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Abstract
Background Early prediction of increased morbidity and mor-
tality in aneurysmal subarachnoid hemorrhage (aSAH) re-
mains crucial to improving patient management. Most predic-
tion models lack external validation and focus on disease-
specific items without considering physiological parameters
and the past medical history. The aimwas to assess the validity
of the established Simplified Acute Physiology Score II
(SAPS-II) in an aSAH cohort for the prediction of hospital
mortality and to identify additional physiological and clinical
predictors.
Methods The predictive value of SAPS-II for hospital mortal-
ity was assessed in a retrospective analysis of 263 consecutive
patients with aSAH. Additional physiological and clinical pa-
rameters including the past medical history were analyzed by
forward selectionmultivariate analysis to identify independent
predictors of hospital mortality and to improve the prediction
model.
Results The SAPS-II predicted hospital mortality with an area
under the curve (AUC) of 0.834 with an odds ratio (OR) of
1.097 [95 % confidence interval 1.067-1.128) for each addi-
tional point. Forward selection multivariate analysis identified

the Glasgow Coma Scale score (P<0.001), history of chronic
headache (P=0.01) and medication with anticoagulants (P=
0.04) as independent predictors of hospital mortality. Adding
these parameters to the SAPS-II, the AUC increased to 0.86.
Conclusion This study validates the predictive accuracy of
SAPS-II for hospital mortality in aSAH patients. Additional
parameters from the past medical history increase its predic-
tive power. From a practical viewpoint, SAPS-II alone already
represents a sufficient and powerful score to predict hospital
mortality at an early time point and may help to improve
patient management.
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mortality . Predictionmodels . Cerebral aneurysm

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is still a life-
threatening disease despite the improvement of treatment
strategies in the last decades [20].While the reported mortality
decreased from around 50 to 17 % in a recently published
study, the early stratification of patients at risk for hospital
mortality (HM) remains crucial in order to optimize patient
management during the early critical disease course [1, 4].

A multitude of general and specific neurological parame-
ters such as age, Fisher grade, World Federation of
Neurological Surgeons (WFNS) grade, aneurysm size and
Hunt & Hess grade are commonly accepted to identify pa-
tients with a high risk of mortality after aSAH [3, 5, 10, 13,
15, 17, 18, 21, 26–28, 31]. However, these parameters provide
only a crude prediction of the clinical course; thus, improved
and validated prediction models are clearly needed [13].
Additional studies focused on medical complications during
the treatment of aSAH patients and identified fever, anemia
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and hyperglycemia as prognostic factors [34]. Only a few
studies evaluated systemic physiological variables at the early
stage of aSAH treatment and identified these as independent
predictors of a poor outcome resulting in a new predictive
model [3]. A major limitation of most predictive models is
the lack of external validation as only the external validation
in a new or external patient cohort proves the validity [13].
One of the most validated predictive models for HM in gen-
eral is the simplified acute physiology score II (SAPS-II),
which was introduced in 1993 and contains a mixture of phys-
iologic parameters and general predictors such as age and the
Glasgow Coma Scale (GCS) score [16]. Even though the
SAPS-II is well established, only two studies have assessed
this score for the prediction of outcome and HM in cohorts of
aSAH patients with valid accuracy [22, 29]. Apart from phys-
iologic parameters, the SAPS-II also contains parameters from
the medical history such as chronic diseases. The relevance of
existing disorders prior aSAH is conflicting since Mocco et al.
failed to identify a significant influence of the past medical
history on the clinical outcome, while others identified a his-
tory of hypertension to be an independent predictor [18, 27].
Taken together, apart from the commonly used predictors such
as the Hunt & Hess or WFNS grade, age and Fisher grade, the
predictive value of other physiological and clinical parameters
or the past medical history differs from study to study.

The aim of this study was to assess the validity of the
established SAPS-II in a modern aSAH cohort for the predic-
tion of HM and to identify other possibly relevant physiolog-
ical or clinical predictors including parameters from the past
medical history. The results were further analyzed with the
overall goal to improve the predictive accuracy of the SAPS-
II by using additional relevant parameters available in the first
24 h after admission.

Methods

Study population and treatment

This is a retrospective analysis of 317 patients suffering from
SAH admitted to our institution between November 2010 and
November 2014. Fifty-four patients were excluded because of
angiogram-negative perimesencephalic SAH, leaving 263 pa-
tients included in this study. No patients with arteriovenous
malformation or any syndrome were included in this study. In
accordance with local and institutional laws and data protec-
tion regulations, no approval by the local ethics committee
was necessary as all data had been made anonymous prior to
evaluation.

The treatment of the ruptured aneurysm by either intraop-
erative clipping or endovascular coil embolization followed
an interdisciplinary discussion between the departments of
neurosurgery and neuroradiology. If the clinical condition

was too poor, no further treatment was performed. In two
patients definite identification of the rupture site was not pos-
sible because of incomplete diagnostics due to the poor clin-
ical condition.

All patients were treated at the intensive care unit (ICU)
according to standard SAH guidelines and treatment protocols
with nimodipine application, balanced fluid management
aiming for normovolemia, and normo- to hypertensive arterial
blood pressures. Nutrition of all patients followed a combined
enteral and parenteral protocol as described before [14].

Data collection

The collection of the SAPS-II Diagnosis-Related Groups
(DRG) was done semiautomatically using the BIntegrated
Care Manager^ (ICM) by Dräger Medical Deutschland
GmbH, Lübeck, Germany, which filters all data in a given
24-h period for the worst SAPS DRG score. This semiauto-
matically prepared SAPS-II DRG score is identical to the
original SAPS-II except that the GCS is not included. After
proving the validity of each semiautomatically calculated
SAPS-II DRG by the authors, the first corresponding GCS
points were added to the SAPS-II DRG resulting in the orig-
inal SAPS-II score. The SAPS-II consists of 17 variables in-
cluding age; heart rate; systolic blood pressure; body temper-
ature; if the patient is ventilated, the partial pressure of oxygen
in arterial blood/fractional inspired oxygen (PaO2

mmHg/FiO2); urinary output; serum urea level; white blood
cell count; serum potassium level; serum sodium level; serum
bicarbonate level; bilirubin level; GCS; autoimmune deficien-
cy syndrome (AIDS); hematological malignancy; metastatic
cancer; the type of admission (scheduled surgical, unsched-
uled surgical or medical) [16]. AIDS, hematological malig-
nancy and metastatic cancer are pooled as chronic diseases
as described by Le Gall et al., leaving 15 variables in the
SAPS-II for further analysis [16]. All references within the
result section are synonymous with an SAPS-II score of 0
representing the variable with the lowest mortality risk or the
baseline characteristics. Themaximum value of the SAPS-II is
154 points.

The severity of the aSAH was measured by the Hunt &
Hess grade. Localization of aneurysms was categorized into
two groups based on digital subtraction angiography or com-
puter tomography angiography. The anterior circulation group
contained aneurysms of the anterior cerebral, anterior commu-
nicating, internal carotid and middle cerebral artery. Posterior
aneurysms included aneurysms of the basilar artery, posterior
communicating artery, vertebral artery and its branches.
Beyond that, we collected the Fisher grade on the initial
CCT, diameter and quantity of aneurysms, the treatment of
the aneurysm by either intraoperative clipping or
endovascular coil embolization, the initial intracranial pres-
sure (ICP) and the highest ICP within 24 h after admission
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(if measured; otherwise the patient was allocated to the refer-
ence group) and treatment with anticoagulation drugs (e.g.,
acetylsalicylic acid, clopidogrel or phenprocoumon) or non-
steroidal antiinflammatory drug (NASIDs; e.g., ibuprofen). In
addition, the medical history of all patients was investigated
for known diseases and/or medications. Initial cerebral herni-
ation was defined as either one or both dilated pupils. Chronic
headache was defined based on a medical history with either
migraine or any other recurrent kind of headache such as ten-
sion headache, cluster headache, etc. All patients treated with
antihypertensive drugs were defined as positive for arterial
hypertension.

Data collection for 21 patients was incomplete because of
no treatment of the aneurysm due to the moribund clinical
condition and/or the knowledge of the patient’s provision.

Data analyses

As a first step of the statistical analysis, the influence of the
SAPS-II and separately each of its 17 components on the HM
in aSAH patients was calculated by univariate logistic regres-
sion. We also performed univariate logistic regressions for the
additional parameters. The level of significance was set to
<0.05.

The SAPS-II scores were divided into terciles to analyze
the risk of HM with increasing SAPS-II as well as for contin-
uous SAPS-II. SAPS-DRG and SAPS-II scores were used to
calculate the receiver-operating curve (ROC) with the value of
the area under the curve (AUC) and 95 % confidence interval
(CI) HM in the univariate model.

In a second step, a multivariate logistic regression was used
to identify additional parameters to improve the prediction of
the SAPS-II. All parameters from the univariate logistic re-
gression model were used as potential predictors. In order to
assess the validity of this model for the prediction of mortality
for the following course of the disease, the 21 patients with an
incomplete data set due to poor clinical conditions at admis-
sion were excluded. IBM® SPSS® Statistics 19 (IBM Corp.,
Armonk, NY, USA) was used to perform all statistical
analysis.

Results

A total of 263 patients were included in this study. Causes of
death were therapy-refractory ICP in association with cerebral
infarction in 36 patients (73.5 %), hypoxic brain damage in 5
cases (10.2 %), SAH rebleeding in 4 cases (8.2 %) and sepsis
leading to multiorgan failure in 3 patients (6.1 %). One single
patient (2 %) was admitted under cardiopulmonary resuscita-
tion and died in the first hours after admission. The mean age
of all patients was 54.38±13.71 years; 70 % (184) were fe-
male. The GCS had a distribution with two peaks at both ends

of the score (GSC 14–15 or <6). Severity of the aSAH was
consistently distributed over all five Hunt & Hess grades.
Most patients (68.8 %) suffered from Fisher IV aSAH.

Almost two thirds (61.2 %) of all aneurysms were treated
using endovascular coil embolization, whereas in 21 (8.0 %)
patients no treatment of the aneurysm was performed because
of the severity of the aSAH and unfavorable outcome progno-
sis. All details of the baseline characteristics are presented in
Table 1.

The overall HM rate in our cohort was 18.3 % (49 of 263
patients). The range of the SAPS-II was 14 to 102 points with
a median of 37 points. With a higher SAPS-II (>45) the risk
for HM was higher than for an SAPS-II of <30 (OR 21.812;
95 % CI 6.361–74.790; p<0.001). Each additional sum score
of SAPS-II was associated with an increased HM risk of 9.7 %
(OR 1.097 [1.067–1.128]). Details of the SAPS-II results are
presented in Table 2.

Univariate analysis

Heart rates <70 beats/min, systolic blood pressure
>200 mmHg, serum potassium level <3 mmol/l or >5 mmol/
l, serum bicarbonate level 15–19 mEq/l, PaO2 mmHg/FiO2

<100, metastatic cancer in the patient history, GCS <9 and

Table 1 Baseline characteristics

Characteristics Number of patients

Age (years) Mean±SEM 54.38±13.71

Range 18–88

Median 53

Sex Female 184 (70 %)

Male 79 (30 %)

GCS 15–14 152 (58.4 %)

13–11 20 (7.6 %)

10–9 9 (3.5 %)

8–6 21 (8.0 %)

<6 58 (22.2 %)

Hunt & Hess I 61 (23.2 %)

II 67 (25.5 %)

III 46 (17.5 %)

IV 39 (14.8 %)

V 50 (19.0 %)

Fisher grade I 9 (3.4 %)

II 19 (7.2 %)

III 49 (18.6 %)

IV 181 (68.8 %)

Treatment of aneurysm Coil embolization 161 (61.2 %)

Clipping 81 (30.8 %)

No treatment 21 (8.0 %)

SEM standard error of the mean; GCS Glasgow Coma Scale
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age≥80 years were associated with an increased HM in logis-
tic regression (Table 3). The serum urea level, bilirubin level
as well as subgroups of chronic diseases (hematologic malig-
nancy and AIDS) are not included in Table 3 as for all patients
in our cohort these levels were within the normal range and
none suffered from hematologic malignancy or AIDS.

Beside the statistically significant SAPS-II parameters
mentioned above, we identified the localization and diameter
of the aneurysm, the highest ICP within 24 h after admission
and cardiopulmonary resuscitation of the patient and initial
signs of cerebral herniation to be factors associated with a
higher HM rate. All other factors presented in Table 4 are
not associated with an increase in HM.

Receiver-operating characteristic (ROC) analysis per-
formed to identify the validity of the SAPS-DRG and SAPS-
II in the prediction of HM SAPS-DRG resulted in an area
under the curve (AUC) of 0.670 (95 % CI [0.583–0.758])
and an AUC for SAPS-II of 0.834 (95 % CI 0.771–0.896)
(see Table 5 and Fig. 1).

Multivariate analysis

In order to identify independent predictors of HM a multivar-
iate analysis was performed. Forward selection multivariate
analysis demonstrated that the GCS in accordance with the
distribution in SAPS-II, usage of anticoagulation drugs in
the medical history, and medical history of migraines or
chronic headaches were associated with a higher risk of HM
(Table 6).

All identified independent predictors (Table 6) of HM
were assessed for their ability to improve the prediction of
the SAPS-II for patients who receive the full therapeutic
management. The combination of SAPS-II with the inde-
pendent predictors (intake of anticoagulation drugs and
history of chronic headaches, SAPS-II-GCS already in-
cluded in the SAPS-II) resulted in an improvement of pre-
diction to an AUC of 0.860 (95 % CI [0.786–0.934]). In
this subgroup of aSAH patients (n=242), the SAPS-II as a
standalone predictor decreased to 0.769 (95 % CI [0.676–
0.862]), most likely because of excluding patients with
incomplete data sets due to the moribund state at admission
and the poor prognosis that excluded them from further
therapy (Table 7 and Fig. 2).

Discussion

To the best of our knowledge, this is the largest study evalu-
ating and demonstrating a highly predictive power of the
SAPS-II in a modern series of patients suffering from aSAH.
In order to assess whether the predictive value of the SAPS-II
for HM can be improved, we included further clinical param-
eters from the initial 24 h after admission and parameters from
the past medical history. The analyses revealed that the GCS, a
history of migraines or chronic headaches, or the intake of
anticoagulation drugs were independent predictors of mortal-
ity and raised the predictive value of the SAPS-II to a statisti-
cal level with an AUC of 0.860 (Table 7).

The prediction of mortality and outcome in patients suffer-
ing from aSAH has been the aim of several studies [3, 13, 18,
22, 27, 29, 34]. Most studies focused on a wide range of
predictors such as demographic factors, WFNS and Hunt &
Hess grades, vasospasm, GCS, history of arterial hyperten-
sion, radiological findings, aneurysm size or aneurysm loca-
tion [3, 5, 10, 15, 17, 18, 21, 26–28, 31]. However only well-
established predictors such as age and the Fisher, WFNS and
Hunt & Hess grades seem to be valid and reliable across
studies, whereas laboratory findings, clinical results and items
of the medical history remained inconclusive in the majority
of the studies [13]. Another weakness of newly developed
scores is the lack of sufficient external validation [3, 19].
Given these conflicting results of multiple studies for aSAH,
it seems reasonable to validate the general but well-
established SAPS-II as a basic score for aSAH [16]. The val-
idation of the power of the SAPS-II was proven for traumatic
brain injury and stroke patients [12, 24]. Only two studies
analyzed the SAPS-II in aSAH patients as a predictor of mor-
tality and outcome and demonstrated a predictive value of the
SAPS-II with an AUC of 0.85 (n=136) for death or depen-
dence and an AUC of 0.82 (n=159) for HM [20, 26]. These
results are in line with our study demonstrating an AUC of
0.83 for HM and confirm the highly predictive power of the
SAPS-II in our cohort of 263 patients with aSAH.

Even though the HM rate decreased over this time because
of the improvement of patient management in the ICU, the
SAPS-II retained its predictive value for HM as demonstrated
by our results [1, 4]. In German ICUs the daily documentation
of the SAPS-II or SAPS-DRG is recommended for all ICU
patients by the German Institute of Medical Documentation

Table 2 Distribution of SAPS-II
Characteristic No. of patients (%) OR [95 % CI] P

SAPS-II <30 89 (33.8) Reference <0.001
30–45 93 (35.4) 3.454 [0.918–12.994]

>45 81 (30.8) 21.812 [6.361–74.790]

Continuous 263 1.097 [1.067–1.128] <0.001

OR odds ratio; CI confidence interval
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and Information (www.dimdi.de). The SAPS-II/SAPS-DRG
is used to calculate the severity of patient’s diseases and to
class the patient correctly within the diagnosis-related groups
(DRG) for accounting with the patient’s insurance or
benefactor.

The high relevance of the GCS on HM is in line with
previous studies and becomes apparent when comparing the
AUC of SAPS-II (0.834) with the SAPS-DRG (0.670), which
does not contain the GCS and is clearly lower than that of the
SAPS-II [22, 29]. GCS was also an independent prognostic

Table 3 Univariate logistic
regression of all SAPS-II
parameters except for the
bilirubin and serum urea level

Characteristic No. of patients (%) OR [95 % CI] Overall P

Heart rate

Beats/min

<40 24 (9.1) 0.229 [0.052–1.001] 0.001
40–69 202 (76.8) 0.176 [0.059–0.526]

70–119 15 (5.7) Reference

120–159 20 (7.6) 0.935 [0.244–3.584]

>160 2 (0.8) 1.143 [0.60–21.870]

Systolic BP

MmHg

<70 37 (14.1) 1.845 [0.719–4.735] 0.10
70–99 90 (34.2) 1.790 [0.863–3.712]

100–199 123 (46.8) Reference

>200 13 (4.9) 4.180 [1.216–14.367]

WBC count

(103/cu mm)

<1.0 0 (0) 0.09
1.0–19.9 241 (91.6) Reference

≥20 22 (8.4) 2.276 [0.873–5.933]

Serum sodium level (mmol/l) <125 1 (0.4) <0.001 [0.000] 0.18
125–144 167 (63.5) Reference

≥145 95 (36.1) 1.814 [0.963–3.418]

Serum potassium level (mmol/l) <3 8 (3.0) 5.474 [1.312–22.836] <0.001
3–4,9 246 (93.6) Reference

≥5 9 (3.4) 10.947 [2.624–45.672]

Urinary output (l/d) <500 25 (9.6) 1.811 [0.707–4.641] 0.37
500–999 23 (8.8) 0.699 [0.198–2.471]

≥1000 215 (81.6) Reference

Serum bicarbonate level (mEq/l) <15 3 (1.2) 10.737 [0.950–121.387] 0.003
15–19 18 (6.8) 4.295 [1.592–11.582]

≥20 242 (92.0) Reference

Body temperature (°C) <39 262 (99.6) Referencea

≥39 1 (0.4)

PaO2 mmHg

FiO2

<100 4 (1.4) 48.00 [2.311–997.176] 0.02
100–199 68 (25.9) 5.333 [0.657–43.272]

≥200 174 (66.2) 2.939 [0.374–23.093]

Nv 17 (6.5) Reference

Type of admission Scheduled surgery 0 (0)

Medical 2 (0.8) Referencea

Unscheduled surgery 261 (99.2)

Chronic diseases None 256 (97.3) Reference 0.02
Metastatic cancer 7 (2.7) 6.424 [1.389–29.720]

GCS 15-14 152 (58.4) Reference <0.001
13-11 20 (7.6) 2.302 [0.444–11.937]

10-9 9 (3.5) 2.589 [0.283–23.672]

8-6 21 (8.0) 18.831 [5.999–59.114]

<6 58 (22.2) 16.830 [6.719–42.156]

Age <40 28 (10.6) Reference 0.14
40–59 153 (58.2) 2.419 [0.538–10.869]

60–69 38 (14.5) 4.034 [0.798–20.408]

70–74 18 (6.8) 6.500 [1.140–37.046]

75–79 15 (5.7) 3.250 [0.479–22.068]

≥80 11 (4.2) 7.429 [1.121–49.244]

BP blood pressure; WBC white blood cell; nv not ventilated; GCS Glasgow Coma Scale
a Because of group sizes no statistics were calculated
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Table 4 Univariate logistic
regression of treatment
characteristics, clinical data and
medical history of patients
analyzed for association with
hospital mortality

Characteristic No. of patients

(%)

OR [95 % CI] Overall P

Localization of aneurysm Ant. circulation 181 (72.1) Reference 0.02
Post. circulation 70 (28.9) 1.807 [0.865–3.772]

Diameter of aneurysm ≤7 mm 162 (64.3) Reference <0.001
>7 mm–≤15 mm 69 (27.4) 2.171 [1.003–4.701]

>15 mm 21 (8.3) 9.382 [3.476–25.323]

Quantity of aneurysm 1 200 (78.7] Reference 0.82
2 38 (15.0) 1.280 [0.516–3.171]

≥3 16 (6.3) 0.810 [0.175–3.744]

Treatment of aneurysm Coiling 161 (61.2) Reference 0.43
Clipping 81 (30.8) 0.533 [0.206–1.379]

No treatment 21 (8.0) E

Highest ICP within 24 h after admission No measurement 90 (34.2) 0.150 [0.034–0.674] 0.001
≤15 mmHg 116 (44.1) Reference

>15–≤25 mmHg 33 (12.5) 1.319 [0.471–3.700]

>25 mmHg 24 (9.2) 6.477 [2.444–17.166]

Cardiopulmonary resuscitation No 250 (95.1) 18.596 [4.891–70.709] < 0.001
Yes 13 (4.9)

Initial cerebral herniation No 215 (81.4) 9.866 [4.832–20.141] < 0.001
Yes 48 (18.6)

Intracerebral hemorrhage No 180 (68.4) 1.546 [0.808–2.956) 0.19
Yes 83 (31.6)

Anticoagulation

Drugs

No 215 (81.7) 2.132 [0.908–5.004] 0.082
Yes 48 (18.3)

NSAID No 225 (85.6) 1.758 [0.788–3.919] 0.17
Yes 38 (14.4)

Arterial hypertension No 162 (61.6) 1.312 [0.696–2.474] 0.40
Yes 101 (38.4)

Smoking No 212 (80.6) 0.427 [0.160–1.140] 0.09
Yes 51 (19.4)

Diabetes mellitus No 249 (94.7) 0.736 [0.159–3.399] 0.69
Yes 14 (5.3)

Hyperlipidemia No 248 (94.3) 1.128 [0.306–4.162] 0.86
Yes 15 (5.7)

Chronic headache No 249 (94.7) 2.661 [0.850–8.335] 0.09
Yes 14 (5.3)

Hypothyroidism No 244 (92.8) 1.669 [0.571–4.881] 0.35
Yes 19 (7.2)

Cancer No 248 (94.3) 1.128 [0.306–4.162] 0.86
Yes 15 (5.7)

Mental illness No 248 (94.3) 0.133 [0.001–1.022]a 0.05
Yes 15 (5.7)

Cardiovascular diseases No 240 (91.3) 1.663 [0.619–4.471] 0.31
Yes 23 (8.7)

Pulmonary diseases No 246 (93.5) 0.117 [0.001–0.888]a 0.03
Yes 17 (6.5)

Neurological diseases No 246 (93.5) 2.649 [0.928–7.561] 0.07
Yes 17 (6.5)

Alcohol abuse No 254 (96.6) 2.322 [0.560–9.635] 0.25
Yes 9 (3.4)

Rheumatic diseases No 253 (96.2) 0.487 [0.060–3.938] 0.50
Yes 10 (3.8)

E = all patients with no treatment died. No calculation of OR possible

ICP intracranial pressure; NSAID nonsteroidal antiinflammatory drugs; OR odds ratio; CI confidence interval
a Because of separation problems within groups, Firth’s penalized-likelihood logistic regression was used here
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parameter in some studies, while others identified the H&H or
WFNS as independent predictors, which in major parts are
interrelated with the GCS [3, 5, 10, 13, 15, 17, 18, 21,
26–28, 31]. Some studies found age to be a significant predic-
tor of outcome, whereas others did not find a similar correla-
tion [3, 5, 10, 15, 17, 18, 26–28, 31]. In light of these conflict-
ing results, in our study cohort the overall age analysis failed
to reach the level of significance, but the age groups 70–74
(OR 6.500 [95 % CI 1.140–37.046]) and ≥80 years (OR
7.429 [95 % CI 1.121–49.244]) were significantly associ-
ated with a higher rate of mortality (Table 3). Furthermore,
the finding that systolic blood pressure and serum urea
levels were independent prognostic markers is not support-
ed by our data analysis of a significantly larger cohort of
patients with aSAH [22, 29].

Chronic headache including migraines was an independent
prognostic marker for HM in the analyzed subpopulation of
our study. Migraine was identified to be a prognostic marker
for rupture of cerebral aneurysms, and one study demonstrated
that migraines are associated with a greater risk of delayed
cerebral ischemia (DCI) [7, 33]. The pathogenic links between

migraines and angiographic vasospasm have not been clearly
unraveled, but it was demonstrated that vasoconstriction of the
basal cerebral arteries occurs in migraine patients [2]. Frontera
et al. demonstrated that DCI has an impact on death or severe
disability in aSAH patients [8]. Therefore, our results support
the hypothesis that migraines are associated with an unfavor-
able outcome after aSAH, although due to the design of our
study and our focus on parameters that are available within
24 h of admission we did not include data on DCI in our
analysis.

Medication with anticoagulation drugs prior to aSAH is
still a controversial aspect in the prognosis with regard to the
HM. Use of the specific medication acetylsalicylic acid prior
to aSAH was not associated with an increase of HM, while
another study that focused on any kind of anticoagulation drug
found an association with death and poor outcome [25, 30].
This is in line with our results demonstrating that prior med-
ication with any anticoagulation drug is associated with a sig-
nificantly higher risk of HM during the disease course in the
subgroup of patients that is not moribund at admission and
therefore eligible to receive the full treatment. On the other
hand, we failed to detect an association with mortality when
initially moribund patients were included in the analysis, sug-
gesting that the intake of anticoagulation drugs has no impact
on the presenting clinical grade, similar to the data of Gross
et al. [11] It seems reasonable to speculate that other parame-
ters are outweighing the possible negative effects of
anticoagulation drugs on initial moribund patients.

Table 5 Area under the curve (AUC) and 95 % confidence interval
(CI) for SAPS-DRG and SAPS-II

Model AUC 95 % CI

SAPS-DRG 0.670 0.583–0.758

SAPS-II 0.834 0.771–0.896

Fig. 1 Receiver-operating curve (ROC) results for the prediction of hos-
pital mortality according to SAPS-DRG and SAPS-II

Table 6 Multivariate analysis for hospital mortality

Characteristic OR [95 % CI] P

SAPS-II-GCS 14–15 Reference <0.001
11–13 5.058 [0.832–30.752]

9–10 2.773 [0.262–29.335]

6–8 25.660 [6.167–106.764]

<6 11.104 [3.258–37.844]

Anticoagulation drugs 4.589 [1.093–19.272] 0.04

Chronic headache 12.021 [2.680–53.916] 0.001

GCS Glasgow Coma Scale; OR odds ratio; CI confidence interval

Table 7 Area under the curve (AUC) and 95 % confidence interval
(CI) for SAPS-DRG and SAPS-II

Model AUC 95 % CI

SAPS-DRG 0.654 0.536–0.772

SAPS-II 0.769 0.676–0.862

Independent predictors 0.803 0.713–0.892

SAPS-II + independent predictors 0.860 0.786–0.934
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Nevertheless, the true impact of the quite heterogeneous group
of anticoagulation drugs is poorly understood, which is
underlined by the multitude of conflicting results [9, 11, 32].

Limitations of our study are the natural given characteris-
tics of a retrospective analysis such as incomplete data and
treatment bias. To reduce most kinds of bias we focused only
on parameters that are clearly identifiable within 24 h of ad-
mission and do not require any special skills or experiences
such as the presence of acute hydrocephalus or development
of DCI. Another limitation might be a selection bias of the
parameters we investigated as we did not include the body
mass index (BMI) or obesity, for example, as most studies
found no correlation between BMI and outcome in SAH,
while another prospective study observed a correlation be-
tween obesity and the occurrence of vasospasm [6, 23].
Additionally, all aSAHs with no further treatment were ex-
cluded from the analysis of additional parameters to prevent
selection and treatment bias in the further analysis.

Conclusion

This study clearly demonstrates that the SAPS-II is a valid and
practical tool for HM in an aSAH cohort more than 20 years
after the introduction of this score. Our findings reveal the
GCS is one of the most powerful predictors of HM.
Excluding initially moribund patients, we identified that still
the GCS, a history of chronic headaches or anticoagulation
drug medication was associated with an increase in HM.
Including these independent predictors in the SAPS-II, we

achieved a higher predictive power. Despite this increase of
predictive power in our model, from a practical viewpoint, this
study suggests that the SAPS-II alone, which already includes
the GCS, represents a powerful score for the sufficient predic-
tion of HM after aSAH. The SAPS-II is easily applicable since
it can be semiautomatically calculated in ICUs within sec-
onds, does not require any specific skills and is associated
with a low proneness to error.
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