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ABSTRACT

Background Data on the safety and efficacy of flow
diverters (FD) for the treatment of unruptured internal
carotid artery (ICA) aneurysms with compressive neuro-
ophthalmological symptoms (NOS) are scarce and
comprise mainly small case series.

Methods We performed a search of three databases
and included series with =10 patients, with unruptured
aneurysms of the ICA and NOS, treated with FD.
Random-effects analysis of treatment results and safety
was performed.

Results A total of 22 studies reporting on 594 patients
were included. Pooled proportions of NOS recovery,
improvement, transient and permanent worsening
were: 47.4% (95% Cl 35.0% to 60.1%); 74.5% (95%
C167.9% to 80.2%); 7.1% (95% Cl 3.3% to 14.7%);
and 4.9% (95% Cl 3.2% to 7.4%), respectively. Rates
of complete recovery and improvement in patients with
isolated visual symptoms were 30.6% (95% Cl 12.5%
t0 57.7%) and 56.6% (95% Cl 42.3% to0 69.9%).
Isolated oculomotor symptoms recovered completely

in 47.8% (95% Cl 29.9% to 66.3%) and improved in
78% (95% C1 69.2% to 84.9%). Morbidity occurred in
5% (95% Cl 2.8% to 9%) and mortality in 3.9% (95%
Cl 2% to 7.5%) of patients. An increased likelihood of
symptom improvement was observed when treatment
was performed early (<1 month) after symptom onset
(OR=11.22,95% Cl 3.9% to 32.5%).

Conclusion Flow diversion promotes recovery or
improvement of compressive symptoms in a large
proportion of patients but is associated with significant
rates of morbidity and mortality. Transient and permanent
NOS worsening is not uncommon. Early treatment is

of utmost importance, as it increases the likelihood of
symptom improvement more than 10-fold.

INTRODUCTION

Aneurysms of the internal carotid artery causing
mass effect and neuro-ophthalmological symptoms
(NOS) by compression of the cranial nerves (CN)
are a rare pathology. Visual impairment or diplopia
induced by CN palsy are disabling symptoms and of
high relevance for the patient’s quality of life. Aneu-
rysms inducing compression-related symptoms are
often large and/or rapidly growing lesions." Intra-
saccular coil embolization, parent artery occlusion
(PAO)—either with or without extracranial-intra-
cranial bypass surgery—or aneurysm clipping

WHAT IS ALREADY KNOWN ON THIS TOPIC

= There are limited data in the literature on flow
diversion for unruptured internal carotid artery
(ICA) aneurysms with compressive neuro-
ophthalmological symptoms.

WHAT THIS STUDY ADDS

= This meta-analysis provides a comprehensive
overview of the efficacy and safety of flow
diversion in this specific patient population.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Flow diversion is an effective and valuable
treatment strategy for patients with
compressive ICA aneurysms and neuro-
ophthalmological symptoms. However, it is
important to treat patients early after symptom
onset and to be aware of the non-negligible
morbidity and mortality rate.

have been studied for the management of these
lesions.”™ Flow diverters (FD) promote aneurysm
collapse and healing, thus reducing the mass effect,
while preserving the vessel patency.® To date, the
literature on the use of FD in internal carotid artery
(ICA) aneurysms causing compressive NOS is still
scarce. The present study aims to provide a system-
atic review of the literature and meta-analysis of this
treatment method, aiming to provide physicians
involved in aneurysm treatment with a realistic
pooled estimate of treatment efficacy and safety.
Moreover, we sought to investigate the relevance of
time lapse from symptom onset to treatment on the
rates of symptom improvement.

METHODS

Ethics statement

Approval of the ethics committee was not required
for this study as only published primary studies
were analyzed. This study was not registered.

Search strategy

The senior author independently reviewed the
literature on PubMed, Scopus, and Web of Science,
using a predefined search algorithm (detailed in
the online supplemental material). We searched
titles, abstracts, and keywords. Duplicates were
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Hemorrhagic stroke

removed, titles were screened and abstracts were reviewed.
Second, if potentially eligible for this analysis, the full text paper
was retrieved and reviewed thoroughly. The first and the senior
author extracted the data and entered them into a predefined
data sheet; discrepancies were solved by consensus.

Inclusion criteria

We included series reporting on =10 patients with (1) an unrup-
tured intracranial aneurysm of the ICA, with (2) a compres-
sive effect on the oculomotor nerves and/or the optic pathway,
considered responsible for ocular symptoms—that is, (3) cranial
neuropathy affecting the CN III, IV, and VI (alone or in combi-
nation) and/or (4) visual impairment due to compressive optic
neuropathy. Treatment was (5) with flow diversion alone or in
conjunction with coil embolization.

Data extraction and outcome measures
The objectives of this meta-analysis were to summarize the clin-
ical and anatomical efficacy (compressive symptom improve-
ment or complete recovery and aneurysm occlusion) and the
safety (treatment-related thromboembolic and hemorrhagic
complications with permanent deficit or death) of flow diver-
sion for treatment of compressive ICA aneurysms with neuro-
ophthalmological symptoms. Secondary endpoints were the
rates of transient and permanent symptom worsening and
the impact of time from symptom onset to treatment on the
symptom improvement rate.

We extracted, with as much detail as possible, patient-, aneu-
rysm-, and treatment-specific data from the original articles. If
necessary and possible, values were recalculated from individual

patient data provided in the publications—for example, in tables
or the appendix. Data from the series of Boulouis et al” were
calculated from the original raw dataset.

We extracted data on isolated visual or oculomotor symptoms,
or a combination of both. CN deficits at follow-up were graded
as ‘complete recovery’, ‘partial recovery’, and ‘permanent wors-
ening’. The sum of patients with ‘complete recovery’ and ‘partial
recovery’ was defined as ‘improvement’. Articles were further-
more screened for signs of ‘transient worsening’ of CN deficits
after flow diversion.

Morbidity was defined as any neurological deterioration of the
patient’s status (except worsening of NOS), related to presumed
hemorrhagic or ischemic complications.

Aneurysm occlusion grades were extracted at last follow-up
using the widely accepted classification: ‘aneurysm remnant’,
‘neck remnant’, and ‘complete occlusion’.® ‘Neck remnant’ and
‘aneurysm remnant’ were grouped as ‘incomplete occlusion’.
When an alternative grading scale was used,” only grade D was
considered ‘complete occlusion’.

Statistical analysis

The analysis was performed using primarily R Studio (R Studio,
Boston, USA, version 2022.02.2) with the metafor'® and meta'’
packages. Random-effect analyses were performed after logit trans-
formation. Results are presented as percentage and 95% CI. I*
statistic and Q-test were used to assess study heterogeneity. Publica-
tion bias was assessed by visual inspection of funnel plots and with
Egger’s unweighted regression test. Pooled effects of early versus
late treatment (ie, within 1 month vs beyond 1 month after symptom
onset) were calculated using the RevMan 5 software package,'

Table 1 Study overview

Study Year Design  Pts/pts with NOS* (%) Flow diversion devices used Dedicated NOS F/lU Comments

Yu et al* 2012 PM 143/14 (10.2%) PED NR

Szikoraetal® 2013 PS 29/16 (55.2%) PED, Silk NR Overlap with PUFS/Sahlein et a/*®

0'Kelly et a*® 2013 PM 97/36 (37.1%) PED No Data discrepancy in the manuscript, data from text were used
Moon et af*® 2014 RS 20/19 (95%) PED NR Data recalculated

Tanweer etal’’ 2014 RS 4119 (46.3%) PED Yes Data discrepancy in the manuscript, data from text were used
Zanatyetal 2014 RS 157/51 (33.8%) PED NR

Zhou et al*® 2014 PS 28/11 (39.3%) Tubridge NR

puffer et af*' 2014  PM 4424 (54.5%) PED, Silk, Surpass NR Overlap with PUFS/Sahlein et al.*®. Data recalculated
Sahleinetal®® 2015 PM 108/39 (36.1%) PED Yes Only patients with initial aneurysm-induced NOS included
Zanatyetal® 2015 RS 44/12 (27.3%) PED NR

Breu et al* 2016 RS 28/10 (53.7%) Silk, PED NR Data recalculated

Kim et af*® 2016  RM 45/18 (40%) PED NR

Brown et a/** 2016  RM 45/45 (100%) PED NR Overlap with PUFS/Sahlein et a/*®

Miyachi et a 2017 RM 24/18 (75%) PED No Data recalculated

Silva et al”' 2018 RS 115/21 (18.3%) PED NR

Oishi et al” 2018 RS 100/38 (38%) PED NR

Yan et al”® 2019 RS 126/50 (39.7%) PED NR Data recalculated

Wang et al"® 2019 RS 22122 (100%) PED No Data recalculated

Boulouis etal’ 2021 RM 55/541t (98.2%) PED, Silk, p64, Derivo, Surpass ~ No Raw data access

Fujii et al” 2022 RS 112129 (25.9%) PED NR Potential overlap with Oishi et a/”®

Xu et al® 2022 RS 189/29 (15.3%) PED Yes

Lee et al* 2022 RS 49/28 (57.1%) NR NR

*NOS=neuro-ophthalmological symptoms induced by internal carotid artery aneurysm, treated with flow diversion.

tOne patient treated with parent vessel occlusion excluded from the original publication.'®’

F/U, follow-up; NR, not reported; PED, Pipeline embolization device; PM, prospective multicenter; PS, prospective single-center; RM, retrospective multi-center; RS, retrospective single-center.

20f8 Kaiser DPO, et al. J Neurolntervent Surg 2023;15:892-897. doi:10.1136/neurintsurg-2022-019249

ybuAdoo Aq paraslold 1senb Aq £z0z ‘0T Mdy uo /wod wg siulj:dny woly papeojumoq "2z0z 1snbny g uo 6726T0-220Z-SIUl/9eTT 0T Se paysignd 1suyy :61nS JusAIBIu|OINSN [


http://jnis.bmj.com/

Hemorrhagic stroke

applying random-effects analysis. We performed an additional
random-effect meta-regression, studying the effect of mean/median
patient age, length of follow-up, and study size as moderators on the
effect size of complete NOS recovery and improvement using SPSS
Statistics 28 (IBM, Armonk, USA).

RESULTS

Study inclusion

Literature search was performed on March 21, 2022. After removal
of duplicates and screening of titles and abstracts, we sought for
the original articles of 82 publications.” " After completion of
literature review and data extraction and before closing the data-
base, the literature search was repeated on PubMed only on May
22, 2022, using the above-mentioned search string to identify
additional potentially eligible articles. Two papers published in the
meantime were identified.”*** Four papers published in Chinese in
Chinese journals could not be retrieved.®' *® > 7° Thus, 80 papers
were screened for eligibility. Detailed information on publication
inclusion and exclusion are depicted in online supplemental figure 1
and online supplemental table 1.

Descriptive results

Altogether, 22 studies were included, encompassing 594 patients
treated with flow diversion for an unruptured intracranial aneu-
rysm of the ICA and compression-related neuro-ophthalmological

symptoms. An overview of the included studies is shown in
table 1. Online supplemental table 2 depicts patients demo-
graphics and aneurysm characteristics. Data on isolated visual or
oculomotor symptoms were extracted for 149 and 293 patients,
respectively. All relevant data are shown in the online supple-
mental material. Dedicated neuro-ophthalmological follow-up
protocols were mentioned in three publications only.’” ¢ %3
Neuro-ophthalmological outcomes are depicted in table 2 and in
online supplemental tables 3 and 4. Online supplemental table
5 summarizes the neurological complications and anatomical
results.

Pooled proportions

Random-effect modeling analysis of NOS (figure 1) showed
pooled rates of 47.4% (95% CI 35.0% to 60.1%) for complete
recovery, 74.5% (95% CI 67.9% to 80.2%) for improvement,
7.1% (95% CI 3.3% to 14.7%) for transient, and 4.9% (95%
CI 3.2% to 7.4%) for permanent symptom worsening. For all
parameters except permanent worsening (I*=0%, p=0.8),
significant moderate to substantial study heterogeneity (I*
between 58% and 79%) was detected (see figure 1). Visual
inspection of funnel plots (online supplemental figure 2) and
results of Egger’s test revealed significant asymmetry for the
parameters improvement (p=0.03, online supplemental figure
2B), transient (p<0.0001, online supplemental figure 2C) and

Table 2 Overall neuro-ophthalmological outcomes

Patients Improvement

Symptom onset  with (complete

to treatment NOS* and NOS F/U Complete Partial and partial Transient Permanent
Study (mean+SD) FlU (mean+SD) recovery recovery recovery) No change worsening worsening
Yu et al* NR 13 3.5 months 10/13 (76.9%) 0 (0%) 10/13 (76.9%) 3/13(23.1%)  0/13 (0%) 0 (0%)

(median)

Szikoraetal®  NR 16 NR 10/16 (62.5%) 5/16 (31.3%)  15/16 (93.8%)  0/16 (0%) 3/16 (18.8%)  1/16 (6.3%)
O'Kelly et al® NR 27 NR 12127 (44.4%) 6127 (22.2%) 18/27 (66.7%) 9/27 (33.3) 2/27 (7.4%) 0/27 (0%)
Moon et al*® 50.4 weeks (mean) 19 9.7+6.3 months 3/19 (15.8%) 11119 (57.9%) 14/19 (73.7%) 5/19 (26.3%)  2/19/10.5%) 0/19 (0%)
Tanweeretal’  NR 19 NR NR NR 16/19 (84.2%) 3/19(15.8%)  0/19 (0%) 0/19/0%)
Zanaty etal* NR 51 NR 36/51 (70.6%)  11/51 (21.6%)  47/51 (92.2%) 4/51 (7.8%) 0/51 (0%) 0/51 (0%)
Zhou et af*® NR 1 NR 4111 (36.4%)  4/11 (36.4%) 8/11 (72.7%) 3111 (273%)  2/11(18.2%)  0/11 (0%)
puffer et af’' NR 20 10.3£7.6 months  18/20 (90%) 0/20 (0%) 18/20 (90%) 2/20 (10%) 2/20 (10%) 0/20 (0%)
Sahlein et al*® NR 39 6 months 2/39 (5.1%) 22139 (56.4%)  24/39 (61.5%) 13/39(33.3%)  0/39 (0%) 2/39 (5.1%)
Zanaty etal® NR 12 NR 9/12 (75%) 3/12 (25%) 12/12 (100%) 0/12 (0%) 0/12 (0%) 0/12 (0%)
Breu et a/* NR 9 NR NR NR 6/9 (66.7%) 3/9 (33.3%) 0/9 (0%) 0/9 (0%)
Kim et al*® NR 18 NR NR NR 15/18 (83.3%) 3/18 (16.7%) 15/18 (83.3%)  0/18 (0%)
Brown et a/** 11 within 4 weeks, 45 8.4 months 19/45 (42.2%)  11/45 (24.4%)  30/45 (66.6%) 14/45 (31.1%)  0/45 (0%) 1/45 (2.2%)

27 beyond
Miyachi et a®  NR 18 3-6 months 6/18 (33.3%)  10/18 (55.6%) 16/18(88.9%)  2/18(11.1%)  8/18 (44.4%)  0/18 (0%)
Silva et al”' NR 15 NR NR NR 14/15 (93.3%) 115 (6.7%) 0/15 (0%) 0/15 (0%)
Oishi et al”® NR 38 13.5 months NR NR 18/38 (47.4%) 17138 (44.7%) 3138 (7.9%) 0/38 (0%)
Yan et al”® NR 50 6-33 months 31/50 (62%) 12/50 (24%) 43/50 (86%) NR NR NR
Wang et al’® 11 within 4 weeks, 21 25.5+1.7 months  6/21 (28.6%)  6/21 (28.6%) 12/21 (57.1%) 5/21 (23.8%)  0/21 (0%) 4121 (19%)

11 beyond
Boulouis et a 16.2+7.6 weeks 54 13.2+10.4 months  19/54 (35.2%) 18/54 (33.3%) 37/54 (68.5% 10/54 (18.5%)  0/54 (0% 3/54 (5.6%

loui /! ke h (35.2%) (33.3%) (68.5%) (18.5%) (0%) (5.6%)

Fujii et al”® NR 29 36 months NR NR 20/29 (69%) 7129 (24.1%) 029 (0%) 2/29 (6.9%)
Xu et al” 8 weeks (median) 26 NR NR NR 20/26 (76.9%)  6/26 (23.1%)  0/26 (0%) 0/26 (0%)
Lee et af** NR 28 NR NR NR 15/28 (53.6%)  NR NR NR

*NOS=neuro-ophthalmological symptoms induced by internal carotid artery aneurysm, treated with flow diversion.

F/U, follow-up; NR, not reported.
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Cases Total Prevalence

A Study

95% C.I.

Yuetal, 2012 10 13 76.9 [47.8,92.4] —
Szikora et al, 2013 10 16 62.5 [37.7:82.1] -
O'Kelly et al, 2013 12 27 44.4 [27.2,63.1] om

Moon et al, 2014 3 19 158 [5.2;39.2] —&——

Zanaly et al, 2014 36 51 70.6 [56.8;81.4] P —.—
Zhou et al, 2014 4 1 36.4 [14.3;66.1] ———

Puffer et al, 2014 18 20 90.0 [67.6;97.5] | —
Sahlein et al, 2015 2 39 5.1 [1.3;18.3] #— 1

Zanaty et al, 2015 9 12 75.0 [44.8;91.7] -
Brown et al, 2016 19 45 42.2 [28.8;56.9] +

Miyachi et al, 2017 6 18 33.3 [15.8;57.1] —

Yan et al, 2019 31 50 62.0 [48.0;74.3] -
Wang et al, 2019 6 21 286 [13.4;50.8] —@—

Boulouis et al, 2021 19 54 35.2 [23.7;48.7] +

Common effect model 48.7 [43.1;54.2] -

Random effects model 47.4 [35.0; 60.1] ——

Heterogeneity: I = 79%, ©* = 0.7063, %, = 62.00 (p < 0.01)

c Study Cases Total Prevalence
Yu et al, 2012
Szikora et al, 2013
O'Kelly et al, 2013
Moon et al, 2014
Tanweer et al, 2014
Zanaty et al, 2014
Zhou et al, 2014
Puffer et al, 2014
Sabhlein et al, 2015

13 0.0
16 18.8
27 7.4
19 10.5
19 0.0
51 0.0
1 18.2
20 10.0
39 0.0

COCOWOPONOOONNOONN®O
©

0 20 40 60 80 100
Complete recovery (%)

95% C.I.

[0.2;38.4] #——
[6.2;447)] —@——
[1.9;25.2] -+—
[26;33.7] —@—
[0.2; 29.8) #————
[0.1;13.6]m—
[46;50.7] —m—
[2.5;32.4] —m—
[0.4;17.1]m—

Zanaty et al, 2015 12 0.0 [0.2;40.3]w—
Breu et al, 2016 0.0 [0.3;47.5|m—
Kim et al, 2016 1 18 83.3 [59.1;94.5]

Brown et al, 2016 45 0.0 [0.1;15.1]m——
Miyachi et al, 2017 18 44.4 [24.0;67.0)
Silva et al, 2018 15 0.0 [0.2;35.0]m—
Oishi et al, 2018 38 7.9 [26;21.8] 4
Wang et al, 2019 21 0.0 [0.1;27.7]m—
Boulouis et al, 2021 54 0.0 [0.1;12.9|m——!
Fuiji et al, 2022 29 0.0 [0.1;21.7]m——
Xu etal, 2022 26 0.0 [0.1;23.6]m——

Common effect model
Random effects model
Heterogeneity: I = 73%, 1° = 2.2540, 3, = 70.60 (p < 0.01)

Figure 1

142 [10.4;19.7) =
7.4 [3.3;14.7] -

LI R R N B

0 20 40 60 80 100
Transient worsening (%)

permanent worsening (p<0.0001, online supplemental figure
2D). No significant asymmetry was observed for complete
recovery (online supplemental figure 2A; p=0.91).

Pooled rates of complete recovery and improvement in patients

with isolated visual symptoms (figure 2A,

B) were 30.6% (95%

CI 12.5% to 57.7%) and 56.6% (95% CI 42.3% to 69.9%),

Astudy Cases Total Prevalence  95% C.I.
Szikora et al, 2013 3 6 50.0 [16.8;83.2] R
O'Kelly et al, 2013 1 9 111 [1.5;50.0) ————
Moon et al, 2014 1 2 500 [5.9;941] ————8——
Zhou et al, 2014 1 4 250 [3.4;762] —@——
Puffer et al, 2014 1 1 100.0 [10.9; 98.7] —v—!
Sahlein et al, 2015 0 13 0.0 [0.2;38.4]4————
Zanaty et al, 2015 9 12 75.0 [44.8;91.7 P
Breu et al, 2016 0o 1 00 [13;89.1]8— —t—————
Boulouis et al, 2021 0 14 0.0 [0.2;36 H
Common effect model 39.0 [23.9; 56.5] —_—
Random effects model 30.6 [12.5;57.7]  ——em—

Heterogeneity: ° = 54%, < = 1.5081, 52 = 17.55 (p = 0.02)

Cstudy Cases Total Prevalence
Yu et al, 2012 10 13 76.9
Szikora et al, 2013 7 10 70.0
O'Kelly et al, 2013 1" 18 61.1
Moon et al, 2014 3 17 17.6
Zanaty et al, 2014 36 51 70.6
Zhou et al, 2014 4 7 571
Puffer et al, 2014 17 19 89.5
Sahlein et al, 2015 1 22 4.5
Breu et al, 2016 0 5 0.0
Miyachi et al, 2017 6 17 36.3
Boulouis et al, 2021 5 20 25.0
Common effect model . 54.2
Random effects model 47.8

Heterogeneity: 1 = 78%, 7* = 1.1909, 2% = 44.50 (p < 0.01)

Figure 2 Forest plots for the proportions of complete visual recovery (A) and improvement (B), and complete oculomotor recovery (C) and

improvement (D).

0 20 40 60 80 100
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[47.8; 92.4]
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0 20 40 60 80 100
Complete oculomotor recovery (%)

B Study

D Study

Cases Total Prevalence

Yu etal, 2012 10 13 76.9
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respectively. Isolated oculomotor symptoms (figure 2C,D) recov-
ered completely in 47.8% (95% CI 29.9 to 66.3) and improved
in 78% (95% CI 69.2 to 84.9). All parameters demonstrated
significant moderate to substantial heterogeneity (I between
44% and 78%, p<0.05). Funnel plots (online supplemental
figure 3) and Egger’s test revealed publication bias only for the
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Figure 3  Forest plots for the proportions of morbidity (A) and mortality (B).

parameter oculomotor improvement (p=0.006; other p values
>0.05).

The pooled estimate of complete aneurysm occlusion at last
follow-up was 68.6% (95% CI 58.8% to 77%). No significant
heterogeneity or publication asymmetry was observed (Egger’s
test p=0.12; online supplemental figure 4).

The pooled proportions of morbidity and mortality were
5% (95% CI 2.8% to 9%) and 3.9% (95% CI 2% to 7.5%), as
shown in figure 3. Neither significant heterogeneity nor asym-
metry (online supplemental figure 5; Egger’s test p>0.05) were
detected.

Early versus late treatment

For a subset of 110 patients, information on time lapse from
symptom onset to treatment were available. Random-effects
analysis showed an increased likelihood of symptom improve-
ment when treatment was performed early (ie, within 1 month)
after symptom onset (OR=11.22, 95% CI 3.9% to 32.5%). The
respective Forest plot is shown in figure 4, no relevant heteroge-
neity was detected.

Influence of patient age, length of follow-up, and study size
on neuro-ophthalmological outcome

Meta-regression revealed a significant effect of patient age
on improvement of NOS (p=0.006; R*=100%) and a non-
significant association with complete NOS recovery (p=0.126;
R?=61.6%), as is shown in online supplemental figure 6A,B. No
relevant effect on NOS complete recovery and improvement was
detected when using the length of follow-up (in months) and
the study size as moderators (online supplemental figure 6C-F).

DISCUSSION

Our meta-analysis of 594 patients treated with FD for ICA aneu-
rysm with compressive NOS is the first to give a global overview
on the literature for this specific patient population and treat-
ment technique. Forty-eight percent of the patients treated with
flow diversion recovered completely from their initial deficit and
almost 75% showed improvement of compressive symptoms.
Transient and permanent worsening occurred in 7.1% and 4.9%
of patients, respectively. Complications were not uncommon,

however, with morbidity occurring in 5% and mortality in 3.9%
of patients. Complete recovery and improvement were less
common in patients with isolated visual symptoms (30.6% and
56.6%), than in those with with isolated oculomotor symptoms
(47.8% and 78%). Early treatment of symptomatic aneurysms
with compressive symptoms seems to be essential: our analysis
suggests that the likelihood of symptom improvement increases
more than 10-fold if treatment is performed within the first
month.

Alternative treatment methods differ, depending on the loca-
tion of the aneurysm. Extradural aneurysms have historically
been treated mostly with PAO only or in conjunction with an
extracranial-intracranial bypass surgery in cases of a negative test
occlusion. A meta-analysis from 2015 found an improvement in
mass effect in 83% of patients treated with PAO only, which is
comparable to the present data.”® Also, the rates of morbidity
and mortality of PAO only (7% and 4%) were comparable with
the current data for flow diversion but they increased to 11%
and 7% when an additional bypass was needed for PAO.”® Inter-
estingly, the authors found also that selective coil embolization of
the culprit aneurysm leads to symptom improvement in 72% but
is associated with a high re-treatment rate for 18%, given that
large and giant aneurysms often recur after coil embolization.””
In our interpretation of the data, selective coiling of compressive
extradural aneurysms is not an expedient treatment, as it is most
probably not durable and aneurysm recurrence remains in many
instances only a question of time. But also, in modern times
PAO remains a valuable option, particularly if the vessel can be
sacrificed without prior bypass surgery. The increased odds of
complications with this surgical procedure may, however, favor
flow diversion for patients for whom an occlusion test has failed.

Compressive intradural aneurysms, arising on the distal intra-
cranial ICA were in the past mainly treated with microsurgical
clipping or selective coil embolization. A meta-analysis of the
treatment of paraclinoid aneurysms”® found that vision improved
in 58% of patients after clipping and 49% after coiling. Vision
worsened in 11% of patients after clipping and 9% after coiling.
Interestingly, 71% vision improvement and 5% worsening were
described in that analysis for FD. For compressive aneurysms
of the posterior communicating artery segment, microsurgical
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Figure 4 Forest plots for the effect of early (within 1 month) and delayed (>1 month) treatment on symptom improvement.
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clipping is an even more well-studied and valid option. Meta-
analyses conducted for ruptured and unruptured aneurysms
found higher rates of symptom recovery/improvement in patients
treated surgically compared with intrasaccular coiling.’ ** Addi-
tionally, a large proportion of posterior communicating artery
aneurysms develop NOS in the setting of rupture and are thus
not eligible for flow diversion.'” The observation that the odds
of NOS improvement and possibly also of complete recovery
tend to increase with patient age is surprising, as nerve regen-
eration is known to be delayed and less effective in the aging
individual.'®" Accordingly, in a recent study increasing age was
associated with incomplete recovery, and patients recovering
completely were significantly younger than those who showed
incomplete recovery only.

The present meta-analysis underpins the importance of timely
treatment, as the likelihood of symptom improvement increases
more than 10-fold if treatment is performed within the first
month. Prompt diagnosis and treatment of these patients is thus
paramount and delays should be avoided, also when the aneu-
rysm is unruptured.

The pooled rates of morbidity and mortality were 5% and
3.9%, respectively, which is higher than the findings of PUFS
(morbidity/mortality rate of 5.6%),'"> but comparable to the
International Retrospective Study of the Pipeline Emboliza-
tion Device (IntrePED). In that registry, neurologic morbidity/
mortality was observed in 9.2% of patients with unruptured
aneurysms of the ICA measuring more than 10 mm.'” As recent
studies have shown that the risk of morbidity/mortality increases
more than threefold per decade of age,” '* we conclude that
treatment with FD for compressive ICA aneurysms in elderly
patients should be considered only after careful consideration
of the risk—benefit ratio. The fact that chances of complete
symptom recovery may decrease with increasing age, fusiform
aneurysm morphology, and a longer delay between the onset of
ocular symptoms and endovascular treatment should be taken
into account. This is important in particular for extradural aneu-
rysms, which pose a negligible statistical risk of hemorrhage in
the elderly patient.'®

The pooled rate of complete occlusion (68.6%) is comparable
to published data in the literature. While complete occlusion was
observed in 86.8% in PUFS after 12 months,'** which should be
seen as highly selected patient sample, complete occlusion at 12
months was described in 75.8% of aneurysms in a single-centre
series of 1000 aneurysms treated with the PED.'%

Our meta-analysis has some limitations. It is inherently flawed
by the fact that many included publications are retrospective,
often single-center case series. Moreover, earlier series on FD
(for example®* 33 37 %) bear the risk of overlap with the subset
analysis of patients with NOS in the PUFS study by Sahlein et
al*®; some studies explicitly stated that patients had been at
least partly included in PUFS.” *! * A small number of double
inclusions in this meta-analysis must thus be assumed. Another
limitation is that in many studies, no specific demographic and
procedural details were given for the subset of patients with
NOS, as they were described as a fraction of a larger study on
FD use for ICA aneurysms. Overall, the extracted data are char-
acterized by substantial study heterogeneity and signs of publica-
tion bias and only in a minority of publications was specialized
neuro-ophthalmological follow-up carried out.

CONCLUSION

Flow diversion for compressive ICA aneurysms with NOS leads
to recovery or improvement of compressive symptoms in a large
proportion of patients and is a valuable treatment strategy—in

particular, if sacrifice of the parent vessel is not possible. However,
it is associated with significant rates of morbidity and mortality,
and transient or permanent NOS worsening is not uncommon.
Early detection and treatment of compressive aneurysms is para-
mount, as treatment within the first month from symptom onset
increases the likelihood of symptom improvement more than
10-fold. The present literature is characterized by significant
heterogeneity and publication bias and only a minority of publi-
cations specified dedicated neuro-ophthalmological follow-up
investigations. Controlled data should thus be obtained in the
future, potentially also providing solid evidence on which treat-
ment should be chosen for which patient.
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SUPPLEMENTAL MATERIAL

Search algorithm

(“Aneurysm”[MeSH] OR *“aneurysm”[tiab]) AND (“Carotid Artery, Internal’MeSH] OR “Ophthalmic
Artery’[MeSH] OR “ophthalmic”[tiab] OR “paraclinoid”[tiab] OR “clinoidal’[tiab] OR “superior
hypophyseal’[tiab] OR “cavernous”[tiab] OR “petrous”[tiab] OR “visual’[tiab] OR “compressive”[tiab] OR
“compression”[tiab] OR “cranial nerve”[tiab]) AND ( “flow diversion”[tiab] OR “flow diverter’[tiab] OR “flow
diverter’[tiab] OR “flow diverting” OR “Pipeline embolization device” OR Silk OR Fred OR P64 OR
Surpass OR “Pipeline flex” OR Tubridge ). [tiab] and [MeSH] arguments were removed for literature

search on Scopus and Web of Science.
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Supplemental Table 1: Study selection

VoNo N s W e

=]

S

&

Year First Author Journal

2010 Lubicz
2010 Szikora
2011 Leonardi
2011 Nelson
2012 Lanzino

2012 Puffer
2012 Briganti
2012 Berge
2012 Kan
2012 Yu

2013 Malatesta
2013 Szikora

2013 O'Kelly
2013 Colby
2013 Toma

2013 Chalouhi
2013 De Vries
2014 Buyukkaya

2014 Moon
2014 Tanweer
2014 Zanaty
2014 Heller
2014 Zhou
2014 Moon
2014 Puffer

2014 Chalouhi
2015 Di Maria
2015 Sahlein
2015 Zanaty
2015 Rouchaud
2015 Wakhloo
2015 Alghamdi
2015 Fischer
2015 Shimizu

2015 ©Oh
2015 Zhu
2016 Jevsek
2016 Kaya
2016 Breu
2016 Kim
2016 Brown
2016 Durst

2016 Burrows
2016 Kallmes
2017 Miyachi
2017 Bhogal

2017 Griessenauer

2017 Miyachi
2017 Becske
2018 Silva
2018 ReXiaTi

2018 Killer-Oberpfalzer
2018 Byvaltsev.

2018 Oishi

2018 Pierot

2019 Sweid

2019 Yan

2019 Pierot

2019 Kiihn

2019 Wang

2019 Griessenauer
2019 Oguz

2019 Meyers
2020 Nurminen
2 Binh

2 Lv

2020 Foreman
2020 Daglioglu

020
020

2020 Piano
2021 Catapano
2021 Lee

2021 Kunert
2021 Link

2021 Boulouis
2022 Fehrenbach
2022 Fujii

2nd search on 22nd May:
2022 Xu

Stroke

AINR. American journal of neuroradiology.
Interventional neuroradiology

AINR. American journal of neuroradiology
AINR. American journal of neuroradiology
Journal of neurosurgery

Neuroradiology

American Journal of Neuroradiology
Neurosurgery

Radiology

La Radiologia medica

AINR. American journal of neuroradiology.
AINR. American journal of neuroradiology
Journal of neurointerventional surgery
British Journal of Neurosurgery

Stroke

Stroke

Interventional neuroradiology

Journal of neurosurgery

AINR. American journal of neuroradiology.
Stroke

Journal of neurosurgery

AINR. American journal of neuroradiology
Neurological research

AINR. American journal of neuroradiology
AINR. American journal of neuroradiology.
AINR. American journal of neuroradiology
Journal of neurosurgery

Neurosurgery

AINR. American journal of neuroradiology
AJNR. American journal of neuroradiology
Expert Review of Medical Devices

AINR. American journal of neuroradiology
Acta neurochirurgica

Clinical neurology and neurosurgery
World neurosurgery

Radiology and oncology

Turkish neurosurgery

Radiology research and practice
Neurointervention

Journal of neurosurgery

Journal of neurointerventional surgery
AINR. American journal of neuroradiology.
Interventional neurology
Neurointervention

Frontiers in neurology

Neurosurgery

Journal of neurointerventional surgery
Operative Neurosurgery

Journal of Stroke and Cerebrovascular Diseases
Neurosurgery

Journal of neurosurgery

Bio-medical materials and engineering
American Journal of Neuroradiology
Vestnik Rossiiskoi Akademii Meditsinskikh Nauk
Neurologia Medico-Chirurgica

Journal of neurointerventional surgery
World neurosurgery

World neurosurgery

Journal of neurointerventional surgery
Interventional neuroradiology

Frontiers in Neurology

Neurosurgery

Turkish Journal of Medical Sciences
Stroke

Clinical neurology and neurosurgery.
Heliyon

The neuroradiology journal

World neurosurgery

Turkish neurosurgery

Journal of Neurosurgery

Journal of neurosurgery

The neuroradiology journal

Scientific reports

Journal of clinical neuroscience : official journal of the

Journal of neurointerventional surgery
Brain Sciences
Neurologia Medico-Chirurgica

Acta Neurochirurgica
AINR. American journal of neuroradiology

DOl
10.1161/STROKEAHA.110.589911
10.3174/ajnr.A2023
10.1177/159101991101700305
10.3174/ajnr.A2421
10.3174/ajnr.A3207
10.3171/2011.11.INS111612
10.1007/500234-012-1047-3
10.3174/ainr A2907
10.1227/NEU.0b013e31827060d9
10.1148/radiol. 12120422
10.1007/511547-013-0944-9
10.3174/ajnr.A3547
10.3174/ajnr.A3224
10.1136/neurintsurg-2012-010299
10.3109/02688697.2013.793292
10.1161/STROKEAHA.113.001785
10.1161/STROKEAHA. 111.000434
10.15274/INR-2014-10070
10.3171/2014.7.INS132677
10.3174/ajnr.A4081
10.1161/STROKEAHA.114.006247
10.3171/2014.3.JN5131493
10.3174/ajnr.A3925
10.1179/1743132814Y.0000000322
10.3174/ajnr.A3826
10.3174/ajnr.A3957
10.3174/ajnr.A4437
10.3171/2014.12.INS141777
10.1227/NEU.0000000000000607
10.3174/ajnr.A4129
10.3174/ainr.A4078
10.1586/17434440.2015.1093413
10.3174/ajnr.A4420
10.1007/500701-014-2251-1
10.1016/j.clineuro.2014.11.008
10.1016/j.wneu.2015.07.036
10.1515/ra0n-2016-0049
10.5137/1019-5149.JTN.14760-15.0
10.1155/2016/2187275
10.5469/neuroint.2016.11.1.10
10.3171/2015.4.JN5142790
10.1136/neurintsurg-2015-011887
10.3174/ainr.A4835
10.1159/000446503
10.5469/neuroint.2017.12.2.83
10.3389/fneur.2017.00381
10.1093/neuros/nyw110
10.1136/neurintsurg-2016-012502
10.1093/0ns/0px032

10.1016/j jstrokecerebrovasdis.2016.12.023
10.1093/neuros/nyw014
10.3171/2018.1.INS171774
10.3233/BME-171718
10.3174/ajnr.A5592
10.15690/vramn918
10.2176/nmc.02.2018-0148
10.1136/neurintsurg-2017-013559
10.1016/j.wneu.2019.07.115
10.1016/j.wneu.2019.01.082
10.1136/neurintsurg-2018-014261
10.1177/1591019918792536
10.3389/fneur.2019.01191
10.1093/neuros/nyy572
10.3906/52g-1906-116
10.1161/STROKEAHA.118.024135
10.1016/j.clineuro.2020.105782
10.1016/j.heliyon.2020.03356
10.1177/1971400919898109
10.1016/j.wneu.2019.11.084
10.5137/1019-5149.JTN.25776-19.2
10.3171/2019.1.JNS183005
10.3171/2021.5.NS211149
10.1177/19714009211013487
10.1038/541598-021-87498-2
10.1016/i.jocn.2021.01.016
10.1136/neurintsurg-2021-018188
10.3390/brainsci12030330
10.2176/nmc.02.2021-0203

10.1007/500701-022-05239-1
10.3174/ajnr.A7498

Inclusion Reason for exclusion
Less than 10 patients with cranial nerve palsies treated by flow diversion
Less than 10 patients with cranial nerve palsies treated by flow diversion
At least 10 eligible patients, but insufficient information on clinical symptoms and follow-up

No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies

At least 10 eligible patients, but insufficient information on clinical symptoms and follow-up
Atleast 10 eligible patients, but insufficient information on clinical symptoms and follow-up

Less than 10 patients with cranial nerve palsies treated by flow diversion

No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion

No detailed information on cranial nerve palsies

No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies

At least 10 eligible patients, but insufficient information on clinical symptoms and follow-up

Review article
No detailed information on cranial nerve palsies
No flow diverter devices applied

Less than 10 patients with cranial nerve palsies treated by flow diversion

Review article

Less than 10 patients with cranial nerve palsies treated by flow diversion
Atleast 10 eligible patients, but insufficient information on clinical symptoms and follow-up

No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion

No detailed information on cranial nerve palsies

No detailed information on cranial nerve palsies

At least 10 eligible patients, but insufficient information on clinical symptoms and follow-up
Less than 10 patients with cranial nerve palsies treated by flow diversion

No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion

No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion
Atleast 10 eligible patients, but insufficient information on clinical symptoms and follow-up

Russian language

No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies

No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies

No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies
No detailed information on cranial nerve palsies

Mixed patients with new (n=1) and existing (n=12) symptoms, not possible to differentiate

No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion
Atleast 10 eligible patients, but insufficient information on clinical symptoms and follow-up

No detailed information on cranial nerve palsies

At least 10 eligible patients, but insufficient information on clinical symptoms and follow-up

No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion
Less than 10 patients with cranial nerve palsies treated by flow diversion

No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion
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Supplemental Table 2: Patient demographics and aneurysm characteristics

Study Patients Visual Oculomotor Combined Female (%) Age (mean +/- SD) Intradural Extradural Aneurysm size (mean +/- SD)
with NOS* symptoms symptoms symptoms aneurysms (%) aneurysms (%)
(%) only only

Yu et al?? 14 0 (0%) 14 (100%) 0 (0%) NR* NR NR NR <10 mm: 6; 10-25 mm: 4; >25 mm: 3

Szikora et al® 16 6 ((37.5%) 10 (62.5%) 0 (0%) NR NR NR NR NR

O'Kelly et al*® 36 12 (33.3%) 24 (66.7%) 0 (0%) NR NR NR NR NR

Moon et al®® 19 2 (10.5%) 17 (84.2%) 1(5.3%) 14 65.8 +/- 14.5 years 5 (26.3%) 14 (73.7%) 17.7 +/- 7.8 mm

Tanweer et al*” 19* NR NR NR NR NR 0 (0%) 19 (100%) NR

Zanaty et al* 51 0 (0%) 51 (100%) 0 (0%) NR NR 0 (0%) 51 (100%) NR

Zhou et al® 11 4 (36.4%) 7 (63.6%) 0 (0%) NR NR NR NR NR

Puffer et al®*' 24 1(4.2%) 23 (85.8%) 0 (0%) 22 (91.7%) 73 +/- 10.1 years 0 (0%) 24 (100%) 22 +/- 4.6 mm

Sahlein et al*® 39 13 (33.3%) 18 (46.2%) 8 (20.5%) 22 (56.4%) 58 +/- 10.8 years 14 (35.9%)8 24 (61.5%)8 22 +/-5.9 mm

Zanaty et al*® 12 12 (100%) 0 (0%) 0 (0%) NR NR 12 (100%) 0 (0%) NR

Breu et al*® 10 1(10%) 5 (50%) 4 (40%) 10 (100%) 62.5 +/- 9.3 years NR NR 15.7 +/- 3.9 mm

Kim et al® 18 NR NR NR NR NR NR NR NR

Brown et al®* 45 10 (22.2%) 33 (73.3%) 2 (4.4%) 42 (93.3%) 64.7 years 19 26 18.6 mm

Miyachi et al® 18 0 (0%) 17 (94.4%) 1(5.6%) 17 (94.4%) 70.8 +/- 11.8 years 0 (0%) 18 (100%) 21.7 4#/- 7.1 mm

Silva et al”! 15 15 (100%) 0 (0%) 0 (0%) NR NR NR NR NR

Oishi et al™® 38 10 (26.3%) 28 (73.7%) 0 (0%) NR NR NR NR NR

Yan et al”® 50 NR NR NR NR NR NR NR NR

Wang et al® 22 15 (68.2%) 3 (13.6%) 4 (18.2%) 17 (77.3%) 53.5 +/- 11.4 years NR NR 10-25 mm: 11; >25 mm: 11

Boulouis et al’ 54 15 (27.8%) 21 (38.9%) 18 (33.3%) 48 (88.9%) 59.2 +/- 15.9 years 33 (61.1%) 21 (38.9%) 16.2 +/- 7.6 mm

Fuijii et al®® 29 7 (24.1%) 22 (75.9%) 0 (0%) NR NR NR NR NR

Xu et al*® 26 26 (100%) 0 (0%) 0 (0%) NR NR 26 (100%) 0 (0%) NR

Lee et al* 28 NR NR NR NR NR NR NR NR

$NOS = neuro-ophthalmological symptoms induced by ICA aneurysm, treated with flow diversion
*Only data on cavernous aneurysms reported

‘F/U = Follow-up

#Not reported

SDiscrepancy in the manuscript
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Supplemental Table 3: Neuro-ophthalmological outcomes in relation to time from symptom onset to

treatment
Within first month Beyond first month
Study Complete recovery Improvement* Complete recovery Improvement
Brown et al®* NR* 11/11 (100%) NR 12/27 (44.4%)
Wang et al™® NR 8/11 (72.7%) NR 4/11 (36.4%)
Boulouis et al’ 11/22 (50%) 19/22 (86.4%) 8/28 (28.6%) 18/28 (64.3%)

*Improvement = Complete & partial recovery
#Not reported
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Supplemental Table 4: Visual and oculomotor outcomes

Visual Oculomotor
Study Patients Visual symptoms  Complete recovery Improvement Oculomotor Complete Improvement
with NOS*® only with F/U’ symptoms only recovery
with F/U’

Yu etal? 14 0 - - 13 10 13
Szikora et al?® 16 6 3 5 10 7 10
O'Kelly et al?® 36 9 1 5 18 11 13
Moon et al*® 19 2 1 1 17 3 13
Tanweer et al*’ 19* NR* - - NR - -
Zanaty et al** 51 0 - - 51 36 47
Zhou et al® 11 4 1 1 7 4 7
Puffer et al®' 24 1 1 1 19 17 17
Sahlein et al* 39 13 0 7 22 1 14
Zanaty et al®® 12 12 9 12 0 - -
Breu et al*® 10 1 0 0 5 0 5
Kim et al®® 18 NR - - NR - -
Brown et al®* 45 10 NR NR 33 NR NR
Miyachi et al®* 18 0 - - 17 6 15
Silva et al” 15 15 NR 15 0 - -
Oishi et al” 38 10 NR 3 28 NR 15
Yan et al”® 50 NR - - NR - -
Wang et al™ 22 15 NR 7 3 NR 3
Boulouis et al’ 54 14 0 5 20 5 13
Fujii et al®® 29 7 NR 3 22 NR 17
Xu et al®® 26 26 NR 20 0 - -
Lee et al® 28 NR - - NR - -

SNOS = neuro-ophthalmological symptoms induced by ICA aneurysm, treated with flow diversion
*Only data on cavernous aneurysms reported

‘F/U = Follow-up

#Not reported
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Supplemental Table 5: Complications and anatomical results

Treatment-related complications

Anatomical result

Study Patients Morbidity Mortality Patient with F/U’ (mean +/- SD) Complete Incomplete
anatomical F/U" occlusion occlusion

Yu et alz-2 14 0 1 13 3.5 months (median) 7 6
Szikora et al?® 16 NR NR NR NR NR NR
O'Kelly et al® 36 NR NR NR NR NR NR
Moon et al*® 19 0 0 17 9.7 +/- 6.3 months 9 8
Tanweer et al*’ 19* NR NR NR NR NR NR
Zanaty et al** 51 NR NR NR NR NR NR
Zhou et al*® 11 0 0 NR NR NR NR
Puffer et al®' 24 0 0 20 10.3 +/- 7.6 months 14 6
Sahlein et al* 39 NR NR NR NR NR NR
Zanaty et al®® 12 0 0 NR NR NR NR
Breu et al*® 10 NR 1 8 NR 5 3
Kim et al®® 18 NR NR NR NR NR NR
Brown et al®* 45 1 0 40 8.4 months (mean) 26 14
Miyachi et al®* 18 0 0 18 6 months 11 7
Silva et al”’ 15 0 0 NR NR NR NR
Oishi et al™ 38 NR NR NR NR NR NR
Yan et al”® 50 NR NR NR NR NR NR
Wang et al™ 22 2 1 21 12.2 +/- 1.7 months 21 0
Boulouis et al’ 54 4 2 50 13.3 +/. 10.5 months 37 13
Fujii et al®® 29 NR NR NR NR NR NR
Xu et al*® 26 NR NR 26 NR 23 3
Lee et al* 28 NR NR NR NR NR NR

$NOS = neuro-ophthalmological symptoms induced by ICA aneurysm, treated with flow diversion

*PM = Prospective multi-center; PS = Prospective single-center; RS = Retrospective single-center; RM = Retrospective multi-center

‘F/U = Follow-up
#Not reported
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SUPPLEMENTAL FIGURES

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

[ Identification of studies via databases and registers ]

Records removed before screening:
Duplicate records removed
(n=754)

Records excluded by human
Publication before 2009 (n = 9)
Exclusion by title “case report” (n = 89)
Exclusion by title (n = 518)

Exclusion by abstract (n = 74)

)
=z Search date: March 215t 2022
= Records identified from 3
©
o databases: >
= PubMed (n = 486)
s Scopus (n = 658)
= Web of Science (n = 382)
—
) '
Records screened
(n=772) >
Additional search 22" May (n=2)
A 4
Reports sought for retrieval -
o (n=84)
'c
[
5
& v
Reports assessed for eligibility
(n=80) >
—
A4
3 Studies included
= —
3 (n = 22)
£
—

Reports not retrieved (n = 4)

Reports excluded:
Less than 10 patients (n = 15)
No detailed information (n = 39)
No FD used (n = 1)
Non-English language (n = 1)
No original research (n = 2)

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/

Supplemental Fig. 1: Prisma flow diagram
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Supplemental Fig. 2: Funnel plots for complete recovery (A), improvement (B), transient (C) and permanent worsening (D).
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Supplemental Fig. 3: Funnels plots for complete visual recovery (A) and improvement (B) and on complete oculomotor recovery (C) and improvement (D).
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Supplemental Fig. 4: Forest plot (A) and corresponding funnel plot (B) for complete aneurysm occlusion.
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Supplemental Fig. 5: Funnel plots for morbidity (A) and mortality (B).
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Supplemental Fig. 6: Bubble plots depicting the effect size (i.e. complete NOS recovery or improvement)

in association with patient age (A, B), follow-up (C, D) and study size (E, F).
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Atleast 10 eligible patients, but insufficient information on clinical symptoms and follow-up

No detailed information on cranial nerve palsies

At least 10 eligible patients, but insufficient information on clinical symptoms and follow-up

No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion
Less than 10 patients with cranial nerve palsies treated by flow diversion

No detailed information on cranial nerve palsies

Less than 10 patients with cranial nerve palsies treated by flow diversion
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Supplemental Table 2: Patient demographics and aneurysm characteristics

Study Patients Visual Oculomotor Combined Female (%) Age (mean +/- SD) Intradural Extradural Aneurysm size (mean +/- SD)
with NOS* symptoms symptoms symptoms aneurysms (%) aneurysms (%)
(%) only only

Yu et al?? 14 0 (0%) 14 (100%) 0 (0%) NR* NR NR NR <10 mm: 6; 10-25 mm: 4; >25 mm: 3

Szikora et al® 16 6 ((37.5%) 10 (62.5%) 0 (0%) NR NR NR NR NR

O'Kelly et al*® 36 12 (33.3%) 24 (66.7%) 0 (0%) NR NR NR NR NR

Moon et al®® 19 2 (10.5%) 17 (84.2%) 1(5.3%) 14 65.8 +/- 14.5 years 5 (26.3%) 14 (73.7%) 17.7 +/- 7.8 mm

Tanweer et al*” 19* NR NR NR NR NR 0 (0%) 19 (100%) NR

Zanaty et al* 51 0 (0%) 51 (100%) 0 (0%) NR NR 0 (0%) 51 (100%) NR

Zhou et al® 11 4 (36.4%) 7 (63.6%) 0 (0%) NR NR NR NR NR

Puffer et al®*' 24 1(4.2%) 23 (85.8%) 0 (0%) 22 (91.7%) 73 +/- 10.1 years 0 (0%) 24 (100%) 22 +/- 4.6 mm

Sahlein et al*® 39 13 (33.3%) 18 (46.2%) 8 (20.5%) 22 (56.4%) 58 +/- 10.8 years 14 (35.9%)8 24 (61.5%)8 22 +/-5.9 mm

Zanaty et al*® 12 12 (100%) 0 (0%) 0 (0%) NR NR 12 (100%) 0 (0%) NR

Breu et al*® 10 1(10%) 5 (50%) 4 (40%) 10 (100%) 62.5 +/- 9.3 years NR NR 15.7 +/- 3.9 mm

Kim et al® 18 NR NR NR NR NR NR NR NR

Brown et al®* 45 10 (22.2%) 33 (73.3%) 2 (4.4%) 42 (93.3%) 64.7 years 19 26 18.6 mm

Miyachi et al® 18 0 (0%) 17 (94.4%) 1(5.6%) 17 (94.4%) 70.8 +/- 11.8 years 0 (0%) 18 (100%) 21.7 4#/- 7.1 mm

Silva et al”! 15 15 (100%) 0 (0%) 0 (0%) NR NR NR NR NR

Oishi et al™® 38 10 (26.3%) 28 (73.7%) 0 (0%) NR NR NR NR NR

Yan et al”® 50 NR NR NR NR NR NR NR NR

Wang et al® 22 15 (68.2%) 3 (13.6%) 4 (18.2%) 17 (77.3%) 53.5 +/- 11.4 years NR NR 10-25 mm: 11; >25 mm: 11

Boulouis et al’ 54 15 (27.8%) 21 (38.9%) 18 (33.3%) 48 (88.9%) 59.2 +/- 15.9 years 33 (61.1%) 21 (38.9%) 16.2 +/- 7.6 mm

Fuijii et al®® 29 7 (24.1%) 22 (75.9%) 0 (0%) NR NR NR NR NR

Xu et al*® 26 26 (100%) 0 (0%) 0 (0%) NR NR 26 (100%) 0 (0%) NR

Lee et al* 28 NR NR NR NR NR NR NR NR

$NOS = neuro-ophthalmological symptoms induced by ICA aneurysm, treated with flow diversion
*Only data on cavernous aneurysms reported

‘F/U = Follow-up

#Not reported

SDiscrepancy in the manuscript
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Supplemental Table 3: Neuro-ophthalmological outcomes in relation to time from symptom onset to

treatment
Within first month Beyond first month
Study Complete recovery Improvement* Complete recovery Improvement
Brown et al®* NR* 11/11 (100%) NR 12/27 (44.4%)
Wang et al™® NR 8/11 (72.7%) NR 4/11 (36.4%)
Boulouis et al’ 11/22 (50%) 19/22 (86.4%) 8/28 (28.6%) 18/28 (64.3%)

*Improvement = Complete & partial recovery
#Not reported
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Supplemental Table 4: Visual and oculomotor outcomes

Visual Oculomotor
Study Patients Visual symptoms  Complete recovery Improvement Oculomotor Complete Improvement
with NOS*® only with F/U’ symptoms only recovery
with F/U’

Yu etal? 14 0 - - 13 10 13
Szikora et al?® 16 6 3 5 10 7 10
O'Kelly et al?® 36 9 1 5 18 11 13
Moon et al*® 19 2 1 1 17 3 13
Tanweer et al*’ 19* NR* - - NR - -
Zanaty et al** 51 0 - - 51 36 47
Zhou et al® 11 4 1 1 7 4 7
Puffer et al®' 24 1 1 1 19 17 17
Sahlein et al* 39 13 0 7 22 1 14
Zanaty et al®® 12 12 9 12 0 - -
Breu et al*® 10 1 0 0 5 0 5
Kim et al®® 18 NR - - NR - -
Brown et al®* 45 10 NR NR 33 NR NR
Miyachi et al®* 18 0 - - 17 6 15
Silva et al” 15 15 NR 15 0 - -
Oishi et al” 38 10 NR 3 28 NR 15
Yan et al”® 50 NR - - NR - -
Wang et al™ 22 15 NR 7 3 NR 3
Boulouis et al’ 54 14 0 5 20 5 13
Fujii et al®® 29 7 NR 3 22 NR 17
Xu et al®® 26 26 NR 20 0 - -
Lee et al® 28 NR - - NR - -

SNOS = neuro-ophthalmological symptoms induced by ICA aneurysm, treated with flow diversion
*Only data on cavernous aneurysms reported

‘F/U = Follow-up

#Not reported
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Supplemental Table 5: Complications and anatomical results

Treatment-related complications

Anatomical result

Study Patients Morbidity Mortality Patient with F/U’ (mean +/- SD) Complete Incomplete
anatomical F/U" occlusion occlusion

Yu et alz-2 14 0 1 13 3.5 months (median) 7 6
Szikora et al?® 16 NR NR NR NR NR NR
O'Kelly et al® 36 NR NR NR NR NR NR
Moon et al*® 19 0 0 17 9.7 +/- 6.3 months 9 8
Tanweer et al*’ 19* NR NR NR NR NR NR
Zanaty et al** 51 NR NR NR NR NR NR
Zhou et al*® 11 0 0 NR NR NR NR
Puffer et al®' 24 0 0 20 10.3 +/- 7.6 months 14 6
Sahlein et al* 39 NR NR NR NR NR NR
Zanaty et al®® 12 0 0 NR NR NR NR
Breu et al*® 10 NR 1 8 NR 5 3
Kim et al®® 18 NR NR NR NR NR NR
Brown et al®* 45 1 0 40 8.4 months (mean) 26 14
Miyachi et al®* 18 0 0 18 6 months 11 7
Silva et al”’ 15 0 0 NR NR NR NR
Oishi et al™ 38 NR NR NR NR NR NR
Yan et al”® 50 NR NR NR NR NR NR
Wang et al™ 22 2 1 21 12.2 +/- 1.7 months 21 0
Boulouis et al’ 54 4 2 50 13.3 +/. 10.5 months 37 13
Fujii et al®® 29 NR NR NR NR NR NR
Xu et al*® 26 NR NR 26 NR 23 3
Lee et al* 28 NR NR NR NR NR NR

$NOS = neuro-ophthalmological symptoms induced by ICA aneurysm, treated with flow diversion

*PM = Prospective multi-center; PS = Prospective single-center; RS = Retrospective single-center; RM = Retrospective multi-center

‘F/U = Follow-up
#Not reported
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SUPPLEMENTAL FIGURES

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

[ Identification of studies via databases and registers ]

Records removed before screening:
Duplicate records removed
(n=754)

Records excluded by human
Publication before 2009 (n = 9)
Exclusion by title “case report” (n = 89)
Exclusion by title (n = 518)

Exclusion by abstract (n = 74)

)
=z Search date: March 215t 2022
= Records identified from 3
©
o databases: >
= PubMed (n = 486)
s Scopus (n = 658)
= Web of Science (n = 382)
—
) '
Records screened
(n=772) >
Additional search 22" May (n=2)
A 4
Reports sought for retrieval -
o (n=84)
'c
[
5
& v
Reports assessed for eligibility
(n=80) >
—
A4
3 Studies included
= —
3 (n = 22)
£
—

Reports not retrieved (n = 4)

Reports excluded:
Less than 10 patients (n = 15)
No detailed information (n = 39)
No FD used (n = 1)
Non-English language (n = 1)
No original research (n = 2)

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/

Supplemental Fig. 1: Prisma flow diagram
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Supplemental Fig. 2: Funnel plots for complete recovery (A), improvement (B), transient (C) and permanent worsening (D).
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Supplemental Fig. 3: Funnels plots for complete visual recovery (A) and improvement (B) and on complete oculomotor recovery (C) and improvement (D).
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Supplemental Fig. 5: Funnel plots for morbidity (A) and mortality (B).

Kaiser DPO, et al. J Neurolntervent Surg 2022;0:1-8. doi: 10.1136/jnis-2022-019249



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Neurolntervent Surg

>

075

Effect size (complete recovery)

@)

Effect size (complete recovery)

m

Effect size (complete recovery)

9y

@ Study @ study
p=0.126, 1>=88.4%, R*=61.6% :Mma«sgrmslnn iMm&ngmim
e p=0.008, 2=0%, R*=100% s al
10
5
g
0,50 %
=3
E 08
Y
025 _E
0,00 u 06
50 55 60 85 70 % 04
50 55 60 65 70 75
Mean age (years) Mean age (years)
2 erogosson P=0.633, 1:262.9%, R=0% O e egrssin
p=0.674, 1=95.7%, R*=0 sl o ®  oswea
[¢] 08
H
E
g or
2
=3
£
-g 06
@
b
ﬁ 05
04
o 5 10 15 20 2 20 03— o » » o
Follow-up (months) Mean follow-up (months)
@ Study @ Study
p=0.666, 1>=91.4%, R*=0% — Meta-regression p=0.43, 1>=71.4%, R*=0% — Meta-regression
10 W os%cl 10 W 95%Cl
e @
! @ e
08 =
§
s
06 g_
£
® o
N
il
04
£
°
02
05
@
@
00 04
10 20 30 40 50 o 10 20 30 40 50 60
Study size (n) Study size (n)

Supplemental Fig. 6: Bubble plots depicting the effect size (i.e. complete NOS recovery or improvement)

in association with patient age (A, B), follow-up (C, D) and study size (E, F).
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