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Abstract

Over the last decade, there has been refine-
ment in both microsurgical techniques as well
as endovascular therapy (EVT) for the man-
agement of giant intracranial aneurysms
(GIAs) and blood blister-like aneurysms
(BBASs). Both of them come with their own set
of problems in there management. GIAs are
treacherous lesions with grave prognosis, and
their management is problematic because of
the wide atheromatous neck, involved
branches, thrombus within, calcified wall, and
complex anatomy resulting in a combined sur-
gical morbidity and mortality that remains in
the range of 20-30%. Posterior circulation
aneurysms have a higher rupture risk (RR)
over anterior circulation. While small saccular
aneurysms are optimally excluded from circu-
lation by EVT, there is a high failure rate after
EVT of GIAs. Failures of EVT are often
related to aneurysm morphology, a broad
aneurysm neck (high neck: dome ratio), large
and giant-size outflow arteries arising from
the aneurysm base or walls, and fusiform/doli-
choectatic morphology. An aneurysm with a
broad neck can result in the herniation of coils

into the parent artery lumen. Balloon- and
stent-assisted coiling techniques are useful but
are associated with the additional risk of par-
ent artery ischemia, perforation, distal throm-
boembolism, and occlusion of adjacent
perforators and branch arteries by the lattice
of the stent. The rate of recurrence is also
higher in broad neck aneurysms because the
hemodynamics at the inflow zone is more
complex. The other reasons for failure are
incomplete initial obliteration, thrombus
within the lumen, poor radiographic visualiza-
tion of the aneurysm anatomy and its adjacent
branches, and tortuosity of the feeding vessel,
making catheterization difficult. Flow divert-
ers are exciting, but it is still early days for
prime time. Improvements in instrumentation
and hardware, application of skull base surgi-
cal techniques, revascularization procedures,
advances in anesthetic techniques like cere-
bral protection, adenosine-induced cardiac
standstill, rapid ventricular pacing and hypo-
thermic circulatory arrest, and intraoperative
indocyanine green (ICG) angiography have
made microsurgery a relatively safe and also a
cost-effective option over EVT. Treatment of
complex aneurysms like GIAs and BBAs is
challenging. The modalities of treatment,
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microsurgery, EVT, or combined should be
individualized taking into consideration the
patient and pathological factors and available
expertise. Although EVT is an attractive
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option, the high incidence of incomplete treat-
ment, delayed complications, recurrence, and
inadequate long-term follow-up data makes
microsurgery relevant.
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15.1 Introduction

Giant intracranial aneurysms (GIAs) have, by
definition, a minimum diameter of 25 mm [1].
They represent <5% of all intracranial aneu-
rysms, making them rare among all aneurysms
[2]. GIAs are treacherous lesions with grave
prognosis, and their management is problematic
because of the wide atheromatous neck, involved
branches, thrombus within, calcified wall, and
complex anatomy resulting in a combined surgi-
cal morbidity and mortality that remains in the
range of 20-30% [3]. Yet, the GIAs need treat-
ment, as these often have a downhill course with-
out treatment, with a mortality rate at 2 and
5 years after diagnosis being 68 and 85%, respec-
tively [4]. Rupture risk (RR) of untreated, unrup-
tured GIAs is 8—10% per year, with a mortality of
65-100% at 1-5 years follow-up [5, 6]. Posterior
circulation aneurysms have a higher RR over
anterior circulation [7]. Over the last few decades,
there has been refinement in both microsurgical
techniques and endovascular treatment (EVT).
Continuous improvements in EVT offer promise
in the management of GIAs. While small saccular
aneurysms are optimally excluded from circula-
tion by EVT, there is a high failure rate after EVT
of GIAs. Failures of EVT are often related to
aneurysm morphology, a broad aneurysm neck
(high neck: dome ratio), large and giant-size out-
flow arteries arising from the aneurysm base or
walls, and fusiform/dolichoectatic morphology
[8]. An aneurysm with a broad neck can result in
the herniation of coils into the parent artery
lumen. Balloon- and stent-assisted coiling tech-
niques are useful but are associated with the addi-

tional risk of parent artery ischemia, perforation,
distal thromboembolism, and occlusion of adja-
cent perforators and branch arteries by the lattice
of the stent [8]. The rate of recurrence is also
higher in broad neck aneurysms because the
hemodynamics at the inflow zone is more com-
plex. The other reasons for failure are incomplete
initial obliteration, thrombus within the lumen,
poor radiographic visualization of the aneurysm
anatomy and its adjacent branches, and tortuosity
of the feeding vessel, making catheterization dif-
ficult [8]. Flow diverters are exciting, but it is still
early days for prime time. Improvements in
instrumentation and hardware, application of
skull base surgical techniques, revascularization
procedures, advances in anesthetic techniques
like cerebral protection, adenosine-induced car-
diac standstill, rapid ventricular pacing and hypo-
thermic circulatory arrest, and intraoperative
indocyanine green (ICG) angiography have made
microsurgery a relatively safer and also a cost-
effective option over EVT [9].

The natural history of giant intracranial aneu-
rysms (GIAs) is characterized by progressive
growth, thrombosis, and rupture [2], and the natu-
ral history of untreated giant cerebral aneurysms is
significantly poor. In the International Study for
Unruptured Intracranial Aneurysms (ISUIA),
Wiebers et al. reported that the 5-year incidence of
rupture was 40% for anterior and 50% for poste-
rior circulation giant aneurysms or 8 to 10% per
year [6]. Peerless et al. showed that the mortality
rate of patients not presenting with hemorrhage
was higher than 60% within 2 years, with the prog-
nosis being worse for patients presenting with sub-
arachnoid hemorrhage (SAH) [10]. This poor
natural history is attributed to their mass effect on
the surrounding brain tissue, higher risk for rup-
ture, location, morphology (saccular versus fusi-
form), and the presence or absence of laminated
thrombus and/or atherosclerotic plaque within the
fundus and neck of the aneurysm [11, 12].

Management of Aneurysms not amenable to
EVT can be broadly classified into:

1. Hemorrhagic presentation
2. Ischemic presentation
3. Mass effect as presentation
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15.2 Operative Techniques

15.2.1 Choice of Operative Approach
(Fig. 15.1)

The use of cranial base approaches to enhance
exposure and to minimize damage to, and retrac-
tion of neural tissue is the golden rule of surgery.
In fact, the authors currently utilize dedicated
skull base approaches more often in aneurysm
surgery than in surgery of skull base tumors.
While tumors provide space to be tackled through
conventional craniotomy, every millimeter of
extra space gained through bone drilling helps
significantly in aneurysm surgery. Aggressive
drilling of bony structures at the skull base may
consume time but ultimately provides a wide and
safe corridor. Moreover, drilling is essential to
expose the neck and provide proximal vessel
control (anterior clinoidectomy for ICA, poste-
rior clinoidectomy, and clivus drilling for BA).
For lesions involving the anterior circulation,
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authors routinely use the frontotemporal (FT)
craniotomy.

15.3 Anterior Circulation
Aneurysms

15.3.1 Orbitozygomatic-Pterional
Approach

The pterional transsylvian approach is the work-
horse. It provides access to the entire circle of
Willis and branches. Drilling the pterion can fur-
ther increase basal exposure and bony ridges over
the floor of the frontal fossa and OZ osteotomy
[13, 14]. Intradural anterior clinoidectomy and
carotid exposure in the neck are routinely per-
formed in ophthalmic segment aneurysms. The
OZ approach provides a lower trajectory along
the skull base, which reduces the need for cerebral
retraction. It also enhances access to upper clival
lesions. The risks associated with this approach

Fig. 15.1 Pictorial depiction of Individual & Combined Approaches to the Anterior and Posterior circulation

aneurysms
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are periorbital bruising, injury to the frontalis
nerve, orbital entrapment, diplopia, and blind-
ness. However, these are extremely rare [15, 16].

15.3.2 Interhemispheric Approach

This approach is traditionally used for DACA
aneurysms.

15.4 Posterior Circulation
Aneurysms

The OZ approach is optimal for lesions of the
upper third, and the vertebrobasilar area is best
accessed with the far-lateral approach. Lesions
involving only the midbasilar zone may require
transpetrosal or extended retrosigmoid approaches.

15.4.1 Orbitozygomatic Approach

Additional modification of drilling the anterior
and posterior clinoid processes and the clivus
itself allows visualization down towards the mid-
basilar zone [17]. The authors employ extradural
anterior clinoidectomy and intradural posterior
clinoidectomy for GIAs of the basilar top. It pro-
vides excellent exposure of the upper interpedun-
cular space without excessive frontal lobe traction
for high-riding basilar top aneurysms. It also
gives an overview of the adjacent vessels and
perforators.

15.4.2 Transpetrosal Approaches

The transpetrosal approaches are divided into ret-
rolabyrinthine, translabyrinthine, and transco-
chlear, depending on the degree of removal of the
petrous ridge [18, 19]. This approach is reserved
for complex lesions of the midbasilar zone.

15.4.3 Far-Lateral Approach

It provides an excellent exposure from the mid-
basilar zone down to the intradural vertebral
artery, which includes giant aneurysms of the
vertebrobasilar, vertebral, and proximal posterior
inferior cerebellar arteries [20, 21].

15.4.4 Combined Approaches

If the situation demands, various conventional
approaches can be combined to get wider access
and control [22]. A combination of supratentorial
and infratentorial approaches, for example, a
subtemporal craniotomy with a transpetrosal
approach, can be extended further inferiorly by
the addition of a far-lateral approach to it [23].

For the management of complex aneurysms,
including giants, the operating surgeon should
have the following in his armamentarium.

15.5 Vascular Control

Proximal and distal vascular control is essential
as it gives control during an event of intraopera-
tive rupture of aneurysm. It softens the aneurysm,
helps dissection and manipulation from the sur-
rounding neural structures, and facilitates clip-
ping. Proximal control can be easily obtained for
GIAs of anterior circulation except if the lesion is
more proximal at the level of clinoid and ophthal-
mic segment. Options available include exposure
and control of the cervical carotid artery via a
separate neck incision which is the most com-
mon, least risky and preferred by the authors.
Other options include exposure of the petrous
ICA through Glasscock’s triangle, exposure of
the clinoidal segment of the ICA after removal of
the anterior clinoid process, and endovascular
balloon occlusion of the cavernous segment of
the ICA [24].
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Vascular control of giant aneurysms of the
posterior circulation is more difficult owing to
the complex anatomy and its proximity to the
skull base. There is a high risk of injury to the
brainstem perforators if a temporary clip is placed
along the middle portion of the basilar artery.
Far-lateral exposure can give proximal control
over the vertebral arteries, but distal control can
be problematic. OZ exposure can give proximal
control by access to the basilar trunk, but the con-
tralateral superior cerebellar artery and posterior
cerebral artery control are difficult.

Endovascular temporary balloon occlusion
can be instrumental particularly in the proximal
basilar and vertebral artery regions [25].

The ultimate vascular control is obtained with
hypothermic circulatory arrest [26]. Hypothermic
circulatory arrest was first applied in neurosur-
gery in 1938 [27, 28]. In the early 1960s, it was
used to treat intracranial aneurysms in several
studies; however, it soon lost favor because of its
high complication rate due to intraoperative and
postoperative coagulopathies. The patients who
were earlier candidates for cardiac standstill are
now being treated via alternative microsurgical
techniques, endovascular therapy, or combined
endovascular and microsurgical strategies [26].

Adenosine-induced cardiac asystole has been
useful in the treatment of intracranial aneurysms.
It gives brief periods (5-10 s) of cardiac arrest,
thus facilitating clipping. It has largely obviated
the need to use cardiac standstill in the treatment
of GIAs [28-30].

15.6 Techniques for Clipping

For clipping to happen successfully, the ideal
neck should be well defined and favorable to clip
as what is commonly seen in a saccular aneu-
rysm. However, the same does not happen if it is
a GIA, especially fusiform or dolichoectatic
GIAs. These have ill-defined neck and efferent
vessels, and perforators may arise from the base
or from the body.

The principle of clipping involves reconstruc-
tion of the lumen while preserving the branches/
perforators and obliteration of the aneurysm. For
this, the know-how of technicalities of the aneu-
rysm clip is essential, e.g., the lowest closing
force along the clip is located at its tip [31].
Hence instead of one long clip, multiple small
clips placed in tandem can be better; they can
also be stacked one above the other to prevent
migration/slippage [17, 18]. Most frequently,
GIAs are associated with atherosclerotic necks,
which may prevent the blades of the clip to
approximate; discretion is warranted while doing
these procedures so as to avoid distal migration
and emboli of the plaques in the vessel [32].
Hence preoperative angiographic evaluation can
help to decide if a protective bypass is essential
while clipping of these aneurysms.

Clipping should ensure that small perforators,
especially those arising from the basilar top, ICA
bifurcation, proximal MCA aneurysms, are pre-
served or else significant deficits can happen.
Intraoperative ICG/angiography, microvascular
Doppler can be used to ensure patency.

15.6.1 Aneurysm with Hemorrhagic
Presentation

Ilustration 1 (Fig. 15.2) Some GIAs are adher-
ent to the dura of the skull base and do not col-
lapse even with multiple clips unless the wall of
the aneurysm is excised and released from the
skull base. This is especially true for inferior wall
ICA aneurysm and some vertebral aneurysms.
Some MCA bifurcation aneurysms are multilob-
ulated and wide neck and incorporate the
branches. These need innovative clipping meth-
ods after excision of the aneurysmal sac to have a
satisfactory outcome. This was the case in a
35-year-old woman who presented to us in a
coma and left hemiplegia from WFNS Grade IV
SAH. CTA revealed a partially thrombosed giant
right MCA aneurysm with significant mass
effect, the source of hemorrhage, as well as a
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Fig. 15.2 (a—c¢) CTA showing a partially thrombosed
giant right MCA bifurcation aneurysm with the branches
incorporated in the aneurysm and a large left MCA bifur-
cation aneurysm. (d) Postoperative DSA after the right
side aneurysm surgery shows complete exclusion of the

aneurysm and preserved parent right MCA and its
branches. (e, f) 1-year follow-up postoperative DSA after
the second stage surgery demonstrating occlusion of both
MCA aneurysm with preserved normal vessels

Fig. 15.3 (a) Shows “The Camel” a giant right petrous to
supraclinoid segment ICA and a large basilar apex aneu-
rysm on CT angiogram. (b) Shows postop CTA with

large left MCA bifurcation aneurysm. The patient
was operated through a right FTOZ craniotomy.
Hematoma evacuation, partial excision of the
aneurysm wall, and occlusion of the aneurysm
with preservation of the parent artery and
branches were performed utilizing multiple clips.
The patient had a prolonged hospitalization and
gradually improved to become independent but
was left with residual hemiparesis on the left

clipped aneurysm and EC-IC bypass. (¢) Shows postop
CTA with both the aneurysms clipped

side. Later at a second stage, the large left MCA
bifurcation aneurysm was also successfully
clipped without any complication.

Illustration 2 (Fig. 15.3) A 25-year-old man
was admitted to another center in a comatose
state with an acute subdural hematoma (SDH)
from a giant ICA aneurysm; he had a decompres-
sive craniectomy and gradually improved almost
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completely. On evaluation, he was found to have
a 77 mm partially thrombosed aneurysm involv-
ing the whole ICA from the petrous to the supra-
clinoid segment, the cause of his SDH. He also
had a large, wide-necked basilar apex aneurysm.
He was referred to us for definitive treatment.
After further preoperative workup that included
3D CTA and 3D DSA, it was decided to perform
in the first stage, ECA-M2 RAG bypass and trap-
ping of ICA. While preparing to do the distal
ECA-M2 anastomosis, it was observed that the
length of the graft was not enough because of the
large MCF mass caused by the aneurysm. Hence,
initially, the ICA was trapped; the aneurysm was
opened in the MCF and decompressed. Then
interposing a RAG, an ECA-M2 anastomosis
was successfully performed. The patient was
subsequently referred to the neurointerventionist
for taking care of the basilar top aneurysm. The
configuration at the basilar top, the wide neck,
the right posterior cerebral (PCA), inseparable

from the aneurysm made the endovascular propo-
sition unsafe, and the patient was referred back
for a microsurgical option. Uneventful microsur-
gical clipping of the basilar apex aneurysm was
thus performed at a second sitting 3 months after
the first operation. The second operation was per-
formed after inserting a lumbar drain and com-
bining an OZ craniotomy to the previous FT
craniotomy done at the first sitting. An extradural
clinoidectomy and intradural posterior clinoidec-
tomy completed the bone work. The aneurysm
was completely obliterated with preservation of
all perforators and the right PCA by using a com-
bination of fenestrated and large Yasargil tita-
nium clips and employing tandem clipping
technique as advocated by Drake.

Ilustration 3 (Fig. 15.4) A 34-year-old male
presenting with CT angiogram showing a large
distal right ICA aneurysm and WENS Grade 11
SAH underwent a right frontotemporal approach

Fig. 15.4 (a) Shows CT brain plain shows WENS grade IT SAH. (b, ¢) Shows DSA with a large distal ICA aneurysm.
(d, e) Showing postop angiogram and DSA with the clipped aneurysm. (f) Complete obliteration of the aneurysm
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and clipping of the aneurysm. Vertical stacking of
multiple clips was done in order to achieve oblit-
eration of the aneurysm.

Iustration 4 (Fig. 15.5) A CT angiogram of a
young male presenting with massive WEFNS
Grade 4 SAH showed a doubtful area of out-
pouching in the right supracliniod ICA, which
was later confirmed to be a blood blister aneu-
rysm on DSA. He underwent a right frontotem-

poral approach and clipping of the same using a
Sundt Encircling clip.

Illustration 5 (Fig. 15.6) A 57-year-old gentle-
man presented with profuse right epistaxis, with
a bling right eye and left hemiparesis. There was
past history of road traffic accidents about a
month back. CTA showed presence of a Right
petrous ICA pseudoaneurysm. He underwent a
right high flow (ECA-M2) bypass with radial

Ea

Fig. 15.5 (a) Shows CT brain plain shows WFNS grade IV SAH. (b) Shows CTA negative for aneurysm. (c, d)

Showing angiogram with a blood blister aneurysm
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Fig. 15.6 (a, b) Shows CTA showing the right petrous ICA pseudoaneurysm. (¢) Shows postop CTA showing a right
high flow (ECA-M2) bypass with radial artery graft (RAG), and the clipped aneurysm

artery graft (RAG) followed by clipping of the
aneurysm intradurally.

Ilustration 6 (Fig. 15.7) Moyamoya disease
presenting with hemorrhage, especially in young
adults, can be treated with superficial temporal to
middle cerebral artery bypass and clipping of any
associated aneurysm at the same time.

15.6.2 Aneurysm with Ischemic
Presentation (Fig. 15.8)

As seen in the figure, a left distal MCA throm-
bosed aneurysm presenting with ischemic

changes as seen on diffusion-weighted sequences
of the MRI necessitates the need for thrombec-
tomy and clipping of the aneurysm for achieving
the optimum outcome of the patient.

15.6.3 Aneurysm with Mass Effect
as There Presentation

Ilustration 1 (Fig. 15.9): Flow Diversion and
Bypass An elderly gentleman presented with a
history of decreased vision in the right eye, MR
angiogram showed the presence of pan-
dolichocephalic vessels with fusiform dilatations
of bilateral ICA, basilar and other vessels. He
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Fig. 15.7 (a) Shows CT Brain plain with intraventricular hemorrhage. (b) DSA with a puff of smoke appearance. (c)
postop DSA with STMC anastomosis
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Fig. 15.8 (a) Shows MR Diffusion showing infarct. (b)  (d) Shows the intraoperative picture of a thrombosed dis-
shows CT brain showing the thrombosed aneurysm. (¢) tal MCA aneurysm
Shows CTA with a left distal MCA thrombosed aneurysm.
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Fig. 15.9 (a, b) shows MRA with a giant right cavernous ICA aneurysm. (¢, d) Shows the angiogram with pan-
dolichocephalic vessels. (e) Shows complete obliteration following ECIC bypass with RAG & ligation of ICA in neck

underwent a high flow (ECA-M2) bypass with
RAG followed by ligation of ICA in the neck.

Ilustration 2 (Fig. 15.10): Flow Diversion and
Bypass An elderly lady presented with painful
right ophthalmoplegia. CTA showed a giant cav-
ernous ICA aneurysm for which she underwent
EC-IC bypass with Radial artery graft (RAG) and
ligation of ICA in the neck.

Illustration 3 (Fig. 15.11): Combined Approach
(Microsurgery and EVT) A young male pre-
sented with a Giant Supraclinoid aneurysm for
which he underwent a Pterional approach, extra-
dural anterior clinoidectomy and clipping of
aneurysm. Postop angiogram showed residual
filling of aneurysm, which was referred for EVT.

Ilustration 4: Protective Bypass
(Fig. 15.12) An elderly lady presenting with the
progressive visual loss on evaluation was found
to have a 4.1 x 3.8 cm Giant ICA Carotid-
Ophthalmic segment aneurysm. Clipping of the
aneurysm was carried out under protective STMC
bypass to avoid ischemia during the prolonged
period of temporary clipping of ICA

Hlustration 5: Clipping After Failed Coiling
(Fig. 15.13) Residual and recurrent aneurysms
are more common after EVT than after
microsurgical treatment. Moreover, even after
total obliteration of the aneurysm, the patient
worsens from the combined mass effect of the
thrombosed aneurysm and the coils, as happened
in the following case. A 2-year-young male child
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Fig. 15.10 (a) Shows CTA with a giant right cavernous ICA aneurysm. (b) Shows complete obliteration following

ECIC bypass with RAG & ligation of ICA in neck

Fig. 15.11 (a—c) Show 3D reconstructed images of a giant right supraclinoid aneurysm. D, postop CT bone window
with the clip. (e, f) Shows a small residue of the aneurysm post clipping

presented to the author in a drowsy state with a
history of rapidly progressive quadriparesis,
ataxia, and raised intracranial pressure. The eval-
uation revealed a 4.5 cm, heavily thrombosed,
and calcified basilar top aneurysm with gross
hydrocephalus. The child improved significantly
following a right ventriculoperitoneal shunt. Our
endovascular colleague suggested the coiling of
the aneurysm. In view of the complex anatomy
and morphology, the patient was treated by endo-
vascular route with coils. The child remained
stable for only 48 h before rapidly deteriorating
in his sensorium to become comatose with exten-

sor posturing and needed ventilator support. A
repeat CT scan showed decompressed ventricles.
The combined mass of the coils and the throm-
bosed giant aneurysm on the brain stem was
thought to be the cause of the deterioration. The
child was taken up for microsurgery in an attempt
to decompress the aneurysm and relieve the mass
effect. An FTOZ craniotomy, an extradural ante-
rior clinoidectomy, and an intradural posterior
clinoidectomy were performed. Through a trans-
sylvian approach, the aneurysm was approached.
The aneurysm was opened, partially decom-
pressed, and with a short period of temporary
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Fig. 15.12 (a) shows MRI brain with a giant left carotid-ophthalmic segment aneurysm. (b) Shows 3D reconstructed
image of DSA. (¢, d) Shows postoperative CTA and DSA respectively with obliteration of the aneurysm

clipping of the basilar trunk, the aneurysm neck
was cleared off of thrombus and coils and clipped.
All the branches and perforators were preserved.
The patient had a prolonged ICU stay and hospi-
talization but slowly recovered remarkably. At
the current follow-up, the child is going to school
and has no disability or deficit other than minimal
restriction of ocular motility

Ilustration 6: Direct Clipping
(Fig. 15.14) Obliteration of the aneurysm by
direct microsurgical clipping, the preferred
method of microsurgery in cerebral aneurysmes, is
often not possible in GIAs. However, it is essen-
tial to explore the possibility as some GIAs may

be best treated by direct clipping, as was possible
in the following patient. A 35-year-old man pre-
sented to us with history of recent worsening in
instability of gait of 5 months’ duration, inability
to do fine movements of both hands of 3 months
duration, and unprovoked, inappropriate, and
uncontrolled spells of laughter of 3 months dura-
tion. On examination, he had left-sided deafness,
bilateral cerebellar and pyramidal signs, and was
unable to walk without support. MRI, DSA, and
CTA revealed a partially thrombosed giant (3 cm)
basilar top aneurysm with a significant mass
effect on the brain stem and associated hydro-
cephalus. Patient was operated through a right
fronto-temporo-orbito-zygomatic (FTOZ) crani-
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Fig. 15.13 (a—d) Plain CT, CTA, MRI, and DSA show-
ing a 4.5 cm giant, calcified, partially thrombosed basilar
top aneurysm. (e) Post-EVT DSA demonstrating success-
ful complete occlusion of the aneurysm by coils. (f, g)

S-year follow-up post-microsurgery MRI confirming
occluded aneurysm, decompressed brainstem without any
ischemia infarct

Fig. 15.14 (a—c) MRI brain and MRA demonstrating giant heavily thrombosed basilar top aneurysm. (d, e)
Postoperative CTA and DSA showing complete occlusion of the aneurysm and preservation of all vessels

otomy with extradural anterior clinoidectomy
and intradural drilling of dorsum sellae. A ven-
tricular drain was inserted, and the aneurysm was
exposed through a transsylvian route. After defin-
ing both the PCAs and dissecting away the perfo-

rators, two curved, large titanium clips secured
the aneurysm neck. Preoperative ICG dye angi-
ography showed satisfactory, complete occlusion
of the aneurysm with a good filling of the basilar
and all its branches. Patient made a slow recovery
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and needed ventilator support and external ven-
tricular drain in the postoperative period. At
3 weeks, the patient was fully conscious, ambula-
tory with support, and had a right third nerve
paresis with mild left hemiparesis. At 3-month
follow-up, the patient was independent with
complete recovery of third nerve and hemipare-
sis. Postoperative DSA, CT, and CT angiography
demonstrated complete occlusion of aneurysm
and no evidence of infarct

Ilustration 7 (Fig. 15.15): Microsurgical
Clipping Under Deep  Hypothermic
Circulatory Arrest Deep hypothermic circula-
tory arrest technique has evolved but still results
in significant mortality and morbidity in a third of
the patients. Hence, its use is nowadays limited
for giant and complex posterior circulation aneu-
rysms, particularly the basilar apex that has failed
or is inappropriate for EVT. It is very rarely
employed in author’s practice. The following
case is an example of such an approach by us. A
12-year-old boy was referred to us in an altered

\

Fig. 15.15 (a—c) CTA showing a giant high basilar top
aneurysm. The exact morphology of the multilobulated
nature of the aneurysm and the branches incorporated in

sensorium after SAH. On admission, his GCS
was E1M4V 1. After initial resuscitation, endotra-
cheal intubation and artificial ventilation, CT
scan brain, CTA of cerebral vessels, and 3D cere-
bral DSA were performed. The investigations
demonstrated bilateral frontal hypodensity,
hydrocephalus, and Fisher grade 4 SAH from a
giant multilobulated wide-necked basilar top
aneurysm. The four-terminal branches of the bas-
ilar artery seemed to be arising from the aneu-
rysm. CTA did not reveal the real complex nature
of the aneurysm that could be correctly inferred
from the 3D DSA. Hence, it was planned to
attempt obliteration of the aneurysm under hypo-
thermic circulatory arrest. After insertion of an
external ventricular drain, an FTOZ craniotomy,
extradural anterior clinoidectomy, and intradural
posterior clinoidectomy were performed. After
the majority of the dissection at the neck of the
aneurysm, circulatory arrest was employed. The
aneurysm was successfully obliterated with a
combination of fenestrated and angled clips. The
right PCA could not be saved. The patient had a

the aneurysm was only understood by DSA and 3D DSA
and (d, e), not by CTA
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prolonged stay in the ICU but finally successfully
weaned off the ventilator. He was subsequently
discharged to a chronic care hospital with percu-
taneous endoscopic gastrostomy feeding.

15.7 Literature Review

In microsurgical management of GIAs, Darsaut
et al. reported a 69% rate of good clinical out-
come. Their study also showed that patients
younger than 50 years old had a better clinical
outcome as compared with older patients (82%
versus 65%), but the difference was not signifi-
cant [33]. Ota et al., in their microsurgery series,
reported a good outcome in 81.8% of patients,
and complete occlusion rate in 86.8%. Poor out-
comes were secondary to perforating artery
infarctions and BA aneurysms, with the rate of
perforating artery infarctions in BA aneurysms
being 78.6% [34]. According to the ISUIA study,
the 5-year rupture risk in patients harboring a
very large or giant anterior circulation aneurysm
is 15% and 40%, respectively [6]. Based on the
ISUIA data, the risk of rupture of these aneu-
rysms projected over a lifetime has been calcu-
lated to exceed 87% in a 30yearold patient and
71% in a 50yearold patient [35]. Compared with
this grim natural history, the microsurgical inter-
vention is justified. Good outcomes (mRS < 3)
were specifically seen in patients with <50 years
of age. In a similar series by Hauck et al. 92%
patients <50 years of age had a good outcome
(GOS Score 4 or 5), resulting in 88% complete
and 4% near complete aneurysm occlusions with
an overall surgical morbidity and mortality rate at
8% [36]. In patients older than 70 years, the risk
of surgery exceeded the lifetime risk of rupture
[35]. A typical presentation of SAH showed a
favorable outcome only in 50% of cases. A pre-
operative mRS score < 1 was shown to have a
good outcome in 86% of cases. Sughrue et al., in
their series, proposed that indirect aneurysm
occlusion (proximal occlusion, distal occlusion
or trapping) with or without a bypass has become
a more acceptable alternative than hypothermic
cardiac arrest [3]. However, it is also associated
with its unique complications like bypass graft

occlusion and aneurysm thrombosis leading to
thrombotic occlusion of perforators or branch
arteries in 4 patients (7%) with flawless bypasses
in their series. However, unlike non-giant aneu-
rysms that can be trapped safely, giant aneurysm
occlusion is often deliberately kept incomplete
due to the presence of perforators or branches
that would otherwise be trapped. Therefore,
thrombosis initiated by bypass and aneurysm
occlusion can potentially occlude these same
arteries, too [3].

As with most types of technology-heavy
fields, the specialty of endovascular neurosurgery
has seen a tremendous refinement with the advent
of detachable balloons and Guglielmi detachable
coils (GDCs) and to the present use of flow
diverters and pipeline embolization devices
(PED) [37]. A brief literature review of the exist-
ing EVT articles is necessary to effectively com-
pare EVT in aneurysms not amenable to EVT to
the same being microsurgically clipped. Needless
to say, a judicious approach is taken based on the
merits of the case, as we have documented earlier
in our illustrations. However, GIAs owing to their
complexities and multiple anatomical, patho-
physiological factors pose a challenge in the
management of these lesions by EVT in terms of
short-term and long-term results as well as its
associated periprocedural morbidities and
complications.

EVT management in wide-necked aneurysms,
which are typically defined as lesions with necks
of 4 mm or more wide or with dome/neck ratios
of less than 2, involves stent-assisted coiling
(SAC), Balloon-assisted coiling and flow-
diverting stents (FDs) [38]. There are technical
problems involved in achieving a complete angi-
ographic occlusion after SAC, as a tight coil mass
cannot be achieved due to difficulty in maneuver-
ing the coiling microcatheter. In addition, the use
of dual antiplatelet therapy often inhibits imme-
diate aneurysmal thrombosis [39]. Overall com-
plication rates of SAC are increased over those of
primary coil embolization because of thrombo-
embolic risks from stent placement and hemor-
rhagic risk from antiplatelet therapy. Shapiro
et al., in their review, mentioned the overall inci-
dence of complications to be 19% and mortality
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rate to be 2.1% [40]. The main drawback of SAC
is its heavy dependence on dual antiplatelet ther-
apy, increased risk of hemorrhagic complica-
tions, and thromboembolic complications
resulting from medication noncompliance or
antiplatelet resistance [41-43]. Mocco and col-
leagues reported a procedural mortality rate of
12% with the use of SAC in ruptured aneurysms
[44]. Complication rates of SAC are increased
over those of primary coil embolization because
of thromboembolic risk from stent placement and
hemorrhagic risk from antiplatelet therapy [38].
In one review, the overall incidence of complica-
tions was reported to be 19% and the mortality
rate to be 2.1% [40]. Thromboembolic complica-
tions were the primary contributor, responsible
for approximately 10% of the overall complica-
tion rate and leading to death in 0.6% of cases.
Hemorrhagic complications were responsible for
2.2% of overall complications and led to death in
0.9% of cases [38]. Fernandez et al. reported a
series with 51 wide-necked aneurysms
(necks > 4 mm) treated with coil embolization
and achieved complete thrombosis in only 15%
of cases [45]. Broad neck aneurysms, vessels
arising from aneurysm base or walls, abnormal
morphology etc., can result in herniation of coils
into the parent artery lumen. BAC and SAC are
associated with the additional risk of parent
artery ischemia, perforation, distal thromboem-
bolism, and occlusion of adjacent perforators and
branch arteries by the lattice of the stent [8]. The
rate of recurrence is also higher in broad neck
aneurysms because the hemodynamics at the
inflow zone is more complex. The other reasons
for failure are incomplete initial obliteration,
thrombus within the lumen, poor radiographic
visualization of the aneurysm anatomy and its
adjacent branches, and tortuosity of the feeding
vessel, making catheterization difficult [8]. Flow
diverters are exciting, but it is still early days for
prime time.

The aneurysms most amenable to endovascu-
lar treatment are also those that are best treated
by surgical techniques, namely, those with well
defined, small, narrow necks [45, 46]. Most
commonly, giant aneurysms have not been favor-
able lesions for endovascular therapy because

they frequently widen the neck, distort the anat-
omy of parent and branch arteries at the base,
and induce luminal thrombosis. Occlusion is
incomplete in a considerable percentage of endo-
vascular treatments leading to recurrent aneu-
rysm, multiple retreatments, occasional
re-hemorrhages, and neurological deterioration
from progressive aneurysm enlargement.
Further, follow-up studies have demonstrated
refilling and recurrence of aneurysms thought to
have been completely occluded [45-53]. Ten-
year analysis of saccular aneurysms in the
Barrow Ruptured Aneurysm Trial (BRAT)
showed no statistical significance difference in
poor outcomes (mRS score > 2) or deaths
between clipping and coiling on a 10 year fol-
low-up. Of 178 clip-assigned patients with sac-
cular aneurysms, 1 (<1%) was crossed over to
coiling, and 64 (36%) of the 178 coil-assigned
patients were crossed over to clipping. 2 of 241
(0.8%) clipped saccular aneurysms and 23 of
115 (20%) coiled saccular aneurysms required
retreatment (p < 0.001). At the 10-year follow-
up, 93% (50/54) of the clipped aneurysms were
completely obliterated, compared with only 22%
(5/23) of the coiled aneurysms (p < 0.001) [54].
Linfante et al. in their series of 45 GIA’s man-
aged by EVT had 7% mortality, 11.1% experi-
enced ischemic strokes. Good clinical outcome
(mRS score < 2) was seen in 86% for anterior
circulation cases and 55% for posterior circula-
tion cases in their series (statistically significant,
n =38; p <0.05) [2]. When GIAs are treated by
microsurgical clipping, the mortality rates of
both ruptured and unruptured GIAs were
reported at 6-22% [5, 55]. Sluzewski et al.
reported good clinical outcomes in 79% of very
large and giant aneurysms at a median follow-up
at 50 months, though 41% of aneurysms were
still incompletely occluded even after repeated
coiling [56]. A retrospective review that included
large and GIAs treated with PED or PED + coils,
and the authors found complete or near complete
occlusion at the last follow-up in 77% of cases.
Of the patients, 12% had symptomatic ischemic
complications and 8% had symptomatic hemor-
rhagic complications, and the overall mortality
was 6% [57]. Coiling alone as a treatment option
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for GIAs has poor long-term outcomes because
GIAs are often incompletely occluded and
require repeated coiling [53]. Park et al. showed
PED in combination with coiling had a higher
neurological morbidity and required a longer
procedural time versus PED alone [58]. Stent-
assisted coiling and PED have shown to be
equally effective, with no significant differences
in complications and angiographic outcomes
[59]. However, good results were seen in Bender
et al. in their series of 445 PED procedures, with
85 large (19%) and 4 giant (1%) aneurysms,
showed complete occlusion in 72%, 78% and
87% at 6, 12, and 24 months, respectively. Their
overall rate of major complications was 3.5%
and a 1.1% rate of mortality [60]. In a retrospec-
tive analysis by Liang et al. for giant posterior
circulation aneurysms, 93.9% resulted in favor-
able clinical outcomes (mRS score, 0-2) with an
overall mortality rate of 6.1% [61]. Darsaut et al.
showed that EVT for very large and giant poste-
rior circulation aneurysms was associated with
poor clinical outcomes and a low complete oblit-
eration rate [33]. This is also supported by a
recent meta-analysis by Cagnazzo et al. that the
incidence of treatment-related complications
with endovascular treatment of very large and
giant posterior circulation aneurysms was greater
than that for anterior circulation aneurysms [62].
Siddiqui et al. advised judicious use of flow
diversion procedures for large or giant vertebro-
basilar aneurysms, owing to the high morbidity
and mortality rates of 14.3% and 57.1%, respec-
tively [63]. In a meta-analysis of flow diverter
treatment for posterior circulation aneurysms,
Wang et al. reported procedure-related mortality
rate of 15% and significantly higher rates
amongst patients with giant and basilar artery
aneurysms [64]. Chalouhi et al. studied 334 large
and giant aneurysms (80% anterior circulation)
that were coiled at a single institution, 10% were
giant aneurysms. Recanalization and retreatment
rates were 39% and 33%, respectively [65].
Recanalization is highest in the setting of wide
residual aneurysm necks, largely due to coil
compaction, growing residual aneurysm neck,
and refilling fundus [66-68].

Amongst all the above lesions, blood blister
aneurysms (BBAs) deserve a special mention
as the nuances of management of these treach-
erous lesions are challenging both microsurgi-
cally as well as by EVT. There is limited
literature available currently on BBAs in
regards to microsurgery versus EVT, without
any current established consensus for the man-
agement of the same. BBAs are challenging
small, bleb-like and ill-defined neck lesions at
non-branching sites of the dorsal or anterior
wall of the ICA, comprising 0.3-1.7% of all
intracranial aneurysms and 6.6% of all ruptured
aneurysms [69]. Owing to their fragile and dif-
ficult morphology, these lesions are a challenge
to manage either surgically or endovascularly.
A systematic review and meta-analysis by Zhu
et al. of 15 noncomparative studies with a total
of 165 target BBAs were studied. Complete
occlusion rates were 72%, recurrence occurred
in 13% and rebleed in 3% of patients. Procedure-
related morbidity and mortality were 26% and
3%, respectively [70]. They concluded that FD
was safe and effective, but treatment of BBA
should be considered on a case-by-case basis to
maximize patient benefits and limit the risk of
perioperative complications. Shah et al. in their
experience of microsurgery for BBAs observed
that surgery provides a superior occlusion rate
of up to 90% immediately postoperatively and
superior sustained occlusion at follow-up than
flow-diverting stents [71]. Kim et al. reported
the rate of intraoperative rupture was 16.7%,
higher than with FDs, however, 69.5% of
patients had a good clinical outcome (mRS
score of 0-2) at discharge, and a good long-
term outcome in 80.1%, which is comparable to
flow-diverting stents. Their study had a com-
plete rate of aneurysm occlusion of 94.4%, and
regrowth happened in only 1 case (0.28%) [72].
Thus concluding microsurgery for BBAs seem
to have a slight edge over FDs and overlap FDs
in term of superior occlusion rates and long-
term control with a good postoperative mRS
score and without the need for subjecting the
patient to heavy antiplatelets which in itself is a
reason for morbidity.
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15.8 Conclusion

Treatment of complex aneurysms like GIAs and
BBAs is challenging. The modalities of treat-
ment, microsurgery, EVT, or combined should be
individualized, taking into consideration the
patient and pathological factors and available
expertise. Although EVT is an attractive option,
the high incidence of incomplete treatment,
delayed complications, recurrence, and inade-
quate long-term follow-up data makes microsur-
gery preferable. The overall outcome of clinical
and radiological results is a bit biased towards
EVT as the more complex and difficult aneu-
rysms are left for microsurgery. A judicious
approach is hence recommended for a complex
aneurysms based on their morphology, patient
characteristics, departmental technical expertise
in both microsurgery and EVT to give the patient
the best outcome in terms of quality of life as
well as cost affectivity, and the latter is extremely
important in developing countries. Microsurgery
thus remains an attractive treatment modality, in
spite of the recent advances of endovascular
techniques.
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