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Abstract: Aneurysmal subarachnoid hemorrhage 
(aSAH) has a highly variable clinical outcome. Extended 
ICU and hospital stay often result in increased healthcare 
related costs. This study aimed to examine the relationship 
between aSAH severity, hospital costs and functional 
outcome in patients who required urgent or semi-urgent 
endovascular repair.
Patients treated with endovascular repair after ex-
periencing aSAH from January 2017 until September 
2018 were included in this retrospective single center 
study. aSAH severity upon admission was classified 
by the World Federation of Neurosurgical Societies 
(WFNS) grade, dichotomized into WFNS grade 1-2, ‘low 
grade aSAH’ and WFNS grade 3-5, ‘high grade aSAH’. 
Functional outcome was assessed at ICU discharge 
and 1 year post aSAH by utilizing the modified Rankin 
Scale (mRS) and converted to quality adjusted life years 
(QALY) for the latter time point. Healthcare related costs 
during index hospital stay were analyzed. 
A total of 69 patients were included with 44 (63,8%) 
suffering from low grade aSAH and 25 (36,2%) from 
high grade aSAH. Median utility scores at 1 year were 
0,93 (IQR 0,83-0,93) for low grade aSAH and 0,42 (IQR 
0-0,83) for high grade aSAH (p<0,001). Mean total costs 
were 56.150 euro (IQR 25.572-62.060) in high grade 
and 26.288 euro (IQR 18.893-29.993) in low grade 
aSAH (p=0,003). Cost per 0.1 QALY gain in high grade 
aSAH was 13.233 euro (IQR 2.803-23.072) and higher 
than in low grade aSAH 3.497 euro (IQR 2.200-3.344) 
(p=0,027). Short term healthcare related costs strongly 
depend on aSAH severity. ICU stay and ICU related 
complications were important cost driving factors. 
High grade aSAH is also accompanied by lower functional 
outcomes at 1 year and decreased cost-effectiveness in 
comparison to low grade aSAH.

Keywords: aneurysmal subarachnoid hemorrhage; cost 
analysis; WFNS; QALY; Critical Care.

IntroductIon

Aneurysmal subarachnoid hemorrhage 
(aSAH) has an estimated annual incidence of 6 
cases per 100.000 persons and a case fatality rate 
up to 50% (1-3). Despite advances in medical and 

interventional therapy, patient outcomes still vary 
greatly from full recovery to severe disability or 
death (4). Management of aSAH invariably requires 
ICU admission. This is often characterized by 
neurologic and systemic complications including 
hydrocephalus, vasospasm, delayed cerebral injury, 
respiratory and cardiovascular failure, leading to 
prolonged intensive care unit (ICU) and hospital 
stay. Because of the complex clinical presentation 
and possible complications, prediction of outcome 
in aSAH has been a daunting challenge. Since their 
development, outcome score systems such as the 
World Federation of Neurosurgical Societies score 
(WFNS) have been widely implemented in aSAH 
management in order to grade aSAH severity. On 
the other hand, their clinical relevance is questioned 
(5). 

Healthcare related costs can also be high 
and have previously been linked to prolonged 
hospitalization and clinical grade at admission 
(6-9). However detailed cost analysis data after 
endovascular repair in aSAH are scarce and there 
seems to be a great regional and country based 
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decrease of 2 points on the GCS or the presence of a 
new focal deficit which continued for minimal two 
hours. Duration of mechanical ventilation, length 
of ICU and hospital stay were also registered. 
Treatment aggressiveness was assessed by the 
need for placement of ventricular drainage, the 
need for prolonged non-procedural sedation or de-
compressive craniectomy. Based on chart reviews 
we created an inventory of all complications not 
directly related to aSAH or its interventional 
procedure. These included thus complications of 
the respiratory, cardiac and urinary system, such as 
pneumonia and urinary tract infections. They were 
grouped as general complications during ICU stay.

Outcome measures

Functional outcome at ICU discharge and at 
one year (primary endpoint) was assessed by the 
modified Rankin Scale (mRS) and was categorized 
into 3 groups: good (mRS 0-2), moderate (mRS 3-4) 
and poor outcome (mRS 5-6). These scores were 
converted into QALYs using equivalents based on 
the study by Dijkland et al.(11) 

All healthcare related costs during the entire 
index hospital stay were collected by the data 
warehouse system of the hospital according to their 
standard procedures. All direct, non-discounted 
index hospital stay costs, from a healthcare payer 
perspective, were included. No adjustment was 
made for inflation or price fluctuations of measured 
cost elements. All costs were reported in euro in 
mean with interquartile range (IQR).

Statistical analyses

All variables were tested for normality of 
data distribution. Normally distributed data were 
represented as mean (SD) and compared by the 
student’s t-test/one-way ANOVA, while skewed 
data were represented as median (IQR) and com-
pared using the Wilcoxon signed rank/Kruskal-
Wallis test. Total costs were represented as mean 
(IQR) and compared by both parametric and non-
parametric testing. The examination of drivers for 
costs was done by bootstrap forests to generate the 
contributions for patient characteristics (gender, 
age, WFNS score, aneurysm location, treatment, 
intracranial hypertension, vasospasm, delayed 
ischemic injury). This process was run three times 
and the average was taken. 

Two-sided p-values of <0,05 were deemed 
statistically significant. Analyses were conducted in 
JMP, version 15.0.0 (SAS Institute Inc, Cary, NC, 
USA).

variation due to differences in methods of cost 
calculation or estimates (10). Improvements in 
aSAH management cost prediction, could be of 
importance in optimization of resource allocation. 
In this retrospective single center study, we aimed 
to assess outcome and cost effectiveness in endo-
vascular treatment of low and high grade aSAH. 
We tried to identify major cost drivers to provide a 
baseline for further research in cost allocation and 
quality improvement. We hypothesized that high 
grade aSAH results in reduced outcome, increased 
costs and thus decreased cost-effectiveness.

materIals and methods

Data collection

This retrospective single center study analyzed 
patients who experienced an aSAH, according to 
the International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-M) codes 
and underwent endovascular treatment from January 
2017 until September 2018 at the ‘Ziekenhuis Oost-
Limburg’ ZOL, Genk, Belgium. From the total of 
90 endovascular treated patients, 13 were excluded 
as they did not suffer from aneurysmal bleeding and 
had elective endovascular therapy, while 8 patients 
were lost to follow-up at 1 year (primary endpoint) 
after the endovascular therapy. Hence, 69 patients 
were included in the analysis. The study was 
approved by the independent Ethics Committee and 
adhered to the STROBE guidelines on retrospective 
analyses.

The endovascular therapies included coiling, 
deployment of a flow disruptor device and placement 
of a flow diverter. Hospital records were consulted 
for patient baseline characteristics such as sex and 
age, APACHE IV score, aneurysm location, type of 
endovascular therapy, Glasgow Coma Scale (GCS) 
and World Federation of Neurosurgical Societies 
(WFNS) grade at admission. As in routine clinical 
practice patients with aSAH were classified by the 
WFNS grade and dichotomized. WFNS grade 1 and 
2 were combined as ‘low grade’ aSAH, while grade 
3 to 5 as ‘high grade’ aSAH. APACHE IV scores 
were assessed by one trained physician (TM) for all 
patients at once. 

Important brain related inpatient complications 
included (1) the presence of intracranial hypertension 
(defined as an intracranial pressure equal to or 
above 20 mmHg for more than 5 minutes), (2) 
cerebral vasospasm (measured with transcranial 
doppler by a specialist radiologist) or (3) delayed 
cerebral ischemia (DCI). DCI was defined as a 
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median time of mechanical ventilation in these 
patients was 13,9 hours (IQR 9,2-104). In contrast, 
in the ‘high grade’ group 21 patients (84%) needed 
mechanical ventilation with a median time of 115 
hours (IQR 50-328). 

Median ICU length of stay (LOS) in the ‘low 
grade’ group was 3,5 days (IQR 2-7,75) while 
median ICU LOS in the ‘high grade’ group was 
longer with 13 days (IQR 3-22). The mRS differed 
strongly at ICU discharge between low and high 
grade aSAH (p<0,0001) (Table 2).

Functional Outcome at one year 

In ‘low grade’ aSAH, 34 patients (77%) had a 
good outcome and 6 patients (13%) had moderate 
outcome (Table 2). Mortality was 10%. In ‘high 

results

Baseline characteristics

From January 2017 until September 2018, 69 
patients underwent endovascular therapy for aSAH 
and completed a one year follow up. Mean age was 
57,4 years (SD 14,5). Female to male patient ratio 
was 2,6 to 1. In both patient groups, the majority of 
aneurysms was located in the anterior circulation, 
however in the ‘high grade’ aSAH group we noted 
a higher number of posterior circulation aneurysms 
(28% vs 9,1%, p<0,019). There was no difference in 
the preferred method of endovascular intervention 
between low and high grade aSAH. Procedural 
complication rate was equivalent in both groups. 
These had no clinical implications (Table 1).

WFNS grade and APACHE IV score

The low grade WFNS group consisted of 33 
patients in grade 1 and 11 in grade 2. Grade 3, 4 
and 5 had 5, 5 and 15 patients, respectively. All 
patients were classified for the APACHE IV as non-
operative, neurologic, SAH, aneurysm (Table 1).

Complications

Neurologic complications occurred in 39 
(56%) patients. Intracranial hypertension was pre-
sent in low grade aSAH in 13,6% of cases, while 
one in four patients suffered from intracranial 
hypertension in the high grade aSAH group. Pro-
cedural sedation was needed in 5,8% of cases in 
low grade aSAH group versus 72% in high grade 
aSAH group (p<0,0001). Intracranial hypertension 
refractory to sedation and ventricular drainage 
therapy, necessitating decompressive craniectomy 
to control intracranial pressures occurred in only 
4 patients in the high grade aSAH group. In the 
low grade aSAH group no patients required de-
compressive craniectomy. The occurrence of radio-
logically proven vasospasm appeared to be similar 
in both patient groups. Delayed cerebral ischemia 
(DCI) was more prevalent in high grade aSAH than 
in low grade aSAH (60% versus 18,2%, p<0,05).

General complication rate during ICU stay 
ratio was higher in high grade aSAH group in 
comparison to the low-grade group (73% versus 
25%, p<0,001).

Duration of mechanical ventilation and ICU stay

Only 8 patients (18%) in the ‘low grade’ group 
required prolonged mechanical ventilation. The 

Table 1

Baseline characteristics

Variable Total
N = 69

Age years 57,4 (±14,5)

Female n (%) 50 (73)

Aneurysm location

ICA n (%) 6 (9)

MCA n (%) 7 (10)

ACOM n (%) 33 (48)

PCOM n (%) 11 (16)

Pericallosal artery n (%) 3 (4)

PICA n (%) 3 (4)

VBA n (%) 6 (9)

Procedure 

Coiling n (%) 46 (67)

Coiling and flow diverter n (%) 1 (2)

Flow diverter n (%) 2 (3)

Flow disruptor n (%) 20 (29)

Procedural complications n (%) 5 (7)

WFNS grade

1-2 n (%) 44 (64)

3-5 n (%) 25 (36)

APACHE IV score points 30 [40-75]

ICA, internal carotid artery; MCA, middle cerebral artery; ACOM, 
anterior communicating artery; PCOM, posterior communicating 
artery; PICA, posterior inferior cerebellar artery; VBA, vertebrobasilar 
artery; WFNS: World Federation of Neurosurgical Societies; APACHE, 
acute physiology and chronic health evaluation; IQR, interquartile 
range. Data are presented as median and interquartile range [IQR] or 
as an absolute number (n) with the percentage (%) of the whole (N).



© Acta Anæsthesiologica Belgica, 2021, 72, Supplement 1

40 m. timmers et al. 

Table 2

Outcome

Variable WFNS 1,2
(N = 44)

WFNS 3-5
(N = 25)

p-value

Vasospasm n (%) 9 (21) 6 (24) 0,4778

Intracranial hypertension n (%) 6 (14) 17 (68) <0,0001

Delayed cerebral ischemia n (%) 8 (18) 15 (60) 0,0006

Procedural complications n (%) 4 (9) 1 (4) 0,41

General ICU related complications n (%) 11 (25) 19 (76) <0,0001

Procedural sedation n (%) 4 (9) 18 (72) <0,0001

External ventricular drainage n (%) 9 (21) 20 (80) <0,0001

Decompressive craniectomy n (%) 0 (0) 4 (16) 0,015

ICU length of stay days 3 [2 -6] 13 [3-2] 0,0015

Hospital length of stay days 9 [2 -13] 16 [3-63] 0,03

One-year survival n (%) 40 (90) 13 (52) 0,00013

Duration of mechanical ventilation hours 0 [0 - 0] 107 [42-301] <0,0001

mRS at ICU discharge points 3 [2-3] 5 [4-5] <0,0001

mRS at one year 0,0003

 Good n (%) 34 (77) 8 (32)

 Moderate n (%) 6 (14) 5 (20)

 Poor n (%) 4 (10) 12 (48)

mRS at one year points 1 [1-2] 4 [2-6] <0,0001

Utility value at one year           points 0,93 [0,83-0,93] 0,42 [0,00-0,83] <0,0001

ICU, intensive care unit; WFNS: World Federation of Neurosurgical Societies; mRS, modified Rankin Scale; IQR, interquartile range. Data 
are presented as median and interquartile range [IQR] or as an absolute number (n) with the percentage (%) of the whole (N).

Figure 1. — Percentage of total costs. Bar graph representing percentage of total costs for the different cost categories in 
low and high grade aSAH.
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grade’ aSAH (3.497 euro; IQR 2.200-3.344 euro) 
(p=0,027).

80,3% of total hospitalization costs could be 
explained by 3 factors: WFNS grade, the presence 
of intracranial hypertension and delayed cerebral 
ischemia (Table 4).

dIscussIon

Since its introduction in 1988 the WFNS 
scale has been widely adopted in critical care 
departments to predict outcome after aSAH.(12) 

In our retrospective analysis we showed that only 

grade’ aSAH however, only 8 patients (32%) 
experienced good clinical outcome and 5 patients 
(20%) had moderate outcome. Mortality was 48%. 
Median mRS scores at one year for ‘low grade’ and 
‘high grade’ aSAH were 1 (IQR 1-2) and 4 (IQR 
2-6) respectively (p<0,0001). 

Cost analysis 

In the ‘high grade’ aSAH group the mean 
total cost (56.150 euro; IQR 25.572-62.060 euro) 
was higher than in the ‘low grade’ aSAH group 
(26.288 euro; IQR 18.893-29.993 euro) (Table 3). 
The cost of endovascular therapy was comparable 
in both groups. In the ‘low grade’ aSAH group 
however, this cost represented almost 50% of total 
cost and proportionally outweighed other costs 
especially in comparison to ‘high grade’ aSAH 
where interventional radiology accounted only for 
approximately 25% of costs (Figure 1).

Prolonged ICU and hospital length of stay in 
‘high grade’ aSAH was also reflected in the higher 
mean hospital stay cost (22.765 euro; IQR 2.192-
31.508 euro) in comparison to ‘low grade’ aSAH 
(6.771 euro; IQR 1.610-7.047 euro). Likewise, 
medical interventional, radiology, drug and lab costs 
were higher as well. The cost of providing therapy 
in patients who eventually died during hospital stay 
was higher in ‘high grade’ aSAH (44.090 euro; IQR 
26.038-53.909 euro) in comparison to ‘low grade’ 
aSAH (26.929 euro; IQR 17.434-40.119 euro). Cost 
per QALY gain in ‘high grade’ aSAH (13.233 euro; 
IQR 2.803-23.072 euro) was higher than in ‘low 

Variable WFNS 1,2
(N = 44)

WFNS 3-5
(N = 25)

p-value

Total costs euro 26.288 [18.893-29.993] 56.150 [25.572-62.060] 0,0004

Total costs deceased euro 26.929 [17.434-40.119] 44.090 [26.038-53.909] 0,046

Cost per 0.1 QALY gain euro 3.497 [2.200-3.344] 13.233 [2.802-23.073] 0,027

Hospitalization cost euro 6.771 [1.610-7.047] 22.765 [2.192-31.508] 0,0022

Interventional procedure costs euro 13.729 [9.394 -18.166] 15.661 [9.803-18.342] 0,29

Medical intervention costs euro 5.233 [3.234-4.628] 12.685 [3.676-16.377] 0,0001

Radiology costs euro 926 [538-1.158] 1.728 [800-2.234] 0,001

Drug costs euro 408 [197-340] 1.649 [331-1.398] 0,03

Lab costs euro 588 [228-582] 1.799 [263-2.581] 0,0007

Miscellaneous costs euro 413 [75-154] 1.641 [75-236] 0,09

Table 3

Costs per WFNS gradation

WFNS: World Federation of Neurosurgical Societies; QALY, quality-adjusted life-year; IQR, interquartile range. Data are presented as median and 
interquartile range [IQR] in euro. 

Drivers Proportion contribution (%)

WFNS 28

Intracranial hypertension 27

Delayed cerebral ischemia 25,3

Aneurysm location 9,4

Age 3,9

Therapy 2,7

Gender 2,2

Vasospasm 1,6

Table 4

Drivers for costs after aSAH

Examination by bootstrap forests to generate the contributions for 
patient characteristics. This process was run three times and the average 
was taken. Data are presented as % of proportion of contribution. 
WFNS: World Federation of Neurosurgical Societies.
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grade’ group and are represented by a largely 
higher mean hospitalization cost and higher cost 
of medical interventions, radiology, drug and lab 
work. As a consequence, therapies which lead to 
decreased length of ICU stay will likely reduce 
total hospitalization costs. Calculating cost and 
cost effectiveness of medical therapy is important 
in hospital and disease management strategies 
and may pose a difficult economical and ethical 
conundrum. Despite the largely higher cost per 
0,1 QALY gain, we were still able to achieve good 
functional outcome in a substantial part of ‘high 
grade’ patients. 

Adjusting cost calculations to correct for 
the deceased patients, we could calculate a mean 
cost of 107.980 euro per patient leaving the unit 
alive. Despite the high cost, we believe this is 
still within society’s willingness to pay (WTP) 
threshold in Belgium. According to the World 
Health Organization (WHO) recommendations, 
a country’s WTP threshold is set at 1-3 times the 
gross domestic product per capita, which was 
approximately 44.000 USD in 2017 in Belgium. 
From both a financial and ethical perspective, 
continued aggressive medical therapy is warranted 
in all aSAH patients despite their initial WFNS 
grade. Our study’s findings are concordant with the 
previous research from both Wostrack and Le Roux 
(17, 18). Comparing our results with other research 
concerning cost-effectiveness in aSAH is quite 
challenging and interpretation of results difficult. 
Martin et al. described an acute cost of 13.128 euro 
per patient and 4.679 euro per QALY gained in poor 
grade aSAH (19). In contrast Maud et al. reported 
$65.424 per overall QALY gain in aSAH after 
endovascular repair (20). To find an explanation for 
such differences we have to take into consideration 
the different data gathering and collection methods 
in different health care systems. If the projected 
data are based on actual billed health costs or 
based on estimates of expected costs. Increased 
methodological uniformity and cost transparency 
is needed in order to improve accuracy of cost 
prediction in aSAH.

There were several limitations in our study. 
Firstly, the retrospective nature and the limited 
number of patients included make definitive con-
clusions on cost-effectiveness in ‘high grade’ aSAH 
difficult. These results have to be confirmed in 
prospective larger multicenter studies. Secondly, the 
cost-effectiveness in aSAH may be influenced by 
other confounding factors which were not included 
in this dataset. Also, more accurate outcome pre-
diction values could be possible by using the WFNS 

half of ‘high grade’ aSAH group patients were 
alive after one year, confirming that -approximately 
thirty years after its introduction- the WFNS scale 
is still a useful instrument in early prognostication. 
However, cautious use is warranted since one in 
three patients in the ‘high grade’ aSAH group still 
had a good functional recovery at one year. This 
substantial proportion of ‘high grade’ patients 
with good functional recovery in our patient 
population could possibly be explained by three 
factors. Firstly, the timing of grading a patient 
according to the WFNS scale is crucial. WFNS 
gradation at admission has been shown to be less 
accurate in predicting outcome in comparison to 
gradation after initial neurological resuscitation.
(13) Secondly, our decision to include WFNS grade 
3 in the ‘high grade’ aSAH group could also be a 
contributing factor. However, previous WFNS 
outcome research stated no significance difference 
in outcome between WFNS grade 3 and 4 (13). 
Differentiation between grades is difficult; this is 
why we chose to group all patients with neurologic 
deficit as ‘high grade’ patients to be able to reach a 
clearer cut-off between groups. Thirdly, improved 
medical management of these patients in the last 
thirty years has likely occurred leading to better 
outcomes. Despite an equal incidence of cerebral 
vasospasm in both groups, the incidence of delayed 
cerebral injury was significantly higher in the ‘high 
grade’ group. This is remarkable and speaks in 
favor of the hypothesis that cerebral vasospasm is 
not the primary cause of DCI, but rather that DCI 
is a complex multifactorial syndrome possibly 
including micro-embolism and cortical spreading 
ischemia (14, 15) delayed cerebral ischemia (DCI 

The procedural cost of aneurysm occlusion by the 
interventional radiology team did not differ between 
both groups. However, the cost of intensive care 
therapy, including mechanical ventilation and 
medical therapy treating complications from both 
aSAH and ICU stay was higher in ‘high grade’ 
aSAH in comparison to the ‘low grade’ group. The 
mean total cost of hospitalization of ‘high grade’ 
patients was twice as high in comparison to the 
cost of the ‘low grade’ patients, while only 25% of 
this cost was directly related to the interventional 
therapy in the ‘high grade’ group. This is in contrast 
to ‘low grade’ aSAH, where half of the total cost 
was due to the interventional radiology procedure. 
Our findings are consistent with the previous work 
by Wilde and Roos et al, confirming that ICU stay 
and ICU related complications are important cost 
driving factors (8, 16). These play a major role in 
the significantly higher burden of cost in the ‘high 
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after initial neurological resuscitation (13), these 
were not available in this patient cohort though. 
Thirdly, total mean costs per patient only included 
hospital related costs, while out-of-hospital costs 
(e.g., rehabilitation costs) were not accounted for. 
This introduced an underestimation of the total 
healthcare costs within the first year after aSAH. 

conclusIon

Our study confirmed that hospital costs are 
indeed affected by aSAH severity upon admission. 
In the ‘high grade’ aSAH group, mortality rate is 
higher and functional outcome scores are much 
lower in comparison to the ‘low grade’ group. Cost-
effectiveness is noticeably lower in the ‘high grade’ 
group with a ratio of almost 4 to 1 per 0,1 QALY gain 
in the high versus low grade group. We identified 
WFNS grade, ICU stay, occurrence of intracranial 
hypertension and DCI as major cost drivers. Despite 
a high mortality in the high-grade group, one in three 
patients in this group still achieve reasonably good 
outcomes, suggesting aggressive medical therapy 
is still warranted in all patients irrespective of the 
admission WFNS score. 
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