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Abstract

Background and Purpose Poor-grade subarachnoid hem-
orthage (SAH) (World Federation of Neurosurgical
Societies grade 4 and 5) is associated with high mortality
rates and unfavorable functional outcomes. We report a
single-center cohort of poor-grade SAH patients, combined
with a systematic review of studies reporting functional
outcome in the poor-grade SAH population.

Methods Data on a cohort of poor-grade SAH patients
treated between 2009 and 2013 were retrospectively col-
lected and combined with a systematic review (from
inception to November 2015; PubMed, Embase). Two
reviewers assessed the studies independently based on
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predefined inclusion criteria: consecutive poor-grade SAH,
functional outcome measured at least 3 months after
hemorrhage, and the report of patients who died before
aneurysm treatment.

Results The search yielded 329 publications, and 23 met
our inclusion criteria with 2713 subjects enrolled from
1977 to 2014 in 10 countries (including 179 poor-grade
patients from our cohort). Mortality rate was 60 % (1683
patients), of which 806 (29 %) died before and 877 (31 %)
died after aneurysm treatment, respectively. Treatment was
undertaken in 1775 patients (1775/2826—63 %): 1347 by
surgical clipping (1347/1775—76 %) and 428 (428/1775—
24 %) by endovascular methods. Outcome was favorable
in 794 patients (28 %) and unfavorable in 1867 (66 %).
When the studies were grouped into decades, favorable
outcome increased from 13 % in the late 1970s to early
1980s to 35 % in the late 1980s to early 1990s, and
remained unchanged thereafter.

Conclusion Although mortality remains high in poor-
grade SAH patients, a favorable functional outcome can
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be achieved in approximately one-third of patients. The
development of new diagnostic methods and implemen-
tation of therapeutic approaches were probably
responsible for the decrease in mortality and improvement
in the functional outcome from 1970 to the 1990s. The
plateau in functional outcome seen thereafter might be
explained by the treatment of sicker and older patients and
by the lack of new therapeutic interventions specific for
SAH.

Keywords Subarachnoid hemorrhage - Prognosis -
Mortality - Systematic review

Introduction

In the landmark publication by Hunt and Hess (H&H) [1],
the authors proposed a classification to estimate the peri-
operative risk of death in patients suffering from
aneurysmal subarachnoid hemorrhage (SAH). Patients
were grouped in five categories according to the severity of
focal and global neurological deficits and the presence of
preexisting comorbidities. The grading system ranges from
asymptomatic patients with minimal headache and slight
nuchal rigidity (Grade 1) to patients in “deep coma,
decerebrate rigidity, moribund appearance” (Grade 5).
Based on patients’ grade at admission and prior to opera-
tion, the mortality was 71 and 100 % in patients admitted
in poor neurological condition, i.e., Grades 4 and 5. The
authors then concluded “prompt surgical intervention is
important for patients admitted in good condition. Con-
servative therapy until the patient’s condition improves is
advisable for the more seriously ill” [1].

The admission neurological condition classified by
H&H [1] or by the World Federation of Neurosurgical
Societies (WENS) [2] is one of the most powerful predic-
tors of mortality and long-term disability after SAH [3].
Poor-grade SAH (i.e., H&H 4 or 5 or WENS 4 or 5) has
frequently been associated with poor outcome. However,
the selection of patients for treatment based on admission
neurological grade may result in withdrawing of life sup-
port from approximately one-third of the patients who
could possibly have good functional recovery if aggres-
sively treated [4].

We report our experience in poor-grade SAH patients
treated aggressively in a high-volume academic center in
Toronto, Canada. All patients admitted in poor neurologi-
cal condition from 2009 to 2013 were included in the
analysis, even those who died before angiography or
aneurysm treatment. A systematic literature review
addressing functional outcome after poor-grade SAH was
performed and reported along with our results.

Methods
Part A: Single-Center Study

We retrospectively collected data from all SAH patients
admitted between January 2009 and December 2013,
including baseline demographics, initial and follow-up
Glasgow Coma Scale (GCS), modality of aneurysm treat-
ment, surgical interventions [e.g., craniectomy and external
ventricular drain (EVD) insertion], and modified Rankin
Scale (mRS) score at the patients’ last follow-up visit in
our neurovascular clinic, occurring at least 3 months after
hemorrhage. All patients were admitted to a dedicated
Trauma and Neurosurgical Intensive Care Unit at St.
Michael’s Hospital, a high-volume [5] academic center
affiliated with the University of Toronto, Canada. During
the study period, 568 SAH patients were admitted. From
this cohort, we only selected patients with poor-grade SAH,
defined as WENS 4 or 5 [6].

The neurological examination was obtained immedi-
ately before EVD insertion and used to assess the initial
neurological status according to the WFNS grade.
Intracerebral hematoma (ICH) volume was measured using
the ABC/2 method [7]. Cerebral infarction due to delayed
cerebral ischemia (DCI) was defined as a new hypodensity
on head computed tomography (CT) within 6 weeks after
SAH, or the latest CT or magnetic resonance imaging
(MRI) before death (when it occurred within 6 weeks and
was not present on a CT or MRI done within 48 h of the
aneurysm repair procedure). Hypodensities attributed to
aneurysm treatment (e.g., surgical retractions), EVD
placement, or ICH were not considered cerebral infarctions
due to DCI [8]. The radiological images were all analyzed
and reported by neuroradiologists. They were unaware of
the study.

The primary outcome was in-hospital mortality. Sec-
ondary outcome included functional neurological recovery
assessed at least 3 months after hemorrhage, defined by the
mRS score. The patients were treated according to our
institutional SAH protocol, which has been published
elsewhere [9-11], and closely follows the guidelines pub-
lished by the Neurocritical Care Consensus Conference
[12] and the American Heart Association/American Stroke
Association [13].

Because of the risk of aneurysm recanalization and late
rebleeding [14], patients treated by endovascular coiling
are seen routinely for a face-to-face follow-up in our
neurovascular clinic to assess the need for late retreatment
[15]. After endovascular coiling, the postoperative
surveillance is performed by magnetic resonance angiog-
raphy (MRA) [16] according to our institutional protocol:
MRA in the first week after coiling followed by MRA at
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8 weeks, 6 months, 1 year, and 3 years after treatment
[17]. If there are concerns regarding recanalization (e.g.,
aneurysm >10 mm or incomplete occlusion) or if the
patient is young (<40 years old), the surveillance is kept
beyond the third year [17]. Patients who had their
aneurysm clipped undergo computed tomography
angiography (CTA) before discharge, at 8 weeks, 1 year,
between 3 and 5 years, and every 5 years thereafter [17].

During the routine face-to-face follow-up, patients are
assessed for motor and speech deficits and the ability to
live and walk without assistance (ability to live alone
means the patient is able to use the toilet, bathe, shop,
prepare and get meals, and manage finances). The func-
tional information was retrieved from the medical charts
and classified according to the simplified mRS question-
naire algorithm [18].

Statistical Analysis

All the data were divided into continuous variables and
discrete variables, which included categorical and dichoto-
mous ones. Most of the continuous data were normally
distributed, while some data had almost normal distribution
with several outliers. The decision was made to compare the
patient characteristics of the two groups (i.e., WFNS 4 and 5)
that were presented as continuous variables using the Student
t test with Welch’s correction for heteroscedasticity in order

to correct for differences in the variances of the groups. Two-
way proportion test with continuity correction was used for
the comparison of dichotomous and categorical variables
(Table 1). All the analyses were performed in the R {v3.0.2}
statistical environment.

Part B: Systematic Literature Review

Our research question and the inclusion and exclusion
criteria were established before the systematic review was
performed. The protocol was prepared according to the
PRISMA guidelines [19] and registered in the international
prospective register of systematic reviews (PROSPERO-
CRD42015029716). The literature search (see Electronic
Supplementary Material) on outcomes after poor-grade
SAH was performed through PubMed and Embase data-
bases. Two reviewers (ALOM and AM) independently
screened article titles and abstracts. Articles with at least an
abstract in English were searched using the following
combination: SAH and poor-grade or high-grade (for
complete search strategy, see Electronic Supplementary
Material; last search on November 20, 2015). When a
given cohort generated multiple publications, the most
recent published article was included. In case of dis-
agreement, one additional author (MRG) was used to
resolve the disagreement by consensus among the three
reviewers. The reference list of all selected studies was

Table 1 Baseline

characteristics of the St. WENS 4 WENS 5 Total p value
Michael’s Hospital cohort Number 77 102 179
Age 56.1 £ 11.9 56.1 + 124 56.1 + 12.1 0.97
Female 63 (82) 59 (58) 122 (68) <0.01
Modified Fisher
1 8 (10) 6 (6) 14 (8) 0.41
2 0 (0) 3(3) 3(2) 0.35
3 43 (56) 39 (38) 82 (46) <0.05
4 25 (34) 54 (53) 79 (44) 0.01
Intraparenchymal hematoma 15 (19) 33 (32) 48 (27) 0.079
Hematoma volume, ml 177 £ 134 40.1 £+ 36.5 32.8 £ 325 <0.01
Hematoma evacuation 9 (60) 15 (44) 24 (49) 0.48
Decompressive craniectomy 5 (6) 15 (15) 20 (11) 0.14
Cerebral infarction 29 (38) 46 (45) 75 (42) 0.40
Endovascular coiling 50 (65) 45 (44) 95 (53) <0.01
Surgical clipping 18 (23) 24 (23) 42 (23) 1
Hydrocephalus 55 (71) 77 (75) 132 (74) 0.66
External ventricular drain 60 (78) 82 (80) 142 (79) 0.83
Death before aneurysm treatment 4 (5) 29 (28) 33 (18) <0.01
Death after aneurysm treatment 8 (10) 17 (17) 25 (14) 0.33
Favorable outcome (mRS < 2) 51 (66) 29 (28) 80 (45) <0.01
Unfavorable outcome (mRS > 3) 15 (19) 35 (34) 50 (28) <0.05

Data are shown as n (%) or mean &+ SD
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searched for additional eligible articles. The authors own
databases were also searched, and the expert opinion of one
of the authors (RLM) supervised the process.

Articles met the inclusion criteria if they reported (1)
patients with SAH, defined as the presence of subarachnoid
blood in the noncontrast CT or lumbar puncture; (2) an
abstract in English; (3) inclusion of consecutive patients;
(4) functional outcome measure at least 3 months after
hemorrhage; and (5) patients not treated or who died before
aneurysm treatment. Articles were excluded if they were
(1) conference abstracts, and (2) cohorts not reporting
patients who died before initiation of treatment or who
were not treated at all. A more detailed outline of the

inclusion/exclusion criteria and search protocol can be
found in the Electronic Supplementary Material.

Results
Part A: Single-Center Study

A total of 179 poor-grade SAH patients were included,
which comprises 32 % of the total SAH population
admitted during the study period (Fig. 1). Table 1
describes the baseline characteristics in the St. Michael’s
Hospital poor-grade cohort, including the patients who died

Total patients with aSAH

(Jan 2009 to Dec 2013)

- 568

Died
before
treatment

Lost follow-up
16
(D)

Alive at
discharge

WENS
c4 1,2 and 3
>389

3 3 Brain death

> 16
(18%) (28%)

Total death
58 (32%)

Cardiac
arrest

Refractory

(6]
>3
(60))

mRS 0
= 30
(17%)

> 34
(19%)

Fig. 1 Flowchart of the entire cohort admitted from January 2009 to December 2013. aSAH aneurysmal subarachnoid hemorrhage, WOLS
withdrawal of life support, WFNS World Federation of Neurosurgical Societies, /CP intracranial pressure, mRS modified Rankin Scale
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before aneurysm treatment. Seventy-seven (77/179—
43 %) and 102 patients (102/179—57 %) were WENS 4
and 5, respectively. WENS 5 patients were less likely to be
female (82 vs. 58 % in WENS 4 and 5, respectively,
p < 0.01), and to undergo endovascular treatment (65 vs.
44 %, p < 0.01). However, WENS 5 patients were more
likely to have thick subarachnoid blood associated with
bilateral ventricular hemorrhage (i.e., modified Fisher 4; 32
vs. 53 %, p = 0.01), larger ICH volume (17.7 £ 13.4 vs.
40.1 £ 36.5, p < 0.01), to die before aneurysm treatment
(5 vs. 28 %, p < 0.01), and had higher percentages of
unfavorable outcome (19 vs. 34 %, p < 0.05).

One hundred and forty-six patients (146/179—82 %)
underwent digital subtraction angiography (DSA); and 137
(137/179—76 %) patients had their aneurysm treated, 95
by endovascular approach (95/179—53 %), and 42 by
surgical clipping (42/179—23 %). Nine patients (9/179—
5 %) had a diffuse SAH pattern and negative DSA.

Outcomes

Mortality (Fig. 1) Thirty-three patients (33/179—18 %)
died before aneurysm treatment, of which 22 (22/33—
68 %) received an emergency EVD. The vast majority of
patients who died before aneurysm treatment were WENS
5 [29/33 patients (88 %)]. Twenty-five (25/179—14 %)
patients died after aneurysm treatment, resulting in a total
of 58 in-hospital deaths (58/179—32 %). The mortality
among patients with WENS 4 and 5 was 5 and 28 % before
aneurysm treatment (p < 0.01), and 10 and 17 % after
aneurysm treatment (p = 0.33—Table 1), respectively. In
total, 12 patients with WENS 4 (12/77—15 %) and 46
patients with WENS 5 (46/102—45 %) died.

Functional QOutcome One hundred and twenty-one
patients (121/179—68 %) were discharged alive. We were
able to retrieve the outcome assessment of 105 patients.
Sixteen patients (16/179—9 %) were lost in follow-up
(Fig. 1). The mean time from hemorrhage to mRS assess-
ment was 13 £ 13 months. Eighty patients (80/179—
45 %) had a favorable functional outcome (mRS < 2).
They were more likely to be WENS 4 than WFNS 5 (66 vs.
28 %, p < 0.01). Twenty-five patients who survived (25/
179—14 %) had unfavorable outcomes (Fig. 1).

Part B: Systematic Review

The search yielded a total of 329 publications, 23 of which
met our inclusion criteria (Fig. 2; Table 2). A total of 2713
patients were studied from 1977 to 2014, in 10 countries
across Europe, Asia, and North America. One thousand one
hundred and seventy-three patients were WENS 4 (1173/
2713—43 %), while 1347 (1347/2713—50 %) were WENS

@ Springer

5. One publication with 166 poor-grade patients (166/
2713—6 %) did not distinguish between WENS 4 and 5 [20].
Sixty percent of patients died (1683/2826—60 %), of those,
806 patients (806/2713—29 %) before aneurysm treatment
and 877 (877/2713—31 %) after angiography or aneurysm
treatment. In total, 1775 patients underwent treatment (1775/
2713—63 %), 1347 (1347/1775—76 %) by surgical clip-
ping and 428 (24 %) by endovascular methods.

The definitions of favorable outcome differed slightly
among the studies. All articles included in this systematic
review reported functional outcome measured by Glasgow
Outcome Scale (GOS) [21], extended GOS [22], neuro-
logical examinations, independence in activities of daily
living (ADLs), or mRS [23].

In the majority of studies (17/24—70 %), favorable
outcome was reported as a GOS score of 4 or 5. One study
defined favorable outcome as an eGOS of 5-8 [24]. Four
studies defined favorable outcome according to ADLs
[25-28], which considered ability to return to work and
lifestyle independency. One study defined favorable out-
come as a mRS of 0-3 [29]. The last studies [30], including
our cohort, were more conservative defining favorable
outcome (i.e., mRS 0-2). In total, 794 patients (794/2826—
28 %) achieved a favorable outcome (Table 3).

The studies were grouped according to the years of
enrollment (Table 3). Newer studies (2000-2010) included a
larger sample of WENS 5 patients compared to early studies
(69 vs.42 %). The number of treated poor-grade SAH patients
increased from approximately 50 % in the late 1970s—early
1980s to almost 80 % in the last two decades. Regarding
modality of treatment, surgical clipping was the only modality
of treatment until the mid 1990s, when some studies started to
report the use of endovascular coiling to treat poor-grade SAH
patients [28]. The newer cohorts have a higher number of
patients managed by endovascular methods, with at least half
of the poor-grade patients being treated by endovascular
methods in the last 15-20 years [24, 30, 31].

The percentage of favorable outcome after severe SAH
initially reported was very small (average of 13 %). A
favorable outcome of 35 % has been reported by studies
from the late 1980s—early 1990s and continued to be
between 30 and 40 % thereafter (Table 3). Although the
percentage of favorable outcome has not changed over the
last 30 years, the number of WENS 5 patients included and
treated in the newer studies was larger when compared to
early studies (43 vs. 69 %—Fig. 3).

Discussion
In this retrospective study, we report our experience with

aggressive treatment of poor-grade SAH patients and
combined our results with a systematic review, which
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PubMed and Embase

\ 4

329 titles and abstract screened

\4

27 additional articles found in the
reference lists

Inclusion criteria:

(1

(@)
3
4

(%)

Patients with SAH, defined as the
presence of subarachnoid blood in the
non-contrast CT or lumbar puncture

An abstract in English;

Included consecutive patients;
Functional outcome measured at least 3
months after hemorrhage;

Included patients not treated or who died

before aneurysm treatment.

62 Excluded:
41 Did not report death before treatment

9 Outcome assessed early (< 3 months)
3 Repeated cohorts

85 articles analyzed and data extracted

2 Excluded untreated patients from the analysis

A

2 Included WENS or H&H 3
1 Included patients with AVM

1 Included unruptured aneurysm
1 No function outcome reported

23 articles included

1 Included good grade patients
1 Excluded H&H V patients

Fig. 2 Preferred reporting items for systematic reviews and meta-analyses (the PRISMA) flowchart. A total of 23 articles were included in the

final report, plus our own cohort

includes 23 cohorts of unselected poor-grade SAH patients
treated from 1977 to 2014 in 10 countries. We found that
mortality remains high in this patient population (approx-
imately 30 % before and 30 % after aneurysm treatment).
However, favorable outcome is possible in approximately
one-third of patients admitted in poor neurological condi-
tion. Unselected poor-grade SAH population was defined
as cohorts that reported patients who were not treated or
died before angiography or aneurysm treatment. Addi-
tionally, only studies that reported functional outcome at
least 3 months after hemorrhage were included in the final
qualitative analysis. There are a large number of studies
reporting data on this patients’ population that excludes
patients that died before aneurysm treatment, which could
overestimate the percentage of patients with favorable
outcome. Likewise, studies that report early outcome
(<3 months) were also excluded to avoid the overesti-
mation of unfavorable outcome.

Very early studies reported high mortality rates close to
100 % in the grade 5 patients [1]. These initial reports
tended to use clinical grading scales to decide about eli-
gibility for treatment. Hunt and Hess [1] suggested that
“conservative therapy until the patient’s condition
improves is advisable for the more seriously ill.” The vast
majority of these patients admitted in poor neurological
condition would die without surgical treatment [1]. How-
ever, the selection of patients for treatment based on

admission neurological grade may result in withdrawing of
life support from approximately one-third of the patients
who could possibly have good functional recovery if
aggressively treated [4].

We showed that the percentage of patients who died
before aneurysm treatment decreased over time, from 46 %
in the late 1970s—early 1980s to a current mortality rate of
approximately 20 % (Table 3). This drop in mortality
before aneurysm treatment was accompanied by an
increase in the percentage of poor-grade patients treated
(from 51 to 79 %—Fig. 3). This increase in the percentage
of poor-grade patients treated may reflect a change in
current practice, to aggressively treat poor-grade SAH
patients [11], which probably explains the drop in the
percentage of patients who die before aneurysm treatment.
Additionally, this finding might also be explained by recent
data showing a decrease of in-hospital death over time
associated with the reduction of death from aneurysm
rebleeding, probably because of earlier aneurysm treatment
[32]. Rebleeding is common in the poor-grade population
[24], and it is associated with high mortality rates [33] and
poor functional outcome [24]. van den Berg et al. [24], in a
cohort of WENS 5 patients, reported a rebleeding rate of
approximately 20 %. Among 26 patients who rebleed, only
one had a favorable outcome (1/26—4 %). Therefore, the
early diagnosis combined with early aneurysm treatment
might explain this time-trend reduction of in-hospital
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mortality associated with rebleeding. Although poor-grade
SAH patients may benefit from early aneurysm repair to
prevent rebleeding [24], the ideal timing of treatment
remains to be determined [34, 35].

SAH case fatality has decreased since the 1960s, as
shown by several studies [36, 37]. Two high-quality meta-
analyses previously published covering 5 decades, from
1960 to 1995 [37] and from 1995 to 2007 [36], have
already shown a decrease in SAH case fatality. Hop et al.
[37] performed a systematic review and meta-analysis,
which included 21 studies between 1960 and 1992. Case
fatality rates varied between 32 and 67 % and decreased
by 0.5 % per year. The same group published a follow-up
meta-analysis showing a 17 % case fatality drop over
three decades (between 1973 and 2002) [36]. During this
period, case fatality varied from 8.3 to 66.7 % between
studies and decreased 0.8 % per year [36]. The authors
justified this reduction in case fatality over time by the
introduction of improved management strategies such as
endovascular coiling, the use of calcium channel blockers,
and the implementation of more accurate diagnostic
tools [36].

Favorable Outcome

The first study included in the systematic review that
reported long-term functional outcome after poor-grade
SAH came from the late 1970s [38]. Hijdra et al. [38]
prospectively included 70 poor-grade patients, of those
only 2 (3 %) progressed to a favorable outcome. Favorable
outcome improved to approximately 30 % in the mid
1980s—early 1990s and plateaued thereafter. However, this
plateau in the last 3 decades was accompanied by an
increase in the percentage of Grade 5 patients included and
treated in more recent cohorts. Additionally, the mean age
of patients in the general SAH population had increased in
the period 1973-2002 from 52 to 62 years [36].

Several reasons may have contributed to the reduction
in morbidity and mortality over the first decades assessed
in this article: (1) development of accurate diagnostic
tools [17]; (2) the use of nimodipine [39, 40]; (3) the
surgical and endovascular treatment procedures devel-
oped to occlude a ruptured aneurysm [41]; (4) the
introduction of stroke and dedicated neuroscience inten-
sive care units [42]; and (5) the patients’ management in
high-volume centers [5]. However, since the key trial by
Pickard et al. [40], showing the improvement in func-
tional outcome with the prophylactic use of nimodipine,
and the introduction of detachable coils for the
endovascular treatment of intracranial aneurysms by
Guglielmi and colleagues in 1991 [43], no other treat-
ment strategy developed specific for SAH has been
shown to improve functional outcome.

@ Springer

Early and Accurate Diagnosis Probably Corroborated
to Improve Outcome

From the mid 1960s to mid 1990s, several important
diagnostic methods were developed for the management of
patients suffering from acute brain injury, including SAH,
which probably corroborated to improve favorable out-
come. The institution of CT, MRI, and catheter
angiography have greatly improved the accuracy of the
diagnosis of SAH and also the detection of cerebral
aneurysms and angiographic vasospasm [17]. Misdiagnosis
of SAH is not uncommon, and it is associated with
increased mortality and morbidity [44]. Currently, non-
contrast CT sensitivity for SAH approaches 100 % if
performed within 6 h of headache onset [45]. Therefore,
the institution of CT greatly improved our ability to detect
SAH, which is an important advance for the early diagnosis
of SAH. Additionally, CTA and DSA are highly sensitive
to detect cerebral aneurysms, even small ones (<3 mm),
which permits the early detection, planning, and treatment
of ruptured aneurysms [17].

CTA and DSA are also sensitive and have a high degree
of correlation for diagnosing proximal angiographic cere-
bral vasospasm [17]. Approximately 50 % of patients with
angiographic cerebral vasospasm will develop delayed
cerebral ischemia, which is a major determinant of mor-
bidity and mortality after aneurysmal SAH [46]. The
introduction of these techniques allowed monitoring,
detecting, and treating angiographic cerebral vasospasm,
which have the potential benefit of reducing angiographic
vasospasm and improving neurological deficits [46].

Aneurysm Treatment

Surgical clipping was the main modality of treatment
compared to endovascular coiling (76 vs. 24 %). Surgical
clipping was the exclusive modality of treatment in 14
studies, which represents 58 % of all included cohorts.
From the mid 1990s on [28], an increased number of
patients treated by endovascular means were included in
the studies. One study did not report the modality of
treatment [29].

The introduction of the surgical microscope in the 1970s
advanced the microsurgical approach to intracranial
aneurysms [47]. Surgical clipping remained the sole
approach to treat intracranial aneurysms for decades, as
shown in Table 3. In 1991, Guglielmi and colleagues [43]
introduced the use of detachable coils for the endovascular
treatment of intracranial aneurysms. Thereafter, the num-
ber of patients treated by endovascular means has gradually
increased (Table 3). A large randomized clinical trial
showed that the short- and long-term morbidity and mor-
tality rates are decreased by the endovascular treatment of
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Table 3 Studies summary according to decades

Death after
treatment

Favorable Unfavorable
outcome

outcome

Patients
treated

Grade 5 Clipping Coiling Death before
treatment

Grade 4

Sample size

77 (28.1)
155 (28.1)
432 (40.9)
213 (37.1)
877 (31)

305 (86.9)
364 (64.2)
734 (60.0)
464 (68.5)

1867 (66)

42 (13.1)
170 (35.8)
391 (29.3)
191 (31.5)
794 (28)

176 (51.1)

0 158 (46.3)

0

134 (100)
429 (100)

158 (42.4)
241 (42.9)
563 (58)

189 (57.6)
291 (57.1)
450 (42)

347 (12.3)

70-80’s [38, 61, 25, 62]

424 (75.3)

95 (26.0)
444 (33.4)

532 (18.8)
1179 (45.7)

80-90’s [4, 26, 39, 56, 63, 64]

798 (62.6)
478 (78.9)
1876 (66.4)

131 (27.3)
297 (52.2)

557 (72.3)
227 (46.0)
1347 (47.6)

90-00’s [20, 27-29, 31, 54, 65-68]
00-10’s [24, 30, 55]

Total

109 (21.1)

412 (68.5)
1374 (50.6)

243 (31.5)

1173 (43.0)

655 (23.2)
2713 (100.0)

806 (28.5)

428 (15.1)

Data are presented as n (%)

100.0
80.0
60.0

===Grade V (%)

@ Favorablc outcome (%)

400 o ==+=Unfavorablc Outcome (%)

20.0

0.0
70-80's 80-90's 90-00's 00-10's

Fig. 3 Chart of favorable versus unfavorable functional outcome.
This chart shows the functional outcome trends according to different
decades of patients’ enrollment in the included articles. Also, the
percentage of Grade 5 patients included was plotted, showing a trend
to increase inclusion of Grade 5 patients. The definition of favorable
outcome varies according to study, including GOS 4-5, mRS 0-2,
ability to live independently (for full detail, please refer to Table 2)

ruptured intracranial aneurysms compared with surgical
clipping [14, 41, 48]. Additionally, the timing of treatment
has shifted from late (> 10 days) to early (0-3 days) after
the SAH [49].

Medical Management, Dedicated Neurocritical Care,
and High-Volume Centers

Several drugs have been tested for the management of SAH
[11]; however, nimodipine remains the only one proven drug
to reduce the risk of delayed cerebral ischemia and poor
functional outcome and also to be approved in North
America and Europe. The prophylactic use of nimodipine
was shown to decrease by 40 % poor functional outcome
[40], and it is currently considered the standard of care
[12, 13, 50]. Additionally, patients’ outcomes are influenced
by the center of admission [5]. Patients treated in high-vol-
ume centers ( > 60 cases per year) have a lower risk of death
and a higher chance of favorable outcome [5, 51]. McNeill
et al. [51] showed that the caseload of SAH is inversely
related to 6-month mortality. According to the authors, each
100-patient increase in annual patient volume was associ-
ated with a 24 % reduction in mortality. Many factors may
influence the better outcomes achieved at high-volume
centers including (1) the patients admission to dedicated
stroke and neurocritical care units; (2) the presence of neu-
rointensivists; and (3) the endovascular coiling and intra-
arterial rescue treatment performed by interventional neu-
roradiologists [5].

In our cohort, one hundred and twenty-one patients
(121/179—68 %) were discharged alive, and 80 patients
(80/179—45 %) were completely independent (mRS < 2),
including 51 patients admitted with WENS 4 (51/77—
66 %) and 29 patients with WENS 5 (29/102—28 %). The
high proportion of favorable outcomes in our cohort may
have resulted from:
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1. Aggressive treatment of poor-grade patients, including
external ventricular drain insertion (i.e., 79 % of
patients underwent EVD insertion);

2. The use of an institutional protocol for the management
of patients suffering from SAH [9, 11];

3. The treatment of culprit aneurysm by endovascular
approach (i.e., only 23 % of patients were treated by
surgical clipping);

4. The access to dedicated neurocritical care and special-
ized multidisciplinary team (i.e., all patients were
managed in a dedicated neuro ICU and were cared for
by a multidisciplinary team, which includes specialized
neuro ICU nurses, vascular neurosurgeons, interven-
tional neuroradiologists, and neurointensivists) [9];

5. The access to interventional neuroradiologists (i.e.,
according to a USA study, less than 37 % of SAH
patients are treated at centers with access to interven-
tional neuroradiology) [52];

6. The province of Ontario regionalization of care, and
St. Michael’s Hospital—a high-volume center (i.e.,
between 180 and 200 SAH patients are treated in our
hospital per year. Most patients are transferred from
low-volume centers or hospitals without capability of
neurovascular management. Transfer to high-volume
centers appears to be cost-effective, and regionalization
of care may be necessary [51, 53]).

Additionally, a percentage of approximately 40 % in
favorable outcome has been previously described by sev-
eral cohorts included in this systematic review
[4, 26, 27, 54, 55]. The highest percentage of favorable
outcome described in this systematic review was 68 %
[56].

Study Limitations

First, studies included in this review enrolled patients
treated from the late 1970s to now, making it difficult to
explain the factors associated with changes in functional
outcome in the last 3—4 decades. Second, the studies
included in this systematic review used different definitions
and different timing of assessment of favorable outcome.
Most studies measured functional outcome by GOS;
however, other scales were also used. Additionally, the
timing of functional outcome was assessed in some studies
at 3 months, while others studies assessed patients at
6-12 months.

Most importantly, the timing of neurological assessment
and the grade scale applied to classify the patients may
influence long-term functional outcome. For example,
Ransom et al. [57] showed that poor-grade SAH patients,
who respond to EVD insertion improving >one H&H
grade, have long-term functional outcome similar to

@ Springer

patients admitted with lower grade hemorrhages. Ideally
patients should be graded after the initial clinical stabi-
lization, which includes EVD insertion and cerebral spinal
fluid drainage. Most studies included in this systematic
review did not comment on the timing of neurological
assessment.

Regarding clinical grading scales, the H&H scale is a
well-known and widely used scale; however, the authors
recognized its issues: “It is recognized that such classifi-
cations are arbitrary and that the margins between
categories may be ill defined” [1]. Words such as drowsy,
stupor, and deep coma, are ambiguous and subjective,
which make this scale less precise. Some studies included
in this review used the H&H scale. The WENS scale is the
most frequently used and recommended clinical grading
scale. Its benefits over the H&H scale are (1) it uses less
subjective terms (because it is primarily based on the GCS,
and (2) it grades level of consciousness and focal deficits
on two separate axes. Most studies included in this review
used the WENS scale.

The main limitation of the WFNS scale is the broad
GCS range in the Grade 4 (GCS: 7-12), compromising
patients that may have a very wide range of functional
outcomes [58]. Additionally, WFNS 5 (GCS 3-6) with
signs of brainstem compression (posturing and/or pupillary
abnormalities) have worse functional outcome compared
with WENS 5 patients without brainstem dysfunction [59].
It has been proposed to classify the WENS 5 patients
without brainstem dysfunction as WENS 4 instead [59].

Lastly, patients classified as having favorable outcome
commonly experience deficits in memory, executive
function, and language [60]. However, the functional out-
come scales applied in the studies included in the
systematic review might not be sensitive enough to detect
these subtle deficits that may affect the patients’ day-to-day
activities (ceiling effect).

Conclusion

Mortality remains high in poor-grade SAH population;
however, a drop in mortality before aneurysm treatment
has been described. It was accompanied by an increase in
the percentage of poor-grade patients treated, which sup-
ports the early aneurysm treatment in this population.
Surgical clipping has been the main reported modality of
treatment; however, endovascular coiling has increasingly
been used in the last two decades. If treated aggressively,
one-third of poor-grade SAH patients can achieve inde-
pendence and resume working. The development of new
diagnostic methods (e.g., CT, MRA, and DSA) and
implementation of therapeutic approaches, i.e., the use of
nimodipine and endovascular coiling, were probably
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responsible for the decrease in mortality and improvement
in functional outcome from 1970 to the 1990s. The plateau
in functional outcome in the last 3 decades might be
explained by the treatment of sicker and older patients and
by the lack of new therapeutic interventions specific for
SAH.
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