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Abstract

Unruptured intracranial aneurysms (UIA) occur in around 3% of the population. Important management questions concern
if and how to perform preventive UIA occlusion; if, how and when to perform follow up imaging and non-interventional
means to reduce the risk of rupture. Using the Standard Operational Procedure of ESO we prepared guidelines according
to GRADE methodology. Since no completed randomised trials exist, we used interim analyses of trials, and meta-analyses
of observational and case-control studies to provide recommendations to guide UIA management. All recommendations
were based on very low evidence. We suggest preventive occlusion if the estimated 5-year rupture risk exceeds the risk
of preventive treatment. In general, we cannot recommend endovascular over microsurgical treatment, but suggest flow
diverting stents as option only when there are no other low-risk options for UIA repair. To detect UIA recurrence we
suggest radiological follow up after occlusion. In patients who are initially observed, we suggest radiological monitoring to
detect future UIA growth, smoking cessation, treatment of hypertension, but not treatment with statins or acetylsalicylic acid
with the indication to reduce the risk of aneurysm rupture. Additionally, we formulated 15 expert-consensus statements.
All experts suggest to assess UIA patients within a multidisciplinary setting (neurosurgery, neuroradiology and neurology) at
centres consulting > 100 UIA patients per year, to use a shared decision-making process based on the team recommendation
and patient preferences, and to repair UIA only in centres performing the proposed treatment in >30 patients with (ruptured
or unruptured) aneurysms per year per neurosurgeon or neurointerventionalist. These UIA guidelines provide contemporary
recommendations and consensus statement on important aspects of UIA management until more robust data come available.
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Introduction

Unruptured intracranial aneurysms (UIA) are acquired,
pathological dilations at major branching brain vessels and
have a prevalence of up to 3% in the adult population.! The
prevalence of UIA is 1.6-fold higher in women, but is simi-
lar across Europe, Northern America Japan. In persons with
two or more first-degree relatives with subarachnoid haem-
orrhage from a ruptured aneurysm, and in patients with
polycystic kidney disease the risk for having or developing
UIA is considerably higher.!

UIA are commonly diagnosed incidentally in imaging for
non-related symptoms (e.g. headache of dizziness), or in the
setting of other entities (e.g. trauma, ischaemic stroke, malig-
nancies or psychiatric diseases) or during screening for aneu-
rysms or for (brain) diseases in general. The radiological
detection rate of UIA is increasing due to the higher availa-
bility, increased quality more frequent use of cranial imag-
ing. After radiological detection, UIA can remain stable,
grow without or with subsequent rupture or rupture without
concomitant aneurysm growth. Aneurysm growth during
follow-up is associated with an increased risk of rupture,
with a 1 year risk of rupture ranging from 2% to 10% accord-
ing to the size, site and shape of the aneurysm.? Rupture of a
UIA causes aneurysmal subarachnoid haemorrhage (SAH),
which is a rare but serious form of stroke: the case-fatality of
SAH remains up to 35% to 45% and about 30% of patients
survive with severe neurological and/or neurocognitive defi-
cits.> The mean age of SAH patients is 52 years.*

Several prospective cohort studies or case-control stud-
ies within different geographic populations or time periods
have studied the risk of aneurysm rupture. A prediction
model based on easily retrievable risk factors derived from
a systematic review of the literature and meta-analysis of
data estimated that the S5-year risk of aneurysm rupture
ranges from 0.4% to 17.8%.° A comparable prediction
model found similar results.® However, considerable uncer-
tainty remains regarding the individual risk of rupture in a
given patient, because several important risk factors, such
as aneurysm morphology, positive family history, smoking
at baseline and change of smoking and hypertension over
time were not included. Another limitation is that the pre-
diction models are built on cohorts of patients selected for
not undergoing preventive aneurysm occlusion. Thus, the
data cannot be extrapolated to all patients with an unrup-
tured aneurysm. Moreover, most patients in whom an aneu-
rysm is detected are relatively young and have a life
expectancy that is much longer than the horizon of the
S-year risk prediction. Several comprehensive reviews
have discussed these issues in detail over the last years.””

If an UIA is detected, patients and their treating team are
confronted with many questions, such as (1) should preven-
tive occlusion be performed? (2) If so, by microsurgical or
endovascular means? (3) if no preventive occlusion is done,
should follow-up imaging be done to detect aneurysm
growth? (4) can we advise medical management or life style

changes to reduce the risk of rupture? and (5) should follow-
up imaging be performed after preventive occlusion? Since
the last European Stroke Organization Guidelines for the
Management of Intracranial Aneurysms and Subarachnoid
Haemorrhage published in 2013,'° many new data, with
varying levels of evidence, have been reported. These
include the risk of rupture of UIA, functional outcome after
preventive UIA repair, especially in the setting of novel end-
ovascular devices, and on decision making. Fewer data exist
for UIA patients who are managed other than with preven-
tive repair. The aim of this guideline document is to provide
contemporary evidence-based recommendations for the
management of patients with UIA. For areas where robust
evidence is lacking we provide consensus-based sugges-
tions. In this guideline document we focus on adult patients
with asymptomatic UIA.

Methods

Composition and approval of the module
working group

These guidelines were initiated by the European Stroke
Organisation. Two chairpersons were selected to assemble
and coordinate the Guideline Module Working Group
(MWG). The final group consisted of two interdisciplinary
co-chairs (GR and NE) and seven additional experts in the
field (RB, HD, TK, AL, DN, SP and MV) from six different
European countries. The MWG initially included five neu-
rosurgeons, of whom two also perform endovascular aneu-
rysm treatment, two interventional radiologists two
neurologists. During the process two neurologists (DAS
and CT) were added to the MWG. The ESO Guideline
Board and Executive Committee reviewed the intellectual
and financial disclosures of all MWG members and
approved the composition of the group. The full details of
all MWG members and their disclosures are included in
Supplemental Table 1.

Development and approval of clinical questions

The guidelines were developed using GRADE methodol-
ogy and the European Stroke Organisation Standard
Operating Procedure, as described previously.'"!? In brief,
the MWG developed a list of topics, and corresponding
questions of greatest clinical interest. Questions were
developed in the Population, Intervention, Comparator,
Outcome (PICO) format. We formulated five PICO ques-
tions, refined following comments from the ESO Guidelines
board and the ESO Executive Committee, and the revised
versions were approved by the board and committee.

The outcomes were rated by members of the MWG as:
critical, important or of limited importance according to
GRADE criteria. Final decision on outcomes used a Delphi
approach. Results of the outcomes rating for each PICO
question are included in the supplement.
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We considered separate outcomes for the different
PICOs due to the different nature of the underlying research
questions. Using the Delphi method, the MWG voted in a
closed ballot to identify which outcomes were of highest
priority, according to the GRADE methodology using a
9-point scale (7-9: critical; 4-6: important; 1-3: of limited
importance). We present the final scores per outcome,
based on the mean votes from all participants (Supplemental
Table 2). The final recommendations are based on those
outcomes that have been rated as critical according to the
GRADE approach.

Literature search

For each PICO question, systematic searches of the
PubMed, EMBASE and Cochrane databases covering the
period from the inception of each database to November
2020 were conducted by one of the ESO Guidelines meth-
odologist (AvL). NE, GR and AvL agreed on the search
terms for each PICO question. We also searched one of the
authors’ (GR) personal reference libraries, which is pro-
spectively built by a daily PubMed search (search terms are
listed in the Supplemental Materials) and included selected
studies of interest from this database that were published
until October 2021. Search results were loaded into the
web-based Covidence platform (Health Innovation,
Melbourne, Australia) for assessment by the MWG. Per
PICO question two MWG members formed a ‘PICO
group’. The PICO groups consisted of: PICO 1 NE, HD;
PICO 2 GR, SP; PICO 3 RB, AL; PICO 4 GR, MV and
PICO 5 TK, DN. These two MWG members were assigned
to independently screen the titles and abstracts of publica-
tions registered in Covidence and then assess the full text of
studies determined to be potentially relevant. All disagree-
ments were resolved by discussion between the two review-
ers or by the MWG chairs. We prioritised randomised
controlled trials (RCTs) but where data were limited, we
considered systematic reviews or meta-analyses of obser-
vational studies, large observational studies and health reg-
istry data analyses.

A study was included if it reported the components of
predetermined inclusion criteria. The inclusion criteria var-
ied between PICO1 and 2 versus PICO 3, 4 and 5, because
of the different nature of the underlying PICOs and/or
underlying research questions and clinical implications
(e.g. risk of aneurysm rupture as opposed to functional out-
come in PICO 1 or functional as opposed to only radiologi-
cal outcomes in PICO 2). A study was excluded if it had one
or more exclusion reasons or did not consider the compo-
nents of inclusion criteria. A study was considered poten-
tially relevant if few components of the inclusion criteria
were reported in the title or abstract or if there was insuffi-
cient information to exclude the study. Full texts of all the
included or potentially relevant articles were loaded into
Covidence software. ‘Second level selection” or ‘Full text

screening’ of these articles was performed by reading the
full text of the articles selected at “First level selection” and
following the same inclusion and exclusion criteria. Second
level selection was performed in duplicate by two assessors
independently. Discrepancies or conflicts in selection or
rejection of studies were resolved by consensus or by a
third reviewer when needed. This was done both at the first
and second level selection.

In studies with duplicate data (companion publications),
the original study or the study reporting detailed or recent
data (with a greater number of subjects) was included.
When different outcomes were reported in the studies, all of
these were included. Further details on the literature search
are provided in the Supplemental Materials.

In the first-round, titles and abstracts of the correspond-
ing references were reviewed for relevance to the prede-
fined PICOs and the inclusion or exclusion criteria listed in
Table 1.

The PRISMA flow charts for all PICOs are given in the
Supplemental Materials.

Data analysis

AvL, DAS CT performed data extraction and analysis.
DAS, CT and the members of the appropriate PICO group
evaluated the available evidence. The results were dis-
cussed via regular meetings with the two MWG chairs (NE,
GR), and discrepancies were resolved in these meetings.
Where appropriate, fixed or random-effects meta-analyses
were conducted using Review Manager (RevMan) soft-
ware.!3 Results were presented as estimates of effect with
associated 95% confidence interval (95% Cls). Statistical
heterogeneity across studies was assessed using the /? sta-
tistic, and classified as moderate (=30%), substantial
(=50%) or considerable (=75%)."

Evaluation of the quality of evidence and
formulation of recommendations

The risk of selection, performance, detection, attrition
reporting biases in each randomised trial was assessed
using the Cochrane Collaboration’s tool.!?

Quality assessment (according to GRADE) was per-
formed by the two ESO methodologists (AvL and SL). The
GRADE system method was applied for each PICO ques-
tion to analyse the body of evidence for each outcome and
by assessing all factors that may increase or decrease the
level of evidence. For each PICO question and each out-
come, the quality of evidence was rated using the
(GRADEpro Guideline Development Tool (McMaster
University, 2015; developed by Evidence Prime, Inc.)) as
high, moderate, low or very low.!! Factors that decreased
level of evidence include study limitations, inconsistency
of results, indirectness of evidence, imprecision publication
bias. Factors that might increase level of evidence were
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Table I. Inclusion and exclusion criteria for the PICO questions.

Inclusion criteria

Exclusion criteria

PICO | (1) Observational/cohort studies?
(2) Prospective registry studies
(3) Meta-analyses
(4) Studies with >50 patients
(5) Studies on saccular unruptured aneurysms
PICO 2 (1) Observational® or cohort studies reporting on
a functional outcome scale
(2) Case-control studies (prospective) reporting
on a functional outcome scale
(3) Randomised studies reporting on a functional
outcome scale (4) prospective registry studies
(5) meta-analyses reporting on a functional
outcome scale
(6) Studies with >50 patients
(7) Studies on saccular unruptured aneurysms
PICO 3-5 (I) Observational/cohort studies® (2) prospective

case-control studies
(3) Randomised studies
Prospective registry studies; (5) meta-analyses
of studies mentioned under 14
Cohort studies including >50 patients (RCTs
can have less patients)
Studies on saccular unruptured aneurysms

(©)
@

)
©)

Studies with retrospective case finding (2) studies on
>10% fusiform or dissecting aneurysms

Studies reporting exclusively on aneurysms associated with
arteriovenous malformations or in populations with specific
diseases (such as collagen disorders, Moyamoya disease or
syndrome, dwarfism or autoimmune disorders)

Studies in which previously ruptured aneurysms could not
be distinguished from additional UIA

*)

)
@

Retrospective studies
Single-centre studies

(3) Studies on >10% fusiform or dissecting aneurysms

(4) Studies reporting on aneurysms associated with
arteriovenous malformations or in populations with specific
diseases (such as collagen disorders, Moyamoya disease or
syndrome, dwarfism or autoimmune disorders)

(5) Studies in which previously ruptured aneurysms could not
be distinguished from additional UIA

(6) Studies in which treatment outcome was not reported
separately for ruptured and unruptured aneurysms

(1) Retrospective patient identification

(2) Studies on >10% fusiform or dissecting aneurysms

(3) Studies reporting on aneurysms associated with
arteriovenous malformations or in populations with specific
diseases (such as collagen disorders, Moyamoya disease or
syndrome, dwarfism or autoimmune disorders)

(4) Studies in which patients with previously ruptured
aneurysms could not be distinguished from those with only
unruptured aneurysms

(5) Studies in which outcomes were not reported separately
for ruptured and unruptured aneurysms

2lf observational studies included a low proportion of patients with aneurysms related to other diseases and/or these were reported separately, such

studies were also considered.

large magnitude of effect, plausible confounding, which
would reduce a demonstrated effect and dose-response gra-
dient. The relevant PICO group was responsible for formu-
lating an evidence-based recommendation according to the
GRADE evidence profiles and the ESO standard operating
procedure.

The phrasing of the recommendations was extensively
discussed between all MWG members until consensus was
reached. For each recommendation the quality of evidence
and the strength of the recommendation were assessed.
Expert Consensus Statements were formulated where the
MWG members considered that not enough evidence was
available to provide evidence-based recommendations for
situations in which practical guidance was needed for eve-
ryday clinical practice. For Expert Consensus Statements
that formulated specific data, for example, minimum case
volumes, the entire MWG first discussed the actual amount
in an open discussion and then agreed on the specific data

after anonymous voting, Expert Consensus Statements
were modified using the Delphi method until consensus
was reached regarding the phrasing of the statement. The
Expert Consensus Statements were then sent to all MWG
members for anonymous voting. In the main document we
list only those Expert Consensus Statements where all
experts agreed upon. In the Supplemental Material we pro-
vide all Expert Opinion statements that were voted upon,
plus the votings (Supplemental Table 3). Importantly, these
Expert Consensus Statements should not be regarded as
evidence-based recommendations, since they only reflect
the opinion of the MWG.

Drafting of the document, revision and approval

Each PICO question was addressed in distinct sections, in
line with the updated ESO SOP. First, ‘Analysis of cur-
rent evidence’ summarised current pathophysiological
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considerations followed by a summary and discussion of
the results of the identified RCTs and other studies.
Second, ‘Additional information’ was added when more
details on the studies referred to in the first section were
needed to provide information on key subgroup analyses
of the included studies, on ongoing or future RCTs, and
on other studies which can provide important clinical
guidance on the topic.

The Guideline document was reviewed several times by
all MWG members and modified using the Delphi method
until consensus was reached. The final submitted document
was peer-reviewed by two external reviewers, two mem-
bers of the ESO Guideline Board and one member of the
Executive Committee.

Results

PICO 1: In adult patients with unruptured intracranial
aneurysms does any type of microsurgical or endovascu-
lar aneurysm occlusion compared to no aneurysm occlu-
sion improve outcomes?

The aim of preventive aneurysm occlusion in a patient
with an unruptured intracranial aneurysm is to prevent
poor functional outcome or death from a future SAH.
However, there is continued uncertainty on the risk and
benefit of preventive aneurysm repair versus observation:
Preventive aneurysm repair but also observation is asso-
ciated with a risk of poor functional outcome or death
from complications or due to aneurysm rupture. Thus, it
is important to balance the risk of immediate reduced
functional outcome from complications and the long-
term risk of poor functional outcome from future SAH.
Key factors in this risk balance are the risk of rupture of
an individual aneurysm and the risk of preventive occlu-
sion of the same aneurysm.

Analysis of current evidence

There are no completed RCTs comparing preventive aneu-
rysm occlusion versus observation in patients with UIA and
quality of life or death plus dependency as an outcome
measure. One RCT comparing endovascular treatment ver-
sus observation was stopped because of poor recruitment
when 80 patients of the planned 2000 patients had been
enrolled."

Most cohort studies on future risk of SAH in patients
with UIA did not use quality of life or clinical outcome as
an outcome measurement, but the incidence of aneurysm
rupture as a surrogate endpoint instead, likely because a
cohort study with a clinical outcome measure requires even
longer follow-up periods. To provide guidance on manage-
ment of UIA patients we therefore analyse the current evi-
dence on the risk of aneurysm rupture and the risk of

preventive aneurysm repair, irrespective of modality (i.e.
microsurgery or endovascular treatment). It should be noted
that the risk of rupture data in the prospective cohort studies
is inevitably based on only a selection of patients: UIA
patients were selected by for example, treatment decisions
(those with the highest expected risk of rupture were often
offered preventive treatment), or geographic location
(whereas the risk of rupture likely differs according to geo-
graphic differences). Moreover, most cohort studies had
incomplete data on risk factors for aneurysm rupture, such
as aneurysm morphology, or blood pressure and smoking
status during follow up.

In total, nine prospective cohort studies on UIA patients
with aneurysm rupture as the primary endpoint met the
inclusion criteria (Table 2).>12% In the pooled analysis of
these nine studies including a total of 309 events during a
follow-up of 33,923 patient-years, the 1-year risk of rupture
was estimated 0.81% (95% CI 0.61-1.05) (Figure 1).
Further, a previous meta-analysis of six cohort studies
including data from 8382 patients and 10,272 UIA esti-
mated an overall 5-year risk of aneurysm rupture of 3.4%
(95% CI 2.9-4.0).5 Independent risk factors for rupture in
that data set were patient age (=70years), hypertension,
previous history of SAH, aneurysm size, aneurysm location
and geographic region. According to the presence of these
risk factors, the absolute 5-year risk of rupture ranged from
0.3% to over 15%. In addition to these six risk factors,
irregular aneurysm morphology has been identified in the
largest prospective UIA cohort study in Japanese patients.
In that study on 5720 patients and 6697 aneurysms, aneu-
rysms with irregular protrusions of the aneurysm wall were
more likely to rupture, compared to regularly shaped ancu-
rysms (hazard ratio (HR) 1.63, 95% CI 1.08-2.48).2!

Additional information

Recently detected aneurysm growth, defined as =1mm
growth in any direction, is another important and strong
risk factor for aneurysm rupture. A recent study of individ-
ual patient data estimated the absolute risk of rupture after
observation of growth 2.9% (95% CI 0.9-4.9) at 6 months,
4.3% (95% CI 1.9-6.7) at 1year and 6.0% (95% CI 2.9—
9.1) at 2years.” Other risk factors that were identified in
studies with varying levels of evidence include cigarette
smoking,? and a positive family history of SAH.?
Regarding the risk of preventive aneurysm repair,
there are preliminary data from one ongoing RCT
(ClinicalTrials.gov Identifier: NCT01139892) that com-
pares surgical clipping with endovascular coiling for
UIA.? That trial used the composite endpoint ‘treatment
failure’, defined as: (A) the inability to repair the aneu-
rysm with the allocated modality; (B) ancurysm rupture
and (C) residual aneurysm at 1-year follow-up. Secondary
outcomes included neurological deficits and overall mor-
bidity/mortality according to the modified Rankin Scale
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Table 2. Prospective (observational) cohort studies evaluating rate of rupture of intracranial aneurysms across time.

Study Participants VWomen Proportion of Population Minimum and/ Mean/median  Rupture Patient-
(n) (%) patients not treated or maximum  aneurysm size events years
with aneurysm aneurysm size  (diameter,
occlusion (%) (mm) mm)
Wiebers et al.?* 1692 75 42% (1692/4060) European =2° 74*69 51 6544
and North
American
Broderick et al.3 13 66 - North =2 NAC 2 167
American,
Australian,
Austra-Asian
Sonobe et al.22 374 64 84% (374/446) Japanese <5 33£09 7 1306
Morita et al.?' 5720 68 63% (4195/6697) Japanese >3 57x36 11 11,684
Giiresir et al.20 263 78 Germans <7 NA¢ 3 1500
Ishibashi et al."® 603 71 - Japanese =2 NA® 19 1406
Rinaldo et al.'® 214 66 - North 245 NA' 8 884
American
Murayama et al.'® 1556 68 87% (1960/2252) Japanese >2 34x22 56 7368
Juvela et al."” 142 54 - Finnish 2-26 5.1%37 34 3064

A small proportion of patients had an associated condition, such as arteriovenous malformation (2.0%) or polycystic kidney disease (1.6%).

®85% of patients had aneurysms with size <12mm.
“Only five patients had an aneurysm =7 mm.

9Mean diameter was 3.6 == |.7mm in patients without aneurysm rupture during follow-up and 3 = | mm in ruptured aneurysms.

€74% of all aneurysms were small (<5mm).
f13.1% of all aneurysms within the size category of =10mm.

Study n N weight ES(95%CI)

Rinaldo 2016/2020 8 214 7.71% 0.90 (0.46-1.78) —i—

Juvela 2019 34 142 13.08% 1.11(0.80-1.55) ——

Murayama 2016 56 1556 1567% 0.76(0.59-0.99) -

Guresir 2013 3 384 10.11% 020(0.07-059) ——

Ishibashi 2013 26 603 981% 1.85(1.27-2.70) ——

Morita 2012 111 5720 16.53% 0.95(0.79-1.14) L ]

Sonobe 2010 7 374 948% 0.54(0.26-1.10) —

Broderick 2009 2 113 222% 1.20(0.33-4.26)

Wiebers 2003 62 1692 1540% 0.78(0.59-1.02) —

Total 309 8886 100% 0.81(0.61-1.05) >

F=73.3%, p=0.000 r T T T 1
0.07 050 100 200 450

Figure |. PICO | aneurysm rupture rates at | year in single arm studies.
n: number of events; N: number of patients; Cl: confidence interval; ES: estimated |-year rupture rate.

(mRS). In a published interim analysis after enrolment of
136 of the planned 260 patients, treatment failure
occurred in 10% to 18% of patients, in relation to treat-
ment modality (see PICO 2). The 1-year risk of poor out-
come (mRS > 2) after preventive UIA occlusion ranged
from 3.6% to 4.2% for both modalities, without a statisti-
cally significant difference between the modalities.
Additional data on UIA treatment risk factors per treat-
ment modality (microsurgery or endovascular repair) were
identified in a meta-analysis of 114 retrospective and

prospective studies including data from 106,433 patients
with 108,263 aneurysms.?® In that study, risk factors for
clinical complications defined as a new neurological deficit
were comorbid diseases (diabetes, cardiac comorbidity or
congestive heart failure and coagulopathies), wide aneu-
rysm neck (>4 mm or dome-to-neck ratio >1.5) posterior
circulation aneurysms. Modality-specific risk factors were
stent-assisted coiling or flow diverting stents for endovas-
cular UIA occlusion and aneurysm calcification for micro-
surgical UIA occlusion.
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In conclusion, a completed RCT comparing clinical out-
comes in UIA patients who undergo preventive aneurysm
repair versus observation is lacking. At present, the overall
estimated 1-year risk of rupture of aneurysms that undergo
follow-up is estimated 0.8%. The available data on the risk
of rupture and additional risk factors for rupture enable the
estimation of the risk of aneurysm rupture, with considera-
ble variability between patients based on patient- and

Evidence-based recommendation

In adult patients in whom the estimated 5-year risk of
aneurysm rupture is higher than the risk of the preventive
treatment modality, we suggest preventive aneurysm repair
with the treatment modality that is most effective and safe
for that particular aneurysm.

Quality of evidence:
Strength of recommendation:

In adult patients with growth of a UIA detected at follow up
imaging, we suggest preventive aneurysm repair. However,
despite an increased risk of rupture in such patients, this risk
remains to be weighed against the risk of treatment complications.

Quality of evidence:
Strength of recommendation:

Expert consensus statement

For adult patients with UIA we suggest assessing such
patients within a multidisciplinary setting (i.e. neurosurgery,
interventional neuroradiology neurology) at large volume
centres (consulting at least 100 UIA patients per year).

For adult patients with UIA we suggest that the recommen-
dation for versus against preventive aneurysm repair by the
multidisciplinary team should be based on:

— aneurysm-related risk factors for rupture, that is, UIA size,
location and lobulation,

— risk factors for rupture, that is, previous SAH from a
different aneurysm, family history for UIA or SAH, smoking
and hypertension,

— UIA growth (I mm in any diameter) or de novo formation
on serial imaging,

— life expectancy,

— risk factors for treatment complications, that is, patient
age and comorbid disease, aneurysm morphology and
complexity and estimated risk of treatment).

In adult patients with UIA who present with clinical symptoms,
such as cranial nerve deficits, mass effect and thromboembolic
events, we suggest preventive aneurysm repair, taking into
account life expectancy and risk of treatment complications.

In asymptomatic adult UIA patients with significant comorbid
diseases and/or reduced life expectancy (<5years), we
suggest no preventive aneurysm repair.

In adult patients with UIA we suggest that the final
management decision is made in a shared decision-making
process between the physician and the patient, based on the
recommendation by the multidisciplinary team and patient-
related psycho-sociological factors.

aneurysm characteristics. The risk of aneurysm rupture is
increased after detection of UIA growth on follow up imag-
ing. The overall risk of preventive aneurysm repair (defined
as neurological worsening to a mRS score >2) for aneu-
rysms that can be treated by both treatment modalities
(microsurgical or endovascular aneurysm repair) currently
ranges from 3.6% to 4.2% and varies according to aneu-
rysm complexity (morphology and calcifications) or loca-
tion, use of specific endovascular devices/or comorbid
diseases.”’” The quality of the evidence for treatment of
aneurysms is very low (decreased due to serious bias in the
studies, inconsistency indirectness) and that for treatment
of aneurysms after detection of growth is also very low, due
to very serious indirectness, bias in studies.

The number of patients treated per centre has been identi-
fied as an important factor for outcome after preventive UIA
treatment already more than 25 years ago,?’ and this relation
has in recent years been reported again, both in patients with
ruptured and unruptured aneurysms.3%3! Experts in the field
consider many features important when evaluating UIA,
which makes a multidisciplinary approach pivotal.*?

PICO 2: In adult patients with unruptured intracranial
aneurysms does any type of microsurgical occlusion com-
pared to any type of endovascular occlusion improve
outcome?

For patients in a good clinical condition after rupture of an
intracranial aneurysm, there is evidence from RCTs that
standard coiling results in better functional outcome than
microsurgical treatment for aneurysm where both treatment
modalities are considered feasible. The disadvantage of end-
ovascular treatment is that it carries a considerable risk of
reopening of the aneurysms, thereby necessitating follow-
up imaging in all patients and retreatment in around 10%.%
Data from patients with ruptured intracranial aneurysms can
however not be applied to those with UIA, since patients
with SAH from a ruptured intracranial aneurysm carry a
higher risk of treatment complications and a higher risk of
rupture in the initial weeks after initial treatment. Thus, the
risk-benefit ratio differs in these two patient populations.

Analysis of current evidence and evidence-based
recommendation

There are no completed RCTs comparing microsurgical
versus endovascular occlusion of UIA with quality of life or
death plus dependency as relevant outcome measure.

One ongoing RCT (ClinicalTrials.gov Identifier:
NCTO01139892) that randomised patients with an UIA to
microsurgical clipping or endovascular treatment (standard
coiling, coiling with modified coils or stent assisted coil-
ing) reported interim data after enrolment of 136 of the 260
planned patients and 1-year results were known for 104
patients.”” The primary outcome measure in this trial was
the composite endpoint ‘treatment failure’ at 1year, with
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treatment failure defined as: (A) initial failure of aneurysm
treatment using the allocated modality; (B) intracranial
haemorrhage during follow up or (C) a residual or recurrent
aneurysm found during follow-up. Treatment failure at
1 year occurred in 5 of 48 (10%; 95% CI 3-23) microsurgi-
cally and 10 of 56 (18%; 95% CI 9-30) endovascular
treated patients (OR 0.54; 95% CI 0.1-1.9). Secondary out-
comes included neurological deficits following treatment,
which occurred in 16 of 65 (25%; 95% CI 15-37) microsur-
gically and 7 of 69 (10%; 95% CI 4-20) endovascularly
treated patients, and 1-year poor outcome (defined as
mRS > 2), which occurred in 2 of 48 (4.2%; 95% CI 1-14)
microsurgically and 2 of 56 (3.6%; 95% CI 0—12) endovas-
cularly treated patients.

Another RCT was prematurely stopped because of
safety reasons after randomisation of 78 of the planned 450
patients.> This trial compared treatment with flow diver-
sion (any type of flow diverter) versus the ‘best standard
option’, which could consist of coiling (with or without
stenting), parent vessel occlusion (PVO), microsurgical
clipping or conservative management. Patients for whom
no standard option but only flow diversion was deemed
suitable, were included in a registry. The study had a pri-
mary safety outcome and a primary efficacy outcome. The
primary safety outcome was death or dependency (mRS > 2)
at 3months. The primary efficacy outcome was a compos-
ite of complete or near-complete occlusion of the aneurysm
(3—12months) combined with an independent functional
outcome (mRS score <2). The trial was halted when 12
(16%) of 75 patients who were allocated to or received flow
diversion at any time were dead (n=8) or dependent (n=4)
at 3months. At that time 39 patients had been randomised
to flow diversion and 39 to best standard option, that con-
sisted of coiling (n=25), parent vessel occlusion (n=10)
and no intervention (n=4). Efficacy was below expecta-
tions of the trial hypothesis: 16 (42.1%) of 38 patients (95%
CI 26.7-59.1) randomly allocated to flow diversion failed
to reach the primary outcome, as compared with 14 (35.9%)
of 39 patients allocated to standard treatment (95% CI
21.7-52.9).

Additional information

We identified two observational studies that fulfilled the
predefined selection criteria describing relevant outcomes
for microsurgical and endovascular UIA occlusion but
without comparison of the two treatment modalities,*** six
observational studies reporting on relevant outcomes after
endovascular treatment only.>*#! (Table 2) In the three
studies with both a microsurgical and endovascular treat-
ment group, the OR of microsurgical versus endovascular
treatment were for periprocedural stroke 1.49 (95% CI
0.59-3.75), for poor functional outcome (defined as mRS
3—-6) after more than 3months follow up 1.45 (95% CI
0.63-3.31) and for death within 3 months 0.80 (0.38—1.68)

(Figures 2—4; Tables 3 and 4). Complete aneurysm occlu-
sion after surgery was not reported in any of these observa-
tional studies. For any endovascular treatment, complete
aneurysm occlusion was reported in seven studies with an
overall occlusion rate of 72% (95% CI 60-84), periproce-
dural stroke in seven studies (8%; 95% CI 6-10) poor out-
come (defined as mRS 3-6) 3 to 12months after the
procedure in six studies (2.4%; 95% CI 1.6-3.6) (Figures
5-7). There were no good data on chance of aneurysm rup-
ture after microsurgical or endovascular occlusion of the
aneurysm.

We retrieved additional data on risk of treatment compli-
cations from a recent systematic review and meta-analysis
of 114 retrospective and prospective studies including data
from 106,433 patients with 108,263 aneurysms.?® For endo-
vascular treatment (74 studies), the pooled risk for clinical
complications was 4.96% (95% CI 4.00-6.12), and that for
case fatality 0.30% (95% CI 0.20—0.40). Risk factors for
complications included female sex (pooled OR, 1.06 (95%
CI 1.01-1.11)), diabetes (OR 1.81 (95% CI 1.05-3.13)),
hyperlipidaemia (OR 1.76 (95% CI 1.3-2.37)), cardiac
comorbidity (OR 2.27 (95% CI 1.53-3.37)), wide ancu-
rysm neck (>4 mm or dome-to-neck ratio >1.5; OR 1.71
(95% CI 1.38-2.11)), posterior circulation aneurysm (OR
1.42 (95% CI 1.15-1.74)), stent-assisted coiling (OR 1.82
(95% CI 1.16-2.85)) and stenting (OR 3.43 (95% CI
1.45-8.09)).

For microsurgical treatment (54 studies), the pooled risk
for clinical complications was 8.34% (95% CI 6.25—-11.10)
and that for case-fatality 0.10% (95% CI 0.00—0.20).
Factors associated with risk of complications for microsur-
gical therapy were age (OR per year increase, 1.02 (95% CI
1.01-1.02)), female sex (OR 0.43 (95% CI 0.32-0.85)),
coagulopathy (OR 2.14 (95% CI 1.13-4.06)), use of antico-
agulation (OR 6.36 (95% CI 2.55-15.85)), smoking (OR
1.95 (95% CI 1.36-2.79)), hypertension (OR 1.45 (95% CI
1.03-2.03)), diabetes (OR 2.38 (95% CI 1.54-3.67)), con-
gestive heart failure (OR 2.71 (95% CI 1.57-4.69)), poste-
rior aneurysm location (OR 7.25 (95% CI 3.70-14.20)) and
aneurysm calcification (OR 2.89 (95% CI 1.35-6.18)).

With the advent of new endovascular techniques, it is
important that the team deciding on which treatment to
offer to patients has ample experience in microsurgical and
all endovascular treatment options, which makes a multi-
disciplinary approach pivotal.*?

When a medical decision is preference sensitive, meaning
that more than one management strategy is reasonable,
shared decision making can offer a solution. Shared decision
making is a process whereby physician and patient decide
together recognising each other’s expertise. After being
properly informed, patients can actively participate in the
decision-making process with their healthcare providers. The
information given to the patient should: (1) provide informa-
tion on the condition, options, benefits, harms, scientific
uncertainties; (2) clarify values by describing outcomes and/
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Table 3. Baseline characteristics of participants in the studies included in the quantitative analysis performed for PICO 2.

Study Study design Treatment Participants ~ Women (%) Aneurysm size Periprocedural
(n) range (mm) stroke
Wiebers et al?*  Observational ~ No treatment, EVT, MST 4060 76 2—=25mm MST: 286/1917
(range) EVT: 36/451
Brilstra et al.®® Observational EVT, MST 51 75 0—>25 (range) MST: 11/32
EVT: 3/19
Gallas et al.3 Observational  EVT 302 63 NA®P EVT: 36/302
Guglielmi detachable coils
Gentric et al. Observational EVT 107 69 NA® EVT: 6/107
Stent assisted coilling
Hetts et al.*® Observational EVT 361 77 4-20 (range) EVT: 22/361
Stent assisted coil, simple
coil
Poncyljusz et al.*  Observational EVT 78 73 NA -
LVIS and LVIS Jr. stents
Darsaut et al.” RCT EVT, MST 136 69 3-25 (range) MST: 3/65
EVT: 7/69
Pumar et al.®° Observational EVT 104 75 <10mm EVT: 7/104
SILK flow diverter
Hanel et al.*! Observational EVT 141 88 <12mm? -

Pipeline embolisation
device for wide necked
aneurysms

EVT: endovascular treatment; MST: microsurgical treatment; NA: not available; RCT: randomised controlled trial.
A small proportion of patients had an associated condition, such as arteriovenous malformation (2.0%) or polycystic kidney disease (1.6%).

®Aneurysms <10mm represented 77% of the participants.
‘Aneurysms <6 mm represented 52% of the participants.
dAneurysms 7 to 12mm represented 16% of the participants.

OR(95%Cl)

049(0.11-1.73) —l—
2.79(0.67-11.71)
2.02(1.41-2.91)

_——

-

1.49 (0.59-3.75)

Study n N n N Weight
(MST) (MST) (EVT) (EVT)

Darsaut 2017 3 65 7 69 245%

Brilstra 2004 11 32 3 19 238%

Wiebers 2003 286 1917 36 451 51.7%

Total 300 2014 46 539 100.0%

F=58%, p=0.09

I T T
0.1

<-favours
microsurgical repair

T T
50 100
favours ->

endovascular repair

Figure 2. PICO 2 — association between microsurgical aneurysm repair, compared to endovascular aneurysm repair and risk of
periprocedural stroke.
n: number of events; N: number of patients; MST: microsurgical treatment; EVT: endovascular treatment; Cl: confidence interval; OR: odds ratio.

or asking the patient to rate the importance of benefits and
harms; (3) make the decision explicit.*?

In conclusion, there are no data from completed RCTs
or other comparative studies on clinically relevant out-
comes for UIA patients undergoing microsurgical or end-
ovascularrepair. Theavailable data from the non-completed
RCT do not show a superiority on clinical outcome for
either one of the treatment-modalities, but lack power
because the published data were interim results. The

quality of evidence is therefore very low. The other trial,
comparing flow diversion versus any other type of man-
agement, including no aneurysm treatment, was halted
prematurely because of safety reasons. The results of this
trial suggest that treatment with flow diverting stents
should only be considered if no other treatment options
are available that can occlude the aneurysm with a risk
lower than the expected 5-year risk of rupture, but again
evidence is very low. We could not include the data from
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Study n N n N Weight OR(95%CI)
(MST) (MST) (EVT) (EVT)

Darsaut2017 2 48 2 58 17.1% 1.22(0.17-8.98) i

Brilstra 2004 5 322 19 223% 1.57(0.27-9.04) =

Wiebers 2003 25 1917 4 451 60.6% 1.48(0.51-4.26) ——

Total 32 1997 8 528 100.0% 1.45(0.63-3.31) ’-

F=0%, p=0.98 r T T T 1
0.15 050 1.00 5.00 10.00
<-favours favours ->

microsurgical repair  endovascular repair

Figure 3. PICO 2 — association between microsurgical aneurysm repair, compared to endovascular aneurysm repair and poor
neurological outcome or death (mRS 3-6) after at least 3 months of follow-up.
n: number of events; N: number of patients; MST: microsurgical treatment; EVT: endovascular treatment; Cl: confidence interval; OR: odds ratio.

Study n N n N Weight OR(95%CI)
(MST) (MST) (EVT) (EVT)

Darsaut2017 1 65 1 69 7.0% 1.06(0.07-17.35) L

Brilstra2004 0 32 1 19 52% 0.19(0.01-4.90)

Wiebers 2003 29 1917 8 451 87.8% 0.85(0.39-1.87) —-

Total 30 2014 10 539 100.0% 0.80 (0.38-1.68) T

F=0%, p=0.66 T T T TN
0.01 0.10 0.50 5.0015.00
<-favours favours ->

microsurgical repair  endovascular repair

Figure 4. PICO 2 — association between microsurgical aneurysm repair, compared to endovascular aneurysm repair, and death
within 3 months of follow-up.
n: number of events; N: number of patients; MST: microsurgical treatment; EVT: endovascular treatment; Cl: confidence interval; OR: odds ratio.

Study weight ES(95%CI)

Hanel 2020 14.69% 0.82(0.75-0.87) —-
Pumar 2018 14.55% 0.88 (0.80-0.94) —-
Darsaut2017  12.70% 0.59 (0.45-0.72) =

Poncyljusz 2015 14.22% 0.82 (0.72-0.89) ——
Hetts 2014 14.83% 0.47 (0.42-053) —=—

Gentric 2013 14.13% 0.74 (0.64-0.82) —a—
Gallas 2008 14.88% 0.69 (0.64-0.75) —-

Total 100% 0.72 (0.60-0.84) ——

F=94.6%, p=0.000

r T T 1
0.40 0.50 0.75 1.00

Figure 5. PICO 2 — occlusion rates at 3 months in studies assessing endovascular treatment in patients with unruptured
intracranial aneurysm.
n: number of events; N: number of patients; Cl: confidence interval; ES: estimated rate of complete aneurysm occlusion.

this trial in our meta-analysis because the comparator con- All other data come from case series or device specific
sisted of entirely different treatment options (coiling with  registries of patients selected for a specific type of treat-
or without stenting, parent vessel occlusion, microsurgical ment or device. Because of this selection bias, the data can-
clipping, or conservative management). not be used to directly compare the two treatment modalities
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Study n N

Pumar 2018 7 104
Darsaut2017 7 69

weight

ES(95%CI)

10.90% 0.07 (0.03-0.13) L
8.00% 0.10 (0.05-0.19)

Hetts 2014 22 361 22.33% 0.06 (0.04-0.09) —#—

Gentric2013 6 107 11.12% 0.06 (0.03-0.12)

Gallas 2008 36 302 20.62% 0.12(0.09-0.16) —

Brilstra2004 3 19 263% 0.16(0.06-0.38)

Wiebers 2003 36 451 24.41% 0.08 (0.06-0.11) ——

Total 78 943 100% 0.08 (0.06-0.10) <>

F=40.4%, p=0.122 r T T 1
0.02 0.10 0.20 0.40

Figure 6. Periprocedural stroke events rates in studies assessing endovascular treatment in patients with unruptured intracranial

aneurysm.

n: number of events; N: number of patients; Cl: confidence interval; ES: estimated rate of periprocedural stroke events.

Study n N weight ES (95%CI)

Hanel2020 2 139 18.27% 0.01(0.00-0.05) O

Darsaut2017 2 58 11.85% 0.03(0.01-0.12)

Hetts2014 14 330 23.61% 0.04(0.03-0.07) - =

Gentric2013 2 100 15.86% 0.02(0.01-0.07)

Brilstra2004 2 19 536% 0.11(0.03-0.31) e

Wiebers 2003 4 451 2504% 0.01(0.00-0.02)

Total 26 1097 100% 0.02 (0.01-0.04) P

F=63.65%, p=0.02 T T /M
0.001 0.010 0.050

Figure 7. PICO 2 — poor outcome events rates in studies assessing endovascular treatment in patients with unruptured

intracranial aneurysm.

n: number of events; N: number of patients; Cl: confidence interval; ES: estimated rate of poor outcome events.

regarding efficacy or treatment complications. The obser-
vational data suggest that patients selected for endovascular
therapy have a lower risk of clinical complications than
patients selected for microsurgical therapy, and that in
patients selected for regular coiling the risk of complica-
tions is lower than in patients selected for more advanced
endovascular techniques. However, since these were data
from observational studies and not RCTs, the treatment
risks cannot be directly compared, and quality of evidence
if very low because of very serious indirectness and bias in
studies. The risk factor profile (including aneurysm charac-
teristics) for treatment complications differs between endo-
vascular and microsurgical treatment, which may guide
decisions on treatment modality. Female sex is associated
with an increased risk for endovascular therapy and a
decreased risk for microsurgical therapy. A wide neck is a
risk factor only found for endovascular therapy. Increasing
age, coagulopathy and use of anticoagulation, and ancu-
rysm calcification are risk factors only found for microsur-
gical therapy, and the increased risk for complications in

posterior circulation (i.e. vertebral, basilar and posterior
cerebral arteries and their branches but excluding the poste-
rior communicating artery) aneurysms is much higher for
microsurgical than for endovascular therapy.

PICO 3. In adult patients with unruptured intracranial
aneurysms does any type and frequency of follow-up
imaging followed by aneurysm occlusion in case of
aneurysm growth or other change compared to no fol-
low-up imaging improve outcome?

The aim of radiological monitoring of an UIA is to
identify growth or morphological change of the UIA.
Since aneurysms that show growth or morphological
change during follow-up are at increased risk of rupture,
preventive treatment of these aneurysms should be
reconsidered. Although patients often experience the
outcome of a follow-up scan reassuring in case no growth
or morphological change is detected, patients may expe-
rience anxiety in the period around the scan. Thus,
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Evidence-based recommendation

In adult patients with UIA, we cannot make an overall
recommendation that states which UIA treatment modality
(either endovascular or microsurgical) is preferred based on
the current data.

Quality of evidence:
Strength of recommendation: —

In adult patients with UIA, we suggest to take into account
in the choice between endovascular and microsurgical
treatment, the following conditions which impact on the risk/
benefit profile of the procedures:

— increasing age (increased risk of complications for
microsurgical treatment),

— female sex (slightly increased risk for endovascular therapy,
strongly decreased risk for microsurgical treatment),

— indication for anticoagulation (strongly increased for
microsurgical treatment),

— a broad neck of the aneurysm (increased risk for
endovascular treatment), aneurysm calcification (increased
risk for microsurgical treatment),

— location on the posterior circulation (slightly increased
risk for endovascular therapy and strongly increased risk
for microsurgical treatment).

Quality of evidence:
Strength of recommendation: —

In adult patients with UIA, we suggest flow diverting stents as a
treatment option only if no other endovascular or microsurgical
options to occlude the aneurysm (complete occlusion or neck
remnant only) at a risk lower than the expected 5-year risk of
rupture are available and if the risk of rupture outweighs the
risk of treatment with flow diverting stents.

Quality of evidence:
Strength of recommendation:

Expert consensus statement

In adult patients with UIA we suggest that the choice
between microsurgical and endovascular treatment should
be made in a multidisciplinary setting where the chance
of complete aneurysm occlusion and risk of complications
of microsurgical and endovascular treatment are openly
discussed and compared.

In adult patients with UIA we suggest that preventive UIA
repair should only be done in centres performing aneurysm
treatment in more than 100 patients with ruptured
and unruptured aneurysms per year and performing
the proposed treatment modality (endovascular or
microsurgery) in more than 30 patients with aneurysms
(ruptured and unruptured) per year per neurosurgeon or
neurointerventionalist.

In adult patients with UIA in the posterior circulation
we suggest endovascular treatment as the first option to
consider.

follow-up imaging in UIA patients has downsides, such
as patient anxiety (before every scan) and health care
costs but also the risk of neurological deficits due to
treatment complications in case of preventive aneurysm
treatment. However, benefits of follow-up imaging could
be reassurance for UIA patient (after every negative
scan) and prevention of poor outcome from SAH* in
case of preventive aneurysm treatment following detec-
tion of aneurysm growth.

Analysis of current evidence and evidence-based
recommendations

There are no completed RCTs or other controlled studies
with death or dependency as relevant outcome measure that
compare radiological monitoring of patients with an UIA
with no radiological monitoring. Therefore, we could only
analyse single-arm observational studies that mostly con-
sidered growth or aneurysm rupture as outcome measures
rather than clinical outcome.

In a pooled analysis of 10 international cohorts of
radiologically followed UIA patients, UIA growth was
seen in 17% of the followed 1507 patients and in 14%
of the 1909 aneurysms during 5782 patient-years of
follow-up.** Predictors for aneurysm growth were
Earlier subarachnoid haemorrhage, Location of the
aneurysm, Age >60 years, Population, Size of the aneu-
rysm Shape of the aneurysm(=ELAPSS score). The
3-year growth risk ranged from 5% to 42% and the
5-year growth risk from 9% to 60%, depending on the
risk factor status.*

The absolute risk of rupture of an aneurysm with
detected growth has recently been investigated in a mul-
ticentre study including individual patient data from a
total of 312 patients with 329 growing aneurysms, that
did not receive preventive repair despite aneurysm
growth.? During the 864 aneurysm-years of follow-up, 25
(7.6%) of the aneurysms ruptured in 24 patients. The
absolute risk of rupture after growth was 2.9% (95% CI
0.9—-4.9) at 6 months, 4.3% (95% CI 1.9-6.7) at 1 yearand
6.0% (95% CI 2.9-9.1) at 2 years.? In multivariable anal-
yses, predictors of rupture were aneurysm size (7 mm or
larger HR 3.1; 95% CI 1.4-7.2), shape (irregular HR 2.9;
95% CI 1.3-6.5), site (middle cerebral artery HR 3.6;
95% CI 0.8—16.3; anterior cerebral artery, posterior com-
municating artery, or posterior circulation HR 2.8; 95%
CI 0.6-13.0). In the triple-S (size, site, shape) prediction
model, the 1-year risk of aneurysm rupture after growth
ranged from 2.1% to 10.6%.

In a series of 118 patients with an UIA from an era before
preventive UIA repair was performed and who had a mean
follow-up of 18.5years (range 0.8-52.3), 29% of UIA rup-
tured after a mean follow-up time of 13.6years (range 1.2—
51.0).% It is worth noting that the included patients may
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Study n N follow-up weight
Vergouwen 2019 2 65 27mo* 8.0%
Gondar 2016 24 292 384 mot 21.7%
Ramachadran 2016 20 198 21.2mo* 17.6%
Teo 2016 18 152 40.8 mot 15.0%
Bor 2015 57 468 252mo* 26.6%
Kubo 2014 8 98 385mot 11.0%
Total 1291273 100.0%
F=41%, p=0.13

Rate (95%Cl)
3.08% (0.00-7.27) L
8.22% (5.07-11.37) ——
10.10% (5.90-14.30) —a—
11.84% (6.70-16.98) —a—
12.18% (9.22-15.14) = 3
8.16% (2.74-13.58) —_—
9.72% (7.57-12.11) @
0|5 1I.0 5I0 10I015I,0

*mean follow-up duration; T median follow-up duration; mo: months

Figure 8. PICO 3 — aneurysm growth rates in observational single arm studies.
n: number of events; N: number of patients; Cl: confidence interval; rate: estimated rate of aneurysm growth during the follow-up period.

have had a higher rupture risk, because the risk of rupture is
higher in Finnish populations compared to other Caucasian
populations, and because a large majority of UIA in that
study was detected during DSA in patients with SAH from
rupture of another aneurysm, which is another risk factor of
rupture.

We searched for observational single-arm studies of
radiologically followed aneurysms that reported growth as
outcome measure. We identified six studies, with a total of
1273 followed UIA.*~%° Follow-up duration ranged from
21.2 to 40.8 months. The total aneurysm growth rate of the
included studies was 9.7% (129 of the 1273 UIA, 95% CI
7.6-12.1) (Figure 8).

Additional information

The effectiveness of radiological monitoring followed by
treatment of aneurysms that show growth has not been
studied in cohorts with clinical outcome. The efficacy in
terms of preventing rupture of such an approach has been
the subject of two recent studies.’’*> Both studies only
included patients with small UIA (=7mm in 95%), the
oldest included 292 patients with 368 UIAS! and the more
recent 545 patients with 671 aneurysms.>? The investiga-
tors in both studies proceeded with treatment only in case
of rupture or growth. This management strategy in this
population with small aneurysms led to a small number of
ruptured aneurysms. The annual risk of rupture was in the
oldest study 0.24% (n=3, 95% C1 0.17-2.40)°' and in the
more recent 0.1% (n=3, 95% CI 0—0.24).>> However, the
safety of such a strategy in terms of treatment complica-
tions was not studied in these two studies.

CTA and MRA are sensitive measures to detect and follow
intracranial aneurysms, and obviate the need for serial DSA in
patients undergoing follow-up imaging for UTA.%3

Several cross-sectional studies and two longitudinal
studies showed that aneurysm wall enhancement, using

high-resolution vessel wall MR imaging, is more common
in unstable (i.e. ruptured, symptomatic, or having a mor-
phologic structure that changes over time) than in stable
(i.e. incidental or non-evolving) UIA.#-%

When a medical decision is preference sensitive, mean-
ing that more than one management strategy is reasonable,
shared decision making can offer a solution. Shared deci-
sion making is a process whereby physician and patient
decide together recognising each other’s expertise. After
being properly informed, patients can actively participate in
the decision-making process with their healthcare provid-
ers. The information given to the patient should: (1) provide
information on the condition, options, benefits, harms, sci-
entific uncertainties, (2) clarify values by describing out-
comes and/or asking the patient to rate the importance of
benefits and harms and (3) make the decision explicit.*?

In conclusion, evidence from RCTs comparing (clinical)
outcomes in UIA patients who undergo radiological moni-
toring for a UIA versus no monitoring is lacking, and qual-
ity of the evidence provided above is very low (decreased
due to serious bias in the studies, and indirectness).
Aneurysm growth is a risk factor for aneurysm rupture, but
other risk factors, such as aneurysm diameter and location
remain equally important. The evidence for treating aneu-
rysms after detection of growth is very low due to serious
imprecision, indirectness and bias in the study. The risk of
future aneurysm growth can be estimated using the ELAPPS
score; this enables clinicians to plan timing of follow-up
imaging in an individual UIA patient.** Here is insufficient
evidence to advise on frequency of follow up imaging for
UIA in general. The frequency depends on many patient
and aneurysm characteristics and on the results of previous
follow up images. In UIA that have remained stable over
years the interval may be enlarged, but data supporting
enlarging interval in stable aneurysms are lacking. In case
of aneurysm growth, the risk of rupture can be estimated
using the triple-S prediction score and should be weighed
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against the risk of treatment complications.? Future studies
need to determine the role of aneurysm wall enhancement
as a biomarker for aneurysm stability.

Evidence-based recommendation

In adult patients with a UIA in whom the risk of treatment
complications is higher than the 5-year risk of rupture, we
recommend radiological monitoring to detect future UIA
growth or morphological change for patients in whom
treatment remains an option that were initially observed.

Quality of evidence:
Strength of recommendation: Strong for intervention 71

In adult patients with a UIA that shows recent growth during
radiological monitoring, we suggest preventive aneurysm
repair. However, despite an increased risk of rupture in such
patients, this risk remains to be weighed against the risk of
treatment complications.

Quality of evidence:
Strength of recommendation:

Expert consensus statement

In adult patients with UIA undergoing radiological monitoring
to detect potential aneurysm growth or morphological
change, we suggest that the frequency and duration of follow-
up imaging should be based on aneurysm- and patient-related
risk factors of growth or rupture and risk of treatment. This
should be agreed upon in a shared decision-making process
between physician and patient based on the recommendation
by the multidisciplinary team and patient-related psycho-
sociological factors.

In adult patients with UIA undergoing radiological
monitoring to detect potential aneurysm growth or
morphological change, we suggest that radiological follow-
up should be continued as long as preventive treatment
remains an option.

In adult patients with UIA undergoing radiological monitoring
to detect potential aneurysm growth or morphological
change, we suggest that radiological follow-up should be
performed with MRA or CTA.

PICO 4: In adult patients with unruptured intracranial
aneurysms does any life-style modification or any medi-
cal treatment (e.g. anti-inflammatory drugs, antihyper-
tensive drugs, statins) in comparison to no treatment
improve outcome?

Smoking and hypertension are risk factors for aneurysm
formation, growth and rupture.>’*> Moreover, inflam-
mation has been suggested as a modifiable pathway in
UIA development and rupture.” Thus, treatment with
anti-inflammatory drugs may decrease the risk of rup-
ture of UIA. Two such treatments that are widely avail-
able, cheap and have a beneficial risk profile are

acetylsalicylic acid and statins. Small controlled series
have indeed suggested an anti-inflammatory effect of
acetylsalicylic acid treatment in the aneurysmal wall.>’
For statins, several animal studies showed a protective
effect of statin treatment in experimental UIA studies.
We therefore searched the literature to investigate if
treatment of hypertension, smoking cessation or treat-
ment with acetylsalicylic acid or statins decreases the
risk of growth or rupture.

Analysis of current evidence

See Table 5 for GRADE table of RCTs included for PICO 4
(quality of evidence for all recommendations in PICO 4 is
very low)

Smoking. We found no RCTs comparing smoking cessation
versus smoking on the risk of quality of life, death or
dependence or growth and rupture of an intracranial aneu-
rysm. In the absence of RCTs, we searched for observa-
tional studies comparing the risk of growth or rupture
between UIA patients who continued smoking and those
who quitted smoking during follow-up. We excluded obser-
vational studies comparing the risk of growth or rupture
between patients who were smoking at baseline and those
who were former smokers. We identified two overlapping
studies,’®>° and only included the most recent study,
because of a longer follow-up duration and more out-
comes.’® This study included 87 patients (with 111 aneu-
rysms) with a median follow-up time between aneurysm
measurements of 21.7 years (range 1.2 and 51.0years). The
results showed that 14/34 (41%) patients who continued
smoking during follow-up had aneurysm rupture and 5/34
(15%) had aneurysm growth without rupture. Of the 11
patients who stopped smoking during follow-up, none (0%)
had aneurysm rupture and 3 (27%) had aneurysm growth
without rupture.

Hypertension. There are no RCTs comparing the effect of
treatment of hypertension versus no treatment of hyperten-
sion on the quality of life, death or dependency or risk of
growth and rupture of an intracranial aneurysm as outcome
measure. In the absence of RCTs, we searched for observa-
tional studies comparing the risk of growth or rupture
between UIA patients who had uncontrolled hypertension
and those with controlled hypertension during follow-up.
We excluded case-control studies (patients with SAH ver-
sus patients with an UIA) and observational studies com-
paring the risk of growth or rupture between patients with
and without hypertension at baseline, but without data on
blood pressure during follow up. We identified two studies
describing patients from the same prospective, multicentre
cohort study that consecutively enrolled 1866 -eligible
patients with ischaemic cerebrovascular disease and an
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UIA < 7mm.®*¢! Since one study had aneurysm growth as
an outcome measure and the other aneurysm rupture, we
included both studies.

The first study focussed on aneurysm growth and
included 272 patients who had radiological monitoring dur-
ing follow-up (mean follow-up time, 19.6 = 12.7 months).®!
A total of 141 patients had hypertension of whom 123 used
antihypertensive drugs. Multivariate Cox regression analy-
ses were performed to investigate risk factors for aneurysm
growth. Using non-hypertensive patients as a reference
group, the HRs for risk of growth during follow-up were for
uncontrolled hypertension 6.1 (95% CI 2.4-15.4) and for
controlled hypertension 1.6 (95% CI 0.6-3.8). No direct
comparison was made between patients with uncontrolled
and controlled hypertension.

The second study had aneurysm rupture as the primary
outcome measure.”’ After a mean follow-up duration of
30.5 £ 12.3months (range 1.0-45.6months), 128 (6.9%)
patients were lost to follow-up and another eight patients
were excluded since they could not give detailed informa-
tion on acetylsalicylic acid use, leaving 1730 patients for
further analysis. Using non-hypertensive patients as a refer-
ence group, the HRs for risk of rupture during follow-up
were for uncontrolled hypertension 16.7 (95% CI 2.1-
132.1) and for controlled hypertension 3.5 (95% CI 0.3—
38.5). No direct comparison was made between patients
with uncontrolled and controlled hypertension.

Acetylsalicylic acid. There are no completed RCTs compar-
ing treatment with acetylsalicylic acid versus no acetylsali-
cylic acid on quality of life, death plus dependency or the
risk of growth and rupture of an intracranial aneurysm as
outcome measure. One ongoing trial (ClinicalTrials.gov
Identifier: NCT03063541) investigates whether a treatment
strategy of acetylsalicylic acid 100 mg once daily in combi-
nation with intensive blood pressure treatment (systolic
blood pressure <120mm Hg) decreases the risk of ancu-
rysm growth or rupture compared to care as usual (no ace-
tylsalicylic acid, systolic blood pressure <140mm Hg).%?
In the absence of completed RCTs, we searched for obser-
vational studies comparing the risk of growth or rupture
between UIA patients who used acetylsalicylic acid and
those not using acetylsalicylic acid during follow-up. We
excluded cross-sectional case-control studies comparing
use of acetylsalicylic acid between patients with SAH and
those with an UIA. We identified four studies,?%01:636% of
which we excluded one,® since data were derived from the
same cohort as from another study,* and sex differences on
the effect of acetylsalicylic acid on aneurysm rupture was
not a predefined analysis.

The first study included patients who were enrolled in
the International Study of Unruptured Intracranial
Aneurysms.* Patients were selected from the prospective
untreated cohort (n=1691) in a nested case-control study.
Cases were patients who had a proven aneurysmal

subarachnoid haemorrhage during a 5-year follow-up
period. Four control subjects were matched to each case by
site and size of ancurysm (58 cases, 213 control subjects).
Frequency of acetylsalicylic acid use was determined at
baseline interview, but not during follow up. In multivaria-
ble analyses, patients who used acetylsalicylic acid three
times a week to daily had a lower risk of aneurysm rupture
(adjusted OR 0.27; 95% CI 0.11-0.67) compared to those
who never took acetylsalicylic acid. It may be assumed that
patients who were taken acetylsalicylic acid regularly at
baseline continue to do so during follow up, but since actual
use during follow up was not assessed, we did not include
the data of this study in the final analyses

The two other studies described patients from the same
prospective, multicentre cohort study that consecutively
enrolled 1866 eligible patients with ischaemic cerebrovas-
cular disease and an UIA <7mm.®*®! Since one study had
aneurysm growth as an outcome measure and the other
aneurysm rupture, we included both studies. The first study
focussed on aneurysm growth and included 272 patients
who had radiological monitoring during follow-up (mean
follow-up time 19.6 = 12.7 months).®! A total of 113 (42%)
patients used acetylsalicylic acid during follow-up. UIA
growth occurred in 31 (11%) of the 272 patients.
Multivariate Cox regression analyses were performed to
investigate risk factors for aneurysm growth. In the multi-
variate Cox analysis, use of acetylsalicylic acid was associ-
ated with a decreased risk of aneurysm growth (HR 0.29
(95% CI1 0.11-0.77)). The second study had aneurysm rup-
ture as the primary outcome measure.®’ After a mean fol-
low-up  duration of 30.5*12.3months (range
1.0-45.6 months), 128 (6.9%) patients were lost to follow-
up and another eight patients were excluded since they
could not give detailed information on acetylsalicylic acid
use, leaving 1730 patients for further analysis. Aneurysm
rupture during follow-up occurred in 1/643 (0.2%) patients
using acetylsalicylic acid and in 11/1087 (1%) patients not
using acetylsalicylic acid. In the multivariate Cox analysis,
use of acetylsalicylic acid was associated with a decreased
risk of aneurysm rupture (HR 0.11 (95% CI 0.01-0.86)).

Statins. There is one completed RCT comparing treatment
with a statin versus no statin on the risk of growth and rup-
ture of an intracranial aneurysm, but this trial had no data
on death or dependency as outcome measure.”® In this
open-label, multicentre, randomised controlled trial the
effect of atorvastatin on the risk of aneurysm growth was
studied. The primary endpoint was a composite of aneu-
rysm growth of =0.5mm, new bleb formation confirmed
from magnetic resonance (MR) angiography, and rupture.
Enrolment was prematurely terminated due to unexpect-
edly slow enrolment. Of 231 patients (with 275 intracranial
aneurysms), 110 patients (with 128 aneurysms) were ran-
domly assigned to the statin group and 121 patients (with
147 aneurysms) to the control group. Twenty-two dropout
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patients were excluded. Final analyses were based on 107
aneurysms (in 93 patients) allocated to the statin group and
140 aneurysms (in 116 patients) randomised to the control
group. The primary endpoint occurred in 17 aneurysms
(16%) in the statin group and in 28 aneurysms (20%) in the
control group (log-rank p=0.359). No aneurysm rupture
was observed in both groups.

In addition, we searched for observational studies com-
paring the risk of growth or rupture between UIA patients
who used a statin and those not using a statin during follow-
up. We excluded case-control studies comparing use of a
statin between patients with SAH and those with an UIA,
and observational studies comparing the risk of growth or
rupture during follow-up between patients who did and did
not use a statin at baseline but without data on the use of
statins during follow up. No studies were identified.

Additional information

Apart from exerting a chronic effect, acute hypertension,
for example from physical exertion, may also serve as trig-
ger for aneurysmal rupture. We found two studies that
assessed trigger factors for aneurysmal rupture.®®” Both
indeed found an increased risk of aneurysm rupture shortly
after heavy physical exercise,’®” one of these studies also
found an increased risk shortly after other activities that
increase blood pressure such as straining or sexual inter-
course, and after cola or coffee consumption.’” Although
the relative risk of aneurysmal rupture is increased shortly
after these activities compared to shortly after time periods
without these activities, the absolute risk of aneurysmal
rupture shortly after these activities is still very low. People
at low risk need to avoid 13.4million cups of coffee or
1.3 million episodes of sexual intercourse to avoid one
aneurysmal rupture.®

The studies on acetylsalicylic acid described above sug-
gest that its use reduces the risk of aneurysm growth or
rupture. One might assume that use of antiplatelets agents
worsens outcome in patients with aneurysmal rupture. A
systematic review and meta-analysis of antiplatelet use in
patients with aneurysmal subarachnoid haemorrhage,
found a trend towards better outcome in patients treated
with antiplatelet agents, possibly due to a reduction in sec-
ondary ischaemia.®® The results were not statistically sig-
nificant, thus no definite conclusions can be drawn, but the
data do not raise a concern on its use in patients with UIA
because of a worse outcome after aneurysmal rupture.

In conclusion, there is (very low) evidence that suggests
that smoking cessation and blood pressure treatment is ben-
eficial for prevention of aneurysm growth and/or rupture.

Although there is (very low) evidence that acetylsalicylic
acid could be beneficial for prevention of aneurysm growth
and/or rupture, we suggest to not start acetylsalicylic acid
treatment with the aim to prevent aneurysm growth or rup-
ture since the risk-benefit ratio is uncertain. This may change
when data from currently ongoing Phase III RCTs become

available. On the other hand, if there is another indication
for acetylsalicylic acid treatment (e.g. secondary prevention
for coronary heart disease or stroke), we do not suggest ces-
sation of acetylsalicylic acid treatment. As for statins and
prevention of aneurysm rupture or growth, the current data
do not suggest any beneficial or detrimental effect.

Evidence-based recommendation

In adult patients with UIA who smoke, we recommend
smoking cessation.

Quality of evidence:
Strength of recommendation: Strong for intervention 77

In adult patients with UIA and hypertension, we recommend
treatment of increased blood pressure.

Quality of evidence:
Strength of recommendation: Strong for intervention 77

In adult patients with UIA, we suggest to not start treatment
with acetylsalicylic acid to decrease the risk of aneurysm
growth or rupture.

Quality of evidence:
Strength of recommendation: —

In adult patients with UIA, we suggest to not start treatment
with statins to decrease the risk of aneurysm growth or
rupture.

Quality of evidence:
Strength of recommendation: —

Expert consensus statement

For adult patients with an UIA who do not undergo
preventive occlusion, we suggest that there is no contra-
indication for platelet aggregation inhibitors if needed for
another indication.

For adult patients with an UIA who do not undergo preventive
occlusion, we suggest keeping blood pressure <130/80mm
Hg.

For adult patients with an UIA who do not undergo
preventive occlusion, we suggest that no restrictions should
be imposed regarding sexual activity or any physical or
sporting activity.

PICO 5: In adult patients with occluded unruptured
aneurysms, does any type and frequency of follow-up
imaging compared to no follow-up imaging improve
outcome?

After endovascular or microsurgical treatment of ruptured
intracranial aneurysms, aneurysms can reoccur (i.e. re-opening
in coiled aneurysms and recurrence in clipped aneurysms) and
cause new episodes of subarachnoid haemorrhage.’®”! After
preventive occlusion of UIA, aneurysms may therefore also
reoccur, with inherent risk of future rupture. The rationale for
follow-up imaging after treatment of UIA is to detect aneu-
rysm recurrence, and to treat aneurysms that are no longer
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occluded to reduce the risk of poor outcome or death as a
result of rupture from this aneurysm. Follow-up imaging
after aneurysm occlusion may however also induce anxiety
and symptoms of depression, thereby reducing quality of
life.” In general, MR-angio is the preferred imaging modal-
ity for UIA patients treated with coiling,” whereas CT-angio
is preferred for UIA patients having undergone microsurgical
clipping.”® The reasons for these preferences are derived
from reduction of coil or clip artefacts by the corresponding
modality. Because of its invasiveness, DSA is usually
reserved for instances where MR-angio or CT-angio after
UIA treatment are not conclusive.

Analysis of current evidence and evidence-based
recommendation

We found no RCTs or other controlled studies that com-
pared follow-up imaging with no follow-up imaging, nei-
ther in patients with endovascular nor in patients with
microsurgical preventive UIA occlusion for any of the rel-
evant outcome measures. We also found no observational
studies on clinical outcome or quality of life data of short-
and long-term follow-up imaging after endovascular or
microsurgical UIA occlusion to detect remnants or recur-
rence of aneurysms.

We therefore searched for studies (a) on the risk of aneu-
rysmal rupture during follow-up after treatment of UIA and
(b) for studies on retreatment after UIA treatment to deduct
recommendations for imaging after aneurysm repair from
these data.

Additional information

Risk of rupture after preventive UIA occlusion. A systematic
review and meta-analysis examining long-term rupture risk
over =1-year follow-up duration in patients with UIA who
underwent endovascular therapy identified 24 studies
describing 4842 patients. During a mean follow-up duration
of 3.2years, 12 patients (0.25%) experienced rupture of a
UIA after the initial year of treatment resulting in rupture
rate of 0.48 (95% CI 0.45-0.51) per 100 patient-years.”
Two registry based retrospective studies provide data on
risk of aneurysm rerupture or intracranial haemorrhage after
microsurgical occlusion or endovascular of UIA. A nation-
wide retrospective cohort study in South Korea used health
insurance data for 11,777 patients undergoing surgical clip-
ping and 14,634 patients undergoing endovascular treatment
between 2008 through 2014.7° The adjusted probabilities of
aneurysm rupture at 7years were 0.7% after surgical clip-
ping and 0.9% after endovascular coiling. The second study
was based on the Office of Statewide Health Planning and
Development (OSHPD) database in California.*® In this
study, all patients initially treated for a UIA in the period
from 1998 to 2005 and with follow-up data through 2009
were analysed. During this period, 1565 patients were

treated with surgical clipping and 944 patients with endo-
vascular coiling. The incidence of intracranial haemorrhage
during a mean follow-up of 7years (range 4—12 years) was
5.9% for the clipped patients and 4.8% for the coiled
patients.

Proportions of retreatment dfter preventive UIA occlusion. The
systematic review on long-term follow-up after endovascular
treatment of UIA found a retreatment rate of 4.9% (95% CI
4.3-5.5), but also noted the lack of systematic nature of fol-
low-up and short duration of follow-up (mean 3.2 years) as
limitations of the studies included in the review.”

In a study using administrative data from all non-fed-
eral hospitalisations in California (2005-2011) and Florida
(2005-2014) that was published after the data search from
the above mentioned systematic review, retreatment rates
for UIA patients were 4.6% (95% CI 3.9-5.4) after surgical
clipping and 10.6% (95% CI 9.8-11.4) after endovascular
occlusion.® In the retrospective cohort study from South
Korea the probabilities of retreatment at 7 years were 3.2%
(95% CI 2.9-3.5) in the surgical clipping group and 4.9%
(95% CI 4.6-5.3) in the endovascular coiling group.” In
the OSHPD based study from California, retreatment rates
were 8.7% (95% CI 7.4-10.2) after surgical clipping and
20.4% (95% CI 18.0-23.1) after endovascular occlusion of
UIA.

In summary, there are no studies comparing follow-up
imaging with no follow-up imaging in patients treated
for UIA. There are also no good data on remnants or
recurrence of aneurysms after endovascular or microsur-
gical UIA treatment. The quality of the evidence under-
lying the recommendations for this PICO is therefore
very due to serious indirectness, serious inconsistency
bias in the studies. The risk of aneurysm rupture in the
long-term will be smaller than the risk of re-opening,
because not all re-opened aneurysms will rupture. The
risk of aneurysmal rupture after UIA treatment ranges
between 0.1 and 1 per 100 patient-years, without major
differences between UIA treated with surgical clipping
or endovascular coiling. It should be noted that this risk
may be on the one hand an underestimation of the actual
risk, because patients underwent surveillance with imag-
ing and retreatment in case of reopening of aneurysms.
On the other hand, the risk may be overestimated because
from the available data it cannot be distinguished whether
the haemorrhage after UIA treatment was caused by rup-
ture of the treated UIA, or by an additional, not treated
UIA, or a de novo aneurysm. The proportion of patients
undergoing additional treatment varies between 5% and
20% after endovascular UIA occlusion and between 3%
and 9% after surgical clipping of UIA. The variation
between the studies is probably influenced by different
study periods, different durations of follow-up and
practice variation.
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Recommendations:

For adult patients with a treated UIA in whom aneurysm re-
treatment remains an option, we suggest an initial radiological
follow-up 3 to 12 months after UIA repair to detect potential
UIA remnants or recurrence.

Quality of evidence:
Strength of recommendation:

In adult patients with a treated UIA and recurrence of the
aneurysm, we recommend that the pros and cons of re-
treatment in the short-term versus a future radiological
follow-up are agreed upon in a shared decision-making
process between the physician and patient based on the
recommendation by the multidisciplinary team and patient-
related psycho-sociological factors.

Quality of evidence:
Strength of recommendation: Strong for intervention 77T

Expert consensus statement

We suggest that MR-angiography should be the primary
tool for follow up imaging of endovascularly treated
aneurysms, CTA for microsurgically treated aneurysms and
that DSA should only be considered if MRA and CTA are
not conclusive

Discussion

We provided 13 recommendations on UIA management, of
which all were derived of very low evidence (Table 6).
Additionally, we formulated 15 expert-consensus state-
ments on clinically relevant aspects of UIA to guide clini-
cians in daily practice until more robust data become
available (Table 6).

The lack of strong evidence from randomised trials as a
fundament for recommendations on preventive UIA treat-
ment, observation, medical management, risk factor control
or radiological follow-up predominantly derives from the
small risk of rupture for most UIA. The consequences of a
UIA rupture are however severe. Despite improvement of
outcome over the last decades, still more than half the
patients die or remain dependent on help for daily activities
after UIA rupture,®’¢ and the impact on patients’ quality of
life is immense.”’ Size is the most important predictor for
future UIA rupture,® but most UIA that are identified are
small.! Moreover, most of the identified UIA are on sites
with a relatively low risk of rupture.! Hence, for most UIA
that are identified the absolute 5-year risk of rupture is not
higher than 1% or 2%.° Similarly, for most of the UIA, the
risk of poor outcome from a treatment complication is
around 2% to 4%. These small numbers of ‘events’ make
randomised trials using clinical relevant outcomes, such as
handicap or quality of life, and comparing preventive
occlusion with no preventive occlusion difficult to perform.
International, multi-centre trials that include large numbers

of patients and have a long-term follow-up are needed, but
have been proven difficult to conduct.”> Even in cohort
studies on patients with UIA, clinical relevant outcomes are
lacking aneurysmal rupture is used as surrogate outcome.
The current evidence comes from indirect comparisons
between cohorts of patients with UIA undergoing follow up
with UIA rupture as outcome and series of patients under-
going preventive aneurysm occlusion, with treatment com-
plication as outcome. It must be noted that these two
endpoints are two different quantities, that is, the former
being a risk period and the latter being a one-time risk
event. However, decision-making on preventive repair ver-
sus observation in daily clinical practice derives from this
comparison. There is also a lack of randomised data com-
paring the risks and benefits of endovascular over micro-
surgical UIA occlusion. The data on these treatments in
patients with ruptured aneurysms cannot be extrapolated to
those with UIA, because of the differences in (re)-rupture
rates and treatment complications between patients with
ruptured and unruptured aneurysms. With the advent of
advanced endovascular treatment methods, such as bal-
loon-assisted coiling and flow diverting stents, the lack of
sound data has increased even further. The speed of new
devices entering this field make it unrealistic that a RCT on
UIA patients will ever be completed.

Despite the lack of data from RCTs, we nevertheless
intended to provide clinically relevant recommendations
and consensus statements on UIA management, to guide
clinicians in daily practice. We derived data from interim
analyses of RCTs and meta-analyses of observational and
case-control studies. These recommendations or statements
pertain to indications and risk factors for preventive UIA
repair versus observation (PICO1) or for specific — micro-
surgical or endovascular — UIA repair modalities (PICO2),
for follow-up imaging (PICO 3 and 5) and medical man-
agement or risk factor treatment (PICO 4). Additionally, the
importance of multidisciplinary, that is, neurosurgery, inter-
ventional neuroradiology and neurology, assessment and
management of UIA patients at high volume centres (i.e. at
least 100 aneurysm patients counselled per year) as well as
treatment by experienced neurosurgeons and neurointer-
ventionalists (i.e. at least 30 ruptured or unruptured aneu-
rysm treatments per operator per year) was established,
discussed and consented by the MWG.

The present ESO guideline expands upon the previous
guidelines on management of UIA patients that were
published in 2013 (European Stroke Organisation) and
2015 (American Heart Association/American Stroke
Association).'®’® Compared to the 2013 ESO guideline on
the management of intracranial aneurysms and subarach-
noid haemorrhage,'® we used the GRADE methodology,
restricted the topic to UIA and developed expert consensus
statements in areas of distinct uncertainty. Further, our for-
mulated recommendations were mostly derived from
recently published data. Compared to the 2015 AHA/ASA
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Table 6. Synoptic table of all recommendations and expert consensus statements.

Recommendation

Expert consensus statement

PICO I: In adult patients with unruptured intracranial aneurysms does any type of microsurgical or endovascular aneurysm occlusion compared to

no aneurysm occlusion improve outcomes?

In adult patients in whom the estimated 5-year risk of aneurysm rupture
is higher than the risk of the preventive treatment modality, we suggest
preventive aneurysm repair with the treatment modality that is most
effective and safe for that particular aneurysm

Quality of evidence:

Strength of recommendation:

In adult patients with growth of a UIA detected at follow up imaging, we
suggest preventive aneurysm repair. However, despite an increased risk of
rupture in such patients, this risk remains to be weighed against the risk
of treatment complications.

Quality of evidence:

Strength of recommendation:

For adult patients with UIA we suggest assessing such patients within a
multidisciplinary setting (i.e. neurosurgery, interventional neuroradiology
neurology) at large volume centres (consulting at least 100 UIA patients
per year)

For adult patients with UIA we suggest that the recommendation for
versus against preventive aneurysm repair by the multidisciplinary team
should be based on:

— Aneurysm-related risk factors for rupture, that is, UIA size, location
and lobulation

— Risk factors for rupture, that is, previous SAH from a different
aneurysm, family history for UIA or SAH, smoking and hypertension

— UIA growth (I mm in any diameter) or de novo formation on serial imaging

— Life expectancy

— Risk factors for treatment complications, that is, patient age and
comorbid disease, aneurysm morphology and complexity and
estimated risk of treatment

In adult patients with UIA who present with clinical symptoms, such

as cranial nerve deficits, mass effect and thromboembolic events, we

suggest preventive aneurysm repair, taking into account life expectancy

and risk of treatment complications

In asymptomatic adult UIA patients with significant comorbid diseases

and/or reduced life expectancy (<5years), we suggest no preventive

aneurysm repair

In adult patients with UIA we suggest that the final management

decision is made in a shared decision-making process between the

physician and the patient, based on the recommendation by the

multidisciplinary team and patient-related psycho-sociological factors

PICO 2 In adult patients with unruptured intracranial aneurysms does any type of microsurgical occlusion compared to any type of endovascular
occlusion improve outcome (decrease proportion of patients remaining dependent on help at time of outcome assessment, decrease case-fatality at

time of outcome assessment)?

In adult patients with UIA, we cannot make an overall recommendation
that states which UIA treatment modality (either endovascular or
microsurgical) is preferred based on the current data.

Quality of evidence:

Strength of recommendation: —

In adult patients with UIA, we suggest to take into account, in the
choice between endovascular and microsurgical treatment, the following
conditions which impact on the risk/benefit profile of the procedures:

— Increasing age (increased risk of complications for microsurgical
treatment)

— Female sex (slightly increased risk for endovascular therapy, strongly
decreased risk for microsurgical treatment)

— indication for anticoagulation (strongly increased for microsurgical
treatment)

— A broad neck of the aneurysm (increased risk for endovascular
treatment), aneurysm calcification (increased risk for microsurgical
treatment)

— Location on the posterior circulation (slightly increased risk for
endovascular therapy and strongly increased risk for microsurgical
treatment)

Quality of evidence:

Strength of recommendation: —

In adult patients with UIA we suggest that the choice between
microsurgical and endovascular treatment should be made in a
multidisciplinary setting where the chance of complete aneurysm
occlusion and risk of complications of microsurgical and endovascular
treatment are openly discussed and compared

In adult patients with UIA we suggest that preventive UIA repair should
only be done in centres performing aneurysm treatment in more

than 100 patients with ruptured and unruptured aneurysms per year
and performing the proposed treatment modality (endovascular or
microsurgery) in more than 30 patients with aneurysms (ruptured and
unruptured) per year per neurosurgeon or neurointerventionalist

(Continued)
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Table 6. (Continued)

Recommendation

Expert consensus statement

In adult patients with UIA, we suggest flow diverting stents as a treatment
option only if no other endovascular or microsurgical options to occlude
the aneurysm (complete occlusion or neck remnant only) at a risk lower
than the expected 5-year risk of rupture are available and if the risk of
rupture outweighs the risk of treatment with flow diverting stents
Quality of evidence:

Strength of recommendation: Weak against intervention 7

In adult patients with UIA in the posterior circulation we suggest
endovascular treatment as the first option to consider

PICO 3 In adult patients with unruptured intracranial aneurysms does any type and frequency of follow-up imaging followed by aneurysm occlusion
in case of aneurysm growth or other change compared to no follow-up imaging improve outcome (decrease proportion of patients remaining
dependent on help at time of outcome assessment, decrease case-fatality at time of outcome assessment)?

In adult patients with a UIA in whom the risk of treatment complications
is higher than the 5-year risk of rupture, we recommend radiological
monitoring to detect future UIA growth or morphological change

for patients in whom treatment remains an option that were initially
observed

Quality of evidence:

Strength of recommendation: Strong for intervention 17

In adult patients with a UIA that shows recent growth during radiological
monitoring, we suggest preventive aneurysm repair. However, despite an
increased risk of rupture in such patients, this risk remains to be weighed
against the risk of treatment complications.

Quality of evidence:

Strength of recommendation:

In adult patients with UIA undergoing radiological monitoring to detect
potential aneurysm growth or morphological change, we suggest that
the frequency and duration of follow-up imaging should be based on
aneurysm- and patient-related risk factors of growth or rupture and risk
of treatment. This should be agreed upon in a shared decision-making
process between physician and patient based on the recommendation by
the multidisciplinary team and patient-related psycho-sociological factors.

In adult patients with UIA undergoing radiological monitoring to detect
potential aneurysm growth or morphological change, we suggest

that radiological follow-up should be continued as long as preventive
treatment remains an option

In adult patients with UIA undergoing radiological monitoring to detect
potential aneurysm growth or morphological change, we suggest that
radiological follow-up should be performed with MRA or CTA

PICO 4: In adult patients with unruptured intracranial aneurysms does any life-style modification or any medical treatment (e.g. anti-inflammatory
drugs, antihypertensive drugs, statins) in comparison to no treatment improve outcome (increase QALY’s, decrease proportion of patients
remaining dependent on help at time of outcome assessment, decrease case-fatality at time of outcome assessment)?

In adult patients with UIA who smoke, we recommend smoking cessation

Quality of evidence:

Strength of recommendation: Strong for intervention 17

In adult patients with UIA and hypertension, we recommend treatment of
increased blood pressure

Quality of evidence:

Strength of recommendation: Strong for intervention 71

In adult patients with UIA, we suggest to not start treatment with
acetylsalicylic acid to decrease the risk of aneurysm growth or rupture

Quality of evidence:

Strength of recommendation: —

In adult patients with UIA, we suggest to not start treatment with statins
to decrease the risk of aneurysm growth or rupture

Quality of evidence:

Strength of recommendation: —

For adult patients with an UIA who do not undergo preventive
occlusion, we suggest that there is no contra-indication for platelet
aggregation inhibitors if needed for another indication

For adult patients with an UIA who do not undergo preventive
occlusion, we suggest keeping blood pressure <130/80 mm Hg

For adult patients with an UIA who do not undergo preventive
occlusion, we suggest that no restrictions should be imposed regarding
sexual activity or any physical or sporting activity

PICO 5: In adult patients with occluded unruptured aneurysms, does any type and frequency of follow-up imaging compared to no follow-up imaging

improve outcome (increase in QALYSs)?

For adult patients with a treated UIA in whom aneurysm re-treatment
remains an option, we suggest an initial radiological follow-up 3 to
12months after UIA repair to detect potential UIA remnants or recurrence

Quality of evidence:

Strength of recommendation:

In adult patients with a treated UIA and recurrence of the aneurysm, we
recommend that the pros and cons of re-treatment in the short-term versus
a future radiological follow-up are agreed upon in a shared decision-making
process between the physician and patient based on the recommendation by
the multidisciplinary team and patient-related psycho-sociological factors
Quality of evidence:

Strength of recommendation: Strong for intervention 71

We suggest that MR-angiography should be the primary tool for
follow up imaging of endovascularly treated aneurysms, CTA for
microsurgically treated aneurysms that DSA should only be considered
if MRA and CTA are not conclusive
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guidelines on UIA management,”® we could include data
from large meta-analyses on the risk of and risk factors for
aneurysm rupture or for aneurysm repair in relation to UTA
repair modality. Because many UIA are nowadays treated
with advanced endovascular techniques or devices, such as
balloon-assisted coiling, flow-diverting stents or intrasac-
cular devices, we provided recommendations based on the
available literature to guide treatment indications until the
currently running randomised trial is eventually com-
pleted.”” An important consideration to keep in mind when
assessing the data from the literature on new endovascular
devices is the paucity of investigator-initiated data on clini-
cal effectiveness or radiological long-term follow-up of
these devices or the lack of controlled case-series. Also, in
addition to the previous guidelines, we could for the first
time provide recommendations and consensus statements
on medical management, such as blood pressure reduction,
use of acetylsalicylic acid or statins and life-style changes.
Apart from the lack of data from randomised trials on
whether or not to preventively occlude UIA or how to
occlude these, and lack of clinically relevant outcome data
for certain PICOs, we acknowledge several other limita-
tions. Our search- and inclusion/exclusion criteria prohib-
ited the inclusion of a large body of industry-sponsored or
single centre or single arm registry studies on novel endo-
vascular devices, such as intrasaccular flow-disruptors or
novel flow-diverting stents. Further, the heterogeneity of
previous cohort studies in our analysis on the 1-year risk of
aneurysm rupture was 73.3%; this underscores the different
nature of the underlying studies, for example, in terms of
sample size, study population, follow-up duration.
Additionally, the proposed minimum numbers for centres
(n=100 UIA patients per year) and for operators (n=30 pro-
cedures per operator per year) may seem high for individual
centres or operators. However, in line with the increasing
body of data on improved outcomes in relation to aneurysm
treatment numbers (irrespective of treatment modality),’!-%
the entire MWG agreed that the introduction of quality
measures for the care of UIA patients are required, because
this will result in more specialised and centralised care of
UIA patients. Since the underlying studies for PICOs were
predominantly single-arm studies and lacked a comparison,
we were not able to provide risk of bias and/or GRADE
tables for all PICOs. Unfortunately, we could not provide an
evidence-based recommendation nor consensus statement
about the frequency of the follow up imaging of primarily
observed UIA. This frequency depends on many aneurysm
and patient specific factors and on results of previous follow
up imaging, that is, whether or not the UIA is stable over
time. As to PICOs 3 to 5, our recommendations were derived
from predominantly low evidence, but it is apparent that
most of the relevant topics, for example, follow-up imaging
versus no follow-up imaging in untreated UIA or the benefi-
cial effect of smoking cessation or blood pressure reduction
on the risk of rupture cannot and will not be studied in RCTs.

In conclusion, this guideline provides contemporary rec-
ommendations and consensus statements on the management
of UIA with respect to treatment indications and choice of
treatment modality, risk factors per treatment modality, centre
and operator case volume, risk factor management radiologi-
cal follow-up in patients with an untreated or previously
repaired UIA. There is an urgent need for randomised trials or
sound comparative studies with relevant clinical outcomes on
preventive versus no preventive UIA occlusion, investigator
driven studies on new endovascular devices to treat UIA for
trials on medical management of UIA.

Plain language summary

Intracranial aneurysms are outpouchings of intracranial
arteries. These can be found in around 3% of the adult per-
sons and occur more often in female than in male persons.
Aneurysms can tear (rupture), which leads to an arterial
bleed in the space between the cerebral membrane and the
brain itself, a so-called subarachnoid haemorrhage. This
type of stroke occurs at relatively young age, with half the
patients being younger than 50years of age, and two of
every three patients are female. The outcome after a suba-
rachnoid haemorrhage is often poor. More than half of the
patients die within the first days to weeks after aneurysmal
rupture or remain dependent on help for daily life activities.
Almost all patients who survive the initial weeks have cog-
nitive complaints, such as poor memory, lack of concentra-
tion and reduced energy and most do not return to the
activities they did before the haemorrhage.

With the greater availability of brain scanning, the
number of persons in whom an unruptured intracranial
ancurysm (UIA) is detected has increased and is still
increasing. Once an UIA is detected, the question arises
how to prevent rupture from it. Currently, the only effec-
tive methods are clamping of the neck of the aneurysm
(“clipping’) via a microsurgical operation or occlusion via
a catheter inserted in the artery in the groin and navigated
into the intracranial arteries (endovascular). Both proce-
dures have a risk of complications, and these risks have to
be weighed against the risk of rupture of the UIA. These
guidelines provide recommendations and opinions from
experts on factors that are relevant for the decision
whether or not to advise preventive occlusion, and for the
decision on which type of treatment (microsurgical or
endovascular) should be advised. Further, it provides
guidance on medical management and lifestyle changes to
reduce the risk of rupture of an UIA and on follow-up
imaging in patients with an UIA.

The guidelines suggest advising preventive aneurysm
occlusion in patients in whom the estimated risk of rupture
in the next 5years is higher than the expected risk of com-
plications of preventive UIA occlusion. In general, there is
no preference for microsurgical or endovascular treatment,
but several factors can guide in the decision, such as age
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and sex of the patient, the use of anticoagulant medication
the site and shape of the aneurysm. Insertion of a stent is a
newly developed endovascular method to treat aneurysms,
which are associated with a higher risk of complications
than regular endovascular treatment. The guidelines advise
to use stents only if there are no other treatment options
and the risk of rupture of the UIA in the next 5years is
higher than the expected risks of complications from the
stent. If no preventive treatment is performed, the guide-
lines suggest follow up imaging in those patients who are
fit enough to undergo a microsurgical or endovascular
treatment. If at follow-up imaging the UIA is larger than in
the previous imaging, the risk of rupture of that UIA is
increased and the decision whether or not to treat the aneu-
rysm should be reconsidered. The guidelines suggest treat-
ing hypertension and quit smoking in patient with an UIA,
but found no evidence to treat such patients with acetyl-
salicylic acid or statins (medication that reduces choles-
terol levels).
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