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Impact of Aneurysm Multiplicity on Treatment and
Outcome After Aneurysmal Subarachnoid
Hemorrhage

BACKGROUND: One-third of patients with aneurysmal subarachnoid hemorrhage (aSAH)
have multiple intracranial aneurysms (MIA).

OBJECTIVE: To determine the predictors of outcome in aSAH patients with MIA compared
to aSAH patients with a single intracranial aneurysm (SIA).

METHODS: The Swiss Study of Subarachnoid Hemorrhage dataset 2009-2014 was used
to evaluate outcome in aSAH patients with MIA compared to patients with SIA with
the aid of descriptive and multivariate regression analysis. The primary endpoints of this
cohort study were presence of new stroke on computed tomography (CT) after aneurysm
treatment, and presence of stroke on CT prior to discharge. The secondary endpoints were
the clinical and the functional status, and the overall mortality at discharge and at 1yr.
RESULTS: Among 1689 consecutive patients, 467 had MIA (prevalence: 26.4%). The
incidence of stroke was higher in the MIA than in the SIA group, both after aneurysm
treatment (19.3% vs 15.1%) and at discharge (24% vs 21.4%). However, the 95% confidence
interval (Cl) for the corresponding odds ratio (OR) in our multivariate model included
1, indicating that the detected trends did not reach statistical significance. As for the
secondary endpoints, aneurysm multiplicity was found to be an independent, statistically
significant predictor for occurrence of a new focal neurological deficit between admission
and discharge (OR 1.40, 95% Cl 1.08-1.81). Yet, the MIA and SIA groups did not differ in terms
of either functional outcome or overall survival.

CONCLUSION: aSAH patients with MIA have a higher short-term morbidity than patients
with SIA. This excess morbidity does not worsen the functional outcome or lower overall
survival.
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ultiple intracranial aneurysms (MIA)
are reportedly present in 20% to
33% of patients with aSAH."? There
has been extensive research on potential risk
factors for aneurysm multiplicity,?"6 yet there
have been no more than a few publications
concerned with the treatment and outcome of

aSAH patients with MIA.”"!! Also, the available

literature consists largely of small retrospective
cohort studies, or else studies conducted outside
Europe and North America.>*> On the whole,
the available evidence on whether aSAH patients
with MIA have a worse outcome than those with
a ruptured single intracranial aneurysm (SIA)
is equivocal,7’11 and there is likewise uncer-
tainty about the optimal treatment modality and

ABBREVIATIONS: aSAH, aneurysmal subarachnoid hemorrhage; BA, basilar artery; Cl, confidence interval; CND,
cranial nerve deficit ; CT, computed tomography; FND, focal neurological deficit; GCS, Glasgow Coma Scale; ICA,
internal carotid artery; MCA, middle cerebral artery; MIA, multiple intracranial aneurysm; mRS, mRankin scale
score; OR, odds ratio; SIA, single intracranial aneurysm; SOS, Swiss Study of Subarachnoid Hemorrhage; VA,
vertebral artery; WFNS, World Federation of Neurosurgical Societies
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the best timing of aneurysm treatment in SAH patients with
MIA.8’10’11’13

The Swiss Study of Subarachnoid Hemorrhage (SOS) database
contains data from all of the 8 accredited neurovascular centers in
Switzerland to which aSAH patients are referred for treatment. !4
Few of the existing registries offer this combination of a dedicated,
nationwide, all-inclusive registration of aSAH patients with
highly detailed data acquisition beyond what is found in more
general stroke registries.!”?° We therefore expect our data to
provide a more solid basis for epidemiologic conclusions than
earlier studies, and our findings are most likely applicable in all
Western countries with comparable age demographics and with
a similar health care system, ie, with universal or near-universal
access and coverage. In sum, the purpose of this cohort study was
to investigate the predictors of outcome in aSAH patients with
MIA compared to aSAH patients with SIA in a nationwide cohort
of unselected aSAH patients.

METHODS

The SOS registry is a multicenter cohort database containing core data
that is collected in a standardized manner. The assessment, treatment,
and follow-up, however, are performed at each individual center’s
discretion, meaning according to center-specific standard procedures
for patients with aSAH. Study details have been published elsewhere.'
Institutional Review Board (IRB) and ethics committee approval was
obtained from all participating centers (under the supervision of the
Geneva ethics committee, board no. 11-233R, NAC 11-085R). Most
local ethics committees waived the requirement for written informed
consent (justification: disproportionality). Written informed consent was
obtained, however, from all participating patients if the local ethics
committee requested it. As of 2014 (implementation of the new Swiss
Human Research Act), written informed consent was obtained from all
participating patients in all participating centers.

Study Design

This is a cohort study with retrospective analysis of a retrospectively
(year 2009) and prospectively (years 2010-2014) collected nationwide
dataset. No clinical trial registration is therefore required.

Study Centers

All patients with acute aSAH in Switzerland are cared for in 1 of 8
accredited neurovascular centers: the university hospitals of Basel, Bern,
Geneva, Lausanne, and Zurich, and the cantonal hospitals of Aarau,
Lugano, and St. Gallen. All of these centers contributed to the SOS
registry.

Study Population

Data were collected from all patients admitted to one of the partic-
ipating centers with aSAH from a documented ruptured intracranial
aneurysm. We excluded patients with nonaneurysmal SAH and those
who had no available information regarding the source of SAH. We
also excluded patients who died on the day of admission and those
with missing information about the site of the ruptured aneurysm
(index aneurysm), as we suspected that the diagnostic evaluation for
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any additional unruptured aneurysms (bystander aneurysms) might be
incomplete in these cases.

Data Collection

A set of variables of interest was predefined as previously described.'*
These variables were extracted from the hospitals’ charts by the local
teams, anonymized, and pooled in the SOS database, which is a secured,
web-based registry (secuTrial®, InterActive Systems GmbH, Berlin,
Germany).'4

Study Variables

For the present study, the following variables were extracted from the
SOS database: patient characteristics (age, sex, pre-aSAH mRankin scale
score’! [mRS], intubation and sedation status at admission); aneurysm
characteristics (aneurysm multiplicity, rupture state, location of the
index aneurysm, location of any bystander aneurysm(s), and maximal
aneurysm diameter); admission scores (Glasgow Coma Scale score
[GCS],** World Federation of Neurosurgical Societies score [WFNS]
and Fisher grade?; treatment modality (surgery, endovascular, hybrid,
or conservative); duration of hospitalization in the accredited neurovas-
cular center.

Note: The identity of the ruptured aneurysm was confirmed by
surgical inspection where applicable, or presumed for nonsurgically
treated cases on the basis of the blood distribution on admission
computed tomography (CT) and the aneurysm’s angioarchitectural
features on CT angiography or digital subtraction angiography, in
consensus by at least one board-certified vascular neurosurgeon and at
least one board-certified neurointerventionalist in each center.

Primary and Secondary Endpoints

The primarylcoprimary endpoints were the occurrence of new stroke
on the first CT obtained after treatment of the ruptured aneurysm, and
presence of stroke on the last CT obtained before hospital discharge. The
secondary endpoints were the duration of hospitalization, the presence or
absence of a new focal neurological deficit (FND) or cranial nerve deficit
(CND), and the GCS score at discharge, as well as the mRS score and
the overall mortality at discharge and at 1 yr.

Follow-up

The modality and the time point of the first clinical follow-up varied
considerably across the 8 participating centers. To assure availability and
consistency of data for statistical analysis, we collected standardized data
only at uniform time points, eg, first CT after aneurysm treatment (new
stroke), patient discharge (stroke, FND, CND, and in-hospital death),
and 1-yr follow-up (overall survival; mRS). A detailed patient inclusion
profile including the number of participants with available data at each
time point is provided in Figure 1. Reasons for nonparticipation include,
in particular, patient death.

Statistical Analysis, Efforts to Address Potential Sources
of Bias, and Sensitivity Analysis

We provide descriptive statistics for a set of predefined variables
of interest (see study variables). Associations between variables were
assessed with a multivariate mixed effects logistic regression model. First,
univariate models were calculated to test for associations between the
variable of interest and independent variables. For this purpose, the
data were dichotomized into “high GCS score” (GCS > 13) and “low
GCS score” (GCS < 12), “good WENS grade” (grade I-III) and “bad
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285 patients with acute aneurysmal
subarachnoid haemorrhage
retrospectively collected
(2009)

1502 patients with acute aneurysmal
subarachnoid haemorrhage
prospectively collected
(2010-2014)

1787 patients included
in the SOS database

98 patients excluded:

= == == = -45 because of death at admission day

- 53 because of missing aneurysm information

1689 patients enrolled for

analysis

1222 patients with single
intracranial aneurysms [SIA]

Co-primary endpoints

824 assessed for new stroke
after aneurysm treatment

817 assessed for new stroke at discharge

Secondary endpoints (at discharge)

992 assessed for new focal neurological deficit
989 assessed for new cranial nerve deficit
1222 assessed for mRS at discharge
1222 assessed for In-hospital death

Secondary endpoints (at one year)

892 assessed for death
1126 assessed for mRS

467 patients with multiple
intracranial aneurysms [MIA]

Co-primary endpoints

316 assessed for new stroke
after aneurysm treatment

312 assessed for new stroke at discharge

Secondary endpoints (at discharge)

402 assessed for focal neurological deficit
400 assessed for cranial nerve deficit
467 assessed for mRS at discharge
467 assessed for In-hospital death

Secondary endpoints (at one year)

358 assessed for death
429 assessed for mRS

FIGURE 1. Patient inclusion profile.
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WENS grade” (grade IV-V), and “low Fisher grade” (grade I-II) and
“high Fisher grade” (grade III-IV). Covariates with P < .2 were then
included in an initial multivariable model. A stepwise model selection
using the Akaike Information Criterion (AIC) was performed to reduce
the set of covariates. Confidence intervals were calculated with the profile
likelihood method based on Wald test statistic. The Bonferroni method
was used to adjust for multiple testing. The center effect was modeled asa
random intercept. A cumulative incidence and a Cox proportional hazard
regression model were used to investigate the in-house mortality. As the
exact date of death for discharged patients was unknown, a mixed effects
logistic regression analysis was used to investigate the overall mortality at
1 yr. Statistical significance was set at P < .05.

Missing Values

To investigate whether missing values introduced biases, estimates
were compared with pooled estimates obtained from 5 imputed datasets.
The imputation was based on the random forest method (r package Miss
Forest)** and was performed separately within the subsets of patients
who had died, or who were alive at 1-yr follow-up. For the mixed effects
logistic regression model for the secondary outcomes, the analysis was
repeated on 2 further datasets, 1 with all missing values set to “yes” for
the variables “FND” and “CND,” and 1 with all values set to “no.” The
number of patients included at each stage of the analysis is provided
in Figure 1. Statistical analyses were performed in R (R Foundation for
Statistical Computing. R for Windows Version 3.3.3. Vienna, Austria).

RESULTS

Patient and Aneurysm Characteristics

The locked SOS dataset 2009 to 2014 comprises data on 1787
patients, of whom 1689 were included in the present analysis. Of
these, 1313 patients had SIA (73.5%) and 474 patients had MIA
(26.5%). The percentage of women was higher in the MIA group
than in the SIA group (72.2% vs 63.7%). The mean diameter
of the index aneurysm was larger in patients with MIA than in
patients with SIA (7.7 mm vs 6.9 mm). Patients with MIA had a
mean of 1.4 bystander aneurysms (range 1-6; Table 1). Ruptured
anterior communicating artery (ACommA) aneurysms were the
most common aneurysms in patients with SIA (n = 258; 34.7%).
Ruptured middle cerebral artery (MCA) aneurysms were the most
common aneurysms in patients with MIA (n = 136; 29.1%).
Female predominance was seen in all aneurysm locations except
the ACommA and vertebral artery (VA). For aneurysms at these 2
locations, the male-to-female ratio was approximately even (Table
S1 of Appendix, Supplemental Digital Content).

Factors Favoring Aneurysm Multiplicity

The location of the index aneurysm was correlated with
the probability of finding aneurysm multiplicity. In patients
with MIA, the site of the index aneurysm predicted the likely
anatomical distribution of bystander aneurysm(s) (Table 2;
Table S2 and Figure S1 of Appendix, Supplemental Digital
Content). Further independent predictors for aneurysm multi-
plicity included Fisher grade 3 compared to Fisher grade 1-2
(odds ratio [OR] 1.67, 95% confidence interval [CI] 1.12-2.47),
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TABLE 1. Baseline Characteristics

Patients Patients
with SIA with MIA
n % 1222 n % 467
Total (72.4) (27.6)
Number of bystander aneurysm(s)
0 1222 (72.4)
1 - 336 (71.9)
2 - 83 (17.8)
3 - 32(6.9)
4 - 1(2.4)
5 - 4(0.9)
6 - 1(0.2)
Baseline characteristics
Sex n % n %
Female 778 (63.7) 337(72.2)
Age Years (SD) Years (SD)
Mean 55.7 (13.5) 55.9 (12.1)
Diameter mm (SD) mm (SD)
Mean 6.9 (4.4) 7.7 (4.8)
n % n %
<5mm 380 (31.1) 14 (24.4)
>5mm and <7 mm 299 (24.5) 124 (26.6)
>7 mm 480 (39.3) 208 (44.5)
Missing 63(5.2) 21(4.5)
Admission characteristics
GCS score n % n %
<6 320 (26.2) 111 (23.8)
7-12 133 (10.9) 54 (11.6)
1314 309 (25.3) 134 (28.7)
15 444 (36.3) 164 (35.1)
Missing 16 (1.3) 4(0.9)
WENS grade n % n %
1 437 (35.8) 167 (35.8)
2 221(18.1) 104 (22.3)
3 103 (8.4) 33 (7.1)
4 124 (10.1) 51(10.9)
5 324 (26.5) 110 (23.6)
Missing 13 (1) 2(04)
Fisher grade n % n %
1 36 (2.9) 15(3.2)
2 129 (10.6) 31(6.6)
3 652 (53.4) 279 (59.7)
4 404 (33.1) 139 (29.8)
Missing 1(0.1) 3(0.6)
Baseline (pre-aSAH) mRS n % n %
0 951(77.8) 369 (79)
1 107 (8.8) 46 (9.9)
>2 32(2.6) 17 (3.6)
Missing 132 (10.8) 35(7.5)
Focal neurological deficit (FND) n % n %
No 843 (69) 320 (68.5)
Yes 307 (25.1) 14 (24.4)
Missing 72 (5.9) 33(7.1)
Cranial nerve deficit (CND) n % n %
No 947 (77.5) 362 (77.5)
Yes 229 (18.7) 81(17.3)
Missing 46 (3.8) 24 (5.1)
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TABLE 2. Mixed Effects Logistic Regression Model for Aneurysm
Multiplicity

OR Cl 95% P-value
Male sex* 0.76 0.59 0.98 .034
Age by 10 yr 1 0.92 1.01 909
Diameter per 1 mm** 1.03 1.01 1.06 .007
Artery location
ACA* 1.61 1.01 2.57 .044
ICA* 1.50 1.05 214 .027
MCA* 1.87 136 2.57 .0001
PCommA* 1.67 1.06 2.62 .026
PCA 122 0.46 320 709
BA** 21 1.30 3.30 .003
VA 0.94 0.37 238 .896
VBSB 0.73 0.38 1.38 331
aSAH characteristics
WENS 2 1.25 0.91 172 169
WEFNS 3 0.85 0.54 135 492
WNFS 4 0.93 0.62 1.39 707
WEFNS 5 0.81 0.57 m 189
Fisher grade 3* 1.67 112 247 .on
Fisher grade 4 131 0.85 2.04 216

ACommA: anterior communicating artery, ACA: anterior cerebral artery, ICA: internal
carotid artery, MCA: middle cerebral artery, PCommA: posterior communicating artery,
PCA: posterior cerebral artery, BA: basilar artery, VA: vertebral artery, VBSB: verte-
brobasilar side branch.

Patients included into the analysis were n = 1689 respectively. Significance is indicated
as follows: ns (P > .05), * (P <.05), ** (P < .01), *** (P < .001), **** (P < .0001).

The model includes the following variables: sex (reference level: female), age (by
age-group of 10 yr), aneurysm diameter (per 1 mm), location of the index aneurysm
(reference level: ACommaA), WFNS grade at admission (reference level: WFNS grade 1)
and higher blood clot burden defined as Fisher grade 3 or 4 (reference level: Fisher
grade 1-2).

and larger size of the index aneurysm (OR per mm 1.03, 95%
CI 1.01-1.06). In contrast, male sex was correlated with a lower
probability of aneurysm multiplicity (OR 0.76, 95% CI 0.59-
0.98). Details have been published separately.®®

Characteristics of Index Aneurysms Treatment

Endovascular treatment was the most frequently selected
treatment modality for index aneurysms overall (n = 856;
50.7%), for index aneurysms in patients with MIA (n = 227,
48.6%), and for index aneurysms in patients with SIA (n = 629,
51.5%). Surgery was the second most frequently selected
treatment modality overall (n = 637, 37.7%). Index aneurysms
were more frequently treated surgically in patients with MIA than
in patients with SIA (40.0% vs. 36.9%).

Endovascular treatment was the preferred treatment modality
in particular for ACommA, basilar artery, and internal carotid
artery aneurysms in patients with either SIA or MIA. In contrast,
surgical treatment was the most frequently chosen treatment
modality for MCA aneurysms in patients with either SIA or MIA.
Details are provided in Table 3.
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In patients with a ruptured posterior communicating artery
(PCommaA) aneurysm, the percentage of patients undergoing
surgical rather than endovascular treatment was higher in patients
suffering from an acute CND (eg, oculomotor nerve palsy), in
both the MIA and the SIA groups. Nonetheless, clipping was less
frequently selected in terms of absolute numbers for PCommA
aneurysms in all subgroups (Table S3 of Appendix, Supple-
mental Digital Content).

Characteristics of Bystander Aneurysms Treatment

Bystander aneurysms were most often managed conservatively
(meaning that no surgical, endovascular, or hybrid procedure
was performed within the observation period; n = 230; 31.6%).
In contrast to the treatment of index aneurysms, surgery was
the most frequent active (meaning non-conservative) treatment
modality for bystander aneurysms (n = 176; 24.2%). In
MIA patients in whom the index aneurysm was treated surgi-
cally, bystander aneurysms were most often managed surgically
(n = 1105 41.5%). In contrast, bystander aneurysms were most
often managed conservatively in MIA patients whose index
aneurysm was treated endovascularly (n = 109; 36.7%). Details

are provided in Table 3.

Primary Outcome

The percentage of patients with evidence of new stroke on
the first CT after aneurysm treatment was higher in the MIA
group than in the SIA group (19.3% vs 15.1%). This difference
reached significance in univariate analysis (? = .036). However,
the 95% confidence interval of OR in our multivariate model
included 1, which implies either that the effect is truly nonex-
istent or that this study lacked the power to demonstrate it (OR
1.30; 95% CI 0.95-1.78; Figure 2A; Table S4 and Figure S2 of
Appendix, Supplemental Digital Content). The percentage of
patients with evidence of stroke on the last CT prior to hospital
discharge was also higher in the MIA group than in the SIA group
(24% vs 21.4%). This difference remained insignificant however
in univariate (P = .25) and multivariate analysis (OR 1.14; 95%
CI 0.86-1.53; Figure 2B; Table S4 and Figure S3 of Appendix,
Supplemental Digital Content).

Endovascular treatment, compared to surgery, was the only
variable that was independently correlated with a lower risk for
stroke on CT after aneurysm treatment (OR 0.49, 95% CI 0.35-
0.68), as well as on CT at discharge (OR 0.55, 95% CI 0.40-
0.74). With regard to patient age and location of the index
aneurysm, we found no significant correlation with the risk for
stroke on CT after aneurysm treatment. However, older age (OR
1.14 per 10 yr; 95% CI 1.03-1.27) and posterior cerebral artery
location (OR 3.38; 95% CI 1.19-9.64, reference level: ACommA)
were correlated with a higher risk for stroke on CT at discharge
(Figure 2A and 2B; Table S4, Figures S2 and S3 of Appendix,
Supplemental Digital Content).
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TABLE 3. Frequency Table for Treatment of Index and Bystander Aneurysms in Patients With SIA and Patients With MIA

Treatment of index aneurysms (ruptured)

Total n MIA n
(%) SIA n (%) (%)
Total 1689 (100) 1222 (72.4) 467 (27.6)
Surgery 637 (37.7) 450 (36.9) 187 (40)
Endovascular 856 (50.7) 629 (51.5) 227 (48.6)
Hybrid? 47 (2.8) 20 (1.6) 27(5.8)
Conservative 148 (8.7) 122 (10) 26 (5.6)
Missing information 1(0.1) 1(0.1) 0(0)
Treatment of bystander aneurysms (unruptured)
Total n Surgery n Endovascular Hybrid® Conservative
(%) (%) (n %) n (%) n (%)
Total 727 (100) 176 (27.6) 100 (15.7) 131(20.6) 230 (36.1)
Surgical treatment of index aneurysm 265 (36.5) 110 (41.5) 21(7.9) 40 (15.1) 94 (35.5)
Endovascular treatment of index aneurysm 297 (40.9) 45 (15.2) 70 (23.6) 73 (24.6) 109 (36.7)
Hybrid treatment of index aneurysm? 42 (5.8) 17 (40.5) 8(19) 8(19) 9 (21.4)
Conservatively treated index aneurysm 33 (4.5) 4(12.1) 13) 10 (30.3) 18 (54.5)
Missing information 90 (12.3)
Treatment of index aneurysm (ruptured) with intracranial aneurysms (SIA)
Total n Surgery n Endovascular Hybrid® Conservative
(%) (%) n (%) n (%) n (%)
Anterior circulation
Total 1044 (100) 426 (40.8) 515 (49.3) 86 (8.2) 17 (1.6)
ACommA 424 (40.6) 150 (35.4) 240 (56.6) 23 (5.4) 1 (2.6)
ACA 83 (7.6) 24 (28.9) 46 (55.4) 12 (14.5) 1(1.2)
ICA 197 (18.9) 57 (28.9) 120 (60.9) 19 (9.6) 1(0.5)
MCA 258 (24.7) 183 (70.9) 47 (18.2) 26 (10.1) 2(0.8)
PCommA 82 (7.6) 12 (14.6) 62 (75.6) 6(7.3) 2(24)
Posterior circulation
Total 177 (100) 44 (24.9) 93 (52.5) 36 (20.3) 4(23)
PCA 17 (9.6) 3(17.6) 11(64.7) 1(5.9) 2 (11.8)
BA 58 (23.8) 107) 44 (75.9) 13 (22.4) 0(0)
VBSB 71(40.1) 19 (26.8) 38 (53.5) 13 (18.3) 1(1.4)
VA 31(17.5) 21(67.7) 0(0) 9(29.3) 1(3.2)
Treatment of index aneurysms (ruptured) with multiple intracranial aneurysms (MIA)
Totaln Surgery n Endovascular Hybrid® Conservative
(%) (%) n (%) n (%) n (%)
Anterior circulation
Total 403 (100) 181(44.9) 179 (44.4) 21(5.2) 22 (5.5)
ACommA 109 (27.1) 38 (34.9) 63 (57.8) 4(3.7) 4(3.7)
ACA 34 (8.4) 14 (41.2) 20 (58.8) 0(0) 0(0)
ICA 82(20.3) 21(25.6) 44 (53.7) 11(13.4) 6 (7.3)
MCA 136 (33.7) 103 (75.7) 20 (14.7) 6(4.4) 7(5.1)
PCommA 42 (10.4) 5 (11.9) 32(76.2) 0 (0) 5 (11.9)
Posterior circulation
Total 64 (100) 1 (17.1) 44 (68.8) 5(7.8) 4(6.3)
PCA 6 (9.4) 2(333) 3(50) 0(0) 1(16.7)
BA 38 (59.4) 0 (0) 32(84.2) 3(7.9) 3(7.9)
VBSB 13 (20.3) 4(30.8) 8 (61.5) 1(7.7) 0(0)
VA 7 (10.9) 5(71.43) 1(14.29) 1(14.29) 0(0)

ACommA: anterior communicating artery, ACA: anterior cerebral artery, ICA: internal carotid artery, MCA: middle cerebral artery, PCommA: posterior communicating artery, PCA:

posterior cerebral artery, BA: basilar artery, VA: vertebral artery, VBSB: vertebrobasilar side-branch.

2In this context meaning any combination of surgical and endovascular treatment of the index aneurysm in a same session.
5In this context meaning any combination of surgical and endovascular treatment of the same aneurysm in one or in consecutive sessions.
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odds ratio and 95% CI

A odds ratio (95% Cl), p-value
MIA - —t 1.30 (0.95, 1.78), 0.095
Sex: male — ——+— 1.12(0.83, 1.53), 0.455
Age in 10 years — :»F 1.10 (0.98, 1.23), 0.097
ACA - —_— 1.32(0.74, 2.36), 0.342
ICA — ——t— 1.29 (0.81,2.04),0.283
MCA — —t 1.40 (0.94, 2.08), 0.094
PCommA — e 1.07 (0.59, 1.95), 0.822
PCA — —_— > 1.97 (0.64,6.11), 0.238
BA — — 1.14 (0.54, 2.44), 0.729
VA - ——t 1.85 (0.74, 4.65), 0.189
VBSB - H:—+—> 1.59 (0.82, 3.06), 0.167
Treatment conservative — +++« —— | 0.30 (0.15, 0.60), <0.001
Treatment hybrid : 1.08 (0.48, 2.41), 0.854
- e .08 (0.48, 2.41), 0.
Treatment endovascular — **+* i 0.49 (0.35, 0.68), <0.001
0 1 2 3

C odds ratio (95% Cl), p-value
MIA = » —t 1.40(1.08, 1.81), 0.010
Age in 10 years — -+ 1.14 (1.04,1.25), 0.007
ACA - -—t 1.45(0.89, 2.38), 0.138
ICA - ——t— 1.26 (0.87, 1.83), 0.220
MCA — #xs — > 2.27 (1.62, 3.17), <0.001
PCommA - —t 1.17 (0.73, 1.86), 0.519
PCA -+ — 2.58 (1.03, 6.48), 0.044
BA - —_t 1.28(0.73, 2.22), 0.387
VA - e e e — 1.25(0.51, 3.04), 0.630
VBSB - e —— 1.71(0.97, 3.04), 0.065
diameter >=5, <7 — —t 1.34 (0.97, 1.84), 0.074
diameter >=7 — sxes —_—t 1.75(1.32, 2.33), <0.001
Treatment conservative — —t— 0.68 (0.34, 1.35), 0.271
Treatment hybrid — * —_—t> 2.86 (1.44, 5.70), 0.003
Treatment endovascular — — 1.02(0.77,1.34), 0.914
0 1 2 3

odds ratio and 95% ClI

B odds ratio (95% Cl), p-value
MIA - -t 1.14 (0.86, 1.53), 0.366

Sex: male — —— 1.05 (0.79, 1.39), 0.736

Agein 10 years — ** H— 1.14 (1.03, 1.27), 0.009

ACA — —_—t 1.16 (0.68, 1.97), 0.579

ICA - B — 1.34 (0.89, 2.02), 0.165

MCA — B 1.19(0.82, 1.72), 0.353

PCommA — —_— 092 (0.54, 1.59), 0.773

PCA -+ e 3.38 (1.19, 9.64), 0.022

BA - — 1.19 (0.61, 2.31), 0.609

VA - R 1.44 (0.62, 3.34), 0.401

VBSB - — 1.29 (0.70, 2.37), 0.415
Treatment conservative — »*+s —— i 0.30 (0.16, 0.55), <0.001
Treatment hybrid — B 1.10 (0.51, 2.38), 0.814
Treatment endovascular — ***+  —— 3 0.55 (0.40, 0.74), <0.001

0 1 2 3
odds ratio and 95% CI

D odds ratio (95% CI), p-value
MIA - —t— 1.16 (0.78, 1.72), 0.455

Sex: male — —— 1.03 (0.71, 1.49), 0.879

Age in 10 years — s+ E —+ 1.40 (1.22, 1.60), <0.001

ACA — —_—t 1.45 (0.65, 3.20), 0.361

ICA — — 0.75 (0.46, 1.22), 0.245

MCA - —— 1.07 (0.64, 1.78), 0.803

PCommA — ——— 0.67 (0.35, 1.29), 0.236

PCA - : t 2.78 (0.36, 21.50), 0.327

BA - —_— 1,52 (0.61, 3.79), 0.372

VA - ——— 0.53 (0.19, 1.49), 0.228

VBSB — : t 2,67 (0.80, 8.95), 0.112

Treatment conservative — * E t 4.63(1.10, 19.56), 0.037
Treatment hybrid — : t 3.77 (0.50, 28.43), 0.198
Treatment endovascular — ** 475 0.58 (0.39, 0.87), 0.009

0 1 2 3
odds ratio and 95% Cl

FIGURE 2. Mixed effects logistic regression model. A, OR for the presence of a new stroke documented by CT scan after aneurysm treatment. B, OR for the presence of a
new stroke documented by CT scan at hospital discharge. C, OR for the presence of a new focal neurological deficit (FND) at hospital discharge. D, OR for unfavorable
Sfunctional outcome (mRS 3-6) at hospital discharge. The model includes the following variables: aneurysm multiplicity (MIA), sex (reference level: female), age (by
decades), location of the index aneurysm (reference level: ACommA), and treatment modality (reference level: surgery). ACommA: anterior communicating artery,
ACA: anterior cerebral artery, ICA: internal carotid artery, MCA: middle cerebral artery, PCommA: posterior communicating artery, PCA: posterior cerebral artery,
BA: basilar artery, VA: vertebral artery, VBSB: vertebrobasilar side branches. n = 1139 and n = 1128 patients were included in the analysis, respectively. Significance
is indicated as follows: ns (P > .05), * (P <.05), ™ (P < .01), ** (P < .001), **** (P < .0001).

Secondary Outcome

Patients with MIA, compared to patients with SIA, had longer
hospital stays (mean, 22.7 vs 21.6 d; median, 21 vs 19 d), and a
higher percentage of patients with MIA than with SIA suffered
from a new FND at discharge (36.5% vs 24.3%). In multivariate
analysis, aneurysm multiplicity was correlated with the presence
of a new FND at discharge, meaning that the FND was not
present on admission exam (OR 1.40; 95% CI 1.08-1.81; Figure
2C; Table S4 and Figure S4 of Appendix, Supplemental Digital
Content).

There was no significant difference in terms of mRS between
the MIA and the SIA groups on discharge or a year later (Figure
2D; Table S4 and Figures S5 and S6 of Appendix, Supple-
mental Digital Content). Likewise, the hazard ratio for in-
hospital mortality and the estimate for overall mortality at 1 yr did
not significantly differ between the 2 groups (hazard ratio for in-
hospital mortality: 0.79 [95% CI 0.58-1.07]; estimate for overall

E340 | VOLUME 84 | NUMBER6 | JUNE2019

mortality at 1 yr: 0.84 [95% CI 0.63-1.13]; Figures 3A and 3B;
Table S4 of Appendix, Supplemental Digital Content).

Finally, older age at the time of aneurysm rupture was corre-
lated with the presence of stroke on CT at hospital discharge (OR
1.14 per 10 yr; 95% CI 1.03-1.27), with the presence of a new
FND at hospital discharge (OR 1.41 per 10 yr, 95% CI 1.04-
1.25), with unfavorable functional outcome (mRS 3-6) at hospital
discharge (OR 1.40 per 10 yr, 95% CI 1.22-1.60), and with death
(mRS 6) at 1 yr (OR 1.47 per 10 yr, 95% CI 1.33-1.62; Figures
2A and 2B; Table S4, Figures S2 and S3 of Appendix, Supple-
mental Digital Content).

DISCUSSION

In this large nationwide cohort study, the prevalence of MIA
was 27.6%. This accords well with previous reports.*?® The
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time since first day after admission, days

A o | B odds ratio (95% Cl), p-value

" — SlAdeath Sex: male — e 1.17 (0.89, 1.53), 0.267
—— MIA death !

© = = SIA discharge . MIA — — 0.84 (0.63, 1.13), 0.253

o ° MIA discharge h_;_--;-':::-‘ - Age in 10 years — =#*» i —+ 1.47 (1.33, 1.62), <0.001
§ o H__Jf ACA — —-—0— 1.42 (0.86, 2.36), 0.170
g ° _‘:_' ICA — :—0— 1.44 (0.99, 2.10), 0.056
-% < d"' MCA - —1— 1.12 (0.78, 1.60), 0.551
Z ° ',_”- PCommA — —i—*— 0.61(0.34, 1.11), 0.107
3 ~ ,—' PCA - ; 1.02 (0.33, 3.14), 0.976
S o —— BA — * — 2.17 (130, 3.62), 0.003
o VA - : 1.39 (0.61, 3.16), 0.438

s T i . . . | . VBSB - ﬂ— 1.05 (0.58, 1.91), 0.873

0 10 20 30 40 50 . 1 , \

odds ratio and 95% Cl

FIGURE 3. Overall survival analysis. A, Cumulative incidence curve for mortality at hospital discharge for patients with an SIA and for patients with MIAs who
survived beyond the day of admission. The hazard ratio for in-hospital mortality for patients with MIA compared to patients with SIA adjusted for age, sex, and
location of the index aneurysm was 0.79 (95% CI 0.58-1.07). B, Mixed effects logistic regression for overall mortality at 1 yr. The estimate for overall mortality in
patients with MIA compared to patients with SIA at 1 yr was 0.84 (95% CI 0.63-1.13). The model includes the following variables: sex (reference level: female),
age (by age-group of 10 years), aneurysm diameter (per Immy), and location of the index aneurysm (reference level: ACommA). ACommA: anterior communicating
artery, ACA: anterior cerebral artery, ICA: internal carotid artery, MCA: middle cerebral artery, PCommA: posterior communicating artery, PCA: posterior cerebral
artery, BA: basilar artery, VA: vertebral artery, VBSB: vertebrobasilar side branches. Patients included in the analysis were n = 1139 and n = 1128, respectively.
Significance is indicated as follows: ns (P > .05), * (P < .05), ** (P < .01), *** (P < .001), **** (P < .0001).

likelihood of MIA was higher in women, in patients with an index
aneurysm at certain locations, and in patients with a ruptured
aneurysm of larger size (Table 2; Table S2 and Figure S1 of
Appendix, Supplemental Digital Content). The percentage of
patients with evidence of a new stroke on the first CT after
aneurysm treatment was higher in the MIA group than in the SIA
group (Table S4 of Appendix, Supplemental Digital Content).
However, the 95% confidence intervals for OR in our multi-
variate model included 1, implying either a nonexistent associ-
ation or insufficient power to demonstrate one (Figure 2A; Figure
S2 of Appendix, Supplemental Digital Content). As for the
secondary endpoints, a higher percentage of patients in the MIA
than in the SIA group suffered from a new FND at discharge, and
aneurysm multiplicity was indeed found to independently predict
the occurrence of FND between admission and discharge (Figure
2C; Figure S4 of Appendix, Supplemental Digital Content).
Still, this excess short-term morbidity did not portend lower
overall survival or lower functional outcome at hospital discharge
or at 1 year (Figures2D, 3A, and 3B; Table S4, Figures S5 and
S6 of Appendix, Supplemental Digital Content).

Endovascular treatment was overall the most frequently
selected treatment modality in patients with MIA and in patients
with SIA. Endovascular therapy was also the most frequently
selected treatment for aneurysms at all sites except the MCA and
the VA. In contrast, surgical treatment was the most frequently
selected treatment modality for MCA aneurysms in all subgroups.
Index aneurysms were more frequently treated surgically in

NEURO

patients with MIA than in patients with SIA, which we presume
reflects the higher percentage of MCA aneurysms in the MIA
group compared to the SIA group (29.1% vs 21.1%). In muld-
variate analysis, endovascular compared to surgical treatment
was associated with a significantly lower OR for stroke on
CT after aneurysm treatment, independently of the patient’s
MIA or SIA status (Figures 2A and 2B; Figures S2 and S3 of
Appendix, Supplemental Digital Content). We think, however,
that selection bias may have skewed this result. Our model was
built to reflect the fact that the size and location of aneurysms
are the main considerations entering into the choice of treatment
once a decision to intervene has been made. Further adjustment
for patient severity on presentation under this model assumption
would have led to a biased estimate of the intervention effect.
For this reason, we decided not to adjust for additional patient
factors on presentation when modeling the impact of aneurysm
multiplicity on outcome. Moreover, among the MIA patients,
bystander aneurysms were more often managed conservatively
in patients whose index aneurysm was managed conservatively
rather than surgically. But again, our model did not conclu-
sively differentiate morbidity related to the treatment of the
index aneurysm from morbidity associated with the treatment
of (a) bystander aneurysm(s) or treatment-unrelated morbidity
(see limitations). Finally, the time to full recovery from aSAH,
especially after surgery, is often measured in months, and many
patients suffering from a FND at discharge would probably have

recovered, especially in the surgical arm, if longer follow-up for
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this variable had been taken into account (Table 3; Table S1 of
Appendix, Supplemental Digital Content).

Regarding the primary and co-primary outcomes of our
study, we found that a higher proportion of patients with
MIA than patients with SIA suffered from a new stroke
after aneurysm treatment (Table S4 of Appendix, Supple-
mental Digital Content). This difference reached significance in
univariate analysis (P = .036), but the association was not statis-
tically significant in our multivariate model (Figure 2A; Figure S2
of Appendix, Supplemental Digital Content). Similarly, there
was a higher percentage of MIA compared to SIA patients with
evidence of stroke on the predischarge CT (Table S4 of Appendix,
Supplemental Digital Content), but once again our multivariate
model did not reveal a significant association between aneurysm
multiplicity and the risk of stroke on the predischarge CT (Figure
2B; Figure S3 of Appendix, Supplemental Digital Content).
We presume that our multivariate model was either insufficiently
powered, or did not quantify these associations reliably because
of the confounding effect of treatment-related and treatment-
unrelated causes of stroke and the relatively rarity of stroke (see
limitations below).

As for the secondary outcomes, we found that aneurysm
multiplicity was an independent predictor of more FND at
discharge (Figure 2C; Figure S4 of Appendix, Supplemental
Digital Content). We speculate that this finding may relate to
a cumulative effect of differences in the aneurysms’ anatomical
distribution (eg, more MCA aneurysms in patients with MIA),
as well as a larger number of treated aneurysms and a
higher proportion of aneurysms treated surgically in the MIA
group (Table 3; Table S1 of Appendix, Supplemental Digital
Content). Although we found in our cohort slightly longer hospi-
talization times for patients with MIA, functional outcome, and
overall survival at hospital discharge and at 1 yr did not differ
significantly between the MIA and SIA groups (Figures 3A and
3B; Figures S5 and S6, and Table S4 of Appendix, Supple-
mental Digital Content). More and better follow-up data will
be needed, however, to rule out bias towing to differential follow-
up or unmeasured confounding.

Limitations

This study’s potential weaknesses and limitations include the
broad definition of the primary stroke endpoint as “ischemia
not seen on the admission CT.” This definition poten-
tially includes both treatment-related and treatment-unrelated
morbidity. Similarly, our study did not conclusively differen-
tiate between morbidity related to the treatment of the index
aneurysm, morbidity related to the treatment of (a) bystander
aneurysm(s), and treatment-unrelated morbidity. However,
stroke and neurological deficits are, in practice, often hard to
actribute to a precise cause (eg, the treatment of 1 aneurysm
rather than another). Moreover, we relied on the written radio-
logical interpretation by center-based radiologists, and the clinical
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assessment was obtained by the local teams, meaning that there
was no blinded radiological or clinical assessment.

The influence of constitutional and modifiable risk factors for
MIA has been investigated in detail in a previous study.** In
the present study, risk factors were too inconsistently recorded
for inclusion in our multivariate model. For instance, our dataset
did not differentiate among patients who were active smokers,
former smokers, ever smoked, or never smoked. That being said,
patients were strongly advised not to smoke and arterial pressure
was tightly controlled in all patients during interval from ictus
until discharge. The question remains whether these factors had
different impacts on the endpoints of our study after aneurysm
treatment, at discharge, and during the extended follow-up
period. Unfortunately, this cannot conclusively be assessed from
our data, but we think that their impact was small.

For the sake of data consistency, we assessed outcomes only at
the time of patient discharge, with the exception of functional
outcome (mRS) and overall survival, for which we included
1-yr follow-up. Nonetheless, there were missing data for both
the primary/coprimary and the secondary endpoints. Yet, we
compared the estimates with pooled estimates obtained from 5
imputed datasets to investigate whether missing values introduced
bias, and we found that there was no relevant difference between
coefficients estimated from imputed datasets and those estimated
from the dataset restricted to complete cases.

As already mentioned, our analysis found associations, but
ultimately lacked the necessary statistical power to reliable
estimate the effect, as reflected by broad confidence intervals that
included the value 1 for most of the ORs studied. Further research
on larger cohorts would be required to confirm and quantify these
associations.

Finally, we cannot fully explain the relatively high percentage
of patients with SIA who were treated conservatively. We presume
this may be at least partly due to an intentionally incom-
plete imaging work-up, potentially missing the identification of
bystander aneurysms, in patients who were not given any active
treatment because of a neurologically devastating aSAH.!!

CONCLUSION

aSAH patients with MIA fare worse in the short term than
those with SIA. This excess morbidity is associated with longer
hospital stays but not with lower survival or worse long-term
clinical outcome. Further research on larger cohorts should be
performed to clarify the nature of this excess morbidity, with the
purpose of defining the optimal treatment of aneurysms in aSAH
patients with MIA.
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Table S1. Frequency table of aneurysms by location. This table shows the
anatomic distribution of ruptured (index) aneurysms and unruptured (bystander)
aneurysms. The index aneurysms [r] are listed by location on the x-axis. The
bystander aneurysms [nr] are listed by location on the y-axis. [r]SIA: n = 1222;
[r]MIA: n = 467; [nr]MIA: n = 668. ACommA: anterior communicating artery,
ACA: anterior cerebral artery, ICA: internal carotid artery, MCA: middle cerebral
artery, PCommA: posterior communicating artery, PCA: posterior cerebral artery,
BA: basilar artery, VA: vertebral artery, VBSB: vertebrobasilar side branches.
Table S2. Factors favoring aneurysm multiplicity. This table provides the logistic
regression analysis (multivariate model on the left, and univariate model on the
right) for aneurysm multiplicity. The reference variable for sex was “female.”
The reference level for location was “ACommA.” The reference level for WENS
grade was “WENS grade 1.” The reference level for thick clot: “no,” meaning
absence of a thick clot. The reference level for GCS score was “GCS score
3-6.” The reference level for Fisher scale grade was “Fisher scale grade 1.” The
reference level for mRS was “mRS 6.” The reference level for new FND was “no,”
meaning absence of FND. The reference level for new CND was “no,” meaning
absence of CND. Table S3. Frequency table of ruptured posterior communi-
cating aneurysms (PCommA) by presentation with or without acute cranial
nerve deficit. This table provides the subgroup analysis of ruptured PCommA
aneurysms for patients with MIA and patients with an SIA. The modality of
aneurysm treatment is provided for each subgroup, meaning for the group of
patients that presented with acute cranial nerve deficit (eg, oculomotor nerve
palsy), and for the group of patients that presented without acute cranial nerve
deficit. Table S4. Outcome table. This table provides the univariate analysis for
outcome in aSAH patients with multiple intracranial aneurysms (MIA) and in
patients with a single intracranial aneurysm (SIA). P values were calculated with a
chi-square test for categorical variables and #-test for continuous variables. Figure
S1. Effect plots and forest plot for the mixed effects logistic regression model for
aneurysm multiplicity. This figure illustrates the effect of the following variables:
sex (reference level: female), age (by decade), aneurysm diameter (per 1mm),
location of the index aneurysm (reference level: ACommA), WENS-grade at
admission (reference level: WENS-grade 1), and Fisher scale grade 3 or 4 (reference
level: Fisher scale grade 1 and 2). ACommA: anterior communicating artery, ACA:
anterior cerebral artery, ICA: internal carotid artery, MCA: middle cerebral artery,
PCommA: posterior communicating artery, PCA: posterior cerebral artery, BA:
basilar artery, VA: vertebral artery, VBSB: vertebrobasilar side branches. Patients
included into the analysis were n = 1689. Significance is indicated as follows:
ns (P> .05), * (P < .05), ** (P < .01), *** (P < .001), **** (P < .0001).
Figure S2. Effect plots and forest plot for the mixed effects logistic regression
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models for the primary endpoint “new stroke on the post-treatment CT scan.”
This figure illustrates the effect of the following variables: aneurysm multiplicity
(reference level: SIA), sex (reference level: female), increasing patient age (by
steps of ten years), aneurysms location (reference level: ACommA), modality
of aneurysms treatment (reference level: surgery). SIA: aSAH patients with a
single intracranial aneurysms, ACommaA: anterior communicating artery, ACA:
anterior cerebral artery, ICA: internal carotid artery, MCA: middle cerebral artery,
PCommA: posterior communicating artery, PCA: posterior cerebral artery, BA:
basilar artery, VA: vertebral artery, VBSB: vertebrobasilar side branches. Figure
S3. Effect plots and forest plot for the mixed effects logistic regression models for
coprimary endpoint “new stroke on the last CT scan prior to hospital discharge.”
This figure illustrates the effect of the following variables: aneurysm multiplicity
(reference level: STA), sex (reference level: female), increasing patient age (by steps
of 10 yr), aneurysms location (reference level: ACommA), modality of ancurysms
treatment (reference level: surgery). SIA: aSAH patients with a single intracranial
aneurysms, ACommA: anterior communicating artery, ACA: anterior cerebral
artery, ICA: internal carotid artery, MCA: middle cerebral artery, PCommA:
posterior communicating artery, PCA: posterior cerebral artery, BA: basilar artery,
VA: vertebral artery, VBSB: vertebrobasilar side branches. Figure S4. Effect plots
and forest plot for the mixed effects logistic regression models for the secondary
endpoint “new focal neurological deficit at hospital discharge.” This figure illus-
trates the effect of the following variables: aneurysm multiplicity (reference level:
SIA), sex (reference level: female), increasing patient age (by steps of 10 yr),
aneurysms location (reference level: ACommA), modality of aneurysms treatment
(reference level: surgery). SIA: aSAH patients with a single intracranial aneurysms,
ACommA: Anterior communicating artery, ACA: anterior cerebral artery, ICA:
internal carotid artery, MCA: middle cerebral artery, PCommA: posterior commu-
nicating artery, PCA: posterior cerebral artery, BA: basilar artery, VA: vertebral
artery, VBSB: vertebrobasilar side branches. Figure S5. Effect plots and forest
plot for the mixed effects logistic regression models for the secondary endpoint
“unfavorable functional outcome (defined as mRS 3-6) at hospital discharge.”
This figure illustrates the effect of the following variables: aneurysm multiplicity
(reference level: STA), sex (reference level: female), increasing patient age (by steps
of 10 yr), aneurysms location (reference level: ACommaA), modality of aneurysms
treatment (reference level: surgery). SIA: aSAH patients with a single intracranial
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aneurysms, ACommA: Anterior communicating artery, ACA: anterior cerebral
artery, ICA: internal carotid artery, MCA: middle cerebral artery, PCommA:
posterior communicating artery, PCA: posterior cerebral artery, BA: basilar artery,
VA: vertebral artery, VBSB: vertebro basilar side branches. Figure S6. Effect plots
and forest plot for the mixed effects logistic regression models for the secondary
outcome “dearth (mRS 6) at 1 yr.” This figure illustrates the effect of the following
variables: aneurysm multiplicity (reference level: SIA), sex (reference level: female),
increasing patient age (by steps of ten years), aneurysms location (reference level:
ACommaA), modality of aneurysms treatment (reference level: surgery). SIA:
aSAH patients with a single intracranial aneurysms, ACommaA: Anterior commu-
nicating artery, ACA: anterior cerebral artery, ICA: internal carotid artery, MCA:
middle cerebral artery, PCommA®: posterior communicating artery, PCA: posterior
cerebral artery, BA: basilar artery, VA: vertebral artery, VBSB: vertebrobasilar side
branches.

COMMENT

he authors present an interesting paper with the intention of deter-

mining the impact of multiple intracranial aneurysms (MIA cohort)
on short-term outcomes for patients with aSAH. The authors culled
patients from the Swiss Study of Subarachnoid Hemorrhage Registry
(Swiss SOS) between 2009 and 2014. The authors utilized robust and
appropriate statistical techniques for retrospective analysis. The authors
found that the incidence of stroke was common in the MIA group as
compared to the single intracranial aneurysm (SIA) group both after
initial treatment and at discharge. No difference in functional status or
survival was discovered between the study groups at 1-year. Not surpris-
ingly, surgical treatment was associated with a higher stroke rate than
endovascular treatment.

C. Michael Cawley
Atlanta, Georgia
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