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The advent of endovascular therapy for intracranial aneurysms and the rapid advances in that field have supplanted microsurgical treatment for
many intracranial aneurysms. Applying current outcome data and other parameters, nuances of selecting the modality of treatment for
intracranial aneurysms are reviewed. Patient factors, such a age, co-morbidities, vasospasm and other medical conditions, are addressed. A
custom-tailored multimodality treatment paradigm for the management of ruptured and unruptured aneurysms will maximize the favorable

results seen in this difficult patient population.
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INTRODUCTION

The advent of endovascular therapy for intracranial aneu-
rysms, and the rapid advances in that filed have supplanted
microsurgical treatment for many intracranial aneurysms.
The less invasive nature of endovascular therapy is quite
appealing to patients as well as practitioners.

These endovascular advances have led to a sharp decline in
the use of microsurgical techniques for many aneurysms
without clear scientific evidence of superiority of endovas-
cular techniques.

Microsurgical clipping has the advantage of being a time-
honored, durable and versatile method for treating most
intracranial aneurysms. It is rare for an intracranial aneurysm
to recur once it has been properly clipped, and there are
very few aneurysms that are not amenable to some micro-

9,50,

surgical repair technique™”. The primary disadvantage of
surgery is the fact that it requires an open operation and
some manipulation of the brain

Endovascular therapy has the advantage of being less
invasive and multiple aneurysms at distant sites can be

treated. There are, however, some important disadvantages

» Received : November 4, 2008 «Accepted : November 11, 2008
« Address for reprints : Daniel L Barrow, M.D.
Department of Neurosurgery, Emory University School of Medicine,
1365-B Clifton Road, Suite 6200, Atlanta, GA 30322, USA
Tel : +1-404-778-4471, Fax : +1-404-778-4472
E-mail : Danielbarrow@emoryhealthcare.org

of endovascular therapy. Like surgery, endovascular thera-
py has risks. As with surgery, if endovascular therapy in
provided by individuals with significant experience, those
risks are relatively small, but not eliminated””. The
primary disadvantage of endovascular therapy is its inferior
durability”?.

Endovascular treatment requires routine maintenance in
the form of follow-up imaging because of the higher likeli-
hood of recurrence of the aneurysm and the potential need
for additional treatment”. Another disadvantage of endo-
vascular therapy is the fact that it simply is not suitable for
all aneurysms. There remain a large number of aneurysms
whose angioarchitectural features make them unsuitable for
current endovascular techniques, as suggested in the Inter-
national Subarachnoid Aneurysm Trial (ISAT), where only
22% of the 9,559 patients were randomized into the trial
for either endovascular or open surgical treatment”. The
majority of those not randomized underwent surgical
management of their aneurysms. Finally, endovascular
coiling does not have the ability to remove intracerebral
hemorrhages or necessarily eliminate mass effect from large
or giant aneurysms that present as an intracranial mass. In
some rare instances, endovascular treatment can occasionally
exacerbate the condition®*"*”.

With a rapid shift in the philosophy concerning the treat-
ment of intracranial aneurysms, it is important to peri-
odically review the role of therapeutic options, as well as the
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scientific evidence supporting the shift. In this review article,
we will assess the current role of microsurgical dlip ligation of
selected intracranial aneurysms based upon available evidence
supporting its use. It is our opinion that the best results in the
management of intracranial aneurysms will occur in high-
volume institutions that utilize a truly multidisciplinary
approach to the management of patients harboring these
lesions™***¥. Many aneurysms are amenable to both micro-
surgical or endovascular therapies. There remain, however,
some aneurysms that are not ideal for microsurgical clip
ligation and a number of aneurysms which are currentdy not
suitable for available endovascular techniques.

ANEURYSMS NOT IDEAL FOR MICROSURGICAL
CLIP LIGATION

A number of characteristics of either the patient and/or the
aneurysm can make them undesirable for surgical manage-
ment. In these situations, an available endovascular option
may be a much more appropriate choice because of the
known increased risks of surgical management in such
situations, including aneurysms in elderly patients, patients
in very poor medical condition or who present with cerebral
vasospasm, or aneurysms that have calcified necks or unfa-
vorable surgical anatomy.

Elderly patients

It is well-recognized that surgical treatment of aneurysms,
whether ruptured or unruptured, carries increased morbidity
16409 These patients simply do
not tolerate intracranial surgery as well as their younger
1227 As older patients do not have as long a life
expectancy as younger individuals, the marginally inferior

in the elderly population
counterparts

durability of endovascular techniques is less of a concern in
this population”. Most institutions utilize general anesthe-
sia for endovascular procedures, so this aspect of treatment
and its attendant risks not eliminated by endovascular
therapy. However, though it has not been clearly demon-
strated that endovascular therapy in the elderly population
is associated with less risk than an open procedure, intuition
would certainly suggest that this is the case.

Patients in poor neurological or medical condition
The advantages of early elimination of a ruptured aneu-
rysm from the intracranial circulation have been addressed
in the literature'”. Early removal eliminates the risk or re-
hemorrhage, which is most likely to occur during the first
six to twenty four hours after the initial rupture®*”. Fur-
thermore, if the patient develops vasospasm in the days to
come, it can be treated more aggressively without fear of

causing a re-hemorrhage form the aneurysm. These
observations of the advantages of early surgical manage-
ment of the aneurysms led to a shift in the mid-1980s and
early 1990s to earlier surgery for ruptured intracranial

172730 In many institutions, early surgery was

aneurysms
withheld from patients in poor neurological or medical
condition for fear of unacceptable morbidity in operating
on patients with attendant medical or neurological co-
morbidities. Although several authors have demonstrated
that acceptable outcomes can occur with early surgery in
patients who are initially in poor neurological condition,
there certainly is additional morbidity of early manipula-
tion of a severely injured and edematous brain. The advent
of endovascular techniques has provided an alternative to
early surgery and remains a very appealing option for
patients in poor medical or neurological condition.

Patients presenting with cerebral vasospasm

With increasing regionalization of aneurysm care, many
patients presenting with aneurysmal subarachnoid hemor-
rhage are transferred to regional facilities; it has been shown
that patients that receive care at high-volume centers have
statistically better outcomes'”. However, the delays inherent
in such transfers, and the attendant delays in resuscitation
and work-up may result in a patient presenting to the
treating institution in angiographic and/or clinical vaso-
spasm. In such a situation, neurovascular surgeons may be
concerned about operating in the face of significant vaso-
spasm for fear of exacerbating the underlying conditon or
increasing the risks of intraoperative ischemic injuries
because of poor perfusion. If the ruptured intracranial
aneurysm is appropriate for endovascular therapy, an endo-
vascular approach to eliminate the aneurysm from the cir-
culadion and treat the vasospasm during the same proce-
dure is a very appealing and likely superior option for these
patients.

Difficult location

Although virtually any aneurysm can be addressed by
some microsurgical treatment, it is clear that some aneury-
sms carry a greater risk of exposure and treatment than
others. Even within the same anatomic location, local
factors of the aneurysm can influence the risks of micro-
surgical clip ligation. While most neurovascular surgeons
agree that basilar apex aneurysms are particularly treacherous
due to the surrounding perforating vessels, those lesions
with a very high or low bifurcation can make microsurgical
treatment even more difficult than if the aneurysm arises at
the level of the posterior clinoid processes”. The orientation
of a basilar apex aneurysm should also be considered, as

134



anteriorly-pointing domes allow easier visualization and
dissection of the thalamoperforating vessels. Anterior com-
municating artery aneurysms pointing anteriorly are very stra-
ightforward to treat surgically, while those that point su-
periorly between the Az segments present a greater challenge
to the neurovascular surgeon, and often require some degree
of gyrus rectus resection, which may have subtle influences
on future neuropsychiatric performance. Those aneurysms
that arise in difficult locations or have anatomic variations
that increase the degree of surgical difficulty are often more
ideal for endovascular therapy if their angioarchitecture is
suitable for an endovascular option. In general, basilar trunk
or apex aneurysms, high-riding and posterior-pointing ante-
rior communicating aneurysms, or aneurysms of the very
proximal internal carotid artery with a partially extradural
neck are often at least considered for endovascular therapy.

Calcified neck

Intracranial aneurysms associated with any degree of
calcification, particularly if the calcification involves the
neck, present significant difficulties for the neurovascular
surgeon. Thin-slice CT through the aneurysm and its neck
can identify area of calcification, allowing the neurovascular
team to anticipate significant difficulty in securing the
aneurysm by clip ligation (Fig. 1). If these lesions are suitable
for endovascular therapy, this will often be a far superior
option than attempts at reconstructing the calcified neck by

clipping.

Multiple aneurysms requiring multiple operations

Approximately 20% to 30% of patients who harbor an
intracranial aneurysm will have multiple aneurysms®. This
can vary from two to several aneurysms. Ideally, one would
wish to choose a therapeutic option that allows the largest
number of aneurysms to be eliminated from the circulation.
Although a number of aneurysm locations can be exposed
through the standard surgical approaches, with some aneu-
rysms, there are limitations to those surgical exposures. For
example, a right-sided pterional approach will allow one to
clip aneurysms throughout most of the anterior circulatdon, as
well as proximal aneurysms on the left carotid circulation and
aneurysms of rostral basilar artery. This approach, however,
may not allow adequate exposure of a left middle cerebral
artery aneurysm or aneurysms of the vertebral artery.
Endovascular therapy, however, is not limited by these anato-
mic constraints. Multiple aneurysms at muldple sites can
potendally be treated at the same endovascular setting. How-
ever, in the setting of subarachnoid hemorrhage, whichever
modality is chosen should, of course, focus foremost on the
ruptured aneurysm.

Surgical Management of Intracranial Aneurysms

AM Mason, et al.

Fig. 1. Axial computed tomography scan demonstrating significant
calcification of a distal internal carotid aneurysm.

ANEURYSMS NOT IDEAL FOR ENDOVASCULAR
COILING

Despite the many advances in endovascular therapy and
the appeal of this less invasive technique, there remain a
significant number of aneurysms which are simply unsuita-
ble or not ideal for endovascular therapy. Advances in
endovascular technology may address many of these short-
comings in the foreseeable future but, for the present time,
microsurgical clip ligation remains a better option in many
of these situations. The ISAT trial has shown that complete
aneurysm obliteration was only seen in 66% of those coiled
at one year, as compared with more than 80% of the surgi-
cally ligated aneurysms, suggesting that many aneurysms
that were treated by endovascular means are not ideally
suited to be treated as such”. In the literature, angiographi-
cally demonstrated recurrences of aneurysms during follow-
up ranged from 17-50%, depending on the aneurysm neck

size, and most studies include relatively short-term follow-
11,44,52)

up .
Fusiform aneurysms

With some rare exceptions, fusiform aneurysms, particu-
larly those on the distal aspects of intracranial arteries, are
not amenable to endovascular therapy without sacrificing
the parent artery (Fig. 2). There are reports of an endo-
vascular ‘bypass’ with a combination of stent and possible
coiling, however the long-term stent patency and recurrence
rates are unclear'®”. If it is important to maintain patency
of the distal vessel, as is usually the case for many intracranial
aneurysms may be challenging and may require use of
extracranial to intracranial bypass, intracranial to intracranial
bypass, flow reversal, clip wrapping techniques or other
innovative means to eliminate the aneurysm (Fig. 3).
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Blister-like aneurysms

“Blister-like” aneurysms at non-branching points, most
commonly occur on the dorsal proximal internal carotid
artery, although these may also occur in other locations on

49 and are often misclassified

the intracranial circulation
initially with a negative angiogram. These aneurysms are
relatively rare, comprising less than 1% of cerebral aneury-
sms"*. They are characterized as very small, broad-based
aneurysms without a neck that are extremely thin-walled
and may be seen in association with other aneurysms.
Pathologically, they lack an internal elastic lamina and
media, and are covered only by adventitia and fibrinous
tissue”. Currently, there is no appropriate endovascular
option for managing these nefarious lesions. Perhaps, in the
future, covered stents may provide an alternative to micro-

Fig. 2. Three dimensional cerebral arteriogram demonstrating a small
fusiform aneurysm of the posterior inferior cerebellar artery that is not
amenable to endovascular therapy. The vessel was reconstructed and the
aneurysm ligated using a transcondylar approach.

Fig. 3. Antero-posterior right internal carotid angiogram (A) showing a large aneurysm of the MCA. 3-D angiogram (B) demonstrates the complex nature of

vascular repair when needed. Even surgical repair of these
lesions is challenging, with a high intraoperative rupture rate.
Often times, management requires considerable creativity,
udilizing such techniques as clip wrapping or even a sacrifice

with extracranial to intracranial bypass®®.

Wide-necked aneurysms

With the advent of endovascular adjuncts, such as balloon-
remodeling and stent-coiling, many wide-necked aneurysms
previously deemed unsuitable for endovascular coiling are now
able to be treated by endovascular techniques. For many wide-
necked aneurysms, however, microsurgical dlip ligation remains
a better option, as it allows for complete, immediate and
permanent dlip ligation of the aneurysm with a very low chance
of recurrence (Fig. 4). Although the current literature regarding
wide-necked aneurysm treatment and recurrence varies
tremendously, there is litte doubt that wide-necked aneurysm,
often defined as 4 mm or greater, have a higher recurrence

I ateB’”

). We are very hesitant to use stents in treating recently
ruptured aneurysms because the need for use of powerful and-
platelet agents that may increase the risks of patient mana-
gement, particularly in the setting of hydrocephalus requiring
ventricular drainage or additional surgical procedures™. Additi-
onally, the long term efficacy of intracranial stents is unknown
but significant morbidity in this population.

Complex aneurysm configuration

Aneurysms with highly complex anatomy are oftentimes
unsuitable for endovascular treatment. If endovascular therapy
is used, a variety of adjuncts, including balloon-remodeling
and the use of stents, may be necessary, and may increase the
risk of the endovascular procedure. Oftentimes, these complex
aneurysms can be best treated by microsurgical clip ligation

M

}»

the aneurysm. This aneurysm was treated by placement of a radial artery bypass graft (C) from the common carotid to the middle cerebral artery (D) with

proximal occlusion of the M1 segment (arrow) to reverse flow.
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Fig. 4. 3-D angiogram in the anterior-posterior projection demonstrating the
wide-necked nature, involving both proximal posterior cerebral arteries. This
aneurysm was successfully treated by clip ligation.

with reconstruction of the parent artery, utilizing a variety of
clipping strategies (Fig. 5).

Thrombotic aneurysms

It is well-recognized that aneurysms with a significant
amount of intraluminal thrombus are poor candidates for
endovascular therapy, although they are poorly described in
the literature because they are often included into larger
endovascular therapy databases. Most of the thrombotic
aneurysms reported in the literature are large or giant
aneurysms™. There are rare case reports suggesting that
endovascularly-treated thrombotic aneurysms behave differ-
ently, with less thrombus organization and deposition of
fibrous connective tissue. In addition to the delayed or
altered healing, endovascular coils rapidly migrate into the
adjacent thrombus, leading to early recurrence of these
aneurysms. On the other hand, microsurgical treatment,
including aneurysmorraphy, the evacuation of the intralu-
minal thrombus, and clip reconstruction are more durable
options for managing these complicated aneurysms (Fig. 6)*.

Giant aneurysms

Many large and giant aneurysms have been demonstrated
to be associated with significantly lower rates of obliteration
and significantly higher recurrence rates following endovas-
cular therapy, with recurrence rates higher than 50% in
some larger studies™.

Furthermore, the mass effect of these aneurysms often
present with is not reliably eliminated by filling the aneu-
rysm with endovascular devices, with some studies suggesting
up to 25% of patients experiencing no improvement or

worsening of their neurologic symptoms (Fig. 6B, C)***%.
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Fig. 5. A : The vascular anatomy of aneurysms such as this basilar tip
requires a complex clip configuration to reconstitute the native vessels and
obliterate the aneurysm. B : Post-operative 3-D angiogram demonstrating
successful clipping of the aneurysm and preservation of the native
vasculature.

There is also a suggestion that local tissue reaction secondary
to bioactive (‘second generation’) endovascular coils may

cause unwanted sequelae, such as chemical meningitis™*".

Very small aneurysms

Small aneurysms, such as those that are less than 3 mm in
size, are likely treated by routine surveillance in most patients.
However, in those patients presenting with subarachnoid
hemorrhage, or unruptured aneurysms in patients that are
young, have other intracranial aneurysms or a personal of
family history of subarachnoid hemorrhage, or other medi-
cal or social reasons that necessitate treatment of these very
small aneurysms, open surgical management remains the
standard. Aneurysms of this size are very difficult or impos-
sible to treat by endovascular means (Fig. 7). Currently,
there are few endovascular coils small enough to treat these
very small aneurysms adequately””. Endovascular treatment
of such small lesions also presents significant technical
challenges, including more difficult and unstable catheter
positioning and a higher risk of coil migration and aneury-
sm perforation. In contrast, however, small aneurysms are
much more readily amenable to microsurgical clip ligation
and do not typically lesions more suitable for microsurgical
clip ligation at the present time.

Failed endovascular treatment

Aneurysms that have undergone endovascular therapy
and present with recurrence should be strongly considered
for microsurgical treacment. Although the data available
varies considerably, the ISAT treatment rate was 6.9 times
more likely in the endovascular therapy group than in the
open surgical group (Fig. 8)”. Most experienced centers now
report a 3-6% endovascular re-treatment rate, compared to
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Fig. 6. Sagittal magnetic resonance image (A) reveals a partially thrombosed distal MCA aneurysm. Antero-posterior (B), lateral (C) andVSIE) (D) right ICA

angiograms demonstrate the aneurysm. Postoperative ICA (E) and ECA (F) angiograms document successful trapping of the aneurysm and patency of the

superficial temporal artery bypass to the distal MCA.

Fig. 7. Anterior-posterior angiogram (A) and 3-D angiogram (B) of a patient
with subarachnoid hemorrhage demonstrating a tiny basilar tip aneurysm.
This was treated with microsurgical clip ligation.

a historical surgical recurrence rate of approximately 1%
(though the true rate is unknown, as most surgeons do not
routinely perform surveillance of clipped aneurysms). If an
initial endovascular procedure has failed, questions regarding
the cause of failure and what new endovascular options can
be brought to bear must be answered. If the initial endo-
vascular treatment did not udilize all current technology
and a suitable endovascular option exists that will likely
eliminate the aneurysm on a permanent basis, endovascular
therapy is still the primary option. However, if the new
endovascular option carries a significant risk of another
recurrence, future microsurgical treatment may be rendered
much more complicated and dangerous; clearly, in such a
situation, a definitive surgical treatment strategy is preferred
over a second failed endovascular attempt. With every
retreatment, one also has additive medical and procedural-
related risks associated with additional procedures. In a
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Fig. 8. Lateral left carotid angiogram (A) demonstrates a large proximal
ICA aneurysm that was treated by endovascular coiling. Follow-up
angiogram (B) reveals significant recurrence of the aneurysm. Intra-
operative angiogram (C) documents complete obliteration of the aneurysm
and normal filling of the ICA and ophthalmic artery.

recent report of 350 endovascular-retreated aneurysms,
there was a 2.2% morbidity-mortality rate associated with
retreatment, although with subsequent retreatment sessions,
the authors did note a decreased complication rate as com-
pared with the initial treatment session'?. It must also be
remembered that surgical treatment of previously coiled
aneurysms is also associated with challenges™.

Intracerebral hemorrhage
Those aneurysms presenting with an intracerebral hemor-

Surgical Management of Intracranial Aneurysms | AM Mason, et al.

BEEE (A
Fig. 9. Brain CT (A) and 3-D angiogram (B) showing A large middle
cerebral aneurysm with associated intaparenchymal clot with mass effect.
The hemorrhage was surgically evacuated and the aneurysm clipped in the
same procedure.

rthage with mass effect should be strongly considered for
microsurgical repair at the time of clot evacuation (Fig. 9) 1.
Currently, there is no endovascular means for the removal
of an intracerebral hemorrhage and, if an operation is to be
performed to evacuate the hematoma, one should treat the
aneurysm by a more durable microsurgical procedure during

the same operation'®*?.

Multiple aneurysms not amenable to
endovascular therapy

If a patient presents with multiple aneurysms that are not
all amenable to endovascular therapy, one should strongly
consider microsurgical clip ligation if this is a viable option
for treating all of the aneurysms. To treat one or more
aneurysms by endovascular therapy when the patient will
have to be subjected to an intracranial operation at a later
time is an illogical choice, since surgery is not avoided. The
obvious exception is if endovascular therapy can be provi-
ded for an aneurysm that would not be able to be addressed
during a single microsurgical procedure.

Subarachnoid hemorrhage with high-risk of
vasospasm

Vasospasm is a common complication, identified angio-
graphically in 40-70% of patients and causing delayed
ischemic neurological deficits (DIND) in 17-40% of pa-
tients with subarachnoid hemorrhage®'*">*”. Of this popu-
lation with DIND, approximately 50% will develop an
ischemic infarction®. Although a recent review suggested
there was no statistical difference between coiling vs. clip-
ping of aneurysms with regard to vasospasm, there have been
several smaller studies examining pharmacological or tech-
nical nuances suggesting that surgical management may
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provide decreased vasospasm risk that were not addressed in
the review which bear discussion and consideration'”. Andaluz
et al.” prospectively examined the effect of microsurgical
opening of the lamina terminals in ruptured anterior com-
municating artery patients and found that there was as
statistically significant decrease in vasospasm and hydro-
cephalus requiring a shunt. Another group has shown that
placement of nicardipine prolonged-release pellets into the
surgical bed and cisterns significantly reduced the incidence
of vasospasm in their patient population®. Although reports
suggest that microsurgical management of ruptured intra-
cranial aneurysms is far from a mature art, it is also clear
that we as physicians are far from solving many of the
vexing problems that our patients experience.

CONCLUSION

Endovascular therapy for the treatment of intracranial
aneurysms represents an innovative and welcome addition
to the armamentarium for management of these challenging
lesions.

Currently, there is a paucity of definitive scientific evidence
to support the superiority of endovascular or microsurgical
treatment in the management of the vast majority of aneu-
rysms. Undeniably, the International Subarachnoid Aneu-
rysm Trial (ISAT) published in 2002 has changed the practice
patterns of many referring physicians and neurosurgeons.
However, many experts in the field have pointed out
significant design and implementation flaws within the
study”. In such an environment, individualized clinical
decision-making for each aneurysm and each patient is
undoubtedly best accomplished by a truly multidisciplinary
group with both endovascular and microsurgical skills.
Despite the substantial advances in endovascular therapy,
microsurgery also is not a static field and a number of
advances have been made in the past several years. These
include advances in skull-base surgery to minimize brain
retraction and injury, three-dimensional rotational, intra-
operative and indocyanine green videoangiography, advan-
ced pharmacologic mechanisms for brain protection, impro-
ved temporary and permanent aneurysm clips, and the
increasing use and refinement of cerebral bypass techniques.

As endovascular therapy has become more popular and
been utilized for an increasing number of intracranial aneu-
rysms, those aneurysms requiring surgical treatment have
become increasingly complex and this trend will continue for
the foreseeable future. These more challenging aneurysms
will tax the skills of the neurovascular surgeons and require
increasingly innovative and challenging microsurgical solu-
tions.
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