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Abstract
Background: Neurological outcome and mortality of patients suffering from poor grade subarachnoid hemorrhage
(SAH) may have changed over time. Several factors, including patients’ characteristics, the presence of
hydrocephalus and intraparenchymal hematoma, might also contribute to this effect. The aim of this study was to
assess the temporal changes in mortality and neurologic outcome in SAH patients and identify their predictors.
Methods: We performed a single center retrospective cohort study from 2004 to 2018. All non-traumatic SAH
patients with poor grade on admission (WFNS score of 4 or 5) who remained at least 24 h in the hospital were
included. Time course was analyzed into four groups according to the years of admission (2004–2007; 2008–2011;
2012–2015 and 2016–2018).
Results: A total of 353 patients were included in this study: 202 patients died (57 %) and 260 (74 %) had
unfavorable neurological outcome (UO) at 3 months. Mortality tended to decrease in in 2008–2011 and 2016–2018
periods (HR 0.55 [0.34–0.89] and HR 0.33 [0.20–0.53], respectively, when compared to 2004–2007). The proportion of
patients with UO remained high and did not vary significantly over time. Patients with WFNS 5 had higher mortality
(68 % vs. 34 %, p = 0.001) and more frequent UO (83 % vs. 54 %, p = 0.001) than those with WFNS 4. In the
multivariable analysis, WFNS 5 was independently associated with mortality (HR 2.12 [1.43–3.14]) and UO (OR 3.23
[1.67–6.25]). The presence of hydrocephalus was associated with a lower risk of mortality (HR 0.60 [0.43–0.84]).
Conclusions: Both hospital mortality and UO remained high in poor grade SAH patients. Patients with WFNS 5 on
admission had worse prognosis than others; this should be taken into consideration for future clinical studies.
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Background
Non traumatic subarachnoid hemorrhage (SAH) is a significant cause of morbidity and mortality worldwide [1].
Ruptured aneurysms are by far the most frequent cause
of non-traumatic SAH [2]; despite improvement in
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aneurysm management and in the control of secondary
brain injuries, the occurrence of long-term neurological
sequalae among survivors remains high [1].
Neurological status on admission, in particular if
assessed by the World Federation of Neurological Surgeons (WFNS) scale [3], is associated with poor outcome
after SAH [4]. In particular, “poor grade” SAH (i.e.
WFNS 4 or 5) has been consistently identified as an independent predictor of poor neurological outcome in
different observational studies [5–7]. In the 70 and 80 s,
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only 13 % of poor grade SAH patients presented with
long-term good neurological recovery [8–10]; in the following decades, good neurological recovery increased up
of 30 % of admitted patients [5, 11–15]. This finding
could be ascribed to several factors, such as the development of accurate diagnostic tools to rapidly identify the
culprit aneurysm, the widespread use of nimodipine as
prophylactic neuroprotective therapy, early treatment of
the ruptured aneurysm and the development of specialized neuro-intensive care units [16]. Nevertheless, in the
last 15 years, the proportion of SAH patients with poor
grade on admission and who subsequently will be discharged with intact neurological outcome appears unchanged [7, 17, 18].
Secondary brain injury, especially the occurrence of
delayed cerebral ischemia (DCI), is an important preventable cause of poor outcome in SAH patients [19].
The application of multimodal monitoring for early detection and the development of new and more aggressive
therapeutic strategies, such as chemical or mechanical
angioplasty to treat vasospasm, could contribute to the
reduction of brain damage in this setting [20]. Moreover,
initial poor clinical neurological status due to acute
hydrocephalus may not have the same impact on neurological recovery as brain edema or large intracranial
bleeding following SAH [21]. Additionally, a recent study
demonstrated that patients with intraparenchymal
hematoma have worse neurological outcome and should
be taken into account when prognosticating poor grade
SAH patients [22].
Considering the complexity of several prognostic factors in SAH patients, the primary aim of this study was
to assess the temporal changes in mortality and of longterm neurologic outcome in non-traumatic SAH patients
admitted to a referral center over the last 15 years. Secondary outcomes included: (a) predictors of mortality
and unfavorable neurological outcome; (b) differences in
the combination of WFNS 4 or 5, hydrocephalus and
intraparenchymal hematoma on patients’ outcome.

Methods
Study population

This is a retrospective, single-center cohort study conducted in the Intensive Care Unit (ICU) of Erasmus
Hospital, Brussels, Belgium. This study was approved by
the local ethics committee (P2019/649), which waived
the need of informed consent. All adult patients (> 18
years) admitted to the ICU after a non-traumatic SAH
(i.e. including not only aneurysmal SAH but also bleeding secondary to arteriovenous malformation or sine
materia) from January 2004 to December 2018 were eligible for screening. We included only patients with poor
clinical grade at presentation, defined by a WFNS scale
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of 4 or 5 points [3], who remained at least 24 h in the
ICU.
Data collection

Demographic data were recorded, including sex and
gender of patients, history of hypertension, chronic obstructive pulmonary disease (COPD), heart disease, liver
cirrhosis, chronic renal failure, cancer, immunosuppressive therapy, and previous neurological disease. Clinical
status on admission was evaluated using the Glasgow
Coma Scale (GCS) [23] and the WFNS score. Severity of
the disease was assessed using the acute physiology and
chronic health evaluation (APACHE) II score [24] and
the sequential organ failure assessment (SOFA) score on
admission [25]; the severity of the initial bleeding was
assessed from the initial head computed tomography
(CT) scan, using the Fisher scale [26]. The type of treatment (i.e., endovascular vs. surgical - in case an
aneurysm was identified), the need for intracranial pressure (ICP) monitoring, brain tissue oxygenation monitoring (PbtO2), continuous EEG and external ventricular
derivation (EVD) were recorded.
Daily treatments, including the use of vasopressors or
inotropic agents, extracorporeal membrane oxygenation
(ECMO) and continuous renal replacement therapy
(CRRT) were recorded. We also recorded the development of brain-specific complications, such as: rebleeding,
intracranial hypertension (ICHT), cerebral vasospasm,
DCI, hydrocephalus and seizures. Definition of such
complications have been reported elsewhere [27]. We
also collected data regarding ICHT management (i.e. osmotic therapy, decompressive craniectomy, hypothermia,
barbiturates, hyperventilation). Also, data on prophylaxis
and management of vasospasm (i.e., oral nimodipine,
intra-arterial nimodipine, induced hypertension and
cerebral angioplasty) were collected. Patients in whom
nimodipine prophylaxis had to be interrupted before 21
days from SAH onset (i.e. due to severe hemodynamic
instability) were considered as not having received the
treatment. Both ICU and hospital mortality and neurological outcome at 3 months were collected. Neurologic
outcome was assessed using the Glasgow outcome scale
at 3 months (GOS: 1 = Severe injury or death without recovery of consciousness, 2 = Severe damage with prolonged state of unresponsiveness and a lack of higher
mental functions, 3 = Severe injury with permanent need
for help with daily living, 4 = No need for assistance in
everyday life, employment is possible but may require
special equipment, 5 = Light damage with minor neurological and psychological deficits), which was routinely
collected in the follow-up visit or estimated from medical reports. Unfavorable neurological outcome (UO)
was defined as GOS 1–3. To allow the analysis of mortality and UO over time, we separated different years of
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admission into 4 different periods: (1) 2004–2007; (2)
2008–2011; (3) 2012–2015; (4) 2016–2018. We grouped
together the years with similar SAH management strategies and practices in our center. Patients’ management
has been previously described [27].

Outcomes

Primary outcomes were hospital mortality rates and
neurological outcome assessed by GOS at 3 months of
each year from 2004 to 2018 and during the four periods
described above.
Secondary outcomes included : (a) the identification of
possible predictors of hospital mortality and unfavorable
neurological outcome in 3 months; (b) Differences in
outcome (mortality and neurological outcome in 3
months) of patients with WFNS 5 compared to WFNS
4; (c) impact of hydrocephalus and intraparenchymal
hematoma on patients’ outcome.

Statistical analysis

Descriptive statistics were computed for all study variables. Categorical data are presented as both as numbers and as percentages. Continuous data are
presented as mean (± standard deviation) or median
(25th − 75th percentiles), according to the distribution
pattern of each variable. Differences between groups
were assessed using a χ-square or Fisher’s exact test
for categorical variables. For normally distributed continuous variables we used t-Student or ANOVA and,
for asymmetrically distributed continuous variables,
we applied the Mann-Whitney test or Kruskal-Wallis
test. A Cox regression model was used to calculate
the hazard ratios (HR) and 95 % confidence intervals
(CIs) for factors related to hospital mortality. Colinearity was checked before modelling. The following
variables were included in the model: period of time
(2004–2007; 2008–2011; 2012 − 2005; 2016–2018),
WFNS score, hydrocephalus and intraparenchymal
hematoma and adjusted for known factors associated
with mortality. Multivariable logistic regression was
performed to calculate adjusted odds ratios (ORs)
with 95 % CIs of poor neurological outcome. Colinearity between variables was checked before modeling. The following variables were included in the
model: period of time (2004–2007; 2008–2011; 2012
− 2005; 2016–2018), WFNS score, hydrocephalus and
intraparenchymal hematoma and were adjusted by
known factors related to poor neurological outcome.
We used the Hosmer-Lemeshow test to assess the
goodness-of-fit of the model. A p < 0.05 was considered as statistically significant. Statistical analyses
were performed using IBM SPSS Statistics 26.
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Results
Study population

On a total of 1166 SAH admitted to the ICU over the
study period, 348 were of traumatic origin and 465 had
a WFNS of 1 to 3 on admission, leaving 353 (30 %) patients eligible for the final analysis (Fig. 1). Of those 114
(32 %) patients were classified as WFNS 4 and 239
(68 %) patients as WFNS 5. An aneurysm was identified
in 298 (84 %) patients; 8 (2 %) patients had an arteriovenous malformation and no cause was identified in 48
patients (14 %). Of those 114 (32 %) patients were classified as WFNS 4 and 239 (68 %) patients as WFNS 5.
Overall hospital mortality was 57 % (202/353); of those,
39 (19 % of all deaths) were WFNS 4 and 163 (81 % of
all deaths) were WFNS 5. UO was observed in 260 patients (74 %); of those, 61 (24 % of all UO) were WFNS 4
and 199 (77 % of all UO) were WFNS 5.
Characteristics of the study population over time

Characteristics of the study population are shown in
Table 1. Severity of disease, as indicated by the APAC
HE II and SOFA scores on admission, significantly increased over time. Also, the overall Glasgow Coma Scale
was lower in the third and fourth period compared to
others. There was a progressive decrease over time in
the number of patients having previous neurological disease, cancer, smoking or drug abuse; however, the number of patients being treated with vasopressors increased
over time as well as the proportion of patients with
hydrocephalus on admission, in particular in the third
period. The use of CRRT was rare (< 2 % over time). The
proportion of patients with WFNS 5 increased

Fig. 1 Flow-chart of the study. SAH: subarachnoid hemorrhage;
WFNS: World Federation of Neurological Surgeons
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Table 1 Characteristic of the population with poor grade subarachnoid hemorrhage (SAH) during the four different study periods.
Data are presented as mean (  SD), median (IQRs) or counts (%)
All patients
N = 353

2004–2007 (N = 69)

2008–2011
(N = 71)

2012–2015
(N = 116)

2016–2018
(N = 97)

p value

Age, years

57 (±14)

60 (± 16)

56 (± 11)

57 (± 14)

54 (± 15)

0.08

Male gender, n (%)

149 (42)

29 (42)

26 (37)

48 (42)

46 (47)

0.57

APACHE score

18 (16–21)

16 (13–19)

18 (15–20)

19 (17–21)

21 (18–24)

< 0.001

SOFA score

8 (5–10)

6 (4–7)

6 (5–9)

8 (6–10)

9 (7–10)

< 0.001

Glasgow coma scale

4 (3–7)

6 (3–10)

7 (3–9)

3 (3–6)

3 (3–6)

< 0.001

WFNS 5, n (%)

239 (68)

34 (49)

38 (54)

92 (79)

75 (77)

< 0.001

Fisher scale 3 or 4 points, n (%)

330 (94)

64 (93)

70 (99)

115 (99)

81 (84)

0.03

Aneurysm, n (%)

288 (82)

54 (78)

56 (79)

93 (80)

85 (88)

0.34

Hypertension, n (%)

146 (41)

35 (51)

19 (27)

51(44)

41(42)

0.03

Diabetes mellitus, n (%)

35 (10)

9 (13)

9 (13)

9 (8)

8 (8)

0.52

Heart disease, n (%)

52 (15)

13 (19)

10 (14)

17 (15)

12 (12)

0.71

Previous neurological disease, n (%)

44 (12)

13 (19)

4 (6)

20 (17)

7 (7)

0.02

Chronic kidney disease, n (%)

7 (2)

1 (1)

0

2 (2)

4 (4)

0.28

COPD, n (%)

27 (8)

4 (6)

5 (7)

8 (7)

10 (10)

0.70

Corticosteroid use, n (%)

13 (4)

1 (1)

3 (4)

4 (3)

5 (5)

0.65

Cancer, n (%)

30 (9)

12 (17)

4 (6)

8 (7)

6 (6)

0.03

Cirrhosis, n (%)

8 (2)

2 (3)

1 (1)

2 (2)

3 (3)

0.85

Alcohol, n (%)

64 (18)

22 (32)

11 (16)

13 (11)

18 (19)

0.005

Smoking, n (%)

79 (22)

35 (51)

5 (7)

20 (17)

19 (20)

< 0.001

Drug abuse, n (%)

22 (6)

15 (22)

1 (1)

3 (3)

3 (3)

< 0.001

256 (73)

41 (60)

52 (73)

77 (66)

86 (89)

0.001

Support Therapies
Vasopressor use, n (%)
Inotropic use, n (%)

55 (16)

1 (1)

9 (13)

14 (12)

31 (32)

< 0.001

ECMO v-v, n (%)

3 (1)

0

0

1 (1)

2 (2)

0.41

Mechanical ventilation, n (%)

321 (91)

59 (86)

65 (92)

108 (93)

89 (92)

0.36

CRRT, n (%)

3 (1)

1 (1)

0

1 (1)

1 (1)

0.82

Neurological monitoring and specific treatments
Surgical treatment (clipping), n (%)

55 (16)

11 (16)

11 (16)

14 (12)

19 (20)

0.52

Endovascular treatment, n (%)

162 (46)

31 (45)

40 (56)

45 (39)

46 (47)

0.13

ICP monitoring, n (%)

264 (75)

49 (71)

56 (79)

80 (69)

47 (49)

0.14

PbtO2 monitoring, n (%)

49 (14)

0

0

2 (2)

47 (49)

< 0.001

Continuous EEG monitoring, n (%)

220 (63)

42 (61)

52 (73)

62 (53)

64 (66)

0.04

Vasospasm prophylaxis, n (%)

235 (67)

53 (77)

58 (82)

75 (65)

49 (51)

< 0.001

Hyperventilation, n (%)

168 (48)

29 (42)

35 (49)

57 (49)

47 (49)

0.78

Osmotic therapy, n (%)

158 (45)

30 (44)

22 (31)

58 (50)

48 (50)

0.05

Decompressive craniectomy, n (%)

14 (4)

2 (3)

3 (4)

3 (3)

6 (6)

0.56

Barbituric coma, n (%)

68 (19)

13 (19)

13 (18)

21 (18)

21 (22)

0.92

Hypothermia, n (%)

46 (13)

2 (3)

4 (6)

14 (12)

26 (27)

< 0.001

Induced hypertension, n (%)

128 (36)

35 (51)

21 (30)

33 (28)

39 (40)

0.01

Intra-arterial injection of nimodipine, n (%)

37 (11)

1 (1)

7 (10)

6 (5)

23 (24)

< 0.001

Intraparenchymal hematoma, n (%)

153 (43)

39 (57)

25 (35)

41 (35)

48 (50)

0.01

Seizure, n (%)

94 (27)

14 (20)

26 (37)

26 (22)

28 (29)

0.10

Neurological complications
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Table 1 Characteristic of the population with poor grade subarachnoid hemorrhage (SAH) during the four different study periods.
Data are presented as mean (  SD), median (IQRs) or counts (%) (Continued)
All patients
N = 353

2004–2007 (N = 69)

2008–2011
(N = 71)

2012–2015
(N = 116)

2016–2018
(N = 97)

p value

Rebleeding, n (%)

27 (8)

7 (11)

1 (1)

7 (6)

12 (12)

0.05

Hydrocephalus, n (%)

150 (43)

22 (32)

14 (20)

75 (65)

39 (40)

0.001

Delayed cerebral ischemia, n (%)

82 (23)

27 (39)

15 (21)

17 (15)

23 (24)

0.002

Intracranial hypertension, n (%)

230 (65)

48 (70)

42 (59)

80 (69)

60 (62)

0.40

UO, n (%)

260 (74)

51 (74)

50 (70)

85 (73)

90 (77)

0.86

GOS at 3 months, median (IQR)

1 (1–4)

1 (1–4)

2 (1–4)

1 (1–4)

1 (1–3)

0.42

ICU LOS- days, median (IQR)

8 (2–7)

7 (2–15)

10 (3–16)

6 (1–16)

9 (2–21)

0.11

Hospital LOS- days, median (IQR)

13 (2–35)

9 (2–34)

13 (3–35)

10 (1–28)

20 (2–44)

0.06

ICU mortality, n (%)

195 (56)

43 (62)

33 (47)

70 (60)

49 (51)

0.13

Hospital mortality, n (%)

202 (57)

45 (65)

35 (49)

73 (63)

49 (51)

0.07

Outcomes

APACHE score Acute Physiology and Chronic Health Evaluation; SOFA score Sequential Organ Failure Assessment; GCS Glasgow coma scale; WFNS World Federation
of Neurological surgeons; ICU Intensive Care Unit; SD standard deviation; IQR interquartile range; ECMO v-v venous-venous extracorporeal membrane oxygenation;
CRRT renal replacement therapy; ICP intracranial pressure; PbtO2 partial pressure of brain tissue oxygen; EEG electroencephalogram; LOS length of stay

significantly over time. The use of multimodal neuromonitoring and the intensity of therapies also increased
over time.

Changes in mortality and neurological outcome over time

Hospital mortality and the percentage of patients
with unfavorable neurological outcome did not vary
significantly over the years as shown in Fig. 2b.
When analyzing survival data according to year
groups there was a reduction in hospital mortality in
the second and fourth period but not in the third
period, where the mortality rate is similar to baseline

(2004–2007: 45/69, 65 %; 2008–2011: 35/71, 49 %;
2012–2015: 73/116; 63 %; 2016–2018: 49/97, 51 %;
p = 0.07 – Fig. 2b). Non survivors were older, had a
worse neurological status at presentation and were more
severely ill, as demonstrated by the APACHE and SOFA
score on admission. These patients also had more comorbidities and developed more neurological complications
such as rebleeding, hydrocephalus and intracranial hypertension (Supplemental Table S1). In the Cox regression
model, being admitted in 2008–2011 (HR 0.55 [95 % CI
0.34–0.89]) and 2016–2018 (HR 0.33 [95 % CI 0.20–0.53])
compared to being admitted in 2004–2007 were associated with a lower risk of mortality (Table 2).

Fig. 2 Panel a) Proportion of non-survivors and of patients with UO over the years from 2004-2018. Panel b) Proportion of non-survivors and of
patients with UO into the 4 study periods. P-values were calculated using qui-square test comparing the proportion of non survivors/ patients
with poor outcome over time
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Table 2 Cox regression for factors associated with hospital mortality
Univariable analysis
HR (95 % CI)

P value

Multivariable analysis
HR (95 % CI)

P value

Age

1.02 (1.01–1.03)

0.002

1.02 (1.00-1.03)

0.022

SOFA score

1.18 (1.12–1.24)

0.001

1.10 (1.03–1.17)

0.006

WFNS 5

2.80 (1.97–3.98)

0.001

2.12 (1.43–3.14)

0.001

Endovascular treatment

0.34 (0.25–0.45)

0.001

0.51 (0.36–0.73)

0.001

Prophylactic nimodipine

0.29 (0.22–0.38)

0.001

0.50 (0.35–0.72)

0.001

Intracranial hypertension

4.80 (3.23–7.12)

0.001

3.56 (2.33–5.41)

0.001

Rebleeding

2.09 (1.35–3.23)

0.001

1.39 (0.86–2.24)

0.174

Hydrocephalus

0.63 (0.47–0.84)

0.001

0.60 (0.43–0.84)

0.002

Seizures

0.60 (0.43–0.84)

0.003

0.84 (0.58–1.20)

0.316

Diabetes mellitus

0.56 (0.32–0.96)

0.035

0.72 (0.41–1.26)

0.254

Heart disease

1.45 (1.01–2.07)

0.045

1.36 (0.90–2.06)

0.151

Intraparenchymal hematoma

1.01 (0.76–1.33)

0.951

0.91 (0.67–1.23)

0.545

2008–2011

0.68 (0.44–1.06)

0.090

0.55 (0.34–0.89)

0.015

2012–2015

1.01 (0.69–1.46)

0.981

0.71 (0.46–1.09)

0.117

2016–2018

0.69 (0.46–1.03)

0.072

0.33 (0.20–0.53)

0.001

Goodness of fit: p = 0.37; WFNS world federation of neurological surgeons; HR hazard ratio; CI confidence interval. Values in bold represent statistical significance
in the multivariable analysis

The proportion of patients with UO remained high
over the study period (2004–2007: 51/69, 74 %; 2008–
2011: 50/71, 70 %; 2012–2015: 85/116, 73 %; 2016–2018
:90/97, 77 %; p = 0.86 – Fig. 2). In the univariable analysis, the risks of UO, with 2004–2007 as references, did
not decrease over time (2008–2011: OR 0.84 [95 % CI
0.40–1.76] − 2012–2015: 0.97 [95 % CI 0.49–1.90] −
2016–2018: OR 1.14 [0.56–2.32]).
Patients with UO at 3 months were older and more severely ill on admission and had a lower initial GCS score
when compared to those with FO. They also required
more support therapy and experienced more

neurological complications such as rebleeding and intracranial hypertension (Supplemental Table S1). In the
multivariable analysis (Table 3), the studied period was
not associated with UO.

Differences between WFNS 4 and WFNS 5 patients

Patients with WFNS 5 had a higher proportion of severe
bleeding (i.e. Fisher scale 3 or 4), developed more frequently intracranial hypertension and required more aggressive therapeutic management than WFNS 4 patients
(Supplemental Table S2). Hospital mortality (163/239,
68 % vs. 39/114, 34 %; p < 0.001) and the occurrence of

Table 3 Logistic regression for associated with poor neurologic outcome in 3 months (GOS 1–3)
Univariable analysis
OR (CI 95 %)

p-value

Multivariable analysis
OR (CI 95 %)

p-value

Age

1.02 (1.01–1.04)

0.013

1.04 (1.01–1.06)

0.005

WFNS 5

4.32(2.62–7.13)

0.001

3.23 (1.67–6.25)

0.001

Intracranial hypertension

10.14(5.87–17.51)

0.001

10.15 (5.24–19.66)

0.001

Rebleeding

10.22(1.37–76.43)

0.024

3.77 (0.46–30.56)

0.215

Hydrocephalus

0.64(0.40–1.03)

0.068

0.66 (0.32–1.33)

0.243

Intraparenchymal hematoma

1.02 (0.63–1.64)

0.940

0.90 (0.49–1.67)

0.747

Endovascular treatment

0.31(0.19–0.51)

0.001

0.56 (0.29–1.09)

0.087

Prophylactic nimodipine

9.27(2.20-39.04)

0.001

0.29 (0.11–0.77)

0.013

2008–2011

0.84 (0.40–1.76)

0.645

1.12 (0.44–2.85)

0.809

2012–2015

0.97 (0.49–1.90)

0.924

0.71 (0.28–1.85)

0.487

2016–2018

1.14 (0.56–2.32)

0.727

1.26 (0.48–3.27)

0.638

Goodness of fit: p = 0.73; WFNS world federation of neurological surgeons; values in bold represent statistical significance in the multivariable analysis. Age was
included in the model as a continuous variable
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UO (199/239, 83 % vs. 61/114, 54 %; p < 0.001) was
higher in WFNS 5 patients than others. In the multivariable analysis WFNS 5 was also associated with an increased risk of hospital death (HR 2.12 [95 % 1.43–3.14])
and of UO (OR 3.23 [1.67–6.25]).
The impact of hydrocephalus and intraparenchymal
hematoma on outcome

Of the 353 patients, 150 (43 %) developed hydrocephalus
and were treated with external ventricular drainage. Patients with hydrocephalus had a lower likelihood of mortality (HR 0.60 [95 % CI 0.43–0.84) than others.
Hydrocephalus was not associated with neurological outcome (OR 0.66 [95 % CI 0.32–1.33]).
Intraparenchymal hematoma on admission was
present in 153/353 (43 %) patients. More than half of
these patients (89/153, 58 %) died and 74 % (113/153)
had UO; however, intraparenchymal hematoma was not
independently associated with neither mortality (HR
0.91 [0.67–1.23]) or UO (OR 0.90 [0.49–1.67]).
The combination of WFNS score with hydrocephalus
or intraparenchymal hematoma did not influence the
higher mortality and UO rates in those with WFNS 5 on
admission (Fig. 3).

Discussion
In this study we have showed that there was no clear
trend in reduction of mortality rates over the years and
that the occurrence of UO remained high and unchanged in poor grade SAH patients. WFNS 5 and the
absence of hydrocephalus were independent predictors
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of hospital mortality. WFNS 5 was also independently
associated with UO. The presence of intracerebral
hematoma and hydrocephalus did not significantly influence the high mortality and UO rates in WFNS 5
patients.
Several studies have reported worldwide a decrease in
SAH mortality over time, regardless of the outcome used
(i.e., at hospital discharge or at 30 days). Indeed, two
meta-analysis including studies from Europe, Japan,
China, USA, Chile, Australia and New Zealand have reported a decrease in mortality of approximately 0.8 and
0.9 % per year and from 1972 to 2002 and from 1980 to
2005, respectively [28, 29]. In Australia, two retrospective studies have shown a decrease in mortality varying
from 0.7 to 2.7 % a year after SAH over time [30, 31].
Similarly, mortality of SAH patients has decreased steadily between 1998 and 2007, regardless of the initial treatment of choice (i.e. surgical clipping or endovascular
coiling) [32]. In our study, we found a significant reduction in mortality from 2004 to 2007 to 2008–2011; however, mortality increased in 2012–2015 with similar rates
to 2004–2007. The increase in mortality in the third
period could be explained by the significant increase in
the proportions of WFNS 5 compared to the second
period and due to the high proportions of patients with
intracranial hypertension. In fact, similar incidences of
intracranial hypertension and subsequently mortality
rates were observed in the first and third period. In the
last studied period (2016–2018) mortality starts to fall
again, despite the elevated proportions of WFNS 5 patients. This could be due to the implementation of new

Fig. 3 Percentage of mortality and poor neurological outcome according to WFNS score
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neuromonitoring technologies, such as PbtO2 catheters,
or more aggressive therapies (i.e. intra-arterial vasodilators), which may have contributed to early diagnosis of
neurological complications and a more adequate management of refractory cerebral vasospasm. This difference from what was reported in previous studies could
be explained because these studies have frequently compared 80’s and 90’s with more recent decades, while we
focused our data analysis in 2004–2018, where endovascular and surgical treatment were already well established; also, while previous studies often focused on
SAH of all clinical severity on admission [32], we evaluated only poor grade patients, in whom the mortality
rate is the highest and relevant improvement in patients’
management might significantly influence patients’ outcome over time. Of course, not all confounders could be
adequately assessed in this retrospective longitudinal
analysis; moreover, other series of SAH patients have reported unchanged mortality rates over the same period
of time [33, 34].
Regarding functional neurological status, a study conducted in the UK including all WFNS grades showed a
50 % decrease in the occurrence of UO, which was
assessed by the modified Rankin scale, comparing two
distinct time periods (i.e. 1981–1986 vs. 2002–2008)
[28]. In the USA, a decrease in the proportion of patients with high disability was observed from 1998 to
2013 [35]. Similarly, in developing countries such as
India, there was a significant decrease of patients with
UO at 3 months, which was assessed by GOS, from
1996–2015; one of the main explanations for such findings was the improvement of neurosurgical services and
overall therapies in this country [36]. However, when
only patients with poor grade clinical status were considered, early interventions and aggressive treatment did
not significantly reduce the high number of patients who
were discharged with severe disability from the hospital
[7, 37, 38]. A meta-analysis also showed that in poor
grade SAH patients there was an initial improvement of
outcome form 70’s to 90’ but that there has been no further gain in terms of neurological recovery thereafter;
this could be explained by the high proportion of WFNS
5 patients included in the studies [20]. Our study reported similar results and underlined a very high occurrence of UO in WFNS 5 patients.
Our findings suggest that patients with poor grade
SAH may not be an homogenous group; in particular,
patients with WFNS 5 have a worse outcome than those
with WFNS 4. This has been previously suggested in
other studies [7, 20, 39], but our study was designed to
specifically investigate the differences in outcome between WFNS 4 and 5. The highest mortality and UO
rates observed in WFNS 5 patients might be due to several factors, including the extension of the initial injury,
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the severity of bleeding as well as the occurrence of early
(i.e., intracranial hypertension) and late (i.e., DCI) brain
complications. Future trials should focus on the pathophysiological mechanisms as the response to therapies of
WFNS 4 and WFNS 5 patients separately to optimize
therapeutic interventions in such patients, better stratify
for the severity of disease and more accurately prognosticate their outcome.
We also investigated additional factors that could further aggravate or influence the poor outcome of WFNS
5 patients, such as hydrocephalus and the presence of
intraparenchymal hematoma. We found that acute
hydrocephalus did not increase the chance of death, possibly because clinical deterioration associated with
hydrocephalus could promptly be treated with external
ventricular derivation, which in many cases may resolve
symptoms [40]. In our cohort, all patients who had
hydrocephalus were treated with external ventricular
derivation (EVD); however, we do not have data regarding any neurological improvement after EVD insertion
and we can only speculate that this would be the reason
explaining why hydrocephalus was associated with a better neurological recovery. As such, the importance of
early recognition and treatment of this condition should
be highlighted and reported in future descriptive and
interventional studies. As another study reported that
hydrocephalus after SAH was associated with UO [41],
this complication should be further studied in multicentric cohorts. In our study, we also reported a high
prevalence of intraparenchymal hematoma. However,
this had no impact on mortality or UO. A possible explanation is that hematoma evacuation surgery was performed in 82 % of patients and this might have
reduced the risk of secondary brain injury [22, 42].
Also, it is possible that the association of intraparenchymal hematoma with UO reported in other studies might be related to the decision of limiting
aggressive therapies, including surgical drainage.
Moreover, previous studies included all WFNS categories, while we specifically focused only on “poor
grade” patients [22, 43–45]. Poor grade SAH is associated with intraparenchymal hematoma [42, 43, 45].
Also, a study by Wan et al. have shown that while
intraparenchymal hematoma is an important predictor
of mortality after SAH, the significance of this association was reduced when adjusted by the initial WFNS
score [43].
Potential limitations of the present study should be
taken consideration. First, many additional variables
could not be collected as data availability and quality can
be challenging in retrospective studies covering a long
period of time. Also, decision of specific therapies could
have been influenced by the patient status, physician or
family decisions and not solely on patient’s severity
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which may have affected outcome. Finally, the follow-up
period for neurological outcome could have been prolonged to 6–12 months to better investigate the longterm evolution of such poor grade SAH patients.

Conclusions
In this study, we have demonstrated that both mortality
and unfavorable neurological outcome remained frequent in poor grade SAH patients. We have also shown
that poor grade patients are not a homogenous group,
and that patients with an initial WFNS grade of 5 experience worse prognosis than other poor grade patients;
this should be taken into consideration for future clinical
studies. Post-SAH acute hydrocephalus, when treated
early, may be associated with reduced mortality in poor
grade patients.
Abbreviations
APACHE: Acute physiology and chronic health evaluation; CI: Confidence
interval; COPD: Chronic obstructive pulmonary disease; CRRT: continuous
renal replacement therapy; CT: Computed tomography; DCI: Delayed
cerebral ischemia; ECMO: Extracorporeal membrane oxygenation.;
EVD: External ventricular derivation; GCS: Glasgow coma scale; GOS: Glasgow
outcome scale; HR: Hazard ration; ICHT: Intracranial hypertension;
ICP: Intracranial pressure; ICU: Intensive Care Unit; OR: Odds ratio;
SAH: Subarachnoid hemorrhage; SOFA: Sequential organ failure assessment;
UO: Unfavorable outcome; WFNS: World Federation of Neurological
Surgeons

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12883-021-02229-1.
Additional file 1
Additional file 2
Acknowledgements
We thank Hassane Njimi, PhD for his contribution in the statistical analysis.
Authors’ contributions
EGB, FT and DD were responsible for the study concept and design; EB, DD,
AM, NN, MM, LP, FA : acquisition of the data; EGB, DD, FT, JC, FA: analysis
and interpretation of the data; EGB and DD: drafting of the manuscript; FT,
JC, FA, OD, SS: critical revision of the manuscript for important intellectual
content. All authors read and approved the final manuscript.
Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.
Availability of data and materials
The datasets used and/or analyzed during the current study available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was approved by Erasme Hospital Ethics Committee under the
protocol number P2019/649 approved 23/05/2019. Due to the retrospective
nature of the study the need for informed written consent was waived.
Consent for publication
Not applicable.

Page 9 of 10

Competing interests
The authors declare that they have no competing interests.
Author details
Department of Intensive Care Erasmus Hospital, Université Libre de Bruxelles
(ULB), Route de Lennik, 808, 1070 Brussels, Belgium. 2Department of
Neurosurgery Erasmus Hospital, Université Libre de Bruxelles (ULB), Brussels,
Belgium.
1

Received: 4 February 2021 Accepted: 6 May 2021

References
1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et al.
Heart disease and stroke statistics–2015 update: a report from the American
Heart Association. Circulation. 2015;131(4):e29–322. doi:https://doi.org/10.11
61/CIR.0000000000000152.
2. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J,
Higashida RT, et al. Guidelines for the management of aneurysmal
subarachnoid hemorrhage: a guideline for healthcare professionals from the
American Heart Association/american Stroke Association. Stroke. 2012;43 6:
1711–37. doi:https://doi.org/10.1161/STR.0b013e3182587839.
3. Teasdale GM, Drake CG, Hunt W, Kassell N, Sano K, Pertuiset B, et al. A
universal subarachnoid hemorrhage scale: report of a committee of the
World Federation of Neurosurgical Societies. J Neurol Neurosurg Psychiatry.
1988;51 11:1457. doi:https://doi.org/10.1136/jnnp.51.11.1457.
4. Rosengart AJ, Schultheiss KE, Tolentino J, Macdonald RL. Prognostic factors
for outcome in patients with aneurysmal subarachnoid hemorrhage. Stroke.
2007;38 8:2315–21. doi:https://doi.org/10.1161/STROKEAHA.107.484360.
5. Le Roux PD, Elliott JP, Newell DW, Grady MS, Winn HR. Predicting outcome
in poor-grade patients with subarachnoid hemorrhage: a retrospective
review of 159 aggressively managed cases. J Neurosurg. 1996;85 1:39–49.
doi:https://doi.org/10.3171/jns.1996.85.1.0039.
6. Mocco J, Ransom ER, Komotar RJ, Schmidt JM, Sciacca RR, Mayer SA, et al.
Preoperative prediction of long-term outcome in poor-grade aneurysmal
subarachnoid hemorrhage. Neurosurgery. 2006;59 3:529 – 38; discussion –
38; doi:https://doi.org/10.1227/01.NEU.0000228680.22550.A2.
7. Schuss P, Hadjiathanasiou A, Borger V, Wispel C, Vatter H, Guresir E. PoorGrade Aneurysmal Subarachnoid Hemorrhage: Factors Influencing
Functional Outcome–A Single-Center Series. World Neurosurg. 2016;85:125–
9. doi:https://doi.org/10.1016/j.wneu.2015.08.046.
8. Hijdra A, Braakman R, van Gijn J, Vermeulen M, van Crevel H. Aneurysmal
subarachnoid hemorrhage. Complications and outcome in a hospital
population. Stroke. 1987;18 6:1061–7. doi:https://doi.org/10.1161/01.str.18.6.1
061.
9. Ohno K, Suzuki R, Masaoka H, Monma S, Matsushima Y, Inaba Y. A review of
102 consecutive patients with intracranial aneurysms in a community
hospital in Japan. Acta Neurochir (Wien). 1988;94(1–2):23–7. doi:https://doi.
org/10.1007/bf01406610.
10. Chyatte D, Fode NC, Sundt TM. Jr. Early versus late intracranial aneurysm
surgery in subarachnoid hemorrhage. J Neurosurg. 1988;69 3:326–31. doi:
https://doi.org/10.3171/jns.1988.69.3.0326.
11. Bailes JE, Spetzler RF, Hadley MN, Baldwin HZ. Management morbidity and
mortality of poor-grade aneurysm patients. J Neurosurg. 1990;72 4:559–66.
doi:https://doi.org/10.3171/jns.1990.72.4.0559.
12. Wilby MJ, Sharp M, Whitfield PC, Hutchinson PJ, Menon DK, Kirkpatrick PJ.
Cost-effective outcome for treating poor-grade subarachnoid hemorrhage.
Stroke. 2003;34 10:2508–11. doi:https://doi.org/10.1161/01.STR.0000089922.
94684.13.
13. Taylor B, Harries P, Bullock R. Factors affecting outcome after surgery for
intracranial aneurysm in Glasgow. Br J Neurosurg. 1991;5 6:591–600. doi:
https://doi.org/10.3109/02688699109002882.
14. Rordorf G, Ogilvy CS, Gress DR, Crowell RM, Choi IS. Patients in poor
neurological condition after subarachnoid hemorrhage: early management
and long-term outcome. Acta Neurochir (Wien). 1997;139 12:1143–51. doi:
https://doi.org/10.1007/bf01410974.
15. Starke RM, Komotar RJ, Otten ML, Schmidt JM, Fernandez LD, Rincon F,
et al. Predicting long-term outcome in poor grade aneurysmal
subarachnoid haemorrhage patients utilising the Glasgow Coma Scale. J
Clin Neurosci. 2009;16 1:26–31. doi:https://doi.org/10.1016/j.jocn.2008.02.010.

Gouvêa Bogossian et al. BMC Neurology

(2021) 21:196

16. Kramer AH, Zygun DA. Do neurocritical care units save lives? Measuring the
impact of specialized ICUs. Neurocrit Care. 2011;14 3:329–33. doi:https://doi.
org/10.1007/s12028-011-9530-y.
17. van den Berg R, Foumani M, Schroder RD, Peerdeman SM, Horn J, Bipat S,
et al. Predictors of outcome in World Federation of Neurologic Surgeons
grade V aneurysmal subarachnoid hemorrhage patients. Crit Care Med.
2011;39 12:2722–7. doi:https://doi.org/10.1097/CCM.0b013e3182282a70.
18. Barcelos GK, Tholance Y, Grousson S, Renaud B, Perret-Liaudet A, Dailler F,
et al. Outcome of poor-grade subarachnoid hemorrhage as determined by
biomarkers of glucose cerebral metabolism. Neurocrit Care. 2013;18 2:234–
44. doi:https://doi.org/10.1007/s12028-012-9810-1.
19. Francoeur CL, Mayer SA. Management of delayed cerebral ischemia after
subarachnoid hemorrhage. Crit Care. 2016;20 1:277. doi:https://doi.org/10.11
86/s13054-016-1447-6.
20. de Oliveira Manoel AL, Mansur A, Silva GS, Germans MR, Jaja BN, Kouzmina
E, et al. Functional Outcome After Poor-Grade Subarachnoid Hemorrhage: A
Single-Center Study and Systematic Literature Review. Neurocrit Care. 2016;
25 3:338–50. doi:https://doi.org/10.1007/s12028-016-0305-3.
21. Chen S, Luo J, Reis C, Manaenko A, Zhang J. Hydrocephalus after Subarachnoid
Hemorrhage: Pathophysiology, Diagnosis, and Treatment. Biomed Res Int.
2017;2017:8584753. doi:https://doi.org/10.1155/2017/8584753.
22. Gerner ST, Hulsbrink R, Reichl J, Mrochen A, Eyupoglu IY, Brandner S, et al.
Parenchymatous hematoma in patients with atraumatic subarachnoid
hemorrhage: Characteristics, treatment, and clinical outcomes. Int J Stroke.
2020:1747493020971878; doi:https://doi.org/10.1177/1747493020971878.
23. Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A
practical scale. Lancet. 1974;2:7872:81–4.
24. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of
disease classification system. Crit Care Med. 1985;13:10:818–29.
25. Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM, et al.
Use of the SOFA score to assess the incidence of organ dysfunction/failure
in intensive care units: results of a multicenter, prospective study. Working
group on “sepsis-related problems” of the European Society of Intensive
Care Medicine. Crit Care Med. 1998;26 11:1793–800.
26. Fisher CM, Kistler JP, Davis JM. Relation of cerebral vasospasm to
subarachnoid hemorrhage visualized by computerized tomographic
scanning. Neurosurgery. 1980;6 1:1–9. doi:https://doi.org/10.1227/
00006123-198001000-00001.
27. Bogossian EG, Attanasio L, Creteur J, Grimaldi D, Schuind S, Taccone FS. The
impact of extra-cerebral infection after subarachnoid hemorrhage: a single
center cohort study. World Neurosurg. 2020. doi:https://doi.org/10.1016/j.
wneu.2020.09.102.
28. Lovelock CE, Rinkel GJ, Rothwell PM. Time trends in outcome of
subarachnoid hemorrhage: Population-based study and systematic review.
Neurology. 2010;74 19:1494 – 501; doi: https://doi.org/10.1212/WNL.0b013
e3181dd42b3.
29. Nieuwkamp DJ, Setz LE, Algra A, Linn FH, de Rooij NK, Rinkel GJ. Changes in
case fatality of aneurysmal subarachnoid haemorrhage over time, according
to age, sex, and region: a meta-analysis. Lancet Neurol. 2009;8 7:635–42. doi:
https://doi.org/10.1016/S1474-4422(09)70126-7.
30. Worthington JM, Goumas C, Jalaludin B, Gattellari M. Decreasing Risk of
Fatal Subarachnoid Hemorrhage and Other Epidemiological Trends in the
Era of Coiling Implementation in Australia. Front Neurol. 2017;8:424. doi:
https://doi.org/10.3389/fneur.2017.00424.
31. Huang H, Lai LT. Incidence and Case-Fatality of Aneurysmal Subarachnoid
Hemorrhage in Australia, 2008–2018. World Neurosurg. 2020;144:e438-e46.
doi:https://doi.org/10.1016/j.wneu.2020.08.186.
32. Lin N, Cahill KS, Frerichs KU, Friedlander RM, Claus EB. Treatment of ruptured
and unruptured cerebral aneurysms in the USA: a paradigm shift. J Neurointerv
Surg. 2012;4 3:182–9. doi:https://doi.org/10.1136/jnis.2011.004978.
33. Oie LR, Solheim O, Majewska P, Nordseth T, Muller TB, Carlsen SM, et al.
Incidence and case fatality of aneurysmal subarachnoid hemorrhage
admitted to hospital between 2008 and 2014 in Norway. Acta Neurochir
(Wien). 2020;162 9:2251–9. doi:https://doi.org/10.1007/s00701-020-04463-x.
34. La Pira B, Singh TD, Rabinstein AA, Lanzino G. Time Trends in Outcomes After
Aneurysmal Subarachnoid Hemorrhage Over the Past 30 Years. Mayo Clin
Proc. 2018;93 12:1786-93; doi: https://doi.org/10.1016/j.mayocp.2018.06.027.
35. Chua MH, Griessenauer CJ, Stapleton CJ, He L, Thomas AJ, Ogilvy CS.
Documentation of Improved Outcomes for Intracranial Aneurysm
Management Over a 15-Year Interval. Stroke. 2016;47 3:708–12. doi:https://
doi.org/10.1161/STROKEAHA.115.011959.

Page 10 of 10

36. Dhandapani S, Singh A, Singla N, Praneeth K, Aggarwal A, Sodhi HB, et al.
Has Outcome of Subarachnoid Hemorrhage Changed With Improvements
in Neurosurgical Services? Stroke. 2018;49 12:2890–5. doi:https://doi.org/1
0.1161/STROKEAHA.118.022865.
37. van Donkelaar CE, Bakker NA, Veeger NJ, Uyttenboogaart M, Metzemaekers
JD, Eshghi O, et al. Prediction of outcome after subarachnoid hemorrhage:
timing of clinical assessment. J Neurosurg. 2017;126(1):52–9. doi:https://doi.
org/10.3171/2016.1.JNS152136.
38. Hoogmoed J, Coert BA, van den Berg R, Roos Y, Horn J, Vandertop WP,
et al. Early Treatment Decisions in Poor-Grade Patients with Subarachnoid
Hemorrhage. World Neurosurg. 2018;119:e568-e73. doi:https://doi.org/10.101
6/j.wneu.2018.07.212.
39. Hoogmoed J, de Oliveira Manoel AL, Coert BA, Marotta TR, Macdonald RL,
Vandertop WP, et al. Why Do Patients with Poor-Grade Subarachnoid
Hemorrhage Die? World Neurosurg. 2019;131:e508-e13. doi:https://doi.org/1
0.1016/j.wneu.2019.07.221.
40. Lu J, Ji N, Yang Z, Zhao X. Prognosis and treatment of acute hydrocephalus
following aneurysmal subarachnoid haemorrhage. J Clin Neurosci. 2012;19
5:669–72. doi:https://doi.org/10.1016/j.jocn.2011.06.032.
41. Dupont S, Rabinstein AA. Extent of acute hydrocephalus after subarachnoid
hemorrhage as a risk factor for poor functional outcome. Neurol Res. 2013;
35 2:107–10. doi:https://doi.org/10.1179/1743132812Y.0000000122.
42. Guresir E, Beck J, Vatter H, Setzer M, Gerlach R, Seifert V, et al. Subarachnoid
hemorrhage and intracerebral hematoma: incidence, prognostic factors, and
outcome. Neurosurgery. 2008;63 6:1088–93. doi:https://doi.org/10.1227/01.
NEU.0000335170.76722.B9. discussion 93 – 4.
43. Wan A, Jaja BN, Schweizer TA, Macdonald RL, collaboration obotS. Clinical
characteristics and outcome of aneurysmal subarachnoid hemorrhage with
intracerebral hematoma. J Neurosurg. 2016;125 6:1344–51. doi:https://doi.
org/10.3171/2015.10.JNS151036.
44. Hauerberg J, Eskesen V, Rosenørn J. The prognostic significance of
intracerebral haematoma as shown on CT scanning after aneurysmal
subarachnoid haemorrhage. Br J Neurosurg. 1994;8 3:333–9. doi:https://doi.
org/10.3109/02688699409029622.
45. Jabbarli R, Reinhard M, Roelz R, Shah M, Niesen WD, Kaier K, et al.
Intracerebral Hematoma Due to Aneurysm Rupture: Are There Risk Factors
Beyond Aneurysm Location? Neurosurgery. 2016;78 6:813–20; doi: https://
doi.org/10.1227/NEU.0000000000001136.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

