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Abstract
Unruptured intracranial saccular aneurysms occur in 3–5% of the general population. As the use of diagnostic medical imaging
has steadily increased over the past few decades with the increased availability of computed tomography (CT) and magnetic
resonance imaging (MRI), so has the detection of incidental aneurysms. The management of an unruptured intracranial saccular
aneurysm is challenging for both patients and physicians, as the decision to intervene must weigh the risk of rupture and resultant
subarachnoid hemorrhage against the risk inherent to the surgical or endovascular procedure. The purpose of this paper is to
provide an overview of factors to be considered in the decision to offer treatment for unruptured intracranial aneurysms in adults.
In addition, we review aneurysm and patient characteristics that favor surgical clipping over endovascular intervention and vice
versa. Finally, the authors propose a novel, simple, and clinically relevant algorithm for observation versus intervention in
unruptured intracranial aneurysms based on the PHASES scoring system.
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Introduction

Intracranial aneurysms were first reported in the literature in
1761 when Morgagni of Padua described a case of an
unruptured carotid aneurysm. [1] Our understanding of intra-
cerebral aneurysms has advanced tremendously since that
time, especially with the introduction and advancement of
endovascular techniques. While intracranial saccular aneu-
rysms may present with neurological deficits or other symp-
toms, an estimated 59% of unruptured aneurysms are asymp-
tomatic. [2] However, with increased utilization of noninva-
sive imaging, patients are increasingly likely to have an aneu-
rysm be incidentally discovered.

The management of unruptured incidental intracranial saccu-
lar aneurysms is challenging for both patients and physicians, as

the decision to intervene involves balancing the risks of rupture
and subarachnoid hemorrhage against the periprocedural risks
inherent to surgical or endovascular intervention. Other factors,
including the patient’s potential anxiety regarding living with an
unruptured aneurysm, play an unquantifiable role in decision-
making. [3] This paper aims to provide an overview of select
factors to be considered in the decision to offer intervention for
this challenging pathology and to propose a simple treatment
algorithm for observation versus intervention. As aneurysmal
morphology can be infinitely complex, with various treatment
options and protocols for each type, herein, the authors will focus
on unruptured, non-enlarging saccular aneurysms. This aneu-
rysm type accounts for approximately 90% of intracranial aneu-
rysms and is thus most likely to be encountered by a treating
physician. Aneurysms with new-onset neurological deficit are
considered symptomatic and may warrant more urgent treatment
and are therefore not included in this review.

Formation of intracranial aneurysms

Unruptured intracranial saccular aneurysms occur in 3–5% of
the general population. [4] Histopathologically, their hallmark
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trait is a lack of intimal elastic lamina and disruption of the
intima media. [5, 6] While the exact mechanisms that lead to
aneurysm formation are incompletely understood, they are
thought to result from a complex interplay of genetic and
environmental factors. A family history of intracranial aneu-
rysm or autosomal dominant polycystic kidney disease in-
creases the risk of intracranial aneurysm, [7] and the preva-
lence of intracranial aneurysms is higher in females [8] and
persons over 40 years old. [9] Hypertension and smoking,
particularly if concurrent, also increase the risk of aneurysm
formation. [3] Of note, when a single aneurysm is found, 20–
30% of patients have additional aneurysms elsewhere, [10]
which speaks to the role of both “nature” and “nurture” in
the model of aneurysm formation.

Aneurysms occur most frequently at junctional or transi-
tional points of the intracranial vasculature, such as bifurca-
tions and termini. These locations involve a sudden change in
blood flow directionality that disrupts normal laminar flow,
resulting in turbulence and elevated pressures along the lumi-
nal wall. The majority of intracranial aneurysms are found in
the anterior circulation, most frequently at the junction be-
tween the anterior communicating artery (Acom) and the an-
terior cerebral artery (ACA). Other common sites are the junc-
tion between the internal carotid artery (ICA) and the posterior
communicating artery (Pcom) and the middle cerebral artery
(MCA) bifurcation. In the posterior circulation, the most com-
mon site is the tip of the basilar artery. [11]

Intracranial aneurysm growth and rupture
risk

Intracranial aneurysms often remain stable for long periods of
time, and the majority will never rupture. However, when aneu-
rysms do grow, they likely do so at an inconstant rate, with
periods of rapid growth at irregular intervals. [12] During these
periods of growth, rupture and resultant subarachnoid hemor-
rhage (SAH) are more likely. [3, 13] Several risk factors for both
aneurysmgrowth and rupture have been identified,which include
hypertension, smoking, female sex, and aneurysm-specific char-
acteristics such as size, location, and morphology. [14]

Spontaneous SAH occurs at a rate of 6 to 10 events per
100,000 individuals per year, with the vast majority of cases
resulting from aneurysm rupture. [15] It is estimated that 10–
15% of affected individuals die before reaching the hospital.
[16] Prevention of aneurysmal SAH is, therefore, a key goal of
intracranial aneurysm management. Management of
unruptured intracranial aneurysms has many nuances.
Appropriate management ultimately requires an understand-
ing of the patient’s risk of rupture once an aneurysm is dis-
covered and is often a joint decision made by both the provid-
er and patient. It is thus essential for the surgeon to have a
mastery of the known risk factors for rupture so that both

parties can agree upon the best treatment option for the pa-
tient’s aneurysm.

Contributions of size and location to rupture risk

Two large, prospective studies have been performed regarding
the natural history of unruptured aneurysms: the International
Study of Unruptured Intracranial Aneurysms (ISUIA) and the
Unruptured Cerebral Aneurysms Study (UCAS). ISUIA was a
2003 prospective trial of 1692 patients with 2686 unruptured
and untreated aneurysms in the USA, Canada, and Europe. [17]
This study built upon a controversial retrospective study per-
formed in 1998, [18] whichwaswidely agreed to underestimate
the rate of rupture at 0.05% rupture rate per year for aneurysms
less than 10 mm in diameter and 1.0% rupture rate for aneu-
rysms 10 to 25 mm in diameter. UCAS was a Japanese study
published in 2012 of 5720 patients with 6697 aneurysms that
were followed prospectively for 11,660 aneurysm years. [19]

Table 1 summarizes the 5-year cumulative rupture rate re-
ported in ISUIA and the annual rupture rate per aneurysm re-
ported in UCAS. Rupture rates were calculated according to
aneurysm size and location, and the data from both studies
showed that the risk of rupture was greater with increasing
aneurysm size. Based on these data, there is a very low rupture
risk for aneurysms less than 7 mm in diameter (0.00–2.50% for
ISUIA and 0.36–0.50% for UCAS). However, there was a dis-
crepancy in results reported by location. ISUIA showed that the
anterior circulation had a lower risk of rupture compared with
posterior circulation, whereas UCAS showed Acom and Pcom
aneurysms had a higher risk of rupture when compared with
MCA aneurysms. Differences in the patient population and
circulation definition may account for this discrepancy. The
ISUIA was multicentered in Europe, Canada, and America,
whereas UCAS was conducted solely in Japan. In addition,
the Pcom was considered posterior circulation in ISUIA, but
aneurysm location was not dichotomized in UCAS. Additional
single-population studies have found even lower rupture rates;
however, these studies did not have sufficient data regarding
aneurysm location. [20, 21] A 2013 long-term follow-up study
based in Finland showed a cumulative rupture rate of 9% at
10 years, 18% at 20 years, and 26% at 30 years for aneurysms
less than 7 mm in diameter; location in the Acom was associ-
ated with an increased risk of rupture during the study period
(adjusted hazard ratio 3.73, 95% CI [1.23–11.36]). [22]

Other contributors to rupture risk

The PHASES (Population, Hypertension, Age, Size, Earlier
subarachnoid hemorrhage, and Site) scoring system was de-
veloped from ameta-analysis of data from ISUIA, UCAS, and
other studies and provides a useful framework to determine
the risk of rupture within five years of presentation (see
Table 2 for a summary of the PHASES scoring system).
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[23] The PHASES score has been validated as a predictor for
aneurysm growth and rupture. [24] The components of the
PHASES score highlight six independent risk factors for an-
eurysm rupture identified in the meta-analysis. Other risk fac-
tors for aneurysm rupture that are not captured by the
PHASES scoring system include family history of SAH,
[25, 26] smoking, [27] blood flow directly into the aneurysm,
[28] and irregular morphology, especially the presence of
daughter aneurysms (i.e., non-smooth domes). [19]

Recent studies have evaluated vessel wall enhancement on
magnetic resonance imaging as a potential risk factor for rup-
ture. Increased wall enhancement has been associated with
increased rupture risk as determined by PHASES score. [29,
30] One study suggested a “thick (> 1 mm), circumferential
pattern of wall enhancement” as a marker of aneurysm insta-
bility, [31] and increased circumferential enhancement has
been demonstrated in evolving aneurysms compared with sta-
ble unruptured and ruptured aneurysms. [32]

The decision to intervene

The decision to intervene on incidentally found unruptured
intracranial aneurysms can vary based on presentation.
There are no randomized controlled trials on which to base

recommendations. In addition to the prevention of aneurysmal
SAH, treatment decisions should aim to maximize the number
of quality-adjusted life years. [3] Likewise, the decision to
treat should be based on the comfort level of the surgeon
and patient, as well as the predicted morbidity and mortality
of an intervention, weighed against the risk of rupture. [33]
The Unruptured Intracranial Aneurysm Treatment Score
(UIATS) has been developed to aid physicians in balancing
a patient’s risk of aneurysm rupture against the risks of mor-
bidity and mortality resulting from preventive treatment. [34]
If the aneurysm bleeds or is enlarging with mass effect, urgent
or emergent intervention may be warranted.

Generally speaking, the complication rate of intervention
for unruptured intracranial aneurysms is reported as high as
5% for endovascular treatment and 8% for surgical treatment.
[35] Thus small (less than 5–7 mm in diameter), asymptom-
atic, anterior circulation aneurysms are generally medically
managed and observed with serial imaging unless they are
found to be enlarging or progressively symptomatic or the
patient has several risk factors for rupture because the risk of
intervention outweighs the risk of rupture. [36, 37]
Observation with serial imaging is especially recommended
for older patients with few additional risk factors. In these
patients, the increased risk of rupture conferred by older age
(e.g., > 70 years) [23, 38] should be balanced against the

Table 1 Aneurysm rupture rates
reported by the International
Study of Unruptured Intracranial
Aneurysms and the Unruptured
Cerebral Aneurysm Study
according to size and location

Aneurysm location Aneurysm size

International Study of Unruptured Intracranial Aneurysms (ISUIA), 5-year cumulative rupture ratea

< 7 mm 7–12 mm 13–24 mm ≥ 25 mm

Anterior circulation 0.00% 2.60% 14.50% 40.00%

Posterior circulation 2.50% 14.50% 18.40% 50.00%

Cavernous ICA 0.00% 0.00% 3.00% 6.40%

Unruptured Cerebral Aneurysm Study (UCAS), annual rupture rate per aneurysmb

3–4 mm 5–6 mm 7–9 mm 10–24 mm ≥ 25 mm

ACA 0.90% 0.75% 1.97% 5.24% 39.77%

MCA 0.23% 0.31% 1.56% 4.11% 16.87%

ICA 0.14% 0.00% 1.19% 1.07% 10.61%

ICA-Pcom 0.41% 1.00% 3.19% 6.12% 126.97%

Basilar tip/SCA 0.23% 0.46% 0.97% 6.94% 117.82%

Vertebral artery-proximal basilar artery 0.00% 0.0% 0.00% 3.49% 0.00%

Other 0.78% 1.37% 0.00% 2.81% 0.00%

Total 0.36% 0.5% 1.69% 4.37% 33.40%

Rupture risk based on aneurysm size and location reported by the International Study of Unruptured Intracranial
Aneurysms (ISUIA) and the Unruptured Cerebral Aneurysm Study (UCAS). Note: ISUIA reports the 5-year
cumulative rupture rate, while UCAS reports annual rupture rate per aneurysm
a From Wiebers DO, Whisnant JP, Huston J et al. (2003) Unruptured intracranial aneurysms: natural history,
clinical outcome, and risks of surgical and endovascular treatment. Lancet Lond Engl 362:103–110
b From The UCAS Japan Investigators (2012) The natural course of unruptured cerebral aneurysms in a Japanese
Cohort. N. Engl. J. Med. 366:2474–2482

ACA, anterior cerebral artery; ICA, internal carotid artery;MCA, middle cerebral artery; Pcom, posterior commu-
nicating artery; SCA, superior cerebellar artery
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presumably lower cumulative probability of rupture given
their lower remaining life expectancy (although this may dif-
fer depending on the population). However, more aggressive
treatment can be considered in younger patients (≤ 50 years
old) with asymptomatic aneurysms given their presumed
higher cumulative lifetime rupture risk. [36, 39] Note that
the lifetime rupture risk may be roughly estimated by multi-
plying the annual aneurysm rupture risk by the patient’s life
expectancy, with the caveat that the rupture risk is not constant
over time. [40] One might also consider intervention in the
case of small aneurysms with daughter sacs or other irregular
morphology, given the increased rupture risk of such aneu-
rysms [19] or in patients with a history of SAH in two or more
first-degree relatives, as the risk of rupture may outweigh the
treatment risk. [36]

Treatment is generally recommended for aneurysms larger
than 12 mm, given the increased risk of rupture. The decision
to intervene on aneurysms between 7 and 12 mm is often
made on a case-by-case basis, [39] with the patient’s comfort
level with having an unruptured aneurysm weighing even

more heavily in the final recommendation. [3] Table 4 lists
selected factors favoring observation versus intervention in
unruptured intracranial aneurysms.

An aneurysm with a PHASES score of less than 3 is con-
sidered a relatively lower risk for rupture, whereas a score of
greater than 4 is considered a higher risk for rupture (see
Table 3 for hazard ratios for aneurysm growth by PHASES
score). [24, 41] As such, aneurysms with PHASES scores less
than 3 are often observed, and those with scores greater than 4
are treated; PHASES scores of 3 and 4 are indeterminate. [24,
41] In Fig. 1, we propose a simple algorithm for the treatment
of unruptured intracranial aneurysms based on the PHASES
score. It should be noted that an individualized approach may
lead to different variations of the algorithm.

Surgical versus endovascular treatment

While there are no data definitively demonstrating that either
endovascular (e.g., coiling) or open vascular surgery (e.g.,
clipping) is superior, many consider surgical intervention to
be definitive but endovascular treatment to be less invasive. A
meta-analysis of 60 studies containing 9845 total patients and
10,845 total aneurysms found that surgical intervention on
unruptured aneurysms had a 1.7% mortality rate and a 6.7%
rate of unfavorable outcomes. [42, 43] Morbidity rates were
higher with posterior circulation aneurysms and large aneu-
rysms. Endovascular mortality varies from 1.4 to 4.2%, and
morbidity rates vary from 4.2 to 8.8%. [17, 20] However, the
decision for endovascular versus surgical intervention in an
individual patient depends on several factors in addition to
morbidity and mortality associated with treatment,
including—but not limited to— patient factors such as age,
comorbidities, and risks of antiplatelet therapy after interven-
tion; aneurysm factors such as aneurysm location, morpholo-
gy, and type; and surgeon factors such as experience and
comfort level, and personal outcomes (see Table 4 for a
summary of factors favoring surgical versus endovascular
intervention).

Table 2 PHASES scoring system for unruptured aneurysm risk

Risk Factor Points

(P)opulation

North American, European (other than Finnish) 0

Japanese 3

Finnish 5

(H)ypertension

No 0

Yes 1

(A)ge

< 70 years 0

≥ 70 years 1

(S)ize of aneurysm

< 7.0 mm 0

7.0–9.9 mm 3

10.0–19.9 mm 6

≥ 20 mm 10

(E)arlier SAH from another aneurysm

No 0

Yes 1

(S)ite of aneurysm

ICA 0

MCA 2

ACA/Pcom/posterior circulation 4

ACA, anterior cerebral artery; ICA, internal carotid artery; MCA, middle
cerebral artery; Pcom, posterior communicating artery

FromGreving JP,WermerMJH, Brown RD et al. (2014) Development of
the PHASES score for prediction of risk of rupture of intracranial aneu-
rysms: a pooled analysis of six prospective cohort studies. Lancet Neurol
13:59–66

Table 3 Hazard of aneurysm growth by PHASES score

PHASES score Aneurysm growth hazard ratio (95% CI)

1 Reference

2, 3 1.07 (0.49–2.32)

4 2.29 (1.05–4.95)

5–14 2.85 (1.43–5.67)

CI, confidence interval

From Backes D, Vergouwen MDI, Groenestege ATT et al. (2015)
PHASES score for prediction of intracranial aneurysm growth. Stroke
46:1221–1226
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Age

Given the increased risk of poor outcome with open
vascular surgery in patients over 50 years old, [17]
endovascular treatment is often preferred for patients
in this age group when treatment is to be pursued.
[44] It is has been recommended that a younger patient
have their aneurysm clipped for definitive treatment

since the long-term natural history of clipping is known
to be safe, effective, and economical. [37, 45] However,
as endovascular treatment has progressed, rates of treat-
ment failure at 1 year and case morbidity between
endovascular and open treatments have equalized, [46]
making the decision to intervene via one approach or
another dependent on a surgeon’s skill set, personal
preferences, and available resources.

Fig. 1 Algorithm for the
treatment of unruptured
intracranial aneurysms. Proposed
algorithm for observation versus
intervention in unruptured
intracranial aneurysms

Table 4 Factors favoring observation, surgical intervention, and endovascular intervention in unruptured intracranial aneurysms

Factor Factors favoring observation Factors favoring surgical intervention Factors favoring endovascular
intervention

Agea Older age with relatively low remaining
life expectancy, asymptomatic with
low risk of aneurysm rupture

> 50 years old

≤ 50 years old

Aneurysm size and
morphology

< 7 mm in diameter > 12 mm in diameter

Complex/irregular morphology (e.g.,
daughter aneurysms, the incorporation
of branches into the aneurysm neck)

Neck size < 4 mm or
dome-to-neck ratio > 1.5

Aneurysm location Cavernous ICA MCA, tortuous or occluded vessels leading
to aneurysm

Posterior circulation,
cavernous or paraclinoidal ICA

Vessel wall enhancement
on MRI

Circumferential enhancement,
especially if > 1 mm

Antiplatelet therapy Contraindications to antiplatelet therapy

Summary of factors favoring observation, surgical intervention, and endovascular intervention presented in this review
a For older patients with a relatively low remaining life expectancy and an asymptomatic aneurysm with a low risk of rupture, observation is recom-
mended. If intervention is pursued, endovascular intervention is recommended for patients > 50 years old. For patients ≤ 50 years old, more aggressive
treatment can be considered at the onset, and there is no clear preference for surgical or endovascular intervention. ICA, internal carotid artery; MCA,
middle cerebral artery; MRI, magnetic resonance imaging
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Aneurysm morphology

Aneurysms with complex morphology (e.g., the incorporation
of branches into the aneurysm neck) may bemore amenable to
clipping than to endovascular treatment. The aneurysm neck
size and dome-to-neck ratio form are important factors to con-
sider when determining whether an aneurysm may be safely
coiled. A neck size of greater than 4 mmor dome-to-neck ratio
less than 1.5 (i.e., a wide neck) indicates that the aneurysm
may not be a good candidate for coiling alone. [47] Recent
developments have allowed these aneurysms to be treated
endovascularly using balloon or stent-assisted coiling as well
as with parent vessel and intrasaccular flow diverters. [48]

Aneurysm location and accessibility

The accessibility of the aneurysm should be considered in the
decision to offer surgical or endovascular intervention. MCA,
Acom, and Pcom aneurysms are typically easily accessible
through surgical corridors, mostly via a pterional or
orbitozygomatic craniotomy, and are therefore amenable to
surgery. [49] Notably, MCA aneurysms often have a wide
neck and complex morphology, making endovascular treat-
ment more complicated. [47] The posterior inferior cerebellar
artery (PICA), anterior inferior cerebellar artery (AICA), and
superior cerebellar artery (SCA) blood vessels are also con-
sidered accessible by surgical corridors and can be treated
with surgery. As posterior circulation aneurysms are notori-
ously difficult in terms of surgical corridor access, there is
now a preference for endovascular treatment, [50] especially
for basilar aneurysms. Endovascular treatment may also be
preferred for cavernous or paraclinoid ICA aneurysms, which
are both difficult to access surgically and associated with
poorer surgical outcomes. [51] Vessel tortuosity and vessel
occlusion are also important factors to consider when evalu-
ating a patient’s candidacy for endovascular intervention, re-
gardless of aneurysm location. [52]

Antiplatelet therapy

If a neck-bridging or flow-diverting stent is used to treat the
aneurysm, the patient will often require dual antiplatelet ther-
apy for at least three months following stent placement to
prevent thrombosis of the device and subsequent stroke. [53,
54] Therefore, if a patient has a contraindication for antiplate-
let therapy through adverse medication side effects, poor ad-
herence, or poor response, endovascular treatment may not be
a viable option. Clinicians may consider platelet function test-
ing in these patients to identify those who are nonresponders
to antiplatelet therapy, which would result in an increased risk
of thrombotic complications. However, the routine use of
platelet function testing is controversial, and no high quality,
randomized controlled data exist. [55] If a patient is a

nonresponder to antiplatelet therapy, anticoagulation may be
considered, which brings additional hemorrhage risk. In elder-
ly patients, the risk of a fall resulting in intracranial hemor-
rhage may also be considered, although there is evidence that
direct oral anticoagulation may not increase traumatic brain
injury-associated morbidity and mortality in this population.
[56]

Observation and medical management

When the decision for medical management is made (i.e., a
small, stable, asymptomatic aneurysm), annual imaging via
digital subtraction angiogram, computed tomography angiog-
raphy, or magnetic resonance angiography is recommended to
observe the aneurysm for enlargement. [36, 57] As stated
previously, enlarging or symptomatic aneurysms are at in-
creased risk of rupture and should be considered for surgical
or endovascular intervention. In addition to serial imaging,
modifiable risk factors for aneurysm formation and growth,
such as hypertension and smoking, and risk factors for vascu-
lar disease, such as type 2 diabetes mellitus and hyperlipid-
emia should be addressed and treated to optimize conservative
treatment. [36]

Conclusion

The decision to treat an unruptured intracerebral aneurysm
should be a joint decision made between patient and provider
based on a desire to balance the risk of rupture against that of
observation, as well as potential morbidity and mortality as-
sociated with intervention. The most significant risk of obser-
vation is aneurysm rupture and possible SAH. An enlarging
aneurysmmay therefore require urgent treatment, especially if
there is neurological deficit. In this review, we provide a nov-
el, simple, and clinically relevant algorithm for helping deter-
mine when to treat versus observe in the management of in-
tracranial aneurysms using the PHASES scoring system.
Medical management should be strongly considered for aneu-
rysms with a PHASES score of less than 3, while surgical
management is often preferred when the PHASES score is
greater than 4. The recommendations for scores of 3 and 4
remain indeterminate. Several patient-specific factors must be
considered when deciding whether an unruptured, non-
enlarging aneurysm should be treated surgically/
endovascularly or observed, including (1) age, with younger
age favoring intervention; (2) aneurysm location, with poste-
rior circulation favoring intervention; (3) aneurysm size,
where larger aneurysms favor intervention; (4) aneurysmmor-
phology, with the presence of daughter aneurysms or other
irregular morphology favoring intervention; and (5) patient
preference. Ultimately, this list is not comprehensive, and
treatment decisions may vary depending on the interplay
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between patient-specific factors and preference as well as sur-
geon training and management preferences.
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