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Abstract

Background Aneurysmal subarachnoid hemorrhage (aSAH) patients admitted to primary stroke centers are often transferred
to neurosurgical and endovascular services at tertiary centers. The effect on microsurgical outcomes of the resultant delay
in treatment is unknown. We evaluated microsurgical aSAH treatment > 72 h after the ictus.

Methods All aSAH patients treated at a single tertiary center between August 1, 2007, and July 31, 2019, were retrospectively
reviewed. The additional inclusion criterion was the availability of treatment data relative to time of bleed. Patients were
grouped based on bleed-to-treatment time as having acute treatment (on or before postbleed day [PBD] 3) or delayed treat-
ment (on or after PBD 4). Propensity adjustments were used to correct for statistically significant confounding covariables.
Results Among 956 aSAH patients, 92 (10%) received delayed surgical treatment (delayed group), and 864 (90%) received
acute endovascular or surgical treatment (acute group). Reruptures occurred in 3% (26/864) of the acute group and 1% (1/92)
of the delayed group (p=0.51). After propensity adjustments, the odds of residual aneurysm (OR=0.09; 95% CI=0.04-0.17;
p<0.001) or retreatment (OR =0.14; 95% CI=0.06-0.29; p <0.001) was significantly lower among the delayed group. The
OR was 0.50 for rerupture, after propensity adjustments, in the delayed setting (p =0.03). Mean Glasgow Coma Scale scores
at admission in the acute and delayed groups were 11.5 and 13.2, respectively (p <0.001).

Conclusions Delayed microsurgical management of aSAH, if required for definitive treatment, appeared to be noninferior
with respect to retreatment, residual, and rerupture events in our cohort after adjusting for initial disease severity and sig-
nificant confounding variables.
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Abbreviations PBD  Postbleed day

aSAH Aneurysmal subarachnoid hemorrhage SD Standard deviation

CI Confidence interval

CSC  Comprehensive stroke center

GCS  Glasgow Coma Scale Introduction

mRS  Modified Rankin Scale

OR Odds ratio Patients with aneurysmal subarachnoid hemorrhage (aSAH)

are often admitted to primary stroke centers before being
transferred to tertiary care centers or comprehensive stroke
This article is part of the Topical Collection on Vascular centers (CSCs) for neurosurgical or endovascular treatment.
Neurosurgery — Aneurysm This triage is common and built into the stroke care sys-
tem infrastructure. This triage process was developed for a
more common pathology (i.e., ischemic stroke), and it does
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1 . . tise beyond that offered at some CSCs. Although advanced
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microsurgical expertise is increasingly centralized to ter-
tiary or quaternary care centers [25]. When patients with
ruptured aneurysms are transferred to specialized centers,
they may experience brief delays in treatment due to delayed
presentation, diagnostic angiography, transfer time, and
attempted endovascular treatment [1, 21, 23]. Furthermore,
more time may be required to plan advanced microsurgical
management of complex cases, such as a cerebral bypass,
than to treat “simple” aneurysms. The typical practice for
patients with ruptured aneurysms is treatment within 72 h
of presentation [8]. In this study, we evaluate the impact of
microsurgically treating patients with ruptured aneurysms
more than 72 h after their ictus to determine whether delays
due to transferring patients to tertiary care centers have a
negative effect on patient outcomes.

Methods

This retrospective cohort study was approved by the St.
Joseph’s Hospital and Medical Center Institutional Review
Board, Phoenix, Arizona. The requirement for informed
consent was waived due to the low risk to patients and the
retrospective nature of the study. All aSAH patients treated
between August 1, 2007, and July 31, 2019, at a single ter-
tiary care center were retrospectively reviewed using a pro-
spectively maintained research database.

A second inclusion criterion was the availability of treat-
ment data time relative to time of bleed (per patient or fam-
ily history). Patients were grouped into 2 cohorts on the
basis of bleed-to-treatment time: the acute-treatment group
(acute group) comprised those treated on postbleed day
(PBD) 3 or earlier (i.e.,<72 h), and the delayed-treatment
group (delayed group) comprised those treated on PBD 4 or
later (> 72 h). Information analyzed included patient age and
race, Hunt and Hess score, Fisher grade, admission Glas-
gow Coma Scale (GCS) score at patient presentation, and
aneurysm treatment. The primary outcome was worsened
modified Rankin Scale (mRS) score after treatment. Second-
ary outcomes included neurologic outcomes, with a poor
neurologic outcome defined as an mRS score > 2.

A rerupture event was defined as a rupture occurring in
the same vascular territory of the initial SAH either during
the same hospital stay or as a reason for readmission after
discharge. Retreatment was therefore defined as either rerup-
ture or residual aneurysm as evident on follow-up imaging
requiring an additional intervention, either through micro-
surgery or endovascular treatment. Computed tomography
angiography is routinely performed immediately after micro-
surgical intervention. In addition, most patients undergo
angiography for evaluation later in their hospital stay while
still in the intensive care unit [7].
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Patients were treated using either open or endovascular
techniques, with the decision regarding the most appropriate
procedure decided by a team consisting of neurosurgeons
experienced in open procedures and neurosurgeons experi-
enced in endovascular procedures. Alternating preference
was given to microsurgery or endovascular treatment in
cases of equipoise. Tranexamic acid was given to patients
to protect against rerupture if treatment was to be delayed
more than 24 h. Patients who were treated endovascularly
underwent either magnetic resonance angiography or con-
ventional angiography at 3 months, depending on the degree
of concern at final treatment. There is no standardized algo-
rithm for treating residual aneurysms; such aneurysms are
discussed in multidisciplinary conference when identified.
Vasospasm was defined as spasm of the vessel in the same
territory of the lesion as evident on angiography.

Data were calculated as mean (standard deviation [SD])
or number and percentage. Statistical analyses performed
included data aggregation, exploratory analysis, and mul-
tivariate analysis using R, version 4.0.1 (R Foundation for
Statistical Computing). Demographic and clinical character-
istics of patients were analyzed with an independent 2-sam-
ple ¢ test for interval variables and a X2 test for categorical
variables. A p value of <0.05 was defined as significant.
Subsequently, propensity-adjusted regression modeling was
used to compare the acute and delayed groups, controlling
for variables found to be significant confounders to the pri-
mary outcome below a p threshold of 0.20.

Results
Treatment groups

Of the 956 aSAH patients treated during the 12-year study
period, 92 (10%) were classified as having delayed treatment
(>PBD 4), and 864 (90%) were classified as having acute
treatment (< PBD 3). Patient, aneurysm, and treatment char-
acteristics are shown in Table 1. The delayed group included
29 patients who had planned endovascular treatment but
crossed over to open surgical treatment; thus, all 92 patients
with delayed treatment underwent surgery. Patients in the
acute group were treated both surgically (502/864, 58%) and
endovascularly (362/864, 42%). A representative case exam-
ple is presented in Fig. 1 [30].

Female patients accounted for the majority in both
treatment groups (acute: 601/864, 70%; delayed: 60/92,
65%; p=0.46). The mean (SD) age of patients was similar
in both treatment groups (acute: 56 [14] years; delayed: 55
[14] years; p=0.70). The mean (SD) time from aSAH to
surgery was significantly shorter in the acute group (0.94
[0.76] days) than the delayed group (8.65 [7.47] days)
(p<0.001). Aneurysm type varied significantly between
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Table 1 Patient, treatment,
and aneurysm characteristics
for patients with aneurysmal
subarachnoid hemorrhage, by
time to treatment

Characteristic

Acute treatment, N=864 Delayed treatment, N=92 p value*

Age, mean (SD), year
Sex
Female
Male
Race
White
Hispanic
African American
Asian
Native American
Other
Not documented
Comorbidities
Hypertension
Smoker
Diabetes
Cardiovascular disease
Liver cirrhosis
Renal disease
Methamphetamine use
Cocaine use
GCS score at admission, mean (SD)
Hunt-Hess score
1
2
3
4
5
Fisher grade
1
2
3
4
5
Treatment type
Surgical
Endovascular
Aneurysm type
Unknown
Saccular
Fusiform
Dissecting
Blister
Aneurysm size, mean (SD), mm
Anterior location
Follow-up duration, mean (SD), days

Time to treatment, mean (SD), days

56 (14)

601 (70)
263 (30)

563 (65)
122 (14)
45(5.2)
25 (2.9)
41 (4.7)
12 (1.4)
56 (6.5)

580 (67)
342 (40)
111 (13)
207 (24)
10 (1)

41 (5)

47 (5)

19 (2)
11.5 (3.9)

60 (7)
276 (32)
277 (32)
153 (18)
98 (11)

8 (1)

66 (8)
129 (15)
660 (76)
1(0.1)

502 (58)
362 (42)

4(0.5)

695 (80)
97 (11)

45 (5)
23(3)

6.4 (3.7)
692 (80)
732 (1201)
0.94 (0.76)

55 (14)

60 (65)
32 (35)

68 (74)
9(9.8)
5(5.4)
3(3.3)
1(1.1)
1(1.1)
5(5.4)

63 (68)
29 (32)
14 (15)
23 (25)
0O
44)
303
0(0)

132 (3.2)

8(9)
45 (49)
28 (30)
6(7)
5(5)

9/91 (10)
16/91 (18)
13/91 (14)
53/91 (58)
0(0)

92 (100)
0(0)

2(2)
58 (63)
17 (18)
9 (10)

6 (7)

5.7 (4.3)
69 (75%)

794 (1238)
8.65 (7.47)

0.70
0.46

0.56

0.88
0.16
0.63
0.93
0.61
>0.99
0.47
0.24
<0.001
0.002

<0.001

<0.001

0.001

<0.001
0.30
0.25

<0.001

Data are presented as number of patients (%) unless otherwise noted. The total percent may exceed 100 due
to rounding. Acute treatment was provided on or before postbleed day 3; delayed treatment was provided

on or after postbleed day 4

“Statistical tests performed: Fisher exact test, Wilcoxon rank-sum test, chi-square test of independence.

Bold indicates statistical significance

aSAH aneurysmal subarachnoid hemorrhage, GCS Glasgow Coma Scale, SD standard deviation
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Fig. 1 Case example of a
complex aneurysm treated in

a delayed fashion. A woman

in her late 40s presented with
the worst headache of her life
and was found to have diffuse
aSAH. A Coronally oriented
3-dimensional reconstruction
of computed tomography angi-
ography (CTA) and B sagittal
CTA showing the complex,
bilobed aneurysm involving the
efferent A2 segments. Given
the complex fusiform nature of
the aneurysm, it was decided
that the patient required a
bypass. She presented shortly
after her aSAH, but for optimal
scheduling purposes, surgery
was performed on PBD 4. She
underwent a right modified
orbitozygomatic craniotomy
with bifrontal craniotomy for
interhemispheric approach and a
right A3 to left A3 side-to-side
continuous intraluminal bypass.
C Intraoperative photograph
of the R A3 (S-S*°) L A3

in situ bypass [30] followed by
D trapping of the aneurysm.

E Posteroanterior projection
digital subtraction angiogra-
phy (DSA) via the left internal
carotid artery (ICA) shows
filling of the bilateral distal
ACA territories via the bypass.
F Posteroanterior projection
DSA via the right ICA show-
ing successful exclusion of

the aneurysm. The patient did
well postoperatively, and was
neurologically intact. She was
discharged on postoperative day
10. Used with permission from
Barrow Neurological Institute,
Phoenix, Arizona

the 2 groups, with saccular aneurysms being more preva-
lent in the acute group (695/864, 80%) than in the delayed
group (58/92, 63%) and fusiform, dissecting, and blister
aneurysms being more prevalent in the delayed group
(32/92, 35%) than in the acute group (165/864, 19%)
(p=0.001). Mean (SD) aneurysm size also varied signifi-
cantly between the acute and delayed groups (6.4 [3.7] vs.
5.7 [4.3] mm, p<0.001). The mean (SD) GCS score at
admission also differed significantly between the acute
(11.5 [3.9]) and delayed (13.2 [3.2]) groups (p <0.001).
Fisher grades and Hunt and Hess scores at admission
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also differed significantly between treatment groups
(» £0.002).

Outcomes

Cerebrovascular bypasses were performed in 6 cases in the
delayed group, with 2 cases of partial occlusion or trapping.
The mean (SD) length of follow-up was similar between
the acute and delayed groups (732 [1201] vs. 794 [1238],
p=0.25). In the acute group, 26 of 864 (3%) patients had
rerupture events, whereas in the delayed group, 1 of 92
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(1%) had rerupture (p=0.51). The percentage of patients
requiring retreatment was 5% (41/864) for the acute group
and 2% (2/92) for the delayed group (p=0.42), whereas
the percentage of patients with residual aneurysms was 8%
(66/864) in the acute group and 2% (2/92) in the delayed
group (p=0.08) (Table 2).

After propensity adjustment for significantly confound-
ing variables (race, GCS score at admission, Fisher grade,
and aneurysm type), the odds of a poor outcome (defined
as an mRS score > 2) were similar between groups (odds
ratio [OR]=0.96, 95% CI1=0.80-1.15, p=0.70). After the
propensity adjustment, the presence of a residual aneurysm
(OR=0.08,95% CI=0.03-0.17, p<0.001) and retreatment
frequency (OR=0.13,95% CI=0.05-0.28, p <0.001) were
significantly less in the delayed setting (Table 3). The OR
(95% CI) for rerupture, after propensity adjustment, in the
delayed versus acute setting was 0.50 (0.26-0.93) (p =0.03).

Delays in treatment

The reason for the delay was available for 79 of the 92
patients who received delayed treatment (Table 4); patients
could have more than one reason for delayed treatment. The
most common reason for delay was crossover from endo-
vascular treatment to surgery or the need for angiography

Table2 Outcomes among patients with aneurysmal subarachnoid
hemorrhage, by time to treatment

Characteristic Acute Delayed p value*
treatment, treatment,
N=2864 N=92
Follow-up, mean (SD), days 732 (1201) 794 (1238) 0.25
Reoccurrence/residual 66 (8) 2(2) 0.08
Retreatment 41 (5) 2(2) 0.42
Rerupture 26 (3) 1(1) 0.51
mRS score at last follow-up 0.16
0 120 (14) 16 (17)
1 186 (22) 20 (22)
2 116 (13) 19 (21)
3 56 (6) 8(9)
4 140 (16) 14 (15)
5 121 (14) 6(7)
6 125 (14) 9 (10)
Neurologic status at final 0.059
follow-up
Good (mRS score <2) 422 (49) 55 (60)
Poor (mRS score >2) 442 (51) 37 (40)

Data are presented as number of patients (%) unless otherwise noted

Acute treatment was provided on or before postbleed day 3; delayed
treatment was provided on or after postbleed day 4

“Statistical tests performed: Wilcoxon rank-sum test, chi-square test
of independence, Fisher exact test

Table 3 Likelihood of poor outcome among patients who received
treatment within 72 h versus more than 72 h after ictus

Characteristic OR (95% CI) p value
Poor outcome 0.96 (0.80-1.15) 0.70
Recurrence or residual 0.08 (0.03-0.17) <0.001
Retreatment 0.13 (0.05-0.28) <0.001
Rerupture 0.50 (0.26-0.93) 0.03

Poor outcome defined as modified Rankin Scale score>2. Propen-
sity adjustments were made for race, Glasgow Coma Scale score at
admission, and Fisher grade with a p<0.20 threshold. Bold p value
indicates statistical significance

CI confidence interval, OR odds ratio

(34/79, 43%), which can occur if the anatomy cannot be
discerned with initial computed tomography angiography.
Another 38% (30/79) of treatments were delayed because the
patient presented in a way that did not warrant immediate
attention; therefore, the patient came to medical attention
late. Only 3% (2/79) of these patients had treatment delays
specifically due to a weekend presentation (late Friday
through Sunday). Three of 79 (4%) had treatment delayed for
necessary medical stabilization or treatment of preoperative
complications, whereas 2 of 79 (3%) had treatment delays
due to other reasons (initially negative findings on imaging
and initially refusing treatment).

A transfer from an outside hospital delayed treatment in
20% (16/79) of patients in the delayed group, which sug-
gests that patients may benefit from an earlier transfer to a
major neurosurgical center instead of first presenting to an
outside hospital and then waiting for a transfer to receive
definitive care. Early treatment of patients transferred from
an outside hospital was a standard practice at our institution
during the study period. Of the 16 delayed group patients
transferred from outside hospitals, 13 (81%) were treated
within 24 h of arrival to our center, which was still on or
after PBD 4. The mean (SD) mRS in this subgroup was 1.92
(1.50), and the mRS score was > 2 at last follow-up in 4 of

Table 4 Reasons for delayed treatment among patients with aneurys-
mal subarachnoid hemorrhage treated on or after postbleed day 4

Reason for delay No. of
patients (%),
N=179

Endovascular crossover or need for angiogram 34 (43)

Late presentation of severe symptoms 30 (38)

Delayed transfer from outside hospital 16 (20)

Medical delay, need for stabilization 3(4)

Weekend presentation 2(3)

Other 2(3)

Data total to greater than 100% because some patients are included in
more than one category
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13 (31%). These 13 patients, who were not endovascularly
or surgically treated for their aSAHs at an outside hospital
but were treated surgically within 24 h of transfer to our
center, experienced an outcome similar to our acute group
in terms of final mRS score and mRS score>2 (p=0.17,
p=0.24, respectively). However, this subgroup had a sig-
nificantly higher mean (SD) GCS score at admission relative
to the acute group (13.9 [1.8] vs. 11.5 [3.9], respectively,
p=0.02). Vasospasm was experienced by 612 of 864 (71%)
patients in the acute group and 66 of 92 (72%) patients in
the delayed group.

Weekend effect analysis

Day of admission data were available for 955 of the 956
treated aSAH patients; 679 (71%) were admitted on a week-
day (Monday-Friday afternoon), and 276 (29%) were admit-
ted on a weekend (late Friday—Sunday). Mean (SD) time
to treatment between weekday and weekend admission was
not significantly different (0.79 [1.10] vs. 0.84 [1.24] days,
p=0.54). The proportion of patients with poor outcomes
(mRS score > 2) was also not significantly different between
weekday and weekend admissions (50% [338 of 679] vs.
51% [140 of 276], p=0.79). Weekend admission was deter-
mined as the rationale for delayed treatment in only 2 cases.

Discussion

Several studies established a strong volume-outcome rela-
tionship with regard to managing aSAH [2, 25], including
for microsurgical management [28]. Compared to acute
ischemic stroke, the need for definitive treatment of rup-
tured aneurysms is measured on a scale of hours to days
rather than minutes [14]. Furthermore, the treatment of some
ruptured aneurysms, especially those not amenable to endo-
vascular embolization, requires a level of microneurosurgi-
cal expertise that may not be available at all CSCs. For such
patients, the question then arises of whether treatment delay
is acceptable to facilitate treatment by an expert. The Ameri-
can Stroke Association has recommended that low-volume
hospitals (e.g., < 10 aSAH cases per year) should consider
early transfer of patients with aSAH to high-volume centers
(e.g.,>35 aSAH cases per year) with an experienced team
[8]. In a Japanese series assessing CSC outcomes among
27,490 patients, Kurogi et al. [20] found that, in the modern
endovascular era, better surgical outcomes were achieved at
facilities with “high” CSC capabilities. Therefore, obtaining
definitive treatment for aSAH at a high-volume center may
yield better patient outcomes despite the inherent delay of
care associated with patient transfer. In the current study,
we assess the outcomes of patients who underwent surgical
treatment in a delayed fashion (>PBD 4) compared with

@ Springer

those who underwent acute endovascular or surgical treat-
ment between PBD 0 and PBD 3.

Historically, aneurysms were often treated surgically
in a delayed fashion, after the period of peak vasospasm
(PBD 11-14). In the International Cooperative Study on
the Timing of Aneurysm Surgery, the challenges of mid-
phase aneurysm surgery (PBD 3-11) were thought to be
significant brain swelling and the potential risk of clinical
worsening. In the early 1980s and 1990s, groups began to
challenge this notion of delayed treatment, reporting similar
outcomes with early surgical intervention of aSAH patients
[16, 24]. It is now standard to treat aneurysms within 24 h
after admission at most centers because of the potential of
rehemorrhage [17]. Buscot et al. [4] retrospectively reviewed
482 cases of aSAH-treated endovascularly or microsurgi-
cally and found that early intervention had more favorable
outcomes at discharge and at 12-month follow-up. Time to
treatment was not associated with any complications, but
favorable outcomes were associated with treatment within
12.5 h of symptom onset. Phillips et al. [26] had similar
findings, reporting improved clinical outcomes of aSAH
patients treated within 24 h of rupture. However, our find-
ings indicate that, in some cases, it may be suitable to engage
in a transfer process with inherent treatment delay to obtain
definitive surgical management. Such delayed surgical
treatment was uncommon and occurred in only 92 cases
among 956 patients treated in this study cohort. The 2 most
common reasons for delayed treatment (relative to time of
hemorrhage) were crossover from endovascular to surgi-
cal treatment or time to angiography (34/79 patients, 43%)
and late patient presentation after symptom onset (30 of 79
patients, 38%). There is a high risk of rebleeding within the
first few hours of aSAH, which can deter treatment cent-
ers from conducting early catheter angiography, ultimately
delaying definitive treatment [1, 21]. After propensity cor-
rection for race, GCS score at admission, Fisher grade, and
aneurysm type, a significant difference was found in neu-
rologic worsening or rerupture rates between the acute and
delayed groups. The higher mean GCS score observed in
the delayed group was most likely due to patients with more
serious clinical presentations (i.e., coma) presenting earlier
and necessitating earlier treatment. In fact, several factors
were favorable in the delayed-surgery group, specifically sig-
nificantly lower rates of residual aneurysm and the need for
retreatment. Similarly, Gittins et al. [11] examined delayed
treatment in poor-grade aSAH in a cohort of 111 patients
and found that immediate and delayed treatment resulted
in similar morbidity and mortality at 12-month follow-up.

Microsurgical treatment is thought to be increasing in
complexity in the endovascular era, as the patients who
crossover from the endovascular suite to the operating
theater often have large aneurysms or aneurysms with other
complex features. This phenomenon of the disappearing
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“simple posterior communicating artery aneurysm’” was
quantified in a study of 218 patients by Sanai et al., as more
aneurysms are requiring anterior clinoidectomy, dissection
of an adherent anterior choroidal artery, and other techni-
cal maneuvers [27]. In the experience of the senior author
(M.T.L.), bypass was performed in approximately 5% of
all aneurysm treatments (240/5000) [3]. A patient requir-
ing a complex bypass for definitive treatment of a ruptured
aneurysm may require transfer to a center with surgical
expertise or may have delayed treatment for other reasons,
as was found in 8 patients in this series. Aneurysms requir-
ing bypass are usually not amenable to endovascular treat-
ment without devices requiring antiplatelet treatment, and,
as such, surgery becomes potentially a safer and necessary
option. Occasionally, complex microsurgical treatment may
require patients with aSAH to be medically stabilized first;
this appears to be a reasonable compromise based on the
results of our study. The treatment of aneurysms in patients
in our recent cohort has also previously been described to
be more complex in other ways; even the need for complex
clip reconstruction or associated medical comorbidities may
have supported the need for such a transfer [6].

Challenge with vasospasm and cerebral edema

The mean (SD) time from aSAH to surgery in this cohort
was 2.07 (2.74) days. This timing encroaches upon the clas-
sic period of PBD 4—14 for peak vasospasm or delayed cer-
ebral ischemia risk. However, our results did not find an
increased risk of vasospasm in our cohort. Despite these
findings, it remains our practice (in accordance with estab-
lished guidelines) to attempt definitive aneurysm treatment
as soon as feasible following clinical presentation and avoid
operation within the PBD 4-14 time window.

Weekend effect and work flow in aSAH treatment

Our analysis of patients presenting on weekdays versus
weekends yielded no difference in time to treatment or
clinical outcome at last follow-up. Although our analysis
is underpowered to assess the weekend effect, literature is
conflicting on whether worse outcomes occur for patients
admitted over the weekend who have a delay in schedul-
ing treatment. One single-center retrospective review of 413
patients by Mikhail et al. [22] found the weekend effect to
be an independent risk factor for death within 12 weeks fol-
lowing the initial hemorrhage, whereas another large mul-
ticenter review of 5667 cases found weekend presentation
not to be a significant predictor of death [9]. A different
multicenter retrospective review of 1482 cases by Kim and
Jwa [19] found that patients with SAH with “off-hour” pres-
entations to the hospital did not experience worse outcomes
or higher mortality than those with “on-hour” presentation.

Because of the variability in the capacity between institu-
tions to definitively treat aSAHs, there is bias in comparing
single-center experiences. However, the weekend effect may
vary across institutions even when time from aSAH presen-
tation to treatment does not vary significantly [10, 12, 15].
Morbidity due to the weekend effect should be evaluated,
and the degree of clinical relevance should be taken into
account. Because the main reasons for delayed surgery were
endovascular crossover, delayed presentation, and delayed
transfer, the time from aSAH to surgery can potentially be
reduced with efforts to make transfers of care more efficient
and increase symptom awareness.

At our center, the neurovascular on-call team consists
of neurosurgeons who practice either open microsurgery
or endovascular surgery. In a given month, 1 to 2 neuro-
surgeons who practice open surgery and 2 neurosurgeons
who practice endovascular surgery cover calls. As a result,
either type of neurosurgical procedure can be covered at
all times, including advanced ones. The decision-making
process is shared between open and endovascular surgeons,
with alternating preference given to microsurgery or endo-
vascular treatment in cases of equipoise, as was performed in
the Barrow Ruptured Aneurysm Trial [29]. Patients under-
going treatment more than 24 h after transfer to our center
are given tranexamic acid to protect against rerupture [13].

Although the regionalization of aSAH care to centers of
excellence that have both microsurgical and neuroendovas-
cular expertise was not directly evaluated in this study, our
findings support this practice. Treatment of aSAH in a mini-
mally delayed fashion, due to transfer or optimal scheduling
issues, still yielded good outcomes. The delayed treatment
of these aneurysms by surgery was definitive, with a lower
frequency of residual aneurysms or rehemorrhages than in
the acute group. These results support the notion that aneu-
rysms need not be temporized by partial coiling or other
such nondefinitive treatment before transfer to a center of
excellence. Rather, it is appropriate for aneurysms requiring
microsurgical expertise to be transferred to an experienced
center, even if this transfer causes slight delays in treatment.

Limitations

Due to the retrospective nature of the study, limitations
are inherent in the analysis. No analysis was performed on
medical comorbidities or complications during the hospi-
talization. Additionally, it is impossible to know the actual
timing of rupture. The determination of rupture time in our
data was based on the patient's or family’s description of
the ictus. Additionally, in lieu of having admission timing
data and in-hospital delays, we used data for the recorded
bleed day and treatment day. Patients who died of rerupture
before they could be transferred or while in transport would
not be captured in these data due to the inherent limitation
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of our database, which may lead to potential selection bias.
The degree of this bias is difficult to ascertain, but is theo-
retically estimated by the proportion of patients who suffer
early rerupture in other series (as high as 7% in a Japanese
study of patients transferred from remote islands [18] and
in a study of patients in a major US city [5]). In addition, a
selection bias exists toward patients who have slightly bet-
ter clinical grade who are considered appropriate surgical
candidates, both by the treating team as well as by surro-
gate decision makers. Patients with delayed treatment in
this series were biased toward positive outcomes by their
better clinical grade. Thus, we state strongly that these con-
clusions should not support intentionally delayed treatment
after presentation to a capable tertiary or quaternary center.
Future research is needed to determine criteria for patient-
specific factors that can guide physicians in their decision-
making regarding the timing of surgery.

Conclusion

Delayed microsurgical management of ruptured aneurysms,
if required for definitive treatment by an experienced neu-
rosurgical team, appears to be noninferior with respect to
retreatment, residual, and rerupture events. We found that
the delay in treatment in navigating definitive microsurgical
care for patients with ruptured aneurysms did not negatively
affect outcomes, with the potential for improved long-term
outcomes. This finding suggests that it may be appropriate
and safe to delay treatment for complex ruptured aneurysms
to facilitate the transfer of patients for treatment at high-
volume centers.
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