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A B S T R A C T

Introduction: Multiple intracranial aneurysms [MIA] occur in 7% to 34% of patients with intracranial aneurysms.
They can be treated with both surgical and endovascular techniques. Here we report 2 cases of multiple in-
tracranial aneurysms with 6 and 7 aneurysms respectively who were treated at our institute by surgery followed
by a discussion on incidence, conditions associated with multiple aneurysms, ethnicity and management stra-
tegies.
Methods: A retrospective analysis of 2 patients with incidentally detected aneurysms with 6 and 7 aneurysms
respectively, who were treated with microsurgical clipping was conducted. A systematic search was performed
using the PUBMED database and relevant articles were reviewed with particular attention to incidence, asso-
ciated conditions, risk factors and management strategies.
Results: Both the patients were females with incidental detection of the aneurysms. One had 6 and the other had
8 aneurysms respectively. Both patients underwent bilateral pterional craniotomy and clipping of all the an-
eurysms except for one aneurysm in the cavernous ICA, for which the patient is planned for an endovascular
procedure. Both had an uneventful postoperative course with the CT angiogram showing obliteration of all the
aneurysms except one.
Conclusions: There is a lack of prospective randomized controlled trials to analyse management options, parti-
cularly in comparing intervention with conservative management. Most of the available data is retrospective in
nature and lacks objective short and long-term outcome analysis. Furthermore, we need randomized trials to
directly compare clipping and coiling of multiple unruptured aneurysms to decide the best intervention strategy
of this pathology.

1. Introduction

One third of intracranial aneurysms are multiple. They can be
managed surgically or by endovascular coiling. The reported number of
aneurysms vary between 2 and 13 [1,2]. Several authors have described
the treatment of unruptured multiple intracranial aneurysms in various
combinations such as single or multi stage surgical clipping/coiling or a
combination of both. However, the decision of when to treat and which
modality best suits the situation is yet not clear from the available lit-
erature. Thus the decision to provide the best option for the patient
requires a multidisciplinary approach between the endovascular and

surgical team [3,4]. We report 2 cases of multiple intracranial aneur-
ysms with 6 and 7 aneurysms respectively, who were treated at our
institute by surgery followed by a discussion on incidence, conditions
associated with multiple aneurysms, ethnicity and management stra-
tegies.

2. Illustrative case 1

A 57 years old lady, who was a known case of hypertension on
medications, was incidentally detected to have multiple aneurysms
when she was screened for the same as she had a family history of
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subarachnoid haemorrhage but not of any detected aneurysms. She had
no history of smoking, alcohol abuse or history of any syndromes. On
examination, she did not have any neurological deficits. She underwent
CT angiogram of the brain with three-dimensional reconstructions and
a 4-vessel DSA which demonstrated the following aneurysms:- basilar
top, bilateral M1, bilateral MCA bifurcation and bilateral anterior
choroidal artery aneurysms (Figs. 1 and 2). There were a total of 7
aneurysms in the patient. After careful evaluation of the radiologic
images, we decided to attempt a 2 stage surgical procedure and clipping
of all the aneurysms. She initially underwent a left pterional craniotomy
and clipping of the basilar top, left anterior choroidal, M1 and MCA
bifurcation aneurysms. She underwent the second surgery after
1month, which was a right pterional and trans-sylvian approach, si-
milar to the first one and clipping of right anterior choroidal, M1 and
MCA bifurcation aneurysms. The postoperative course after both the
procedures was uneventful. The postoperative CT angiogram showed
complete exclusion of all the aneurysms while preserving the normal
flow.

3. Illustrative case 2

A 63 years old lady, who was a known case of hypertension on
medications, was incidentally detected to have multiple aneurysms
when she was evaluated for a nonspecific type of a headache. She had
no family history of SAH or aneurysms. She had no past history of
smoking, alcohol abuse or any syndromes. On examination, she did not
have any neurological deficits. She underwent CT angiogram of the
brain with three-dimensional reconstructions and a 4-vessel DSA which
demonstrated the following aneurysms:- Acom, 2 sets of bilateral M1
and a right cavernous ICA aneurysms (Figs. 3 and 4). There were a total
of 6 aneurysms in the patient. We decided to attempt a 2 stage surgical
procedure and clipping similar to the previous case. She initially un-
derwent a right pterional craniotomy and clipping of both the MCA and
Acom artery aneurysms. The right cavernous ICA aneurysm was
wrapped. She underwent the second surgery after 1month, which was a
left pterional approach and clipping of the left MCA aneurysms. The
postoperative course after both the procedures was uneventful. The
postoperative CT angiogram showed complete exclusion of all the an-
eurysms except the right cavernous ICA aneurysm while preserving the

Fig 1:. Case 1 aneurysms with their sizes:- 1,2 – bilateral MCA bifurcation
aneurysms (right- 2 mm, left- 0.4 mm); 3,4 – bilateral anterior choroidal artery
aneurysms (right-3 mm, left- 2 mm); 5 - basilar top (6.4mm); 6 - left M1 an-
eurysm (3mm).

Fig 2:. Case 1 aneurysms with their sizes:- 6 - left M1 aneurysm (3mm); 7 –
Right M1 aneurysm (3mm).

Fig 3:. Case 2 aneurysms with their sizes:-bilateral MCA aneurysms (1-2.3 mm,
2- 2.6 mm, 3- 2.4 mm, 4 – 3.2 mm).

Fig 4:. Case 2 aneurysms with their sizes:- 6 – Acom aneurysm (3mm); 7 – right
cavernous ICA aneurysm (3.2 mm).
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normal flow. She is planned for an endovascular procedure for the ca-
vernous ICA aneurysm.

Although only one patient had a positive family history of SAH with
no proven aneurysms, both of them were recommended to undergo
genetic counselling along with a screening of family members. For both
the patients preoperative CFD was done to analyse the hemodynamics
of the aneurysms (Fig. 5).

Intraoperatively, we used electrophysiological monitoring like MEP,
indocyanine green video angiography with DIVA for an intraoperative
assessment of the occlusion of the aneurysms and the preservation of
the blood flow in parent/branching vessels (Fig. 6) and Doppler. There

was no intraoperative rupture in any of the procedures.

4. Discussion

4.1. Epidemiology

The prevalence of intracranial aneurysms in the general adult po-
pulation is 1 to 3.2%. Amongst these, the reported cases of multiple
intracranial aneurysms range from 2% and 45% [3,5–10]. The in-
cidence of mirror aneurysms accounts for nearly 5% of all intracranial
aneurysms and approximately 40% of all multiple aneurysms [11–14].

Fig 5:. Preoperative CFD:- A) shows wall pressure; B) shows wall shear stress pressure; C) shows the vector which is divergent; D) shows the flow within the vessel
and the aneurysm.

Fig 6:. A) Pre clipping DIVA showing the aneurysm and the adjacent vessels.
B) Post clipping DIVA shows no residual aneurysms with intact adjacent vessels.
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In The 2 illustrative cases presented in this report, we had 5 sets of
mirror aneurysms. Literature shows that MCA is the commonest site
followed by ICA and Pcom for these type of aneurysms [12–15]. It has
been postulated that mirror aneurysms have an underlying embry-
ological evolution. Anterior circulation aneurysms originate from the
embryologic prosencephalic region. Thus any insult prior to the ce-
phalic segmentation phase might trigger the formation of this pa-
thology [12,14,16–18]. The mere presence of mirror aneurysms is not a
predictor of SAH or poor outcome. There are no clear consensus on the
management protocol of these lesions and remain similar to the man-
agement of other MIAs.

4.2. Etiopathogenesis and natural history

The risk factors for MIAs remain similar to the known predictors of
intracranial aneurysm formation such as, female sex, hypertension,
smoking and alcohol abuse [5,9,18–21]. Non-modifiable risk factors
include old age, female sex, Japanese or Finnish descent and genetic
factors whereas the modifiable ones are cigarette smoking and hy-
pertension [18,19,21,22]. Jabbarali et al. [5] in his meta-analysis on
MIAs opined that higher age and family history along with the other
mentioned predictors are major risk factors for MIAs.

Size and location have been identified as the most important an-
eurysm-specific predictors of rupture in both single and multiple an-
eurysms [6,9,23,24]. Lu et al. [23] in his retrospective analysis of 294
aneurysms and other authors [9,20,22,25] have concluded that Acom
artery aneurysms and the ones larger in size were more prone to rup-
ture. The ISUIA trial and the meta-analysis by Wermer et al. [22]
concluded that significantly higher rupture rates were noted for an-
eurysms located in the posterior circulation, basilar top aneurysms and
the ones in posterior communicating arteries. In addition to this, the
position of an aneurysm on the parent vessel also predicts rupture i.e.
midline aneurysms have a higher risk of rupture than the ones on the
lateral aspect of the vessel [23]. Kleinloog et al. [26] in his retrospective
analysis of 102 studies, identified that the irregular shape of an an-
eurysm was an independent predictor of risk of rupture. The last meta-
analysis on the risk of rupture (which included MIAs too) was published
in 2007 and found that age>60 years, female gender, Japanese or
Finnish descent, size> 5mm, posterior circulation location, and
symptoms were all risk factors for rupture [9,22]. Amenta et al. [27] in
their retrospective review of over 2000 patients, identified Aspect
Ratio> 1.6, dome diameter> 10mm, a deviated neck, and right-
sidedness as independent risk factors for rupture.

The familial forms of aneurysms have been associated with condi-
tions such as autosomal dominant polycystic kidney disease, Marfan's
syndrome, Ehlers–Danlos syndrome type IV, fibromuscular dysplasia,
Moyamoya disease, sickle cell disease and arteriovenous malformations
of the brain. Patients with one affected family member have approxi-
mately a 4% risk and ones with 2 or more affected first-degree family
members have an 8–10% risk of developing an aneurysm [9,18,19]. In
addition to the aforementioned genetic disorders, there are less obvious
variations in the genetic code, which may also play a role in the de-
velopment and rupture of cerebral aneurysms. Increased familial risk
indicates a possible genetic risk. Aneurysm multiplicity is probably
more common in those with a familial aneurysm than in those without,
and there seems to be some predilection for aneurysms in the middle
cerebral artery. Multiple studies have shown a statistically significant
association between intracranial aneurysms formation, SAH and var-
iants of the genes CDKN2 (chromosome 90), SOX17 (chromosome 8),
and EDNRA (chromosome 4) [9,19,28–30]. Abnormalities in the
CDKN2 gene leads to heterogenous wall thickness thus leading to an-
eurysm formation. The polymorphisms of the EDNRA gene may result
in the inability of the vascular smooth muscle to compensate against the
shearing forces and the SOX17 gene polymorphism contributes to the
disruption of the endothelial homeostasis thus leading to the formation
and rupture of aneurysms. The commonest histological finding is a

decrease in the tunica media, the middle muscular layer of the artery,
causing structural defects. These defects, in combination with the he-
modynamic factors, lead to the formation of aneurysms. Further re-
search is required to elucidate the genetic factors responsible for
structural remodelling. While the contributions of the other factors can't
be ignored, it is also required to determine these genetic factors to help
identify patients at risk and develop novel gene based therapies
[9,19,28–30].

Hemodynamics of the lesion with its impact on aneurysm initiation,
remodelling, degradation of the wall structure and its mechanical
strength, plays a fundamental role in its rupture [6,7]. Furthermore,
hemodynamic assessment by CFD study could give us details about wall
shear stress, oscillatory stress and flow patterns which could help us
detect lesions with high probability of future rupture [31]. This in-
formation can aid in the staged management of MIAs. Meng et al. [32]
postulated two different hypothesis on aneurysmal rupture, in CFD
depending on the aneurysm type. One with low WSS in combination
with high OSI can lead to an inflammatory-cell-mediated pathway in
large, atherosclerotic aneurysm phenotypes. However, abnormally high
WSS combined with a positive WSS gradient might initiate a mural-cell-
mediated pathway for small or secondary bleb aneurysms. However,
further studies in CFD are required to clarify the risk profile in patients
with unruptured MIAs.

4.3. Management strategies

Several studies showed that MIAs are associated with a less fa-
vourable outcome than are single aneurysm cases after SAH, thus ne-
cessitating intervention on diagnosis [7,20]. On detection of un-
ruptured aneurysms, the risk of rupture has to be balanced against the
risk of surgery. The predictors of rupture according to the pooled data
from 6 prospective cohorts [PHASES score] were geographical region,
hypertension, age, history of SAH from another aneurysm, aneurysm
size and location, aneurysms with large diameter (> 7mm) and an-
eurysms in the vertebrobasilar, anterior communicating, and posterior
communicating arteries [33]. Along with these, the aneurysmal factors
such as morphology, potentiality of a thrombus within the aneurysm,
presence of a daughter sac or multiple lobes and other individual risk
factors such as smoking, MIA and family history should be taken into
account for decision making [9,19].

The optimal management strategy of unruptured intracranial mul-
tiple aneurysms is yet a highly controversial topic. There are no ran-
domised controlled trials to analyse management options such as in-
tervention versus conservative management or clipping versus coiling.
The primary question to be addressed is whether patients with MIAs are
at a higher risk of aneurysm rupture compared to the ones with single
aneurysms? Till date, there is no conclusive scientific evidence about
this [2,9,34,35]. However, many authors have opined MIAs are an
additional risk factor warranting treatment [5,7,25]. Thus till future
evidence-based protocols are in place, treatment by an interdisciplinary
approach, based on the availability of both surgical and interventional
expertise, tailoring individual therapeutic approaches based on lesion
and patient characteristics is probably the best form of management in
MIAs which is what we also followed in both our patients, though both
of them were asymptomatic. Surgery is recommended for MIAs, if not
amenable to coiling [36]. Literature search also revealed that the ma-
jority of neurosurgeons trend towards operating on all the detected
aneurysms [37].

A single-stage procedure is indicated by multiple intracranial an-
eurysms on the same side of the anterior circulation. However, if the
aneurysms are located bilaterally in the anterior circulation or if they
are in both the anterior and the posterior circulations, a two-stage
procedure is suitable. However, bilateral Anterior cerebral artery A1
segmental aneurysms, A1-A2 junctional aneurysms, posterior cerebral
artery P1 segment aneurysms, superior cerebellar artery aneurysms,
internal cerebral artery bifurcation aneurysms and paramedian
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aneurysms have been successfully treated with a unilateral craniotomy
[2,38,39]. Several authors have stated that a single stage surgery for
bilateral multiple aneurysms increases the neurovascular manipulation,
surgical time, morbidity and mortality. Many state that a multistage
approach has a better outcome [4,11,37,40]. However, multistaged
treatment does have disadvantages like increase in the risk of rupture of
the unclipped aneurysms, increased hospital stay, high costs and ag-
gravation of psychological burden. Postoperative hyper dynamic
therapy is also not possible in multistaged approach as it carries an
increased risk of rupture of the unclipped aneurysms [11,40,41].

Microsurgical clipping of small aneurysms is specifically demanding
and requires the deployment of techniques like double clip technique,
not only for complete occlusion but to prevent slipping of clips as well
[42]. In both our cases, we used bilateral multistage approach. We used
intraoperative monitoring like MEP, indocyanine green video angio-
graphy with DIVA for an intra-operative assessment of the occlusion of
the aneurysms and the preservation of the blood flow in parent and
branching arteries and Doppler. Postoperative imaging showed com-
plete exclusion of all the aneurysms from the circulation while preser-
ving normal flow except for the cavernous ICA aneurysm, which was
wrapped.

Coiling was also considered in both the patients and they were given
a detailed explanation of the risk-benefit ratio about both coiling and
clipping prior to the decision of surgery. Coiling involves no manip-
ulation of cerebral arteries or brain tissue [4,10]. As such, when mul-
tiple aneurysms are located either on both sides or in both the posterior
and anterior circulations, a single-stage treatment with coiling may be
more practical than one with clipping. However, coiling for very small
aneurysms is technically challenging and frequently requires adjunctive
techniques such as balloon-assisted or stent-assisted coiling, which may
require subsequent antiplatelets and anticoagulation for many months
after the procedure. Additionally, coiling is associated with higher in-
traprocedural rupture rates in small aneurysms compared with larger
ones [42–45]. Patients undergoing coiling are prone to thromboembolic
events and prolonged treatment time along with contrast-induced ne-
phropathy [12]. Both the International Study of Intracranial Aneurysms
(ISUIA) and the International Subarachnoid Aneurysm Trial (ISAT)
have reported better outcomes with endovascular coiling when com-
pared with microsurgical clipping [36,46]. However, these conclusions
are significant and clinically applicable only for aneurysms whose
anatomy, infrastructure, cost and available expertise is suitable for the
technique and this is not the case in many instances.

The management of multiple aneurysms should be customised to
each case according to the various factors such as preoperative clinical
picture, multiplicity, location, size and projection of aneurysms. The
experience of the operating surgeon, detailed imaging, meticulous
planning, intraoperative adjuncts [IOM, neuronavigation, DIVA etc.]
and judicious microsurgical techniques are imperative for a good clin-
ical outcome [11,14].

5. Conclusions

Asymptomatic multiple unruptured intracranial aneurysms are
being incidentally detected at a higher rate because of the increased
availability of imaging modalities. Once detected, we need to compare
the aneurysm's natural history to the risk of intervention while con-
sidering the aneurysm location, size, morphology, age, clinical pre-
sentation, and medical co-morbidities. These factors will also determine
the type of interventional technique to pursue. After an exhaustive re-
view of the literature, the optimum management of this pathology yet
remains unclear. The recommendations are based mainly on expert
opinion and guidelines, but no high-level evidence is available from
clinical trials. Currently, we do not have well defined data about risk of
rupture specific to aneurysmal size or location. There is a lack of pro-
spective randomized controlled trials to analyse management options,
particularly in comparing intervention with conservative management.

Most of the available data is retrospective in nature and lacks objective
short and long-term outcome analysis. Furthermore, we need rando-
mized trials to directly compare clipping and coiling of multiple un-
ruptured aneurysms to decide the best intervention strategy of this
pathology.
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