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Background: Once the decision is made to treat the intracranial aneurysm, we should consider between two
competing treatment options; open surgery or endovascular therapy. The rationale underlying the choice of
treatment modality is usually unclear, as there is little good quality evidence available.
Methods: We discuss here the patient, risk factors and the aneurysm related factors for decision making in
. : management of intracranial aneurysm between endovascular and microsurgical modalities of management.

Ruptured intracranial aneurysm A . . . . .

. Results: The relevance of age of patient, modifiable and nonmodifiable risk actors, family history, rupture status
Subarachnoid hemorrhage N Y ;
ISAT of aneurysm, aneurysm related factors like morphology of aneurysm and multiplicity are discussed here.
Perceived differences in efficacy and safety of the two different treatment approaches are commonly used in an
attempt to justify treatment choices. Difficulties with treatment selection and case to case management plan
should be considered.
Conclusion: Properly designed and randomized controlled trials need to be done to address these issues for

choosing best management to the patient and definitive guidelines must be made to solve this confusion.

1. Introduction

There is great debate going on for management of Intracranial
Aneurysms (IA). Neurosurgeons feel microsurgical clipping holds better
place than endovascular management due to its lower rate of recur-
rence and rebleeding whereas Interventionist feel endovascular man-
agement is safe and has less morbidity and mortality compared to
former. Human decision making in the presence of uncertainty is a
complex, poorly understood process [1]. Yet, “humans are condemned
to choice and action”. We should keep “patient first” in mind during
management and give the best management to the patient [2]. Surgeons
confronted with a patient harboring an aneurysm are inclined to favor
clipping, and interventionists coiling. The choice can be even more
ambiguous for cross-trained endovascular neurosurgeons. In this article
we will discuss various aspects of patient and aneurysm factors in the
modalities of intracranial aneurysm management and try to justify su-
periority of one over the other.

2. Risk factors
2.1. Cigarette smoking

It is seen that cigarette smoking increases chance of subarachnoid
hemorrhage in patient with cerebral aneurysms [3-5]. Smokers ex-
perienced SAH at a younger age and had a greater number of co-
morbidities compared with nonsmokers, highlighting the negative ra-
mifications of cigarette smoking among patients with cerebral
aneurysms [6-8].

2.2. Hypertension

HTN is another risk factor for SAH. In long term there is no role in
aneurysm formation and growth but it has been found that patients
taking antihypertensive drugs have decreased chance of aneurysm
formation compared to noncompliant patients. History of hypertension
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as a risk factor for SAH (RR, 2.5; OR, 2.6) seems to be less crucial than
for other stroke subtypes [9,10]. The prevalence of hypertension among
SAH patients (20-45%) is somewhat higher than in the general popu-
lation; after adjustment for age, gender, cigarette smoking and alcohol
consumption, history of hypertension has not been shown to sig-
nificantly increase the risk for SAH, as demonstrated in two case-control
studies [11,12].

2.3. Alcohol use

The role of alcohol as a risk factor for SAH has not been as well
established. Several cohort (RR > 150 g/week, 2.1) and case-control
(OR > 150 g/week, 1.5) studies have shown that excessive alcohol
consumption increases the risk for SAH in both men and women, in-
dependent of cigarette smoking, age, and history of hypertension [4-8].
Ruigrok et al. [13], drinking > 300 g/week of alcohol attributed to
20% of instances of SAH in the population, and drinking 100-299 g/
week accounted for 11% of cases of SAH [11,13].

3. Patients factors
3.1. Rupture status

Microsurgical management of ruptured intracranial aneurysm
(RIAs) is more difficult than unruptured as the dome is more fragile and
dissection is challenging due to brain edema and/or hematoma [14,15].
So, the tendency to do emergency surgery is more and if the time has
lapsed then microsurgical clipping is not done immediately due to va-
sospasm or edema [14]. Withholding surgery has a great threat of re-
bleeding. Whereas there is no constrain for the endovascular manage-
ment as there is no difference in rupture status of aneurysm. It is seen
that there is more risk of hemorrhagic complications, recurrence in
ruptured cases and tendency to undercoil remains. So, if possible early
clipping should be done [15-20].

3.2. Age

According to ISAT when young patients are treated with en-
dovascular management, they have less morbidity and mortality but in
the long run have higher recurrence and rebleeding rates. So,
Microsurgical management holds better durability compared to en-
dovascular [21,22]. Both clipping and coiling are associated with worse
outcomes in old patients as compared to young patients, in both rup-
tured and unruptured aneurysms. The common-sense practice of
sending older patients for “minimally-invasive” coiling, remains un-
founded. From an endovascular perspective, older patients have more
tortuous vascular anatomy, a higher relative burden of atheroma, and
there is ample material to suggest that the elderly tolerate coiling, as
well as clipping, poorly as compared to younger patients [18]. In a
study done at our center for management of unruptured intracranial
aneurysm in elderly > 75 years we found that Hypertension and Dia-
betes mellitus, posterior circulation aneurysms are poor prognostic
factors for surgical management in the elderly. So, co-morbidities in
elderly patient with posterior circulation aneurysms we should consider
endovascular coiling (EC).

3.3. Mass effect

It is believed that aneurysm deflation following clipping lead to
more rapid resolution of the mass effect but endovascular management
feels that volume occupied by the coil is small fraction of total aneur-
ysmal volume so there is nonsignificant increase in size of aneurysm
due to fresh thrombus followed by volume reduction and aneurysm
contraction [23,24]. Endovascular management feels that clipping can
render an otherwise transient neurological deficit permanent [25].
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4. Aneurysm related factors
4.1. Small aneurysms

Surgically small aneurysms are simple to treat so long as there is
sufficient tissue to hold the clip. Unruptured aneurysms dissections are
relatively easy but difficulty can arise when there is premature or in-
traoperative rupture [26]. Small aneurysms, compared to larger ones,
are also more difficult to embolize, as there is a smaller margin for error
with microcatheter placement, and the forces applied by the coil exiting
into the aneurysm are distributed across a smaller surface area, in-
creasing the risk of perforation, particularly in recently ruptured lesions
[27,28].

4.2. Large aneurysms

Large aneurysms are difficult to treat both via endovascular and
microsurgical approaches [29]. Large aneurysm are difficult to treat
surgically and sometimes other modalities like complex clip config-
uration, Surgical bypass, Aneurysmorraphy needs to be done [30]. For
endovascular management of large aneurysm it is easy to catheterize
the microcatheter but the challenge of durable occlusion remains [31].
Newer advancements in endovascular techniques to treat such an-
eurysm like flow diverter and stents may be used, but with added risks
of acute or delayed obstruction, hemorrhagic risk of dual antiplatelet
and a persistent threat of rupture of lesion [32].

4.3. Location

Standard pterional craniotomy is done for the microsurgical clip-
ping but in some anterior clinoidectomy must be done for ophthalmic
artery aneurysms or paraclinoidal aneurysm and a far lateral approach
must be used for the vertebrobasilar junction aneurysms [33]. Despite
this there is increase exposure related morbidity due to CN manipula-
tion, more extensive tissue dissection and risk of post op CSF leak which
is not there in endovascular management. Therefore, posteriorly lo-
cated aneurysms endovascular managements holds the upper hand
[34]. Distal lesions like pericallosal artery aneurysm endovascular
procedure has high chance of perforation or incomplete occlusion [35].

4.4. Multiplicity

Presence of the multiple aneurysms makes microsurgical manage-
ment difficult due to the need for multiple craniotomies. In this setting
endovascular procedures remains efficient [36].

4.5. Aneurysm shape and wall thickness

4.5.1. Wide neck aneurysm

When the aneurysm neck is wide and dome: neck ratio is < 1.5
clipping is more favorable then coiling [37]. Endovascular techniques
employing stents may be used in this setting, but there is risk of coil
herniation into the parent vessel, increase risk of major hemorrhage due
to dual antiplatelet therapy (1-2%) and increase thromboembolic risk
[38,39].

4.5.2. Large aneurysm and large or essential branch arising from the neck of
aneurysm

This condition is difficult to treat by microsurgical clipping. If such
condition arises then endovascular management can be opted to de-
crease the morbidity due to unnecessarily clipping the essential branch
or perforators. Still with the endovascular management the risk of
under size management and risk of recurrence persists [37,40-43].

4.5.3. Calcified wall
When the wall of aneurysm is calcified microsurgical clipping
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becomes technically difficult. In these patient's endovascular manage-
ment can be considered [41,42].

4.5.4. Intraaneurysmal thrombus

There is a big debate on this as there is risk of emboli both in en-
dovascular and microsurgical clipping. So, selection of procedure must
be done with caution as endovascular procedure done in these patients
have high chances of under management and this carries high chance of
recurrence. Microsurgical clipping holds better if meticulous dissection
is done to prevent embolization during dissection [43].

4.5.5. Role of computational fluid dynamics

We still do not have clear demarcation regarding whether low wall
shear stress (WSS) or high WSS contributes to aneurysm formation. Few
studies have been done to prove efficacy of CFD on management plan of
cerebral aneurysm. Meng et al. proposed that high WSS correlates with
Type laneurysm formation, i.e., small and transparent aneurysms,
whereas low WSS contributed to Type 2 aneurysm formation, i.e., thick
walled atherosclerotic type [44]. Cebral et al. reported that ruptured
aneurysms have higher WSS compared with unruptured aneurysms
[45]. Xiang et al. have proposed that lower WSS contributes to rupture
of aneurysm [46]. Yoichi et al. proposed that lower shear stress is as-
sociated with increased risk of rupture [47]. In study, done in our
center Maruf Matmusaev et al. [48] found out that 9 out of 10 cases
with low WSS had thinning of the vessel wall. One aneurysm had a bleb.
In 90% of cases, they revealed that thinning of the aneurysmal wall
during operation which is a predictor for future rupture. So, we can
propose that CFD adjunct the microsurgery assist on choosing adequate
microsurgical tactic taking into account predicted risk of aneurysm
rupture and those in verge of impending rupture can be dealt with
microsurgical better and CFD is equally important in endovascular
management also to plan treatment as Hemodynamic indices calculated
by using computational fluid dynamics techniques, have close correla-
tion with Flow-diverter treatment outcome.

4.5.6. Molecular biology of aneurysm

Formation of cerebral aneurysm occur due to the excessive hemo-
dynamic stress to the intracranial arterial wall bifurcation.
Hemodynamic stress, inflammatory reaction by activated macrophages
and vascular smooth muscle death is crucial for formation of cerebral
aneurysm. If there are macrophages in the wall then we can consider
those patients who are symptomatic unruptured aneurysms as ruptured
ones and to manage accordingly on priority basis. But this is still in
experimental stage and helps us in proposing management to patient as
it is seen when there is impending rupture or ruptured there is high
chance of under management and high recurrence with endovascular
then surgical [49].

5. Decision making

It is always a question of doubt whether to post patient for
Microsurgical treatment or Endovascular management. If an old patient
comes with large intracranial aneurysm, we cannot address saying that
surgery would give better outcome if patient were young and neither
we can justify saying that Endovascular management would be favor-
able and durable if aneurysm is smaller. We need to give best available
management to the patient with due care of less morbidity and mor-
tality. So, going for Microsurgical clipping or endovascular coiling
should not be the issue in the management rather it should be choosing
one treatment which gives the patient maximum benefit with least
complications. Aneurysm size and location also dictate intervention,
with middle cerebral artery aneurysms treated with clipping having
better patient outcomes than with coiling in elderly patients [50-54].

We have addressed various literatures regarding this and have
found that some points can be taken in account which helps in decision
making and allowing to choose the best treatment with background of
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Table 1
Indication of Microsurgical Clipping or Endovascular Coiling.
Microsurgical Endovascular
Age Young > 70 years
Intracranial hematoma Present Absent
Aneurysm specific factors Location MCA Posterior location
Pericallosal
Neck Wide neck Small
Table 2
For clipping and against coiling.
Age < 50 years Hauck et al. 2008
< 70years Soloman et al. 1994
Young age Komotar et al. 2008
Wide neck Lot et al. 1999
Gerlach et al. 2007
Size > 4 mm Regli et al. 1999
> 4 mm Agakhani et al. 2008
> 10 mm Lot et al. 1999
Ratio Neck: Dome 1.3 Lot et al. 1999
Dome: Neck <15 Regli et al. 1999
<25 Agakhani et al. 2008
Inadequate endovascular access Regli et al. 2002
Intraluminar thrombus Regli et al. 1999
Arterial branch occlusion Regli et al. 2002

Raftopulos et al. 2003
Raftopulos et al. 2003
Gerlach et al. 2007
Seifert et al. 2008
Raftopulos et al. 2003
Raftopulos et al. 2003
Raftopulos et al. 2003
Gerlach et al. 2007
Seifert et al. 2008

Complete occlusion unlikely

Atheromatosis

Fibromuscular dysplasia

MCA aneurysms

Stent implantation or balloon remodelling

evidence-based management and have placed in tabulated form (Tables
1-3).

INTRACRANIALANEURYSMS

A A

Wide Neck Ratio Neck:Sac 1.3

Inadequate Endovascular
Access

Difficult access

No efferent branches
Intraluminar Thrombus

High grade SAH
Arterial Branch Occlusion

Extended cranialbase
Complete Occlusion Unlikely

Vasospasm
MCA Aneurysms

Posterior circulation

J

COILING

Age < 50 Years

CLIPPING
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Table 3
For coiling and against clipping.
Ratio Raftopulos et al. 2008
Neck: Sac 1.3

Age > 60 years Gerlach et al. 2007

- Seifert et al. 2008

Ogilvy and carter et al. 2003

Difficult access Ogilvy and carter et al. 2003
Gerlach et al. 2007

Seifert et al. 2008

No efferent branches Gerlach et al. 2007
Seifert et al. 2008

High grade SAH Ogilvy and carter et al. 2003
Extended cranial base access Gerlach et al. 2007
Seifert et al. 2008

Vasospasm Ogilvy and carter et al. 2003
Posterior circulation Gerlach et al. 2007
Seifert et al. 2008

Poor medical condition Soloman et al. 1994
Yoshimoto and Meizoi et al. 1997

6. Conclusion

We have reviewed here the most common factors which have a vital

role while selecting the patients with intracranial aneurysm to go for
endovascular management or the microsurgical clipping. It is not al-
ways a wise decision to make one management better than other. One

should try to give the best management to the patient with guidance of

literature and personal skills. The responsible way to compare both
would be a good randomized trial with comparable recruitment and
find the outcome.
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