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Abstract

The incidence of multiple aneurysms was 10.7-34% of CA. Multiple associated factors were found; hypertension

was the most significant one and others like advancing age and female sex were also documented. The estimated
prevalence of UA is 5-10%. They include those aneurysms that did not rupture and discovered incidentally and those
presented with symptoms rather than SAH, e.g,, cranial nerve palsy or mass effect. Unruptured intracranial aneu-
rysms are diagnosed with higher frequency nowadays as a result of imaging techniques improvement. The reported
annual rate of rupture of UA is approximately 0.7-1%. The natural history of unruptured cerebral aneurysms cannot be
extrapolated from the evaluation of individuals with ruptured aneurysms. Multiple cerebral aneurysms pose an even
greater risk than a single aneurysm; the risk of rebleeding from the original aneurysm is larger and occurs sooner. The
natural course of the disease has led to a consensus that all multiple unruptured aneurysms should be treated when
technically viable. However, the prophylactic treatment of multiple unruptured is still controversial. Weighing the risk
of intervention to the risk of observation is a mandatory pathway. Factors like age of patients, size and location of the

aneurysms influence the decision-making and the type of therapy to be elected.
Keywords Multiple unruptured aneurysm, Coil embolization, Endovascular, Brain, Surgical clipping

Background

Cerebral aneurysms

Cerebral aneurysms (CA) are outpouching of the parent
artery. They mostly originate at the arterial bifurcation.
They do occur in 1-2% of the population and represent
about 80% of non-traumatic subarachnoid hemorrhages
(SAH) when they rupture. Autopsies showed their preva-
lence in the adults between 1 and 5%, though 50-80% of
all aneurysms remain unruptured during a person’s life-
time. However, CA are sporadically acquired lesions; the
genetic predisposition of CA and familial occurrence is
documented [1-4].
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Multiple aneurysms

The incidence of multiple aneurysms was 10.7-34% of
CA. Multiple associated factors were found; hypertension
was the most significant one and others like advancing age
and female sex were also documented. Multiplicity was
also associated with the familial occurrence of CA and the
autosomal dominant polycystic kidney disease [4, 5].

Unruptured aneurysms (UA)

Epidemiology

The estimated prevalence of UA is 5-10%. They include
those aneurysms that did not rupture and discovered
incidentally and those presented with symptoms rather
than SAH, e.g., cranial nerve palsy or mass effect. Unrup-
tured intracranial aneurysms are diagnosed with higher
frequency nowadays as a result of imaging techniques
improvement. Unruptured intracranial aneurysms are
more common in female with a 3:1 ratio to male [6, 7].
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Pathophysiology

The genetic predisposition for CA is documented in
many studies; one of these famous studies is the familial
intracranial aneurysm (FIA) study. Multiple genes were
presumed to have strong association, as the collagen
genes (type 1A2, III), CDKN2B antisense inhibitor gene,
the SOX17 transcription regulator gene, and the EDNRA
gene. Autosomal dominant polycystic kidney disease,
Marfan syndrome, fibromuscular dysplasia, Ehlers—Dan-
los syndrome, sickle cell disease, and arteriovenous mal-
formations are contributing conditions too. The most
common histological defects are in the tunica media of
the arterial wall, which, in combination with hemody-
namic factors, lead to aneurysmal dilatation at arteries
branching sites. Precipitating factors like smoking, alco-
hol abuse, and hypertension may increase the risk for
rupture and subsequent SAH [4, 8].

Clinical presentation

Unruptured intracranial aneurysms might be discovered
by chance as a result of unrelated complaints, or they
can be noticed as they expand and pressure nearby brain
structures. Aneurysms in the middle cerebral artery can
cause hemiparesis, visual field defects, or seizures; pos-
terior communicating artery or basilar artery aneurysms
can cause third cranial nerve palsy; cavernous sinus
aneurysms can cause cavernous sinus syndrome; basilar
distribution aneurysms can cause brainstem compres-
sion; and, on rare occasions, an embolus from the aneu-
rysmal sac can cause transient ischemia or permanent
stroke [9, 10].

Diagnosis

CT angiography (CTA), magnetic resonance angiogra-
phy (MRA), and catheter angiography, which is regarded
the gold standard, are the radiographic tests available
to characterize the size and morphologic aspects of an
intracranial aneurysm [11].

CTA shows brain arteries in three-dimensional views
using thin-section contrast-enhanced CT and software-
generated images. It is a noninvasive procedure. These
reconstructed images take only a few minutes to create
and enable for the evaluation of the vasculature in close
proximity to the brain and the bones of the skull base,
making surgical planning easier. CTA has a sensitivity
range of 95% and specificity 83%. It can detect aneurysm
as small as 2.2 mm. Because a large bolus of contrast
material is frequently delivered, CTA has a limited utility
in patients with poor renal function [11-13].

For the detection of cerebral aneurysms, MRA is
extremely sensitive and specific. The capacity to detect
aneurysms and measure the size, rate, and direction
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of flow in an aneurysm relative to the magnetic field is
provided by magnetic resonance arteriography (MRA).
It also aids in the visualization of thrombosis and cal-
cium deposits within an aneurysm. It has a sensitivity
of roughly 86% for aneurysms larger than 3 mm and a
false-positive rate of about 16%. Because the false-posi-
tive rate is substantial, this method may be beneficial for
screening high-risk patients, such as aneurysm sufferers’
first-degree relatives. Within the first 24—48 h, magnetic
resonance imaging (MRI) alone is not sensitive. MRI
is useful for diagnosing sub-acute to distant SAH after
4-7 days. In the case of several aneurysms, it may be use-
ful to figure out which one bled [11, 14].

Catheter angiography or digital subtraction angiogra-
phy (DSA), with or without sophisticated three-dimen-
sional capability, is the gold standard for evaluating an
aneurysm’s relationship to adjacent vessels in detail
Catheter angiography, on the other hand, is more expen-
sive and invasive than either MRA or CTA. Even in the
hands of expert operators, it carries the danger of neu-
rologic problems, which occur in 1.0-2.5% of cases and
result in permanent disability in 0.1-0.5%. Other con-
cerns include femoral artery injury (0.05-0.55%), groin
hematoma (6.9-10.7%), and contrast-induced renal con-
sequences (1-2%) [15].

Because of their noninvasive nature, brain MRA or CTA
are the procedures of choice for screening unruptured
aneurysms; nonetheless, a cerebral angiography is often
utilized to further explain the features of an aneurysm.
It is worth noting that MRA and CTA’s ability to provide
such morphological information is quickly improving.
MRA is the screening method of choice for those individ-
uals for whom contrast administration is contraindicated
(including patients with renal insufficiency for whom
MRI-related gadolinium contrast is prohibited) since gad-
olinium contrast administration is not required [14, 16].

Management of cerebral aneurysm
Treatment for cerebral aneurysms has progressed over
time. In 1885, Victor Horsely was the first to perform
a Hunterian ligation on a huge ICA aneurysm. Har-
vey Cushing invented muscle wrapping and suture liga-
tion for brain aneurysms a few years later. Walter Dandy
performed the first aneurysm cutting with a silver clip
in 1937. Surgical clipping of cerebral aneurysms has
advanced significantly during the last century, thanks to
advancements in surgical equipment, microscopes, intra-
operative monitoring, and clip design [17-19].
Endovascular therapy of cerebral aneurysms has
progressed in tandem in the second part of the twen-
tieth century. Surgical clipping has been replaced by
coil embolization as a therapy option. The technique’s
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feasibility, as well as the variety of coil sizes and types
that have emerged, has fueled this trend in the years since
2003. Endovascular embolization of cerebral aneurysms
has progressed from the use of detachable balloons and
onyx 500 in the past to coils now, with the Woven Endo-
Bridge (WEB) devices being the most current advances.
Flow diverters are a significant advancement in the treat-
ment of big and wide neck aneurysms using endovascular
techniques [20, 21].

Clipping versus coiling Many factors influence the
therapy of cerebral aneurysms, including (1) the patient’s
neurological condition, (2) aneurysm-related character-
istics (size, anatomy, location, multiplicity, status), and
(3) the therapist’s ability (interventionist or surgeon).
Dome/neck ratios less than 1 and large neck aneurysms
(>3-4 mm) made coil embolization problematic. The
basilar apex is a good location for coiling aneurysms, but
MCA aneurysms may be difficult to coil due to a branch
near the neck. Associated intracranial hemorrhage: sur-
gery enables for both hemorrhage evacuation and aneu-
rysm repair. Clipping, rather than coiling, improved the
outcome of third cranial nerve palsy, according to Levio
et al. and Feely et al. [22, 23]. Patients who are over the age
of 65 or who are on Plavix or other anticoagulants may
benefit from coiling.

Management of multiple and unruptured cerebral
aneurysm (MUA)

Natural history

The natural history findings from the international study
of unruptured intracranial aneurysm (ISUIA) and other
studies support the assumption that the natural history of
unruptured cerebral aneurysms cannot be extrapolated
from the evaluation of individuals with ruptured aneu-
rysms. The patients included in the ISUIA study phase
IT were as follows: UA in patients without SAH from
another aneurysm (group 1) and patients with SAH from
another aneurysm (group 2) [7, 24].

Multiple cerebral aneurysms pose an even greater
risk than a single aneurysm because patients with mul-
tiple lesions have a higher related death rate. Further-
more, in this group of patients, the risk of rebleeding
from the original aneurysm is larger and occurs sooner.
MUA patients are more likely to develop de novo CA and
have their existing CA increase in size further. The natu-
ral course of the disease has led to a consensus that all
aneurysms should be treated when technically viable and
patient should be followed up for a considerable duration
[25-27].

The risk of aneurysmal rupture without any interven-
tion should be weighed against the hazards of surgi-
cal clipping or endovascular treatment in the case of
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an unruptured intracranial aneurysm. (1) Aneurysmal
factors such as location, size, morphology, whether a
thrombus exists within the aneurysm, and the presence
of a daughter sac or multiple lobes, and (2) patient fac-
tors such as age, medical history, history of subarachnoid
hemorrhage, and family history of subarachnoid hemor-
rhage should be considered [28].

Other factors that can affect rupture risk include aneu-
rysm location and patient characteristics such as elder
age and hypertension [7]. CA location on the anterior or
posterior communicating artery, as well as the presence
of a daughter sac, was also a risk factor for rupture [29].
Age over 60 years, female sex, Finnish or Japanese ances-
try, aneurysm size over 5 mm, posterior circulation loca-
tion, and symptomatic unruptured aneurysms all had a
higher risk of rupture, according to a major meta-analysis
of currently available research [30].

The previously described risk factors for aneurysmal
rupture have a significant impact on whether or not to
treat an UA. UA that are about to burst can be clipped if
they display progressive cranial nerve paralysis, a rise in
size on serial CTA or DSA, or the beating aneurysm sign
(pulsatile change in aneurysm size between imaging cuts
of CTA or CTA). Endovascular treatment for aneurysms
that have not ruptured is still controversial. Pipeline flow
diverters, on the other hand, are now the widely used
treatment for giant UA.

The reported annual rate of rupture of UA is approxi-
mately 0.7-1% [31, 32]. According to ISUIA, a patient
without a history of SAH, the annual rate of rupture of
an aneurysm less than 10 mm in diameter was 0.05%,
whereas it was 0.5% in a patient with a history of SAH
[7]. The natural history of individuals with aneurysms
3 mm or larger and an annual rupture rate of 0.95% was
described in a Japanese prospective study [29]. However,
Schievink et al. and Orz et al. [33, 34] found that the
majority of aneurysms smaller than 6 mm in diameter
were ruptured, and they concluded that an unruptured
tiny aneurysm is not granted to be harmless and should
be operated on in carefully selected patients. Juvela et al.
[34] found a 1.4% annual rupture rate for previously
UA, with cumulative bleeding rates of 10, 26, and 32%
in 10 years, 20 years, and 30 years after diagnosis. Yasui
et al. [35] observed that 14.5% of patients who received
follow-up evaluation and were treated conservatively
experienced bleeding from previously UA and the deaths
of 53% of those patients. They also discovered that the
overall annual rupture rate was 2.3%, with cumulative
rates of bleeding being 20% for all patients 10 years after
diagnosis and 35% at 15 years. They came to the conclu-
sion that an unruptured aneurysm had a high risk of rup-
ture [35]. Mizoi et al. [36] discovered that eight patients
(16%) had an intracranial bleeding event with absolute
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or probable proof of aneurysm rupture in 49 patients
with unruptured aneurysms managed conservatively.
The bleeding was fatal in seven of the eight individuals
(87.5%).

The familial history of CA is sparse. In a regression
study (ISUIA), it is found that a family history was not
predictive of bleeding. However, according to the FIA
study, 548 first-degree unaffected relatives of patients
with a familial history of CA had MRA screening: dur-
ing follow-up, two patients suffered aneurysmal rupture,
resulting in an annual rupture rate of 1.2 per 100 patients
(95% CI 0.1-4.3) [4, 7]. After matching for aneurysm size
and location, the rupture rate in Ajiboye et al. [24] was
seventeen times greater than in ISUIA. The little, how-
ever, due to the low number of ruptures and wide 95%
confidence intervals, conclusive conclusions about rup-
ture rates in familial aneurysm could not be drawn [37].
Aneurysms that present with SAH bleed again at a rate of
9% within the first 3 days [38]. Because of the increased
risk of bleeding of 6% per year [39], patients with known
CA who diagnosed with brainstem dysfunction or cranial
nerve palsies should be examined and managed as soon
as possible.

ISUIA

Unruptured cerebral aneurysms have a different risk
of bleeding than ruptured aneurysms. The following
elements influence the natural history and treatment
outcomes: 1 thru 4—Factors affecting patients Smok-
ing 6 Associated medical conditions Associated age of
the patient Previous subarachnoid hemorrhage history
(SAH)—Characteristics of aneurysms Dimensions. The
most important predictor for future rupture 2 is the pre-
dicted annual risk of rupture, which is 0.05% for aneu-
rysms less than 10 mm in diameter and 1% or higher for
aneurysms larger than 10 mm in diameter, according to
the original ISUIA study results from 1998. 2 An ISUIA
follow-up research from 2003 7 found that patients with
unruptured aneurysms had 5-year cumulative rates in
the internal carotid artery (ICA), ACOM, anterior cer-
ebral artery (ACA), and middle cerebral artery (MCA)
For aneurysms less than 7 mm, 7-12 mm, 13-24 mm,
and 25 mm or greater, the rates are 0%, 2.6%, 14.5%, and
40%, respectively, compared to 2.5%, 14.5%, 18.4%, and
50%, respectively, for the same size categories involving
posterior circulation and posterior communicating artery
(PCOM) aneurysms. The diameter of the relative risk is
1.11/mm. 6 Address Unruptured aneurysms with PCOM,
vertebrobasilar, and basilar terminations are more prone
to rupture. Aneurysm morphology: Aneurysms that
are irregular or multilobular are more prone to burst
(Table 1) [7].
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Table 1 Rates of rupture in unruptured aneurysm cases based
on size and location. ISUIA study [7, 54]

5-Year rate of
hemorrhage for
posterior circulation
aneurysm including

Size of unruptured 5-Year rate of

aneurysm (mm) hemorrhage for
anterior circulation
aneurysm (%)

PCOM (%)
<7 <0.01 25
7-12 2.5 14
13-24 14 18
>24 40 50

Table 2 Surgical morbidity in operated cases of unruptured
aneurysms based on location and size. ISUIA study [7, 54]

Criteria Rate (%)
Size

<5mm 23
6-15mm 6.8
16-25 mm 14
Location

PCOM 4.8
MCA 8.1
Ophthalmic 11.8
ACOM 15.5
Carotid bifurcation 16.8

PCOM posterior communicating artery, MCA middle cerebral artery, ACOM
anterior communicating artery

Therapeutic options

Surgery

According to ISIUA: 1917 patients with mean age
50 years with 32.3% of them being harboring multiple
aneurysm underwent surgery. At 1 year, total morbidity
and death rates in patients with open surgical repair were
10.6-12.6%. The age of the patient is a significant influ-
ence in overall surgical result, with a significant increase
in risk for those 50 years and older, and a significant
increase in risk after the age of 60—70 years. Large aneu-
rysmal size, position in the posterior circulation (espe-
cially basilar tip), history of ischemic cerebrovascular
illness, and presence of aneurysmal symptoms other than
rupture are further indicators of poor surgical prognosis
(Table 2) [7].

The goal of surgery is to exclude the aneurysmal pouch
from the circulation and parent artery wall. Surgical clip
occlusion of the neck is the main stranded to achieve
this. Other surgical maneuvers could be used as wrap-
ping the aneurysm, trapping the parent artery, or surgical
bypass could be helpful in cases of tiny blood blister-like
aneurysm or giant aneurysms incorporating the parent
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artery or other arterial branches. Orz et al. [33] reported
the surgical treatment of unruptured aneurysms in 310
patients, of whom 57 had multiple aneurysms as fol-
lows: aneurysms were wrapped in 21 patients, and par-
ent artery trapped in 7, and trapped after bypass surgery
in 3, and the rest were clipped. No neurological deficits
remained in 262 patients (84.5%), and “death,” in one
patient (0.3%). The favorable outcome was documented
with the following: 1—patient 60 years old or younger,
2—small- (<6 mm) or medium-sized (6—15 mm) aneu-
rysms, 3—anterior circulation aneurysms, 4—single UA
(96% while 88% in MUA). Drakell discovered a 14.3%
morbidity rate in the posterior circulation after surgery
for MUA unruptured asymptomatic aneurysms, com-
pared to 0% morbidity in the anterior circulation [39].
From previous studies, the surgical morbidity was sig-
nificantly higher in cases of multiple aneurysm; this can
be justified by further brain manipulation either in one or
more sitting. Giant size (>15 mm) and elder patients (60—
70 years old) carry higher risk of surgical morbidity and
subsequently are poor surgical candidates. Presence of
CA in locations not amenable and technically challenging
for surgical access as cavernous carotid, vertebrobasilar
trunk or basilar apex magnifies the risks too. On the other
hand, MCA is favorable and accessible location for surgi-
cal clipping. Finally, surgical experiences could explain the
variability in the outcomes of these studies [40].

Endovascular

1. Coil embolization: Packing the aneurysmal sac with
different types of coils. For more challenging cases
and wide neck aneurysms, coiling the aneurysm with
or without assisting procedures such as balloon infla-
tion or stent implantation at the aneurysm neck can
be sought. The intraluminal conventional stents that
aid in coiling are categorized as follows: (1) open-cell
design (high elasticity), such as the Neuroform stent,
and (2) closed-cell design, such as the Enterprise
stent. The LVIS stent is a modified closed-cell design
stent that serves as a bridge between regular stents
and flow diverters by providing higher metal cover-
age (23%) [41, 42].

Xun Shen et al. [43] showed 36 individuals with
multiple aneurysms (84 aneurysms in total), 82.2%
of which were unruptured. Fifty-four (85.7%) of the
63 aneurysms treated using coil embolization were
smaller than 15 mm in diameter, seven (11.1%) were
15-25 mm, and two (3.2%) were greater than 25 mm.
Fifteen aneurysms (23.8%) had necks of 4 mm or
smaller, 46 aneurysms (73.0%) had wide necks, and
two aneurysms (3.2%) were fusiform. Six ICA aneu-
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rysms, five MCA aneurysms, two PCoA aneurysms,
two ACoA aneurysms, and two anterior cerebral
artery aneurysms were treated with stent-assisted
coiling; one VA-PICA aneurysm was stented alone;
and four lesions (three gigantic ICA aneurysms and
one VA-PICA aneurysm) were treated with parent
artery occlusion. Total occlusion was achieved in
54 (85.7%) [43]. In the ISUIA research, 451 patients
treated with endovascular coiling had a 1-year mor-
bidity rate of 6.4% and a death rate of 3.1%. The endo-
vascular group had different baseline characteris-
tics than the surgery group (which comprised older
patients, larger aneurysms, and a higher number of
posterior circulation aneurysms); therefore, the find-
ings are not directly comparable (Table 3) [7, 44].

An endovascular method may be unfeasible due to
prohibitive tortuosity in the access vessels. In rare
circumstances, combining an open surgical approach
with a close proximity approach to the lesion may
be appropriate. The presence of a daughter dome
in the aneurysm neck may make an endovascular
cure more difficult to perform. The parent artery is
included. Because of the partial thrombosis of the
aneurysm, recurrence of the lesion is highly possible
due to the shifting and compaction of the coil mass.
The significance of endovascular therapy in the treat-
ment of aneurysms that have a mass effect is debat-
able. Intuitively, only an open surgical technique
appears to have a possibility of alleviating mass effect
symptoms. However, there is some indication that
cranial neuropathies improve the following endovas-
cular coil occlusion (Fig. 1) [40, 45].

2. Onyx HD 500; ev3 Neurovascular: is an embolic
agent used to treat giant and wide-necked aneurysms
that cannot be treated with surgical clipping or end-
ovascular coiling. However, due to poor outcomes

Table 3 Risks and results of endo-vascular coiling in cases of
unruptured aneurysms [52]

%

Aneurysm perforation 24
Ischemic complication 8-16
Permanent complications 3-12
Decrease in functional score 1-3
Mortality rate 14
Complete aneurysm occlusion 47
Near-complete occlusion (90-99%) 43
Incomplete occlusion 9
Recurrences 20
Rebleeding rate 09
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Catheter

Coil

Fig. 1 lllustration for coil embolization in a rubber model [44]

recorded in several trials such as the Cerebral Aneu-
rysm Multicenter European Onyx (CAMEO), its use
has been recently declined [46].

. Flow diverters: With the new endovascular con-
cept focusing on reconstructing the parent vessel
wall rather than embolization of the aneurysmal
sac, diverters are innovative stents with higher pore
density (smaller pores than ordinary stents) (0.02—
0.05 mm?) and more elastic to fit the vessel profile
(higher metal coverage), resulting in flow stagnation
and gradual thrombosis inside the aneurysm. After
stent-assisted coiling and flow diverter embolization,
dual antiplatelet is administered as a post-procedural
need. Although pipeline embolization is commonly
used to treat many big ICA aneurysms, there have
been reports of spontaneous aneurysm rupture and

Fig. 2 lllustration for Woven EndoBridge (WEB; Microvention) device (This figure was uploaded by Adam A Dmytriw Content may be subject to
copyright) [48]
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intraparenchymal hemorrhage following the proce-
dure (0.6% and 2.4%, respectively) [20, 47].

4. Web devices: They are inflatable intra-saccular flow
disrupters with a unique design. A regular micro-
catheter is used to deliver the drugs to the aneurysm,
and radiopaque markings on the catheter’s surface
aid in their appropriate placement. They are made up
of a barrel and spherical nitinol braid on the inside
and an outer nitinol braid on the outside (Fig. 2) [48,
49].

Multimodal approach

When open surgery and endovascular methods are com-
bined in same or different sitting, they may be beneficial
to one other in the treatment of MUA. To maximize the
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benefit to the patient, researchers are attempting to strike
a delicate balance between enhancing aneurysm oblit-
eration and decreasing treatment-related morbidity. This
could comprise parent artery reconstruction or bypass
treatments followed by coil implantation, or vice versa.
Creating a surgical access to coil embolization through a
trans-cranial approach was reported too [40, 50].

Conservative treatment

Conservative approach could be sought in newly diag-
nosed MUA, especially those patients over the age of
60 years and for small (<7 mm) aneurysms, except in
those with a strong family history of aneurysmal rup-
ture [50]. It also can be individualized according to
patient condition and wish after informative counseling
and restrict follow-up regimen. Routine periodic imag-
ing with MRA or CTA on annually for about 3 years at
least should be done. Patient with documented aneurys-
mal growth radiological or clinical (development of new
symptoms) should be considered for intervention. Allevi-
ating other risk factors is a cornerstone: control of hyper-
tension, moderate alcohol consumption, and avoidance
of cocaine abuse [51].

There is no indication that anticoagulant therapy
increases the risk of SAH in patients with aneurysms.
Anticoagulant medicines should be avoided in patients
who have an unruptured aneurysm because they increase
the chance of a poor result if the aneurysm ruptures.
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Many studies have found that individuals using aspirin
have a lower risk of rupture. However, it is uncertain
whether the benefit of aspirin therapy in individuals with
an unruptured intracranial aneurysm justifies the haz-
ards, and a clinical trial is needed to clarify. In a case—
control study of cases of intracerebral hemorrhage and
subarachnoid hemorrhage comparing subjects who use
aspirin to those who not, patients who took aspirin had
the lowest risk of aneurysm rupture during follow-up in
an examination of data from the ISUIA with regard to the
untreated patient [52, 53].

Our own experience

Case 1 A male patient, 56 years old, presented to our
outpatient clinic. He complained of chronic mild head-
ache, 3rd nerve palsy in the form of partial ptosis. MRI
and MRA revealed a prebifurcational carotid aneurysm; it
was detailed later on DSA. After FU for 6 months, growth
by 2 mm was confirmed. Endovascular coil embolization
was elected for the patient. The patient was discharged
neurologically intact and with significant improvement
on follow-up visits (Fig. 3).

Case 2 A female patient, 52 years old, presented with
recurrent episodes of headache to our outpatient clinical.
CT brain revealed filling defect in the right Sylvain fissure
suspicious of CA. CTA was done and revealed right bifur-
cation MCA aneurysm with the widest diameter being

Fig. 3 DSA, left internal carotid aneurysm (anteroposterior view) showing prebifurcational aneurysm pre and post coil embolization
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Fig. 4 a CTA after 2 years showing clipped right MCA aneurysm and enlarged left aneurysm. b and ¢ CT brain showing clips

Multiple unruptured
aneurysms

'

Which one to select or start with?

T

Location /
parent
artery

v v

basilar apex

impending rupture

3. Murphys’ tit sign

v N

Radiological

Related
clinical presenting

sign sign

'

The largest in size Anterior 1. Daughter sac 1. Related compression sign
(10 mm or more) communicating 2. Irregular surface e.g.
or (blebs) MCA with contralateral

motor weakness or temporal

lobe epliepsy, PCA with 3rd
nerve palsy, etc.

2. Related ischemia or TIA

Fig. 5 Flowchart for the selection criteria for aneurysm to treat/start with in MUA patients

more than 1.3 cm, and another left M1 small aneurysm
less than 4 mm in the widest dimension. Surgical clipping
was done for the right-sided aneurysm. Patient was dis-
charged on regular follow-up scheduled radiology for the
other left MCA aneurysm. Two years later, CTA revealed
significant growth of the left M1 aneurysm and surgical
clipping was decided for the patient. The patient was dis-

charged neurologically intact and a new angiography is
decided after 6 months (Fig. 4).

Recommendations for management of MUA

The American Heart Association Stroke Council docu-
mented certain recommendations for factors favoring the
treatment of UA after reviewing the literature. The young
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age patients and those with previous history of SAH or
having family members with aneurysmal SAH should
be treated. The aneurysmal factors that favor treatment
are as follows: basilar apex location, size more than or
equal 10 mm, and presence of daughter sacs. For patients
for whom conservative management is elected, rou-
tine periodic angiography should be done. Patient with
documented aneurysmal growth radiological or clinical
(development of new symptoms) should be considered
for intervention as mentioned before [54].

In case of MUA, all aneurysms should be treated
when technically viable. In case of selection of cer-
tain aneurysms to start with, our recommendation is
summarized in a flowchart (see Fig. 5). Selection is
based on aneurysmal radiological signs in correlation
with the clinical presentation. Tailoring the protocol
therapy by combining variable treatment options avail-
able and creating a multimodal approach with the inte-
gration of surgeons and interventionists expertise is
inevitable.

Conclusion

Prophylactic treatment of multiple unruptured is still
controversial. Weighing the risk of intervention to the
risk of observation is a mandatory pathway. However,
the favorable outcome of treating these aneurysms
in comparison with the ruptured one and sparing the
patients the drawbacks of impending rupture and sub-
sequent SAH favors intervention. Multiplicity and
other factors like age of patients, size and location of
the aneurysms influence the decision-making and the
type of therapy to be elected.
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