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ABSTRACT

Introduction: Cerebral vasospasm (VSP) is the
leading risk factor of neurological deterioration
(i.e., delayed cerebral ischemia [DCI] and cere-
bral infarction) after aneurysmal subarachnoid
hemorrhage (aSAH) and a cause of morbidity
and mortality. The objective of this systematic
literature review is to summarize the economic
and humanistic burden of VSP and its related
complications after aSAH.
Methods: A predefined protocol was designed,
and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
were followed. Systematic searches were con-
ducted in MEDLINE, Embase, and Cochrane (in
January 2021) to identify studies reporting
economic and/or humanistic (i.e., health-re-
lated quality of life [HRQoL]) outcomes for
patients with asymptomatic and symptomatic
VSP after aSAH. Related conferences and addi-
tional sources were searched manually. Dual

screening, data extraction, and qualitative
analysis were conducted.
Results: Of 3818 abstracts identified for review,
43 full-text articles representing 42 single studies
met the inclusion criteria and were included.
Most studies (33) were observational; nine were
randomized clinical trials (RCTs). Economic out-
comes were reported in 31 studies, and alongside
HRQoL outcomes in 4 studies; 7 studies reported
HRQoL outcomes only. Forty studies were con-
ducted in single countries, while only 2 RCTs
were conducted in multiple countries. Patients
diagnosed with VSP or DCI spent between 2.1 and
7.4 days longer in intensive care and between 4.7
and 17 days longer in hospital (total) compared
with patients without VSP or DCI. A significantly
higher cost burden of US$33,945 (2021 £26,712)
was identified for patients with VSP and £9370
(2021 £13,733) for patients with DCI compared
with patients without. Patients with DCI were
also disadvantaged by being employed for 62
fewer days (during 24-month follow-up), with an
estimated mean cost of £3821 (2021 £5600) for
days off work. Poor HRQoL was associated
with C 1 days with VSP symptoms (odds ratio
[OR]: 2.8, 95% confidence interval [CI]: 1.4–5.3),
symptomatic VSP (OR: 1.9, 95% CI: 1.0–3.6), and
DCI (OR: 2.3, 95% CI: 1.3–4.2), although this was
not consistent across all studies. Symptomatic
VSP and DCI were identified as significant risk
factors for depressed mood (OR: 2.2, 95% CI:
1.0–4.9) and global cognitive impairment (OR:
2.3) at 12 months, respectively. The severity of

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40120-022-00348-6.

J. C. Thompson (&) � E. J. Manalastas � N. Hawkins
� G. Sarri
Visible Analytics, Oxford, UK
e-mail: juliette.thompson@visibleanalytics.co.uk

F.-X. Chalet � D. A. Talbot
Idorsia Pharmaceuticals Ltd, Hegenheimermattweg
91, 4123 Allschwil, Switzerland

Neurol Ther (2022) 11:597–620

https://doi.org/10.1007/s40120-022-00348-6

http://orcid.org/0000-0001-7646-9460
http://orcid.org/0000-0002-2178-8920
http://orcid.org/0000-0002-6907-4302
http://orcid.org/0000-0003-3199-221X
http://orcid.org/0000-0001-5536-8038
http://orcid.org/0000-0001-6845-0049
https://doi.org/10.1007/s40120-022-00348-6
https://doi.org/10.1007/s40120-022-00348-6
https://doi.org/10.1007/s40120-022-00348-6
https://doi.org/10.1007/s40120-022-00348-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-022-00348-6&amp;domain=pdf
https://doi.org/10.1007/s40120-022-00348-6


VSP was a critical predictor of post-aSAH eco-
nomic and humanistic burden. Similar trends in
economic and humanistic burden were identified
in the general aSAH patient population. Study
design and patient heterogeneity precluded direct
metaanalysis of the results.
Conclusion: A substantial direct and indirect
economic burden is linked to VSP and its related
complications after aSAH. Although limited
evidence was identified for humanistic burden,
these patients seem to suffer from poor HRQoL
with long-lasting burden. Overall, there is an
urgent need to understand better the concept of
‘‘burden of illness’’ of VSP and its related com-
plications after aSAH.

PLAIN LANGUAGE SUMMARY

Aneurysmal subarachnoid hemorrhage is a sud-
den, life-threatening emergency caused by
bleeding in the subarachnoid space between the
brain and skull. Vasospasm of the arteries sur-
rounding the hemorrhage occurs in most patients
and may lead to permanent brain damage. This
study summarizes the published literature to
describe the burden that patients may experience
due to vasospasm and its related complications
after aneurysmal subarachnoid hemorrhage,
focusing on financial and life quality aspects. We
show that the burden of vasospasm, and its rela-
ted complications, is huge. Patients often experi-
ence reduced quality of life due to their poor
health and are more likely to suffer from depres-
sion and intellectual impairment. There is also a
substantial financial burden linked to vasospasm
and its related complications, driven by the need
for more intensive care, hospitalization, and
higher investigative costs associated with the
treatment and management of these patients. In
addition, days off work and unemployment can
cause a substantial indirect financial burden. Our
study highlights the need for additional research
to understand further the ‘‘burden of illness’’ of
vasospasm and its related complications after
aneurysmal subarachnoid hemorrhage.

Keywords: Aneurysmal subarachnoid
hemorrhage; Delayed cerebral ischemia;
Economic burden; Health-related quality of
life; Systematic review; Vasospasm

Key Summary Points

Why carry out this study?

This is the first systematic literature review
to summarize the economic and
humanistic (quality of life) burden
induced by cerebral vasospasm (VSP) and
its related complications (namely delayed
cerebral ischemia [DCI] and cerebral
infarction) after aneurysmal subarachnoid
hemorrhage (aSAH).

What was learned from the study?

The evidence showed a substantial
incremental direct and indirect economic
and humanistic burden in people who
developed cerebral VSP and its related
complications compared with those who
did not.

The direct economic burden is mainly
driven by a significant difference in
intensive care and total hospitalization
length of stay.

A single study revealed that people with
DCI had a higher number of days out of
work than those without DCI.

Although limited, evidence on humanistic
outcomes showed that cerebral VSP and
DCI are significant predictors of depressed
mood and cognitive impairment at
12 months, respectively.

Early prevention of cerebral VSP
occurrence and careful disease
management are likely to reduce patients’
economic and humanistic burden after
aSAH.

Further research is needed to confirm and
further quantify the economic and
humanistic burden of cerebral VSP and its
related complications for patients after
aSAH, especially after hospital discharge.

598 Neurol Ther (2022) 11:597–620



INTRODUCTION

Aneurysmal subarachnoid hemorrhage (aSAH)
is sudden life-threatening bleeding in the sub-
arachnoid space between the brain and skull
caused by the rupture of an aneurysm, a weak
bulge formed on the wall of a cerebral artery
[1, 2]. Approximately 85% of spontaneous SAH
events (i.e., those not occurring as a result of
trauma) are caused by a ruptured aneurysm [1].
Emergency intervention with endovascular
coiling or microsurgical clipping is necessary to
secure the aneurysm and prevent rebleeding.

aSAH has a global incidence of 5–9.1 cases
per 100,000 person-years, with regional varia-
tion reported [1, 3–7]. The incidence of aSAH is
1.24 (95% confidence interval [CI]: 1.09–1.42)
times higher in women than in men, and the
risk of aSAH increases with age [3]. Mortality
and morbidity rates following aSAH are high; at
least 25% of patients will die within 48 h of the
event, with death before hospital admission
occurring in 10–15% of patients and in-hospital
mortality reported in 20% of admitted patients,
while around half of survivors will experience
ongoing neurological deficit [8, 9].

Cerebral vasospasm (VSP) typically begins at
around day 3 after aSAH onset, peaks in severity
at days 8–11, and resolves by day 21 [10], with
angiographic VSP (aVSP) being detectable in up
to 70% of patients post-aSAH [11–14]. aVSP is
an important contributor to delayed cerebral
ischemia (DCI, also known as delayed ischemic
neurological deficit) and cerebral infarction
(CI). Other factors may also contribute to DCI
or CI, including delayed cell apoptosis,

microcirculatory dysfunction, microembolism,
and cortical spreading depression [15].
Nonetheless, DCI is often regarded as being
caused by VSP; 20–50% of patients with VSP will
develop DCI between 4 and 14 days post-aSAH,
and approximately 85% of patients with DCI
have evidence of cerebral VSP [11, 16–19]. DCI
is generally defined as the occurrence of focal
neurologic impairment, or a decrease of at least
2 points on the Glasgow Coma Scale (GCS), that
lasts for at least 1 h but is not apparent imme-
diately after aneurysm occlusion or
attributable to other causes after appropriate
clinical, imaging, and laboratory assessments
[20]. Approximately one-third of patients with
aSAH will develop DCI-related neurological
deterioration [11, 13, 21, 22].

For patients who experience aSAH, acute
downstream clinical complications of VSP,
including DCI and CI, can cause a considerable
long-term burden due to functional and cogni-
tive impairment (Fig. 1). Several treatments for
preventing or managing VSP-related complica-
tions have been tested in trials and adopted in
clinical practice. To date, however, a single
treatment that is effective in preventing such
complications is lacking [18]. Hence, there is an
urgent unmet therapeutic need in aSAH
patients most at risk of cerebral VSP.

While previous publications have indicated
that VSP and its related complications are
associated with a substantial economic burden,
this evidence largely comprises individual
studies that are of limited generalizability due
to differences in population characteristics,
geographical locations, and clinical settings. To

Fig. 1 Patient pathway for VSP and its related complications following aSAH. aSAH, aneurysmal subarachnoid
hemorrhage; CI, cerebral infarction; DCI, delayed cerebral ischemia; VSP, cerebral vasospasm
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provide an up-to-date understanding of the
economic and humanistic (i.e., health-related
quality of life [HRQoL]) burden of cerebral VSP
after aSAH, we systematically searched for,
identified, and summarized the evidence from
relevant randomized clinical trials (RCTs) and
real-world evidence studies. The present paper
reports the outcomes of this systematic litera-
ture review (SLR), focusing on the short- and
long-term economic and HRQoL burden of VSP
and its related complications after aSAH. A
separate, future publication will address the
clinical burden for this patient population.

METHODS

Search Strategy

The SLR was conducted according to PRISMA
2020 guidelines [23]. A predefined protocol
outlining the Population, Intervention, Com-
parators, Outcomes, and Study design (PICOS)
criteria of the review was established (Table 1).
Searches were developed on separate search
terms for the disease (‘‘subarachnoid hemor-
rhage’’ or ‘‘vasospasm’’) and outcomes of inter-
est. No time or language restrictions were
applied in the search. However, editorials, con-
ference abstracts, and narrative reviews were
excluded.

MEDLINE, Embase, and the Cochrane
Library were systematically searched on 8 Jan-
uary 2021 to identify peer-reviewed studies
pertinent to the following economic and
humanistic SLR research question: What is the
economic and humanistic burden of VSP and
its related complications after aSAH on patients,
compared with patients without such
complications?

Supplementary searches of relevant confer-
ence proceedings (held 2016–2020), key scien-
tific societies, health technology assessment
institutions, and bibliographies of pertinent
SLRs were conducted.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. See Supplementary

Tables S1 and S2 for full details of the search
strategy.

Study Selection

Duplicate references were removed, and the
final list of abstracts was reviewed indepen-
dently by two systematic reviewers against the
SLR eligibility criteria. Where discrepancies
arose, consensus between reviewers was reached
by mutual consent or by a third reviewer. For
studies selected for inclusion in the SLR, the
double review process was repeated using the
full-text articles.

During the full-text screening, the inclusion
population criteria were expanded to consider
studies that presented relevant outcomes for the
general population of patients after aSAH if the
study reported that a group of the recruited
population was diagnosed with VSP. Therefore,
the presentation of results for the economic and
humanistic outcomes is structured in two sep-
arate parts, firstly presenting findings directly
reported for patients with VSP and therefore
answering our primary research question, and
secondly, presenting findings from studies
including a general patient population after
aSAH (independently of VSP status) and there-
fore indirectly answering our research question.

Data Extraction

A bespoke extraction sheet (Supplementary
Table S3) was developed, and all relevant data
were extracted and validated. Information was
collected regarding the study objective, study
and patient characteristics, medication, and
study outcomes (economic burden: direct/indi-
rect costs, economic model results, and resource
use; humanistic burden: utility/disutility scores,
HRQoL measures, and caregiver burden). Details
of consecutive recruitment of patients were also
collected and considered in the potential bias of
results.

To allow direct comparability of findings
across studies, all costs were adjusted for infla-
tion to year 2021 using the consumer price
index (CPI) of each country (CPI Health index
for UK; CPI for All Urban Consumers [CPI-U]
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Medical care services for USA seasonally adjus-
ted). Costs were then converted into pound
sterling (ISO code: GBP; symbol: £) to ease
intercountry cost comparisons, using the
exchange rate of the year in which the cost/data
were collected. Where cost years spanned sev-
eral years (e.g., 2012–2015), the last date (e.g.,
2015) was used as the cost/data collection year.
Costs were then rounded to the nearest whole
number for reporting purposes, with equivalent
costs in GBP inflated to 2021 and denoted as
‘‘2021 £.’’

Due to the high heterogeneity in study
design and patient characteristics between the
studies, results are presented qualitatively as
metaanalysis of the findings was not feasible.

RESULTS

Included Studies

Searches in MEDLINE (2238 hits), Embase (2403
hits), and Cochrane (1468 hits), after the

Table 1 PICOS criteria

Population Patients (anly age) with VSP-related complications following aSAH after clipping surgery or

coiling

Interventions/comparators Any treatment received in ICU and post-ICU setting or no intervention (for economic and

humanistic burden)

Outcomes - Economic During or post-hospitalization:

Direct costs

Indirect costs

Economic model results (e.g., ICER, LYG, cost per QALY)

Hospitalization journey (e.g., length of stay)

Resource use

Outcomes - Humanistic Utility, disutility scores

Health-related quality of life measures (e.g., SF-36, EQ5D)

Loss of productivity

Caregiver burden

Study design Clinical trials (RCTs, NRS)

Observational studies (any study design); real-world studies, hospital databases or

chart reviews, economic or cost/utility studies (CEA, CUA, BIA, CMA), studies reporting

on humanistic outcomes

Excluded: commentaries, expert reviews, case reports

Other considerations Studies of aSAH survivors with subset of VSP patients to be included

Minimum sample size: C 2 individuals

Exclusion criteria Studies not meeting the inclusion criteria outlined above

aSAH, aneurysmal subarachnoid hemorrhage; BIA, budget impact analysis; CEA, cost-effectiveness analysis; CMA, cost-
minimization analysis; CUA, cost-utility analysis; EQ-5D, EuroQoL 5-Dimensions; ICER, incremental cost-effectiveness
ratio; ICU, intensive care unit; LYG, life-years gained; NRS, nonrandomized study; QALY, quality-adjusted life years;
RCT, randomized controlled trial; SF-36, 36-item Short-Form Health Survey; VSP, vasospasm
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removal of 2291 duplicates, identified 3818
abstracts for review. From these, 205 full-text
articles were assessed for eligibility and 162
articles were excluded, leaving 43 full-text arti-
cles representing 42 single studies meeting the
inclusion criteria and included in this SLR
(Fig. 2). Of note, Vetkas et al. [24] was linked to
Vetkas et al. [25], which reported on the same
population but did not provide any additional
data, therefore no data were extracted. Vetkas
et al. [25] did, however, meet the eligibility cri-
teria for the SLR and was therefore included in
the number of full-text articles identified. No
additional relevant studies were identified from
searches of conference proceedings or other
sources.

Nine studies [26–34] were linked to clinical
trial reports, and 33 were observational [11, 24,
35–65] (see Supplementary Table S4 for details
on study characteristics). Most reported data on
economic outcomes only (31 studies) or along-
side HRQoL outcomes (4 studies); 7 studies
reported data on HRQoL outcomes only. No
economic evaluations of treatments for VSP-re-
lated complications were identified.

Forty studies were conducted in single
countries: 20 studies in the USA [11, 26,
30, 36, 39, 41–44, 46–48, 52, 56, 58–60, 63–65],
and the remainder in Australia [49], Brazil [29],
Canada [35], China [31], Estonia [24], Finland
[50], Germany [40, 53, 54], India [28], Japan
[33], New Zealand [51], Poland [61], Portugal
[57], Turkey [37, 38], and the UK [32, 45,
55, 62]. Two RCTs were conducted in multiple
countries: the CONSCIOUS-1 trial [27] in Aus-
tria, Canada, Finland, France, Germany, Israel,
Italy, Sweden, Switzerland, the UK, and the
USA, and another trial [34] in Canada, the
Netherlands, and the USA.

Studies varied considerably in terms of the
period of data coverage and length of data col-
lection, from 9 months to 15.5 years for obser-
vational studies and from 14 months to 6 years
for RCTs (although the reported data collection
years may not coincide with the trial duration),
with follow-up (when reported) ranging from
3 months [27, 31, 34] to 24 months [32].

The longest study was a retrospective cohort
analysis of cost drivers for aneurysms using the
US Value Driven Outcomes database, which

reported data from a 15.5-year period (July 2001
to January 2017) [63]. Two RCTs [30, 31] and 13
observational studies [35–38, 40–42, 45, 46,
52, 56, 59, 63] collected data after 2010.

Patient numbers in the RCTs ranged from 33
[30] to 1644 [32]. Twenty-seven observational
studies reported findings from samples of\500
patients; the smallest study had only 14 patients
[57]. Four observational studies of US national
patient databases reported patient numbers
ranging from 5353 to 74,356 [42, 46, 47, 52].

Patient Characteristics

Of the 18 studies that reported baseline Fisher
grade, 14 studies [28–30, 32, 33, 39, 40,
43, 45, 53, 59, 60, 63, 65] included a patient
population with high disease severity, with
most patients falling into the Fisher grade 3
category, which has the highest risk for VSP,
DCI, and resulting poor outcomes [66].
Approximately two-thirds or more of patients
from 18 studies [24, 26, 28–30, 34, 36,
38, 40, 43, 48, 50, 54, 59–61, 63, 65] had a
Hunt–Hess baseline score of B 3 at hospital
entry, corresponding to asymptomatic or mini-
mal headache (grade 1), moderate-to-severe
headache (grade 2), or drowsiness, confusion, or
mild focal deficit (grade 3). Additionally,
around half or more of patients from 4 studies
[11, 39, 53, 55] had a Hunt–Hess baseline score
of C 3 at hospital entry (grade 4 = stupor,
moderate to severe hemiparesis; grade 5 = deep
coma). Similarly, patient baseline World Feder-
ation of Neurosurgical Societies (WFNS) grade
varied considerably across the studies, from
grade 1 (fully awake) to grade 4 and 5 (highest
severity, with or without focal deficit) across 8
studies [27, 32, 38, 40, 45, 53, 55, 61], baseline
modified Rankin scale (mRS) scores varied from
no disability to severe disability across six
studies [24, 30, 33, 48, 57, 61], and baseline GCS
scores ranging from 3 (no responsiveness) to 15
(highest responsiveness) were reported across 4
RTCs [26, 27, 30, 31] and 10 observational
studies [37, 38, 44, 51, 53, 55, 56, 59, 60, 64].

Information on aneurysm size was not
widely reported among the included studies.
Seventeen studies [24, 30, 32–34, 36, 38, 39,
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49–51, 54, 57, 59, 62, 63, 65] reported infor-
mation on aneurysm location, with aneurysms
more likely ([ 50% of patients) to be located

anteriorly, although middle, internal, and pos-
terior locations were also described.

Fig. 2 PRISMA diagram showing the study selection process. aSAH, aneurysmal subarachnoid hemorrhage; SLR,
systematic literature review; VSP, cerebral vasospasm
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Type of aneurysm management (via micro-
surgical clipping or endovascular coiling) was
widely reported across 7 RCTs [28–34] and 28
observational studies [24, 35–39, 42–47, 49–59,
61–65]. All patients underwent microsurgical
clipping in 3 RCTs [28, 29, 33] and 3 observa-
tional studies [49, 59, 61]; 1 RCT [31] and 2
observational studies [57, 62] included patients
who had only received endovascular coiling.
Other reported procedures included endovas-
cular pipeline flow diversion [63], endovascular
drainage [36], angioplasty [47], and wrapping
[53].

Economic Burden

Resource Use: Length of Intensive Care Unit
Stay by VSP Status
Intensive care unit (ICU) length of stay (LOS)
was significantly longer in patients with VSP or
DCI than in those without in 2 RCTs [27, 32]
and 5 observational studies [11, 35, 39, 44, 64]
(Table 2).

Specifically, patients with VSP or DCI spent
an additional 2.1 days (patients with DCI) [32],
4.6 days (symptomatic VSP and clinical VSP
with neurological deterioration) [39, 44], or
7.4 days (undefined VSP) [64] longer in the ICU
compared with patients without VSP or DCI (all
p\0.001 where reported) (Table 2).

Three studies [11, 27, 35] did not report exact
figures on mean length of ICU stay but provided
results of comparative or regression-based
analysis of ICU stay as a function of VSP status.
One retrospective analysis showed that the
association between VSP with DCI and
increased ICU LOS remained statistically sig-
nificant even after adjustment for the effect of
age, gender, and admission grade [35]. Signifi-
cantly prolonged ICU stays were also identified
in patient cohorts with aVSP, transcranial
Doppler (TCD)-defined VSP, symptomatic VSP,
and DCI (Mann–Whitney U; p\0.001) [11]. A
post hoc analysis of the CONSCIOUS-1 trial
reported significantly longer ICU stays for
patients with severe or moderate aVSP than
those with no aVSP (Kruskal–Wallis; p\0.001
and p\ 0.0005, respectively), even after
adjustment for age and WFNS grade, but ICU

duration was comparable between patients with
mild or no aVSP [27].

Resource Use: Length of Overall Hospital Stay
by VSP Status
Three RCTs [27, 29, 32] and 7 observational
studies [11, 35, 36, 39, 42, 43, 64] reported
overall LOS in hospital with VSP-specific data
(Table 2). In all but 1 study (the experimental
arm of a small RCT evaluating magnesium sul-
fate in the treatment of VSP [29]), patients with
VSP or DCI spent significantly more time in
hospital than those without VSP or DCI.

More specifically, results from RCTs showed
that patients with VSP had 4.7 days (a post hoc
analysis of the CONSCIOUS-1 trial [27]) to
17 days (in the control arm of the RCT evalu-
ating magnesium sulfate to treat VSP [29])
longer total hospital stay than patients who did
not experience VSP, and that patients with DCI
spent an additional 15.1 days longer in hospital
than those without DCI [32] (all p\ 0.001)
(Table 2).

Similar statistically significant trends in
overall LOS were seen in observational studies,
which showed an additional 4.7–11.4 days
spent in hospital for patients with VSP than
those without VSP (all p\0.05 where reported)
(Table 2). This trend was consistent regardless of
cohort size, with comparable findings seen in a
large observational study (n[5000 patients
with aSAH) using the US National Inpatient
Sample database [42] and from a smaller US
single-center study of 174 aSAH patients [36].

Discharge Disposition
The specific role of VSP in discharge disposition
was only reported in one smaller study (n = 107)
[44], which identified higher odds of an adverse
discharge (i.e., discharge not to home) for
patients with VSP after spontaneous SAH com-
pared with those without VSP (adjusted odds
ratio [OR]: 1.7, 95% CI: 0.56–5.07), although
this association was not statistically significant
(p = 0.35).

Readmission Due to VSP
Readmission rates due to VSP ranged from 0%
to 5.6% in one study investigating the
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Table 2 Length of hospital stay (days) by VSP status

Author (date)
Study ID

Data
collection

Treatment Population Total ICU

Mean
(SD)

Median Mean
(SD)

Median

Clinical trials

Macdonald et al.

(2012) [27]

CONSCIOUS-1

2005–2006 Clazosentan Severe aVSP 24.5 (–)* – 17a* –

No aVSP 19.8 (–) – 11a –

Rivero-Arias

et al. (2009)

[32]

ISAT^

1997–2002 Coiling/neurosurgical

treatment

DCI, during

first episode

38.7

(56.4)*

– 7.0

(5.7)*

–

No DCI,

during first

episode

23.6

(44.0)

– 4.9 (5.9) –

Coiling/neurosurgical

treatment

DCI, during

subsequent

episodes

– – 13 (0)* –

No DCI,

during

subsequent

episodes

– – 3.5 (4.9) –

Prevedello et al.

(2006) [29]

2000–2004 HHH

therapy ? nimodipine

VSP 32.1

(22.1)*

– – –

No VSP 15.1

(12.7)

– – –

Magnesium sulfate VSP 19.4

(6.9)

– – –

No VSP 19 (8.5) – – –

Observational studies

Chotai et al.

(2021) [42]

2012–2015 Mixed (coiling, clipping) VSP – 20 (IQR:

15–26)*

– –

No VSP – 15 (IQR:

10–22)

– –

Abulhasan et al.

(2018) [35]

2010–2016 Unspecified VSP with DCI – * – *

Alaraj et al.

(2017) [36]

2011–2014 Mixed (coiling, clipping) VSP 24.1 (–)* – – –

No VSP 15.9 (–) – – –

Neurol Ther (2022) 11:597–620 605



effectiveness of nimodipine therapy after aSAH
(B 14 to 21 days) [56] and from 5.8% to 5.9% in
aSAH patients managed with clipping or coiling
[50]. A large (n[12,000) observational study
identified readmission rates due to cerebral VSP

in patients discharged after hospitalization for
aSAH of 6.9% within 30 days (p = 0.016) and
20.1% within 90 days, although this association
was not statistically significant (p = 0.439) [52].

Table 2 continued

Author
(date)Study ID

Data
collection

Treatment Population Total ICU

Mean
(SD)

Median Mean
(SD)

Median

Drazin et al.

(2015) [44]

– Mixed (coiling, clipping) VSP (clinical,

with

neurological

deterioration)

– – * –

Chou et al.

(2010) [43]

1999–2004 Mixed (coiling, clipping) TCD-defined

VSP

21.3

(9.8)**

18.5

(range:

5–54)

– –

No TCD-

defined VSP

16.6

(8.3)

15 (range:

4–49)

– –

Mixed (coiling, clipping) DCI 23.5

(9)**

22 (range:

10–50)

– –

No DCI 17.5

(9.1)

15 (range:

4–54)

– –

Frontera et al.

(2009) [11]

1996–2002 Unspecified VSP *� – *� –

Badjatia et al.

(2005) [39]

1995–2002 Mixed (coiling, clipping) Symptomatic

VSP

26

(13.8)*

– 16.9

(7.9)*

–

No aVSP 20.2

(10.6)

– 12.3

(5.7)

–

Yundt et al.

(1996) [64]

1993–1994 Mixed (clipping, not

specified)

VSP 28.4

(13.8)

(nr)

– 18.5

(9.7)

(nr)

–

No VSP 17.0

(15.0)

– 11.1

(11.3)

–

aSAH, aneurysmal subarachnoid hemorrhage; aVSP, angiographic vasospasm; DCI, delayed cerebral infarction; HHH,
hypertension, hypervolemia, and hemodilution; IQR, interquartile range; SAH, subarachnoid hemorrhage; SD, standard
deviation; TCD, transcranial Doppler; VSP, cerebral vasospasm
*p\ 0.001; **p\ 0.05; nr, p-value not reported. ^All data presented in the post hoc ISAT analysis refer to mean resource
use per patient (SD). aFigures are taken as approximations from the graphs in the publication. �Significantly longer for VSP
subgroup, but exact numbers not reported and only available in a 3D graph which does not allow for approximation of
results
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Costs: Direct Costs
Four studies [32, 42, 43, 64] with VSP-specific
data identified a higher direct cost burden for
patients with VSP or DCI when compared with
patients without VSP or DCI (Table 3).

Specifically, the median total cost burden
(cost years: 2012–2015) was significantly higher
for patients with than those without VSP
(US$101,735.42 versus US$67,790.77, respec-
tively; an increase of US$33,945; p\ 0.001)
(2021 £80,059 versus £53,347, respectively; an
increase of £26,712) [42], and patients with DCI
were disadvantaged by a significantly higher
difference of ?£9370 (2021 £13,733) in total
mean health costs per patient at 24-month fol-
low-up (cost year: 2006) (p\ 0.05 versus
patients without DCI) [32]. Similarly, the mean
total cost per patient was significantly higher
for acute aSAH with VSP compared with surgi-
cally treated unruptured intracerebral aneurysm
(p\ 0.0001), and numerically higher compared
with acute aSAH and acute SAH with negative
angiogram [64] (Table 3).

Significantly higher unadjusted inpatient
costs were also observed for patients with SAH
and TCD-defined VSP or DCI than those with-
out (cost year: 2006) [43]. After adjusting for
potential confounding variables, adjusted total
inpatient costs were 1.2 times significantly
higher (p = 0.004) for patients with TCD-de-
fined VSP than for those without (US$132,667
versus US$110,539, respectively; an increase of
US$22,128) (2021 £117,726 versus £98,090,
respectively; an increase of £19,636), and 1.3
times significantly higher (p\ 0.001) for
patients with DCI than for patients without
(US$143,201 versus US$113,092, respectively;
an increase of US$30,109) (2021 £127,073 ver-
sus £100,355, respectively; an increase of
£26,718).

Costs: Indirect Costs
Estimates of indirect costs by VSP status were
only reported in a post hoc analysis of the
International Subarachnoid Aneurysm Trial
(ISAT) (cost year: 2006) [32]. Despite the num-
ber of patients in paid employment being
equally balanced prior to the initial hemorrhage
(61.9% versus 58.9% for patients with DCI ver-
sus without DCI), patients with DCI were fully

employed for significantly fewer days (62 days
less) at 24-month follow-up (87 versus 149 days,
respectively; p\0.001). Patients with DCI were
also disadvantaged by a higher mean cost for
days off work of ?£3821 (2021 £5600) than
those without DCI (£27,583 versus £23,762,
respectively) (2021 £40,426 versus £34,826,
respectively).

General Patient Population after aSAH
For the general aSAH patient population (in-
cluding some patients with VSP), the average
ICU stay ranged from 10 to 19 days
[27, 30, 40, 49, 60], and the average overall LOS
in hospital varied between 7.75 and 20.9 days
[26–28, 30, 31, 36, 37, 42, 45, 50, 63–65].
Overall, between 30% and 63% of aSAH patients
were discharged home after receiving treatment
[45, 47]. In terms of LOS after readmission,
aSAH patients were rehospitalized for an aver-
age of 22.5–24.8 days within the first month
and within the first 3 months [46].

The direct cost burden per patient in the
general aSAH population was reported in 2
RCTs [26, 32] and 8 observational studies
[36, 42, 43, 46, 47, 49, 60, 64] and ranged from a
mean total cost of US$12,685 (2021 £22,233) in
patients with surgically treated unruptured
aneurysm [64] to a mean observed cost of
US$421,942 (2021 £315,832) in patients with
Hunt–Hess grade 4 [36]. Three studies reported a
considerable indirect economic burden after
aSAH, through reduced capacity to be employed
or to return to previous full-time employment
post-aSAH [24, 51, 57], with only 35% of aSAH
survivors (mean follow-up of 4.5 years) return-
ing to work despite generally acceptable neuro-
logic recovery [24].

Humanistic Burden

Patient-Reported HRQoL
Patient-reported HRQoL for VSP-specific data
was identified in 2 studies using the Short Form-
36 (SF-36) Health Survey [38, 61]. In addition, 1
study each used the EuroQol 5-Dimensions (EQ-
5D) [27], Sickness Impact Profile (SIP) [11], or
measured HRQoL as cognitive impairment due
to VSP-related DCI [58].
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More specifically, the number of days with
VSP symptoms (DVS) (C 1 DVS observed in 69
of 82 [84%] patients; mean
DVS = 3.7 ± 2.4 days) was found to be a major
risk factor for poorer HRQoL as measured by the
SF-36 at 10–14 months post-aSAH (univariate
OR: 2.7, 95% CI: 1.6–4.2; p\0.001) [38]. The
effect of VSP duration on HRQoL remained
significant even after accounting for other fac-
tors such as treatment method, WFNS score,
Hunt–Hess grade, or Fisher grade (multivariate
OR: 2.8, 95% CI: 1.4–5.3; p = 0.002). Con-
versely, a retrospective study (n = 146) found no
association between postoperative DCI after
SAH and SF-36 scores at a mean follow-up of
6.5 years (p = 0.23–0.32) [61].

A post hoc analysis of the CONSCIOUS-1
trial identified significantly worse patient out-
comes at 12 weeks after aSAH, measured by the
EQ-5D total score and EQ-5D visual analog
scale, among patients with severe aVSP versus
patients with no aVSP (Kruskal–Wallis; both
p\0.0001) (Table 4) [27]. The EQ-5D total score
was also reduced to a lesser extent in patients
with moderate aVSP (Kruskal–Wallis; p = 0.034
versus patients with no aVSP), with no apparent
differences between patients with mild or no
aVSP.

One study reported specifically on VSP
populations using the SIP total score (di-
chotomized at the median value of the SAH
study population) [11]. Both symptomatic VSP
(OR: 1.9, 95% CI: 1.0–3.6; p = 0.048) and DCI
(OR: 2.3, 95% CI: 1.3–4.2; p = 0.006) were
associated with significant impairments in
HRQoL (SIP C 15.5) at 3 months after adjust-
ment for disease and demographic factors. This
was not seen in patients with aVSP (OR: 1.6,
95% CI: 0.9–2.9) or TCD-defined VSP (OR: 1.1,
95% CI: 0.7–1.8).

In one study that assessed cognitive impair-
ment due to VSP-related DCI [58], patients who
developed DCI had greater than two times
higher odds of having global cognitive impair-
ment at 12 months follow-up (OR: 2.3;
p = 0.024), which remained significant after
adjusting for age, education, and ethnicity (ad-
justed OR: 3.6, 95% CI 1.4–9.6; p = 0.01).
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Depression and Emotional State
Patients with symptomatic VSP were signifi-
cantly more likely to experience depressed
mood (measured by the Center for Epidemio-
logic Studies Depression scale [CES-D])
12 months after aSAH (OR: 2.2, 95% CI: 1.0–4.9;
p = 0.044) compared with those without VSP in
a prospective study of 216 patients [48].

A prospective, older study reported that VSP
was the only complication that caused signifi-
cant impairment in terms of patients’ tempera-
ment and emotionality at 12 months after SAH
(p\ 0.001) [51].

Carer Burden
No studies were identified that used VSP-specific
data to assess carer burden in aSAH patients.

General Patient Population after aSAH
For the broader aSAH population, poorer
HRQoL (measured by the SF-36) was reported
for up to 10–12 years after aSAH [24, 54, 55, 57],
and aSAH patients rated as cognitively impaired
due to VSP-related DCI at 12 months had sig-
nificantly worse SIP physical, psychosocial, and
total scores compared with patients who were
unimpaired (all p B 0.01) [48, 58]. Depression
and emotional state were also severely affected
in patients after aSAH [24, 48, 51, 57], with

approximately half of SAH survivors experienc-
ing clinically significant depressive symptoms
at some point during the first year of recovery
[48], and long-term clinically significant anxi-
ety, depression, and posttraumatic stress symp-
toms reported at 10–12 years after aSAH [57].
After correcting for demographic factors,
depressed mood (measured by the CES-D) pre-
dicted HRQoL (measured by SIP) over and above
cognitive status and SAH severity [48]. Carer
burden, measured using the caregiver disrup-
tion assessment form of the Neuropsychiatric
Inventory Questionnaire, was also reported as
very severe in 5 of 14 general aSAH patients who
had survived aSAH 10–12 years previously [57].

Predictors of Economic and Humanistic
Outcomes

Severity of VSP
Overall, comparative and regression-based
analyses from multiple studies
[11, 27, 32, 35, 41, 43, 52, 63] showed that the
severity of VSP was a critical predictor of post-
aSAH economic burden in terms of healthcare
resource utilization (HCRU) and direct and
indirect costs. For example, a significant rela-
tionship between the severity of aVSP and both
ICU LOS (p\ 0.0001) and total hospital LOS

Table 4 VSP-specific populations reporting HRQoL using the EuroQol 5-Dimensions

Author (date)
Study ID

Subgroup Time point Endpoint n Mean (95% CI)

Macdonald et al. (2012) [27]

CONSCIOUS-1

Severe aVSP 12 weeks Total 73 0.38 (0.28–0.49)**

Moderate aVSP 12 weeks Total 117 0.65 (0.59–0.70)*

No aVSP 12 weeks Total 169 0.74 (0.71–0.78)

Severe aVSP 12 weeks VAS 73 50.9 (42.9–58.8)**

No aVSP 12 weeks VAS 169 75.5 (72.7–78.4)

aVSP, angiographic vasospasm; CI, confidence interval; HRQoL; health-related quality of life; n, number; VAS, visual
analog scale
*p = 0.034 versus patients with no aVSP after adjustment for age and WFNS grade (Kruskal–Wallis one-way comparison
across aVSP categories); **p\ 0.0001 versus patients with no aVSP after adjustment for age and WFNS grade
(Kruskal–Wallis one-way comparison across aVSP categories)
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(p = 0.008) was reported in a post hoc analysis
of the CONSCIOUS-1 trial [27]. Similarly, longer
hospital and ICU stays were reported to be more
pronounced for patients with symptomatic VSP
or DCI than those with aVSP or TCD-defined
VSP, although this was not tested statistically
[11]. Cerebral VSP was significantly associated
with 30-day readmission (p = 0.016) [52], and
endovascular treatment of VSP was associated
with greater odds of all-cause hospital readmis-
sion within 60 days (OR: 5.1; p = 0.001) and
within 180 days (OR: 3.8; p = 0.001) [41]. In
terms of direct costs, multivariate analysis using
the US Value Driven Outcomes database found
that VSP severity was an independent predictor
of cost (b = 0.1, p = 0.02) as were the number of
angiograms (b = 0.1, p = 0.02), disposition
(b = 0.2, p = 0.001), year of treatment (b = 0.2,
p\0.001), procedure (b = 0.3, p\0.001), and
hospital LOS (b = 0.5, p\0.001) [63]. The
association between VSP severity and economic
burden also appears to be significant indepen-
dently of whether VSP was defined by TCD
velocity or the presence of DCI, with the pres-
ence of either type of VSP significantly associ-
ated with higher inpatient costs and longer
hospital stay [43].

VSP severity was also associated with HRQoL
outcomes, with studies showing that the sever-
ity of VSP or the presence of DCI was a signifi-
cant predictor of poorer HRQoL, independent
of the tool used. Specifically, patients who
experienced 1 or more days of VSP after aSAH
had poorer HRQoL measured by the SF-36 [38],
and patients with severe or moderate aVSP
reported worse HRQoL measured by the EQ-5D
[27] than patients with no VSP or aVSP,
respectively. In addition, patients with symp-
tomatic VSP or DCI had worse HRQoL measured
by the SIP, whereas patients with aVSP or TCD-
defined VSP did not [11], and patients with
symptomatic VSP were more likely to have
depressed mood measured by the CES-D at
12 months after aSAH [48]. In contrast, only
one small study (n = 146) found no difference
in HRQoL outcomes based on SF-36 scores at a
mean follow-up of 6.5 years between patients
who developed VSP-related DCI and those who
did not [61], but it seems that patients with VSP-
related DCI had significantly higher odds of

global cognitive impairment at 12 months after
aSAH [58].

Other Predictors
Other significant predictors of higher economic
burden included older age [42, 47], poorer
Glasgow Outcome Scale Extended scores [27],
type of aneurysm treatment (i.e., clipping) [42],
number of angiograms and CT scans [32], and
type of hospital where patients were treated
(i.e., hospitals performing angioplasty versus
not) [47].

Higher HRQoL burden was generally pre-
dicted by several indicators of initial clinical
status, including poorer GCS [55, 61], WFNS
[55, 61], and Hunt–Hess [54, 55, 61] scores, and
poorer Fisher grade [54, 55] (although a non-
significant association with Fisher grade was
reported in one study [61]).

DISCUSSION

To our knowledge, this is the first SLR summa-
rizing the economic and humanistic burden
associated with VSP after aSAH. As expected, the
burden of VSP and its related complications is
huge, with a severe negative impact identified
for both economic (direct and indirect costs,
HCRU) and humanistic aspects, which not only
affect the short term but may also extend over
the longer term. A timeline to depict the patient
journey is presented in Fig. 3.

Our SLR advances knowledge on the concept
of the ‘‘burden of illness’’ [67] of VSP and its
related complications after aSAH, and develops
the scientific basis for assessing the value of new
targeted treatments for this condition (Fig. 4).
Of note, the authors are currently preparing a
separate publication that summarizes the find-
ings from an SLR on the clinical burden of VSP
and its related complications after aSAH, which
will enable the synthesis of evidence across the
three pillars (i.e., economic, humanistic, and
clinical) of the ‘‘burden of illness’’.

The substantial economic burden linked to
VSP or VSP-related complications in the form of
DCI was predominantly driven by longer ICU
and hospital stays, readmissions, and additional
costs of imaging and investigations associated
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with the treatment and management of
patients. This was evident from studies showing
a significantly higher total number of days
spent in the ICU [11, 27, 32, 35, 39, 44, 64] and
in hospital [11, 27, 29, 32, 35, 36, 39, 42, 43, 64]
for patients with VSP or DCI compared with
those without (2.1–7.4 and 4.7–17 additional
days spent in the ICU and hospital, respectively;
all p\0.05 where reported). Conversely, similar

hospitalization times for VSP and non-VSP
aSAH patients were reported in the experimen-
tal arm of one RCT, although only 24 patients
were included in the treatment group and this
outcome should be viewed with caution [29].
Notably, the association between VSP and
length of hospitalization remained significant
independent of whether VSP was defined by
TCD velocity or the presence of DCI [43], which

Fig. 4 Three-petal schematic representing the three
dimensions of the ‘‘burden of illness’’ of VSP and its
related complications (i.e., delayed cerebral ischemia and

cerebral infarction) after aSAH and impacted stakeholders
(flower etamins). aSAH, aneurysmal subarachnoid hemor-
rhage; VSP, cerebral vasospasm
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may support the comparability of findings
across the studies.

Patients who survive aSAH are at risk for
complications that may require readmission to
hospital [50, 52, 56]. Indeed, the occurrence of
cerebral VSP after aSAH was significantly asso-
ciated with hospital readmissions within
30 days of discharge [52]. VSP patients were also
more likely to be adversely discharged (defined
as discharge other than home), although this
was not statistically significant [44].

A substantial direct and indirect economic
burden of VSP and DCI was also identified, with
a significantly higher total cost burden of
US$33,945 (2021 £26,712) for patients with VSP
[42] and £9370 (2021 £13,733) for patients with
DCI [32], and, for patients with DCI, a signifi-
cant reduction in the mean number of days in
paid employment and an increased mean cost
of £3821 (2021 £5600) for days off work over
2 years [32], compared with patients without
VSP or DCI. Persistently higher inpatient costs,
reflecting the provision of more intensive clin-
ical care and longer hospital stays, were also
reported for both TCD-defined VSP and DCI,
despite adjustment for potential confounders
[43]. Moreover, a post hoc analysis of the ISAT
database showed that the devastating effects of
aSAH are compounded if DCI also occurs,
leading to significantly higher healthcare costs,
driven in part by longer hospital stays and
slower resumption of paid employment [32].

The severity of VSP appears to be a signifi-
cant predictor of post-aSAH economic burden
driving the difference in HCRU and costs
between patients who experienced VSP or DCI
after aSAH and those who did not
[27, 32, 35, 41, 43, 52, 63]. In terms of direct
costs, an analysis using the US Value Driven
Outcomes database [63] identified VSP severity
as a significant factor in the cost of care for
patients with aSAH, although aneurysm proce-
dure type and hospital LOS had larger b values.

The association between VSP severity and
economic burden also appears to be significant
independent of the way VSP has been diag-
nosed. This is shown by one study [43], which
found that the presence of either TCD-defined
VSP or DCI was significantly associated with
higher inpatient costs and longer hospital stays.

Both severe VSP, measured by a maximal TCD
velocity of C 180 cm/s, and DCI were associated
with higher daily costs of inpatient care,
reflecting the provision of more intensive care.
Furthermore, the effect of VSP severity on total
costs persisted even after adjusting for the pos-
itive association between inpatient costs and
LOS.

Limited evidence was identified for human-
istic outcomes, but these patients, independent
of VSP status, tend, in general, to suffer from
poor HRQoL with long-lasting burden. Studies
show that VSP and DCI are significant risk fac-
tors for depressed mood and global cognitive
impairment at 12 months, respectively. Specifi-
cally, patients with symptomatic VSP had a
greater than two times higher odds of experi-
encing depressed mood during the first year of
recovery after aSAH compared with those
without [48], and patients who experienced
VSP-related DCI experienced poorer cognitive
orientation, attention, language, long-term
memory, motor function, and verbal memory
1 year after aSAH, compared with patients
without DCI [58]. In addition, one or more DVS
was found to be a major risk factor for poor
HRQoL, with an almost three times significantly
higher likelihood of SF-36 negative impact at
10–14 months despite adjustment for con-
founding factors [38].

VSP-related complications after aSAH,
including DCI and CI, can cause further dete-
rioration of a patient’s neurological condition,
with significant impairment in HRQoL mea-
sured by the SIP at 3 months reported in
patients with DCI or symptomatic VSP, but not
in patients with aVSP or TCD-defined VSP, after
adjustment for disease and demographic factors
[11]. Moreover, problems of psychosocial adap-
tation can be debilitating for patients who
experience VSP after aSAH, with higher
impairment on measures of temperament,
emotion, and physical capabilities reported
after 1 year [51].

Similar to economic findings, patients with
severe VSP reported worst HRQoL and rated
their health state lower than those with no VSP,
although the association between the presence
of DCI and patient-reported outcome measures
was not consistent across all studies.
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Specifically, VSP severity predicted significantly
poorer HRQoL (SF-36, EQ-5D, and SIP) and
depressed mood at 12 months [11, 27, 38, 48],
with the exception of one study that reported
similar HRQoL outcomes (SF-36) in patients
with, compared with those without, VSP-related
DCI [61].

The broader aSAH population, which inclu-
ded patients with VSP or DCI, experienced
similar economic burden to patients with VSP
and its related complications. This can be seen
for HCRU in terms of ICU and hospital LOS as
well as LOS after readmission. In terms of direct
and indirect costs, the mean total cost of treat-
ment varied widely depending on the severity
of aSAH. The uptake of paid employment fol-
lowing aSAH was also disrupted, causing con-
siderable indirect economic burden [24, 51, 57].

Poorer HRQoL was also evident in this
patient population, with negative impacts on
HRQoL [24, 54, 55, 57], depression, and emo-
tional state [48, 57] that were long-lasting.
Considerable disruption to the caregiver was
also evident [57].

One of the major strengths of this SLR is the
systematic approach used to identify and collect
the evidence in this disease area without
restrictions on publication date, language, or
country. Almost half of the included studies
collected data after 2010, which may reflect
current clinical practice (costs, HCRU) and
changes in treatment management compared
with studies that included older data. However,
limitations of this SLR were also evident as most
of the evidence retrieved was collected in single
centers, thus precluding the generalizability of
findings across different settings. In addition,
evidence on humanistic outcomes for patients
with VSP-related complications was sparse,
restricting a crucial part of our understanding
on the humanistic burden of the disease on
patients and their carers.

In this SLR, most of the evidence was
retrieved from observational studies, which may
reflect routine clinical care. However, this SLR is
limited by the variation across the studies in
terms of the period of data coverage and length
of data collection, patient selection criteria (i.e.,
age, severity at admission), and the definition of
VSP, which pose challenges when comparing

findings across studies. In addition, local hos-
pital settings, VSP management, and unit costs
of resources differed markedly across healthcare
systems; therefore, caution is required when the
findings from these studies are generalized to
other settings. Studies also varied in terms of
design and patient characteristics, which pre-
cluded direct metaanalysis of results.

A major limitation of this SLR is the com-
plexity of factors contributing to DCI after
aSAH, and the inability to differentiate between
all-cause DCI and VSP-related DCI. Although
both early brain injury and VSP can contribute
to DCI development, VSP is likely to be the
main causal factor for DCI.

This SLR has also identified several data gaps
in the literature, highlighting the need for fur-
ther research to assess the impact of VSP and its
related complications on readmissions, quality
of life, return to full-time employment, and the
long-term impact of VSP.

CONCLUSIONS

Overall, the evidence showed that VSP and its
related complications after aSAH severely
impacted patients. There remains an urgent
need to improve our understanding of the bur-
den of VSP and its impact on HRQoL, its indi-
rect burden on caregivers and work
productivity, and its long-term impact. Under-
standing the concept of the ‘‘burden of illness’’
of VSP and its related complications after aSAH
will provide the scientific basis for assessing
novel targeted treatments. Ultimately, the
development and approval of therapeutics that
target and prevent VSP and its downstream
complications will greatly enhance the arma-
mentarium currently available to treating
physicians.
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