopathic (I-SAH) SAH.

Parameters

Patient data were obtained by reviewing their medical records. Variables relating to their
demographic characteristics (age and sex), comorbidities (assessed by Charlson index),
SAH (delayed hospital arrival and symptomatology at onset), severity (GCS [11], H-H
[12], WFENS [13], Fisher [18], Acute Physiology and Chronic Health Evaluation 11
(APACHE 11) [22], and Sequential Organ Failure Assessment (SOFA) [23] scores),
diagnosis (CT/MRI/arteriography), therapeutic management (embolization or surgical
clipping), and complications occurring during the arteriography procedure were
collected. Finally, data on the patient length of hospital stay (days), in-hospital mortality
rates, and cause of death after the patients’ discharge from the hospital were also
collected.

The clinical grade of the SAH on admission was assessed using the GCS, H-H, and
WENS scales. The Fisher scale was used to classify the severity of the hemorrhages
revealed by initial CT scans images with a numerical value classified into low (1-2),

medium (3), or high (4) grades.
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Definitions

‘Coma at Onset’ was defined as a state of unconsciousness at the time of subarachnoid
bleeding.

‘APACHE Il in the first 24 h’ referred to the lowest value registered from the time of ICU
admission until 24 h later.

‘SOFA day 0’ was defined as the lowest value registered from the time of ICU admission

until 07:59 a.m. the next morning.

Therapeutic Management Protocol

All patients were initially admitted to the ICU, and then a multidisciplinary team
discussed the decision-making process relating to their treatment. The therapeutic
management of SAH in our unit consisted in the administration of prophylaxis for
vasospasm (oral nimodipine 60 mg/4 h for 21 days), gastric stress ulcers, and deep vein
thrombosis from the time of patient admission to the clinic, along with a personalized
regimen of sedation and analgesia. The tests required to identify the cause of the
hemorrhage were performed within the first 24-48 h in order to enable the classification
of patients into 3 groups: A-SAH, I-SAH with a localized hemorrhage similar to that
caused by an aneurysmal lesion, or PM-SAH (the latter was excluded due to being
associated with a clearly differentiated prognosis compared to the other subtypes). The
optimal treatment modality (surgery or an endovascular approach) was chosen based on
the clinical condition of the patient and on the size, morphology, and location of the
aneurysmal lesion. Possible neurological complications were monitored by neurological
surveillance, a transcranial Doppler (TCD) ultrasound, and CT scan. When a patient was
stabilized in the ICU, they were subsequently discharged to the Neurosurgery or the

Neurology ward for surgery or another treatment, respectively.

Statistical Analyses

The descriptive statistics were summarized as means (and standard deviation) or as
median values in the case of quantitative variables, and as frequencies (percentages) in

the case of qualitative variables.



The sociodemographic and clinical characteristics of the patients who died during their
stay in the hospital were compared with those of the ones who did not. Chi-squared tests
or Fisher’s exact tests were used to compare categorical variables, and Student’s T test or
Mann—Whitney test were used to compare the quantitative variables, as appropriate.
Furthermore, the assumption of normality was checked with the Kolmogorov—Smirnov
test. The univariate odds ratio (OR) and relative risk (RR) were also calculated for each
variable together with their 95% confidence intervals (95% CIs).

A multivariate logistic regression model was then developed to predict in-hospital
mortality. All the admission variables that appeared to be associated with the SAH
outcome in the univariate analyses were considered and, only those with p values <0.05
were used in the final model. Multicollinearity was assessed using tolerance and variance
inflation factor (VIF). No evidence of multicollinearity was determined, with tolerance
values above 0.10 and variance inflation factor values <10 in all cases. None of the
variables explained a variance proportion of > 0.5 of two or more of the other variables.
Finally, the functional form of continuous predictors (linear vs. nonlinear relationships)
was assessed using restricted cubic splines, taking the 50th percentile as a reference point.
We computed a predictive equation of in-hospital mortality with the coefficients obtained
from this multivariate logistic regression model, so the risk of mortality for SAH patients

is estimated based on the following equation (A):

1
T1_e P

p
with LP=a+ b1X1+b2X2 +--- +bpXp, being b1, b2, ...., bp the regression coefficients
associated to each of the variables in the final logistic model. Using the method described
by Sullivan et al. [24], we also developed a points-based risk-scoring system based on the
findings of the final logistic regression model. A bootstrapping method (1000 repetitions)
was also used to obtain a relatively unbiased estimate of the model’s ability to distinguish
between deceased patients and survivors based on the area under the receiver operating
characteristics (ROC) curve. Furthermore, both the Hosmer—Lemeshow test and the Brier
score were used to measure its calibration. Graphical representations of the relationship

between the observed outcome frequencies and the predicted likelihoods (calibration
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curves) were also plotted. Finally, the discrimination ability of the proposed scores was
compared with that of other published scales based on the AUCSs.

Two-sided tests were also used, with p values <0.05 being considered statistically
significant. All the statistical analyses were performed using SPSS (version 24.0; IBM

Corp., Armonk, NY) and R (version 2.12.2) software for Windows.

Ethical Aspects

At all times, the study was carried out respecting the ethical and legal requirements
demanded by the applicable biomedical research regulations in force, and confidentiality
was ensured in accordance with the provisions of the current data protection legislation.
The study was approved by the Galician Clinical Research Ethics Committee (CAEIG,

Comité Autondmico de Etica de Investigacion de Galicia) (authorization code 2012/268).

Results

A total of 536 patients with a mean age of 56.9 = 14.1 years, 60% of whom were women,
were included in this study (Fig. 1). An aneurysm was detected in 73.9% of the patients
(n=396). Of the remaining patients, 16 (3.0%) had a PM-SAH and 90 (16.8%) had an I-
SAH. The neurological severity of the condition on admission was mild in most cases,
with 60.3% of the patients having a GCS of 14-15, 61.9% with a H-H grade of I-II, and
60.4% had a WFNS grade of I-11, except for the Fisher scale, which classified 50.7% of
the cases as grade IV. At the time of patient admission to the ICU, the APACHE Il and
SOFA severity scales yielded mean scores of 11.8 + 6.8 and 2.4 + 2.8, respectively. The
neurological complications observed during the patients’ stays in the unit were, in a
decreasing order of frequency, coma (46.5%), vasospasm (35.4%), hydrocephalus
(28.0%), and, finally, rebleeding (7.8%).

The mean length of stay of the patients was 9.8 +9.1 days (median stay =7 days) in the
ICU and 36.5 +90.2 days (median stay = 20 days) in the general hospital ward. In-hospital
mortality was calculated at 28.5% (95% CI = 24.6-32.5%).

None of the patients with PM-SAH died during their stay in the hospital, and this
condition was associated with the shortest lengths of stay both in the ICU (median
length = 3.5 days) and in the general hospital ward (median length=19.5 days). The in-
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hospital mortality rates and lengths of stay in the ICU for patients with A-SAH were much
higher than those of the patients with I-SAH [28.5% vs. 12.2% (p = 0.001); median length
of stay of 9 days vs. 4 days], with no differences being observed in the median length of
stay in the general hospital ward at around 21 days.

Table 1 shows the association of different admission variables with the in-hospital
mortality rates seen among our patient population calculated by means of a bivariate
analysis. The multivariate analysis determined that the variables that were independently
associated with an increased risk of in-hospital death were coma at onset (OR =1.87,
p=0.028), a Fisher scale score of 3-4 (OR =2.27; p=0.032), the total APACHE 1l score
within the first 24 h (OR=1.10; p<0.001), and the total SOFA score on day 0O
(OR=1.19; p=0.004) (Table 2). We found that the existence of an aneurysmal lesion
was not significantly associated with a higher likelihood of in-hospital death when
adjusting the analysis for the remaining variables. No evidence of multicollinearity was
determined, with tolerance values above 0.10 and variance inflation factor values <10 in
all cases. None of the variables explained a variance proportion of > 0.5 of two or more
of the other variables.

We then developed a numerical scoring system that allowed for estimating the risk of in-
hospital mortality for patients with SAH, according to equation (A), where
LP=-3.665+0.625 x (comma at onset=yes) +0.817 x (Fisher scale
score=3—4)+0.177 x total SOFA score on day 0 + 0.098 x APACHE II score within the
first 24 h.

The area under the ROC curve for this equation was 0.835, and so it demonstrated good
discrimination and calibration properties (Fig. 2), and the bootstrap-corrected area under
the ROC curve was 0.831. These figures for patients with SAH were higher than those
obtained with the HAIR (AUC=0.771; p=0.154), FRESH (AUC =0.814; p<0.001), or
other neurological assessment scales (Fig. 3). The calibration graph also revealed a good
concordance between the likelihood of predicted death and in-hospital mortality observed
throughout the scale’s score range (corrected Brier score = 0.142).

We also developed a points-based prediction scoring system (Table 3), in which the score
obtained with the regression model ranged from 0 to 10 points, with a score of 0
corresponding to the lowest risk of mortality. The area under the ROC curve for the
points-based score was 0.825 (95% CI=0.784-0.866). This score also demonstrated a
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good calibration (Hosmer—Lemeshow test: »*=0.065; p=0.999) (Brier’s score:
B =0.005) (Fig. 4).

Discussion

This study provides a prediction model of in-hospital mortality for HAS patients based
on the clinical information available within the first 24 h of the patients’ admission to the
clinic, disregarding any other in-hospital complications that could have potentially
impacted mortality rates. This new model includes variables that were previously untested
in this patient population, such as the total SOFA score on day 0, and other parameters
that had been associated as indicators of poor long-term prognosis, such as coma at onset
of the condition [25, 26], along with variables that had already been used in other
predictive models [5, 20], including a Fisher scale score of 3—4 on admission and the
assessment of the patients’ physiological condition based on their APACHE Il score
within the first 24 h. We used these variables to develop a numerical and a points-based
model that demonstrated good discrimination and calibration properties for the early
identification of patients with a high risk of in-hospital mortality.

In this study, in-hospital mortality was 27.8%, with the mortality rate being significantly
higher among patients with A-SAH (15-42% based on the patient condition on
admission) [27,28,29] and is also correlated with a greater number of complications. This
in-hospital mortality rate fell within the ranges described in other studies [6, 30, 31], but
was lower than the rates described over past decades, most likely owing to the recent
advances made in the field of critical care that minimize the consequences of initial
bleeding and secondary brain injury [1, 3, 32, 33].

Although several studies have analyzed the long-term mortality of SAH, very few address
premature mortality and its contributing factors [25, 28, 29, 32, 34, 35]. The first
prognostic scales of mortality used in patients with SAH were the H-H and WFNS
neurological assessment scales [12, 13]. Although neither of these clinical scales were
created to predict mortality, they are used as clinical indicators of severity and, therefore,
as indirect prognostic markers. In addition, other authors have examined the validity of
isolated physiological parameters or generic risk scales to determine the likelihood of

death among critically ill patients [36, 37].
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The first prognostic model used to predict in-hospital mortality described in the literature
was the HAIR scale developed by Lee et al. [5] within the context of a retrospective study
performed with 400 patients with SAH. This scale is based on four criteria assessed within
the first 24 h of admission: severity of the initial bleeding (assessed according to the H-
H scale and intraventricular hemorrhage), age, and rebleeding within the first 24 h. This
model provides three risk strata that simplify the classification process: low risk (score:
0-2) associated with a 4.8% likelihood of death, moderate risk (score: 3-5) associated
with a 60% likelihood of death, and high risk (score: 6-8) associated with a 71.4%
likelihood of death. However, the decision to prematurely remove a patient’s life support
measures constituted the main cause of death in this study. According to the authors
themselves, this could be a major limitation of the HAIR score, which could
underestimate mortality in patients with early care limitations and overestimate mortality
in those without early do-not-resuscitate orders. Abulhasan et al. [31] recently validated
the HAIR scale in a retrospective study performed with 434 patients with SAH. In their
case series, they found that the primary factors associated with mortality among their
sample of patients were age, H—H score, and the existence of an intracerebral hemorrhage.
They also discovered that the HAIR scale adequately distinguished patients who would
die from those who would survive, with an AUC of 0.89, but that it tended to overestimate
the predicted mortality.

In a study performed with 279 patients with A-SAH, Maragkos et al. [38] also recently
proposed using another scale to predict functional prognosis and mortality after hospital
discharge based on 4 criteria: a GCS score <8 after the patients’ initial resuscitation, an
age>70 years, a previous line of antiplatelet treatment, and a clot thickness in the
subarachnoid space > 10 mm, with a score of 0-5. The prediction of mortality was found
to be reliable with an AUC of 0.825, which was higher than that obtained for the WFNS
scale, the modified Fisher scale, or Ogilvy’s scale, and it had predictive ability similar to
that of the H-H scale. However, the use of this scale was limited to patients with
aneurysmal lesions, which consequently conditioned its validity in patients with SAH on
admission and means that it requires external validation.

The variables used in our predictive model of in-hospital mortality differ greatly from
those used in previous studies, including the presence of coma at onset to assess the initial

neurological severity of the condition, the assessment of the patients’ physiological
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condition based on the APACHE 11 score within the first 24 h, and the assessment of the
existence of organ failure according to the total SOFA score on day 0. In our model, the
presence of coma at onset had the greatest prognostic impact on the assessment of the
initial neurological severity of the pathology regardless of the patients’ neurological
condition on admission. Thus, our model was likely superior to the H-H scale because it
simplified the scale’s calculations and reduced its subjectivity. For its part, the APACHE
Il scale considers the patients’ physiological condition within the first 24 h of admission,
and, when assessed in our case series, proved to be a relevant prognostic factor for short-
term mortality, thus improving the predictive power of our model. The inclusion of the
APACHE 11 scale in our model could have influenced the fact that, unlike in most
mortality prognosis equations [5], the age of the patients included in our study seemed to
have no impact on the frequency of in-hospital mortality, because this parameter is
already included within the variables assessed by this scale. The degree of organ failure
assessed by the SOFA scale has become increasingly relevant in prognostic studies of
mortality performed with this patient population in recent years [30, 39], although it has
not yet been included in predictive models. Hence, the inclusion of this scale in predictive
models used on patients with SAH is a novelty, assigning it prognostic importance (by
adequately grading organ failure) similar to that attributed to its use with other patient
populations.

Finally, we compared the ability of the logistic regression model developed in our study
to predict in-hospital mortality with that of the severity scales used on admission (GCS,
H-H, WENS, Fisher, APACHE II, and total SOFA score on day 0) and of the predictive
models developed by Lee et al. [5] and Witsch et al. [20], although the latter was
developed to predict long-term prognosis. The AUC obtained for our model was
significantly greater than that obtained for the severity scales, thus demonstrating its
superiority over the predictive equations developed by Lee et al. and Witsch et al. Hence,
when we used the HAIR scale to predict in-hospital mortality, we found that its predictive
ability was not remarkably better than that of the other neurological scales (AUC =0.77),
with the FRESH scale being the closest one to our model (AUC =0.814).

Our model has some advantages over previous ones, the main one being that it allows an
individual estimation of the likelihood of in-hospital mortality to be obtained based on a

limited number of factors that are easily assessable and that can be evaluated at early
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stages, as it happens with the HAIR score. Secondly, the inclusion of the presence of
coma at onset of the condition as a variable in the model allows the assessment to be
simplified so that it can be applied at the patients’ bedside and without the need for a prior
diagnosis in order to establish the prognosis. Thirdly, other models do not include scales
that assess the patients’ physiological condition, such as the APACHE 11 scale, nor do
they rate the degree of organ failure with scales such as the SOFA, and consequently, our
model allows patients to be more comprehensively.

Despite its advantages, our study also had some limitations. Firstly, covered a period of
10 years, meaning that the likelihood of death could have been related to changes in the
treatment protocols for patients with SAH introduced during this time [40, 41]. Secondly,
all the patients included in this study were treated at tertiary hospital received patients
transferred from other hospitals, which could have affected the representativeness of our
study. Thirdly, this study was subject to the limitations inherent to all retrospective
studies, including bias caused by missing data. Moreover, the proposed model included
several variables related to the altered level of consciousness. Although a
multicollinearity analysis was performed, it cannot be ruled out that this issue could have
influenced the associated effect sizes and maybe the associations themselves. Finally, this
study only represents the clinical experience at our hospital, and so our results must be
validated externally with an independent cohort. Nevertheless, despite these limitations,
the scale that we developed is a reliable and useful tool that represents the experience of
our hospital, can be applied without requiring a previous etiological diagnosis, and

includes data from an initial radiological assessment.

Conclusions

In addition to the conventional risk factors for in-hospital mortality, in our study,
mortality was associated with the presence of coma at onset of the condition, the
physiological variables assessed by means of the APACHE 11 scale within the first 24 h,
and the total SOFA score on day 0. This allowed us to develop a simple predictive model
of mortality that includes parameters obtained on admission, does not require a previous
etiological diagnosis, and assesses the existence of organ failure, which suggests that

improving management of non-neurologic organ dysfunction could reduce the risk of in-
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hospital mortality among patients with SAH. Although this model demonstrated a good
discrimination ability in our patient population, it still requires external validation.
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Fig. 1 Study Flow diagram




Table 1 Bivariate analysis of the variables associated with in-hospital mortality among patients with SAH

In-hospital mortality

Yes (n=149) No (n=371) P OR (95% CI)
Mean + SD Mean + SD
Age 61.0+13.5 55.5+14.1 <0.001 1.0 (1.0-1.0)
Charlson’s index 1.0+1.46 0.0+£0.9 <0.001 1.4 (1.2-1.7)
Prognostic neurological scales
GCs? 8.9+4.5 13.0+3.4 <0.001 0.8 (0.8-0.8)
Hunt—Hess 37+1.4 23+1.2 <0.001 2.1(1.8-2.4)
Fisher 3.7+0.6 3.0+1.0 <0.001 2.8 (2.1-3.7)
WFNSP 38+14 23+1.3 <0.001 1.9 (1.7-2.2)
Global prognostic scales
APACHE 11°¢ within the first 24 h 17.3+£7.2 9.8+5.2 <0.001 1.2 (1.2-1.3)
Total SOFA® on day 0 4.7+£32 1.5+£2.0 <0.001 1.5(1.4-1.7)




Yes (n=149) No (n=371) p RR (95% CI)
n (%) n (%)
Sex 0.751
Female 91 (29.2%) 221 (70.8%) 1
Male 58 (27.9%) 150 (72.1%) 0.9 (0.7-1.2)
Time to hospital arrival (h) 0.002
<6 76 (32.9%) 155 (67.1%) 1
6-12 56 (32.4%) 117 (67.6%) 1.0 (0.72-1.3)
12-24 11 (13.4%) 71 (86.6%) 0.4 (0.25-0.75)
>24 6 (17.6%) 28 (82.4%) 0.6 (0.3-1.2)
Clinical manifestations at onset
Headache <0.001
No 58 (47.2%) 67 (53.6%) 1
Yes 91(23.8%) 304 (77.0%) 0.5 (0.4-0.7)
Dizziness <0.001
No 94 (39.0%) 147 (61.0%) 1
Yes 55 (19.7%) 224 (80.3%) 0.5 (0.4-0.7)
Focal neurological signs 0.988
No 131 (28.7%) 326 (71.3%) 1
Yes 18 (28.6%) 45 (71.4%) 1.0 (0.6-1.5)
Seizure 0.948
No 129 (28.6%) 322 (71.4%) 1



Yes

Coma

No

Yes

Categorized Fisher scale

1

2-3

4

20 (29.0%)

47 (13.9%)
102 (56.0%)

0 (0%)
34 (14.5%)
115 (%42.6)

49 (71.0%)

291 (86.1%)
80 (44.0%)

16 (100%)
200 (85.5%)
155 (57.4%)

<0.001

<0.001

1.1 (0.8-1.6)

1
3.7 (2.8-4.9)

1
2.4 (0.4-16.4)
6.9 (1.0-46.5)

Bold values indicate statistical significance (p < 0.05)
2 Glasgow Coma Scale

b World Federation Neurosurgery Surgeons
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Table 2 Multivariate analysis of admission variables associated with in-hospital mortality (logistic regression) among patients with SAH

In-hospital mortality B SE p OR (95% CI)

Coma at onset 0.625 0.284 0.028 1.867 (1.071-3.256)
Fisher grade of 3—4 on admission 0.817 0.381 0.032 2.265 (1.072-4.783)
APACHE 112 score on admission 0.098 0.026 <0.001 1.103 (1.048-1.160)
Total SOFAP score on day 0 0.177 0.062 0.004 1.194 (1.058-1.347)
Constant —3.665 0.400 <0.001

Bold values indicate statistical significance (p < 0.05)
@ Secuencial Organ Failure Assesment
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Fig. 2 a Discrimination: ROC curve and area under the curve (AUC). b Calibration plot, of the in-hospital

mortality scale
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Fig. 3 Ability of neurological scales administered on admission to the ICU to predict in-hospital mortality.
ROC curves and AUC. GCS Glasgow Coma Scale, H-H Hunt-Hess, WFNS World Federation

Neurosurgeon Scale



Table 3 Points-based score for predicting in-hospital mortality

Estimated likelihood of

Variable Points Total points
in-hospital mortality (%)
Coma at onset 1 point 0 3.0
Fisher scale score of 3—4 on admission 1 point 1 55
Total SOFA® score on day 0 2 9.8
0-2 O points 3 16.9
3-4 1 point 4 27.5
5-8 2 points 5 41.5
>9 3points 6 57.0
APACHE II° score within the first 24 h 7 71.2
<5 O points 8 82.2
5-9 1 point 9 89.6
10-19 2 points 10 94.2
20-24 3 points
25-29 4 points
>30 5 points

2 Sequential Organ Failure Assessment
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Fig. 4 Calibration of the points-based in-hospital mortality prediction scale
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