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Abstract

Background and aims International guidelines emphasise the importance of securing ruptured cerebral aneurysms within
48-72 h of ictus. We assessed the timing of treatment of patients with aneurysmal subarachnoid haemorrhage (aSAH) referred
to a national neurosurgical centre.

Materials and methods Analysis of a prospective database of patients with aSAH admitted between 1st of February 2016
and 29th of February 2020 was performed. The timing to treatment was expressed in days and analysed in three ways: ictus
to treatment, ictus to referral and referral to treatment. ORs with 95% CI were calculated for aneurysm treatment within 24,
48 and 72 h for good grade (WFSN 1-3) and poor grade (WFNS 4-5) cohorts separately.

Results Of a total of 538 patients with aSAH, the aneurysm was secured in 312 (58%) within 24 h and in 398 (74%) within
48 h of ictus. Securing the aneurysm within 48 h of ictus was achieved in 89% (395/444) of patients who were referred within
24 h of ictus, but in only 3.2% (3/94) who were referred > 24 h after ictus. Poor grade patients (WFNS 4-5) were more likely
than good grade patients (WENS 1-3) to be referred to neurosurgery within 48 h of ictus (OR 22.87, 95% CI 3.14-166.49,
p=0.0020) and for their aneurysm to be secured within 48 h (OR 1.78, 95% CI 1.06-2.98, p =0.0297) of ictus. Ictus to
referral delay was highest in WENS grade 1 patients.

Conclusions In centres with 7 day per week provision of interventional neuroradiology and vascular neurosurgery, the majority
of patients with aSAH can be treated within the timeframes recommended by international guidelines and this applies to
all grades of aSAH. However, delays still occur in a significant proportion of patients and this particularly applies to delays
in presentation and diagnosis in good grade patients.
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Introduction

Aneurysmal subarachnoid haemorrhage (aSAH) is a
neurosurgical emergency [1] and despite reported declines
in incidence, it still remains a significant source of
morbidity and mortality [2—4]. Worldwide, approximately
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10% of patients with aSAH die from the original bleed
before reaching hospital. After the initial presentation,
rebleed from the culprit aneurysm is the most frequent
cause of death [5]. The risk of rebleeding is highest in
the first 2 to 12 h, with nearly half of rebleeds occurring
within 6 h of ictus [6—8]. Longer time to aneurysm
treatment, worse neurological status on admission,
larger aneurysm size and possibly systolic blood pressure
> 160 mm Hg are some of the factors associated with
aneurysm rebleeding [6].

The best time for securing a ruptured aneurysm is still
debated and is often tailored to each patient’s specific
situation, depending on factors such as World Federation
of Neurosurgical Societies grade (WFNS grade), age and
comorbidities. Early treatment, within 48—72 h of aSAH,
is associated with favourable outcomes [3, 5, 6, 9-17].
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Therefore, urgent evaluation, transfer to neurosurgery
centres and subsequent treatment of patients with aSAH is
recommended [6], in order to decrease the time to aneurysm
repair and prevent rebleeding, as well as to decrease
morbidity and mortality from aSAH [18].

Availability of resources such as neurosurgical
intensive care unit beds, neurosurgical operating
room, interventional neuroradiology suite and
personnel including interventional neuroradiologists
and neurovascular surgeons can also affect the timing
of intervention [6, 19, 20]. There are a number of
international guidelines which make recommendations
regarding the timing of intervention for ruptured
cerebral aneurysms. The guidelines of the American
Heart Association recommend aneurysm treatment ‘as
early as feasible’ to reduce the rate of rebleeding but
do not provide any specific timelines [6]. The European
Stroke Organisation guidelines recommend that the
aneurysm should be ‘treated as early as logistically and
technically possible to reduce the risk of rebleeding’
and ‘if possible, it should be aimed to intervene at least
within 72 h after onset of first symptoms and that this
decision should not depend on grading’ [3]. In the UK,
both the Society of British Neurological Surgeons and the
national clinical guidelines for stroke published by The
Royal College of Physicians recommend that ‘treatment
to secure the aneurysm should be undertaken within 48 h
of ictus for good grade patients (WEFNS grades 1-3), or
within a maximum of 48 h of diagnosis if presentation
was delayed’ [S]. As a result of these guidelines, many
neurosurgical centres aim to treat aSAH within 2 days
(48 h) of ictus [21]. The aim of this study was to
assess whether patients with aSAH referred to a national
neurosurgical centre (where interventional neuroradiology
and neurovascular surgery are available on a 7-day-per-
week basis) have their aneurysm secured within a timely
fashion and in accordance with international guidelines.
In addition we assessed time intervals from ictus to
neurosurgical referral and from referral to aneurysm
securement in good and poor grade aSAH patients.

Methods

Details of all patients with aSAH referred to Beaumont
hospital, national neurosurgical centre, have been entered
in a prospective database since 1st of February 2016.
This is one of two centres providing neurosurgical care
in the Republic of Ireland and has a catchment population
of approximately 3.5 million people. Endovascular and
microsurgical procedures for aneurysms are carried out
by 5 interventional neuroradiologists and 3 neurovascular
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surgeons on a 7-day-per-week basis. Most aneurysms
are secured during day time hours on the next available
operating list. Emergency procedures such as haematoma
evacuation or CSF diversion are carried out on a 24/7
basis. The vast majority of patients present to their local
hospital where they undergo initial investigations such
as computed tomography (CT) and CT angiography
(CTA). Once the diagnosis of SAH is established,
they are referred to the neurosurgical centre on a 24/7
basis. Imaging such as CT or CTA performed in the 25
referring hospitals can be reviewed immediately by the
neurosurgical team on the National Integrated Medical
Imaging System (NIMIS).

Institutional approval for data collection for this study
was obtained. Prospectively collected data included patient
demographics, WFNS grade, Fisher grade, aneurysm
treatment received (endovascular, surgical or none) and
dates of ictus, referral, admission to neurosurgical centre
and definitive aneurysm treatment.

The time interval between ictus and aneurysm treatment
was measured in days. Day of ictus was defined as day O.
Aneurysm treatment on days 0 and 1 was categorised as
treatment within 24 h of ictus. Treatment on days 2 and
3 was classified as treatment within 48 and 72 h of ictus,
respectively. We also analysed the data to assess the time
intervals between ictus and referral to neurosurgery and
between referral to neurosurgery and definitive aneurysm
treatment. In the rest of this article, ‘referral’ indicates
referral to the neurosurgery department. Definitive
aneurysm treatment included endovascular treatment or
surgical clipping. Patients who did not undergo definitive

Total patients with aSAH = 704

Excluded

No Treatment N = 166
(Angiogram Negative
N =134

Extremely poor clinical
condition* N = 32)

Treatment N =538

7\

Endovascular N = 465

Surgical Clipping N =73

Fig. 1 Flowchart of Beaumont Hospital aSAH cohort. *The majority
of these patients had non-survivable haemorrhage with fixed dilated

pupils
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Table 1 Baseline characteristics of the 538 treated patients

Baseline characteristics Number (%)
Median age (range) 56 (12-91)
Female 364 (67.66)
WENS score on admission
1.GCS 15 273 (50.74)
2. GCS 13-14 no neurological deficit 125 (23.23)
3. GCS 13-14 neurological deficit 24 (4.46)
4.GCS 7-12 74 (13.75)
5. GCS 3-6 42 (7.81)
Aneurysm location
Anterior communicating 176
Anterior inferior cerebellar 2
Anterior cerebral 3
Anterior choroidal 2
Basilar 39
Internal carotid 43
Middle cerebral 122
Para-ophthalmic 5
Posterior communicating 105
Pericallosal 14
Posterior inferior cerebellar 21
Posterior cerebral 3
Superior cerebellar 1
Vertebral artery 2
Type of treatment
Endovascular 465 (86.43)
Clipping 73 (13.57)

Data are number (%) unless indicated otherwise
WFNS World Federation of Neurosurgical societies

aneurysm treatment were excluded from the study.
Patients included in the study were dichotomised based
on their WFNS grades. WFNS grades 1-3 were defined
as good grade and WFNS grades 4 and 5 as poor grade.
We analysed the data to elucidate the number of patients
treated within 24, 48 and 72 h of ictus. This analysis was
performed for the entire cohort of patients and also for the
subgroups of good and poor grade aSAH.

Statistical Analysis
We analysed whether there was a relationship between

timing of aneurysm treatment and WFNS grades using chi-
square tests. Odds ratios (ORs) with 95% confidence

intervals (CI) were calculated for the different categories of
timing of treatment, with good grade and poor grade aSAH
as the reference groups. Statistical significance was defined
as p<0.05.

Results

Between the 1st of February 2016 and the 29th of
February 2020, 704 patients were admitted to Beaumont
Hospital with spontaneous SAH. Of these 704 patients,
166 patients were excluded as they received no treatment
for one of the following reasons: patients with angiogram
negative SAH (n=134) and patients in extremely poor
clinical condition (e.g. non-survivable haemorrhage with
fixed dilated pupils, N=32). The remaining 538 patients
underwent either endovascular treatment (N =465,
86.43%) or surgical clipping of the aneurysm (N=73,
13.57%) (Fig. 1). Of these 538 patients, the diagnosis of
SAH was made on CT scan in 507 patients. In 31 patients,
the CT scan was negative, and SAH was diagnosed
by the presence of xanthochromia on examination of
cerebrospinal fluid (CSF). A total of 497/538 (92.4%)
of the patients in this study initially presented to another
hospital and required transfer to the neurosurgical centre.

The mean age of the patients at admission (+ standard
error of mean (SEM)) was 55.57 +0.53 years, and median
age was 56 (range 12-91). A total of 364 patients were
female (67.66%). Of the 538 patients, 273 were WENS 1
(50.74%), 125 were WENS 2 (23.23%), 24 were WENS 3
(4.46%), 74 were WENS 4 (13.75%) and 42 were WENS
5 (7.81%). Baseline characteristics of patients are listed in
Table 1.

Ictus to treatment

The mean number of days from ictus to treatment for the entire
cohort was 2.87 (standard deviation (SD) 3.89, interquartile
range (IQR) 2) and the median was 1 day (range 0—46 days).
Out of the total 538 patients, 312 (57.99%) were treated within
24 h, 398 (73.98%) within 48 h and 434 (80.67%) within 72 h
of ictus. Table 2 outlines the ictus to treatment times for the
entire cohort and for the good and poor grade subgroups.

Table 2 Ictus to treatment. Number of WENS good grade and poor grade patients treated within 24 h, 48 h and 72 h of ictus

WENS grade Number of Ictus to treatment(< 24 h) Ictus to treatment(< 48 h) Ictus to treatment(< 72 h)
patients

WENS grades 1-3 422 229 (54.27%) 303 (71.80%) 332 (78.67%)

WENS grades 4-5 116 83 (71.55%) 95 (81.90%) 102 (87.93%)

Total 538 312 (57.99%) 398 (73.98%) 434 (80.67%)
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Table 3 Ictus to referral to

Number of WENS grade Number of Ictus to referral (<24 h) Ictus to referral (<48 h)
neurosurgery. Number o tients
WENS good grade and poor patients
grade patients referred within WENS grades 1-3 422 331 (78.44%) 352 (83.41%)
24hand 48 h of ictus WENS grades 4-5 116 113 (97.41%) 115 (99.14%)
Total 538 444 (82.53%) 467 (86.80%)

There was a statistically significant relationship between
WENS grading and timing of ictus to treatment for 24 h and 48 h
groups. Patients with poor grade (WFNS 4-5) aSAH were more
likely to be treated within the 24 h (OR 2.12,95% CI 1.36-3.31,
p=0.0010) and 48 h (OR 1.78, 95% CI 1.06-2.98, p=0.0297)
of ictus when compared with patients with good grade (WFNS
1-3) aSAH.

Ictus to referral

The mean number of days from ictus to referral was 1 (SD
2,1IQR 1), and the median was 0 days (range 0-20 days). Of
the 538 patients, 444 (82.53%) were referred within 24 h and
467 (86.80%) within 48 h of ictus. Table 3 demonstrates the
ictus to referral times for the entire cohort and for the good
and poor grade subgroups.

There was a statistically significant relationship between
WENS grading and timing of ictus to referral for 24 h and
48 h groups (Tables 3 and 4). Patients with poor grade
aSAH were more likely to be referred within 24 h (OR
10.36, 95% CI 3.21-33.36, p=0.0001) and 48 h (OR
22.87, 95% CI 3.14-166.49, p =0.0020) of ictus when
compared with patients with good grade aSAH. The
percentage of patients referred to neurosurgery within 24 h
of ictus was lowest in WENS grade 1 patients (74%) and
highest in WFNS grade 5 patients (97.6%) (Table 4). Of
444 patients referred within 24 h of ictus, 395 (88.96%)
had their aneurysm secured within 48 h of ictus. Of 94
patients referred more than 24 h after ictus, 3 (3.19%) had
their aneurysm secured within 48 h of ictus (Table 5). The
difference between these 2 groups was highly significant
(OR 86.55, 95% CI 26.99-277.56, p <0.0001).

Table 4 Ictus to referral within 24 h in patients with different WFENS
grades

WENS Grade Total (n=538) Ictus to referral (<24 h)
WENS grade 1 273 202 (73.99%)

WENS grade 2 125 108 (86.40%)

WENS grade 3 24 21 (87.50%)

WENS grade 4 74 72 (97.30%)

WENS grade 5 42 41 (97.62%)
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Referral to treatment

The mean number of days from referral to treatment was
1.61 (SD 3.01, IQR 0), and the median was 1 day (range
0-45 days). Of the total 538 patients, 434 (80.67%) were
treated within 24 h and 482 (89.59%) within 48 h of referral.
Table 6 outlines the referral to treatment times for the entire
cohort and for the good and poor grade subgroups.

Discussion

Our data demonstrates that the majority of patients with
aSAH admitted to our centre had their aneurysm secured
within the internationally recommended timeframes of
48-72 h of ictus. The ruptured aneurysm was secured within
24, 48 and 72 h of ictus, in 58%, 74% and 80% of patients,
respectively. Furthermore, once the diagnosis of aSAH
was made and the patient was referred to neurosurgery,
the vast majority of patients were transferred and treated
rapidly. The ruptured aneurysm was secured within 24
and 48 h of referral to neurosurgery, in 81% and 90%
of patients, respectively. It must be noted that 497/538
(92.4%) of the patients in this study initially presented to
another hospital and required transfer to the neurosurgical
centre. These results have been possible to achieve by
the provision of a 7-day service for both interventional
neuroradiology and vascular neurosurgery. We strive to
secure ruptured aneurysms as early as feasible usually on the
next available operating list. For those with space occupying
haematomas or hydrocephalus, emergency neurosurgery is
performed on a 24/7 basis. Treatment in high volume centres
with availability of interventional neuroradiology, vascular
neurosurgery and neurosurgical intensive care allows for
multidisciplinary management of patients, on a 7-day basis
and likely results in improved outcomes [6, 19, 20]. This
is especially critical for the management of patients with
poor grade aSAH [6].

In our cohort of patients, the time from ictus to treatment
was significantly shorter in patients who were in poorer
clinical grades (WENS 4-5). In these patients, the ruptured
aneurysm was secured within 24 and 48 h of ictus, in 72%
and 82% respectively. One explanation for this could be that
poor grade patients are more likely to seek urgent medical
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Table 5 Proportion of patients

L . . WENS grades
treated within 48 h of ictus in

Ictus to referral (<24 h)

Ictus to referral (>24 h)

subgroups referred within or Number of Ictus to Treatment Number of Ictus to Treatment
later than 24 h after ictus patients (<48 h) patients (<48 h)

WENS grades 1-3 331 301 (90.94%) 91 2 (2.20%)

WENS grades 4-5 113 94 (83.19%) 3 1 (33.33%)

Total 444 395 (88.96%) 94 3(3.19%)

attention and are more likely to be referred due to the
urgency of the clinical situation. However, it also reflects
a shift in neurosurgical management of these patients,
which is at least partly due to the significant shift towards
endovascular treatment of ruptured aneurysms. Traditionally,
many neurosurgical centres delayed surgery in poor grade
aSAH patients until clinical improvement occurred (often
1014 days after ictus). Our results show that the majority of
poor grade aSAH patients transferred to our centre are now
undergoing intervention to secure their aneurysm within
the first 2448 h after ictus. This seems appropriate, given
that several studies have previously shown that patients with
WENS grades 4-5 are at a higher risk of early rebleeding
from the ruptured aneurysm compared with those with
WENS grades 1-3 [13-17].

In this study, delay between ictus and referral to
neurosurgery was a significant contributor to the overall time
from ictus to treatment. Of the 538 patients, 17.5% were
referred to neurosurgery more than 24 h after ictus and 13%
more than 48 h after ictus. Securing the ruptured aneurysm
within 48 h of ictus was achieved in 89% of patients referred
within 24 h of ictus, but only in 3.2% of those referred more
than 24 h after ictus. From the time of ictus to neurosurgical
referral, several stages exist in the patient pathway, and a
delay in any of these steps can be responsible for the overall
delay in securing the aneurysm. These include time from
ictus to the patient presenting for medical assessment (either
to GP or local A&E department), time from A&E attendance
to CT scan and time from CT scan to neurosurgical referral.
Further studies are required to establish how these steps can
be made more efficient.

International guidelines for aSAH often focus on patients
in good clinical grades (WFNS grades 1-3) because these

Table 6 Referral to treatment. Number of WFNS good grade and
poor grade patients treated within 24 h and 48 h of referral

WENS grade Number of Referral to treat- Referral to
patients ment (<24 h) treatment
(<48 h)
WENS grades 1-3 422 340 (80.57%) 384 (91%)
WENS grades 4-5 116 94 (81.03%) 98 (84.48%)
Total 538 434 (80.67%) 482 (89.59%)

patients have the best chance of a good functional outcome
[22]. In our 422 patients with good-grade aSAH, the
aneurysm was secured within 48 h of ictus in 72% and
within 24 and 48 h of referral to neurosurgery in 81% and
91%, respectively. However, the delay between ictus and
referral to neurosurgery was most pronounced in patients
with WENS grade 1 aSAH (Table 4). These patients present
in the best clinical condition. Therefore, the patient may
present late, not realising the significance of a sudden severe
headache. In addition, the normal conscious level and the
lack of neurological deficit may instil a degree of false
reassurance to the initial examining physician and lead to a
delay in obtaining a CT scan. Increasing public awareness
and education of healthcare professionals should be an
important part of any strategy aiming to improve timing to
treatment of aSAH [4, 5, 19, 23].

In conclusion, with the provision of 7-day interventional
neuroradiology and neurovascular surgery services, the
majority of patients with aSAH can be treated within the
time frames specified by international guidelines, and this
applies to all WENS grades. However, delays in the overall
diagnosis and treatment pathway still occur in a significant
proportion of patients, particularly in those with good
grade aSAH. Further studies are needed in order to identify
factors which result in such delays, both before and after
neurosurgical referral.

Strengths and limitations of this study

The strengths of this study are the relatively large number
of patients included and that the data was collected
prospectively. The weakness of the study is that aneurysm
treatment was expressed in days rather than hours after
aSAH, as we did not have the exact times of ictus in all
patients.

Conclusions
In centres with 7-day-per-week provision of interventional

neuroradiology and vascular neurosurgery, majority of
patients with aSAH can be treated within the timeframes
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recommended by international guidelines, and this applies to
all grades of aSAH. However, delays still occur in a significant
proportion of patients, and this particularly applies to delays
in presentation and diagnosis in good grade patients.
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