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Unruptured Intracranial Aneurysms—
Pathogenesis and Individualized Management

Nima Etminan, Arnd Dorfler, and Helmuth Steinmetz

Summary

Background: About 2 million adults in Germany harbor an unruptured intracranial
aneurysm (IA). Rupture can lead to a life-threatening subarachnoid hemorrhage. If
an lAis detected incidentally in cranial imaging, it must be decided how to proceed.

Methods: This review includes key publications that were identified by a selective
search in the PubMed database using the search term “unruptured intracranial
aneurysms,” which was performed in July 2019, and based on information obtained
from the German Federal Statistical Office on the frequency of the hospital
discharge diagnosis “cerebral aneurysm,” excluding the diagnosis “subarachnoid
hemorrhage,” in Germany from 2005 to 2017.

Results: The number of patients in Germany who were admitted or treated for an
unruptured IA increased by a factor of 2.3 from 2005 to 2017. The average 5-year
rupture risk of approximately 3% must be weighed against the approximately 4%
risk associated with an endovascular or microneurosurgical treatment. This empha-
sizes the need for more precise data on the risk of rupture and for algorithms
enabling individualized decision-making for patients with unruptured IA. Risk factors
such as |IA morphology, arterial hypertension, active smoking, and alcohol consump-
tion (>150 g/week) can markedly increase the risk of rupture, which is generally
relatively low. Growing aneurysms are 12 times more likely to rupture than stable
ones. Follow-up imaging is thus essential whenever observation rather than inter-
vention is chosen as the initial management.

Conclusion: Patients with unruptured IA should be massessed and managed
individually. It is also important that risk factors should be treated, if present. Eligible
patients are currently being recruited for a phase Il clinical trial on the efficacy of
blood pressure reduction combined with acetylsalicylic acid intake to counteract
inflammatory processes in the arterial wall.
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refer to them in this review, are acquired, focal,

saccular outpouchings of the arterial wall that
are typically found at branch points. Their prevalence
among adults in Central European countries is esti-
mated at 3.2% (95% confidence interval [1.9; 5.2]);
this implies that some 2 million persons in Germany
are affected (1).

This review does not concern IA in children or the
various types of cerebral aneurysm that are not sac-
cular, including mycotic (infectious), fusiform, and
dissecting aneurysms, and aneurysms associated with
connective-tissue diseases. These are disease entities
in themselves, each with its own pathogenesis, clini-
cal course, and favored mode of treatment, and they
will not be discussed any further here.

Unruptured IA can remain asymptomatic for many
years. They can also cause symptoms by by local
compression of cranial nerves or rupture, leading to a
life-threatening subarachnoid hemorrhage (SAH).
Meta-analyses of population-based studies have
shown that the incidence of aneurysmal SAH is
“only” 6 per 100 000 persons per year, but the fatal-
ity of aneurysmal SAH in Europe remains 35% (2,
3). Only one-third of survivors can return to normal
life (2). As aneurysmal SAH tends to affect relatively
young patients, with a peak incidence between the
ages of 50 and 60, it causes an overall loss of quality-
adjusted life years comparable to that caused by
ischemic stroke (4).

Unruptured IA are being detected more frequently
because of the widespread use and increasing
sensitivity of imaging modalities such as magnetic
resonance imaging (MRI) and computed tomography
(CT). The controversy regarding the appropriate man-
agement once an unruptured IA is detected is driven
by uncertainty regarding the risks of rupture and of
treatment, as well as differences in “mentality”
among patients or treating physicians (5, 6). The
number of patients in Germany who were admitted or
treated for an unruptured IA increased by a factor of
2.3 from 2005 to 2017, with a large proportion of
elderly persons (>69 years) among them (Figures la
and b).

This review includes key publications that were
identified by a selective search in the PubMed data-
base using the search term “unruptured intracranial
aneurysms,” which was performed in July 2019,

l | nruptured intracranial aneurysms (IA), as we
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a) Overall and sex-specific distribution of the diagnosis-related groups (DRG) 167.* (cerebral
aneurysm) excluding 160.* (subarachnoid hemorrhage) from 2005 to 2017.
UIA, unruptured intracranial aneurysm.

b) Age distribution of the DRG 167.* 167.* (cerebral aneurysm) excluding 160.* (subarachnoid
hemorrhage) from 2005 to 2017 (source: German Federal Statistical Office, DRG statistics
2019, www.destatis.de). The chosen treatment is unknown.

without any restriction on language or date of publi-
cation, and based on data provided by the German
Federal Statistical Office on the frequency of the
hospital discharge diagnosis “cerebral aneurysm” ex-
cluding the diagnosis “subarachnoid hemorrhage” in
Germany from 2005 to 2017. In this review, we aim
to show how rational decisions can be made in the
management of unruptured IA that are based on the
scientific understanding of this condition, which has
improved markedly in recent years.

Formation of intracranial aneurysms

Intracranial aneurysms are a complex condition that
originates from a variety of risk factors—genetic and
acquired, known and unknown—which presumably
interact with one another. Intracranial aneurysms are
associated with connective tissue diseases such as Mar-
fan or Ehlers-Danlos syndrome, autosomal dominant
polycystic kidney disease, and congenital cardio-
vascular malformations such as aortic coarctation or a
biscuspid aortic valve, but not with extracranial (e.g.,
aortic) aneurysms (7, 8).

Familial preponderance seems to point toward a
genetic predisposition, even if the genome-wide
studies and meta-analyses performed to date have
revealed no more than weak associations of sporadic
IA with particular genetic loci. The latter appear
mainly to be responsible for basic mechanisms of
endothelial repair and maintenance of vascular wall
structure (9). It also remains unclear whether the
observed familial preponderance of 1A (Table) truly
represents a predisposition to aneurysms as such, or
rather a hereditary tendency toward the development
of, or vulnerability to, the major risk factors that
promote aneurysm formation, i.e. hypertension and
cigarette smoking. A recently published Finnish study
revealed that these two risk factors are themselves
highly prevalent among children born to two parents
with sporadic or familial IA, with a high concordance
rate in monozygotic twins born to such parents (10).

Intracranial aneurysms form at branching arteries, in
relation to the branching angle and from the presence of
anatomical variants such as hypoplasia or fenestration
(11). Such congenital changes probably predispose to
the subsequent development of the IA; presumably, an
aneurysm will or will notform subsequently depending
on the presence of further cardiovascular risk factors,
local hemodynamic factors, and other inducers of
endothelial damage, such as non-laminar flow, the in-
creased effect of pulsatile pressure in arterial hyperten-
sion, and increased shear stress due to non-physiological
flow profiles at bifurcations. The combined effect of
such risk factors may cause a disruption the internal
elastic membrane, a structure that physiologically main-
tains the integrity of the vascular wall. This disruption
are a key event in the pathogenesis of IA (7).

Following disruption of the internal elastic lamina
and in the presence of the risk factors detailed above,
the vascular wall distenses on a microscopic level.
Local endothelial dysfunction, changes in smooth
muscle cells, apoptosis, inflammation, and dis-
turbances in the extracellular matrix ultimately lead
to vascular remodeling and to the macroscopic
outpouching that constitutes an 1A (7).

Clinical presentation and radiological diagnosis

In the authors’ clinical experience, most unruptured A
are diagnosed incidentally. Chronic headache and
dizziness are the most common symptoms leading to
the MRI and CT scans on which TA are incidentally
found (5). Less common clinical correlates of larger
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TABLE

Overview of all patient- and aneurysm-related risk factors for aneurysm rupture
(95% Cl) level
Patient-related
Modifiable
Arterial hypertension HR1.4[1.1;1.8] lla Europe (incl. Finland), Japan, North America (15)
HR 1.3[0.9; 1.9] lla Japan (30)
HR7.9[1.3;474] Ib Japan (UIA size <5 mm) (31)
Smoking (active) RR2.2[1.3; 3.6] lla Europe (incl. Finland), Asia (incl. Japan), North America (32)
HR3.2[1.3;7.6] IIb Finland (33)
Alcohol (>150 g/week) RR2.2[1.5;2.8] lla Europe (incl. Finland), Asia (incl. Japan), North America (32)
Not modifiable
Age (= 70 years) HR 1.44[1.05; 1.97] lla Europe (incl. Finland), Japan, North America (15)
Age (<50 years) HR 5.23[1.03; 26.52] IIb Japan (UlA size <5 mm) (31)
Age (per 10 years) HR 0.62[0.39; 0.99] Ib Finland (33)
Geographic region lla Europa (inkl. Finnland), Japan, North America(15)
USA, Europe except Finland Reference
Japan HR 2.8[1.8;4.2]
Finland HR 3.6 [2.0;6.3]
srr]ié)ﬂre;l;t:rachnoid hemorrhage from another HR 1.4 [0.9; 2.2] lla Europe (incl. Finland), Japan, North America (15)
Female sex RR1.6[1.1;24] lla Europe (except Finland) (34)
Multiple aneurysms HR 4.9[1.6; 14.7] Ib Japan (UIA size <5 mm) (31)
(5 st gres relatives with UlAor SAH) 17+fold elevation llo North America (35)
Aneurysm-related
Size
<5.0 mm Reference
5.0-6.9 mm HR1.1[0.7;1.7]
lla Europe (incl. Finland), Japan, North America (15)
7.0-9.9 mm HR2.4[1.6;3.6]
10.0-19.9 mm HR 5.7 [3.9; 8.3]
220.0 mm HR 21.3[13.5; 33.8]
Localization
ICA HR0.5[0.3;0.9]
MCA Reference
lla Europe (incl. Finland), Japan, North America (15)
ACA incl. AComA HR1.7[0.7; 2.6]
PCA HR1.9[1.2;2.9]
PComA HR2.1[1.4;3.0]
Irregular aneurysm shape/lobulation HR1.5[1.0;2.2] lla Japan (17, 30)
OR4.8[2.7;8.7] Ib Europe (36)
T usA 19
Gadolinium uptake in the aneurysm wall HR 9.2 [2.9; 29.0]" lllb Europe (37)

*! This value relates to aneurysm instability, i.e., either growth or rupture of the aneurysm. .

*2 The significant differences in the risk of rupture depending on geographic region (North America and Europe excluding Finland versus Finland versus Japan) have the consequence that data
from Japan or Finland, for example, are not necessarily applicable to patients in Germany. Multiple studies are listed here to demonstrate the variability of risk depending on geographic

region.

ACA incl. AComA, anterior cerebral arteries incl. anterior communicating artery; Cl, confidence interval; HR, hazard ratio; ICA, internal carotid artery; MCA, middle cerebral artery;
OR, odds ratio; PCA, posterior cerebral arter*; PComA, posterior communicating artery; RR, relative risk; SAH, subarachnoid hemorrhage; UIA, unruptured intracranial aneurysm
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Figure 2: The formation and potential progression over time of an unruptured intracranial aneurysm, illustrated by the example of an aneurysm of
the anterior communicating artery (AcomA) complex in the setting of unilateral hypoplasia of the A1 segment:

a) formation and progressive growth leading to rupture

b) formation and progressive growth, without rupture during the period of observation
c) formation and rupture without any growth in the period before the rupture

d) rupture of a recently formed, very small de novo aneurysm
(modified from Etminan, Rinkel [7])

unruptured A, in particular, include neurological deficits
due to local mass effect, e.g. palsies of the cranial
nerves supplying the ocular muscles (ptosis, mydriasis,
or diplopia). IA that cause such compressive deficits
over a very short period of time (days or weeks) are
presumably rapidly enlarging in size and are therefore
at markedly higher risk of rupture than unruptured 1A
overall. They require urgent treatment.

MR angiography (MRA) has a sensitivity of 95%
[89; 98] for the detection of an 1A, with a specificity
of 89% [80; 95]; the corresponding figures for CT an-
giography (CTA) are 95% [93; 96] and 96% [93; 98],
respectively—always in comparison to intra-arterial

digital subtraction angiography (DSA) as the gold
standard (12, 13). The non-invasive angiographic
techniques are much less sensitive for the detection of
aneurysms with diameter less than 3 mm: the relevant
sensitivity figures are 61% [51; 70] for CTA, and 38%
[25; 53] for MRA (14). Intra-arterial DSA, with its
high resolution, therefore remains the gold standard
for the precise assessment of [A, yet the indication for
it should always be viewed critically, as it involves
not only invasive access to the vascular system, but
also a burden of ionizing radiation.

For follow-up imaging of IA, non-invasive
modalities are preferred, above all MRA.
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Risk of aneurysm rupture

The estimation of the individidual risk of aneurysm
rupture is a very controversial topic in neurovascular
medicine. This is partly due to the heterogeneity of the
available studies (cohort and case-control studies) and
partly because of patient selection due to preventive IA
repair outside of the studies. The geographical disparity
of the studies further complicates the analysis.

The largest meta-analysis for the estimation of the
individual risk of rupture is based on six prospective
cohort studies, among them the large-scale Inter-
national Study of Unruptured Intracranial Aneurysms
(ISUIA) and the Unruptured Cerebral Aneurysms
Study (UCAS Japan). The meta-analysis includes
data from a total of 8382 patients with 10272
aneurysms who were followed for 29 166 patient-
years (15-17).

Six independent risk factors for IA rupture were
identified:

® aneurysm size

® aneurysm location

® prior rupture of another aneurysm

® age

e arterial hypertension

® geographic origin

The PHASES scoring system was developed on the
basis of these six factors to estimate the risk of rupture
of an unruptured IA in the next five years. The
estimated risk can range from 0.3% to 17.8% (mean
3.4%); some of the confidence intervals are wide. Be-
cause of incomplete data collection in the underlying
studies, the PHASES score takes no account of
further relevant factors such as smoking, irregular an-
eurysm shape, family history of IA or subarachnoid
hemorrhage, or the quality of risk factor treatment.
All of these factors are thought to lead to a higher (ad-
ditive) risk of rupture (7).

The risk of rupture differs markedly depending on
geographical location (North America and Europe
other than Finland, vs. Finland, vs. Japan). Thus, for
example, data from Japan or Finland cannot be
assumed to apply to patients in Germany (15).

Further risk factors that can be considered when es-
timating the risk of rupture, which were discussed in
other population-based or case-control studies, are
summarized in the 7able. The formation and potential
progression of IA are depicted in Figure 2.

The growth of intracranial aneurysms

Documented growth of an unruptured aneurysm, if
present, has no effect on the PHASES score despite
being highly relevant to the patient’s further course. The
risk factors for aneurysm growth are similar to those for
de novo aneurysm formation: above all, cigarette smok-
ing and arterial hypertension. A meta-analysis reported
that 9% of unruptured IA enlarged in size over a mean
period of observation of 2.8 years (18). The long-term
risk of aneurysm growth was estimated at 45% in 19
years. The risk of rupture of a growing aneurysm is
larger by a factor of 12 (7, 19). Aneurysm growth is thus
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Figure 3: Case illustrations and complementary use of the PHASES score and the UIATS (Un-

ruptured Intracranial Aneurysms Treatment Score)

a) Three-dimensional reconstruction of the digital subtraction angiogram of a 43-year-old man
with an incidentally discovered aneurysm of the left internal carotid artery and a further
incidentally discovered aneurysm of the right internal carotid artery (4 mm in diameter, not
shown); he had undergone cerebral imaging because of headache. Risk factors: smoking
and positive family history for intracranial aneurysms and subarachnoid hemorrhage. Aneu-
rysm size 20.1 mm, irregular shape, aspect ratio >1.6. These data yield a PHASES score of
10, corresponding to a 5-year rupture risk of 5.3%. The UIATS supports preventive over
conservative treatment (17 points to 14). The three-point difference in UIATS implies a clear

recommendation for the preventive treatment of the aneurysm.

b) Three-dimensional reconstruction of the digital subtraction angiogram of a 64-year-old
woman with an incidentally discovered aneurysm of the right middle cerebral artery; she had
undergone cerebral imaging because of paranoid schizophrenia. Risk factor: arterial hyper-
tension. Aneurysm size 2.5 mm, regular shape. PHASES score: 3 points, corresponding to
a 5-year rupture risk of 0.7%. The UIATS support conservative over preventive treatment
(10 points to 4). The six-point difference in UIATS implies a clear recommendation for the

conservative treatment of the aneurysm.

a highly important risk factor that must strongly in-
fluence clinical decision-making in favor of preventive
aneurysm repair.

The largest analysis of the individual risk of growth
of unruptured IA is based on ten prospective cohort
studies with data from 1507 patients who had 1909
aneurysms and were observed for 5782 patient-years
(20). The following independent risk factors for
growth were identified:

® prior rupture of another aneurysm

® aneurysm location

® age

® geographical origin

® aneurysm size

® aneurysm shape

The ELAPPS score, based on these six easily as-
certained variables, provides an estimate of the risk of
aneurysm growth in the next three or five years (20).

The risk of aneurysm treatment

The available methods of treating an IA to prevent
rupture include microsurgical clipping and the
endovascular treatment options—above all, coil
embolization, but also newer techniques including
balloon-assisted coiling, stent-supported coiling, and
the use of flow diverters. In general, microsurgical
treatment is considered more invasive, while the en-
dovascular techniques carry a higher risk of aneurysm
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The dos und don’ts of counseling patients with unruptured

— Inform the patient of the risk of rupture, the risk factors for rupture, and
the fact that the short-term risk of rupture is low (7).

- Motivate the patient to abstain from smoking, and counsel about
additional help for smoking reduction and cessation (6).

— Treat arterial hypertension (6).

— Consult a specialized neurovascular center with an interdisciplinary
treatment team.

— Consider the possibility of inclusion in the PROTECT-U trial, in case the
aneurysm is judged not to require treatment (29).

— Avoid emotional formulations such as “a time-bomb in your head” (7).

— Avoid assessing risk on the basis of any single criterion, such as the
diameter or location of the aneurysm (6).

- Do not advise any restriction on exercise, sports, sexual intercourse,
pregnancy if desired, or air travel (6, 38, 39).

— Do not recommend the screening of family members unless two or more
of the patient’s first-degree relatives are known to be affected (6).

recurrence.

To date, there have been many retrospective, single-
center studies and industry-sponsored registry studies,
but only a single independent, randomized and con-
trolled trial on the outcomes of treatment, including
the treatment-related risk, in patients with unruptured
IA. This trial, the Canadian Unruptured Endovascular
versus Surgery (CURES) trial, is still recruiting pa-
tients; preliminary findings were published in 2017
(21). Patients with unruptured IA were randomly
allotted to either clipping or endovascular treatment
(any kind). The primary composite endpoint was treat-
ment failure, which was defined as aneurysm rupture,
inability to treat with the assigned method, or a radio-
logically demonstrated aneurysm remnant within one
year. The main secondary endpoints were neurological
morbidity (Modified Rankin Scale >2) and mortality
at one year, new neurologic deficits 30 days after
treatment, and hospitalization for more than five days.
The primary endpoint was reached by 5 of 48 patients
in the microsurgical arm and by 10 of 56 patients in the
endovascular arm (odds ratio [OR] 0.54 [0.13; 1.9]).
New neurologic deficits were more common in the
surgical arm (OR 3.12 [1.05; 10.57]), as was hospital-
ization for more than five days (OR 8.85 [3.22;
28.59]). The two modalities did not differ significantly
in combined morbidity and mortality at one year
(3.6% for coiling vs. 4.2% for clipping Thus, there is
currently no robust, evidence-based answer to the
everlasting question “clipping or coiling?” in the set-
ting of unruptured IA

Data on the risk of treating unruptured IA and its
determinants were recently reported in a large-scale

meta-analysis of 114 non-randomized studies, with
data from 106 433 patients who had 108 263 1A (22).
A complication was defined as any neurologic deficit
after treatment. In 74 studies on endovascular treat-
ment, the complication rate, thus defined, was 4.96%
[4.00; 6.12], with 0.30% mortality [0.20; 0.40]. The
corresponding figures derived from the 54 studies on
microsurgical treatment were 8.34 % [6.25; 11.10] and
0.10% [0.00; 0.20], respectively. It must be pointed
out as a limitation of this analysis that many of the in-
cluded studies were performed in single centers or
were retrospective, and that the data do not permit any
direct comparison of the microsurgical and endo-
vascular treatment methods.

The question which of the two “active” treatment
methods for unruptured IA is less risky and more
effective will thus remain open at least until the con-
clusion of the CURES trial. This trial will not be able
to account for further, poorly quantifiable factors that
may vary locally, such as the individual experience of
the treating personnel. Nor does the CURES trial at
all address the issue of the indications for treating an
unruptured aneurysm, which is prior to any decision
on the particular method of “active” treatment.

Observation or preventive aneurysm treatment?
For every patient with an unruptured IA, this question
should be dealt with individually and discussed by an
interdisciplinary, specialized cerebrovascular team. In
specific cases, it may be challenging to discuss this on
the basis of the currently available evidence on the risk
of rupture versus the risk of a complication of treat-
ment. In the past, such decisions were generally based
on threshold values for preventive aneurysm treatment;
these have largely been abandoned in recent years in
favor of the newly developed rating systems that enable
more objective and individualized counseling.

The PHASES score enables estimation of the indi-
vidual 5-year risk that an unruptured IA will rupture, on
the basis of a small number of risk factors; however, the
estimated risk of treatment is not included in
PHASES. In contrast, the Unruptured Intracranial An-
eurysm Treatment Score (UIATS) enables complement-
ary consideration of the risks of both rupture and treat-
ment complications, while also taking psychological as-
pects, such as the fear of aneurysm rupture, into account
(case illustrations in Figure 3). The UIATS is based on a
consensus project of 39 aneurysm specialists represent-
ing multiple clinical disciplines and subsequent
validation by 30 further aneurysm specialists (23).

Once a decision has been made to treat an unrup-
tured IA preventively, the safest and most effective
modality should be discussed by the interdisciplinary
team. The currently available evidence from non-
randomized studies suggests that simple coiling is
generally preferable to microsurgical clipping. The
main exceptions to this statement are unruptured IA
of the middle cerebral artery or unruptured IA in
patients under age 40 (the latter because clipping is
associated with a lower rate of aneurysm recurrence).
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Older age and pre-treatment comorbidities increase
the perioperative risk and tend to make endovascular
coiling the better option. On the other hand, particu-
larly for morphologically complex unruptured IA or
those with a broad base, clipping is preferred, because
of the higher rates of complete occlusion and the
more durable results. Finally, for IA of the posterior
circulation, endovascular treatment carries a dis-
tinctly lower risk than surgery and is preferred. A
“center effect” has been shown to date only for rup-
tured TA, but the decision on the treatment modality
should always take the individual expertise of the
treating specialists and of their institution into
account (24).

If a choice has been made to observe the aneurysm
rather than treat it immediately, the ELAPSS score
can be used to estimate the probability that it will
grow in the next three or five years; this may be
helpful in determining the interval for serial follow-
up imaging (20). Further elements of the counseling
of patients with unruptured IA are found in the Box.

Conservative treatment to lower the risk of
rupture

The risk of rupture of an unruptured IA is relatively
low, provided that there are no additive risk constel-
lations beyond the six factors considered in the
PHASES score (7able): in the PHASES cohort, the
average risk was about 3% in five years, and thus much
lower than the risk associated with preventive treatment
of any modality. Such patients should generally be ob-
served at first, with MR angiography as the method of
choice. We recommend performing follow-up MRA at
intervals of 6-12 months initially, which can be grad-
ually increased to three-year intervals if the aneurysm
does not grow in size. Aside from following the IA with
serial scans, it is important to treat the risk factors for
rupture: above all, high blood pressure and smoking.

The importance of treating risk factors for rupture
is underscored by a recent meta-analysis of data from
more than 8000 persons in 23 countries, showing that
the incidence of aneurysmal SAH decreased by
approximately 40% around the world from 1980 to
2010 in parallel with systolic blood pressure and the
prevalence of smoking (3).

Moreover, the use of drugs for the preventive treat-
ment of inflammation in the aneurysm wall has been
gaining increasing scientific interest as a novel thera-
peutic target for the reduction of the risk of rupture. A
number of experimental and clinical studies indicate
that acetylsalicylic acid (ASA) in particular may have
a protective on aneurysms because of its anti-
inflammatory properties (25, 26). In a cohort study,
1691 persons with IA who were being treated with
ASA for other reasons sustained an aneurysm rupture
much less commonly than persons in the group not
taking ASA (OR 0.27 [0.11; 0.67]) (25). The hypoth-
esis is further supported by population-based studies
on more than 200 000 persons with IA who took
low-dose ASA over the long term: in the overall
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Key messages

® |ntracranial aneurysms form through an interaction of genetic predisposing factors
and vascular risk factors, particularly high blood pressure and smoking. These vas-
cular risk factors are also highly important risk factors for the growth and rupture of
intracranial aneurysms, and they are treatable.

® The evidence-based PHASES score permits an individualized estimate of the risk of
rupture of an incidentally discovered intracranial aneurysm. It is calculated from easily
ascertained factors: the size and location of the aneurysm, whether there was a prior
rupture of another aneurysm, the patient’s age, and arterial hypertension.

® The UIATS, which is based on a consensus among experts, provides assistance
with treatment decisions by balancing the risk of rupture against the risk associated
with treatment, under additional consideration of the patient’s life expectancy and
comorbid diseases.

® For most incidentally discovered unruptured aneurysms, the five-year risk of rupture
(median, ca. 3%) is lower than the risk associated with prophylactic treatment.

@ |f the initial management decision is against surgical or endovascular treatment,
conservative risk-reducing treatment should be provided, and the size of the
aneurysm should be periodically rechecked on serial radiological follow-up exami-
nations, optimally with MR angiography. The ELAPSS score provides guidance for
the timing of the interval between follow-up scans.

cohort, ASA use was associated with a more than 20%
reduction of the incidence of aneurysmal bleeding
(27). Importantly, prior ASA treatment in patients
with subarachnoid hemorrhage is not associated with
more severe hemorrhages or poorer outcome (28).

Future perspectives

These two elements of the conservative treatment of
patients with unruptured IA (blood-pressure reduction,
ASA) need further scientific validation. They are now
being studied in a prospective, randomized, non-
commercial phase III trial titted PROTECT-U, which
is being carried out in Germany, the Netherlands,
Canada, and Finland (www.protect-u-trial.com, clini
caltrials.gov: NCT03063541) (eTable) (29).
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Key features of the PROTECT-U trial

Sponsor and Principal Clinical Universitat Heidelberg

Investigator Germany (PCI): PCI: Prof. Dr. med. Nima Etminan,

Klinik fir Neurochirurgie, Universitéatsklinikum Mannheim, Ruprecht-
Karls-Universitat Heidelberg,

Theodor-Kutzer-Ufer 1-3, D-68167 Mannheim, Germany

Tel: +49-(0)621-3832360. E-Mail: nima.etminan@umm.de

Objective of trial To determine whether intensified blood pressure normalization combined
with ASA lowers the risk of aneurysm rupture or of aneurysm growth (an
established surrogate for elevated risk of rupture) compared to standard
blood-pressure normalization alone.

Type of trial Multi-center, randomized, controlled phase Il trial with PROBE design
(prospective, randomized, open-label trial with blinded outcome assess-
ment)

Intervention(s) Experimental intervention:
intensified blood pressure normalization (target: <120 mm Hg) plus 100
mg ASA daily

Control intervention:
standard blood pressure normalization (target: <140 mm Hg)

Follow-up observation per patient:
at least three years under treatment

Duration of intervention per patient:
all patients continue to receive the intervention for three years after inclu-
sion of the last patient, or until a primary endpoint is reached

UL ek ST e = Main inclusion criterion:

patients with intradural, saccular, unruptured aneurysms that are judged
not to require primary preventive treatment with surgery or an endovas-
cular intervention.

Main exclusion criterion:

patients who 1) are already taking ASA daily, 2) have a contraindication
to ASA intake, including pregnancy, or 3) suffer from severe chronic renal
failure

Primary endpoint:

aneurysm rupture or growth (increase of diameter in any axis by = 1 mm)
on serial imaging ( 2 magnetic resonance or computed tomography
studies after > 3 years)

Secondary endpoints:

- changes in absolute aneurysm volume (automatized analyses) or
aneurysm shape (development of outpouchings)

- development of de novo aneurysms, as seen on serial images

- neurosurgical or endovascular aneurysm treatment during follow-up

— cardiovascular events (any ischemic or hemorrhagic stroke, heart
attack, or death of any vascular cause)

- spontaneous extracranial hemorrhages requiring hospitalization

- death of any other cause

- safety: adverse or severe adverse events
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