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Preface

This book is a compilation of the practical details and practices of the key
steps in doing a neurosurgery for residents and young neurosurgeons, which
provides a variety of illustrations of the intraoperative photographs that will
help neurosurgeons gain a better understanding in the neurosurgery field. The
chapters are grouped into three parts. The first part, from Chap. 1 through 10,
is about an approach-based topic which focuses primarily on the commonly
used approach for vascular lesion. The second part, from Chap. 11 through
25, consists of a variety of surgery procedures for specific location of vascu-
lar lesion or specific pathology.

The first two groups provide the expert’s trick on how to avoid complica-
tions during the surgery and some additional expert opinions. The third part,
from Chap. 26 through 32, compiles the miscellaneous information that con-
tains some supportive knowledge, technology improvement, and other
options of treatment modalities. The detailed and step-by-step approach pre-
sented in each chapter with the intraoperative pictures will help provide guid-
ance, especially for many young neurosurgeons who are in the areas with
limited resources.

It is a goal to keep this book simple and practical by providing the strength
of basic surgical anatomy orientation. Each specific pathology or location
requires different approaches that have been addressed in some of the chap-
ters. Every thought and idea shared in the chapters of this book is written by
experts who have been in their fields, practicing for many years. Every con-
tributor represents his or her region’s best practices that have been proven
true based from the neurosurgery results and testimonies they collected and
experienced.

We would like to say many thanks to all the contributors who unselfishly
shared their expertise and time and to the Springer Publishing Co., which
made the publication possible, especially to Dr. Eti Dinesh who encouraged
the editors to get this book published. Our gratitude to all the people who are
involved in the preparation, from the moment this book was conceptualized.
A special thanks to Dr. Megah Indrasari whose support motivated us to
believe in what we see for the future of neurosurgery and to never give up on
our dreams. And to all our friends who journeyed along with us through this
project.
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May this book serve as a quick and practical reference for many young
neurosurgeons and to those who may need it, in all parts of the world.

Tangerang, Indonesia Julius July
Tangerang, Indonesia Eka J. Wahjoepramono
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Pterional Approach

Sophie Peeters and Julius July

1.1  Introduction

For years, surgeons have been developing surgi-
cal approaches attempting to achieve maximal
surgical exposure with minimal brain retraction,
advantages found within the frontotemporal or
pterional approach, first described by Yasargil,
four decades ago [1-3]. Compared to its prede-
cessors, this approach allowed for wider fronto-
basal exposure, secondary to more significant
drilling away sphenoid wing; in addition to that
surgeon could dissect and split Sylvian fissure
wider [1]. Consequently, it was applicable for
clipping of both basilar tip and anterior circula-
tion aneurysms, with an excellent safety-efficacy
profile [1]. Later on, the approach will be modi-
fied and combined with others, and its indications
are only growing in number.
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1.2  Steps of the Approach

1.2.1 Positioning and Preparation
Position the patient supine, head fixated with a
Sugita or Mayfield head holder. Two pins need
to be contralateral at superior temporal line
right above the temporal muscle, and lastly, the
third pin is placed at the ipsilateral mastoid
(Fig. 1.1).

When positioning the head, pay attention to
five movements: (1) traction when moving the
head toward the surgeon; (2) lifting the surgi-
cal area to a level above the atrium, to avoid
impeding venous return; (3) deflection and (4)

Fig. 1.1 Supine position, head is fixed with Sugita head
holder with three pins fixed. The angle of head rotation
can be tailored according to tip of exposure that we want
to achieve. Usual angle for pterional approach would be
around 30-60° head rotation to the contralateral side
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rotation, both related to the surgical indica-
tion; and (5) torsion, with the angle between
the head, neck, and shoulder, large enough to
give the surgeon a satisfying lateral operating
position [4]. Conditions needing slight deflec-
tion with rotation 45-60° from vertical line to
the floor include cavernous sinus pathologies
and basal lesions, for example, internal carotid
(IC)-ophthalmic aneurysm, IC-posterior com-
municating aneurysm, and IC-choroidal seg-
ment aneurysm. Contrarily, conditions requiring
increased deflection with rotation 30-45° from
vertical line to the floor include carotid bifurca-
tion aneurysm, middle cerebral artery (MCA)
aneurysm, anterior communicating aneurysms,
and anterior cerebral artery aneurysm, as well as
suprasellar tumors.

The hair is combed with chlorhexidine solu-
tion (Microshield®) or any detergent solution
and subsequently shaved about 2 cm from inci-
sion line. The shaved skin is then treated with
alcohol, getting rid of scalp fat and facilitating
sticking of the sterile fields. The incision is
marked with methylene blue or marked with
transofix (Fig. 1.1) after injection of local anes-
thetic with lidocaine 10 mg/mL mixed with
adrenaline 6.25 pg solution. The injection at pin
site and the incision site provides additional pro-
tection to pain, and the adrenaline would help to
keep the drape clean from the blood loss during
incision.

An arcuate semicoronal frontotemporal skin
cut is performed starting from the upper edge
zygomatic arch, anterior to tragal cartilage. The
skin cut should preserve the superficial temporal
artery and frontal branch of facial nerve. The
incision extends to the midline of the frontal
skull, ideally concealed behind the hairline. The
arch of Sugita head holder should be placed for
suspension and traction of myocutaneous flaps to
avoid compression of the eyeball. Finally, incise
the skin with knife, and stop the scalp bleeding
with bipolar, and apply the Raney clips. Proceed
with subgaleal dissection until the line between
the superior border of orbital rim and tragus dis-
sects until leaving anterior one fourth of the tem-
poral fascia [5]. Retract the skin flap to anterior,
and hold it with fish hooks.

1.2.2 Dissection and Mobilize
Temporal Muscle

Interfascial splitting at temporal region was first
introduce by Yasargil [6]. The challenge of this
step is preserving the frontalis nerve and reduc-
ing unwanted cosmetic results after the surgery.
The temporal muscle can be divided into two
portions: one originating along the superior tem-
poral line and then inserting to mandibular coro-
noid process and the second portion originating
on the temporal squama and inserting onto the
mandibular temporal crest [7]. There are also two
layers of fascia that cover this muscle (superficial
and deep). Deep layer protects the vessel supply-
ing the muscle which consists of anterior, inter-
mediate, and posterior deep temporal arteries, all
originating from the maxillary artery. It also pro-
tects the innervations that are coming from tri-
geminal nerve (temporal and mandible branches)
[7]. The splitting plane through laminae of the
temporal fascia is created, protecting the fronto-
temporal branch of the frontal nerve [6]. The
temporal muscle is retracted away from temporal
fossa, thus improving exposure and limiting
unnecessary retraction of the cortex while doing
surgery. Dissect the superficial fascia vertically
with a scalpel of Metzenbaum scissors starting
about 2 cm at superior orbital rim to the zygo-
matic root, along superior temporal line [7].
Avoid monopolar cauterization to limit the risk of
temporal muscle atrophy. Placing a hook in the
center may aid the separation by scalpel of the
superficial fascia with the underlying fat plane,
obtaining best identification of the deeper muscle
part that contains nerves and vessels. Both the
superficial and fat layers are reflected anterolater-
ally over the skin flap. To detach the temporalis
muscle, first use the monopolar (on coagulation
to avoid any extra bleeding), and transversally
cut the temporal muscle at its insertion, medially
to zygoma and frontal zygomatic process. Then,
use a scalpel to cut the muscle in an anterior to
posterior motion slightly below the superior tem-
poral line. A small portion of the myofascial cuff
is intentionally left at superior temporal line on
the bone flap for future muscle reconstruction in
order to prevent atrophy of the muscle [8, 9].
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Secondarily, detach the deep fascia from the skull
using a Cushing’s elevator. To avoid bleeding,
start detaching the muscle flap inferiorly where
the muscle is least attached to the bone [9]. These
maneuvers release the fascia temporalis, aponeu-
rosis, temporal muscle, and temporal periosteum
from the temporal muscle’s origin. Once
detached, the temporal muscle is retracted inferi-
orly leaving its tendinous attachment intact,
exposing the pterional region. Finally, reflect the
periosteum cranial to superior temporal line to
the anterior direction. Remember to keep all the
tissue moisture by covering it with wet gauge.

1.2.3 Craniotomy

The craniotomy for this will vary based on surgi-
cal aim; typically, one or two burr holes are suf-
ficient, though many surgeons will use three. The
aim of this craniotomy is more basal exposure as
well as generous visibility of the Sylvian fissure.
Thus, the goal is to attempt exposure of the infe-
rior frontal, part of the middle frontal, gyrus
superior temporal, and superior part of gyrus
middle temporal. The burr holes are performed
with common drilling system aiming posteriorly
and inferiorly to avoid penetrating the orbit [9].
The first and most important burr hole, also called
“keyhole,” is placed at the meeting point between
zygomatic bone, the superior temporal line, and
supraorbital edge [9]. Second trepanation is
located inferiorly in the temporal bone’s squa-
mous portion, near the pterion. Lastly, the third
hole, optional but recommended in older patients
due to their dura sticking to the skull, is made on
the most posterior end of superior temporal line.
Use dissectors to detach the dura from the skull.
The Sylvian fissure lies beneath the pterion; thus,
the inferior frontal gyrus lies between the pterion
and the superior temporal line. Use either a Gigli
saw or a craniotome for the craniotomy, as long
as the cut is made along the outer edge of the
trepanations and extended frontally, taking care
not to open the frontal sinus. Use a bipolar for-
ceps for hemostasis at low power to prevent more
dural shrinking. Greater sphenoid wing lies deep
between first and second burr holes and, if too

prominent, may require some rongeuring prior to
elevate the bone flap; the alternative is fracturing
the bone when elevating the flap.

1.2.4 Basal Drilling

Extradural gentle drilling of greater sphenoid
wing process, projections of orbital roof, and the
rest of temporal squama until exposing the supe-
rior orbital fissure may be necessary for better
access to the basal structures with limited brain
retraction and flatter bone ridges [8]. The expo-
sure will be magnified even more with opening of
the cisterns and subsequent drainage of the cere-
brospinal fluid. Some even recommend perform-
ing lumbar spinal CSF drainage and
ventriculostomy to get more relax brain for a
skull base approach. Use dissectors to detach the
dura from orbital roof and part that left on lesser
sphenoid wing bone without extending past the
limits of the drilling, to avoid forming extradural
dead spaces. Place a spatula, attached to an ortho-
static retractor, to serve a shield to protect the
dural surface. A cylindrical or round drill is used
to remove remaining bony prominences from the
outside inward on the orbital roof and the remain-
ing temporal squama. Next, protect the underly-
ing dura with a spatula, and drill the lesser
sphenoid until dural cuff containing the meningo-
orbital artery located at the superolateral border
of the superior orbital fissure is visible. Isolate,
coagulate, and section this artery using a scalpel.
The best drill for delicate drilling is diamond
drill. To relax tension on the dura, if necessary, a
small incision at the projection of the lateral fis-
sure level can allow for cerebrospinal fluid drain-
age. After drilling, anchor the dura by stitching it
(3.0 round silk) at bone edge to avoid collection
of epidural blood during or after the operation.

1.2.5 Opening the Dura
and Exposing the Brain

The purpose of incising and retracting the dura is
to keep it smooth when folded back over the bony
surface; dural folds can sometimes hinder visibility.
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Fig. 1.2 The inserted picture shows the opening flap is
retracted toward anterior inferior using fish hook and the
C-shape opening of dura with its concave facing the skull
base. The brain is slightly tense and red, which is common
for aneurysmal subarachnoid bleed. This is the case with
left M1 bifurcation aneurysm bleed

Use Metzenbaum scissors to incise the dura in a
“C”-shaped manner creating a flap pedunculated
toward the previously roungered greater sphenoi-
dal wing, improving parasellar visibility.

The concavity of the incision should be toward
the orbit and sphenoid that were previously roun-
gered or flattened using high-speed drill; the
pedunculated flap is then retracted over the
greater sphenoidal wing remains (Fig. 1.2). This
maneuver will exposes the inferior frontal gyrus,
the superior temporal gyrus, the middle temporal
gyrus, and most importantly the Sylvian fissure.

1.2.6 Splitting Sylvian Fissure

Sylvian fissure can be divided into superficial
and a deep part [4]. The stem of the superficial
part extends medial to the semilunar gyrus of the
uncus between inferior frontal lobe and pole of
temporal lobe until lateral portion of sphenoid
wing. The stem then split into anterior ascend-
ing branches, anterior horizontal branches, and
posterior branches. The deeper part of the lateral
fissure divides into an anterior part (sphenoidal)
and posterior part (operculoinsular). Anterior
part is the narrow space between frontal and tem-
poral, located behind sphenoid ridge; it commu-

nicates directly cistern around the carotid. The
posterior part is made up of two clefts—oper-
cula and insular. Insula becomes visible once
the Sylvian fissure’s lateral walls are separated.
It links the temporal lobe with posterior orbital
gyrus through limen insula, a threshold between
the fissure laterally and the carotid cistern medi-
ally. The insula covers up a set of valuable struc-
tures such as internal capsules, external capsule,
extreme capsule, the claustrum, the basal ganglia,
and the thalamus. Typically, the basal cisterns are
opened, prior to the transsylvian dissection, in
order torelax the brain through cerebrospinal fluid
drainage. This allows for a cisternal approach to
aneurysms, first presented by Yasargil [1]. The
opening of the Sylvian fissure is started near the
pars triangularis of the parasylvian inferior fron-
tal gyrus, where there is the most room between
frontal and temporal lobes [4, 9] (Fig. 1.3).
Using microscissors and either a scalpel blade
number 11, 25G needle, or diamond knife, the
superficial portion of Sylvian fissure is cut and
dissected starting from the frontal part of superfi-
cial Sylvian vein. The latter typically runs later-
ally toward the distal end of the temporal lobe
and then drains into the sphenoparietal sinus.
However, in some cases, the superficial Sylvian
vein may drain toward the frontal Sylvian vein
and finally into the superior sagittal sinus, justify-
ing a dissection lateral of the superficial Sylvian
vein. Relevant anatomical structures identifiable
at this stage are ICA, MCA, ACA, and the optic
nerve. It is very important to have a good dissec-

Fig. 1.3 The pars triangularis of the parasylvian inferior
frontal gyrus (*), F' frontal, 7 temporal, /I optic nerve
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Fig. 1.4 The case of M1 bifurcation aneurysm. (1) The
aneurysm was identified, but it’s not well exposed yet, and
it’s necessary to continue dissection to identify all the sur-
rounding, especially to find the parent artery in case the
surgeon needs temporary occlusion. (2) Sylvian fissure

tion of Sylvian fissure for certain cases, such as
MCA aneurysm (Fig. 1.4).

Though the gyrus rectus sometimes obscures
the view of the AcomA complex, its resection is
rarely indicated (Fig. 1.5). This approach grants
access to cistern around olfactory, cistern around
carotid artery, chiasmatic cistern, sphenoid part
of lateral fissure, cistern in front of lamina termi-
nalis, interpeduncular cistern, ambient cistern,
and crural cistern, which can be attained by
resection of anteromedial segment of uncus.

1.2.7 Closing

When closing, focus on preventing any potential epi-
dural blood collections and attempt to avoid any
major surgical cosmetic defects. Hemostasis must
be attained prior to fascial closure, with electrocau-

dissection allows surgeon to expose the M1, M2, and
branches. (3) Avoiding the branches and putting the clip
on the aneurysm neck. (4) Expose the legs of the clip, and
confirm the aneurysm is well clipped (R rupture site)

tery and sponge tamponade methods. After closing
the dura until watertight, the bone flap is reposi-
tioned and secured with miniplates. The burr hole
area could be covered with a titanium clamp, or the
other options are to fill the hole with bone dust and
make sure that it’s covered well with periosteum.
The periosteum is very important for bone healing
and remodeling to the normal appearance. The tem-
poral muscle flap is placed where it belongs, and the
temporal muscle is re-sutured to the remaining myo-
fascial cuff on the skull, while the reflected fascia is
sutured to the fascia-periosteum complex. Finally,
the fascial incision and the scalp incision are closed
in the usual manner. The choice of an extradural sub-
galeal closed suction drain should enhance the heal-
ing and reduce fluid collections under the flap [10].
The classical pterional approach is attractive
and widely used for many reasons, including
smaller size craniotomy yet still allowing a wide
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Fig. 1.5 The case of Acom aneurysm rupture, with left
pterional approach. (1) The gyrus rectus obscures the
AcomA complex. (2) Partial resection of gyrus rectus

frontobasal exposure and rapid access to basal cis-
terns and the circle of Willis, without requiring
extensive brain retraction. The approach limits
unnecessary frontal and temporal lobes exposure.
It also prevents risk of injury to the optic radiations
or uncinate fasciculus, thus avoiding postoperative
visual field deficits and aphasia, in the context of
temporal lesion removal [11]. On a cosmetic level,
the pterional approach was favorable for its good
skin incision behind the hairline, appropriate size
bone flap, and the osteoplastic craniotomy prevent-
ing some of the postoperative temporalis atrophy.

1.3 Indications of the Approach

Initially, the approach was suggested for most of
microsurgical approach for cerebral aneurysms
in the whole circle of Willis, particularly in the
anterior circulation. Later, the pterional approach

(Gyr). (3) Exposing the AcomA complex with the aneu-
rysm between the both A2. (4) Clipping with ring clip to
spare the A2 on the ipsilateral side

was also used for the removal of tumors and
other vascular malformations found in cavern-
ous sinus area but also sella, parasellar, temporal,
subfrontal, and anterior and anterolateral mid-
brain regions. Examples of lesions successfully
treated through this approach include aneurysms,
olfactory groove meningiomas, cavernomas of
the anterior mesiotemporal region, temporal horn
tumors, and a clival chordoma. It’s still one of
the most commonly used approaches in neuro-
surgery practice.

1.4 Limitations of the Approach

The main factors to be considered when selecting
the right extent of exposure required are compart-
ment that need to be exposed and of course the
location and size of aneurysm. The main issues
regarding the pterional approach are obstruc-
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tion of the operator’s visualization by the basal
structures, such as orbital roof, sphenoidal ridge,
frontal and temporal lobes, and ICA, and tem-
poral muscle. Sometimes surgeon need to work
at a deep and narrow naturally available space
between the carotid artery and optic or oculo-
motor nerves [1]. Hence, though the indications
for a pterional approach are numerous and it is
a widely applicable technique, it is not with-
out limitations, typically exposure-related. The
pterional approach is now often modified by or
combined with the following approaches, tem-
poropolar, pretemporal, cranioorbitozygomatic
(middle cranial fossa lesions or upper clivus,
upper basilar complex), and lateral supraorbital,
in order to obtain the optimal diameter and angle
of exposure for the pathology being treated. For
example, if clipping an aneurysm of the posterior
circulation (i.e., basilar tip aneurysm), the sur-
gery may have to include removal of the anterior
plus or minus the posterior clinoid processes for
better visibility; or in order to have better access
to the parasellar region, reshaping of the zygo-
matic complex may be helpful [7]. Additionally,
ipsilateral vessels and the gyrus rectus can some-
times hinder ideal exposure of the AcomA com-
plex and the contralateral vessels in a pterional
approach; the orbitopterional approach is a great
alternative. If a more inferior temporal view is
required, removal of the zygomatic arch may be
considered.

1.5 Complications and How

to Avoid

The main complications that can be expected
from this approach are aneurysmal intraoperative
rupture, epidural or subdural hematoma, infec-
tion, ischemic events, early or late rebleeding,
temporal muscle atrophy and/or dysfunction, and
lastly, cosmetic cranial defects.

The interfascial flap dieresis technique from
the original pterional approach, as described by
Yasargil, was found to be associated with more
prevalent, worse, and longer-lasting palsy of
frontotemporal facial nerve branches, temporalis
muscle atrophy, and temporomandibularis joint

dysfunction [12]. The aim of this two-layer flap is
maximizing visibility at the expense of severe
retraction of the temporalis muscle. On the other
hand, the myocutaneous flap has considerably
less risk for facial nerve injury since temporal
muscle is lifted up with scalp in a one-layer flap
[5, 13]. However, this myocutaneous flap is at the
detriment of worse exposure secondary to the
bulkiness of the temporalis muscle [6]. Kim and
Delashaw propose an osteomyoplastic monobloc
technique in order to prevent both cosmetic and
functional undesirable outcomes [14]. The proce-
dure spares the temporalis muscle and the basal
bone. It involves dissecting a subperiosteal
detachment below the temporal separating it
from the underlying bone while maintaining the
muscle’s attachment to superior temporal line
and temporal squama. This is followed by the
creation of a keyhole 2 cm posterior to pterion at
the Sylvian fissure line. Final step consists of
roungering part of the sphenoid wing allowing its
removal with the pterion in one piece, along with
the bone flap.

Even though most concerns of scalp deformi-
ties (temporal depression, skin indentation)
linked to craniotomies have decreased since the
introduction of miniplating systems and burr hole
covers, the pterional approach remains prone to
it, especially surrounding the keyhole, due to the
complex curvature of the circumferential bone.
Moscovici et al. suggested that a craniotomy
without the classical MacCarty keyhole leads to
superior aesthetic outcomes with minimal bone
loss [15]. Their approach involves delicate sphe-
noid ridge drilling in a plane parallel to the skull
base, thus no longer requiring expansion of the
bony window basally.
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Eyebrow Keyhole Approach
in Aneurysm Surgery

Asra Al Fauzi, Nur Setiawan Suroto,
and Abdul Hafid Bajamal

2.1 Basic Consept

The concept of keyhole neurosurgery is not only
to perform small incision and reduce the crani-
otomy size for the sake of a small opening as we
called “keyhole,” but it is rather to make “mini-
mum craniotomy” required to access deep intra-
cranial lesions at the end of the route. Standard
craniotomy forms a “funnel-shaped surgical
corridor” to reach deeper area of the brain. In
contrast, keyhole mini craniotomy forms a
“reverse funnel-shaped surgical corridor” that
provides adequate working space through a
small incision and bone window to reach the tar-
get. The concept of this approach is that the
deep area of the brain can be accessed through
smaller craniotomy since the superficial optical
field is widened if the size of craniotomy is big-
ger (Fig. 2.1).

Intracranial aneurysm surgery using eye-
brow keyhole approach has been reported by
Van Lindert and Perneczky in 1998, and since
then, this approach has been accepted as mini-
mally invasive approach for aneurysm clipping
surgery in addition to the existing standard
approach.

A. Al Fauzi (D<) - N. S. Suroto - A. H. Bajamal
Department of Neurosurgery,

Universitas Airlangga, Dr. Soetomo General Hospital,
Surabaya Neuroscience Institute, Surabaya, Indonesia

© The Author(s) 2019

J. July, E. J. Wahjoepramono (eds.), Neurovascular Surgery,

https://doi.org/10.1007/978-981-10-8950-3_2

2.2 Preoperative Planning

The planning and execution of the approach
play a critical role in performing this keyhole
surgery. The smaller the craniotomy, the greater
the need for precise planning and self-made
completion of the approach because the corridor
of surgical dissection cannot be changed during
the procedure.

It is necessary to have preoperative consider-
ation about the size and aneurysm dome projec-
tion, aneurysm location, perforating arteries,
surrounding important structures, and how to plan
the bone flap. Using excellent diagnostic facilities
of CT, MRI, and digital subtraction angiography
(DSA), one has today the possibility to demon-
strate small details and specific anatomical orien-
tation of the lesion related with surgical planning.
In our experience, preoperative planning for eye-
brow keyhole surgery is could be mainly by using
and rely on 3D CT angiography (3D-CTA). The
3D reconstruction images maybe able to shows
from the skin, then skull, cerebral arteries and
veins, including size and shape of the aneurysm.
The preoperative planning of the keyhole crani-
otomy can be simulated with 3D-CTA (Fig. 2.2).
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Fig. 2.1 Concept of surgical corridors in keyhole craniotomy. (a) Keyhole craniotomy with “reverse funnel-shaped”
corridor, (b) macrocraniotomy with “funnel-shaped” corridor

Fig. 2.2 Preoperative planning with 3D CTA images
showing the skull, cerebral arteries, and aneurysm pathol-
ogy. (a) The supraorbital keyhole craniotomy and its rela-

2.3  Step of the Approach

2.3.1 Positioning and Preparation

The surgeon must plan and perform the proper
positioning of the patient by himself. Self-made
preparation and positioning are essential for cre-
ating keyhole craniotomies. After the patient is

tionship to the aneurysm are well visualized. (b) The
supraorbital craniotomy with the lesion is prepared at vari-
ous angles to have an optimal microsurgical visualization

anesthetized, the patient head is positioned in
supine with head holder, and the head is higher
up approximately 15° to facilitate venous drain-
age. A slightly chin-up position is preferable
to support the frontal lobe that will slightly fall
down according to the gravity force. The degree
of head rotation should be determined by preop-
erative 3D simulation, but generally the head is
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Fig. 2.3 Supine positioning of the patient, slightly
extended and the head is turned to contralateral, and
depend on aneurysm location. In most cases, the headrest

rotated between 15° and 45° toward the contra-
lateral side, determined by the location and dome
projection of aneurysm. The placement of lumbar
drain or extraventricular drainage also allows for
brain relaxation specially in ruptured aneurysm
case with brain edema.

Frontal anatomic landmarks should be pre-
cisely identified, including the foramen supraor-
bital, superior temporal line, orbital rim, and
zygomatic arch, then drawing the skin incision
plan on the skin (Fig. 2.3).

2.3.2 Skin Cut

The skin is cut according to the preoperative
planning and anatomical orientation. The skin
is cut at lateral two-thirds of the eyebrow, from
supraorbital notch to the lateral part, sometimes
extending few millimeters to the temporal line.
To achieve a good cosmetic appearance, the inci-
sion should follow the orbital rim, in the hair line.
It is advisable not to overuse bipolar coagulation
to avoid damaging hair follicles and surrounding
tissues. After skin incision, skin flap is dissected

with soft cushion is used for a brief preparation; the use of
head fixation clamp is not necessary

subcutaneously to obtain optimal exposure to sur-
rounding muscles. We could clearly identify the
frontal, orbicularis oculi and temporal muscles.
After dividing the muscular layers gently, we
have to identify pericranium at supraorbital edge,
and it is cut perpendicularly following superior
temporal line to get good bone exposure.

Skin flaps should be gently retracted with
three or four temporary stiches at each upper and
lower side of the flaps. The frontal muscle should
be retracted upward, and the temporal muscle is
detached gently from the attachment and retracted
laterally to expose ipsilateral temporal line, and
then keyhole area is exposed. Gentle detachment
and pulling of the muscle are important to pre-
vent local postoperative hematoma (Fig. 2.4).

2.3.3 Mini Craniotomy and Dural
Incision

Making a single frontobasal burr hole at the fronto-
zygomatic point just behind the temporal line by
using high-speed drill. The placement and direction
of the drilling procedure should be in correct man-
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Fig. 2.4 Skin cut from the lateral border of supraorbital
notch and extending a few millimeters from the eyebrow
line to reach the temporal line

Fig. 2.5 Supraorbital keyhole craniotomy with a width
of 25-30 mm and a height of 15-25 mm

ner. Wrong direction during drilling can cause the
drill going into the orbit, while we actually want it
to go to the anterior frontal floor. The craniotomy
flap is then performed with high-speed craniotomy,
starting from lateral orbital rim and following the
orbital rim to medial, as long as 25-30 mm, then
curving cranially about 15-25 mm, and cutting
back to the burr hole site, thus creating a small bone
flap. An important point is the bone cut should be
very close and approaching orbital roof and if nec-
essary additional drilling to make any prominence
at the frontal floor totally flat. This may provide a
few millimeters more exposure and avoid the bony
prominence to obstruct surgical visualization and
facilitate optimal microsurgical maneuvers using
microscope and microinstruments (Fig. 2.5).
Opening the dura with semicircular shape and
the base parallel along the orbital rim. The dura

flap is reflected basally and fixed downward with
three or four sutures so that dural window is
formed in optimal opening following craniotomy
corridor (Fig. 2.6).

2.3.4 Intradural Dissection

After opening the dura, the first-step maneuver
is to gently remove sufficient cerebrospinal
fluid by opening the arachnoid membrane
through the chiasmatic and carotid cistern or
furthermore to Sylvian fissure. Ventricular
puncture and drainage sometimes may be
needed in case of brain edema; the authors only
use the lumbar spinal drain for very selective
cases. With adequate drainage of CSF (cerebro-
spinal fluid), the brain becomes relaxed, then a
brain spatula is put in the frontal lobe, and the
purpose is to protect the cortex and not to retract
the cortex. With this efficient and adequate sur-
gical corridor, we can get to the aneurysm pre-
cisely and avoid extensive cortical retraction
(Fig. 2.7).

2.3.5 Closure and Bone Flap
Replacement

After the intracranial procedure is performed,
the next step is filling the intradural space with
warm normal saline. Close the dura with water-
tight and interrupted sutures, and then make
sure that any defects are well repaired. If the
frontal sinus opened during the surgery, it is a
must to seal off the frontal sinus to avoid post-
operative infection. Bone flap is placed back,
and hold it with mini plates and be careful not to
penetrate frontal sinus by the screws. Authors
prefer using three mini plate fixations at medial,
lateral, and upper part of craniotomy to make
sure a strong fixation to prevent postoperative
deformity. Reapproximate the temporal muscle
to zygoma by one or two sutures. After final
hemostasis control, reapproximate the subcuta-
neous layer by interrupted sutures; then the skin
is also closed by interrupted sutures in the eye-
brow (Fig. 2.8).
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Fig.2.6 (a) Opening the dura in a curved fashion toward the frontal base, (b) optimal surgical corridor to the skull base

after dural opening

Fig. 2.7 (a) Intradural dissection and securing the aneurysm using microinstruments, (b) clipping procedure

Fig. 2.8 The skin is closed with interrupted suture to

control the skin tension for a good cosmetic result 2.

24  Complications and How
to Avoid

There are some complications that could be
occurred associated with surgical technique in
eyebrow keyhole approach.

. Temporary or permanent supraorbital hypes-

thesia. In eyebrow keyhole craniotomy, the
surgical field is very narrow, and medially the
surgical field is limited by supraorbital notch
that contains supraorbital nerve. Perioperative
anatomical landmark should be prepared pre-
cisely to avoid damaging these structures.
Certainly, keeping a distance of the craniot-
omy site at least 5—10 mm lateral to the orbital
notch can reduce the risk of supraorbital nerve
injury. Sometimes stretching the nerve during
surgery is unavoidable, but preserving the
nerve continuity will provide good chance to
have functional recovery after surgery.

Frontal deformity. The frontobasal burr hole
needs to be placed behind the temporal line
after retracting the temporal muscle laterally.
The burr hole site will be covered with the
muscle to prevent deformity in this area.
Proper repositioning of the bone flap is also an
important step to prevent frontal deformity for
a better cosmetic result. Bone flap should be
fixed frontally and medially without any bony
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distance; make sure the mini plate tightly
fixed the bone in proper position.

Suboptimal cosmetic result. Skin incision
should be made within the eyebrow and fol-
low the orbital rim. Retraction of the skin flap
should be in gentle manner to prevent soft
tissue necrosis, and it is better to minimize the
use of bipolar cauterization during skin and
soft tissue procedures. The skin is closed with
interrupted suture to have an optimal skin ten-
sion with good approximation.

Infection. If the frontal sinus opened during
procedure, careful repair is mandatory. The
periosteum or fascia flap, bone wax, or
abdominal fat tissue can be used to repair the
injured sinus. Make sure the dura is closed
watertightly with interrupted suture; if still
dehiscence occurred, a small muscle patch
should be used for this purpose.

25

Limitations

. This approach is contraindicated in patient

with massive brain swelling after subarach-
noid hemorrhage.

. This approach could not be a standard for all

of aneurysm surgery; the indication should be
strict and rely on the surgeon’s experience.

3.

The keyhole craniotomy may limit the
microsurgery working angles, so it is man-
datory to use a high magnification micro-
scope and specific keyhole microsurgery
instruments.

It is preferred not to use this approach for
patient with large frontal sinus, because the
greater risk of infection may occur.
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Fronto-orbito-zygomatic (FOZ)

Approach

Imad N. Kanaan

3.1 Introduction

Surgical management of skull base pathologies
remains one of the most challenging tasks for
neurosurgeons. Advances in neuroimaging and
evolution of modern technologies have paved the
way for a more precise diagnosis and better selec-
tion of the surgical approach.

The fronto-orbito-zygomatic (FOZ) approach
welds several surgical avenues and satisfies the phi-
losophy of skull base surgery by removing bone
obstacles in favor of better exposure with minimal
brain retraction. Historically, this approach evolved
from the pioneering work of avant-garde neurosur-
geons. Removal of the supraorbital ridge as part of
the frontal craniotomy was first described by
McArthur [11] in 1912 and Frazier [5] in 1913 to
remove a pituitary tumor. Jane et al. [8] revived this
approach to include the anterior orbital roof oste-
otomy in a single flap to approach vascular lesions
and remove orbital tumors. The original descrip-
tion of pterional approach was credited to Heuer
[6] in 1918, modified by Dandy [3] to clip an ante-
rior communicating artery aneurysm in 1941, and
later was refined and popularized by Yasargil [14]
in 1969. Pellerin [13] and Hakuba [ 7] first described
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the orbito-zygomatic-malar approach to central
skull base lesions in the early 1980s. FOZ approach
was eventually adopted and modified by Al Mefty
[1] and others [9, 12, 15] to include several varia-
tions that match the patient’s clinical condition, the
pathology dealt with, and the neurosurgeon’s
preference.

The FOZ approach provides an excellent neu-
rosurgical avenue for safe removal of skull base
tumors and management of complex vascular
lesions around the central skull base, cavernous
sinus, and upper clivus [1, 4, 7, 15]. Several pub-
lications quantified this approach and highlighted
its advantages in the contemporary practice of
skull base surgery [2].

3.2  Steps of the Approach

3.2.1 Position and Preparation

The patient is placed in supine position with ele-
vation of the trunk 25° and ipsilateral shoulder
(gravity-supported venous drainage). The head is
elevated, extended, tilted slightly away from the
ipsilateral shoulder, and rotated 25° to the contra-
lateral side (Fig. 3.1). The leg is prepped should a
graft of fascia lata, fat, or saphenous vein be
needed for reconstruction. Lumbar drain may be
considered, and the patient receives antibiotics,
steroids, H1-receptor antagonists, as well as anti-
convulsant and mannitol if needed.
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Fig. 3.1 Supine position with the head fixed in the
Mayfield head clamp. The head and upper body is ele-
vated up 25° with elevation of the ipsilateral shoulder,
hyperextended, and rotated to the opposite side by 25°.
Additional rotation or manipulation of the position can be
adjusted by the table’s control buttons. The blue dotted
line represents the skin incision. X, Y, Z curved arrows
represent the three axes of the head for orientation

3.2.2 Skin Incision and Soft Tissue
Dissection

Elevate a frontal skin flap, starting within 1 cm
anterior to the tragus at the level of the zygomatic
arch, extending behind the hairline, and just pass-
ing the midline in a slightly curved fashion. Pay
special attention not to injure the frontal branch
of the facial nerve or damage the superficial tem-
poral artery for its potential use in EC-IC bypass.

Incise and dissect sharply a large vascularized
frontal pericranial flap and reflect it over the skin flap
to be in continuity with the periorbita at the level of
the orbital roof. Mobilize the temporal muscle basely
and laterally under the arch of the zygoma, but leave
a muscle cuff attached to the superior temporal line
on the frontal bone for reattachment.

3.2.3 Craniotomy and Orbito-
zygomatic Osteotomy

Perform two burr holes: one at McArthur’s point
(keyhole) and the second at the bottom of the

Fig. 3.2 Aurtistic illustration of the right fronto-orbito-
zygomatic approach (FOZ). Arrowhead, McArthur’s burr-
hole; arrow, to inferior orbital fissure; dashed line,
frontotemporal craniotomy including the orbital rim and
part of the zygoma

temporal squama. Complete a frontotemporal
craniotomy, and include the superior and lateral
orbital rim (zygoma) medial to the supraorbital
notch and down to the malar eminence (Fig. 3.2).
This flap will include the anterior part of the
orbital roof and the lateral wall of the orbit;
hence, it negates the need for later reconstruc-
tion. We have used the oscillating saw and Midas
Rex B1bone cutter or pediatric osteotome to per-
form this step. The cut of the orbital roof is
placed lateral to the ethmoid sinuses, and the one
at the lateral orbit is made between the outer
edge of the superior and inferior orbital fissures.
These cuts are best judged from an intraorbital
perspective. Special attention is paid to dissect
and protect both the frontobasal dura and the
periorbita over the lacrimal gland using cotton
patties or narrow brain spatula. This step can be
performed as a single or two-piece bone flap.
The latter is advocated in elderly patients with
very thin dura or in patients with thick orbital
roof. The elevation of this flap will facilitate the
extradural resection of the sphenoid wing and
drilling of the anterior clinoid process, as well as
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the decompression of the superior orbital fissure,
the optic canal, and the posterior orbit using a
high-speed diamond-tipped burr and small ron-
geurs. The need for the double cut of the zygo-
matic arc does not warrant total skeletonization
of the bone and is limited to the extended sub-
temporal approach for surgical management of
cavernous sinus lesions, complex basilar tip
aneurysm, or upper clivus tumors. These cuts of
the zygoma are now performed with pre-platting
concept for best cosmetic results. For access to
the cavernous sinus, petrous apex, and upper cli-
vus, the lateral temporal fossa will be flattened
using a high-speed drill; the foramen spinosum
will be obliterated in order to proceed with extra-
dural access to these areas as described by
Dolenc [4] and Kawase [10], with special atten-
tion to maintain the integrity of the greater and
lesser superficial petrosal nerves (GSPN and
LSPN) during the exposure of the petrous carotid
for proximal control (Fig. 3.3).

Fig. 3.3 Artistic illustration of a right front-orbito-
zygomatic (FOZ) approach. The wide exposure demon-
strates access to the orbit, frontal fossa, central skull base,
and suprasellar area, as well as to the cavernous sinus,
middle fossa, and upper petroclival region. The following
anatomical structures are shown: 7 temporal muscle, O
orbit, TFF temporal fossa floor, 7S tuberculum sellae, ON
optic nerve, ICA internal carotid artery, MMA middle
meningeal artery, /Il oculomotor nerve, and VI, V2, V3
represent the three branches of the trigeminal nerve

3.2.4 Surgical Closure

Upon conclusion of the planned intradural inter-
vention, the dura is closed in a watertight fashion
using dura substitutes in order to guarantee brain
relaxation and tent the dura to prevent postopera-
tive epidural collection. The fronto-orbito-
zygomatic bone flap is replaced and fixed in
position with miniplates. The preservation of the
roof and lateral wall of the orbit does not warrant
additional bone reconstruction; however, if the
osteotomy defect is large, then this can be recon-
structed by using low-profile craniofacial mini-
plates that can be fixed to the FOZ flap and
measured to the size and shape of the bone defect.
The temporal muscle and fascia flap are sutured to
the myofascial cuff left on the frontal bone. The
skin incision is closed in a multilayer fashion leav-
ing a small subgaleal closed drainage system.

3.3 Indications of the Approach
Fronto-orbito-zygomatic approach provides mul-
tiple short, wide, and direct corridors giving
access for safe surgical management of complex
skull base tumors and vascular pathologies
located in the posterior orbit or at the central
skull base, interpeduncular fossa, cavernous
sinus, and upper clivus.

Variations of FOZ approach [1, 7-9, 12, 15]
are tailored to the nature of the pathology being
dealt with and its anatomical location and extent
and governed by meticulous evaluation of the
patient’s clinical condition and imaging studies.
The FOZ approach or its variants (Figs. 3.4, 3.5,
and 3.6) are to be considered in surgical manage-
ment of suprasellar, perisellar, and anterior cli-
noid meningiomas, craniopharyngiomas, giant
pituitary tumors, trigeminal schwannomas, chor-
domas, cavernous sinus lesions, and complex
anterior circulation, or basilar bifurcation aneu-
rysms. A trans-eyebrow mini-FOZ approach was
described in the literature and may suffice ade-
quately in some selected indications [9].
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Fig. 3.4 Preoperative MRI T1 with gadolinium of a
42-year-old female patient who presented with 8 months’
history of headache and progressive visual impairment,
more pronounced on the right side. Her neurological

examination confirmed the presence of right optic nerve
atrophy, decreased visual acuity to 20/100, and temporal
visual field defect; (a) axial; (b) coronal; (¢) sagittal pro-
jection showing homogenous enhancement of the lesion

Fig. 3.5 Postoperative MRI with gadolinium; (a) axial;
(b) coronal; (c) sagittal views. It demonstrates complete
resection of the diaphragma sellae meningioma. The
patient underwent a modified FOZ approach with opening

3.4 Limitation and Complication

and How to Avoid

The FOZ approach may appear to be a complex
intervention, but it is worth the effort whenever it
is indicated. It provides excellent working chan-
nels and maneuverability to handle intraoperative
complications. Risks of facial nerve injury and
temporal muscle atrophy can be avoided by the
subperiosteal elevation of the temporal muscle
and minimal use of cautery. The approach as

of the optic canal and resection of the sphenoid wings and
sparing the cut of the zygoma arc. The patient reported a
full recovery of her vision and symptoms at the 9-month
follow-up with no complications

described above negates the need for major
reconstruction; however, enophthalmos may
occur in some cases as the result of greater bone
loss due to excessive drilling or damage to the
periorbital area during dissection. Therefore,
proper placement of the osteotomy at the orbital
roof and lateral wall under protection of the peri-
orbita and repair of any ensuing defect in the
periorbita by using a small pericranial patch are
very important measures. It is recommended to
reconstruct a larger bone defect in the orbita by
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Fig.3.6 Preoperative MRI, T1 with gadolinium (a and b)
of a middle-age female patient, who presented with 1-year
history of progressive visual loss and recent episode of
generalized seizure. These images revealed a planum
sphenoidale lesion with hyperostosis, which was compat-

using miniplates that can be fixed to the bone
flap. Careful repair and obliteration of any opened
air cells or air sinuses should handle the potential
risk of CSF leakage resulting from drilling of the
anterior clinoid process or the wall of the sinuses.
The relatively common problem of transient peri-
orbital swelling can be managed by early ambu-
lation, head elevation, and application of cold
compress.

ible with the diagnosis of meningioma. The patient under-
went trans-eyebrow modified mini-FOZ for gross total
resection of the planum sphenoidale meningioma as
shown on the postoperative CT scan with contrast (¢ and
d) resulting an excellent clinical recovery
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Lateral Supraorbital Approach

Juha Hernesniemi, Hugo Andrade-Barazarte,
Rosalia Duarte, Joseph Serrone, and Ferzat Hijazy

4.1  Introduction

The lateral supraorbital (LSO) approach is the
most common craniotomy used in Helsinki by
Professor Juha Hernesniemi. He has used the
LSO approach for more than 30 years and in
more than 6000 surgeries. This approach is a sim-
pler, faster, and less invasive modification of the
classically established pterional approach
described by Yasargil. It provides excellent expo-
sure of anterior fossa lesions, suprasellar lesions,
and most anterior circulation aneurysms.

Like the pterional craniotomy, the skin inci-
sion is just behind the hairline. However, the inci-
sion for this approach is kept short and does not
reach the zygoma inferiorly. In the LSO approach,
the skin-muscle flap is opened as a single-layer
flap, sparing the meticulous and laborious subfas-
cial dissection of the pterional approach that puts
the frontotemporal branches of the facial nerve at
risk of injury. The temporalis muscle is split only
in its superior aspect, decreasing postoperative
pain and masticatory dysfunction. Additionally, it
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provides better cosmetic results due to less dis-
section of the temporalis muscle, which preserves
its neurovascular supply.

4.2  Steps of the Approach

4.2.1 Positioning

The patient is positioned supine with the head and
shoulders elevated above the cardiac level (Fig. 4.1)
to reduce the bleeding by facilitating cerebral
venous drainage. This in turn creates a “slack
brain.” The head is fixed with three or four pins to
the head frame (Mayfield or Sugita) and is rotated
15-30° toward the opposite side, flexed slightly lat-
erally (Fig. 4.2), and either flexed or extended
according to the location of the lesion to be
approached. If the head is rotated too much toward
the opposite side, the temporal lobe obstructs
access into the Sylvian fissure. The degree of head
flexion and extension depends on the craniocaudal
distance between the pathology and the base of the
anterior cranial fossa. Higher lesions require more
extension of the head, whereas lesions located
nearer to the skull base require slight flexion of the
head. We use the Sugita’s head frame because it
provides a strong retraction force by the spring
hooks and also allows the surgeon to rotate the
head during the surgery. When this feature is not
possible, the operating table can be rotated accord-
ing to the surgeon needs.
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Fig. 4.1 Lateral view. The patient is positioned supine
with the head and shoulders elevated above the cardiac
level to reduce the bleeding

Fig. 4.2 The head is fixed with three or four pins to the
Sugita’s head frame and is rotated 15-30° toward the
opposite side and flexed slightly laterally

4.2.2 Incision

After minimal shaving, an oblique frontotempo-
ral skin incision is made behind the hairline. The
incision starts 3 centimeters (cm) above the root
of the zygoma and extends 2 cm medial to the

Fig. 4.3 Superior view. Oblique frontotemporal skin
incision, behind the hairline

Fig. 4.4 The skin-galea-muscle flap elevated as a single
layer and retracted anteriorly with spring hooks

ipsilateral midpupillary line (Fig. 4.3). In balding
patients, the medial part of the incision can be
placed in a skin wrinkle to provide better cos-
metic results. The skin-galea-muscle flap is ele-
vated in a single layer and retracted anteriorly
with spring hooks until exposure of the superior
orbital rim and frontal root of the zygoma. Raney
clips are placed on the posterior margin of the
skin incision for hemostasis (Fig. 4.4). The tem-
poralis muscle is split only in its most superior
and anterior part (only 3 cm of temporalis muscle
is detached), and a spring hook is used to retract
the muscle toward the zygomatic arc (Fig. 4.5).
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Fig. 4.5 Exposure of the superior orbital rim and frontal
root of the zygoma. The temporalis muscle is detached
only in its superior portion

4.2.3 Craniotomy

A single burr hole is placed under the most posteri-
orly exposed insertion line of the temporalis mus-
cle. If necessary, another burr hole may be placed
over the pterion, depending on the size of the flap,
thickness of the bone, and adherence of the dura to
the inner skull surface. A curved and stout dissector
is used to detach the dura from the bone. Next, a
side-cutting craniotome with a footplate is used to
obtain an approximately 4 cm x 4 cm bone flap
with the Sylvian fissure located at the inferior limit
of the craniotomy. The first cut starts from the burr
hole and curves superiorly and then anteriorly
toward the zygomatic process of the frontal bone.
The second cut again starts in the burr hole and pro-
ceeds inferiorly toward the temporal bone, leaving
the sphenoid ridge between these two cuts. The
side-cutting craniotome without footplate is used to
drill small holes around the craniotomy edges for
future placement of dural tack-up sutures (Fig. 4.6).
The thick frontal bone and lateral sphenoid ridge is
thinned using the side-cutting craniotome. The
bone flap is elevated posteriorly and cracked along
the drilled line over the frontal and sphenoid bones.

Fig. 4.6 A single burr hole is placed under the superior
temporal line, and two cuts are made with the craniotome
until obtaining a bone flap of 4 x 4 cm approximately

Fig. 4.7 Hot drilling technique of the sphenoid ridge and
lateral and superior orbital wall

After the removal of the bone flap, the lateral
sphenoid ridge is drilled off using first a high-speed
drill with a rounded bit, starting at the lateral wall of
the orbit toward the lesser sphenoid wing. Further
drilling is continued with diamond-tipped drill bit
without irrigation to smooth the surface and stop
oozing of blood from the bone (Fig. 4.7). This so-
called hot drilling technique (diamond-tipped drill
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Fig. 4.8 The dura is opened in a curvilinear fashion and
reflected anterolaterally. Multiple tack-up sutures are
placed to retract the dural edges toward the craniotomy
margins. White arrow and line demonstrated the place of
the Sylvian Fissure

without saline irrigation heating the bone and seal-
ing the bleeding) finishes the bone removal and
offers excellent hemostasis. Before opening the
dura, the area surrounding the craniotomy is cov-
ered with three hydrogen peroxide-soaked towels
for antimicrobial effect. A green cloth is attached
with staples at the anterior and inferior limit of the
craniotomy to decrease the color balance in the
operative field and improve visualization.

The dura is opened in a curvilinear fashion
and reflected anterolaterally. Multiple tack-up
sutures (Fig. 4.8) are placed to retract the dural
edges toward the craniotomy margins preventing
oozing from epidural space. At this point, the
operating microscope is brought in place.

Before beginning the intracranial dissection,
fibrin glue and small pieces of Surgicel® are used
to achieve hemostasis and obtain a clear surgical
field. Usually, the main goal of the initial sub-
arachnoid dissection is to reach the basal cisterns
to release cerebrospinal fluid (CSF) for brain
relaxation. The dissection proceeds along the
frontobasal surface of the frontal lobe slightly
medial to the proximal Sylvian fissure until the
entrance of the ipsilateral optic nerve into the
optic canal. The arachnoid membranes limiting
the optic cistern are opened and CSF is released.
Furthermore, CSF can be released through the
carotid cistern lateral to the ipsilateral optic nerve.
Once a slack brain is achieved, the dissection pro-

ceeds according to the pathology being treated. In
cases of a very tight brain, CSF can also be
released from the ventricles by opening of the
lamina terminalis. To reach the lamina terminalis,
the dissection continues from the ipsilateral optic
nerve to the optic chiasm. The frontal lobe is
retracted gently using tandem work of the suction
and bipolar until the lamina terminalis is visual-
ized, just posterior to the optic chiasm. The lam-
ina terminalis is punctured with a sharp bipolar
forceps or with microscissors allowing further
drainage of CSF directly from the third ventricle.

In the LSO approach, the Sylvian fissure is
located on the temporal edge of the craniotomy,
and all the work to open the fissure is performed
from the frontal side. An 18-guage sharp needle
is used to open a small gap into the arachnoid
membrane of the fissure. This small opening is
filled with water (water dissection technique by
Toth) to expand the subarachnoid space and facil-
itate a bloodless subarachnoid dissection. Then
the dissection continues according to the pathol-
ogy to be treated.

4.2.4 Closure

The complete closure is performed under high
magnification of the operative microscope. The
dura is closed tightly as much as possible, in a
continuous fashion with a resorbable filament
(Safil 4-0). Dural defects are sealed using hemo-
static agents like TachoSil®, fibrin glue, and
Surgicel®. Careful and meticulous hemostasis is
performed with bipolar coagulation. Additional
tack-up sutures can be placed between the dura
and the previously drilled holes around the crani-
otomy edges to elevate the dura and decrease the
risk of postoperative epidural hematoma. At the
final stage of the dural suturing, a blunt needle is
inserted through a small gap between the dural
margins, to fill the subdural space with saline and
remove the air. After this, the gap is covered with
TachoSil®, fibrin glue, and/or Surgicel®.

The bone flap is replaced and fixed using two
CranioFix® clamps. The temporalis muscle is
sutured using interrupted resorbable take-off fila-
ments (Vicryl 2-0 or 1-0). The galea and subcuta-
neous layer are sutured simultaneously using a
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running suture with resorbable filament (Vicryl
3-0) without placing any drain. The skin is closed
using surgical staples. However, in small children
or young patients, the skin is closed with running
resorbable intracutaneous suture (Monocryl 4-0).
In some reoperations, the distance between the
staples is less than 4-5 mm to ensure an unevent-
ful wound healing.

4.3 Indications of the Approach

The LSO approach provides access to all anterior
circulation aneurysms, except those located at the
distal anterior cerebral artery. In addition, this
approach can be used for high-positioned basilar
bifurcation and basilar-superior cerebellar artery
aneurysms. The trajectory of the approach pro-
vides an excellent view of the anterior fossa, the
sellar and suprasellar regions, and the anterior
part of the Sylvian fissure. Moreover, the LSO
approach can be tailored more frontally or tem-
porally depending of the location of a specific
lesion.

4.4 Limitation of the Approach

This approach has certain limitations. It is not
feasible for lesions requiring significant lateral
(temporal) exposure. Examples of these cases
include large posterior communicating artery
aneurysms projecting posteriorly, large or giant
middle cerebral artery aneurysms projecting lat-
erally against the sphenoid wing, middle cerebral
artery aneurysms associated with large temporo-
parietal intracerebral hematomas, or basilar tip
aneurysms lying below the posterior clinoid pro-
cess. In those cases, different approaches such as
pterional, subtemporal, or a combination of both
is necessary to treat the pathology.

4,5 Complication and How

to Avoid

During the drilling of the sphenoid ridge, it is
common to open the lateral and superior orbital
wall causing extrusion of the periorbital fat into

the surgical field. To solve this problem, we place
a piece of TachoSil® over the defect. This keeps
the periorbital fat contained while the bony work
is completed. During the dural opening, we place
two stiches at the inferior and anterior limit of the
dural flap and retract this segment anteriorly
using high tension. This maneuver keeps the peri-
orbital fat away from the surgical field and pro-
vides 2—-3 mm of extra space.

Since the LSO approach is a simple and less
invasive approach, the rate of complications is
less. CSF leakage represents a minor compli-
cation related to the approach. To decrease the
risk of postoperative CSF leakage, we take
special care during the dural closure placing
small pieces of TachoSil®, Surgicel®, and fibrin
glue in the dural defect to obtain a complete
closed surface. Due to the small size of the
bone flap, the risk of an epidural hematoma is
low. To further decrease this risk, we place
multiple tack-up sutures between the dura and
the small holes drilled around the craniotomy
edges.

The LSO approach represents a fast and simple
approach to treat a multitude of vascular lesions
and tumors. This approach follows the basic prin-
ciples described by the senior author (J.H):
“Simple, clean, while preserving the normal
anatomy.”
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5.1 Introduction

The interhemispheric (IH) approach is the best
access to lesions located in the midline along the
corpus callosum and can be used also for lesions
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in the lateral and third ventricles and in the pineal
region.

Depending on the position of the target along
the anteroposterior direction, the skin incision
and craniotomy can vary. However, as the major-
ity of distal anterior cerebral artery (DACA)
aneurysms located along the corpus callosum
especially the rostrum part, the anterior approach
represents the most common way to reach them.
The approach may minimally displace the frontal
lobe to get enough space to expose the falx, the
anterior cerebral arteries, and the corpus
callosum.

Unilateral low anterior IH approach is a varia-
tion, which allows reaching the anterior commu-
nicating artery (ACoA) aneurysms.

5.2  Steps of the Approach

5.2.1 Positioning

As for other approaches, patient position is
supine with the head and shoulders slightly
higher than the heart to reduce bleeding by facili-
tating cerebral venous drainage. The head is fixed
with either Mayfield (three pins) or Sugita (four
pins) head holder, in straight position, and either
with slight extension or flexion to get the best
projection to the lesion. The degree of head flex-
ion and extension depends on the relative posi-
tion of the pathology compared to rostral part of
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corpus callosum. More distal lesions require
more flexion of the head, whereas lesions located
close to the rostral part may just be approached
with head in neutral position.

In the unilateral anterior IH approach, the
patient’s head is rotated to orient the midline hor-
izontally and tilted 45° superiorly.

5.2.2 Incision

After minimal or no shaving, a frontal scalp inci-
sion is made starting just behind the hairline,
1 cm beyond the midline. The incision extends
backwards parallel to the midline for 4-5 cm,
bends laterally to cross the midline, and prolongs
for 4-5 cm. The skin-galea flap is elevated and
retracted anterolaterally with skin hooks. At the
edge of skin incision, we may apply Raney clips
for hemostasis.

Alternatively, a bicoronal skin incision can be
performed just behind the hairline from one side
to the other, starting 2 cm above the zygomatic
arc. The temporalis muscle must be preserved.

5.2.3 Craniotomy

Start with two burr holes at the anterior and pos-
terior margin of the bone flap, preferable exactly
to expose the midline. If necessary, additional lat-
eral burr holes can be placed if the dura adheres
very tight to the inner table of the bone (Fig. 5.1).
The dura is released from the inner table of the
bone, using curved and blunt dissector.
Craniotomy is then performed using a side-
cutting craniotome with a footplate to obtain an
approximately 4 cm x 4 cm bone flap encompass-
ing the median line. In case of unilateral craniot-
omy, it is advisable to leave the median side of
the craniotomy as the last step, as it has the high-
est risk for dural damage and consequent supe-
rior sagittal sinus opening. Actually, if that
happens, less time would be required to elevate
the bone flap and compress the sagittal sinus to
reduce blood loss.

In the unilateral anterior (basal) IH approach,
the bone flap is placed more frontally, as the skin

is retracted anteriorly to a wider extent in order to
obtain a more favorable direction toward the
ACO0A under the rostrum of the corpus callosum.
Efforts should be made to preserve the frontal
sinus. The bone flap is then elevated using a blunt
dissector (Fig. 5.2).

Before opening the dura, the margins of the
skin incision are covered with povidone-iodine-
soaked towels, which can be secured to the skin
using Raney clips.

Surgeon open the dura with a “U” shape, and
the base of the flap lying along the superior sagit-
tal sinus (Fig. 5.3). The two branches of the dural
incision extend to the limit of the sagittal sinus,
avoiding its violation. If the sagittal sinus is inad-
vertently opened at this stage, a dural clip can be
placed to stop the bleeding. Two or three tack-up
sutures are placed to retract the dural edge toward

Fig. 5.1 Two burr holes are placed at the most anterior
and posterior portion of the exposed midline. Occasionally,
a third lateral burr hole can be placed when the dura is not
easily detachable from the inner theca of the skull

Fig. 5.2 The bone flap is elevated using a blunt
dissector
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Fig. 5.3 The dura is opened and elevated toward the
median line (on the left)

the median craniotomy margin. When approach-
ing an ACoA aneurysm, sometimes a wider
exposure is needed depending on the anatomical
characteristics of aneurysm and vessels. In this
case, the superior sagittal sinus can be closed
using stiches placed at its most anterior part in
the proximity of crista galli, and then cut. The
dura and the falx can be therefore retracted poste-
riorly. The surgical microscope is placed so the
surgeon may have all the flexibility for surgical
maneuver.

Before beginning dissection of interhemi-
spheric fissure, it is necessary to identify the best
entry point and direction. Usually, the entry point
is chosen in the space between the eventual bridg-
ing veins, to minimize vascular traction and dam-
age. Neuronavigation systems provide a valuable
tool to detect the appropriate direction of dissec-
tion. As the brain is progressively detached from
the falx, a retractor can be placed to mildly retract
the frontal lobe obtaining wider space and better
vision along the falx. In the unilateral anterior IH
approach, there is no need for active retraction as
gravity itself pushes the frontal lobe downward.
In any case, the cerebrospinal fluid (CSF) release
obtained with subarachnoid dissection allows
gradual brain relaxation and wider surgical
exposure.

The dissection proceeds along the falx until
either the ACAs or the ACoA are visualized
(Fig. 5.4). In case of ACoA aneurysms, crista
galli must be removed to obtain a wide operative
field and full control of vessels.

Fig. 5.4 Following the direction of the falx (on the left),
subarachnoid dissection is performed

5.2.4 Closure

Before closure, any retractor must be removed
and the underlying brain must be visualized in
order to detect and block eventual bleedings. The
dura is tightly closed in a waterproof manner
with a resorbable filament (Safil 3-0 or 4-0),
eventually adding fibrin glue along the dural
suture. Suture should begin from the lower end of
the dural opening and proceed to the upper end.
In this way, just before the very last sutures, a
blunt needle can be inserted intradurally to fill the
subdural space with saline and remove the air.
Additional tack-up sutures can be placed at the
dura to the craniotomy edge, to minimize the risk
of postoperative epidural hematoma. It is advis-
able to avoid placing these sutures along the
median side of the craniotomy to prevent any
puncture of the superior sagittal sinus.

The bone flap is replaced and fixed using
either microplates and microscrews or sutures
placed between the previously drilled holes
around the craniotomy edges and along the bone
flap margins. The galea and subcutaneous layer
are sutured simultaneously using separate sutures
with resorbable filament (Vicryl 3-0) with or
without drain. The skin is closed using surgical
staples or running resorbable intracutaneous
suture (Monocryl 4-0).
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5.3 Indication of the Approach

The IH approach provides access to aneurysms of
DACA (usually for segment A2, A3), as those
originating at the origin of callosomarginal artery
from the pericallosal artery. This approach is also
adequate for highly positioned ACoA aneurysms
with superoposterior projection of the dome. The
unilateral anterior [H approach has been proposed
to clip unruptured small and medium sized ACoA
aneurysms, as it requires minimal brain retraction
and carries less risk on olfactory nerves.

5.4 Limitation of the Approach

The unilateral anterior IH approach has some
limitations. Compared to the more frequently
used pterional approach, it provides less clear
proximal control on Al portions of ACAs, espe-
cially when the ACoA aneurysm is large or it is
projecting anteriorly. This is the reason why it
has been proposed for unruptured small- and
medium-sized ACoA aneurysms.

5.5 Complication and How

to Avoid

When placing the burr holes along the median
line, or during the craniotomy between the two
burr holes, it is possible to injure superior sagittal
sinus and cause copious venous bleeding. But
such complication is very rare. In this case, bipo-
lar coagulation is useless and sometimes harmful.
The best way to stop the bleeding is the addition
of hemostatic material such as Spongostan® or
Surgicel® overlaid by a cottonoid and mechanical
compression over it.

The damage of bridging veins is another
potential complication of IH approach. It can be
minimized by selecting the wider space between
two bridging veins as the entry point to the inter-
hemispheric fissure. If a bridging vein is fissured,
placing small pieces of Surgicel® and fibrin glue
can stop the bleeding. Coagulation of the vein is

the last choice in case of failure of conservative
attempts.

Brain contusions due to retractors must be
taken into account and can be avoided applying
only gentle retraction. Appropriate subarachnoid
dissection and CSF release usually give signifi-
cant help.

CSF leakage represents a minor complication
related to this approach and can be minimized by
careful waterproof dural closure. The risk of epi-
dural hematoma is also low and can be further
reduced placing multiple tack-up sutures of dura
and craniotomy edges. A central suture can be
also placed between the dura and two small holes
at the center of the bone flap.
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Subtemporal Approach
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6.1 Introduction
Historically, the first form of subtemporal
approach had been described for the treatment of
trigeminal neuralgia early in the twentieth cen-
tury. Temporal craniotomies had offered surgical
corridor to the various lesions situated in middle
cranial fossa. By the 1960s, subtemporal
approach entered in flourishing period by Drake’s
pioneering work of surgical treatment for more
than 1700 basilar and posterior circulation aneu-
rysms. Subsequently, modifications of subtempo-
ral route, such as subtemporal key hole approach,
extended exposure with zygomatic resection, or
removal of petrous apex, were developed to reach
peri-mesencephalic and mid-clival regions.
Here, in this chapter, the subtemporal approach
will be illustrated mainly focusing on Drake’s
original description, while modifications for
extended exposure are included for relevant
occasions.
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6.2  Steps of the Approach

After induction of general anesthesia, a lumbar
drain is inserted to achieve adequate intraopera-
tive brain relaxation. Albeit Drake and some oth-
ers prefer to place patient in lateral decubitus
position, supine position with the ipsilateral
shoulder elevated is usually satisfactory for rou-
tine practice. Mostly right-sided (non-dominant-
sided) approach is selected unless the location
and/or direction of the lesion, left third nerve
palsy, compromised left vision, or right hemipa-
resis mandate left-sided approach.

The head is rotated to the contralateral side,
aligning anterior-posterior axis parallel with the
floor. The vertex is slightly tilted down toward
the floor for efficient intraoperative viewing tra-
jectory as the base of the middle cranial fossa
inclines upward steeply. The aim of subtemporal
approach is to operate as close to the base of mid-
dle cranial fossa of the skull as possible.
Therefore, the skin incision should be designed
to expose temporal squama at least to the extent
of root of the zygomatic arch. Usually, an inverted
U-shaped skin incision is made, beginning at the
level of the root of the zygomatic arch, within
1-2 cm anterior to the tragus. The incision is
curved anteriorly and upwardly and then back-
ward over the pinna around the ear. Alternately, a
linear skin incision originating from the inferior
rim of the zygomatic arch, approximately one
finger’s width, anterior to the external auditory
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Fig. 6.1 The patient is usually positioned in supine with
ipsilateral shoulder elevated. The head is rotated to the
contralateral side and slightly tilted down toward the floor.

canal can be adopted for minimized temporal
bone flap (Fig. 6.1).

The skin flap is then reflected inferiorly, and
the temporalis muscle is divided and reflected as
well, exposing the zygomatic process of the tem-
poral bone and the root of the zygomatic arch. A
4-5 cm-sized craniotomy at exposed temporal
squama is performed, placing inferior border of
the bone flap as lower as possible. If mastoid air
cells are inadvertently opened, careful closure by
bone waxing or temporal muscle flap should be
completed. It is critical to drill down the inferior
overhanging edge of the temporal bone to flush
with the base of the middle cranial fossa.

The dura is opened and reflected with several
tack-up sutures. At this point, the lumbar drain is
opened until sufficient brain relaxation is gained.
Gentle retraction of the temporal lobe should
progress in stepwise manner as the floor of the
middle cranial fossa shapes convex. Small bridg-
ing veins from undersurface of the temporal lobe
to the tent can be divided when necessary.

An inverted U-shaped incision or linear incision can be
used to expose the temporal squama just above the zygo-
matic tubercle

However, care must be taken never to violate the
vein of Labbe, which is usually running just
beyond the posterior border of the temporal crani-
otomy. As the temporal lobe is being retracted fur-
ther, the free edge of the tentorial incisura and the
arachnoid sheath of the ambient cistern become
visualized. Opening of the ambient cistern will
provide further cerebrospinal fluid drainage and
clear view of cisternal contents. The trochlear
nerve can be identified usually underneath of the
tentorium, when the free edge is lifted up only few
millimeters. More anteriorly, the interpeduncular
cistern comes into view by elevating the uncus. A
thick arachnoid membrane, so-called Liliequist’s
membrane, is extending from the anterior edge of
the mammillary bodies to the superior border of
the dorsum sellae, separating interpeduncular cis-
tern from the carotid and chiasmatic cisterns.
Laterally, this membrane is perforated by the pos-
terior communicating artery and the oculomotor
nerve. A vertical incision at the tentorium just
behind the entry point of the trochlear nerve will
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Fig. 6.2 After the temporal lobe is gently retracted, the
free edge of the tentorial incisura and the arachnoid sheath
of the ambient cistern become visualized. The trochlear is
running usually underneath of the tentorium. A vertical
incision at the tentorium right posterior to the entry point
of the trochlear nerve is made, and the incised leaflets of
the tentorium are raised up bilaterally using stay sutures

provide wider opening of the ambient cistern. The
incised leaflets of the tentorium are raised up
bilaterally using stay sutures. At this stage, the
ambient segment of the superior cerebellar artery
(SCA) is firstly seen on the anterolateral side of
the pontomesencephalic junction. Anteriorly, the
oculomotor nerve arises from the medial surface
of the cerebral peduncle and traverses between the
posterior cerebral artery (PCA) and the SCA
(Fig. 6.2). After opening the Liliequist’s mem-
brane, the bifurcation of the basilar artery (BA) is
found within interpeduncular cistern (Fig. 6.4).
The PCA is joined by the posterior communicat-
ing artery at the lateral margin of the interpedun-
cular cistern and passes over the oculomotor nerve
along crural and ambient cisterns. The direct per-
forators to the brain stem and thalamus usually
arise from the superior surface of the PCA; there-
fore, it should be safer to follow the PCA along
the inferior surface medially to the basilar apex. If
the posterior communicating artery is hypoplas-
tic, and obscuring surgical view around the basilar
apex, then the artery may be divided only when
perforators are not compromised. The origin of
SCA is usually located inferior to the trochlear
nerve. When temporary clip of the BA trunk is
necessary, a few millimeters segment of the BA
below the origin of the SCA is ideal because there
is seldom existence of the BA perforators.

6.3 Indication of the Approach

For basilar bifurcation aneurysms, the subtempo-
ral approach provides a direct avenue to interpe-
duncular fossa. However, the relative location of
the bifurcation from the posterior clinoid process
(PCP) is an important issue. When the bifurca-
tion lies approximately at the level of the PCP,
the surgical approach can be straightforward. A
very high-positioned bifurcation requires look-
ing-up viewing trajectory; therefore, resection of
the zygomatic arch and further retraction of the
temporal lobe are mandated. In such case, fronto-
temporal trans-Sylvian approach could be pre-
ferred to the subtemporal approach. A very
low-positioned bifurcation may be significantly
hampered by narrow corridor even with the tento-
rial incision, and the dome of the aneurysm often
obscures surgeon’s path to the neck. The direc-
tion of the dome of the aneurysm should also be
considered when selecting surgical approach.
Placing of the clips becomes straightforward for
BA aneurysms projecting anteriorly, as the dome
is exposed directly into view while the neck of
the aneurysm tends to be free of the PCA and its
perforators. On the contrary, posterior-projecting
aneurysms may pose difficulties in direct clip-
ping. The dome can be buried high up in the
interpeduncular fossa, and numerous perforators
from basilar terminus are usually adhered with
the back of the aneurysm. It is critical to separate
those perforators form the site where the final
clip is to be deployed. The neck of the aneurysm
is often hidden underneath the ipsilateral oculo-
motor nerve and the PCA. Such configurations
may possess blind spots around the neck of the
aneurysm, resulting in incomplete or misposi-
tioned final clip.

For aneurysms arisen at the origin of the SCA,
the subtemporal approach provides excellent
visualization of the neck and fundus of the aneu-
rysms. They are usually projecting laterally
toward the approach side, and no perforators
emanate from the BA segment between the PCA
and SCA, making clipping simple and straight-
forward. Only concerns should be given not to
compromise or kink the BA and the SCA orifice.

The aneurysms arisen at the P1 (from the origin
of the PCA to the junction with the posterior com-
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municating artery) and P2 (within peduncular and
ambient cisterns) segment of the PCA can best be
dealt with subtemporal approach. One may require
resecting some parts of the parahippocampal gyri
when the aneurysm is hidden under them.
Because the subtemporal approach exposes
mesial temporal lobe, and the lateral aspect of
mesencephalon, vascular malformations such as
the arteriovenous malformations and cavernous

malformations situated around these structures
are good candidates for the subtemporal

approach. Cavernous malformations or other vas-
cular lesions developed at the level of upper pons
can be removed when the subtemporal approach
is combined with removal of petrous apex
(extended subtemporal exposure, or anterior
transpetrosal approach) (Figs. 6.3, 6.4, 6.5, 6.6,
6.7, 6.8, and 6.9). Open surgical treatment for the

Fig. 6.3 Axial T2-weighted (left) and gadolinium-
enhanced T1-weighted (right) magnetic resonance images
reveal cavernous malformation residing in upper pons.
Note fluid-fluid layer inside the lesion, implying previous
episodes of intralesional rupture. Dorsal surface of the

Fig. 6.4 For extended subtemporal exposure, the patient
is placed in lateral decubitus position. A curvilinear inci-
sion is made extending from the inferior border of the root
of the zygomatic arch, curving anteriorly to the midline
behind the hairline. By using interfascial technique to
avoid facial nerve injury, the zygomatic arch is exposed
and resected. After gentle retraction of the temporal lobe,

lesion is engulfed by network of the venous malforma-
tion; therefore approaches from the midline of the poste-
rior fossa are impossible. Instead, extended subtemporal
transtentorial approach is selected to approach from the
right posterolateral aspect of the brain stem

the free edge of the tentorium becomes visualized. The
uncus is the landmark to identify the oculomotor nerve
(III). Note that the thick arachnoid membrane over the
interpeduncular fossa (Liliequist’s membrane) is adherent
laterally to the oculomotor nerve (left). After the mem-
brane is opened, the terminus of the basilar artery is then
exposed (right)
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Fig. 6.5 Posteriorly to the oculomotor nerve, the crural —rial incision is performed toward the superior petrosal
and ambient cistern is opened. The tentorium is incised sinus to remove dural cover at the area of the petrous apex.
posterior to the entry point of the trochlear nerve to gain ~ The superior petrosal sinus is ligated using hemoclip
wider surgical window (left). The extension of the tento-  (right)

Fig. 6.6 The dura over the Meckel cave and the petrous apex is uncovered (left). With gentle mobilization and protec-
tion of the trigeminal nerve, the petrous apex is removed using diamond drill (right)

Fig. 6.7 By removal of the petrous apex, upper half of A small incision at the discolored surface of the pons is
the retroclival region is exposed. Note the yellowish dis- made, and the cavernous malformation is being removed
coloration on the surface of the pons (left, asterisk). (right)
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Fig. 6.8 The overall extent of intraoperative view from
extended subtemporal transtentorial approach utilizing
resection of the zygomatic arch and the petrous apex. The

retroclival and anterolateral mesencephalo-pontine area are
fully exposed. Note the bilateral oculomotor nerves, the
trochlear nerve, the trigeminal nerve, and the BA (right)

Fig. 6.9 Axial T2-weighted (left) and gadolinium-enhanced T1-weighted (right) magnetic resonance images reveal
complete removal of the cavernous malformation. The venous channels at the dorsum of the lesion are well preserved

dural arteriovenous fistulae in the tentorial inci-
sura can also be considered in suitable condition
via subtemporal approach.

6.4 Limitation, Complication,

and How to Avoid

Although the subtemporal approach may provide
relatively straightforward exposure of anatomy
and an adequate visualization of the terminal

basilar complex, the narrow working window of
lateral surgical trajectories often permit only lim-
ited maneuverability. Therefore, reflecting the
tentorial edge is the key step to increase working
space around the cerebral peduncle. When mak-
ing incision at the tentorium, the entrance of the
trochlear nerve to its dural canal should be identi-
fied first to avoid the trochlear nerve injury.
Nevertheless, the essential part of this
approach is assured only by retracting temporal
lobe in certain degree. The injury to the temporal
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lobe by pressuring retraction must be one of the
most disadvantageous consequences in this
approach. Adequate drainage of cerebrospinal
fluid is, therefore, of prime importance. When the
draining vein is compromised, retraction of the
temporal lobe will be more easily prone to
postoperative venous infarction. Uncal retraction
may cause tethering injury to the oculomotor
nerve. Ordinarily, it is advocated to leave the ocu-
lomotor nerve attached and ensheathed within
thick arachnoid without manipulation to avoid
postoperative palsies. In selected cases, it may be
necessary to dissect the oculomotor nerve and
work both under and above the nerve. Once the
integrity of the oculomotor nerve is well pre-
served, postoperative palsies should be transient.
Due to the relatively lateral to medial direction of
line of sight, the contralateral PCA and perforat-
ing vessels are often difficult to identify so that
retraction or indentation of the aneurysm itself
may be necessary to visualize the hind aspect of
the aneurysm. Selecting appropriate length of
clips is also important not to blindly bite the ves-

sels and nerves embedded in deep opposite side.
Fenestrated clips are very useful for passing the
ipsilateral PCA through the aperture.
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Lateral Suboccipital Approach

(Retrosigmoid)

Senanur Gulec, Francesca Spedicato,
Ferry Senjaya, and Julius July

7.1  Introduction

After first description by Fedor Krause in 1903
[1], the unilateral approach to the cerebellopon-
tine angle (CPA) have been developed and modi-
fied further by many surgeons. These include the
transmastoid-translabyrinthine  approach, the
transtemporal extradural approach, and the lat-
eral suboccipital (retrosigmoid) approach.

Many good achievements by surgeon from var-
ious different operative approaches, which more
determined by the familiarity and experience of
individual surgeon rather than the approaches
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themselves. Still, an ever-growing amount of evi-
dence suggests that the goals of CPA surgery are
best achieved with the retrosigmoid approach [2].
One of the advantages of retrosigmoid approach is
that it provides a good exposure to the cranial
nerve, brainstem, lateral cerebellum, and the ves-
sels; also it can be extended inferiorly by combin-
ing with the far-lateral transcondylar approach [3]
or far-lateral retrocondylar approach. The retrosig-
moid approach also can be extended superiorly
and combined with the intradural suprameatal
approach [1].

Vascular lesions and other pathology at this
area can be exposed adequately by doing the
classical retrosigmoid approach or its modifica-
tions [4]. This approach enables the surgery to be
performed under visual control, due to wide pan-
oramic view, and it is essential to have a clear
exposure while doing dissection near brainstem.
Additional to that, the retrosigmoid approach is
the best technique for patients with big vestibular
schwannoma (VS).

When the intraoperative neurophysiological
monitoring becomes available, it provides a basis
for a much safer surgery [5]. Nowadays this mon-
itoring is done starting from the very beginning
of the surgery until the very end of surgery.
Various monitoring systems are available nowa-
days; in some cases the monitoring system is
absolutely important, such as the somatosensory
evoked potentials to detect spinal cord compres-
sion while doing semi-sitting position [4].
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7.2  Steps of the Approach
7.2.1 Positioning of the Head

Patient can be positioned in semi-sitting, lateral,
or % lateral position (park bench), or even some
surgeon prefers supine position and the head
rotated to contralateral side [5—7]. Each of these
positions has its advantages and disadvantages
from the points of providing sufficient access
and avoiding complications. However, the sur-
geon preference and familiarity is the most
important part while deciding the patient posi-
tion. We prefer to use the park bench position
for many reasons and arguments that we think
safer for the patient and easy for anesthesia
monitoring. Head and neck position is almost
neutral if we consider the cervical stenosis in to
the risk factor if we turn and flex the neck. The
disadvantage part is requiring slightly longer
time to put the patient in to such position. We
do not describe sitting position in this chapter,
simply because it requires specific monitoring
system to detect air embolism such as trans-
esophageal echocardiography, end-tidal carbon
dioxide, and precordial Doppler echocardiogra-
phy [8]. All those monitoring systems might not
be always available.

The positioning has to start with the body in
the lateral position, and we like to put it slightly
prone to push the shoulder away from the surgi-
cal field. The front and back of the patient body

Fig. 7.1 The patient posi-
tion. Right side (park
bench), the chest and back
are held with body holder
and locked. The ipsilateral
shoulder is tapped gently
to the anterior and inferior
of the patient to bring the
shoulder away from the
surgical field. The contra-
lateral armpit is supported
with silicon bolster at the
edge of the surgical table.
Then the head is fixed with
Sugita pin fixation with the
head slightly flexed

were held with body holders. The contralateral
arm is positioned lower than the body, sitting on
the arm rest. The contralateral armpit is sup-
ported with silicon bolster, just at the edge of the
table. We can use Mayfield or Sugita head pin
fixation system, but do not fix the head until the
body is in good position and well held (Fig. 7.1).
The head is fixed with three pin fixations and
slightly flexed. Remember to avoid any occlusion
of venous jugular outflow. The ipsilateral arm is
kept aligned with the body, and the contralateral
arm is always wrapped with waterproof and soft
pad to avoid skin burn.

7.2.2 Skin Incision: Craniotomy

Shave the hair behind the ear just enough to iden-
tify the anatomical landmark. The incision is
planned according to the need, but usually the
skin incision is tailored according to the bone
opening. Surgical landmark on the skin projec-
tion is important. At the level of acoustic meatus
should be the vestibular-facial nerve region, and
1 cm (one finger) superior to it would be the pro-
jection of transverse sigmoid junction. If we draw
a line from this junction to the protuberantia
occipitalis externa, the line would represent the
transverse sinus (Fig. 7.2).

We prefer to use the lazy “S” incision, because
it’s simple and sufficient. The underlying neck
muscles are incised in line with the skin. The skin
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Fig.7.2 The incision
planning to expose the
right CN VIII/VII
complex and LCN
(lower cranial nerve). Ts
transverse sinus, 7-Sj
transverse sigmoid
junction, Ss sigmoid
sinus, MT mastoid tip,
BO bone opening, FM
foramen magnum, /L
incision line

Fig. 7.3 The right side. The skin flap and muscles are
retracted with self-retaining retractor. The bone opening is
ellipsoid

flap and the muscles are split and held using a
self-retaining retractor (Fig. 7.3).

Performing whether craniectomy or craniot-
omy is a matter of surgeon’s choice, and they
both have advantage and disadvantage. The size
of the bone opening is according to how much the
surgeon needs the exposure. The surgeon may
expose the borders of transverse and sigmoid
sinuses if necessary, but it is unnecessary to
expose it routinely because it may lead to lacera-
tion and subsequent thrombosis [4].

The burr hole is placed half centimeter infero-
medial to the asterion, and remember that the aste-
rion may serve as a landmark where transverse

sinus curves and turns to be sigmoid sinus [5].
The transverse sinus and sigmoid sinus generally
curve around the asterion. However, recent stud-
ies have proven that asterion is not an entirely
consistent anatomical point; it may vary in
cranio-caudal direction or in anterior-posterior
direction [9].

Doing the opening of the dura with a curvilin-
ear shape approximately 2 mm medial away from
sigmoid sinus and 2 mm inferior away from
transverse sinus. For protection of the cerebel-
lum, leave the dural flap over the cerebellum. If
necessary, additional dural incisions should be
made laterally toward the curve between the
transverse sinus and sigmoid sinus. The resulting
curvilinear-shaped dural leave is sutured to the
surrounding tissue (Fig. 7.4).

To relax the cerebellum, the inferior cerebel-
lum is retracted gently, and the arachnoid that
cover the cistern is opened to release CSFE. The
surgeon should be aware that excessive cerebellar
relaxation may cause a venous tear near the ten-
torium or in the area of petrosal sinus, even some
remote areas in the supratentorial area.
Complications of remote bleeding such as subdu-
ral hemorrhage or even epidural hemorrhage
have been incidentally reported.

The later steps of surgery depend on the
underlying pathology. It is very important to be
familiar with all the cranial nerves, vessels, and
anatomical landmark in this area. The best is to
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use the microvascular decompression case as a
role case for normal anatomy. If we direct the
microscope toward inferior lateral, we would be
able to see the lower cranial nerve (IX, X, and
XI); if we change the microscope slightly supe-
rior, we would be able to see the subarcuate
artery, VIII and VII complex going to meatus
acusticus internus (MAI), and the labyrinthine
artery as a branch of anterior inferior cerebellar
artery (AICA). If we dissect the prepontine
arachnoid, we could see the VI nerve going in to
the Dorello’s canal (Fig. 7.5).

Fig.7.4 The right side. The curvilinear shape dural leave
is sutured to the muscle, providing 2-3 mm more visual
field. The retractor is used gently just to hold the cerebel-
lum to avoid jigging movement to the brain

If we change the microscope more superior
after viewing the VIII/VII complex, we should be
able to see the V, sometimes IV, superior petrosal
vein and the superior cerebellar artery (SCA) and
of course the tentorium (Fig. 7.6).

Fig. 7.6 Left retrosigmoid approach, exposing the upper
part of the CP angle. VIII vestibular nerve, V trigeminal
nerve, SPV superior petrosal vein, IV trochlear nerve, T
tentorium, SCA superior cerebellar artery

Fig. 7.5 Left retrosigmoid approach is exposing the left
cerebellopontine angle anatomy. Left, inferiorly we
expose lower cranial nerve (IX, X, XI); middle, more
superior we could see the VIII/VII complex, MAI (meatus

acusticus internus), labyrinthine artery and subarcuate
artery; right, after dissection of the prepontine arachnoid,
we could expose VI nerve going into the DC (Dorello’s
canal)
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7.2.3 Closure

When the mastoid air cells are opened during drill-
ing of the bone, it is important to make sure they
are occluded with muscle, fat, and fibrin glue. The
dura should be closed with watertight suture and
has to be done under the microscope, and if needed,
the fat harvested from subcutaneous layer or mus-
cle is necessary if watertight suture cannot be
achieved. The fat or the muscle should be sutured
to the suture line, and it will seal the leak. If there is
significant bleeding from the edges of the bone,
bone wax may be used to control the bleeding.

7.3 Indication of the Approach

This retrosigmoid approach is good to approach
several vascular lesions such as resection of the
pontine cavernoma, posterior inferior cerebellar
artery (PICA) aneurysm, vertebral artery aneu-
rysm, anterior inferior cerebellar artery (AICA)
aneurysm, and cortical segment aneurysm of
superior cerebellar artery (SCA). Of course this
approach is more common to take out CPA tumor
and for microvascular decompression of fifth and
seventh nerve. If we extend to inferiorly in com-
bination with far lateral approach, we may take
out the lower brainstem cavernoma or prepare the
proximal control for aneurysm surgery.

Lesion that is located in lateral or anterior part
of foramen magnum area can be successfully
approached by lateral suboccipital (retrosigmoid)
approach, combined with C1 hemilaminectomy/
laminectomy [10]. The foramen magnum needs
to be opened widely, and additional C1 laminec-
tomy will provide enough space for dissection.
The vertebral artery can be identified and can be
mobilized if necessary.

7.4 Limitation of the Approach

Limitation of the approach is defined by the limi-
tations to viewing angles imposed on the surgeon
by the operating microscope and several factors
that could contribute to it such as the lesion itself
(tumor or vessel) and the working space in the

CPA. Intraoperative use of endoscope may extend
the view to the corner looking at the perforator
that could not be provided by microscopic view.

7.5 Complication and How

to Avoid

If craniectomy is performed, methyl methacry-
late is used to reconstruct the posterior skull base.
Complication such as pseudomeningocele should
be avoidable by doing meticulous watertight clo-
sure of dura. The reconstruction of the posterior
fossa with bone dust and held with fibrin glue is
useful for small opening. But bigger bone open-
ing needs substitute of methyl methacrylate to
prevent adhesion between the dura and the neck
muscles that may cause suboccipital headache
[4] and also to have a better cosmetic result. In
such case, subcutaneous infiltration with local
anesthetic generally cures the headache. If the
pain remains disturbing the patient and resistant
to medication, a surgery to release the scar can be
performed due to immediate beneficial effect [6].
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Transmastoid Approach
for Retrolabyrinthine
and Translabyrinthine

Tetsuro Sameshima

8.1 Introduction
It is very important to understand the anatomical
landmark of this approach (Fig. 8.1). There are
some well-known triangle and skin incisions
related to retrolabyrinthine and translabyrinthine
approaches (Fig. 8.1a, b).

The retrolabyrinthine approach exposes the
posterior fossa dura between sigmoid sinus, pos-
terior semicircular canal, jugular bulb, and supe-
rior petrosal sinus. Retrolabyrinthine access to
the cerebellopontine angle (CPA) with hearing
preservation can be accomplished; however,
exposure is generally limited. The most frequent
indication for an isolated retrolabyrinthine
approach is selective vestibular nerve section.
More frequently the retrolabyrinthine approach is
combined with cutting temporal bone and split-
ting tentorium to expose lateral pons and basilar
artery from the confluence of the vertebral arter-
ies to the dorsum sellae (the combined petrosal
approach).

When hearing that preservation is not a con-
sideration, the CPA can be more widely exposed
by removing the vestibular labyrinth and skele-
tonizing the internal auditory canal through the
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translabyrinthine approach. Advocates of this
approach cite early identification of the facial
nerve in the IAC and minimal brain retraction as
factors for improved results in acoustic tumor
surgery. Either the retro- or translabyrinthine
approaches can be combined with other lateral
skull base procedures to enhance exposure,
depending on size and location of lesion being
exposed and the patient’s hearing status such as
the total petrosectomy approach with facial nerve
translocation.

8.2  Steps of the Surgery

8.2.1 Positioning, Incision,
and Bony Landmarks

The head is held with lateral position, facing
away from the surgeon. A postauricular incision
through the galea is made, one inch behind the
postauricular crease. The incision extends from
the mastoid tip and curves forward to end just
above the pinna (or midpoint of supramastoid
crest) (Fig. 8.1d left).

The scalp is elevated by sharply dissecting the
subgaleal connective tissue which spans the galea
and the underlying pericranium. The pericranium
is contiguous with the temporalis fascia above
and the fascia overlying the sternocleidomastoid
muscle below. A second incision is made in this
deep layer composed of temporalis fascia and
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Fig. 8.1 (a) Surface anatomy of the temporal bone and
mastoid triangles. Blue, Fukushima’s outer mastoid triangle
(asterion-root of zygoma posterior point-mastoid tip) [1, 2];
red, Fukushima’s inner mastoid triangle (sinodural angle-
aditus-digastric ridge) [1, 2]; Trautman’s triangle (sinodural
angle-superior aspect of posterior semicircular canal-jugular
bulb) [3]; green, MacEwen’s triangle or suprameatal trian-
gle (mastoid antrum) which is a flat or depressive area [4].
(b) Skin incision. (A) Small C-shaped transmastoid incision
represents standard transmastoid, retrolabyrinthine, or trans-

labyrinthine incision used by neuro-otologists; (B) extended
transmastoid incision represents a combined transmastoid
and suboccipital (retrosigmoid) approach frequently used
for the preservation of hearing function in acoustic neuroma
surgery; (C) combined transpetrosal incision represents a
question mark (C1) or L-shaped incision (C2) used in this
skull base dissection for combined petrosal approach. (c¢)
Bony landmark. (d) Left, skin incision; right, after the skin
and muscle elevated and exposing the bony landmarks
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muscle, periosteum, and sternocleidomastoid
fascia to fashion a musculofascial flap that is
important in obtaining a water tight, cosmetic
closure. The two flaps are elevated anteriorly to
reveal posterior edge of external auditory canal,
spine of Henle, and root of zygoma posterior
point. Large blunt scalp hooks are used to reflect
these flaps. The bony landmarks which should be
visualized at this point are the root of zygoma
posterior point, the spine of Henle, the squamosal
suture, the asterion, the supramastoid or temporal
crest, the mastoid tip, and the digastric groove
(Fig. 8.1c, d right).

8.2.2 Mastoidectomy
and Retrolabyrinthine
Exposure

The second step is performance of a mastoidec-
tomy. Using large cutting drill (5~6 mm) with
continuous irrigation and suction, cortex over the
mastoid bone is removed. It is helpful to first out-
line the boundaries of the bone to be removed
using the drill. The anterior border is a slightly
curved line, extending from the top of the exter-
nal auditory meatus to the mastoid tip. The supe-
rior margin is along a line roughly perpendicular
to the first, extending from the root of zygoma

Fig. 8.2 (a) (Left) The anterior and superior margins of
the mastoidectomy; (b) (right) the mastoid air cells are
removed anteriorly and superiorly to expose the middle
fossa dura (temporal tegmen). (c—e) Exposing the mastoid
antrum. (f, g) Exposing the semicircular canal and the

posteriorly to the region of the asterion. These
two lines form a skewed “T” that defines the
anterior and superior margins of the mastoidec-
tomy (Fig. 8.2a). The junction of these two lines
generally marks the surface projection of the
region of the mastoid antrum and lateral semicir-
cular canal.

The bone cortex is removed within the bound-
aries of these lines, working anterior to posterior
and superior to inferior. After drilling the cortical
bone, air cells are encountered. Posteriorly, over
sigmoid sinus, the bone will remain compact. In
order to provide maximum exposure, wide corti-
cal removal with cauterization should be per-
formed prior to deeper penetration. Gentle,
brushlike strokes with the drill will reveal the
compact bone of the sigmoid sinus. Bone removal
proceeds, 1 cm behind the sigmoid, maintaining
a uniform depth as the sigmoid is exposed. When
the sigmoid has been skeletonized, the mastoid
air cells are drilled away to expose the temporal
base dura (temporal tegmen) (Fig. 8.2b).

Moving anteriorly, the air cells will be
removed to expose the compact bone of the bony
labyrinth or the solid angle. The key landmark in
this area is the mastoid antrum (Fig. 8.2c—e). This
open space defines the anterior limit of bony
removal and locates the lateral semicircular
canal. Maintaining the same relative depth, air

transverse sigmoid sinus. Cadaver (leff) and drawing
(right). (h) Skeletonizing of the sigmoid sinus, jugular
bulb, the fallopian canal, and the entire course of the facial
nerve through the mastoid bone
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Fig. 8.2 (continued)
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cell removal proceeds inferiorly toward the jugu-
lar bulb. After the air cells are drilled away, we
will expose digastric ridge. Digastric groove
defines the exit of facial nerve from the fallopian
canal through the stylomastoid foramen. The sty-
lomastoid foramen lies just medial to anterior
edge of digastric ridge. At this point, middle
fossa dura, presigmoid dura, and the sinodural
angle should be skeletonized. Again, the tech-
nique of removing the bone to the point of leav-
ing a thin shell which may be removed with a
dissector is practiced to avoid damage to the dura
and the venous structures. For maximal exposure
in the retrolabyrinthine approach, the posterolat-
eral portion of the bony part of labyrinth must be
completely identified. Using medium diamond
drill (2-3 mm), small air cells surrounding the
labyrinth are removed. The ridge covering the
lateral semicircular canal is first identified as the
antrum is opened. The facial nerve will be located
parallel and 1-2 mm in front of lateral semicircu-
lar canal at this point. Moving posteriorly, the
posterior semicircular canal will be defined
(Fig. 8.2f, g). Inferior to posterior semicircular
canal, toward the jugular dome, lie the retrofacial
air cells. They are drilled away to skeletonize
jugular bulb. The dura is incised corresponding
the presigmoid region and superior petrosal
sinus. The dura is retracted anteriorly exposing
CN VII and VIII in the CPA. Frequently the lower
cranial nerves can also be visualized.

Anteriorly, approximately 12—15 mm medial
to meatus acusticus external lies the fallopian
canal. Therefore, bone removal in the anterior
direction at this level must be done with extreme
care to avoid violating the fallopian canal. Facial
nerve, which lies anterior to labyrinthine struc-
tures, is carefully approached, again using the
lateral semicircular canal as a landmark. The CN
VII is skeletonized by using the diamond drill
started at external genu inferiorly to stylomastoid
foramen. Leave a thin layer of the bone around
the facial nerve for protection. The drilling must
be done with copious and constant irrigation to
dissipate heat from the drill.

At this stage certain goals of bone removal
should have been achieved, such as exposure of
sigmoid sinus and jugular bulb. Exposure of pre-

sigmoid dura and middle fossa dura defines the
lateral bony labyrinth, clearly visualizing the lat-
eral semicircular canal (LSC) and posterior semi-
circular canals (PSC) and skeletonizing fallopian
canal and exposing the entire facial nerve
(Fig. 8.2h).

8.2.3 Translabyrinthine Drilling/IAC

The lateral and posterior semicircular canals
(PSC) are first opened with the drill. The ampu-
tated, or anterior, end of LSC is carefully
removed, bearing in mind close relationship of
tympanic portion of facial nerve. Preservation of
anterior wall of LSC will protect tympanic seg-
ment of VII nerve. Removal of superior segment
of the posterior semicircular canal will expose
the common crus which it shares with the
SSC. The SSC is also opened by drilling superi-
orly and anteriorly. The amputated, or inferior,
limb of the PSC is followed until the vestibule.
Drilling in this area, lateral and inferior to the
vestibule, will expose the vestibular aqueduct as
it courses laterally toward the endolymphatic sac.
The vestibule is now opened by continuing to
remove the bone, following the common crus
(Fig. 8.3a, b).

The wall of the vestibule which separates it
from the internal auditory canal is only one very
thin layer of the bone. The compact bone sur-
rounding the internal auditory canal is identified
by drilling along the canal at its superior and
inferior edge. It is important in terms of
maximizing the exposure, to remove the bone
around the canal such that greater than one-half
of the circumference of the canal is skeletonized.
It is important to remove the bone superiorly and
inferiorly so that the anterior-most extent of the
canal is accessible. Bone removal inferior to the
canal will in some cases expose the cochlear can-
aliculus which communicates with the CSF and
perilymphatic spaces.

The bone around the internal auditory canal is
then carefully removed. Beginning in the region of
the porus acusticus, the compact bone surrounding
the canal is thinned with a small diamond burr
until only a thin, repressible shell remains. As the
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drilling proceeds laterally, bear in mind that dura
only covers the canal contents for approximately
two-thirds of the canal’s length. As the bone is
thinned at the lateral end of the canal, we will see
transverse crest (thin bone) that lies between supe-
rior and inferior vestibular nerves. The paper-thin
shell of the bone in the region of the porus acusti-
cus is removed first with a fine dissector, with the
bone over the lateralmost end canal saved for last.
The superior lip of porus is generally the most dif-
ficult to manage because of the very close proxim-
ity of the facial nerve (Fig. 8.3c—e).

The dura is incised beginning just medial to
the sigmoid sinus, 5-10 mm below superior
petrosal sinus and continued in a line toward the
midportion of the canal. At region of the porus,
dural incision is extended superiorly and inferi-
orly. Using a #11 blade, the dura of the canal is
cut to expose inferior and superior vestibular
nerves. Sectioning of the nerves and then reflect-
ing them laterally will reveal the cochlear and
facial nerves. The latter two are separated from
the superior and inferior vestibular nerves by
Bill’s bar at the lateral end (Fig. 8.3f, g).

Fig. 8.3 (a, b). The vestibule is now opened by continu-
ing to remove the bone, following the common crus. A
(left) the drawing, B (right) the cadaver specimen. (c—e)
The paper-thin shell of the bone in the region of the porus
acusticus is removed first with a fine dissector, with the
bone over the lateralmost end of the internal auditory
canal saved for last. The superior lip of the porus is gener-

ally the most difficult to manage because of the very close
proximity of the facial nerve. (f, g) Sectioning of the
nerves and then reflecting them laterally will reveal the
cochlear and facial nerves. The latter two are separated
from the superior and inferior vestibular nerves by Bill’s
bar at the lateral end (F facial nerve, C cochlear nerve, SV
superior vestibular nerve, /V inferior vestibular nerve)
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Fig. 8.3 (continued)

The wound is closed in the following manner.
The incus is removed, and a piece of temporalis
muscle is harvested and placed carefully through
the epitympanum occluding the origin of the
Eustachian tube. The removal of the incus and
obliteration of the Eustachian tube entrance by
the muscle reduces the possibility of CSF leak-
age. The dural incision is closed up to the canal,
and carpets of autologous (abdominal) fat are
positioned in the gaps of the dura so as to seal the
CSF space. The previously fashioned musculo-
fascial flap is closed tightly over the adipose
graft, and the skin cut is closed in two layers.

8.2.4 Combined Transpetrosal
Approach

The head is positioned (Fig. 8.4a) with the option
for skin incision. Using the virtual computer
image, it shows the transverse sigmoid junction
until jugular vein, in the relationship with the
labyrinth and its exposure that can be achieved
with this approach (Fig. 8.4b). The next illustra-
tion (Fig. 8.4c) shows that dural opening, the
neurovascular structure. Be aware that the dural
opening is parallel to GSPN at the temporal skull
base.
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Fig. 8.4 (a) Head position and skin incision for com-  jugular vein, in the relationship with the labyrinth. (¢) The
bined transpetrosal approach. (b) The virtual computer  dural opening and neurovascular structure
image, showing the transverse sigmoid junction until
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Dissection of Extended Middle
Fossa and Anterior Petrosectomy

Approach

Tetsuro Sameshima

9.1 Introduction

The extradural subtemporal approach through the
middle fossa (MF) has become one of the most
frequently used operative procedures in contem-
porary skull base of surgery. This approach is
commonly used for exposing lateral wall of the
cavernous sinus, to resect anterior petrous bone
or to open the internal auditory canal. The MF
surgery will be utilized for excision of intracana-
licular acoustic neuromas, petrous and infracav-
ernous chordomas, trigeminal neuromas, and
small to medium size petroclival meningiomas.
Full understanding of microanatomical structure
of the cavernous sinus region, middle fossa, and
the rhomboid construct is essential for this
approach. Through this exercise the surgeon will
acquire operative techniques to perform the ante-
rior petrosectomy and also to expose the TAC
through the middle fossa.
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9.2 Standard Middle Fossa
Approach
9.2.1 Steps of the Surgery

9.2.1.1 Incision, Craniotomy, and Dural
Elevation

The cadaver head is held with lateral position and
surgeon at the vertex. The incision begins in the
preauricular crease at the zygoma root and con-
tinues in a curvilinear fashion past the level of the
squamosal suture. The incision extends and cuts
the skin and subcutaneous layer to expose tempo-
ralis fascia (Fig. 9.1a).

Blunt dissection and a self-retaining retractor
expose the temporal muscle. Temporal muscle is
split along posterior margin of the skin incision
and pulled using skin hooks to expose the tempo-
ral squama. A 5 cm by 5 cm temporal bone is cut
which is placed two-third anterior and one-third
posterior to the root of zygoma using a high-
speed drill with suction irrigation (Fig. 9.1b). The
inferior edge of the craniotomy, especially the
inner table of temporal bone, is drilled away to
make this opening even with the middle cranial
fossa floor level along the zygoma root.
Subtemporal inner plate at the middle fossa base
must be shaved entirely flat (Fig. 9.1c, d).

The temporal lobe dura is dissected along the
middle fossa floor starting from posterior to ante-
rior. Foramen spinosum and foramen ovale are
then skeletonized, and middle meningeal artery
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(MMA) is coagulated and divided. The dura pro-
pria is elevated from trigeminal 3rd branch (V3)
at the foramen ovale using No.15 blade scalpel
and a sharp dissector. Identify the location of the
geniculate ganglion and greater superficial petro-
sal nerve (GSPN). This dural elevation is impor-
tant as 15% of geniculate ganglion lie under a
dehiscence in the middle fossa floor. In surgery,

the position of geniculate ganglion can be made
sure by stimulation with a facial nerve stimulator.
The surgeon needs to assume the approximate
position of the cochlea and how far it is from the
geniculate ganglion and the petrous carotid artery
(C6). The petrous ridge is identified medially,
and the Fukushima middle fossa rigid tapered
retractor is positioned (Fig. 9.1e).

Fig.9.1 (a—e)
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Fig. 9.1 (continued) b Subtemporal groove
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The arcuate eminence covering the superior
semicircular canal is identified. The bone of the
arcuate eminence is gently drilled off until the
“blue line” of the superior semicircular canal is
seen. Violating the canal will usually lead to
deafness. In the fixed specimen, the line is not
necessarily blue but green. Try to thin the denser
cortical bone that surrounds the membranous
labyrinth using a smooth diamond burr. Be care-
ful that arcuate eminence is not always precisely
overlying the canal. MF hemostasis must be
complete and quick with diamond drill heat,
touch spring coagulation, bone wax, bipolar, and
surgicel.

9.2.1.2 IAC Drilling
Surface landmarks can be misleading. The sur-
geon must be oriented to the approximate loca-
tion of IAC before drilling commences. The
orientation of the IAC is a direct medial exten-
sion of the external ear canal (EAC). Identification
of the GSPN provides a guide to the location of
the geniculate ganglion and arcuate eminence,
which can be used to approximate the location of
the IAC.

Drilling starts anteriorly to and medially near
the porus trigeminus along the petrous ridge. To

facilitate a wider angle to the middle fossa with
the microscope, we recommend using a pair of
2 mm and 4 mm tapered tip rigid steel retractor
blades with the retractor tip wedged at the base
between the petrous ridge and the dura. In that
way we can retract effectively the temporal basal
dura to obtain maximum surgical exposure
toward the middle fossa. Gradual gentle drilling
is recommended with constant cooling irrigation
using a power diamond drill bit laterally toward
the petrous carotid and posteriorly toward the
arcuate eminence to expose the IAC (Fig. 9.2a—d).

There are four surgical techniques to identify
the IAC during middle fossa approach. The clas-
sic technique described by William House fol-
lows the GSPN to geniculate ganglion and then
approaches to labyrinthine segment of the facial
nerve into the fundus of the internal auditory
canal. Then continue to skeletonize the internal
auditory canal (Fig. 9.2e). The technique popu-
larized by Ugo Fisch is termed the meatal plane
approach (Fig. 9.2f), in comparison to other
approaches (Fig. 9.2e-h). In this technique, first
identify superior semicircular canal which looked
like a “blue line” (leaving a thin layer of bone on
the top membranous labyrinth). At this step, a 60°
viewpoint from the amputated part of the superior

Geniculate
a GSPN ganglion
MMA
Cé IAC dura
V3
Clivus Arcuate
eminence
Inferior

petrosal sinus

Trigeminal
fibrous ring
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Fig.9.2 (a-h)
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Fig. 9.2 (continued)
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Fig.9.2 (continued)

Garcia-Ibanez

canal outlines a safe zone to drill the IAC. The
third approach popularized by Garcia Ibanez is a
medial drilling technique (Fig. 9.2g). After iden-
tifying the geniculate ganglion and arcuate emi-
nence, the surgeon begins drilling medially on a
line bisecting the angle between the arcuate emi-
nence and the GSPN. It is safest to find the IAC
by drilling close to the petrous ridge (Fig. 9.2h).
Near the porus, the IAC dura is safe to be skele-
tonized around 270°. As the drill proceeds toward
the fundus of the IAC, only the roof of the canal
can be removed. Overly aggressive drilling of
IAC fundus will disrupt cochlea anteriorly or the
superior semicircular canal posteriorly. The latter
technique is advantageous because the vulnera-
ble inner ear part (cochlea and labyrinth) are
away from the initial drilling prior to the IAC

Mario Sanna

identification. While keeping in mind the loca-
tion of the cochlea, the final drilling at the isth-
mus between the cochlea and arcuate eminence
reaching toward Bill’s bar is continued.

9.2.1.3 IAC Dura Incision and Tumor
Removal

The dura should be maintained intact until the
IAC exposure is complete. Drilling after opening
the TAC dura risks damage to the IAC contents.
After full skeletonization of the IAC (Fig. 9.3b),
the dura is cut with reversed T shape along
petrous ridge and then along the TAC. With the
dural incision, be careful not to injure branches
from the AICA vessel (Fig. 9.3a).

In acoustic tumor surgery, the dura is reflected
anteriorly and posteriorly to expose the intracana-
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licular acoustic tumor (Fig. 9.3c). After locating
the thin facial nerve both anatomically by the high
magnification microscope and physiologically
with 0.05 mA facial nerve monitor, we then start
to dissect the facial nerve from the tumor capsule
using a sharp knife, sickle knife, and angle-type
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Trigeminal
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Meatal loop
of AICA

Cochlea

(o]
Cochlea

Fig.9.3 (a-d)

GSPN

hooks. The surgeon always identifies the meatal
loop and eventually the labyrinthine artery.
Almost always the most important key is the iden-
tification of the remaining vestibular nerve which
forms a pseudocapsule tumor; and once the sur-
geon is able to identify this separation plane, the
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Fig. 9.3 (continued)

Facial nerve

Meatal loop
of AICA

tumor capsule will be easily elevated using vari-
ous supermicro CP angle instruments. The
tumor’s center has to be piecemeal removed, and
then tumor portion at IAC can be elevated safely
off from the thin facial nerve and then farther ven-
tral and in the deeper part of surgical site from
cochlear nerve. The most important technical tip
is to maintain a bloodless, clean operative field
with high magnification to keep the microanat-
omy (Fig. 9.3d).

9.3 Extended Middle Fossa
and Anterior Petrosectomy

Approach

Basically, start with middle fossa approach, and
then extend the exposure to its anterior part.
Petrous ridge is followed more anteriorly expos-
ing porous trigeminus. Dura propria is detached
from mandibular branch of trigeminal nerve. The
drilling needs to be done at the rhomboid area
(between IAC and ICA), exposing the ascending
segment of the internal carotid and the whole
path of abducens nerve including Dorello’s canal.
Here are some example cases that could be done
with this approach (Fig. 9.4a—c).

9.3.1 Steps of the Surgery
9.3.1.1 Incision, Scalp Reflection,
and Craniotomy
Place the cadaver head in the lateral position, and
position yourself at the vertex. Make the skin inci-

Cochlear nerve

sion in the shape of a question mark concave ante-
riorly, as illustrated (Fig. 9.4d). Incise the fascia
overlying the root of the zygomatic process, and
elevate it, using a periosteal dissector, from the
lateral and medial surfaces of this structure.
The goal is to free the temporal muscle from the
zygomatic root, allowing the surgeon to mobilize
the muscle anteriorly. This maneuver will help to
provide a better view all the way at the floor of
middle fossa, without needing to perform a zygo-
matic osteotomy.

Make a burr hole at superior to the squamosal
suture, and drill a groove in the bone above the root
of the zygoma using 4 mm extracoarse (EXC) dia-
mond drill. Using a craniotome cut an approxi-
mately 5 cm x 5 cm four-sided bone flap; the
position of the bone flap is about two-thirds in front
of the external auditory canal (Fig. 9.4e). Using a
small periosteal dissector, separate the dura from
the bone along inferior edge of the craniotomy until
the middle fossa floor is exposed. Using a cutting
burr or a rongeur, remove any remaining bone to
the level of the middle fossa floor. This will provide
an unobstructed, flat view across the floor.

9.3.1.2 Dural Elevation

and Identification

of “Rhomboid” Structure
Retract the dura along the petrous ridge. The
petrous ridge is composed of two ridges (medial
and lateral). Identify the arcuate eminence as a
primary landmark. After exposing the arcuate
eminence, elevate the dura moving anteromedi-
ally to expose the greater superficial petrosal
nerve (GSPN) and also tegmen tympani. The
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Fig.9.4 (a—e)



68

T. Sameshima

Subtemporal groove drilling

Burr hole

Fig. 9.4 (continued)

GSPN lies in the major petrosal groove and is
shielded by thin layer of connective tissue, and it
is continuous with the periosteum, which makes
identification of the nerve dependent upon
removal of this covering. Detach the dura to iden-
tify the middle meningeal artery that exits from
foramen spinosum. Divide the artery at its
entrance into the cranial vault. Now identify and
expose third division of trigeminal nerve when it
goes in to the foramen ovale.

Elevate the dura in posterior direction toward
petrous ridge to expose bone between arcuate
eminence and the trigeminal impression. Place
two self-retaining tapered retractors to hold the
temporal dura away from the middle fossa floor.

Sharply free the dura from the lateral trigemi-
nal complex by developing the plane between the
temporal dura and the connective tissue sheath of
the nerve. This maneuver will increase the width
of the extradural corridor through which the pro-
cedure is performed.

The middle fossa anatomical landmark that
defines “rhomboid” complex now can be recog-

Squamosal suture

nized (Fig. 9.5a, b). Few important parts are the
intersections between GSPN and trigeminal
nerve, between petrous ridge and arcuate emi-
nence (AE), and between projected line along the
axes of the GSPN and AE, and it is also very
important to recognize the porus trigeminal.

This complex, projected obliquely toward the
clivus through the petrous pyramid, delimits the
volume of bone which will be removed.

9.3.1.3 Extradural Bone Removal

The goal of this stage of the operation is to create
a maximal window in the anteromedial petrous
pyramid while preserving the neural and vascular
structures of the temporal bone. This objective is
best accomplished by proceeding with the extra-
dural bone removal in a precise, stepwise
fashion.

Begin by drilling gently the medial two-thirds
of IAC. Bisect the projected line along the axes of
GSPN and AE. Start drilling by using 3 or 4 mm
coarse diamond burr along midpoint of the bisec-
tion axis. We will find the dura that covers IAC
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Fig.9.5 (a,b) a
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after we removed about 3—4 mm of the bone.
Keep exposing and following dura that covers the
medial IAC toward petrous ridge. The dura will
flare at the porus acusticus, which will signal
medial extent of the canal. Remove several mil-
limeters of bone on the anterior side of the IAC,
in the direction of the trigeminal complex.

Next, the GSPN and geniculate ganglion are
addressed. The GSPN run through bony canal
and come out at facial hiatus to continue its
medial course in the major petrosal groove. With
the medium diamond burr, the GSPN is gently
exposed posteriorly to the facial hiatus, moving
toward the geniculate ganglion. Expose the
geniculate ganglion using light strokes with the
smooth diamond burr, preserving a thin shell of
bone over the ganglion. Uncover the entire IAC

Cochlea
Geniculate

ganglion

Arcuate
eminence

MMA

Premeatal
triangle
Cochlea

Arcuate
eminence

Postmeatal
triangle

toward the geniculate ganglion. As you approach
the fundus of the IAC, the opening should be no
more than the width of the canal. Remember that
the facial nerve sweeps upward to join the genic-
ulate ganglion as it passes the cochlea. This
moves the intracanalicular facial nerve more
superficial as the fundus of the IAC is exposed.
Two of the three key landmarks, which locate
the cochlea, are now identified: the geniculate
ganglion and the porus acusticus. To identify the
third important landmark used to avoid opening
the cochlea (the intrapetrous carotid artery genu),
uncover the internal carotid artery in the postero-
lateral triangle close to V3. Still using the medium
diamond burr, expose the artery by removing the
bone between the GSPN and the foramen spino-
sum. Divide the GSPN near its intersection with
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the trigeminal complex and reflect it posteriorly.
Expose the carotid artery from where it crosses
underneath the fifth nerve to lateral part where
tensor tympani muscle crosses over the artery. At
the point where the tensor tympani muscle and
adjacent eustachian tube cross the artery lies the
genu of the internal carotid artery. This completes

GSPN

b GSPN
C6

Posterior
fossa dura

Fig.9.6 (a—j)

the identify cation of the three defining land-
marks of the premeatal triangle, where the
cochlear resides (Fig. 9.6a—d).

Remove the soft, porous bone between the
carotid artery and IAC, avoiding the posterior lat-
eral volume of bone housing the cochlea.
Surrounding bone of the cochlea is identified by its
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Fig. 9.6 (continued)
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Fig. 9.6 (continued)

compact, nonporous nature. Dura of the posterior
fossa is exposed medial and anterior to IAC by
drilling away the wedge-shaped bone between
superior semicircular canal and IAC (called “post-
meatal triangle”) using a small or medium dia-
mond burr. Marking the superior semicircular
canal with “blue line” color is very helpful, which
usually lies under the arcuate eminence, in order to
precisely define the lateral border of the triangle.
Removal of this volume of bone will effectively
unroof approximately 270° of the circumference
of the IAC at the meatus (Fig. 9.6e, f).

Now the final stage of bone removal is per-
formed: exposing posterior fossa dura inferior
to IAC by removing the bone between the IAC
and the intrapetrous carotid artery. First work
medially and then laterally. At the lateral mar-
gin, the volume of bone containing the cochlea
should be “undercut” in order to maximize
exposure of the posterior fossa dura. The
cochlea, lying within the basal half of the “pre-
meatal triangle,” is quite vulnerable to injury at
this stage. Again, the change in the quality of
the bone surrounding the cochlea must be rec-
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ognized. Also note that the facial nerve lies in
the anterior aspect of the IAC, so be especially
careful in removing bone from the posterior pre-
meatal triangle. Expose the dura moving inferi-
orly to expose the inferior petrosal sinus (IPS).
Remove bone across this sinus until the cancel-
lous bone of the clivus is reached.

At the anterior end, remove the bone of the
petrous apex by coring out the apical bone next
to the foramen lacerum. Staying within the cor-
tical bone, thin the cortex until only a depress-
ible shell remains. Dissect this shell away from
the dura using a small sharp dissector. When
the apex has been removed, the foramen lace-
rum will be opened posteriorly. Dissect the
residual tip of bone free with a microdissector,
and remove it with microrongeurs (Fig. 9.6g—j).

9.3.1.4 Dural Opening

Before opening the dura, we must interrupt supe-
rior petrosal sinus (SPS) at the porus trigeminus.
Incise the dura superior to SPS starting from
porus trigeminus to arcuate eminence. Make a
second incision, parallel to the first, inferior to
SPS in the posterior fossa dura. Ligate the sinus
anteriorly at the porus trigeminus. Make a sagit-
tal incision in the medial tentorium, 8—10 mm in
length. Place a stitch in the lateral corner of the
incised tentorium and retract this superiorly.

GSPN

Clivus

Meckel’s cave

Posterior
cavernous sinus

Fig.9.7 (a-h)

Open the dura surrounding the trigeminal root at
the porus trigeminus. Now incise the posterior fossa
dura, at lateral and medial margins of the exposure,
toward inferior petrosal sinus (IPS). Incise the dura
along the margin of the IPS to completely excise
this section of posterior fossa dura. It is important to
identify the basilar artery in the deepness of the
exposure. The AICA origin should next be located
and its course followed to the region of the porus
acusticus. The sixth cranial nerve will be seen cross-
ing over the AICA as it ascends toward Dorello’s
canal (tube). Dorello’s canal is located inside the
IPS far anteriorly. Note the differences in exposure
by rotating the microscope through various angles
from medial to lateral (Fig. 9.7a—e).

The extended middle fossa approach allows
the surgeon to access the posterior fossa lesions
that involve the CPA and extend anteriorly into
the cavernous sinus and inferiorly along the pre-
pontine region of the clivus. Simultaneous access
is possible for transtentorial tumor extensions
and hearing preservation. The major limitation of
this technique is the amount of temporal lobe
retraction necessary which can be much more
extensive than that required for a standard middle
fossa approach. Several examples of cases
include trigeminal neurinoma, Meckel’s cave

meningioma, and basilar trunk aneurysm
(Fig. 9.7f-h).
Inferior
petrosal sinus (IPS)
VA
PICA
Arcuate
eminence
Superior
vestibular
nerve
AICA Vil Superior
petrosal
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for Aneurysm Coiling
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10.1 Introduction

Aneurysm coiling is a method to exclude the
aneurysm from circulation. If the aneurysm can
be excluded from the circulation, the thrombosis
process will be initiated within the aneurysm, and
lately it is hoped that there will be an endothelial-
ization on the neck of the aneurysm.

This method is getting more popular and pre-
ferred by the patient as can be seen by the data
from Lin N et al. [1] The number of patients with
non-ruptured aneurysm that underwent coiling is
increased from 20.6% in period before 2002 to
61.7% in period 2002-2007, while the number of
patients with ruptured aneurysm is increased
from 9.3% in period before 2002 to 42% in period
2002-2007.

10.2 Indication

According to the Guidelines for the Management
of Aneurysmal Subarachnoid Hemorrhage [2]
and Guidelines for the Management of Patients
with Unruptured Intracranial Aneurysm [3], both
clipping and coiling are effective treatment for
aneurysm and considered for treatment. In rup-
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tured case, coiling is indicated for elderly patient,
patient in poor clinical condition and in those
with aneurysm in the basilar apex.

10.3 Technical Aspect

There are some steps to follow to get a successful
embolization of an aneurysm; these are prepara-
tion, vascular access phase, and intervention
phase [4].

10.3.1 Preparation

This step is preparation of the patient and equip-
ment that will be used in the procedures. Patient’s
preparation includes clinical/laboratory examina-
tion, neurologic examination, and radiologic/
imaging examination.

In clinical examination, doctors have to check
the general condition and vital sign of the patient;
this condition determines the choice of anesthe-
sia method during the coiling procedures. The
main important laboratory tests are coagulation
state and renal function study. Other clinical
examination is neurologic state, especially if
there is a focal neurologic sign.

After doing clinical study of the patient, avail-
able radiologic study had to be studied carefully,
especially the exact location of the aneurysm and
its correlation with the parent artery.

79


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-8950-3_10&domain=pdf

80

Harsan

Before the treatment, the surgeon should start
to prepare the tools and equipment for doing the
embolization. A certain case requires special
instrument such as balloon or stent, for balloon-
or stent-assisted coiling.

There are several basic tools and equipment
that need to be prepared prior to embolization,
such as femoral puncture set; femoral (angiog-
raphy) sheath; pressure bag (three to four sets);
RHV (rotating hemostatic valve); three-way con-
nector; guiding catheter; guidewire; microcathe-
ter; microguidewire; coil (with its coil detacher),
according to the size of the aneurysm; balloon;
and stent. When all of the equipment is ready, the
procedures can be started.

10.3.2 Vascular Access Phase

For coiling an aneurysm, the patient is usually in
general anesthesia. After patient is anesthetized
and positioned, the procedure is started by setting
the pressurized flushing to give continuous irriga-
tion to the catheter system.

Preferred vascular access is right common fem-
oral artery. The Seldinger technique was used to
cannulate femoral artery and followed by placing 6
Fr femoral sheath. Then, angiography is performed
to get newest image of the aneurysm, including 3D
rotation angiography. This 3D image will guide
interventionist to select the best projection to see
the correlation of the aneurysm with parent artery.

Once the working projection is selected, the
vascular access is continued by inserting 6 Fr
guiding catheter with RHV (rotating hemostatic
valve) on its proximal that allow continuous pres-
sure irrigation (Fig. 10.1).

The rotating hemostatic valve is a specific
“three-way” with controlled valve on its proxi-
mal side which prevents leakage of blood or
fluid irrigation but can be opened when needed
to insert device (like guidewire or microcathe-
ter). The RHV should be set up with the three-
way connector, the fluid irrigation, and the
contrast flushing during the treatment (Figs. 10.2
and 10.3).

The guiding catheter advances to the location
of aneurysm as close as possible to the aneurysm

OPEN

CLOSE

Fig. 10.1 The rotating hemostatic valve should be checked prior to the treatment
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CONTINOUS FLUSHING:
Nacl + HEPARIN

GUIDING CATHETER
OR MICRROCATHETER

PORT FOR CONTRAST
INJECTION

PORT FOR DEVICE:
MICROCATHETER

Fig.10.2 The three-way connector is placed at the RHV side to allow the heparin flushing and contrast injection during
the treatment. The microcatheter is inserted through the “port for device”

2 -'>-':}'i§. La i

Fig. 10.3 Any device for endovascular is inserted to the
catheter/guiding catheter through Y-connector. Three-way
is connected to Y-connector to give continuous flushing
and contrast injection

but stays extracranial. In the meanwhile, the
microcatheter and microguidewire are prepared.
The microcatheter can be shaped with the shaping
mandrel and heated with steam, while microgu-
idewire is shaped with blunt needle (Fig. 10.4).
The rotating hemostatic valve was put on
the proximal part of the microcatheter to give

Fig. 10.4 The microcatheter is shaped

continuous irrigation with heparinized saline.
Microguidewire was inserted to the microcath-
eter through RHV. Microcatheter and microgu-
idewire are then inserted to the guiding
catheter through the RHV attached on the
proximal end of the guiding -catheter
(Fig. 10.5).
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Fig. 10.5 Microguidewire is inserted to the microcathe-
ter through Y-connector. Three-way is connected to
Y-connector to give continuous flushing and contrast
injection

10.3.3 Intervention Phase

After the guiding catheter was placed in desired
position, intervention/coiling phase is started.
The X-ray tube was adjusted to working position,
and angiography to make “road map” imaging is
done. Microcatheter and microguidewire is navi-
gated to aneurysm location, guided by road map
image. The ideal position of the tip of microcath-
eter is between one-third and two-thirds on the
aneurysm sac.

Heparin 3000-5000 units IV is given once the
microcatheter reaches the aneurysm sac in
desired position, before starting coiling (50—
70 units/Kg). Some authors prefer to give this
heparin after the first coil is inserted in the
aneurysm.

The first coil to deploy is usually a coil with
3D shape and called “framing” coil to cover the
entire wall of the aneurysm. Then coiling is con-
tinued by “filling” the aneurysm sac with 2D coil
until adequate packing is achieved.

Final angiogram is made to see the final posi-
tion of coil and condition of parent artery, also
the filling of contrast to the aneurysm sac.

10.4 Case lllustration

Case 1 (Figs. 10.6, 10.7, and
2 (Figs. 10.9, 10.10, and 10.11)

10.8)Case

During the attempt to do the coiling, it’s very
important to find the best projection view. It is
very individual and necessary to tailor to the
location and projection of the aneurysm.

Fig. 10.6 It’s a com aneurysm. It’s done through the left
side. The best projection is RAO 21 CRAN 10

Fig. 10.7 During framing
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Fig. 10.8 The final angiography after coiling

Fig. 10.9 Three-dimensional (3D) CT angiography is
showing left IC-P-com aneurysm

Fig. 10.10 The angiography of left IC, left, AP view, and right, lateral view. Both are not the best projection
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Fig. 10.11 The best projection view is LAO 45° caudal 5°. Lower: it is showing before and after coiling

3. Thompson BG, Brown RD, Amin-Hanjani S,
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11.1 Sign and Symptoms

Posterior communicating artery (PCoA) aneu-
rysm is the aneurysm that arises at junction of
internal carotid (IC) and PCoA. This aneurysm
accounts for 15-25% of all intracranial aneurysm
[1, 2]. If the aneurysm neck arises along the
PCoA itself, it’s called “true” PCoA aneurysm,
and this accounts more or less 1.3% of all intra-
cranial aneurysm and 6.8% of all PCoA aneu-
rysm [3].

This aneurysm usually presents with sub-
arachnoid hemorrhage that commonly distributed
at the Sylvian fissure and basal cistern but also
can be higher up at the Sylvian fissure mimicking
the middle cerebral artery rupture. They also can
present with oculomotor nerve palsy (34%) [4],
spontaneous subdural hemorrhage (1.72%) [5],
intracerebral hemorrhage at the temporal lobe,
and even intraventricular hemorrhage [6].

Although this aneurysm is located at the ante-
rior end of the PCoA, they probably behave more
like the posterior circulation aneurysm. ISUIA
study finds the rupture risk from PCoA aneurysm
is following the posterior circulation (<7 mm
(2.5%), 7-12 mm (14.5%), 13-24 mm (18.4%),
>25 mm (50%)), which is higher compared to
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anterior circulation [7]. From the ISUIA study, it
seems that the smaller the aneurysm the less
likely to rupture. But some study also shows that
87.5% of ruptured PCoA aneurysm have the size
less than 10 mm and even 40% of them have the
size less than 5 mm [8].

11.2 Investigation and Imaging
Since the era of CT angiography (CTA), it is
unnecessary to routinely use the intervention
angiography for diagnostic purpose of intracra-
nial aneurysm. Current CTA could provide a
three-dimension reconstruction of the vessel, and
the imaging is sufficient and very useful for sur-
gical planning.

Several things that the surgeon needs to con-
sider as part of the surgical planning for IC-PCoA
aneurysm are the following.

11.2.1 The Size of the PCoA Itself

The size of the PCoA needs to be evaluated pre-
operatively and also its relationship to the aneu-
rysm neck. Sometimes during the clipping,
surgeon has to incorporate the PCoA into the
clip, although it could be done without the risk of
morbidity, but this have to be anticipated prior to
surgery. Preoperative evaluation becomes very
essential to have a safe surgery. The size of the
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PCoA can range from very small (not visualized
on the CTA) to a large artery as big as P2 segment
of posterior cerebellar artery (PCA), and usually
the P1 segment of the same side is hypoplastic.
Such condition is known as fetal PCoA

(Fig. 11.1). The surgeon should not compromise
such PCoA during the clipping because the major
supply to the P2 is mainly coming from the
IC. The surgeon has to take this information for

Fig. 11.1 3D reconstruction CTA female 66 years old
shows right (R) IC-PCoA aneurysm (An) with ipsilateral
fetal PCoA variant. Notice that the P1 segment ipsilateral
is hypoplastic; PCoA diameter is as big as P2 segment. The
main feeder of right P2 segment is coming from right IC

the surgical planning, including the decision to
choose open surgery over the endovascular
technique.

11.2.2 The Direction of Aneurysm
Dome

Simplified classification of the PCoA aneu-
rysm based on dome direction, modified from
previous published study [9, 10], is divided
into two groups, lateral and medial. The clas-
sification is based on the line that is drawn par-
allel with the sagittal plane and the other
perpendicular line horizontally. The cross of
both lines is located at the IC-PCoA junction
(Fig. 11.2). It is not an absolute line and only
used as an additional consideration while plan-
ning for surgery.

Lateral direction of the dome has higher rup-
ture rate, and try to avoid temporal lobe retrac-
tion in the beginning of dissection. The surgeon
may apply the temporal retraction gently, after
he/she exposes the IC. Anterolateral direction of
the dome is often blocking our view to the PCoA
origin. Special precaution is needed for such

*01-Jan-1846, F, 63Y

Y

Fig. 11.2 CT angiography of two patients. Left: female
49 years old, with right IC-PCoA aneurysm, dome pro-
jecting to lateral and have fetal PCoA bilaterally, and pre-
sented with subarachnoid hemorrhage. Right: Female

2

49 years old, with right IC-PCoA aneurysm, dome pro-
jecting to lateral, and presented with temporal ICH (intra-
cerebral hemorrhage) and required urgent surgery
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case because some variation of branches from
PCoA are supplying important structure such as
optic chiasm, oculomotor nerve, mammillary
body, tuber cinereum, cerebral crura, ventral
thalamus, and rostral portion of the caudate
nucleus [3, 10].

11.2.3 Anterior Clinoidectomy

Anterior clinoidectomy is not necessarily done
routinely. A study by a Korean group, looking at
the anterior clinoidectomy for IC-PCoA aneu-
rysm, found that only 6 of 94 cases require ante-
rior clinoidectomy [11]. They found three factors
based on imaging study (CTA and four vessels
angiography) that may help surgeon to estimate
whether anterior clinoidectomy is necessary. The
distance between aneurysm neck and anterior cli-
noid process may serve as a simple measure for
clinical setting. In the study, the group that
requires anterior clinoidectomy (6 patients) was
shorter (mean 4.4 + 0.7 mm, median 4.7 mm),
and the group without anterior cinoidectomy (88
patients) was longer (mean 7.2 + 1.4). Statistically,
surgeon should consider anterior clinoidectomy
if the distance between the aneurysm neck and
anterior clinoid process is less than 4.7 mm. It is
rarely required if the distance is more than
5.8 mm (Fig. 11.3). If the distance is less than
4.7 mm, often the aneurysm neck is covered by
the anterior clinoid process, or it blocks the clip
while the clipping attempt.

Fig. 11.3 CTA of 52 years old female with left PCoA,
the distance of anterior clinoid process (ACP), and the
proximal neck of the IC-PCoA aneurysm (An) is 6.2 mm
(white line). In this case, we don’t need the anterior
clinoidectomy

11.3 Steps of the Surgery

11.3.1 Position, Skin Incision,
and Craniotomy

Patient head should be positioned in order the
surgical view and trajectory of the dissection are
almost perpendicular to the direction of the dome.
This position should allow the surgeon to
approach the neck of the aneurysm from the
opposite direction of the aneurysm dome/fundus
(Fig. 11.4). The head should be elevated 30-45°
above the heart to enhance the brain relaxation
because of optimal venous return from
intracranial.

The head is fixed with either Sugita or
Mayfield or other system of head holder. The skin
incision and the craniotomy are planned accord-
ing to surgeon preference, either pterional
approach, lateral supraorbital approach (LSO), or
keyhole supraorbital approach.

11.3.2 Dural Opening and Dissection

The dura is opened with curve incision with the
base toward the skull base and hold with tenting
suture silk 3/0 round needle (Fig. 11.5a). The
brain is covered by a layer of wet surgicel or cot-
tonoid. Author prefers to use the surgicel for some
reasons; when the surgicel is wet, it provides a
smooth layer of protection to the brain, and when
we remove it, it does not adhere to the brain (some

Fig. 11.4 Same patient on Fig. 11.3; the white arrow
shows the surgical trajectory that is perpendicular to the
direction of the dome (dash arrow). The dissection should
avoid the dome of aneurysm and approaching the neck
from the opposite direction of the dome
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Fig. 11.5 (a) After the craniotomy, the dura is opened
with curve shape toward the skull base, and it is tented
with silk suture to the muscle. The brain is covered with a
wet surgicel. (b) Gently retract the brain and try to reach
the chiasmatic cistern, open the arachnoid with micro-

cottonoid may adhere to the brain tissue and may
cause bleed when we try to remove it). Firstly, try
to reach the chiasmatic cistern and open the arach-
noid with micro-scissor (Fig. 11.5b). Once it
opened, release the CSF, and the brain will slowly
relax, and surgeon will get more space for more
dissection (Fig. 11.5¢c). Always try not to pull any-
thing, and it is better to do sharp dissection all the
time. Pulling will increase the chance of prema-
ture rupture of the aneurysm.

It is a basic principle to avoid the dome until
the surgeon is able to secure the parent artery and
the neck of the aneurysm (Fig. 11.5d). A study
looking at the risk of intraoperative rupture found
that IC-PCoA aneurysm had the second highest
rate of rupture (9.3%) after the anterior commu-
nicating artery (AComA) aneurysm, among the
anterior circulation aneurysms [12].

scissor, and release the CSFE. (¢) The CSF is released and
the surgeon will get more working space. (d) Sharply dis-
sect the arachnoid, and identify the optic nerve (chiasm)
and internal carotid artery (IC), and we usually will see
part of the aneurysm (An)

After the surgeon exposes the parent artery and
the neck, he/she may continue dissection to iden-
tify the PCoA itself, release the neck from the sur-
rounding arachnoid, and identify the anterior
choroidal artery. The surgeon has to minimize the
manipulation to the dome of the aneurysm while
doing the dissection (Fig. 11.6). Sometimes we
could find more than one anterior choroidal artery.
After we identify all nearby structure, then the clip
may be applied with both legs of the clip ade-
quately squeezing the aneurysm neck. It is impor-
tant to check all nearby branches are patent.
Sometimes, the surgeon may open the lamina ter-
minalis if there is a hydrocephalus on the CT scan.

Nowadays we could check the patency of the
branches, the complete clipped of aneurysm, by
using the indocyanine green (ICG), but we need
to have a special microscope.
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Fig. 11.6 (a—c) The sharp dissection exposes the internal
carotid artery (IC), optic nerve (II), PCoA (asterisk), and
the neck of the aneurysm (dash line); sometimes we found
the bleb on the aneurysm (white arrow) and the anterior

11.3.3 Closing

It is better to close the dura mater with watertight
closure, tenting the dura mater against the crani-
otomy edge and using subcutaneous vacuum
drain for 24 h. All this effort will minimize the
complication and enhance the wound healing.

11.4 Expert Opinion/Suggestion
to Avoid Complication

All aspect of surgery is important, starting from
the planning based on the investigation and imag-
ing study until the postoperative care. During the
preparation of surgery, we need a good anesthetic
team that will anesthetize the patient without
blood pressure (BP) fluctuation. Injection of local

choroidal artery (black arrow). (d) The clip is slowly
applied to the aneurysm; in such case we choose bayonet
clip. (e) After the clip application, we should make sure
the anterior choroidal artery and PCoA are patent

anesthetic at the head holder pin site will avoid
pain, thus no BP changes.

Head positioning is very important, not only
for surgical trajectory and view, but it is also con-
tributing to the brain relaxation. The use of man-
nitol, CSF drainage either at lumbal or ventricular,
and PCO, monitoring are tools that surgeon may
use to enhance the brain relaxation. Opening the
bone, the duramater and applying the retractor
have to be done gently. If we need to remove the
anterior clinoid process, try to avoid manipula-
tion of the nearby dura mater, because the dome
of the aneurysm might be adhered to the dura
mater and manipulation of the dura may cause
premature rupture of the aneurysm.

Sharp dissection is a must, and never pull any-
thing during dissection because it may cause
remote bleeding that obscures the view and
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causes brain swelling or it may trigger premature
rupture of the aneurysm. All the efforts have to be
done to prevent premature rupture.

During clip application, simulation is an
important part of successful clipping. The surgeon
have to always remember that clip revision is very
dangerous and often causes catastrophic bleeding
and the surgery ends up with higher morbidity
and mortality. Always try to avoid clip revision.

Closing is as important as opening. Meticulous
closing may reduce the postoperative complica-
tion such as epidural hematoma and subdural
hematoma.

11.5 Things to Be Observed
and Postoperative Care/
Follow-Up

After the surgery, hydration is important and also
the electrolyte level should be checked.
Subarachnoid hemorrhage (SAH) is often fol-
lowed by cerebral salt wasting syndrome (CSWS)
due to the brain natriuretic peptide (BNP) that is
released during the SAH. Sodium loss will be
followed by water depletion, and the sodium
level in the blood will be decreasing. The loss
should be replaced and maintained, and some-
times it requires weeks to get it over.
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12.1 Signs and Symptoms

Anterior choroidal artery aneurysms (AChAA)
are comparatively rare and appear with a fre-
quency from around 2—4% to 10% in larger series,
e.g., M Lawton personal series of 2500 clipped
aneurysms: n = 98 AChA = 4% [1]. Number of
AChAA in treated aneurysms group of BRAT
study 2.2%, median aneurysm size 7 mm, total 9
cases of 408 treated; 209 were clipped and 199
were coiled [2]. Kuopio aneurysm data base from
1977-2005, consist of 3005 patients with 4253
aneurysms, there were 99 (10%) AChAA in 70
(8%) patients [3].

There are no characteristic clinical findings
for unruptured AChAA. Not infrequently they are
detected during work-up of other ruptured or
non-ruptured aneurysms. AChAA already can
rupture at small size due to their characteristics of
thin wall and orientation aligned along the main
blood jet from the ICA. Rupture of AChAA can
lead to blood distribution favoring the ipsilateral
side and basal cisterns, comparable to PCoA
aneurysm rupture.
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Ruptured AChAA usually will show blood at
lateral suprasellar and ambient cisterns [3]. Very
rare it presents with subdural or intracerebral
blood collections despite proximity of the aneu-
rysm to the temporal lobe. Intraventricular break-
through of hemorrhage will be more prominent
in temporal horn. Cranial nerve deficits seem to
be infrequent; however oculomotor insufficiency
has been described in ruptured or unruptured
cases [4].

There are specific aspects about the AChA
aneurysms especially the anatomy and its
variant.

12.1.1 Anatomy

The AChA is a phylogenetically “old,” respec-
tively, early vessel, which is prominently devel-
oped until the 5th week during human embryology
(choroidal stadium). The anterior circulation sup-
plies almost the whole brain during this phase.
Over hemispheric growth additional supply by
the vertebrobasilar system is necessary. As a con-
sequence the brain volume supplied by the AChA
is progressively reduced. The AChA may show
various anatomical variations.

The AChA originates 2—4 mm distal of PCoA
on the posterolateral part of ICA, almost always,
lateral to optic tract. Its diameter is only about
1 mm (0.5-1.5 mm). The artery then runs below
the optic tract from lateral to medial. It courses
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along the perimesencephalic cistern (cisternal seg-
ment), entering temporal horn of lateral ventricle
at choroidal fissure (“plexal point”). Within ventri-
cle (choroidal segment), it runs along the choroid
plexus to anastomose with branches of the lateral
and medial posterior choroidal artery (PChA).

Despite its relative small size and short length,
it supplies some major territories: AChA perfora-
tors supply the optic tract, optic radiation, crus
cerebri, hippocampus, corpus amygdaloideum,
substantia nigra, globus pallidus, lateral thala-
mus, and the posterior crus of the internal cap-
sule. Along its course AChA may send off as
many as 16-20 separate branches.

In proximity to the AChA origin, there may be
one or several perforator branches to the temporal
lobe. The optic tract gets blood supply from perfora-
tor of anterior choroidal artery that passes medially
and turns around the optic tract and then penetrates
the tract superiorly. There are also variants where per-
forators go through the optic tract and supply internal
capsule and globus pallidus. Other perforators pierce
peduncle and supply red nucleus and substantia
nigra. Following the peduncle, the lateral geniculate
and the pulvinar are crossed before entering the lat-
eral ventricle choroid plexus.

12.1.2 Variants

AChA may be duplicated in 4% of cases. Ectopic
ramification with AChA originating from poste-
rior cerebral artery (PCA) or middle cerebral
artery (MCA) has been described. Origins of
AChA and PCoA usually are 3—4 mm apart and,
however, on occasion may be simultaneous or
only 1-2 mm apart. Very rarely the AChA comes
off the ICA proximal of the PCoA origin. Rare
variants, whereby AChA supplies the occipital
lobe, including the calcarine cortex, were
described.

12.2 Preoperative Investigation

AChAA may be hard to differentiate from PCoA
aneurysms on angiograms. In comparison to
PCoA aneurysms, they project in a more lateral

direction and may point into the uncus of the
temporal lobe. It is crucial to identify the AChA
as such and to determine whether it arises as a
single trunk or as multiple branches.

CT and thin slice CT angiography with 3D
reconstruction will raise suspicion for an AChAA;
however it does not suffice to clearly depict
details of vessel-to-aneurysm topography and
exact site and course of emanating branches. As
such, contrary to some of the other aneurysm
locations, we feel catheter angiography is pre-
condition to further treatment decision.
Depending on the result of imaging studies,
branching pattern, age, and condition of the
patient, we decide whether to clip or coil.
Angioarchitecture at the aneurysm neck plays an
important role in that decision, with branching
directly at the neck favoring aneurysm clipping
and clip reconstruction of the AChA.

3D rotational angiography is a very valuable
tool to dismantle the true topography. Frequently
the aneurysm will project laterally and straight to
caudal with respect to the ICA. So AP and lateral
views are very important to resolve the aneurysm
sac projection. The AChA itself will best be seen
in a lateral and sometimes basal view and needs
to be discerned from the PCoA (Fig. 12.1). From
its origin on the lateral ICA aspect, the artery
courses posteriorly for 4-5 mm and short medi-
ally to optic tract to follow its course laterally
around the peduncle. This curvature can easily be
detected on a lateral view. The differentiation is
more difficult on an AP view: here the AChA
describes a medial curve, to then turn laterally
and upward, to make a sudden kink at the plexal
point.

12.3 Presurgical Preparation

We do prepare as for any other aneurysm clip-
ping. One exemption being an additional recipro-
cating saw (with very slender blade) and chisels
in the rare occasion, we plan to place an orbital
extension of the standard lateral supraorbital
approach (LSO). Patients will have a CV line
(central venous line); we do not routinely order
blood products in unruptured cases. After patient
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infundibular origin

Fig. 12.1 (a—e) Preoperative imaging. Angiographic depic-
tion of an AChAA from different views including 3D recon-
struction (upper row). (a) Lateral view on aneurysm with
AChA emanating from dorsal neck. (b) Medial view of
AChAA neck, with infundibular PCoA close to aneurysm.
Extradural aneurysm of ICA, as secondary finding. (¢) Dorsal
view on aneurysm and emanating AChA. PCoA and ACA

and head clamp positioning, the patient is prepped
and draped. During this procedure, he will receive
1 g/KG of mannitol if not the kidney is not com-
promised. Standard trays for craniotomy and vas-
cular microsurgery are prepared. We have a
standard clip sieve on the table, which is assem-
bled to our needs. It contains the clip forms and
sizes we use most of the time; only “exotic” clips
will be directly unpacked as needed. A straight
aneurysm clip and two types of temporary clips
(7 mm bent and straight) are taken out of the
sieve and placed ready on the instrumentation
table for cases of premature rupture. Adenosine
(for induction of temporary cardiac standstill) as
well as indocyanine green (ICG) will be available

-

ComPostA
infundibular origin

‘w

KRR,
- E

additional ICA
aneurysm

(A1) can also be depicted. (d) Lateral view of angiographic
image, infundibular PCoA branches off close to AChA, as
well as the more distal (flow direction) broad-based AChAA
neck and AChA emanating from there. (e) Slightly oblique
AP view. With this alignment only the aneurysm is percepti-
ble, however, not the branching AChA. To depict the AChA in
this case, images turned further are necessary

on the anesthesiology side before we start.
Anesthesiology will be prepared to enable tem-
porary clipping by bolus administration of thio-
pental with 100%  inspiratory  oxygen
concentration at any time during the procedure.
Imaging studies are depicted; monitors for anes-
thesiology and OR care are available to follow
the procedure.

12.3.1 Approach

The initial microsurgical strategy is similar to
those of PCoA aneurysms, as these arteries ema-
nate in close vicinity. However, as the AChA and
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Fig. 12.2 Positioning. Head elevated well above heart
level, slightly reclined toward the floor, and only mini-
mally turned toward the right shoulder (about 20°).
Planned incision for lateral supraorbital approach (LSO)
with orbital deroofing. For LSO incision is at hairline
margin, starting 2—-3 cm above zygoma (if such a frontally
placed incision is chosen, it needs to end well above the
zygoma,; otherwise the facial nerve is jeopardized); length
of incision depends on the approach chosen and hairline
distance from eyebrow. For simple LSO 6-8 cm suffice

its perforator takeoff are hidden by aneurysm
sack and ICA, the specific anatomy with high
likelihood of perforators directly emanating at
the aneurysm neck makes its treatment more
challenging. Standard approaches such as pteri-
onal, lateral supraorbital (LSO), and supraorbital
keyhole are used most frequently. Our personal
choice is standard LSO [5]. In cases of expected
obtunded view on AChA origin, we might choose
an orbital extension of the LSO in the form of a
combined one-piece orbital rim deroofing to gain
some extra degrees of surgical dissection corridor
(cranio-orbital approach).

Patient is placed supine, and the head is higher
than heart level, moderately reclined, and mini-
mally turned to the contralateral side by about
20° (Fig. 12.2). If the head is turned too much,
the temporal lobe is rotated over the aneurysm in
the visual trajectory of the surgeon. Correct head
position avoids the need for a fixed retraction
device in particular for temporal lobe retraction.

The incision is placed at the hairline and begins
2.5-3 cm above the zygoma. Six to seven centime-
ters of length usually suffice if galeal flap is well

retracted by spring or rubber-connected fishhooks
(Fig. 12.3). It is important to expose zygomatic
process of frontal bone in order to enable a crani-
otomy cut down to the fronto-sphenoidal base.

For the standard LSO, we place one burr hole
below superior temporal line, 2-2.5 cm posterior
to the zygomatic process, as we do not see the
need for the so-called keyhole burr hole. A mini-
craniotomy is fashioned without additional burr
hole cut very precisely to the cranial base. The
inner bony rim (internal tabule) and cranial base
are flattened out to enable unimpeded vision with
a drill or the unguarded craniotomy burr.

12.4 Surgical Steps

Following craniotomy, dura is incised to create a
frontally based flap that is pulled over the frontal
base and fixed with dural stitches. Low-profile
craniotomy and low dural opening enable for a
comfortable subfrontal dissection corridor. After
introducing the operating microscope, a first sub-
frontal dissection trajectory starting from the
frontal “zygomatic process pillar” in a perpen-
dicular direction will directly lead to the ipsilat-
eral optic nerve and optic cistern (Fig. 12.4a).

Fig. 12.3 Incision and exposure. Exposure after a 7 cm
skin incision and having raised a combined galeal-muscle
flap by incising through fascia and muscle. Muscle is care-
fully stripped from bone to prevent later atrophy. In this case
orbital rim was fully exposed for cranio-orbital approach. In
routine LSO it is not necessary to detach that far down; to
expose beginning of zygomatic process of os frontale is
enough to cut craniotomy flush with the frontal base
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Fig. 12.4 (a—f) Aneurysm clipping. (a) Beginning of
intradural part. Subfrontal exposure and opening of optic
cistern. (b) Distal ICA after head has been lowered depicts
bifurcation and A1. (¢) Distal part of aneurysm neck. ICA
hides AChA. (d) After deflecting the ICA with dissector,

The optic cistern, medial to optic nerve, is safer
to be opened first, as compared to the optico-
carotid cistern on the lateral side in ruptured
cases. CSF drainage via the cistern will further
relax the brain and progressively open a subfron-
tal corridor by using gravity without any fixed
retraction. After opening the optico-carotid cis-

AChA can be seen. (e) As neck area and AChA have been
identified, safe clipping is now possible. (f) Second
smaller clip is needed for neck area to reconstruct begin-
ning of AChA wall

tern, subfrontal adhesions are progressively loos-
ened. Although the ICA is the target and will
readily be in the operative view, additional free-
ing of the temporal and frontal lobe, allowing
them to fall back, opens the available dissection
space. However, microsurgical dissection should
begin without any temporal lobe retraction to
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avoid premature aneurysm rupture by opening
first the optic and then the optico-carotid cistern
to gain a surgical corridor sufficient for ACI dis-
section. The superomedial surface of the ICA is
safe for dissection. Once the proximal ICA is
freed and centered in the obtained view, addi-
tional room can then be gained by splitting care-
fully just the beginning of the proximal Sylvian
fissure overlying the carotid T.

After the more distal ICA is freed from arach-
noid adhesions, the PCoA and the oculomotor
nerve can be identified (Fig. 12.4b). The aneu-
rysm should be located distally to the PCoA ori-
gin (Fig. 12.4c). Once the AChA is identified, it
needs to be determined if the AChA arises as a
single trunk or multiple vessels (Fig. 12.4d).
AChAA may arise from a proximal or distal seg-
ment. Large or giant AChAA (quite rare) might
be adherent to the uncus of the temporal lobe or
rarely to the oculomotor nerve. Frequently the
aneurysm sac or the ICA itself (Fig. 12.4d) will
hide the AChA that is emanating behind the sac.
Safe clip application necessitates maneuvers that
ascertain direct view on the ICA at the aneurysm
neck and AChA takeoff. Sometimes this might
only be possible by use of a transient dynamic
maneuver displacing the main trunk with a
microdissector. This might encompass active
compression or displacement of the aneurysm
dome with a microdissector to gain sight to
potentially hidden perforators (only in unrup-
tured aneurysms). All these maneuvers are poten-
tially dangerous as they do bear a high risk of
premature rupture but might be the only means to
directly assess the “takeoff area.” Besides experi-
encing their use necessitates heightened aware-
ness for premature rupture and knowledge of
“bailout” strategies, e.g., temporary clipping,
cardiac standstill, handling of ICA lacerations,
use of fenestrated clips, and vessel wall recon-
struction techniques with clips. Measures to gain
view and change trajectory also include turning
of the OR table in the longitudinal axis of the
patient and lowering of the OR table head/back-
piece. Escalated measures are short cardiac
standstill by adenosine (one dose will give
2040 s), sometimes even temporary ICA clip-

ping (only very short tolerance time, if possible
needs to be avoided by full use of other
alternatives).

After optimal aneurysm exposure, preparation
for clip application is undertaken. Temporary and
permanent clips should be readily available. A
potential site for temporary clip application and
choice of the temporary clip is chosen. For clip-
ping the shortest clip amenable should be chosen.
In uncomplicated aneurysms a straight or slightly
laterally bent clip might be appropriate. Complex
aneurysm architecture at the neck might necessi-
tate clip combinations to reconstruct the AChA
and/or perforator takeoff (Fig. 12.4e, f). At times
it is warranted to place a pilot clip to secure the
dome first, before the neck is reconstructed.
Small branches adherent to the aneurysm wall
not amenable to dissection might be excludable
from clipping them off by use of a tandem tech-
nique with a fenestrated and a straight clip.

If a complex branching pattern or obtunded
view can be foreseen, we are inclined to use a
one-piece mini-cranio-orbital extension of the
standard LSO from the start of the craniotomy
(Fig. 12.5). This will add several degrees of dis-
section corridor (from a caudal to cranial
direction in the sagittal plane) and allows to lower
the headpiece of the OR table further, as the
orbital rim is not in the field of view. However, an
optimal view on the branching site cannot always
be achieved.

Adjuncts to delineate the neck and perforator
situation after clipping might be an angled endo-
scope (however we mostly find it too bulky in
that location), ultrasound mini-Doppler, and
ICG. To avoid misinterpretation of results, it is
advisable to test already before clipping.

After clipping and ICG/ultrasound control of
perfusion, we fill the operative site with Ringer’s
and close dura. The wound is closed meticulously
in layers. We separate adaption of the muscle and
fascia as we do prevent drains. Also in a mini-
cranio-orbital approach in small incisions (ca.
7 cm), prevention of swelling, hematoma, and
pristine, unchanged cosmetic are obtainable with
careful handling of soft tissue and bone
(Fig. 12.6a, b).
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Fig. 12.5 (a—c) Craniotomy. Usually a standard LSO
(red line) will suffice. In this we prefer to place one burr
hole below superior temporal line and then cut a craniot-
omy down to the frontal base and across the sphenoid
bone. In the depicted case, however, a one-piece mini-
cranio-orbital approach was chosen with orbital deroofing
(green line, instead of red frontal base line). (b) Shows

inner side of the orbital roof. We prefer to incise medial
and lateral orbital roof with very thin reciprocating saw
(blue arrows in a) to have a sharp cut with minimal bone
loss and split the rest with small chisels that will create a
triangular shape (green line in a). (¢) Shows the outer side
with burr hole, corresponding to (a) right side
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Fig. 12.6 (a, b) Closure. (a) Bone flap is repositioned separately, galea, skin). We do not routinely use drains.
and secured in place with mini-plates. Craniotomy groove  (b) Demonstrates cosmetic result with absence of orbital
and burr hole have been sealed with bone cement, fol- hematoma or swelling

lowed by meticulous suture in layers (muscle and fascia
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12.5 Complication Management
and Avoidance

Treatment of AChAA bears a far higher risk for
complications. The main risk is inadvertent
occlusion of the AChA with the devastating con-
sequences of hemiparesis to hemiplegia and
hemianopia. This applies to surgical clipping and
interventional coiling alike. Premature rupture is
another severe risk. Rupture is more difficult to
handle as compared to other aneurysm locations.

Meticulous dissection, optimization of view
trajectory by combination of adequate exposure
around ICA, and patient positioning via table tilt
are necessary to preset for optimal clipping con-
ditions. Provisions for temporary clipping/car-
diac arrest should have been made in advance,
before skin incision. Median nerve SEP monitor-
ing is a valuable tool to detect early signs of isch-
emia, in case the AChA is compromised during
the course.

Indocyanine green (ICG) angiography, ultra-
sound (US) mini-Doppler to assess outflow, and
papaverine/nimodipine irrigation after temporary
clipping are adjuncts to assess vessel patency or
treat spasm.

Premature aneurysm rupture can be controlled
with a pilot clip across the aneurysm sac. This
should then give enough time to assess the local
topography in order to reapply the clip or place
an additional one. If this is not feasible, place-
ment of a pilot clip under pharmacological ade-
nosine cardiac arrest is another option.

In case of devastating rupture of ICA/aneu-
rysm neck, which cannot be handled by suction
alone within the above-stated time constraints,
we recommend to assess the tear by temporary
clipping of ICA (preferably within 30 s to 2 min).
If the ICA lumen cannot be clip reconstructed, a
small circular cotton wrap around ICA is placed
and secured in place with an angulated aneurysm
clip. If bleeding does not cease after the circular
cotton sheath in place, additional absorbable
fibrin sealant patch (TachoSil®) is added. Small
rents can be sealed with tiny TachoSil® pledgets

and cottonoid in a first attempt. All in all it will be
very difficult to save the AChA in such a
circumstance.

In cases of inadvertent closure of AChA by
embolus, emergent bypass or open embolectomy
is not really feasible at this location and thus do
not represent realistic bailout options.

The incidence of procedure related to perma-
nent AChA syndrome after surgical clipping of
an AChAA ranges from 5 to 16% [4, 6]. AChA
syndrome manifests with contralateral hemipare-
sis to hemiplegia and more inconsistently with
contralateral hemianesthesia or hemianopia.

12.6 Postoperative Care
and Follow-Up

We do not use drains on a routine basis. The
wound is closed meticulously in layers to prevent
blood accumulation (temporalis muscle and fas-
cia are closed separately). Skin is closed with
staples or suture that will be removed after
7 days.

ICG angiography is used on a routine basis
intraoperatively; however it has no power to reli-
ably rule out residual perfusion. Regardless of
intraoperative evaluation, we do perform postop-
erative catheter angiography to confirm complete
clipping in every aneurysm case regardless of
location (Fig. 12.7). In our own practice, this will
be done in the direct postoperative period. In
non-ruptured cases catheter angiography will be
performed within the next 2 days to enable early
discharge of the patient.

The patient is discharged within 3-7 days
after surgery in non-ruptured cases. Length of
stay in subarachnoid hemorrhage (SAH) patients
is dictated by the course of the disease, length of
intensive care treatment, overcoming of the spas-
mic phase, sequelae of hemorrhage, and also
availability of a rehabilitation placement.

The first follow-up on our clipped patients
will be 3 months after discharge at our outpatient
clinic.
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Fig. 12.7 (a—f) Postop imaging. Clip position in relation
to bony skull base on CT, postop angio, and 3D rotational
angio reconstructions with and without clips. (a) Basal
view on placed clips in CT. (b) Lateral view of ICA with

12.6.1 Pearls

AChAA are rare but bear a higher risk of rupture
and are more difficult to treat. They are frequently
thin walled and have the main AChA branch in
direct vicinity to or emanating from the aneu-
rysm neck. As such the risk of ischemic compli-
cations due to surgery is comparatively high.
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Surgery of Paraclinoid Aneurysm

13

Naoki Otani, Terushige Toyooka, and Kentaro Mori

13.1 Signs and Symptoms

Paraclinoid aneurysm is defined as an aneurysm
that originates at the internal carotid artery
(ICA) distal to the proximal dural ring (PDR)
and proximal to the posterior communicating
artery (PCoA), which means both ophthalmic
and clinoidal segments of the ICA. Patients with
these aneurysms present with retro-orbital or
supraorbital pain and varying degrees of visual
field constriction and/or visual acuity decline
which is associated with compression of optic
nerve. This nerve is typically pushed superiorly
and medially, which manifests as a unilateral
inferomedial (lower nasal) quadrantanopsia [1].
In addition, paraclinoid aneurysms may mani-
fest as progressive diplopia due to compression
of the cranial nerves involved in ocular move-
ment caused by aneurysm growth. Unruptured
paraclinoid aneurysm has a low risk of rupture
compared to other types of cerebral aneurysm.
The surgical indications for unruptured paracli-
noid aneurysm should consider this low rupture
risk as well as several other factors such as the
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aneurysm shape, the aneurysm size, and how
old the patient.

13.1.1 Case lllustration One

A 56-year-old female was admitted to our service
due to the progressive visual field deficit consist-
ing of inferomedial quadrantanopsia (Fig. 13.1)
with retro-orbital pain. We ordered a 3D-CT
angiography, and it demonstrated a right ICA
aneurysm with the dome projecting superiorly
(Fig. 13.2).

13.1.2 Case lllustration Two

A 64-year-old female was brought to the hospital
due to a severe retro-orbital pain. 3D-CT angiog-
raphy demonstrated a large left ICA-ophthalmic
artery aneurysm (Fig. 13.3a). The aneurysm
dome projected medio-superiorly. Postoperative
3D-CT angiography showed complete clipping
was achieved (Fig. 13.3b).
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1P

Fig. 13.1 Case 1. Visual field examination showing unilateral inferomedial quadrantanopsia on the right (b). Normal
visual field on the left (a)

Fig.13.2 Case 2. Three-dimensional computed tomography angiograms showing a paraclinoid aneurysm. (a) Oblique
view. (b) superior view

13.2 Investigation dural ring (DDR), the ICA actually runs in the

subarachnoid space. From DDR to the origin of
The ICA that is located along the anterior cli- the PCoA is called ophthalmic segment. In order
noid process (ACP), between proximal and dis- to make it clear, the term paraclinoid aneurysm
tal dural ring (DDR), is called clinoid segment is the aneurysm that originates from the ICA
(usually referred as C3). After passing the distal ~between the PDR and the PCoA (or in the other
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Fig. 13.3 Case 2. (a) Preoperative three-dimensional
computed tomography angiogram showing a paraclinoid
aneurysm. (b) Postoperative three-dimensional computed

words, between the clinoid and ophthalmic seg-
ments). Paraclinoid aneurysms can be classified
as ophthalmic aneurysm (which arise from
superior part of ICA), superior hypophyseal
aneurysm (which arise from the inferomedial
part of ICA), supra-clinoid aneurysm which
arise from anterior wall of ICA, and the infra-
clinoid aneurysm which arise from posterior
wall of ICA. These aneurysms are usually sur-
rounded by bony and neurovascular anatomy,
namely, ophthalmic artery, optic nerve, oculo-
motor nerve, and ACP (Figs. 13.4 and 13.5).
The most important step in the dissection for
this aneurysm is to release the aneurysm dome
from optic nerve and ACP.

13.3 Preoperative Preparation
13.3.1 Neuroimaging Examinations

Bone CT is useful to investigate paraclinoid
aneurysm. The size, shape, and pneumatization
of the ACP and surrounding sinus, such as
sphenoid and ethmoid, all should be assessed
for safe clinoidectomy. Calcification of the
proximal ICA should be examined for safe
proximal control just before clip application.

tomography angiogram showing complete clipping of the
aneurysm

Fig. 13.4 Illustration of paraclinoid aneurysm. The cli-
noid segment (C3) of the internal carotid artery (ICA)
runs along the anterior clinoid process (ACP), passing
between the proximal (PDR) and distal dural rings (DDR),
and the ophthalmic segment (C2) courses from the DDR
to the posterior communicating artery (PCoA). Paraclinoid
aneurysm originates from the ICA between the PDR and
the PCoA (clinoid and ophthalmic segments). Paraclinoid
aneurysms are classified as ophthalmic, anterior wall type
located on the anterior wall of the ICA, superior hypophy-
seal, carotid cave type, and clinoidal segment aneurysms
located on the infero-medial wall of the ICA, and variant
aneurysms. Paraclinoid aneurysms are surrounded by
many important osseous and neurovascular structures
such as the ACP, optic nerve (II), oculomotor nerve, ICA,
and ophthalmic artery (OphA). AWA anterior wall aneu-
rysm, OphA ophthalmic artery aneurysm, SHA superior
hypophyseal artery aneurysm, CC carotid cave aneurysm,
clinoidal clinoidal segment aneurysm, strut optic strut



108

N. Otani et al.

Frontal
lol

Fig. 13.5 Illustration of treatment of paraclinoid aneu-
rysm via the anterolateral approach. Incision of the falci-
form ligament to the optic nerve is made to mobilize the
optic nerve (II). Additional incision is made across the
distal dural ring (DDR) to expose and identify the origin
of the ophthalmic artery (OphA) and to mobilize the inter-
nal carotid artery (ICA). I1I oculomotor nerve, C2 oph-
thalmic segment of the ICA, C3 clinoid segment of the
ICA, PCoA posterior communicating artery, Achol ante-
rior choroidal artery, AWA anterior wall aneurysm, OphA
ophthalmic artery aneurysm, SHA superior hypophyseal
artery aneurysm, CC carotid cave aneurysm, clinoidal cli-
noidal segment aneurysm, PDR proximal dural ring, A/
horizontal portion of the anterior cerebral artery, M/ hori-
zontal portion of the middle cerebral artery

Few contraindications to do anterior clinoidec-
tomy extradurally are caroticoclinoid foramen
(Fig. 13.6a) and the interclinoid ligament
(Fig. 13.6b); both should be assessed preopera-
tively [2]. 3D-CT angiography with or without
DSA are mandatory to investigate paraclinoid
aneurysm. Meningo-orbital artery (MOA)
forming the main collateral to the retinal artery
cannot be resected. The development of the
superficial Sylvian vein and the circulation pat-
tern of the sphenoparietal sinus should be eval-
uated in the venous phase, which may show
contraindication for dural peeling of the lateral
cavernous sinus in extradural anterior clinoid-
ectomy. The role of (MR) imaging is helpful to
show the relationship of the dome and the optic
nerve, using constructive interference in steady-
state sequence.

13.3.2 Suction Decompression

Suction decompression via the cervical carotid
artery and detachment of aneurysm from the
nearby anatomical structures (e.g., optic nerve)
are necessary for big and giant aneurysm. We
also may prepare the carotid at cervical level to
use it as a proximal control or angiography dur-
ing surgery (Fig. 13.7).

Fig. 13.6 Contraindications for anterior clinoidectomy such as caroticoclinoid foramen (a, CCF) and interclinoid osse-
ous bridge (b, IOB) should be assessed preoperatively
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Fig. 13.7 Suction decompression (b and ¢) to expose and secure the cervical carotid artery (a) also helps proximal
control of the internal carotid artery (ICA). CCA common carotid artery, ECA external carotid artery

13.3.3 Bypass Procedure
(Revascularization)

High-flow bypass should be prepared, if neces-
sary. If the aneurysm cannot be clipped for any
technical reasons, either it calcified at the neck
area or sclerotic, then bypass surgery is necessary
from extracranial carotid artery to M2 segment of
MCA; we may use the radial artery or saphenous
vein.

13.3.4 Intraoperative Angiography

During surgery, it is necessary to confirm com-
plete secure of the aneurysm and also needs to
confirm the preservation of branches and parent
artery flow, by using the intraoperative angiogra-
phy. Therefore, the radiolucent Mayfield head
clamp is helpful.

13.3.5 Spinal Drainage

There is some advantages of spinal drainage to
enhance the brain relaxation during surgery,
which enable to get more wide epidural space
during extradural surgical procedure. In addition,
these procedures may reduce the occurence of
CSF leakage postoperatively.

13.3.6 Intraoperative Monitoring

Intraoperative monitoring of the motor-evoked
potential (Fig. 13.8b) and visual-evoked poten-
tial (Fig. 13.8a) is mandatory for safe clipping.

13.3.7 Instruments for Anterior
Clinoidectomy

A 6-mm coarse burr drill is useful for removing
the lateral part of sphenoid bone. Sharp dissec-
tors are needed for gently detaching lateral wall
of cavernous sinus. A 2-mm or 3-mm coarse burr
drill is useful for drilling of the ACP. In addition,
an irrigation suction system, micro-rongeur, and
micro-punch are necessary to minimize mechani-
cal or avoid heating the optic nerve.

13.3.8 Approach

As mentioned before, removing of ACP is one of
the very important steps to have a safe clipping of
paraclinoid aneurysm. The pterional trans-
Sylvian approach with intradural anterior cli-
noidectomy and the Dolenc approach of
combined extradural and intradural clinoidec-
tomy are usually used to treat paraclinoid aneu-
rysms, but both approaches have advantages and
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Fig. 13.8 Preparation for intraoperative visual-evoked potential (a) and motor-evoked potential monitoring (b)

disadvantages [3]. The pterional trans-Sylvian
approach with intradural anterior clinoidectomy
has the advantage of adequate exposure to dissect
the aneurysm but carries a critical risk of destruc-
tive injury of the ICA, optic nerve, and aneurysm,
even if protected by the dural flap. The extradural
temporopolar approach is an epidural approach
involving the moving of temporal lobe posteri-
orly with the dura mater [4, 5] and includes extra-
dural anterior clinoidectomy, optic canal opening,
detaching lateral wall of cavernous sinus, and
then retraction of temporal lobe over the dura
mater. Such epidural temporal lobe retraction is
less likely to cause temporal lobe contusion and
critical injury during anterior clinoidectomy.

13.4 Steps of the Surgery
13.4.1 Patient Position

After the patient was put to sleep and placement
of the lumbal drain for CSF aspiration, the patient
is placed in supine position and head rotated to
contralateral side of operative field about 30°,
slightly extended to have the anterior cranial
fossa perpendicular to the floor. Neck should be

Fig. 13.9 Scheduled skin incision and frontotemporal
craniotomy

slightly extended and elevated to avoid venous
congestion. Additional slight lateral extension of
the head helps to expose the carotid ICA
(Fig. 13.9).

13.4.2 Skin Incision
The skin is cut half coronal and then inter-fascial

separation is performed. Retract the temporal
muscle to inferior without incision. The cervical
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common carotid artery, ICA and ECA will be
prepared for many purposes later on such as
proximal control, angiography during surgery,
suction decompression if necessary, or even high-
flow bypass if the patient needs it.

13.4.3 Craniotomy

Frontotemporal (pterional) bone flap is opened
until supraorbital notch, the squama part of the
temporal bone is removed until we expose the
middle cranial floor, and on top of that we could
add osteotomy of orbitozygomatic, if orbitozygo-
matic approach is needed for a large or giant
aneurysm. It is easier to cut the orbitozygomatic
bar in the two-piece method. Subperiosteal dis-
section is done for frontal and temporal. Then
drill the lesser wing of the sphenoid until it
becomes flat, and combine with the use of a ron-
geur; it is necessary to expose the meningo-
orbital band. Keep dissecting the dura, and
expose the superior orbital fissure (SOF) and
foramen rotundum (Fig. 13.10). After the roof of
the SOF is exposed, we need to identify intersec-
tion of periosteal dura and dura propria of tempo-
ral lobe. The bone around the meningo-orbital
band needs to be drilled, and then incise the band
about 4-mm length (Fig. 13.11). Gently detach
the dura propria from the lateral wall of the SOF
in order to expose ACP from extradural
(Fig. 13.12). It is important to preserve spheno-
parietal sinus while detaching dura propria and

Fig. 13.10 After frontotemporal craniotomy. The fora-
men rotundum (FR) and superior orbital fissure (SOF) are
exposed

Fig. 13.11 Cutting the meningo-orbital band (MOB).
SOF superior orbital fissure

Fig. 13.12 After peeling of the dura propria (DP) of the
temporal dura mater and epidural exposure of the anterior
clinoid process (ACP). VI ophthalmic branch of the tri-
geminal nerve, V2 maxillary branch of the trigeminal
nerve, SOF superior orbital fissure

stop detaching at location where the cavernous
sinus receives the blood from the sphenoparietal
sinus. It is done to avoid venous congestion
postoperatively.

13.4.4 Opening the Optic Canal
and then Complete Removal
of ACP

Orbital roof is drilled gently until it is as thin as
the eggshell layer. Following the SOF laterally,
identify the base of ACP, and then open the orbit
at its posterior part. Expose the periorbital, and
detach it from inside of orbit with preservation of
the periorbital fat. The optic nerve is identified as
it exits the optic canal. Start drilling the ACP from
lateral to medial part; having plenty of saline irri-
gation is needed to avoid heat injury. Open the
optic canal at medial part of ACP by using
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Fig. 13.13 Completion of epidural procedures after
removal of the anterior clinoid process and opening of the
optic canal. /I optic nerve, VI ophthalmic branch of the
trigeminal nerve, V2 maxillary branch of the trigeminal
nerve, C3 clinoid segment of the internal carotid artery,
DP dura propria, SOF superior orbital fissure

micro-punch, with thinning of the bone along the
medial and anterior surfaces of the clinoid process.
Dirill the core of ACP by using 2-mm coarse dia-
mond, and then it’s dissected away from carotid-
oculomotor membrane. At the end, we may gently
remove ACP, and it usually will be followed with
cavernous sinus bleeding and easily be managed
with cottonoid and fibrin glue (Fig. 13.13).

13.4.5 Removing Optic Strut
to Insert the Clip Blades

The half opening of optic canal can be enlarged
by a micro-punch, and the rest of the optic strut
(between the opened clinoid space and optic
canal) can be taken by small diamond drill or
using a fine micro-punch to get a space for clip
blade insertion.

13.4.6 Open the Dura and Sylvian
Fissure Dissection

The dura is opened following the Sylvian fissure
and then extended inferiorly and medially to
reach the optic nerve level. Wide dissection of
Sylvian fissure helps to minimize brain retraction
when we need to expose the optic nerve and
ICA. During the dissection, it is necessary to
identify the PCoA and anterior choroidal artery.

In addition, horizontal portion of anterior cere-
bral artery must be dissected.

13.4.7 Cutting Falciform Ligament
and DDR

Sharp cut of falciform ligament to the optic nerve
is made with microscissors in order to be able to
move the optic nerve (Fig. 13.14). Another cut is
made across the DDR; the purpose is to find oph-
thalmic artery origin and to get more room to
mobilize the ICA (Fig. 13.15).

13.4.8 Clip Application

The dome projection and the relationships
between the parent artery and aneurysm dome

Fig. 13.14 The falciform ligament (FL) and the distal
dural ring (DDR) are incised. /I optic nerve, C2 ophthal-
mic segment of the internal carotid artery

Fig. 13.15 Additional incision is made across the distal
dural ring to expose and identify the origin of the ophthal-
mic artery and to mobilize the internal carotid artery
(ICA). II optic nerve, C3 clinoid segment of the ICA
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Fig. 13.16 After neck clipping of the paraclinoid aneu-
rysm. /I optic nerve, C2 ophthalmic segment of the inter-
nal carotid artery

depend on the clip selection [1, 6, 7]. In most
situation, the supra-clinoid-type or small oph-
thalmic artery aneurysms just require a simple
straight or slightly curve clip (Fig. 13.16). Side-
curved clips also can be used for its configura-
tion. In contrast, angled fenestrated clips are
typically required for infra-clinoid-type aneu-
rysms such as superior hypophyseal artery aneu-
rysms or carotid cave aneurysms, particularly
large or giant aneurysms.

13.4.9 Suction Decompression (If
Necessary)

Suction decompression is useful for detach-
ment of aneurysm dome from the adjacent neu-
rovascular structure such as optic nerve
(Fig. 13.17).

13.4.10 Hemostasis and Closure

If during the clinoid drilling we get in to the eth-
moidal cells, the chance of CSF leakage is high.
It is necessary to pack the ethmoidal cells with
periosteum or fat and then sealed with fibrin glue.
Skull is fixed with titanium plates, a subcutane-
ous drain is placed, and the wound is closed as
usual.

13.5 Expert Opinion/Suggestion
to Avoid Complication

13.5.1 Avoiding Visual Disturbance
(Optic Nerve Injury)

Continuous irrigation with cold water is manda-
tory during drilling procedures to avoid heat
injury. While dissecting the aneurysm from
optic nerve, meticulous manipulation and mini-
mal use of bipolar coagulation are extremely
important to spare the microvessels of the optic
nerve. Suction decompression is also useful to
perform complete dissection safely without
optic nerve injury.

13.5.2 Avoiding CSF Leakage
(Rhinorrhea)

The presence of sphenoidal sinus extension into
the ACP (pneumatization) should be assessed
preoperatively. During drilling of the ACP, avoid
going in to optic recess of sphenoid sinus or even
ethmoid air cells. The dural ring needs to be
sealed with temporal fascia and fibrin glue.
Spinal drainage is useful to prevent CSF leakage
postoperatively, and it should be maintained for
several day.

13.5.3 Intraoperative Rupture
of the Aneurysm

The cervical ICA is secured for proximal
control.

13.5.4 Occlusion and Injury
of Ophthalmic Artery or ICA

The course of ophthalmic artery must be con-
firmed just before cutting the DDR and after clip
placement. Intraoperative angiography or indo-
cyanine green videoangiography is useful to
check preservation of the parent artery and com-
plete clipping.
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Fig. 13.17 Suction decompression (b and c¢) is useful for
detachment of the aneurysm dome from the surrounding

13.6 Things to Be Observed
and Postoperative Care/
Follow-Up

3D-CT angiography or MR angiography is for
postoperative confirmation of complete aneu-
rysm occlusion and ensures patency of parent
artery. Close observation and treatment are
needed if vasospasm occurs in patients with

anatomical structures such as the optic nerve (II) (a) and
for complete clipping (d). C2 ophthalmic segment of the
internal carotid artery

ruptured aneurysm. CSF leakage and visual dis-
turbance  should be closely monitored
postoperatively.
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14.1 Sign and Symptoms

Anterior communicating artery (AComA) aneu-
rysms are among the most common aneurysms in
different case series. They compose 36 of 175
cases (20.6%) in our latest case series of unrup-
tured aneurysms coming second only after mid-
dle cerebral artery aneurysms (69 cases) [1]. In
case series of ruptured aneurysms, the incidence
is higher, and around 30—40% of all intracranial
aneurysms are located in the AcomA region.
Their presentation with subarachnoid hemor-
rhage (SAH) is not essentially different from
other aneurysms and will not be repeated in this
chapter again. Here, we do not intend to make an
exhaustive review of different aspects of medical,
interventional, or surgical management of these
aneurysms. Instead, we will explain the most
important pre-, intra-, and postoperative aspects
observed in our institute.
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14.2 Investigation

To evaluate any patient with subarachnoid
hemorrhage or any candidate for aneurysm
screening, we request 3D CT angiography
(CTA), and digital subtraction angiography is
performed only when 3D-CTA is negative for
any aneurysm in spite of high clinical suspicion
for one [2].

There are important anatomical points which
should be paid attention on CTA that may affect
our decision-making before or during the opera-
tion. Aneurysm projection, the location of neck
and dome of aneurysm, its height and distance
from the planum sphenoidale, and most condi-
tion of A2 fork are the factors affecting our surgi-
cal planning. Here, we describe the most
important factors and explain how they are piv-
otal for decision-making.

14.2.1 Aneurysm Projections

Figure 14.1 demonstrates four types of projec-
tions of AComA aneurysms.

Each of these projections may obscure some
portions of the contralateral Al, A2, or optic
nerve which is dependent on the side of the
approach.

Posterior projecting aneurysms require special
attention: very important tiny perforators are
stretched over the posterior wall of these aneu-
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rysms. When approached from the side with A2
posterior to the aneurysm, the neck or the poste-
rior stretched perforating arteries cannot be
reached and dissected efficiently.

14.2.2 A2 Fork

Bilateral A2s and the AComA are named A2 fork.
At the level of AComA, one A2 is usually ante-
rior to the other making the AComA run obliquely
instead of in the coronal plane.

Fig. 14.1 Different projections of anterior communicat-
ing artery aneurysms. (a) Inferior-, (b) anterior-, (¢) poste-
rior-, and (d) superior-looking aneurysms. All the views
are from open A2 fork except for the posterior-looking

When the complex is approached from the side
with the anteriorly located A2, the AComA is hid-
den behind it, and so, the complex is called closed
A2 fork. In contrary, when the same complex is
approached from the side with the A2 located pos-
teriorly, the AComaA is very well visible, and the
complex is named open A2 fork (Fig. 14.1).

We approach the AComA aneurysms from the
side with open A2 fork because the neck of the aneu-
rysm is usually anterior or superior to the AComA
and visible from this side. Posterior-looking aneu-
rysms are exception to this rule, as their neck is

b

aneurysm (d) which is viewed from the close A2 angle
(i.e., the ipsilateral A2 is anterior to the contralateral one).
Anterior- and inferior-looking aneurysms (a and b) may
conceal the contralateral Al
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located posterior to the AComA and should be
approached from the side with the closed fork.

14.3 Preoperative Preparation

Although recommended by some authors, insert-
ing a lumbar drain to relax the brain is not neces-
sary in our idea. We administer a dosage of
mannitol (1 g/kg) just before the incision, and if
blood pressure is not too low, we inject furose-
mide (2040 mg) as well. Routine precautions
for patient positioning (e.g., padding and elastic
bandage of the lower limbs) are taken.

We use intraoperative indocyanine green
(ICG) video angiography (VA) to check every
step of the surgery [3]. If not available, intraop-
erative conventional angiography is recom-
mended to make sure of appropriate clipping and
preservation of the vessels at the conclusion of
the surgery. Also, we use intraoperative endos-
copy to check anatomical details hidden under
microscope before and after clipping [4].

14.3.1 Approach

To reach AComA aneurysms, several corridors
such as pterional, orbito-zygomatic extension,
and interhemispheric approaches have been
described. Here, we only explain pterional
approach to these lesions as most of the AComA
aneurysms can be dealt with this approach. Only
for very high located aneurysms, we may use
interhemispheric approach. We have not found
orbito-zygomatic extension necessary for any of
our patients as with proper dissection of the syl-
vian fissure and cisterns; the aneurysm can be
approached without or with only minimal retrac-
tion on the frontal lobe.

For pterional transsylvian approach, the
patient is positioned supine with his/her trunk
elevated about 20°. We use Sugita head holder to
secure the patient’s head and turn it to the contra-
lateral side between 30° and 45° (Fig. 14.2).

Incision is made 5 mm anterior to the tragus
and superior to the zygomatic arc toward the mid-
line (Fig. 14.2). A submuscular or interfascial tem-
poralis flap is turned to expose the bony anatomy.

Fig.14.2 Patient positioning for a classic frontotemporal
craniotomy for an anterior communicating artery aneu-
rysm. The incision line is marked on the skin

Fig. 14.3 The location of burr hole and craniotomy for a
pterional approach for anterior communicating artery
aneurysm

One burr hole above the pterion is made, and a
fronto-temporo-sphenoidal bone flap is removed
with the help of craniotome (Fig. 14.3). The
sphenoid ridge is removed with a bone rongeur
or high-speed drill. This step helps the surgeon
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to reach the aneurysm with less retraction on the
frontal lobe as this bony structure may obscure
the field of view. If required, the orbital roof can
also be drilled and flattened for a better view of
the aneurysm complex.

14.4 Steps of the Surgery

The dura is incised with its base toward the pterion
(Fig. 14.4). Then, under microscopic magnifica-
tion, the sylvian fissure is incised with a needle or
arachnoid knife. This is important to open the
arachnoid layer on the frontal side of the sylvian
vein(s) to keep them safe on the temporal side while
inserting retraction on the frontal lobe (Fig. 14.5).
To have an appropriate view of the aneurysm com-
plex, one should perform a wide sylvian fissure dis-
section to expose the complex with minimal
retraction on the frontal lobe. Surgeon should keep
it in mind to release the retractor every now and
then to prevent ischemic injury to the frontal lobe.
While opening the sylvian arachnoid layers,
a slight retraction on the frontal lobe should be
exercised to keep the arachnoid membranes under
tension: this makes the dissection with micro-
scissors easier and safer as one can see behind
the arachnoid layers. You can use a self-retraining

retractor on the frontal lobe or may use a blunt
suction with your non-dominant hand to retract
the frontal lobe. The latter requires more expe-
rience but is more desirable as less retraction is
exerted on the brain parenchyma. Copious or
water jet irrigation helps with better sylvian fis-
sure dissection especially in patients with ruptured
aneurysms whose arachnoid layers are extremely
adhesive. While dissecting the deep sylvian cis-
tern, no artery should be cut, and extreme care
should be exercised to preserve all the veins as
much as possible. Fine arachnoid trabecula are
separated and cut with sharp dissection or occa-
sionally by gentle maneuvers of bipolar tips.
After reaching into the parasellar cisterns, we
may require to change the trajectory of the micro-
scope. There is an arachnoid layer connecting the
optic nerve to the frontal lobe which we name
“white line” or “Sano’s line” (Fig. 14.6). This
arachnoid is the first to be dissected after opening
the sylvian fissure and should be cut I mm away
from the frontal lobe to prevent any vascular
injury to the brain which may result in cognitive
symptoms. Dissecting this line allows the surgeon
to mobilize the frontal lobe without retracting the
optic complex. By opening the carotid cistern and
cerebrospinal fluid (CSF) drainage, we will make
the brain even more relax. Arachnoid layer
between the ICA and the optic nerve should be
dissected until reaching the ICA bifurcation.
Dissection of the chiasmatic cistern helps with

Fig. 14.4 A frontotemporal craniotomy after removing
the bone flap. The sphenoid wing and the orbital roof will
be flattened with a high-speed drill or bone rongeur. Base
of the dura incision is toward the sphenoid wing

Fig. 14.5 The arachnoid layer between the superficial
sylvian vein(s) and the frontal lobe is incised to dissect the
sylvian fissure. Slight retraction is put on the frontal lobe
to keep the arachnoid layer under constant tension to ease
the dissection
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Fig. 14.6 Anterior basal cisterns around the carotid
artery, its branches, and the optic nerve. The arrow is
referring to the white line or “Sano’s line”: the arachnoid
layer attaching the frontal lobe to the optic nerve

more CSF drainage and easier frontal lobe detach-
ment from the optic apparatus. The cistern of the
lamina terminalis should be opened along the
inferior border of Al toward the aneurysm com-
plex. This method preserves the perforating arter-
ies arising from the posterosuperior surface of Al.
By following the A1 artery and crossing the optic
chiasma, the contralateral A1l is reached and dis-
sected inferiorly to be sure of the contralateral
proximal control if needed. However, we do not
use proximal temporary clips (either ipsi- or con-
tralaterally) in unruptured aneurysms routinely.

We do not routinely open the lamina termina-
lis except in hydrocephalic patients where it has
been shown to reduce the chance of shunt depen-
dency in the future. When the surgeon decides to
open the lamina terminalis, he/she should be
careful not to injure optic chiasma inferiorly or
anterior commissure superiorly.

14.4.1 Proximal Control Clipping

As mentioned above, we do not recommend rou-
tine application of proximal control clipping in all
cases. In ruptured aneurysms and in large unrup-
tured cases, we advocate proximal clipping to
soften the aneurysm and keep on the safe side in
case of any premature rupture. The best place for
inserting the temporary clip is the middle third of
the A1. A more proximally placed clip may injure
the perforating arteries arising from the proximal
half of Al, and a more distally placed clip may
obscure the surgical view and interfere with
proper dissection of the aneurysm neck.

14.4.2 Gyrus Rectus Resection

Dissecting and separating the interhemispheric
fissure to expose an unruptured aneurysm are
usually all needed. But for ruptured aneurysms
where the interhemispheric fissure is adhesive
and for large, high riding or posterior-looking
unruptured aneurysms, resection of the adjacent
gyrus rectus is recommended. For gyrus rectus
resection, place the tip of blade just lateral to the
A1 where it disappears in the fissure and medial
to the olfactory nerve. Two arteries, namely,
recurrent artery of Heubner and fronto-orbital
artery should be protected and preserved during
the resection.

Set bipolar at minimal possible voltage and
coagulate the pia meter of the gyrus rectus. After
cutting the pia, start removing the gyrus with a
blunt-tipped suction. The medial pia should be
left over the aneurysm to avoid inadvertent
rupture (Fig. 14.7). Resection of the gyrus is safe
as posterior as AComA to avoid the posteriorly
located perforating arteries.

14.4.3 Aneurysm Dissection
and Clipping

Before dissecting the aneurysm, bilateral A1 arter-
ies should be dissected, and with a blunt dissector,
check for the probable place of temporary blades.
However, exposing the contralateral A1 may not
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Fig. 14.7 After resecting the gyrus rectus, ipsi- and con-
tralateral A2s should be dissected apart from the aneu-
rysm neck to prepare it for the final clipping

be possible or safe in case of inferior or anterior-
looking aneurysms. In this step of surgery, the
ICG-VA and endoscope are helpful to localize tiny
perforating arteries which should be dissected off
the aneurysm. The neck of the aneurysm should be
dissected before the dome as it is likely to rupture.
Any time during dissection if the chance of rupture
is felt, insert proximal temporary clips.

There are some general precautions for clip-
ping these aneurysms. The clip should be applied
as parallel as possible to the parent artery. Tips of
the clip should not be too long to injure the perfo-
rators/structures behind the aneurysm. To check
for this, one can use endoscope, ICG-VA, or
Doppler ultrasound.

14.4.4 Superior Projecting
Aneurysms

The aneurysm neck might be attached to the
proximal A2 bilaterally. So, enough space for the
blades of the clip should be cleared on proximal

A2s and around the aneurysm neck. Before clip-
ping, we usually check the contralateral proximal
A2 with endoscope. Most AComA aneurysms
can be obliterated with a straight aneurysm clip
1.5 times as much as the neck and parallel to the
AComA. After clipping, contralateral A1-A2
complex and perforators should be checked with
endoscope and ICG-VA.

14.4.5 Anterior Projecting
Aneurysms

In these aneurysms, contralateral Al and A1-A2
junction are usually obscured by the aneurysm.
As dissection of the contralateral Al is not pos-
sible before clipping the aneurysm, these aneu-
rysms are usually approached from the side with
dominant Al. A straight clip is usually applied
parallel to the AComA to secure the aneurysm,
and then, the patency of the contralateral A1 and
A2 is checked with ICG-VA and endoscopy.

14.4.6 Inferior Projecting Aneurysms

The aneurysm dome is usually attached infe-
riorly to the optic chiasm, so, the frontal lobe
should be retracted very gently to avoid prema-
ture rupture of these aneurysms. Again, as they
cover the contralateral Al artery, they should
be approached from the side with dominant A1.
A straight clip is usually needed to secure the
neck. After clipping, the aneurysm should be
dissected off the chiasma to release its pressure
on optic system and check the patency of the
contralateral Al artery.

14.4.7 Posterior Projecting
Aneurysms

As discussed earlier, these aneurysms are
approached from the close A2 fork side. After
dissecting behind the ipsilateral A2, the aneu-
rysm is encountered with perforators stretched
over its posterior wall. Hypothalamic artery that
arises at the junction of A1-A2 is the most impor-
tant perforator, though it is not present in all
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cases. Perforating arteries do not need to be
entirely dissected off the aneurysm, and enough
space for clip passage is all needed. A straight
clip parallel to the AComA usually obliterates the
aneurysm, but if the ipsilateral A2 is not mobi-
lized anteriorly, a fenestrated clip to incorporate
the A2 artery might be used. Again, check the
integrity of the perforators and contralateral A2 at
the conclusion of clipping.

14.5 Surgeon Plan to Handle
the Complication

Immediate postoperative neurological deficits
or incomplete recovery from anesthesia should
be promptly worked up by a plain brain CT
scan, and any major complication (e.g., surgi-
cal site hematoma) should be dealt with accord-
ingly. As the normal brain CT scan does not rule
out early cerebral ischemia, a vascular study
and brain MRI might be indicated for further
evaluation of the patient. Vasospasm after sur-
gical treatment of ruptured aneurysms usually
happens in distal anterior cerebral artery ter-
ritories presenting with lower limb weakness.
Though there is no strong evidence to support
triple-H therapy, we keep the patient slightly
hypertensive as soon as securing the aneurysm
[5]. Nimodipine is administered prophylacti-
cally in all ruptured cases, and in case of symp-
tomatic vasospasm, endovascular intra-arterial
Papaverine is injected.

14.6 Expert Opinion/Suggestion
to Avoid Complication

Venous infarction can happen due to prolonged
brain retraction or coagulation of the veins during
sylvian fissure dissection. Appropriate head and
trunk positioning, wide sylvian fissure dissection
with preserving the veins, extensive cisternal dis-
section and copious CSF drainage, and judicious
gyrus rectus resection help the surgeon with
exposing the aneurysm with minimal brain retrac-
tion. Intermittent release of the retractor should
become a common practice to avoid venous
drainage impairment and its consequences.

Optic apparatus injuries can happen due to
direct trauma, compression from aneurysm clips,
or arterial injuries. Meticulous cisternal dissec-
tion and preservation of tiny arterial feeders to
the optic nerves should be performed to avoid
such injuries. Also, both temporary and perma-
nent clips (especially for inferior-looking aneu-
rysms) should be placed in a trajectory that does
not compress the visual structures.

Multimodality monitoring of the patients dur-
ing aneurysm surgeries has been associated with
improved outcome in recent years. Endoscope-
assisted microsurgery of aneurysm is a common
practice in many centers treating such patholo-
gies. Visualizing the corners concealed behind
the superficial structures gives some information
about the contralateral A2 and perforating arter-
ies and their relations to the hidden side of the
aneurysm [4]. Also, after inserting the clip, the
endoscopic view shows the relation of the clip
blades to the perforators and confirms complete
occlusion of the aneurysm neck.

Another monitoring modality is ICG-VA: it
confirms appropriate occlusion of the aneurysm
and the patency of the bilateral A2 and perforat-
ing arteries [3]. Though there are emerging data
considering a role for FLOW 800 software of
ICG-VA to quantify blood flow before and after
clipping, we still do not rely on such semiquanti-
tative data. Instead, whenever we want to mea-
sure blood flow and its changes before and after
clipping (e.g., in aneurysms with severely athero-
sclerotic parent arteries), Doppler ultrasound
(20 MHz probe) is used. Although recommended
by some, we do not advocate routine intraopera-
tive monitoring of somatosensory or motor-
evoked potentials for these patients.

14.7 Things to Be Observed
and Postoperative Care/
Follow-Up

If the postoperative course is uneventful, we
routinely perform 3D CT angiography and per-
fusion CT scan on the 7th postoperative day to
check appropriate closure of the aneurysm neck
and subclinical vasospasm on perfusion CT.
However, if the patient develops neurological
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symptoms, an earlier CT angiography and brain
MRI are performed, and if not conclusive, a
digital subtraction angiography is requested. For
patients presenting with SAH, nimodipine will
be continued for at least 2 weeks from the attack
and tapered in case of normal perfusion CT scan.
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Surgery of Middle Cerebral Artery

15

(MCA) Aneurysm

Fusao lkawa

15.1 Sign and Symptoms

Middle cerebral artery (MCA) aneurysm is one of
the most popular cerebral aneurysm. The inci-
dence of ruptured MCA aneurysm is about 21%
(which is the third incident). The first incident is
anterior communicating artery (AcomA) aneu-
rysm about 40%, and the second is internal carotid
artery (ICA) aneurysm about 30% [1]. The most
popular portion of MCA aneurysm is M1-M2
bifurcation, and the incidence is 80-85%. MCA
aneurysms occasionally arise at the origin of the
anterior temporal branch or at the origin of the
lenticulostriate arteries. In the rare event that an
MCA aneurysm occurs distally in the sylvian fis-
sure, it may become a giant, heavily thrombosed
aneurysm so-called giant serpentine aneurysm
(Fig. 15.1) [2]. However, small aneurysm that
arises far distally in the MCA is usually mycotic.
MCA aneurysm can be bilateral and in patient
with mirror aneurysms is sometimes difficult to
determine which one has bled.

In the report according to the anatomical rela-
tionship of ruptured and unruptured MCA aneu-
rysm, the factors of rupture by multivariate
analysis were first perpendicular to the height/
neck diameter, second flow angle, and third M 1—
M2 angle. MCA aneurysm is located relative
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superficial in sylvian fissure. It is relatively easy
to find MCA aneurysm than other aneurysms.
However, the neck dome ratio is larger than other
aneurysms. Branches of the MCA may emerge
from the sac or neck of MCA aneurysms, making
their treatment quite complicated. Therefore, sur-
gical clipping is preferable to coil embolization
in treating MCA aneurysm even now. So, we
neurosurgeons must learn harder about the fea-
ture, specificity, the method of simulation, intra-
operative monitoring, and surgical technique of
MCA aneurysm.

Overall patient outcomes are mostly deter-
mined by preoperative state, and the surgical-
related morbidity is actually low. The preoperative
poor Hunt-Hess grade is a strong indication
endovascular coiling, except if they have a big
temporal hematoma that needs to be evacuated.
Also, some patient may benefit from hemicrani-
ectomy. Open surgery may provide the chance to
do reconstruction clipping of the majority MCA
aneurysms; additional to that at the same time,
surgeon may be able to do thrombectomy, bypass,
or even entrapment of the aneurysm.

On the other hand, about unruptured MCA
aneurysm, the number of registered unruptured
MCA aneurysm has the most number in record,
and the rate is 36%; however, rupture rate is half
of AcomA and ICA aneurysm according to
UCAS Japan [3]. In our experience, there is no
permanent neurological deficit of 78 cases of
unruptured MCA aneurysms [4].
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Fig. 15.1 Giant serpentine aneurysm. (a) Gd-enhanced
MRI Tl1-wighted image revealed partial thrombosed
giant aneurysm in left hemisphere. (b) Digital subtrac-
tion angiography(DSA) showed giant serpentine aneu-
rysm in capillary phase. (¢) Postoperative FLAIR image

demonstrated disappearance of mass effect. (d) AP view
of left internal carotid angiography showed no aneu-
rysm. (e) Lateral view of left external carotid angiogra-
phy showed middle cerebral artery from superficial
temporal artery
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15.2 Investigation and Imaging

Recently, the quality of computed tomography
angiography (CTA) was improving. The first
diagnostic imaging modality after subarachnoid
hemorrhage (SAH) is CT scan, second diagnos-
tic imaging modality about information of rup-
tured aneurysm is not digital subtraction
angiography (DSA) but CTA now in almost
institutes in Japan. Actually, we can operate sur-
gical clipping only information by CTA without
DSA. CTA have the information not only of the
artery but also of the vein and bone. If CTA can-
not reveal the ruptured aneurysm, DSA is con-
sidered for further investigation. Magnetic
resonance image (MRI) can show the additional
information about aneurysm of intra-aneurys-
mal thrombosis or perianeurysmal edema.

15.3 Preoperative Preparation
and Simulation

Important preoperative informations by imaging
are the following [5]: first the length of M1 seg-
ment, second the curvature of M1 segment, third
the direction of aneurysm, fourth the location of
rupture point, fifth the length between aneurysm
and sylvian vein and/or skull base, sixth the rela-
tionship between aneurysm and sphenoidal
ridge, and seventh the shape and the number of
superficial sylvian vein. The preoperative simu-
lation by 3D CTA is more useful because of the
information not only of the artery but also of the
vein and skull bone. We can decide the dissec-
tion point of sylvian fissure and the length
between aneurysm and sylvian vein or skull base
preoperatively.

In few straightforward cases, no need to rou-
tinely expose the entire M1 prior to aneurysm
dissection. To translate the imaging informa-
tion to the surgical planning is very important.
The surgeon needs to address few thinking such
as: how does he want to start the sylvian fissure
dissection? How he should avoid premature rup-
ture either by his retractor placement of his sur-
gical maneuver? And where approximately the

aneurysm located and where he will prepare for
the proximal control?

On the anteroposterior (AP) view of the
CTA, DSA, and MRA, it is important to evalu-
ate the curvatures and length of the MI1 to
establish proximal control. Namely, when the
M1 is straight and long, it is easy to expose the
proximal M1 to the aneurysm by distal trans-
sylvian approach. Regardless of the length of
M1, if the M1 can curve downward toward the
skull base, it is easier to just expose the M1
segment to the aneurysm by distal transsylvian
approach. If the segment of M1 is long, we can
capture more easily proximal M1 to the aneu-
rysm by distal transsylvian approach, because
direct dissection of sylvian fissure reaches the
proximal M1 segment. However, aneurysms
may be located superficially and within the
temporal lobe. It is more dangerous to dissect
the superficial sylvian fissure near the skull
base, and distal and deep sylvian fissure are
safer portion to dissect. When the M1 can be
short and curve upward toward the anterior
perforated substance and limen insula, it is dif-
ficult to expose the M1 segment only by distal
transsylvian approach because M1 segment
may be hidden by the anterior perforated sub-
stance and limen insula.

15.4 Steps of the Surgery
15.4.1 Position (Fig. 15.2)

The patient is placed in a supine position with the
head maintained at 20—40° rotation opposite side
of the craniotomy. The backboard was tilted up
about 20°. With extension of the head and neck,
the frontal lobe falls away from the floor of the
frontal cranial fossa slightly.

15.4.2 Skin Incision (Fig. 15.3)

The hair is shaved partially even in the case of
SAH, and cork screw electrodes for transcranial
motor-evoked potential (MEP) are placed in both
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Fig. 15.2 Positioning. The patient is placed in a supine
position with the head maintained at 20—40° rotation
opposite side of the craniotomy. The back plate was tilted

Fig. 15.3 Skin incision, craniotomy incision, and dural
incision. Skin incision (arrow head) is from the front of
ear to midline of forehead. With two burr hole, cosmetic
osteotomy is performed by electric craniotomy. The
pterion is cut by chisel and hammer with minimum bone
defect (arrow). Superficial temporal artery (STA) should
be preserved during skin incision. Semicircular dural inci-
sion (open arrow)

sides of the head (Fig. 15.4). Skin incision is
from the front of ear to midline of forehead.
Superficial temporal artery (STA) should be pre-
served during skin incision, because STA will be
necessary in case of large or giant MCA aneu-
rysm or troublesome cases.

up about 20° (arrow). With extension of the head and
neck, the frontal lobe falls away from the floor of the fron-
tal cranial fossa slightly

15.4.3 Craniotomy (Fig. 15.3)

With two burr holes, cosmetic osteotomy is per-
formed by electric craniotomy. The pterion is cut
by chisel and hammer with minimum bone defect
as much as possible. After removing the bone
flap, the outer sphenoid wing is removed down
to the meningo-orbital band. The outer sphenoid
wing is removed with a rongeur. However, if a
patient has a large or giant aneurysm or has a tight
brain following SAH, the surgeon may also per-
form wide osteotomy, which entirely removes the
pterion from the surgical field and thus increases
the workspace. In the case of severe brain swell-
ing due to SAH and sylvian hematoma, external
decompression is performed.

15.4.4 Dural Incision (Fig. 15.3)

The dura mater is tacked to the bone margins.
After the semicircular dural incision, dura is
opened and reflected over the sphenoid wing and
temporal muscle to prevent blood from running
into the operative field.

15.4.5 Dissection of Sylvian Fissure

To expose an MCA aneurysm, the surgeon must
open the sylvian fissure widely. First, we start by
splitting the sylvian fissure from distal side, begin-
ning approximately 4-5 cm posterior to the
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Fig. 15.4 Transcranial motor-evoked potential. Hair is shaved partially even in the case of SAH, and cork screw elec-
trodes for transcranial motor-evoked potential (MEP) are placed in both sides of the head

pterion. We cut the arachnoid membrane with
proper tension using fine tip forceps and micro-
scissors. Usually the arachnoid is opened between
the large sylvian veins. We can avoid cutting the
vein and bleeding by only cutting the arachnoid
membrane above the veins. We can preserve any
small veins by only cutting the arachnoid mem-
brane even in the case of SAH. The surgeon can
begin gradually by separating the frontal and tem-
poral lobes with microforceps and microscissors,
achieving gentle retraction with the suction tip
and, occasionally, a self-retaining retractor. The
proximal aspect of the fissure is opened from the
inside out and the outside in to avoid damage to
the interdigitated frontal and temporal operculae.
This technique is useful principle for neurosurgeon
because it is difficult for the surgeon to open the
adhesive opercula. Therefore, it is important for us
to reach the deep sylvian fissure of insula with
perivascular cistern and less adherent area.

From dissecting the distal sylvian fissure, M3
segment is easily caught and confirmed and follow-
ing M3 segment reached M2 segment. This visible
M2 segment in front of you is expected to be supe-
rior or inferior trunk by simulating preoperatively;
however, especially in SAH case, its confirmation
is sometimes difficult because of subarachnoid
clot. It is important to irrigate the subarachnoid clot
enough, and we can confirm this visible M2 seg-
ment is superior or inferior trunk by careful obser-

vation. For patients who undergo acute surgery for
large temporal hematoma, we usually make a small
incision in the middle temporal gyrus, decompress-
ing the hematoma partially. The surgeon can facili-
tate brain relaxation by further aspirating
cerebrospinal fluid from the ventricle drainage. The
surgeon separates the frontal and temporal lobes,
usually, the arachnoid membrane is opened supero-
medial to the superficial middle cerebral vein, and
the opening is extended to the pterion.

15.4.6 Selection of Proximal
and Distal Approach

A principle of aneurysm surgery is capturing the
proximal artery to the aneurysm. Whichever
approach you select, you must catch the proximal
artery to the aneurysm. In some MCA aneurysms,
the widely careless dissection of sylvian fissure
to reach the internal carotid artery is dangerous,
because the aneurysm is located near beneath the
sylvian vein which is very superficially than we
expected. Thus, from distal M2 to proximal, M1
approach is safer to capture the proximal M1 seg-
ment to the aneurysm. We should decide which
approach is better preoperatively, proximal or
distal approach, for safer clipping of the aneu-
rysms. Therefore, we should simulate preopera-
tively using CTA, MRA, and/or DSA.
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15.4.7 Proximal Approach (From ICA
to M1 Approach)

To expose aneurysms located very proximally to
so-called M1 aneurysm (i.e., those found at the
origin of the anterior temporal artery or lenticulo-
striate vessels), the fissure must be opened from a
proximal IC to M1 direction. The surgeon first
opens the lateral sylvian fissure to M1-M2 junc-
tion, after that point, stops dissecting from distal
side and moves proximal ICA, opens the carotid
cistern, and follows the carotid artery toward the
bifurcation and further laterally, following the M1
segment. If we select distal approach especially in
upward direction M1 aneurysm, we cannot cap-
ture proximal M1 safely prior to aneurysm. Even
if the aneurysm ruptures during distal approach,
proximal control is impossible. Therefore, we
should dissect the carotid cistern right after con-

firming the MCA bifurcation. We should dissect
from IC bifurcation to proximal M1 segment to
apply temporary clip to proximal M1. While dis-
secting the MCA and its branches, the surgeon
should stay along the anterior and anterolateral
surface of the vessel because the lenticulostriate
perforators arise from the posterior and medial
surfaces.

In case 1 (Fig. 15.5), we operated by proximal
approach for M1 aneurysm.

15.4.8 Distal Approach (From M2
to M1 Approach)

To obtain proximal control of the M1 segment,
open the sylvian fissure proximally before actually
exposing the aneurysm. In most patients with
small or large MCA aneurysms, the sylvian fissure

Fig. 15.5 Casel. M1 aneurysm 67-year-old female with
subarachnoid hemorrhage. (a) CT scan revealed SAH
with Fisher group 3. (b) CTA on admission showed rup-
tured M1 aneurysm (arrow), which is located at the origin
of the lenticulostriate artery. (c) Postoperative DSA
showed disappearance of aneurysm. (d) Simulation image
by preoperative CTA showed anatomical relationship

between the artery and skull base. You can understand the
relationship of aneurysm and lenticulostriate artery. (e)
Dissection between aneurysm and lenticulostriate artery
by microscissors because of severe adhesion. (f) After
appliance the temporary clip to proximal M1, neck clip-
ping by mini clip is applied
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can be adequately opened from a lateral to medial
direction starting in its middle portion, even
though proximal control is not achieved. In such
cases, if the aneurysm will be exposed partially
during opening of the sylvian fissure, the surgeon
should move further proximally to obtain control
of the proximal M1 segment. In the standard trans-
sylvian approach, it is important to remember that
the aneurysm usually is located more superficially.
Regardless of the length of M1, if the M1 can
curve downward toward the skull base, it is easier
to just expose the M1 segment to the aneurysm by
distal transsylvian approach. In these cases, if we
select the conventional transsylvian approach, we
may seize the aneurysm before internal carotid
artery. So we need not see the internal carotid
artery. In the case of long M1 segment, the aneu-
rysm is usually within the temporal lobe. We can
catch the proximal M1 by dissection of frontal side
of a sylvian fissure.

Distal MCA aneurysms can be approached
through an opening of the lateral sylvian fis-
sure. The surgeon usually begins such opening
in the middle portion of the fissure and proceeds
distally. It is easy to mistake one of the deeper
sulci for the sylvian fissure distally. To confirm
that the sylvian fissure is actually being entered,
the surgeon should trace one of the branches of
the MCA proximally. The opening of the dis-
tal sylvian fissure must be done meticulously
to avoid damaging adjacent areas of the brain,
which have great functional importance. If
severe intratemporal hemorrhage or brain swell-
ing makes the opening of the fissure impossible,
the surgeon can make an incision through the
middle temporal gyrus and perfonn brain resec-
tion with a suction until the sylvian fissure is
exposed.

In case 2 (Fig. 15.6), we operated by distal
approach for usual MCA aneurysm.

Fig. 15.6 Case 2. Ruptured MCA aneurysm with long
and curved downward toward skull base M1, 36-year-old
male. (a) CT scan revealed SAH with Fisher group 3. (b)
CTA on admission showed ruptured MCA aneurysm
(arrow). M1 segment curve downward toward the skull
base. (¢) Postoperative DSA showed disappearance of
aneurysm. (d) Simulation image by preoperative CTA

showed anatomical relationship of M1, M2, aneurysm,
sylvian vein, and skull bone. You can understand the rela-
tionship of aneurysm and M1-M2 junction in operative
field. (e) Dissection of aneurysmal neck by microdissec-
tor. (f) After appliance of the temporary clip to proximal
M1, neck clipping by mini clip is applied
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15.4.9 Dissection of the Aneurysm
and Neck Clipping

After the proximal and distal vessels have been
exposed, dissection of the aneurysm can begin.
During this stage of the operation, we usually
employ temporary clipping of the proximal ves-
sel, with keeping normotension over 100 mmHg
of systolic blood pressure, normothermia under
36.5 °C, and brain protective drugs. The aneu-
rysm must be dissected in its neck, with no perfo-
rating vessels remaining adherent to the posterior
surface of the aneurysm. It is sometimes useful to
place a tentative clip across the dome of the aneu-
rysm and then to dissect it from around the struc-
ture further before placing the final clip. MCA
aneurysms often have a wide-based neck that
involves 180° or more of the circumference of the
bifurcation point. Optimal occlusion of such
aneurysms requires the use of the application of
multiple clips (Fig. 15.7). In some of these cases,
it may also be necessary to use wrapping with
some material to reinforce any unclipped areas of
the neck. Perforators arising from the MCA must
be handled with care. Most lenticulostriate ves-
sels arise from the posteromedial surface of the
MI segment and enter the anterior perforated
substance to supply the internal capsule and the
basal ganglia.

Often, pan of the neck or dome is adherent to
the vein and small artery. A fine micro dissector
and microscissors are useful in the dissection
from their vessels (Figs. 15.8 and 15.9). After the
neck has been identified, selection and appliance
of optimal clip help protect these vessels. Usually,
multiple clips are needed for proper clipping of
the MCA aneurysm.

15.4.10 Dural Closure

Primary tight dural closure by nylon suture with
fibrin glue can prevent liquorrhea postopera-
tively.

15.5 Surgeon Plan to Handle
the Complication

Many MCA aneurysms have a wide-based
neck. Accordingly, placement of the clip may
compromise the origin of one of these vessels,
especially if the base of the aneurysm is par-
tially calcified or atherosclerosis. A lenticulo-
striate artery originates from the deep side of
the MCA distally along the M1 segment close
to the bifurcation. This vessel may be occluded
inadvertently by the tips of the aneurysm clip.

Fig. 15.7 Multiple clipping method for broad neck MCA aneurysm. (a) Broad neck MCA aneurysm. (b) Multiple
clipping methods for MCA aneurysm using ring clip
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Fig. 15.8 Dissection between vein and aneurysm. (a) Dissection between vein and aneurysm by micro dissector. (b)

Dissection between vein and aneurysm by microscissors

Fig. 15.9 Dissection between small artery and aneurysm. (a, ¢) Dissection between small artery and aneurysm by
micro dissector. (b) Dissection between vein and aneurysm by microscissors

Thus, after the aneurysm clip is placed, it is
important to visually inspect the tips of the
aneurysm clip and to auscultate the Ml
branches with a micro-Doppler probe. To
inspect the all arteries around aneurysm, we
must check them by using indocyanine green
(ICG) video angiography. There are rare cases
of postoperative small infarction of perforating
area in spite of checking these modalities com-
pletely. So, MEP is the most useful intraopera-
tive monitoring especially in M1 aneurysm in
relation with lenticulostriate artery. If the wave
of MEP reduced in its amplitude under 50%
after neck clipping, we should release the clip
and investigate all around aneurysm and find
the obstructed lenticulostriate artery. MEP is
very sensitive regarding with the damage of
corticospinal tract, so we can trust MEP moni-

toring. If the patient has postoperative small
infarction by MRI, he (she) is asymptomatic as
long as MEP is normal.

It is important to reduce the pressure of parent
artery and aneurysm using temporary arterial
occlusion during the neck clipping of broad-
based MCA aneurysm. In all cases, the brain
must be protected during temporary arterial
occlusion by brain protected drug, avoiding not
only hyperthermia but also hypotension. The
temporary occlusion time is usually less than
5 min per once. At the conclusion of the clipping
process, papaverine is applied over the vessels to
relax the mechanical spasm.

Preoperative three-dimensional CTA can
enhance the surgeon’s ability to picture the anat-
omy of the aneurysm before surgery to plan the
optimal clipping.
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15.6 Expert Opinion/Suggestion
to Avoid Complication

In patients with giant MCA aneurysms, the surgeon
must often completely trap the MCA and its
branches and empty the aneurysm before final clip-
ping. However, even with this technique, it is impos-
sible to achieve optimal clipping of some heavily
thrombosed or calcified aneurysms. Such cases
often require a bypass procedure. Options include
the STA to MCA bypass, the saphenous vein graft,
and radial artery graft bypass to the major branches
of MCA, transposition of some MCA branches.

Large sylvian veins should be left intact and
displaced laterally with the temporal lobe or medi-
ally with frontal lobe. We can preserve almost all
sylvian vein by careful finding the anastomosis
between sylvian veins. Extremely small bridging
veins across the sylvian fissure call can be safely
cauterized and divided; however, we should
understand that careful dissection of small veins
can lead us expert microsurgeon.

15.7 Things to Be Observed
and Postoperative Care/
Follow-Up

In case of SAH, the prevention and treatment of
delayed cerebral ischemia (DCI) are essential.

We use intraoperative irrigation by artificial cere-
brospinal fluid (CSF) (Artcereb) and postopera-
tively statin, cilostazol for prevention of
DCI. Especially in severe cases of MCA aneu-
rysm with sylvian hematoma, external decom-
pressive craniotomy is performed for better
circulation of CSF to prevent the DCI.

References

1. Kassel NF, et al. The International Cooperative Study
on the timing of aneurysm part 1: overall management
results. J Neurosurg. 1990;73:18-36.

2. Abiko M, Ikawa F, et al. Giant serpentine aneurysm
arising from the middle cerebral artery successfully
treated with trapping and anastomosis—case report.
Neural Med Chir (Tokyo). 2009;49:77-80.

3. Morita A, et al. The natural course of unruptured cere-
bral aneurysms in a Japanese cohort. N Engl J Med.
2012;366:2474-82.

4. Ikawa F, et al. Indication of surgery for unruptured
cerebral aneurysm and role of Japan: feature of
Japanese medical system and according to the data
of ruptured aneurysm. Surg Cereb Stroke (Jpn).
2012;40:381-6.

5. Ikawa F, Miyachi S. MCA aneurysm. Tokyo: Medicus
Shuppan; 2014.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If material is not included in the chapter’s Creative Commons
license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to

obtain permission directly from the copyright holder.


http://creativecommons.org/licenses/by/4.0/

®

Check for
updates

Surgery of Posterior Cerebral

Artery Aneurysm

Joseph C. Serrone, Ryan D. Tackla,

and Mario Zuccarello

16.1 Sign and Symptoms

This case illustration was a 62-year-old male pre-
senting with the acute onset of worst headache of
life symptoms (Hunt and Hess grade 2). Head
computed tomography (CT) revealed Fisher
grade 3 subarachnoid hemorrhage (SAH).

16.2 Investigation

As in most centers, CT angiography is the pre-
ferred imaging modality for the identification and
evaluation of intracranial aneurysms at our insti-
tution. In this case, the CT angiogram revealed a
3.5-mm saccular aneurysm arising from P1 seg-
ment of right posterior cerebral artery (PCA)
(Figs. 16.1 and 16.2).

16.3 Preoperative Preparation

Procurement of proximal control must be consid-
ered first when preparing to approach any rup-
tured aneurysm. For PCA aneurysms, we obtain
proximal control at the distal part of basilar artery
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Fig. 16.1 A superiorly projecting right P1 segment PCA
aneurysm is seen from this CT angiogram. Also of note,
the basilar apex is well above the posterior clinoidal pro-
cess allowing easy exposure of the basilar artery from an
anterolateral approach for proximal control

w
Aneurysm

Fig. 16.2 Using CT angiography to create a surgical
view of the aneurysm, neurosurgeons can study the vascu-
lar anatomy as it will be encountered intraoperatively.
This view, through the supracarotid window, exposes the
aneurysm well for clip application
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just proximal to the origins of the superior cere-
bellar arteries. This area of the basilar artery is
usually devoid of brainstem perforating arteries.
The anatomical obstruction when approaching
the posterior circulation through a pterional cra-
niotomy is the posterior clinoid process (PCP).
The relationship of the PCP to the basilar apex is
assessed through sagittal or coronal reconstruc-
tion of the CT angiogram, which best demon-
strates vascular and bone anatomy. If the basilar
apex is above the PCP, it is possible to obtain
proximal control of the basilar artery prior to
clipping the posterior cerebral artery aneurysm.
If the basilar apex is at the level of the PCP,
removal of the PCP with a drill or ultrasonic bone
curette may be required to achieve proximal con-
trol. If the basilar apex is below the PCP, proxi-
mal control cannot be achieved with a pterional
approach, and a subtemporal approach is usually
preferred.

16.3.1 Approach

Dealing with most aneurysm near basilar apex
(including P1 segment aneurysms), we prefer an
anterolateral approach based upon the pterional
approach popularized by Dr. Yasargil [1]. As an
extension of this approach, the pterional
approach via the extended lateral (PAVEL) cor-
ridor is helpful [2]. The patient position is
supine, with the head extended and rotated 15°
contralaterally (Fig. 16.3). Relevant anatomy to
consider when planning the craniotomy includes
the superficial temporal artery, frontalis branch
of facial nerve, and frontal sinus (Fig. 16.4) [3].
A branch of superficial temporal artery is often
encountered during the skin incision and must
be ligated. The skin incision must remain poste-
rior to the frontalis branch of the facial nerve for
prevention of postoperative frontalis palsy. The
extent of pneumatization of the frontal sinus
should be assessed preoperatively to prevent
encountering the frontal sinus during craniot-
omy. In the event that the craniotomy is expos-
ing the frontal sinus, cranialization of frontal
sinus should ensue.

After minimal shaving of the hair, a skin inci-
sion is made behind the hairline. The incision

A

“"‘ . frontalis branch
supraorbital { of facial nerve
nerve

frontal "--—~ 3
sinus —— superficial
) temporal
artery
~
>

NG

N W ,é{,{.
Fig. 16.3 The patient is positioned supine with the head
extended and rotated 15° contralaterally. Relevant anat-
omy when using the pterional approach is seen with this
schematic. Commonly the frontal branch of the superficial
temporal artery is under the skin incision and must be
ligated. The skin incision is kept posterior to the frontalis
branch of the facial nerve to prevent its injury. There is
wide variation in the pneumatization of the frontal sinus,
and this must be studied preoperatively to prevent enter-
ing the sinus and causing a cerebrospinal fluid leak
(Printed with permission from Mayfield Clinic)

frontozygomatic
suture
£~ frontosphenoidal

(- suture

- temporalis
f muscle
coronal (reflected)
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[ squamosal
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muscle cuff .
along superior \‘-\\
temporal line N2

Fig.16.4 The skin incision has been made with the myo-
cutaneous flap retracted anteriorly. A frontal, temporal,
and posterior burr hole is made to aid in dissection of the
dura from the inner skull cortex and prevents a durotomy
by the craniotome (Printed with permission from Mayfield
Clinic)

starts 1 cm anterior to tragus at zygoma root, and
curve extends to midline. Then myocutaneous
flap is detached in one single layer and retracted
with spring hooks toward the anterior to
expose the orbital rim. We prefer a one layer
myocutaneous flap as opposed to an inter- or sub-
fascial dissection that is associated with more jaw
pain and temporal wasting [4]. Three burr holes
are made to allow adequate dissection of the dura
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Fig. 16.5 Using a craniotome, cuts 1-3 are made until
the sphenoid ridge is encountered. Cut #4 is made with a
high-speed drill. Green-shaded area represents the thick-
ened bone of the sphenoid ridge, which will subsequently
be drilled off (Printed with permission from Mayfield
Clinic)

away from the inner skull cortex (Fig. 16.5). A
side-cutting craniotome with footplate is used to
create a bone flap from the supraorbital notch,
medially, to the mid-temporal lobe, exposing
Sylvian fissure laterally. Sphenoid ridge is then
drilled off in its entirety with the coarse diamond
drill. Dura is cut with curvilinear shape and
reflected anterolaterally.

16.4 Steps of the Surgery

When clipping posterior circulation aneurysms
through the pterional approach, the neurosur-
geon works through the opticocarotid, oculoca-
rotid, and supracarotid windows (Figs. 16.6 and
16.7). To safely access these corridors, mobi-
lization of the temporal lobe is required [2].
This is accomplished with several key steps. It
is important to split the sylvian fissure widely,
and expose the supraclinoidal ICA (internal
carotid artery) and MCA (middle cerebral
artery). This is a crucial step, as retracting the
temporal lobe without detethering the ICA and
MCA can result in a vascular injury and stroke
[5]. The middle Sylvian vein at its entrance into
the sphenoparietal sinus must be coagulated
and cut to allow for retraction of the anterior
temporal lobe. Subsequent dissection is done to
mobilize the anterior choroidal artery from the
uncus, making it possible to retract the tempo-

Optico-Carotid Window
* Oculo-Carotid Window

Fig. 16.6 After opening of the proximal Sylvian fissure,
wide exposure of the optic nerve (CN2), supraclinoidal
internal carotid artery (ICA), and oculomotor nerve (CN3)
are demonstrated. The opticocarotid and oculocarotid
windows are visualized

Supra-Carotid Window

Fig. 16.7 Further dissection allows utilization of the
supracarotid window above the carotid terminus, which
will eventually be used for clipping of the PCA aneurysm.
Exposure of the basilar artery within the opticocarotid
window is well seen from this image. The opticocarotid
window will be used for temporary clipping of the basilar
artery for proximal control

ral lobe laterally. Lastly, third cranial nerve is
followed posteriorly, and Liliequist membrane
is opened to get to PCA (posterior cerebral
artery). These steps comprise the PAVEL exten-
sion of the pterional approach and are described
in detail elsewhere [2].

After extensive subarachnoid dissection in
this case, the opticocarotid corridor was used to
obtain proximal control at basilar artery
(Fig. 16.8). With the proximal control achieved,
attention was directed toward the P1 segment
aneurysm through the supracarotid window
(Fig. 16.9). Given that this was a simple, small
aneurysm, a straight clip was used to occlude the
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Fig. 16.8 A temporary clip is being placed on the basilar
artery through the opticocarotid window

Aneurysm

Distal Aneurysm Neck

Fig. 16.9 The temporary clip has been placed on the
basilar artery through the opticocarotid window. Looking
above the carotid terminus (through the supracarotid win-
dow), the aneurysm is well exposed for clipping

aneurysm (Fig. 16.10). Lastly, the tips of the clip
were inspected through the opticocarotid window
to ensure the aneurysm was completely occluded
and that no thalamoperforator arteries were
incorporated within the clip (Fig. 16.11).

16.5 Surgeon Plans to Handle
the Complication

A dreaded complication when using the pterional
approach for posterior circulation aneurysms is
vascular dissection of the middle cerebral artery
[5]. Management of this complication depends
on the presence of collaterals and the time from
ictus. If the complication is identified intraopera-
tively by loss of somatosensory-evoked potentials
or motor-evoked potentials, surgical revascular-

Clip Applier;

Fig. 16.10 A temporary clip has been placed on the basi-
lar artery through the opticocarotid window. The PCA
aneurysm is being clipped through the supracarotid win-
dow with a straight aneurysm clip

|

Fig. 16.11 After permanent clip placement through the
supracarotid window and removal of the temporary clip,
the tips of the permanent clip are inspected through the
opticocarotid window to ensure complete occlusion of the
aneurysm without incorporation of thalamoperforator
arteries within the clip blades

ization by middle cerebral artery thrombectomy
or bypass between the external carotid artery and
the middle cerebral artery should be considered.
However, the dissection commonly occurs dur-
ing surgery, but occlusion of MCA occurs in a
delayed fashion, with the acute onset of hemi-
paresis occurring postoperatively. At this time,
cerebral angiography should be performed.

With good collaterals, postoperative augmen-
tation of blood pressure is the preferred treat-
ment. If poor collaterals are seen and the ictus
of the patient’s stroke is within 6 h, endovascu-
lar or surgical revascularization can be consid-
ered. Endovascular therapy is approached with
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caution, as the patient will require some form
of anticoagulation or antiplatelet therapy after
thrombectomy to prevent recurrent occlusion. If
there is any uncertainty regarding the timing of
ictus, revascularization should be avoided, as this
will likely result in the conversion of a morbid
ischemic complication into a fatal hemorrhagic
complication. The size of the stroke should be
assessed radiographically for consideration of a
prophylactic decompressive hemicraniectomy in
order to prevent cerebral herniation due to malig-
nant middle cerebral artery infarction.

16.6 Expert Opinion/Suggestion
to Avoid Complication

Like most complications, they are better to pre-
vent than manage. This complication is prevented
by extensive mobilization of the temporal lobe
and detethering of the middle cerebral artery as
described above. In fact, the PAVEL extension of
the pterional approach was developed specifi-
cally to prevent the complication of the middle
cerebral artery injury while approaching basilar
aneurysms [2, 5].

16.7 Things to Be Observed
and Postoperative Care/
Follow-Up

This is a ruptured cerebral aneurysm case that will
have the clinical sequelae of SAH, including post-
hemorrhagic cerebral vasospasm. Prophylactic
treatment of vasospasm should include mainte-
nance of a euvolemic state and administration oral
nimodipine. Monitoring of posthemorrhagic cere-

bral vasospasm with frequent neurological exams
and transcranial Doppler ultrasound should be
performed. Consideration of cerebral angiogra-
phy with endovascular treatment of vasospasm
should occur with alterations of the neurological
exam or elevation in transcranial Doppler ultra-
sound velocities. In accordance with recently
published guidelines, delayed cerebrovascular
imaging is recommended after clipping of rup-
tured aneurysms to evaluate for aneurysm recur-
rence (which occurs in approximately 4%) [6].
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Surgery of Upper Basilar Artery

Aneurysm

17

Kentaro Mori, Terushige Toyooka, and Naoki Otani

17.1 Signs and Symptoms

Aneurysms of the basilar artery (BA) may occur
at several locations including the BA-vertebral
artery junction, BA-anterior inferior cerebellar
artery junction, BA-superior cerebellar artery
junction, and BA tip. Upper BA aneurysm is usu-
ally considered to include BA tip aneurysm and
BA-superior cerebellar artery junction aneurysm.
BA aneurysm seldom manifests as neurological
problems before rupture. Partially thrombosed
BA aneurysm may manifest as progressive neu-
rological deficits due to compression of the brain
stem and cranial nerves caused by aneurysm
growth. Unruptured BA tip aneurysm has a
higher tendency to rupture compared to other
types of cerebral aneurysm. Therefore, the surgi-
cal indications for unruptured BA aneurysm
should consider this fact as well as the age, size,
and shape of the aneurysm.

17.2 Investigation

Upper BA aneurysms are surrounded by many
important osseous and neurovascular struc-
tures such as the anterior (ACP) and posterior
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clinoid processes (PCP), optic nerve, oculomo-
tor nerve, internal carotid artery (ICA), poste-
rior communicating artery and its perforators
(anterior thalamoperforating arteries), and
posterior cerebral artery and its perforators
(posterior thalamoperforating arteries: PTPAs)
(Fig. 17.1). The PTPAs arise from the superior
or posterosuperior surface of the P1 segment of
the posterior cerebral artery and at a distance
of 0.41-4.71 mm (mean 1.93 mm) from the BA
apex. The PTPAs number 1-8 (mean 3.6) with
diameter of 0.24-1.18 mm (mean 0.7 mm)
[1]. Dissection of the PTPAs from the BA tip
aneurysm is the key step to successful clipping
surgery.

17.3 Preoperative Preparation

Three-dimensional computed tomography angi-
ography and/or digital subtraction angiography
are mandatory to investigate the BA complex
with the aneurysm (Fig. 17.2). The distance of
the aneurysm neck from the clinoid line (the line
between the tips of the ACP and PCP) is par-
ticularly important to determine the operative
approach. Anterolateral approaches such as the
pterional transsylvian approach and extradural
temporopolar approach (ETA) are suitable for
the treatment of BA aneurysms located between
15 mm above and 5 mm below the clinoid line.
The subtemporal transtentorial approach or
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Fig. 17.1 Illustration of the basilar artery (BA) complex
with BA tip aneurysm via the anterolateral approach. Note
the anterior thalamoperforating arteries from the posterior
communicating artery (p-com) and the posterior thalamo-
perforating arteries from the posterior cerebral artery (P1
and P2). I optic nerve, /1] oculomotor nerve, [V trochlear
nerve, V first branch of trigeminal nerve, ACP anterior cli-
noid process(resected), PCP posterior clinoid process, IC
internal carotid artery, SCA superior cerebellar artery

anterior petrosal approach should be considered
for aneurysms located more than 5 mm below
the clinoid line.

17.3.1 Approach
17.3.1.1 Extradural Temporopolar
Approach ETA

The pterional transsylvian approach and subtem-
poral transtentorial approach are usually used to
treat upper BA aneurysms, but both have advan-
tages and disadvantages. The anterior temporal
approach, which retracts the temporal tip posteri-
orly, combines the advantages of both these
approaches and facilitates the surgical trajectory
from the anterolateral direction. The anterior
temporal approach is a pure intradural approach
based on dissecting the superficial middle vein
and anterior temporal artery from the temporal
lobe. The ETA is an epidural approach involving
posterior displacement of the temporal lobe with

Fig. 17.2 Three-dimensional computed tomography angiograms of a case of basilar tip aneurysm. Left preoperative,
Right postoperative
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the dura mater [2, 3] and includes extradural
anterior clinoidectomy, optic canal opening,
peeling the lateral wall of the cavernous sinus,
and retraction of the temporal lobe over the dura
mater. The ETA enables the neurosurgeon to pass
through the open anterior part of the cavernous
sinus to the retrocarotid space and interpeduncu-
lar cistern. Such epidural temporal lobe retraction
is less likely to cause contusion. Furthermore,
opening the oculomotor foramen and drilling the
PCP provide space for securing the proximal
BA. The use of the ETA for treatment of BA top
aneurysm is discussed below.

17.3.1.2 Patient Position, Skin
Incision, and Craniotomy

After induction of general anesthesia, lumbar spi-
nal drainage is placed for cerebrospinal fluid
(CSF) aspiration to relax the dural tension during
the epidural procedures. The patient is placed in
the supine position, and the head is rotated away
from the operative side at about 30° (Fig. 17.3).
Semi-coronal skin incision and interfascial dis-
section of the temporal muscle fascia are then
performed. The temporal muscle is detached
from the superior temporal line but not incised.
The temporal muscle is dissected subperiosteally

Fig. 17.3 Scheduled skin incision, frontotemporal crani-
otomy with orbitozygomatic osteotomy

Fig. 17.4 After frontotemporal craniotomy with orbito-
zygomatic osteotomy. ZA zygomatic arch, OR orbit
(opened), FD frontal dura mater, 7D temporal dura mater

and retracted posteroinferiorly using fish hooks.
Standard frontotemporal craniotomy is per-
formed with the anterior border at the midpoint
of the orbit, and the temporal squama is ron-
geured out until the floor of the middle cranial
fossa is exposed. If the orbitozygomatic approach
is needed for specific cases such as high position
BA tip aneurysm, the orbitozygomatic bar is
removed as in the two-piece method (Fig. 17.4).

17.4 Steps of the Surgery

The frontal dura and the temporal dura are dis-
sected subperiosteally until flush with the frontal
and middle fossae. The lesser wing of the sphe-
noid and the orbital apex is drilled away until the
meningo-orbital band is exposed. Dissection of
the middle fossa dura is continued until the ori-
fices of the superior orbital fissure (SOF) and
foramen rotundum are exposed (Fig. 17.5). The
roof of the SOF is opened to a width of 2 mm to
expose the junction between the dura propria of
the temporal lobe and the periosteal dura
(Fig. 17.5 arrowhead). The meningo-orbital
band is pulled proximally using forceps or a
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Fig. 17.5 Junction between the dura propria of the tem-
poral dura mater (TD) and periosteum at the superior
orbital fissure (SOF). FD frontal dura mater, MOB
meningo-orbital band, OR orbit. Arrowhead indicates the
junction

Fig.17.6 Cutting the meningo-orbital band (MOB)

stitch and cut with micro-scissors for about
4 mm. The tip of the micro-scissors should be
pointed toward the exposed junction at the SOF
(Fig. 17.6). Any bleeding from the meningo-
orbital artery should be coagulated and divided.
Peeling of the dura propria from the inner mem-
brane can be started anywhere, with the easiest
point between the SOF and foramen rotundum,
using a micro-dissector with a sharp edge. If the
dura propria and inner membrane are tightly
attached, sharp dissection using micro-scissors
is recommended. The peeling is continued until
the entire ACP is exposed epidurally. The troch-
lear nerve and first and second branches of the
trigeminal nerve can be seen though the semi-
transparent inner membrane (Fig. 17.7). Care
should be taken to maintain the sphenoparietal
sinus at the dura propria side and to stop the
peeling at the point where the sphenoparietal
sinus drains into the cavernous sinus to prevent
problems with venous congestion. Drilling of the
ACP with a high-speed drill using saline irriga-

Fig. 17.7 After peeling of the dura propria (DP) of the
temporal dura mater and exposure epidurally of the ante-
rior clinoid process (ACP). VI ophthalmic branch of the
trigeminal nerve, V2 maxillary branch of the trigeminal
nerve. Open triangle shows Mullan’s anterolateral triangle

Fig. 17.8 Completion of epidural procedures after
removal of the anterior clinoid process and opening of the
optic canal. /I optic nerve, /Il oculomotor nerve, VI oph-
thalmic branch of the trigeminal nerve, V2 maxillary
branch of the trigeminal nerve, C3 clinoid segment of the
internal carotid artery, DP dura propria. Open triangle
shows Dolenc’s anteromedial triangle

tion is started from the lateral part of the ACP,
and the optic canal is then opened partially in the
medial part of the ACP. The ACP is hollowed
like an egg shell, and the remainder of the ACP
can be removed en bloc. The anterior loop of the
ICA (clinoid segment, C3) in the opened clinoid
space can be seen through the thin carotid oculo-
motor membrane. The partially opened optic
canal can be enlarged using a micro-punch, and
the remainder of the optic strut between the
opened clinoid space and optic canal can be
removed with either a small diamond drill or a
micro-punch (Fig. 17.8). During the skull base
drilling, if the posterior ethmoid sinus is opened
and the mucous membrane is injured, a muscle
piece should be inserted and sealed with fibrin
glue to avoid CSF leakage. At this point, the tem-
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poral lobe with the temporal dura mater can be
displaced posteriorly by 25-30 mm from the tip
of the middle cranial fossa. The dura mater is cut
along the sylvian fissure as far as the optic nerve,
the falciform ligament is cut, and then the dural
cutting is continued to the inferior frontal dura
mater in an L-shaped fashion over the distal
dural ring. Incision of the falciform ligament and
distal dural ring will facilitate movement of the
optic nerve and ICA. Before tentorial incision,
the sylvian fissure should be opened widely, and
the arachnoid membrane around the oculomotor
nerve should be incised to free the nerve from
the medial temporal lobe. By observing at the
cisternal and extradural parts of the oculomotor
nerve, the medial tentorial edge is cut for separa-
tion from the cavernous sinus around the oculo-
motor nerve. Following these procedures, the
temporal lobe can be retracted posteriorly with
the temporal dura mater to complete the ETA
with the surgical corridor of the opened anterior
part of the middle fossa and the cavernous sinus
(Fig. 17.9). Opening of the oculomotor foramen
facilitates mobilization of the oculomotor nerve.
If the target pathology is located beneath the
PCP, the latter can be drilled away to expose the
pontine cistern to secure the proximal BA. The
ICA is retracted medially to expose the BA com-
plex with the BA tip aneurysm (Figs. 17.10 and
17.11). After temporary clips are applied to the

Fig. 17.9 After dural opening and tentorial incision. The
falciform ligament (FL) and the distal dural ring (DDR)
are incised. The tentorium is incised along the anterior
petroclinoid ligament (APCL). The temporal dura is
retracted posteriorly with the temporal dura mater (TD). /1
optic nerve, //I-1 intradural oculomotor nerve, /II-E extra-
dural oculomotor nerve, IV trochlear nerve, VI ophthal-
mic branch of the trigeminal nerve, V2 maxillary branch
of the trigeminal nerve, C3 clinoid segment of the internal
carotid artery

Fig. 17.10 Basilar artery (BA) complex and BA tip
aneurysm. Note the small thalamoperforating arteries
around the aneurysm (AN). /C internal carotid artery, A/
anterior cerebral artery, M/ middle cerebral artery, R-PCA
right posterior cerebral artery, L-PCA left posterior cere-
bral artery

Fig. 17.11 Dissection of the basilar tip aneurysm (AN)
via the retrocarotid space. p-com posterior communicat-
ing artery, /C internal carotid artery

Fig. 17.12 After neck clipping of the basilar tip
aneurysm

BA and bilateral posterior cerebral arteries,
aneurysm dissection is started. If the posterior
communicating artery obstructs the operative
view, this vessel can be ligated and divided
except for the fetal type. Great care is required to
dissect the PTPAs in the vicinity of the aneurysm
before neck clipping is performed (Fig. 17.12).



146

K. Mori et al.

After clipping of the aneurysm, the dural defect
around the dural ring can be approximated with
a small piece of harvested temporal fascia and
fibrin glue. The skull is fixed with titanium
plates, a subcutaneous drain is placed, and the
wound is closed as usual.

17.5 Specific Plans to Handle
Complications and Expert
Opinion

17.5.1 How to Avoid Heat Injury
During Skull Base Drilling

Constant cooling with saline irrigation is
extremely important to avoid heat injury to the
neurovascular structures. Before drilling the ACP,
the ACP should be carefully dissected from the
surrounding tissue because the oculomotor nerve
passes along the inferolateral face of the ACP. The
optic canal is partially opened with a drill and

should be enlarged using a micro-punch. Opening
the optic canal using a micro-punch can avoid
heat injury.

17.5.2 How to Control Bleeding
from the Cavernous Sinus

There are two major points of bleeding from the
cavernous sinus, Dolenc’s anteromedial triangle
and Mullan’s anterolateral triangle. Bleeding
from the cavernous sinus can be controlled by
packing with Surgicel® cotton soaked with fibrin
glue or direct injection of fibrin glue into the
sinus (Fig. 17.13).

17.6 Important Observations

and Postoperative Care

CSF drainage (about 150 cm*/day) from the lum-
bar spinal tube should be continued for several

Fig. 17.13 How to control bleeding from the cavernous
sinus. (a) Bleeding from Mullan’s anterolateral triangle
(arrow). (b) Direct injection of fibrin glue into Mullan’s
triangle. (¢) Bleeding from Dolenc’s anteromedial trian-
gle (arrow). (d) Application of Surgicel® soaked with

fibrin glue (open triangle). ACP anterior clinoid process,
II optic nerve, /Il oculomotor nerve, V/ ophthalmic
branch of the trigeminal nerve, V2 maxillary branch of
the trigeminal nerve
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days (3-7 days) after the operation to prevent 2. Day JD, Giannotta SL, Fukushima T. Extradural
temporopolar approach to lesions of the upper basi-

CSF rhinorrhea, especially if the ethmoid sinus is ; . . .
. lar artery and infrachiasmatic region. J Neurosurg.
opened during surgery. 1994;81:230-5.
3. Day JD, Fukushima T, Giannotta SL. Cranial base

approaches to posterior circulation aneurysms. J
Neurosurg. 1997;87:544-54.
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Surgery of Superior Cerebellar

18

Artery Aneurysm (SCA)

Miguel A. Arraez, Miguel Dominguez,
Cristina Sanchez-Viguera, Bienvenido Ros,

and Guillermo Ibanez

18.1 Signs and Symptoms

Patient a 57 years old male, a persistent headache
was evaluated by neurologists. MRI was done,
and incidental superior cerebellar artery (SCA)
aneurysm was discovered after assessment of
abnormal image at the lateral aspect of the mesen-
cephalon. CT-angio and angiography (Fig. 18.1)
showed an aneurysm with saccular form at proxi-
mal portion of right SCA. Endovascular treat-
ment was precluded by neuroradiologist due to
the morphological characteristics of the aneu-
rysm’s neck [1-3].

18.2 Investigation

The most striking neuroradiological examination
was angiography and CT-angio. The superior cer-
ebellar and posterior cerebral arteries were seen
arising from a common origin (“N” type accord-
ing to the McCullough classification of the ana-
tomical variations of the circle of Willis) [4]. The
aneurysm was close to the origin of the artery
from basilar trunk at the anterior pontomesence-
phalic segment. The relation neck/dome sug-
gested a good indication for surgery.
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One of the important points before surgery is
the appropriate anatomical characterization of the
origin and location and morphology of the aneu-
rysm. Among the segments of the SCA (prepon-
tine, ambient, and quadrigeminal), the aneurysm
was seen at the prepontine portion of the artery.
It is noteworthy that in this segment, the SCA
is giving off perforating branches to the pons
before the origin of the lateral (marginal) branch.
It is also interesting to mention that SCA aneu-
rysms usually arise at the 2 mm proximal to the
artery of origin (usually the basilar trunk). SCA
aneurysms are not frequent (1.7% of the total),
but 42% of the cases are found in the context of
multiple aneurysms. Unlike our patient, the most
common presentation is SAH (60%) followed by
compression of III, IV, or V cranial nerve. The
hemorrhagic presentation is frequently seen in
lesions smaller than 7 mm.

18.3 Preoperative Preparation

Preoperative preparation is crucial in aneurysm
surgery. Relaxation of the brain is of outstanding
importance. The timing for surgery is decided in
accordance to the clinical presentation (SAH,
incidental aneurysm), morphology and size of the
aneurysm, Hunt and Hunt scale, and choice of the
surgical approach. Not infrequently posterior
fossa lesions require significant brain retraction
making advisable delayed procedure. In our
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Fig. 18.1 Aneurysm of the right superior cerebellar artery in a 57-year-old male. Incidental finding. Angiography and

CT-angio

patient (incidental aneurysm) elective surgery
was done with preoperative spinal drainage and
osmotic diuretics as perioperative adjunct
measures.

18.4 Steps of Surgery

The approach selected for this case was a right
frontotemporal craniotomy with limited zygo-
matic osteotomy (no need for orbito-zygomatic
osteotomy in our opinion). The choice of approach
for exposure of SCA aneurysm will depend on the
segment where the lesion lies. The SCA might be
separated into four segments: the pontine seg-
ment also called as anterior pontomesencephalic
segment, the ambiens segment also called as the
lateral pontomesencephalic segment, the quadri-
geminal segment also called as the cerebellomes-
encephalic segment, and then the last one which is

called cortical segment. According to location of
aneurysm in one of these segments, the following
approaches can be used: subtemporal, pretempo-
ral extradural with clinoidectomy, subtemporal
with addition of zygomatic or orbito-zygomatic
osteotomy, and presigmoid and posterior fossa
suboccipital. The latter is used to approach the
cortical segment and the former to get access to
the tentorial incisura and perimesencephalic seg-
ments of the SCA [5, 6].

In our patient, the lesion was placed at the pon-
tine segment. This part of SCA is located between
dorsum sellae and the upper brainstem [5]. This
segment starts at the exit of the SCA from the
basilar artery. The aneurysm in the presented case
arose in this point (as very frequently seen in SCA
aneurysms). In this area, special care must be
taken as basilar artery and SCA at its origin show
intermingled perforating vessels. Another relevant
anatomical structure is the III nerve, constantly
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Fig. 18.2 Positioning of the head for the surgical
approach to the right tentorial incisura. Left rotation and
extension of the head. No hair shaving

above SCA and below the PCA (posterior cere-
bral artery). Due to location of aneurysm at the
anterior pontomesencephalic segment, the choice
of the approach was a subtemporal-pretemporal
transzygomatic approach.

The patient was placed in supine position,
with left rotation and slight extension of the head
(Fig. 18.2). We usually do not shave the hair (pre-
viously prepared with antiseptic solution). A skin
incision is made curvilinear from the hairline to
anterior of tragus. After skin incision, the identi-
fication of the fascia at temporal is very impor-
tant; there are superficial and deep layer of the
fascia and dissection of the fat in between to
avoid injury to facial nerve that innervates the
frontal side. The zygomatic bone needs to be
exposed. In our opinion, only a limited osteot-
omy is necessary to increase the reflection of the
temporal muscle after detachment from the tem-
poral bone (Figs. 18.3 and 18.4) instead of the
more time-consuming orbito-zygomatic osteot-
omy that adds unnecessary morbidity. This
maneuver diminishes the retraction of the tempo-
ral lobe increasing also the view of the tentorial
incisura region. A frontotemporal craniotomy is
done and dura is opened (Fig. 18.5). The brain is
relaxed after mannitol and CSF release through
spinal drainage or through opening the arachnoid
layer at the basal cisterns in the context of the
microsurgical approach. The intradural part of

Fig. 18.3 Exposure of the zygomatic bone after careful
dissection of the layers of the deep temporal fascia. A very
limited zygomatic osteotomy is done instead of orbito-
zygomatic osteotomy (see the osteotomy lines depicted in
upper left corner)

Fig. 18.4 Reflection downward of the temporal muscle
exposes adequately the temporal bone to increase the tem-
poral component of the craniotomy

the operation starts with a very minimal retrac-
tion just to hold the temporal lobe. The tentorial
incisura is exposed with the relevant structures.
The exposure will allow the recognition of the
anterolateral mesencephalon, carotid artery, pos-
terior communicating artery and its perforating
arteries, PCA, SCA, and oculomotor nerve, typi-
cally running below PCA and above SCA
(Fig. 18.6). Also, IV nerve can be seen in its typi-
cal course along tentorium [7].

All these steps were done in our patient. The
IIT nerve was right in the direction of our sight,
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Fig. 18.5 Right frontotemporal craniotomy. The frontal
component is small. The temporal flap almost reaches the
level of the middle fossa floor to diminish the intradural
retraction of the temporal lobe

Fig. 18.6 Exposure of the right tentorial incisura and
pontomesencephalic segment of the SCA. Temporal lobe
retracted (1), tentorium (2), posterior cerebral artery (3),
basilar artery (4), III nerve interposed in the direction of
the sight of the surgeon (5), right mesencephalon (6), and
aneurysm dome right before clipping

making slightly difficult in the identification and
clipping of the neck. A Sugita clip was use to
exclude the aneurysm from the circulation
(Fig. 18.7). The effectiveness of the procedure
was confirmed by means of ICG intraoperative
angiography (Fig. 18.8).

Fig. 18.7 SCA aneurysm clipped. The SCA main trunk
has been preserved (1)

18.5 Expert Opinion/Suggestion
to Avoid Complication

One of the possible complications would come
from bad exposure due to wrong choice of the
surgical approach [8, 9]. Wrong approaches very
seldom happen, at the anterior circle of Willis,
but the posterior circle offers many more possi-
bilities and difficulty to reach appropriately the
aneurysm neck. The anatomy of the vessels and
their variations along with morphology of the
aneurysm, its neck, and relation with perforating
vessels are of course of paramount importance.
Thus, preoperative assessment (angiography,
CT-angio) is absolutely crucial to establish the
choice of the approach [10, 11]. The segment in
which the aneurysm is located and the relation of
the aneurysm and posterior clinoid must be care-
fully evaluated. The segment harboring the lesion
will suggest anterior, lateral, or posterior
approach. In regard to the relation of the aneu-
rysm and posterior clinoid, a very low origin
would preclude the use of anterior intradural
approaches.



18 Surgery of Superior Cerebellar Artery Aneurysm (SCA) 153

Fig. 18.8 ICG intraoperative angiography before (a) and after clipping (b) showing exclusion of the aneurysm. Basilar
artery (1), posterior cerebral artery (2), superior cerebral artery (3), SCA aneurysm (4), and III nerve interposed (5)

Another frequent source of complications
in para-temporal approaches is the improper
management of the temporal lobe (contu-
sion, infarction, hemorrhage). In our selected
approach (anterolateral), a very gentle retrac-
tion of the temporal lobe must be done lifting
the tip not subtemporally but anteriorly. No
veins are encountered in a long avenue from
the sylvian fissure (anterior and medial) to the
Labbé area (posterior and lateral). This lift-
ing of the temporal lobe is very well tolerated
unlike some other forms of compression or
distortion. Sylvian fissure usually doesn’t need
to be opened. Care must be taken not to tear
sylvian veins during the exposure. The proper
extension of the head and gravity can help
diminish any harmful effect of the retractors
over the temporal lobe.

18.6 Postoperative Measures

This approach doesn’t differ from other
approaches in regard to the general care after
other aneurysm surgery procedures or crani-
otomy. We administer postoperative calcium
antagonist, antiepileptic drugs, and low weight
subcutaneous heparin along with early mobiliza-
tion. The external lumbar drainage is removed
24 h after surgery.
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Surgery of Posterior Inferior

19

Cerebellar Artery (PICA) Aneurysm

Ivan Ng and Julian Han

19.1 Sign and Symptoms

Posterior circulation aneurysms account for
approximately 10% of all aneurysms, which
affect 1-6% of the population [1, 2]. Aneurysms
of the posterior inferior cerebellar artery (PICA)
are very rare, only 0.5-3% of all aneurysms [3].
Patients with PICA aneurysms usually present
with subarachnoid hemorrhage, or they might
have symptoms due to compression of the brain-
stem or lower cranial nerves. Microsurgical clip-
ping of PICA aneurysms is difficult and very
challenging due to the limited working space and
its surrounding neurovascular structure, the
brainstem and lower cranial nerves IX, X, XI,
and XII, and very often the aneurysm is located
very deep and far from the surgeon’s view.
Surgical maneuvers require moving around and
sometimes in between cranial nerves. PICA
aneurysms may vary widely within a range in
terms of their complex anatomy, as a result either
of their origin, branching out of the vertebral
artery (VA), or their course along the lower cra-
nial nerve. The PICA itself is usually of a small
caliber, and aneurysms on it with a wide neck
create a difficult situation with respect to clipping
the aneurysm and preserving the PICA.
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19.2 Investigation and Vascular

Anatomy

The VA branches out of the subclavian artery,
ascends along the lateral aspect of the cervical
vertebra through transverse processes, turns pos-
terior of the lateral mass of C1, and enters the
subarachnoid space between foramen magnum
and ring of C1. The initial part of the intradural
VA passes the superior—anterior to the first cervi-
cal roots, then crosses in front of the dentate liga-
ment, also in front of the accessory nerve at the
spinal part. The VA then ascends in front of the
hypoglossal nerve to reach the medulla at its
anterior surface, where it meets and unites with
the contralateral VA to become the basilar artery
at the junction of the medulla and pons.

The PICA is the VA’s largest and most clini-
cally significant branch. The PICA is very com-
plex, sometimes long and tortuous, having a
variable course and a wide area of supply com-
pared to other branches of the cerebellar arteries.
It supplies the medulla, cerebellar tonsil, inferior
part of the vermis, and inferior surface of the cer-
ebellar hemisphere. The PICA has five segments:
anterior medullary (pl), lateral medullary (p2),
tonsillomedullary (p3), telovelotonsillar (p4),
and cortical (p5) segments (Fig. 19.1).

The first segment (p1) starts from the PICA’s
origin just in front of the medulla near the infe-
rior olivary, then turns posteriorly through
hypoglossal rootlets and continues on, then
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Fig. 19.1 Drawing of PICA and its segments: anterior
medullary (pl), lateral medullary (p2), tonsillomedullary
(p3), telovelotonsillar (p4), and cortical (p5) segments. It
supplies the medulla, cerebellar tonsil, inferior vermis,
and suboccipital surface of the cerebellar hemisphere
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turning to the lateral surfaces of the medulla.
The second segment (p2) starts from the turn at
the prominent point of the olivary until the out-
let of the lower cranial nerve. The third segment
(p3) starts at the outlet of the lower cranial nerve
and crosses medially at the posterior aspect of
the medulla, making a big loop starting from the
lateral surface of the tonsil until it reaches the
pole and turning up at the medial surface of the
tonsil. The fourth segment (p4) starts at the mid-
point of the PICA at the medial surface of the
tonsil, moves toward the fourth ventricle roof,
then comes out through the fissure to reach the
cerebellar surface. There is almost always a cra-
nial loop where the apex usually overlies the
inferior part of the medullary velum. The fifth
segment (p5) starts where the PICA extends out
from the fissure between the tonsil, vermis, and
cerebellar hemisphere. It often happens that the
bifurcation of the PICA occurs at this fifth seg-
ment; the lateral trunk will supply the tonsil and
cerebral surface, while the medial trunk will
supply the vermis.

CT angiography and 3D reconstruction are
usually sufficient for diagnostic purposes and
surgical planning. Interventional angiography is
rarely required, but for selective cases it still pro-
vides additional value for treatment.

19.3 Stepsin Surgery

Microsurgical treatment of PICA aneurysms
could be done either by clipping the aneurysm or
trapping/occluding it with bypass surgery.

PICA aneurysms most commonly occur at the
p2 and p3 segments [4]. Common approaches
include by the lateral suboccipital or far lateral
suboccipital for more proximal PICA aneurysms
and paramedian or midline suboccipital for more
distal PICA aneurysms. Other more complex
skull-base approaches have also been described,
such as retro-labyrinthine presigmoid and trans-
sigmoid exposures. A modified far lateral
approach, which has been the approach most fre-
quently used by the senior author in dealing with
PICA aneurysms, is described here.

The patient may be placed in a true lateral
position, with the operative side facing upward
(Fig. 19.2). The dependent extremity is hung in a
sling. The contralateral shoulder is pushed for-
ward anteriorly, and there is mild inferior traction
of the shoulder with tape. The vertex of the head
is tilted slightly toward the ground, and there is
also a slight lateral rotation of the head toward
the ground. This opens up the working space at
the lateral suboccipital region. Skin incision is
made in the manner of golf club with the descend-
ing limb remaining at the midline from inion to
C2. The muscles and soft tissue are dissected
with monopolar blade then retracted, exposing
the occipital, mastoid bones and posterolateral
arch of C1; when dissection is done near the fora-
men magnum, especially 2-3 cm laterally from
the midline, where yellowish fat tissue occurs,
one must be careful not to injure the extracranial
VA. Place a burr hole near the transverse—sigmoid
junction, gently detach the dura from the bone,
and perform a craniotomy up to 1 cm from the
midline and the foramen magnum inferiorly;
additional C1 laminectomy is necessary for better
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Fig. 19.2 Left: Patient is placed in lateral position with
operative side upward. The dependent extremity is hung
in a sling. The contralateral shoulder is pushed forward
anteriorly, and there is mild inferior traction of shoulder

proximal control. Lateral suboccipital bony
exposure should be up to the line where the VA
enters the dura. The dura opening is a gentle
curve and the edges are holded with silk stiches.
The Cerebrospinal fluid needs to be released
slowly so the brain is relaxed, and everything
must be done under a microscopic view. Preparing
the vertebra artery (VA) for the proximal control
and usually the VA is under the dentate ligament
when it comes to intracranially. The ligament
must be cut gently from the foramen magnum
and at C1 to enable viewing of the VA anteriorly
and to widen the surgical corridor by detaching
the upper cervical spinal cord. The proximal VA
just after it becomes intracranial should be pre-
pared for temporary clipping. In cases where the
PICA originates right at the point where the VA
pierces the dura, extradural/extracranial dissec-
tion of the VA may be performed. Typically,
authors expose the VA at the point where the ves-
sel forms a groove in the upper surface of the C1
lamina, which is marked anatomically by the sul-
cus limitans. Dissection of the PICA should not
be a difficult procedure; in fact, it is relatively
simple, and one should be able to locate the
aneurysm by simply following the PICA’s course.

with tape. Right: Vertex of head is tilted slightly toward
ground, and there is also a slight lateral rotation of head
toward ground

We can start following the PICA just under the
tip of the tonsil and tracking it to the cistern.
Sharp dissection may be done by opening the
arachnoid layer to expose the vagoaccessory tri-
angle, which provides a good natural working
space, and many surgeons use this method in a far
lateral approach (Fig. 19.3). Superiorly there is
the vagus nerve, laterally the accessory nerve,
and medially the medulla. One’s view of the
meeting point of the VA and PICA is usually
obstructed by the IX—X—XI complex. Each case
may have unique features, such as the shape of
the aneurysm, the parent artery anatomy, and the
tortuosity of the vessel, so the dissection strategy,
including the pathway, should be formulated
accordingly.

For more distally positioned aneurysms, sur-
gical access may be achieved using a telovelar
approach (Figs. 19.4 and 19.5).

PICA aneurysms are often associated with
unusual anatomy, and direct clipping is not always
possible. Several factors such as the branch anat-
omy, the size of the aneurysm, dolicho-ectatic
morphology, or even atherosclerotic neck, will
contribute to the difficulty. This then requires
alternative techniques such as a trapping and
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Fig.19.3 (a) This patient has a proximal left PICA aneu-
rysm in lateral medullary zone. The approach is via a
modified far lateral approach. (b) The dissection is deep to

bypass procedure. Preoperative study and plan-
ning are very important if revascularization proce-
dures are necessary. This is particularly significant
in proximally located aneurysms, particularly at
the VA-PICA junction. In scenarios potentially
requiring the occlusion of the PICA, bypass pro-
cedures may be necessary.

i

the rootlets of the accessory nerve to expose the aneurysm
neck. (¢) The aneurysm was clipped simply with a bayo-
net clip

There are various options of extra-intracranial
(EC-IC) bypass surgery. However, Authors
generally favor an in situ bypass (PICA-PICA)
that matches donor and recipient arteries well
because it can be performed quickly.

Bypass options include the
(Fig. 19.6):

following
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Fig. 19.4 (a) Some PICA aneurysms are located more
distally, such as this one, at the ascending loop of the p3
segment of the left PICA. This is better accessed via a
midline suboccipital approach. (b) Proximal and distal

PICA-to-PICA bypass,

Reimplantation of PICA in VA,
Reanastomosis of PICA,

High-flow bypass from VA to PICA using
radial artery graft,

5. Occipital artery (OA)-PICA bypass.

L=

control was achieved with temporary clipping, before dis-
secting out the aneurysm neck. (¢) The aneurysm was
clipped simply with a straight clip

PICA-PICA bypass involves the using two
PICAs that lie close to each other at the midline
in the ascending portion of the p3 segment run-
ning at the medial surface of the tonsil. The two
loops are generously mobilized and their
arachnoid trabecula is cut to make the vessel free
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Fig. 19.5 (a) This is a case of proximal right PICA aneu-
rysm located at the lateral medullary segment. Dissection
was via a modified far lateral approach. Intradural VA was

and to allow for tension-free side-to-side anasto-
mosis. With the temporary clips in place on both
PICAs, a longitudinal arteriotomy is made in
each artery, ideally two to three times the PICA
diameter. Both PICAs should have almost identi-
cal diameters, or the donor should be larger than
the ipsilateral recipient.

identified for proximal control. (b) Aneurysm neck
excised just beyond the traversing accessory nerve. (c)
The aneurysm neck was obliterated with tandem clipping

Reimplantation of the PICA can be done if the
clip obliteration of the aneurysm also sacrifices
the PICA but preserves the VA. The occluded
PICA can be revascularized by cutting at its ori-
gin, transposing and reimplanting it proximally
to the original PICA origin. This is an end-to-side
anastomosis. Reimplantation is probably the
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Fig. 19.6 Drawing of PICA-PICA bypass (left), reimplantation of PICA to VA (middle), and reanastomosis of PICA

(right)

hardest of the IC-IC bypasses because the loca-
tion is deep and it is surrounded by all the lower
cranial nerves. The complication of postoperative
lower cranial nerve palsy is much higher with this
surgery.

Reanastomosis involves reconnecting the tran-
sected ends of a parent artery after excising the
aneurysm; it is an end-to-end anastomosis. The
afferent and efferent ends are generously mobilized
from their arachnoid adhesions to allow approxima-
tion without tension. A PICA’s tortuosity usually
provides adequate length to get to the arteries with-
out tension. Ideal situations for such a bypass
include aneurysms that are fusiform in their distal
portions and have no branches. The end-to-end
anastomosis line is shorter, making suturing quicker.

Large complex aneurysms at the VA-PICA
junction may be trapped and reconstructed with
an interposition graft using the radial artery. The
donor site is usually at V3, and the recipient site
is a PICA. A radial artery graft is more suitable in
terms of caliber compared to a saphenous vein
graft. Interposition means that two grafts are
needed, with both requiring two anastomoses,
either end to end or end to side.

An alternative bypass is an OA-PICA bypass
for large complex aneurysms involving the VA-
PICA junction. The OA is located at the
posteriormost of the eight branches of the External
Carotid artery and lies medially and posteriorly of
the mastoid process. It is identified preoperatively
using a handheld Doppler probe. It is usually
densely adhered to its surrounding muscular
tissue, making it more difficult to dissect compared

to the Superficial Temporal Artery. It is an end-
to-side anastomosis.

Parent artery sacrifice of the PICA is a possible
treatment, but it may cause medullary and cere-
bellar infarcts that will be followed by malignant
edema, causing acute hydrocephalus or, in the
worst case, direct brainstem compression. These
complications may be tolerable if the patient’s
condition deteriorates, in which case urgent
decompressive craniectomy may become neces-
sary. Many surgeons might simply sacrifice the
parent artery without revascularization if the
aneurysm arises at the most distal two segments
of the PICA [5]. The more proximally parent
PICA should not be sacrificed because of varia-
tions in perforating vessels that may arise from
more proximal segments. Liew et al. have sug-
gested that if an aneurysm is located distally to
the last perforator artery, then a clip may be
safely placed on the parent artery after the perfo-
rator artery [6]. If there is no evidence that the
patient will be able to tolerate PICA sacrifice, the
surgeon will need to prepare all alternatives,
including direct clipping with or without bypass
to preserve the PICA; additional endovascular
coiling will likely be required to achieve complete
aneurysm occlusion [7].

19.4 Expert Opinion

PICA aneurysms are relatively rare and pose sig-
nificant challenges to neurosurgeons owing to
their proximity to critical structures and their
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variable complex anatomy. However, they can be
successfully managed microsurgically, and the
neurosurgeon has a variety of options at her dis-
posal that can be used aside from direct clipping,
such as occlusion or trapping, with several bypass
possibilities.
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20.1 Sign and Symptoms

Aneurysm bigger than 25 mm is called giant
aneurysm [1], further subdivided by morphology
into saccular, fusiform, or dolichoectatic aneu-
rysms [2]. Epidemiologically, they are very rare,
comprising only 0.5% of all intracranial aneu-
rysms, while others describe it as 3-5% of all
intracranial aneurysms [1, 3, 4]; the epidemiol-
ogy of intracranial aneurysms among the general
population amounts to 0.2-9.9% [5]. In pediatric
patients, the incidence of giant aneurysms and
aneurysms of the posterior circulation is greater
than those in adult patients [6]. The most com-
mon type is the saccular giant aneurysm, account-
ing for 98% of cases [7]. Fusiform types are more
commonly found in the posterior circulation and
MCA [1]. These lesions have a female prepon-
derance and are diagnosed mostly between 40
and 60 years of age [2]. These lesions are found
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most often in the anterior circulation, affecting
the ICA, MCA, and ACA [1, 2], while in the pos-
terior circulation, they most commonly occur at
the basilar artery, vertebrobasilar junction, PCA,
and PICA [2]. Multiple giant aneurysms can be
found in 7% of patients [2].

The most common presenting symptoms for
these lesions are mass effect complaints, seizures
caused by irritated neural tissue, or compression
of cranial nerves [2, 4], which are very different
from the subarachnoid bleed usually found in
smaller aneurysms [2, 4]. Additionally, the occur-
rence of thrombus formation in these aneurysms
may produce symptoms of thromboembolic
event in the parent vessel or perforator vessels
[2]. Thromboembolism may occur in up to 60%
of giant aneurysms, and its probability increases
along with aneurysm size. Hydrocephalus had
been reported due to the compression of giant
aneurysms near the cerebral aqueduct, and
carotid-cavernous fistulae (CCF) can result from
ruptured aneurysms of the ICA cavernous
segment [2].

20.2 Investigation

These aneurysms must be thoroughly investigated
as to its vascular anatomy, such as the presence
of perforators, the size and orientation of the
aneurysm neck, and its distal outflow (Fig. 20.1).
Giant aneurysms frequently display calcification,
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Fig.20.1 Left: Three-dimensional CT scan of a 50-year-old, female with left M1 giant aneurysm. Right: Intraoperative

finding after a wide sylvian fissure dissection

thrombosis, and wall thickening around the neck,
while there may be multiple perforator vessels
present from the parent artery or even from the
aneurysmal sac in the case of fusiform aneurysms
[4]. The gold standard diagnostic procedure would
be digital subtraction angiography (DSA), which
provides the best picture of cerebrovascular anat-
omy and provides information about the suitability
for vessel bypass. DSA can be combined with CT
angiography to provide information about sur-
rounding bony anatomy for surgical approach and
monitor the presence of calcified thrombus. CT
scan is very useful in evaluating for calcification
[1], and MRI may be performed if there is a sus-
pected ischemic event, to investigate peritumoral
edema and to evaluate intraluminal thrombus [1].
Preoperative assessment of these patients includes
balloon occlusion tests during angiography, if
the surgeon plans to sacrifice the ipsilateral I[CA
[2]. Intraoperatively, patients may be monitored
using electroencephalography (EEG) to detect any
changes in the electrical activity, as well as con-
tinuous transcranial Doppler (CTD) to check the
cerebral blood flow [2].

The natural course of giant unruptured aneu-
rysm has been previously reported by Wiebers
et al. [8]; in anterior circulation the 5-year cumula-
tive risk is about 40%, while in the posterior circu-

lation including posterior communicating artery,
the risk is about 50%. A study by ISUIA
(International Study of Unruptured Intracranial
Aneurysms) group shows the rupture rate at 6% in
the first year after diagnosis alone [5, 9], with a
more recent study by the UCAS Japan investiga-
tors reporting a rupture risk of giant aneurysms at
76.26% within 3 years [3], with aneurysms at the
posterior and anterior communicating arteries
being more likely to rupture [3, 5, 9]. The mortality
rate of such ruptures reaches 20-70% [10, 11],
reaching higher than 60% within 2 years of diagno-
sis [12]. It is therefore established that such rupture
rates were similar or worse to the risks taken when
a similar lesion is treated, either through surgery or
endovascular treatment. More recent studies on the
natural course of aneurysms have not found any
other parameters indicative of rupture risk [13].

20.3 Steps of Surgery
20.3.1 Surgical Approach

Microsurgical clipping has the advantage of
being able to relieve mass effect associated with
nerve compression, especially in aneurysms
with thrombus formation or atheroma [14].
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The main principles of giant aneurysm surgery
are to prepare the proximal and distal control,
avoid the blunt dissection, and appreciate all the
perforators, and to achieve circumferential dis-
section of the aneurysm might be very difficult
[12]. The goals of surgical management of giant
aneurysms are:

1. To isolate the aneurysm from the blood
circulation

2. To preserve cerebral blood flow distal to the
aneurysm

3. To relieve mass effect on neural structures
caused by the aneurysm [1, 2, 15].

Several microsurgical techniques which are
used in the management of giant aneurysms
include: microsurgical clipping, bypass of parent
artery (ICA) using saphenous vein graft or the
MCA, temporary ligation of the ICA to help clip-
ping, aneurysm wrapping with muscle or fascia,
or combined microsurgical and endovascular
treatment [2].

Microsurgical clipping of giant aneurysms can
be performed, because all aneurysms must have a
“neck.” [4] With the use of fenestrated clips, aneu-
rysms with large necks can undergo vessel recon-
struction to create an aneurysm neck [4] (Fig. 20.2).

The presence of perianeurysmal edema, which is
most often found in the MCA circulation, may
complicate the microsurgical clipping [16].

There are several approaches available for
microsurgery of giant aneurysms of the carotid
artery or the basilar tip; an approach through the
middle fossa is recommended. The important
surgical anatomy in this region is the cavernous
sinus, which includes several natural corridors
available to access this region, usually divided
into the ten triangular spaces [2]. Skeletonization
of the ICA in the carotid canal through
Glasscock’s triangle [12] is performed to treat
intracavernous aneurysms [2]. Orbito-zygomatic
approach is used to maximize exposure [12].

Certain location of the posterior circulation
aneurysm could be approach through subtempo-
ral such as the upper basilar artery segment [2].
The transpetrosal approach or far-lateral approach
may be used for lower lesions [12, 17].

To reduce mass effect of the giant aneurysm
after clipping is performed, the aneurysm dome
can be directly punctured to exsanguinate the sac
when no thrombus is present and perform suc-
tion decompression [4, 12] (Fig. 20.3). If there is
thrombus, calcification or atheroma is present,
thrombectomy may be performed on the aneu-
rysm sac, also called endoaneurysmectomy [4].

Fig. 20.2 Left: Same case of Fig. 20.1 shows intraoperative view of giant aneurysm undergoing vessel reconstruction
with multiple fenestrated clips. Right: Angiography confirmation of MCA flow
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Fig.20.3 Aneurysm deflation using the wing needle no 25G

Aneurysm repair using wrapping or clip wrap-
ping with the muscle or fascia can be used to
maximize outcomes in ruptured aneurysms [12].
Aneurysms which are broad-based, frail, or com-
plex may also be clipped using augmented
“cotton-clipping” technique [18]. This technique
can also be used to perform emergency repair in
the case of ruptured aneurysm.

Low-flow and high-flow bypass techniques
have been used to provide revascularization of
the distal circulation in the treatment of giant
aneurysms [4]. Vessel reconstruction using clips
also serve the same function, which is to guaran-
tee CBF distal to the aneurysm [4].

Microsurgical treatment may be advantageous
in comparison with endovascular treatment in
cases of complex basilar artery aneurysms.
Performing surgical clipping of the aneurysm
may provide selective occlusion of the basilar
artery aneurysm while avoiding damage to the
thalamoperforators which may adhere to the pos-
terior aspect of the aneurysm, compared to endo-
vascular treatment where visualization of the
perforators cannot be achieved, and the risk of
brainstem damage due to ischemia is greater [19].

Adjunctive techniques which can be used in
giant aneurysm surgery include deep hypother-
mic circulatory arrest (DHCA) [4, 20, 21] and the

use of excimer laser-assisted nonocclusive anas-
tomosis (ELANA) bypass [22, 23]. DHCA may
be performed to temporarily reduce blood flow to
the aneurysm, facilitating the surgeon to perform
surgical clipping and neck reconstruction.
However, it has several drawbacks, including
unpredictable recovery after circulatory arrest
and possibility of postoperative brain hemor-
rhage [24]. A study by Ponce et al. also shows
significant mortality and morbidity rates for
using DHCA, even though most patients had
improved neurological function after surgery
[21]. Neuroprotective agents may also be used to
improve outcome after surgery, especially if
DHCA will be used. Barbiturates are tradition-
ally used to reduce cerebral blood volume and
metabolism before the ischemic procedure [12].

The ELANA technique enables surgeons to
perform a high-flow bypass without utilizing
temporary clips, which makes it a reasonable
alternative to other methods of direct revascular-
ization, such as direct anastomosis [23]. The
elimination of temporary clips from the proce-
dure provides the surgeon with longer safe oper-
ating time without cerebral ischemia and
eliminates the need of exposing the proximal
parent artery before the procedure, which is espe-
cially beneficial in the posterior fossa [23].
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20.3.2 Endovascular Approach

Endovascular management has the advantage of
decreased morbidity, due to its nonsurgical nature
[25]; aneurysms at the posterior circulation espe-
cially show higher morbidity after microsurgery
[26]. The endovascular management of giant
aneurysms can be performed as long as the aneu-
rysm does not show signs of intraluminal throm-
bus; if there is thrombus, then endovascular
management will not be able to relieve the mass
effect caused by the aneurysm itself, even though
it could occlude the aneurysm from the
circulation.

The endovascular management for giant aneu-
rysms are [25]:

1. The parent artery could be occluded by using
coils or balloons.

2. Coiling of the aneurysm coiling of the aneu-
rysm and spare the parent artery.

3. Balloon-, stent-, or neck-bridging-assisted
device for selective coiling [27].

4. Selective occlusion with ethylene vinyl alco-
hol copolymer (ONYX).

5. Sacrifice the parent artery after bypass
surgery.

Parent vessel occlusion is a very simple tech-
nique which is guaranteed to exclude the aneu-
rysm from cerebral circulation [4, 25]. This is the
endovascular treatment of choice if the patient can
tolerate parent vessel occlusion [25]. Multiple
tests must be done before this treatment, using
balloon occlusion test, to ensure that the cerebral
circulation is not compromised by blocking the
parent artery [25]. A study by Linskey et al. dem-
onstrated that even without previous BOT, up to
75% of patients can tolerate ICA occlusion [28].
The vertebral artery, however, can be safely
occluded, except where the patient only has a sin-
gle vertebral artery without a patent PCoA [25].

Selective occlusion of giant aneurysms, whether
using coils or ONYX embolization device, empha-
sizes on filling the aneurysm lumen and occluding
the aneurysm from the circulation as thrombus
forms within the lumen [25]. As most giant aneu-
rysms are formed with large necks, coil-assisted

devices such as stents, balloons, or flow diverters
are often used [25]. The re-endothelialization of the
parent artery after such a procedure is key to pre-
serving a patent lumen and reducing reopening of
the aneurysm [29].

Another treatment option is to use flow-
diverting stents [4]. These devices have more
metal coverage and lower porosity in comparison
with standard intracranial stents and have the
capability of creating blood flow inside their arti-
ficial lumen and induce thrombus formation in
the dome of giant aneurysms as blood flow into
the dome decreases. These stents are also capable
of providing a scaffold for neointimal growth in
the vessel. The role of flow diverters against giant
aneurysms is effective, with permanent major
complication occurring in 3% of patients in a
study by Piano et al. [30] and 5-10% of patients
in other studies [31]. Previous studies have docu-
mented encouraging results when these stents are
used against aneurysms of the anterior circula-
tion [32, 33], defined as aneurysms from the ICA
below the anterior choroidal artery. However,
they are not as effective against aneurysms in the
vertebrobasilar system [34]. It is thought that the
vertebrobasilar system with its many perforators
are not suitable for flow-diverting stents, as these
stents also occlude the perforators, in some cases
up to 2 years after stent placement [34]. The
resulting ischemia of the pons may lead to unac-
ceptable morbidity [34]. These devices may also
be used in conjunction with coils to achieve com-
plete occlusion of the aneurysm [35].

The main concern about selective occlusion is
that the embolization device may disengage over
time, either by coil become compaction, the coil
sometimes migrate, degeneration of the thrombus
intraluminal or migration of the ONYX clot into
the parent artery [25, 26, 36]. This problem is
caused by the inherent nature of giant aneurysms,
with their large lumen volume, which sometimes
cannot be adequately packed with these devices
[25, 26]. Stable occlusion of these aneurysms
requires at least 25% packing of its volume,
which is difficult to achieve with large-volume
aneurysms [25]. In a study by van Rooij et al.
[25], it is found that nearly all giant aneurysms
show reopening after endovascular treatment in
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the 6-month postoperative period, even up to sev-
eral years of stable condition. The follow-up
strategy for these patients is to schedule addi-
tional coiling procedures along with routine fol-
low-up, with decreased patient compliance as a
result [25, 37]. MRA has also been suggested as
a routine follow-up procedure after endovascular
treatment [37].

20.4 Expert Opinion/Suggestion
to Avoid Complication

In several cases such as paraclinoid giant aneu-
rysms, combined approach using microsurgical
and endovascular management can be performed
[38]. Paraclinoid giant aneurysms are often ath-
erosclerotic and calcified, difficult exposure and
dissection of the aneurysm dome, and difficulty
in exposure and proximal control through tem-
porary clipping [38, 39]. In such cases, tempo-
rary occlusion of the parent artery can be
achieved through the endovascular method,
while microsurgery is used to expose and clip
the tumor, followed with suction decompression
of the aneurysm dome [4]. Flow alteration using
a combined microsurgical and endovascular
method may be used to treat fusiform basilar
artery aneurysms [40]. Sughrue et al. [18] cham-
pioned a combined approach using microsurgery
and endovascular therapy as an adjunct in the
treatment of giant aneurysms.
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21.1 Signs and Symptoms

Prior to the routine use of vertebral angiography,
posterior fossa AVMs were usually found unex-
pectedly during the evacuation of posterior fossa
hematomas [1]. In 1932 (May 5th), Olivecrona
had reported their first successful radical removal
of a left cerebellar AVM in a 37-year-old male
who was misdiagnosed of having a posterior
fossa tumor. After an 8-h-long marathon surgery
under local anesthesia and with a blood transfu-
sion of 2000 ml, the AVM was removed. The
postoperative course was uneventful and the
patient left the hospital 3 months later [2]. As ver-
tebral angiography became more widely used,
the preoperative diagnosis of posterior fossa
AVMs became possible. Even so, at that time,
neurosurgeons thought that it was possible to
operate on small-to-moderate-sized AVMs in
silent areas of the brain but were reluctant to
touch AVMs in nonsilent areas [2], including the
more demanding posterior fossa. Neurosurgeons
were, however, disappointed that only very few
AVMs could be removed entirely without great
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risk, which led to the development of other, inef-
fectual techniques, such as vertebral artery or
feeder ligation [1].

In 1961, based on a review of literature and his
personal experience, Verbiest showed that small
cerebellar AVMs could be removed safely.
However large posterior fossa AVMs, even if
located outside the brainstem, could be extremely
dangerous to operate on, while brainstem AVMs
were considered inoperable lesions by their
nature [3]. Since that report, the frequency of
successful surgical removal of the posterior fossa
AVMs has increased with the development of
new microsurgical and radiological techniques,
modern neuroanesthesia, and refined intensive
care principles. Later, Drake with his big series
reported that removal of the posterior fossa AVMs
even in the more sensitive areas of the hindbrain
could also be accomplished with excellent
outcomes.

Over the last 30 years, around 1000 patients
with AVMs have been treated in two centers in
Finland (Helsinki and Kuopio); one tenth of them
were posterior fossa AVMSs. The accumulated
experience in the treatment of these patients is doc-
umented in this chapter, as well as the philosophi-
cal and practical basis for our current management
of these relatively uncommon lesions.

All types of AVMs contribute about 2% of all
hemorrhagic strokes. When AVM rupture occurs,
it usually affects young adults in third or fourth
decade of their life, more often males than
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females. Based on the available data, the esti-
mated rate is about 1:100,000 person-years
which is about 1/10 of that of cerebral aneu-
rysms. Posterior fossa AVMs are even more
uncommon, and it can be roughly concluded that
1/10 of cerebral AVMs are located in the poste-
rior fossa [1].

21.1.1 Location

The posterior cranial fossa is the largest and
deepest of the three cranial fossae, which extends
from the tentorial incisura superiorly to the fora-
men magnum inferiorly. The major contents of it
are the cerebellum and the brainstem which
consist of the midbrain, the pons, and the medulla
oblongata. Posterior fossa AVMs can be gener-
ally classified into brainstem (25%), cerebellar
vermian (15%), superficial cerebellar hemi-
spheric (40%), and deep cerebellar hemispheric
(20%) lesions based on the dominant location of
the nidus.

Of the 631 AVM patients admitted to Helsinki
University Central Hospital between 1942 and
2005, a total of 64 patients were diagnosed with
infratentorial AVMs (Table 21.1).

21.1.2 Signs and Symptoms

In many studies, including ours, hemorrhage is the
main clinical presentation of the posterior fossa
AVMs accounting for 72-92% of the patients [1, 2,
4-7]. The type of hemorrhage depends on the loca-
tion of the AVM, e.g., cerebellar AVM cases often
come with intraparenchymal hemorrhage, cerebel-
lopontine angle (CPA) AVMs are highly related to
subarachnoid hemorrhage, and brainstem AVMs
are more likely to cause subarachnoid and intraven-
tricular hemorrhage (Figs. 21.1 and 21.2a). We
have earlier reported that the annual rupture rate of
posterior fossa AVMSs within 5 years after admission
is almost three times higher than in their
supratentorial counterparts (11.6% vs. 4.3%) [8].

Table 21.1 The locations of the posterior fossa AVMs [4]

Females = Males Total

n (%), n(%),  n(%),

28 (44) 36 (56) 64 (100)
Pontomesencephalic 3 (10.7) 12 (33.3) 15(23.4)
Medulla oblongata 1(3.6) 0 (0) 1(1.6)
Cerebellar vermis 5(17.8) 4 (11.1) 9 (14)
Superficial cerebellar 11 (39.2) 16 (44.4) 27 (42.2)
hemispheric
Deep cerebellar 8 (28.6) 4(11.1) 12(18.8)
hemispheric

Fig.21.1 Axial CT scan shows ICH due to AVM rupture, and posterior circulation DSA (lateral view) shows the loca-

tion of the AVM
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Fig.21.2 (a) CT scan of the brain shows SAH and intra- DSA (b). (¢) Post-op DSA illustrates complete surgical
ventricular bleeding due to posterior fossa AVM with ~ removal of the AVM and clipping of the associated
associated aneurysm confirmed by left vertebral artery aneurysms
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The risk factors for hemorrhagic presentation
of AVMs in general based on studies from the
Finnish population are young age, AVM, deep
venous drainage, previous rupture, and infratento-
rial and deep location. Small AVM size tends to
have a higher risk for hemorrhagic presentation in
almost every series, while large AVM size is also
a factor for AVM rupture in most multivariate
analyses (including ours) [8, 9]. Some multivari-
ate analyses didn’t find large size as a risk factor
for AVM rupture, but importantly, small AVM
size has never been found as a prospective risk
factor for rupture in a multivariate analysis. That
is because the small AVMs will not be diagnosed
unless they are ruptured, whereas many large ones
become symptomatic even before the hemorrhage
[10, 11]. AVM-associated aneurysms are found as
risk factor for hemorrhage in many meta-analysis
studies [10—12]. This risk is highest for the first
few years after diagnosis, then it declines, but
overall it remains significant for decades [13].

Other clinical presentations are relatively uncom-
mon and depend on the location of the
AVM. Cerebellar AVMs are more likely to cause
headache, hydrocephalus, and gait disturbances.
CPA AVMs may give symptoms of cranial nerve
compression such as trigeminal neuralgia or hemi-
facial spasm. Brainstem AVMs can cause significant
neurologic deficits even in the absence of hemor-
rhage probably due to local mass effect, vascular
steal phenomenon, or venous congestion. Overall,
progressive neurologic deficits, cranial nerve palsy,
headache, and ataxia are possible symptoms of pos-
terior fossa AVMs [1, 7]. In recent years the inciden-
tal finding of posterior fossa AVMs has also become
more common with the increasing use of modern
imaging techniques, making incidental AVMs to
account for to 10% in recent studies, compared to
that of less than 2% in early studies [14].

21.2 Investigation

Since the most common clinical presenting sign
of posterior fossa AVM is an acute hemorrhage, a
computed tomography (CT) scan is the most

commonly used initial imaging modality.
Location, volume, and mass effect of the hemor-
rhage can be detected quickly with a CT scan as
well as signs of hydrocephalus. Any evidence of
a previous bleeding or calcification raises the
possibility/probability of an AVM as the origin of
the hemorrhage (Fig. 21.1). Contrast injection
may show feeding arteries and draining veins as
linear, vermiform, tubular, or serpentine high-
density areas.

Magnetic resonance imaging and angiography
(MRI and MRA) provide exquisite detail of the
anatomic relations of the AVM. This is particu-
larly useful when the AVM lies in or near the
brainstem or cerebellar peduncle, in order to
determine the operability or to plan the surgical
approach. MRI is superior to other investigations
in defining the nidus size and its location in rela-
tion to the surrounding structures. Nidus of the
AVM is seen as an area of signal void and may
have a honeycombed pattern (Fig. 21.3). Tubular
signal void structures converging on the nidus
represent the feeding arteries and draining veins.
Bony artifacts are avoided with MRI, allowing
therefore better identification of superficial sup-
ply to, or superficial drainage from, the
AVM. Gliosis and infarction surrounding the
nidus are shown with the hyperintensity area in
T2 and FLAIR on MRI. MRI is however an
impractical imaging technique for critically ill
patients, for example, those harboring a cerebel-
lar clot.

Digital subtraction angiography (DSA) imag-
ing is essential for all patients with AVMs in
order to exactly delineate the vascular structures
comprising the AVM and for the subsequent
management. With DSA the feeding arteries and
draining veins can be visualized (Fig. 21.4), but
this will necessitate selective injections of con-
trast material into both the external and internal
carotid arteries as well as both vertebral arteries
and, occasionally, super-selective injections into
the larger feeding arteries. DSA is also vital in
the detection of anatomic variants, associated
aneurysms, and normal vessels of passage
(Fig. 21.2a, b).
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Fig.21.3 MRI and MRA determine the precise location of the AVM in quadrigeminal cistern after DSA of posterior
circulation

21.2.1 Approach dental lesions. In AVM treatment, the aim is to

eradicate the malformation completely without
Posterior fossa AVMs are very prone to rupture, disrupting normal blood flow. Incomplete treat-
and treatment should be considered in every case, ment provides no significant protection from fur-
except perhaps for the elderly patients with inci- ther hemorrhage.
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VERT.DEX

VERT.DEX

Fig. 21.4 Right vertebral artery angiogram (DSA) demonstrates suboccipital AVM, feeders from PICA, AICA, and

SCA

The decision of whether to treat these lesions
and the choice of the best treatment modality is
difficult. A multidisciplinary team of neurosur-
geons, neuroradiologists, and radiotherapists is
needed when selecting the best management
strategy for each individual patient.

In that process one must take many factors
into consideration:

1. The presenting symptom of the lesion.
2. The age and any other comorbid condition of
the patient.

b

. The anatomical properties of the AVM (loca-

tion [eloquent, non-eloquent area], size,
feeding arteries and its type [terminal, en-
passage, deep feeders], and the venous
drainage).

AVM’s relationship to the adjacent brain
structures.

Presence of a hematoma or not.

The associated aneurysm with AVM and
which type (intranidal, flow related).
Experience of the neurosurgeon.
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After the evaluation of all of these factors, the
most suitable modality of treatment is chosen as
single or combined therapy which directs to pre-
vent future hemorrhage and resolve the related
symptoms (Fig. 21.2a—c).

21.3 Modalities of Treatment
21.3.1 Endovascular Techniques

During the last two decades, endovascular tech-
niques have become a therapeutic option in the
management of the AVMs. Preoperative emboli-
zation aims to devascularize a large AVM with
particulate material, mostly by using rapidly
(butyl cyanoacrylate, Histoacryl) or more
recently by using a slowly setting glue (ethylene
vinyl alcohol copolymer, Onyx). Complete oblit-
eration of an AVM by a rapid embolization alone
is an uncommon situation and accounts for only
about 10% of all our cases, but with a slow tech-
nique of Onyx injection, it can be obtained in up
to 50% of the selected cases [15].

Until now, however, none of the embolic agents,
which have been used to obliterate these lesions,
provide total protection against recanalization,
regrowing, and rebleeding. Therefore, we use
embolization as combined therapy preoperatively
to diminish intraoperative bleeding, making the
surgery resemble more that of extrinsic tumor
removal. Endovascular techniques can also be used
to obliterate the feeders that arise from the deep
which are usually difficult to reach or controlled
with microsurgical techniques, but such vessel may
also difficult to reach by microcatheters.

Many complications may follow the emboli-
zation procedures, like occlusion of the main
draining vein with risk of AVM rupture during or
after the procedure, occlusion of arteries in pas-
sage, or occlusion of major cerebral arteries. In
some locations in the posterior fossa, preopera-
tive embolization may form a hard mass which
later can be difficult to dissect from the cranial
nerve roots or brainstem. Also, if the preoperative
embolization is performed poorly, the result
might be of more harm during the surgery rather
than benefit; the surgery could become even more

difficult especially if they embolized more drain-
ing instead of the feeder.

Recently, we started to perform both the
embolization and the microsurgical removal at
the same day to avoid hemorrhage resulting from
the hemodynamic changes inside the nidus,
caused by partial embolization of the AVM.

21.3.2 Radiotherapy

Irradiation activates the swelling and degenera-
tion of endothelial cells and perivascular tissue,
which promote thrombosis and proliferative fibro-
blastic repair [1]. These changes in the abnormal
vessel walls lead to occlusion of the shunt and
finally obliteration of the AVM. The success of
this technique depends on the delivery of ionizing
radiation in a precise and focused manner to the
malformation and avoiding exposure of the sur-
rounding brain. Traditionally, the indication of
radiosurgery has been a deep location or a loca-
tion in eloquent brain that is associated with high
surgical morbidity and mortality; such locations
include the basal ganglia and brainstem.

The obliteration of AV shunt by radiosurgery
takes between 1 and 3 years with a risk of recur-
rent hemorrhage during this period; actually the
rate of recurrent bleeding is 2.98%/year/patient
[16], and it seems that the occurrence is the same
as if the lesion had been left untreated.

21.3.3 Microsurgery

Microsurgery is considered an ideal treatment for
ruptured AVMs. It is, however, controversial in
unruptured AVMs, even if radical eradication
allows a complete cure of the lesion. ARUBA
study found that conservative treatment of unrup-
tured AVMs is superior to the interventional ones
(microsurgery, endovascular, and radiosurgery)
[17]. The study has nevertheless been criticized
because of the short follow-up time, the low num-
ber of patients that does not allow subgrouping of
the patients according to location or size of AVM,
and most patients in the interventional arm being
treated by radiosurgical methods.
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Laakso et al. studied retrospectively 623 AVM
patients [4]. The total follow-up is 10,165 person-
years, and this study provides a significant long-
term follow-up. In their study, they compare the
survival of AVM patients to the general popula-
tion. Their results show that AVMs are associated
with significant and long-lasting excess mortality
that is considerably lower in actively treated
patients. Even with these results, however, the
decision-making regarding incidentally found
unruptured AVMs is difficul [4, 5, 13, 18].

The decision of whether to operate on AVMs
is based on many factors mentioned before. Size
and location are the most important factors in the
decision-making; major involvement of the
brainstem may increase the risk above accept-
able. We found superficial and vermian cerebellar
AVMs generally favorable for microsurgical
treatment. In ruptured AVMs, the hematoma cav-
ity surrounding the nidus facilitates removal of
even deep-seated lesions [5, 19].

Drake et al. in their series had no morbidity or
mortality in small AVMs (<2.5 cm), and just over
15% morbidity and mortality in large AVMs
(>5cm) [1].

21.4 Steps of the Surgery

Posterior fossa AVMs are classified into (1) cer-
ebellar hemispheric AVMs (tentorial, suboccipi-
tal, and petrosal); (2) vermian AVMs (suboccipital
and tentorial); (3) tonsillar AVMs; and (4) brain-
stem AVMs (midbrain, pontine, and medulla
oblongata) [1, 14].

In Helsinki we use four approaches to resect
most posterior fossa AVMs: (1) supracerebellar
approach for cerebellar tentorial, vermian tento-
rial, and posterior midbrain AVMs; (2) suboccipi-
tal approach for cerebellar suboccipital and
vermian suboccipital AVMs; (3) suboccipital
telovelar approach for tonsillar AVMs; and (4)
retrosigmoid approach for cerebellar petrosal and
some brainstem AVMs.

21.4.1 Supracerebellar Approach [20]

Unless contraindicated, e.g., due to old age and
cardiac disease, we use the sitting position for the

supracerebellar approach. The advantages of this
approach are providing better drainage of CSF
and possible less bleeding during surgery, pro-
vide a relax vein, and being able to observe the
superior anatomical view of the AVM and iden-
tify the feeder. But we need to be careful with the
risk of air embolism, cervical myelopathy, and
hypotension.

Instead of the classical midline supracerebel-
lar approach, we prefer paramedian approach. Its
advantages are fewer veins in the surgical trajec-
tory, less steep tentorium, and reduced risk of air
embolism due to avoidance of exposure to the
confluence of sinuses. The disadvantage is the
difficulty to identify the best trajectory toward
the center of the quadrigeminal cistern.

21.4.1.1 Positioning

The sitting position we use in Helsinki is similar
with praying position. We bent the upper torso and
head of the patient forward about 30° and down-
ward. By doing that, we expect the tentorium
would be almost horizontal. This position will pro-
vide a good viewing angle from the most cranial
portions of the posterior fossa to the lowest part.
Two fingers have to fit between the chin and ster-
num; it will provide enough room to prevent com-
pression of the airways and jugular veins.

21.4.1.2 Incision and Craniotomy

‘We make a linear incision 2-3 cm lateral from the
midline. The paramedian incision will start about
2 cm cranial to the occipital protuberance and
extends until the craniocervical junction. The
muscle can be easily split until the occipital bone,
along the incision line, and can be held with self-
retaining retractor. To spread the wound, we
place a curved retractor both from cranial and
caudal directions. We detach the muscle inser-
tions with diathermia and expose the occipital
bone. Bony exposure is usually enough at 3—4 cm
below the transverse sinus.

We place one burr hole 3 cm lateral from the
midline, slightly superior to the transverse sinus.
We detach the dura from the transverse sinus, gently
with blunt and curve dissector. Then we perform
craniotomy with 3—4 c¢cm bone flap. The bone flap
should be above the transfer sinus to allow retrac-
tion of transfer sinus cranially. The bone opening
should leave 1 cm edge of bone to the midline.
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21.4.1.3 Dural Opening

Sometimes the draining vein or the AVM itself is
firmly adherent to the dura. Therefore, we care-
fully inspect the dura under the microscope to
avoid any injury to the draining vein. To avoid
injury to the veins or transverse sinus, the dura is
opened under microscope. We open the dura in a
V-shaped form and the base at the sinus. Many
veins at supracerebellar area usually located in
the midline such as superior cerebellar vein and
could be avoided with this approach. Once the
thick arachnoid and few of the bridging veins
between tentorium and cerebellum were coagu-
lated and cut, the cerebellum will follow the
gravity, allowing a good surgical view without
any brain retraction.

21.4.2 Retrosigmoid Approach [20]

This approach is described in detail elsewhere in
this book. We describe only our modification of
this technique.

21.4.2.1 Positioning
We place the patient in lateral position (park
bench), with the head elevated about 20 cm above
the heart level. We rotate the upper body slightly
(5-10°) backwards, in order that the shoulder is
retracted with tape more easily caudally and pos-
teriorly. The head (1) is slightly flexed forward,
(2) may be tilted laterally, and (3), if necessary,
may be rotated slightly toward the floor.

To gain slack brain, we use spinal drainage
with 50-100 ml CSF removed.

21.4.2.2 Skin Incision
and Craniotomy

We place a linear incision 2 cm behind the mas-
toid process. The length of incision varies
depending on distance of the AVM from the
foramen magnum. Of importance is to have the
skin incision long enough to obtain an adequate
bony exposure. We place a large-sized curved
retractor at the cranial side of incision. We con-
tinue to split the subcutaneous fat and muscles
with monopolar until we found the yellowish fat

at the level of the foramen magnum. This should
be a sign for warning of extracranial vertebral
artery.

We made one burr hole just at posterior border
of the incision and then continue with the crani-
otomy. A bone flap of 2-3 cm is usually suffi-
cient. If necessary, the bony opening can be
extended by drilling mastoid part of the temporal
bone. If the mastoid air cells are exposed, they
really need to be meticulously closed to prevent
the postoperative CSF leak.

21.4.2.3 Dural Opening

The duramater is opened in a curvilinear shape,
and the base at the mastoid. The dura edges are
tackled with sutures. When the dura cut near the
transverse sigmoid junction, the dura will be cut
in a three-leaf fashion. One is directed exactly to
the junction for better exposure.

The brain should be slack due to the spinal
drainage, and once the dura is opened com-
pletely, we may close the drain temporarily. If
the brain is still tight, opening the cerebellom-
edullary cistern (cisterna magna) helps to slack
the brain. In this approach, the petrosal vein is
often the prominent vein seen when approach-
ing the tentorium or the upper cranial nerves.
Although some papers mention that we may
sacrifice this vein, many surgeons have observed
complications after its occlusion. The best sug-
gestion is to preserve it.

21.4.3 Suboccipital Craniotomy [20]

21.4.3.1 Positioning
We usually use the sitting position described pre-
viously in this chapter.

21.4.3.2 Incision and Craniotomy

We make the incision on the midline. The inci-
sion starts from the external occipital protuber-
ance and extends till the C1-C2 level. We split
the muscles at the midline with monopolar all the
way to the occipital bone. If we split it exactly at
the midline, there will be less vascular tissue. We
place one large self-retaining retractor on each
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end, cranial and caudal. When dissecting the
muscles, care is needed to avoid injury to the ver-
tebral artery, which is located 1-2 cm from the
midline.

We place one burr hole 1 cm paramedian from
the midline, below the transverse sinus. We make
two cuts with the craniotomy toward the foramen
magnum. At the cranial aspect, the bone flap is
secured with strong and large rongeur. If needed,
we use a high-speed coarse diamond drill or a
small rongeur to extend the lateral exposure of
the foramen magnum.

21.4.3.3 Dural Opening

We open the dura under a microscope in a reverse
V-shaped form, and the base at the foramen mag-
num. We start dura cutting below the occipital
sinus, and the dural leaf is everted caudally and
sutured tightly to the muscles. At this point, usu-
ally the arachnoid membrane that covers cisterna
magna is usually intact. The arachnoid is opened
and attached it to dural leaf using hemoclips.
Then under high magnification, we gently push
apart the cerebellar tonsils, and we start to enter
the fourth ventricle. By changing the table and
microscope angle, we may even obtain visualiza-
tion of superior part of fourth ventricle and
aqueduct.

21.4.3.4 Dissection

Mostly microsurgical removal of AVMs is a
great challenge. In posterior fossa AVMs, the
lesion is located deep in a small compartment

close to many critical structures, which makes
posterior fossa AVM surgery even more diffi-
cult. Therefore, only experienced neurovascu-
lar team should operate on these lesions
(Table 21.2).

After opening the dura, we inspect the AVM
under less magnification to estimate the nidus and
their relationships to the adjacent neurovascular
structures. We discern also the superficial feed-
ers, the pattern of draining veins, and the plane
of cleavage. During this initial inspection of the
AVM, we use indocyanine green (ICG) angiogra-
phy to distinguish arterial feeders from arterial-
ized draining veins. ICG provides great help in
this purpose.

We perform all the AVM dissection using
maximize magnification. The cleavage plane
between the nidus and the neural tissue is distin-
guished as a yellow gliotic tissue formed by pre-
vious hemorrhage(s). The feeders enter the AVM
through this plane, and they should be identified,
coagulated, and cut at this point. If no clear plane
surrounds the AVM, especially in critical areas,
dissection must be considered on the AVM itself
depending on the axiom that no normal neural
tissue between the AVM aggregation.

Besides carefully studying of 3D reconstruc-
tion images preoperatively, the large superficial
feeding arteries are identified intraoperatively with
ICG. We often place temporary clips only on the
feeders that terminate in the AVM and avoid the
main trunk of en-passage arteries, which also have
branches that supply the normal cerebellum and/or

Table 21.2 Characteristics of 64 patients with infratentorial arteriovenous malformation, stratified by result of treat-

ment [4]
Total occlusion
n=236 (%)
Pontomesencephalic 4 (11.1)
Medulla oblongata 0 (0)
Cerebellar vermis 6(16.7)
Superficial cerebellar hemispheric 17 (47.2)
Deep cerebellar hemispheric 8(22.2)
Multiple 1(2.8)

Partial occlusion Conservative
n=12 (%) n=16 (%)
3 (25) 7(43.7)
1(8.3) 0 (0)

2 (16.7) 1(6.3)
4(33.3) 6 (37.5)

2 (16.7) 2 (12.5)
0(0) 0(0)
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brainstem. Unintended occlusion of these branches
may cause devastating brainstem infarction.

The small feeders should be coagulated
directly in the cleavage plane. The tiny and frag-
ile feeders, or dilated capillaries around the AVM,
remain the most difficult part of the procedure,
particularly when these vessels are close to the
ventricle. Because of their fragile nature and little
tissue to act on, bleeding from these tiny vessels
is difficult to control. We use continuous coagula-
tion with nonsticking bipolar forceps, which we
quickly interchange when they become soiled.
Bipolar is also used to shrink the AVM and to
clarify the cleavage plane.

After disconnecting all the feeders, the AVM
becomes border-free, bloodless, smaller, and
non-tense, and the color of the draining vein(s)
changes from red into blue. At this point, the
draining vein can be coagulated and divided
safely. If the venous drainage is obstructed dur-
ing the procedure prior to this point, the AVM
may become tense and prone to massive uncon-
trolled bleeding, and also swelling of the cerebel-
lum can occur. If a secondary draining vein
impedes the resection, the trick is to occlude this
vein by a temporary clip. If no swelling of the
AVM or cerebellum is observed, dividing the
vein is safe.

Once the total AVM removal is achieved, the
cavity should be carefully inspected for any
remnants. Our technique is to touch all walls with
the cotton and bipolar tip gently. A bleeding may
indicate an AVM remnant, and another resection
plane should be performed in that location.
Hemostasis of the resection cavity must be meticu-
lous. We use hemostatic materials (Tachosil ®,
Surgicel ®, fibrin glue) to seal the resection cavity.

The dura should be closed in watertight and
few stitches are used to lift it up to the bone
edges. We put back the bone flap and secure it
before closing the wound in layers.

21.5 Expert Opinion
and Suggestions to Avoid
Complications

*  You cannot “try” AVM surgery — the surgeon
always need to be aware that once the AVM
surgery started, it has to be carried till it finish,
and the nidus should be removed completely
(Figs. 21.4 and 21.5).

e Before starting the operation, preoperative
study on the images is essential to have clear
understanding of anatomy of the main feeders
and the relationship between the AVM and the
adjacent structures.

* Initiating the dissection around the AVM in
the correct plane facilitates the removal of
even complex AVM with minor bleeding.

e The whole AVM should be removed as one
piece; piecemeal removal causes a massive
bleeding which is difficult to control.

* Hemostasis of the deepest part of the AVM
with thin-walled feeders is the most difficult
part of the surgery. It requires a lot of
patience, time, and blunt-tipped bipolar
coagulation.

e Persistent bleeding from the resection bed
usually indicates the presence of nidus rem-
nant, and then another specific detection is
needed.

e To be more familiar with AVM surgery, it is
good to know that the small feeders surrounding
gliomas are similar to those of AVMs; this helps
you to sharpen your skills in AVM surgery.

e The draining veins have to be preserved until
the end of the resection.

e Simple ligation of feeding vessels of the AVM
is ineffectual. The fistulous connections
between the abnormal arteries and veins in the
nidus will rapidly change and recruit any ves-
sel and make it even more prominent prior to
ligation.
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Fig. 21.5 Post-op vertebral artery angiogram demonstrates complete surgical removal of the AVM

21.6 Postoperative Care
and Follow-Up

At the end of the procedure, immediate CT and
CT angiography are performed directly before
awaking the patient to check any postoperative
hematoma and to find out any remnant in the
AVM resection bed; then the patient is transferred
to the neurosurgical ICU, where ECG, arterial
blood pressure, central venous pressure, and
other vital signs are recorded. Patients with small
AVMs are woken up slowly over the period of
several hours; those with large or complex AVMs
are kept sedated and under moderate hypotension
(mean arterial pressure 20% below the patient’s
normal level) by restricting fluid intake and hypo-
tensive medications for several days. Careful
repeat neurosurgical assessments are achieved.

Postoperative DSA is used to check if the
AVM is completely eradicated.

Conclusion

Posterior fossa AVMs are very prone to rupture,
and their treatment should be considered in
almost every case. Microsurgical removal of
posterior fossa AVMs is a big challenge in neu-
rosurgical practice. Therefore, only experi-

enced neurovascular team should operate on
these lesions. The decision of whether to treat
these lesions and choosing the best treatment
modality is complex. A multidisciplinary team
of neurosurgeons, neuroradiologists, and radio-
therapists is important in the selection of the
best management in each individual patient.
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of Intracranial Aneurysms

Naoya Kuwayama

22.1 Introduction

Since the development of Guglielmi detachable
coil (GDC), endovascular technique for coiling
has become widely accepted as one of the option
treatments of intracranial aneurysms.

The randomized trial of ISAT [1] proved the
superiority of the aneurysm coiling than clipping
for the patients with subarachnoid hemorrhage.
Endovascular aneurysm treatment has been rap-
idly developing in technique, and its indication
has been also rapidly spreading with the develop-
ment of a variety of adjunctive techniques,
including simple coiling, catheter- or microwire-
assisted coiling, double-catheter technique, bal-
loon remodeling technique, and stent-assisted
technique. In this educational chapter, the stan-
dard and most updated coiling techniques will be
explained including advantages and drawbacks.
The flow diverters will not be mentioned here.

22.1.1 Antiplatelet Therapy

Antiplatelet agents (aspirin and/or clopidogrel)
should be given to the patients with unruptured
aneurysms, 1 or 2 weeks before the treatment, to
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prevent thromboembolic complications. When
using a simple technique, a single agent (aspirin
or clopidogrel) will be enough, while when using
the adjunctive techniques, dual antiplatelet ther-
apy (DAPT) will be recommended. If using the
stents, DAPT is mandatory and should be kept
within several months after the treatment.
However, we should be aware of the hemorrhagic
complications due to the DAPT medication
(Match Study) [2]. In cases with ruptured aneu-
rysms, single agent will be given after procedure
or during treatment through the nasogastric tube.
When using stents, loading dose of aspirin
(300 mg) and clopidogrel (300600 mg) should
be given during or immediately after procedure.
Increase of blood aspirin level is rapid but that of
clopidogrel is slow, taking several hours even if
the loading dose is given.

“VerifyNow (Accumetrics)” is an easy,
instant, and portable instrument to assess the
platelet aggregation activity of the patient imme-
diately before treatment. The degree of suppres-
sion of platelet activity with either aspirin (ARU)
or clopidogrel (PRU) can be monitored.

22.1.2 Anesthesia

Usually general anesthesia is favorable and
selected to get immobilization of the patient par-
ticularly in case of ruptured aneurysms. If a
patient would bleed in the procedure, vital sign
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could be controlled much better under intubated
condition. Local anesthesia could be selected if
the patient could well understand and stay still,
but not recommended.

22.1.3 Heparin

Usually femoral arteries are selected for the
access routes. After puncture of the artery, hepa-
rin should be given to maintain the ACT (acti-
vating clotting time) at 1.5-2 times of
pretreatment level. We usually give 3000-
5000 units in bolus intravenously at first and
then 1000 units every 1 h.

22.1.4 Procedures of Coiling

Though the simple technique should be the best,
we have to utilize many kinds of adjunctive tech-
niques to protect the parent artery from coil her-
niation out of the aneurysm dome. The practical
techniques with microguidewires, microcathe-
ters, balloons, and stents will be explained.

22.2 Simple Coiling, Basic
Techniques, and Follow-Up

A OFr guiding catheter is usually selected to pre-
pare for the second microcatheter usage. The first
microcatheter is used for coiling and the second
microcatheter (balloon catheter) is used for the
adjuctive techniques. A microcatheter should be
inserted into the aneurysm dome using a
microguidewire. The detachable platinum coils are
conceptionally divided into three types: framing,
filling, and finishing coils. The decision to choose
the size of framing coil should be same with or
0.5-1 mm smaller than the aneurysm diameter.
When the aneurysm is spherical shaped, the size of
framing coil should be the medium diameter
between the long and short axes. The filling coils,
shorter and smaller, come next and pack inside the
framing coil. Then a few finishing coils

follow and finalize the treatment. The finishing coil
should be much softer and shorter. Final stage, the
microguidewiere should be proceeded into the tip
of the microcatheter and pulled back together
securing the inside coils not coming with the
catheter. The optimum packing rate will be 20-25%
or more, and it is reported that the higher the
packing rate, the less the recurrence rate [3].

The follow-up should be done under the moni-
tor of plain craniogram and MRI time of flight
(TOF) sequence. Morphological changes of the
coil in the craniogram and/or inside flow into the
aneurysm dome in MRI-TOF images will indi-
cate the recurrence of the aneurysms. Then the
angiogram should be done to evaluate the neces-
sity of retreatment.

22.3 Adjunctive Techniques

A 6 or 7 Fr guiding catheter is usually selected to
go with two or three catheters in combination.
Sometimes a balloon-guiding catheter (7 or 8 Fr)
is used to stabilize the intracranial remodeling
balloon catheter or to control intraoperative
bleeding. Here, five kinds of adjunctive tech-
niques will be shown.

22.3.1 # Wire Protection Method
(Fig. 22.1)

This is suitable to a small aneurysm arising from
a small parent artery. Place a microguidewire
passing across the aneurysm neck in the parent
artery. It is sometimes useful to prevent the coil
from protruding out of the aneurysm neck.

Figure 22.1 shows the anterior communicat-
ing artery (AcomA) aneurysm. The microguide-
wire is coming through the left internal carotid
artery (ICA) and going to the distal right A2 seg-
ment through the AcomA, while the microcathe-
ter is coming from the right ICA and inserted into
the aneurysm dome. The coils do not come out of
the dome with the protection of the microguidewire
across the aneurysm neck.
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microcatheter
from right ICA

microguidewire
from left ICA

Fig. 22.1 The wire-assisted technique for an aneurysm of the anterior communicating artery

22.3.2 # Catheter Protection Method
(Fig. 22.2)

This is a modified method of the wire protection
procedure. Place a microcatheter passing across
the aneurysm neck in the parent artery. This is
available in the small vessel like anterior cerebral
arteries and in the posterior circulation.

Figure 22.2 demonstrates the aneurysm of the
left VA-PICA. The microcatheter is coming from
the contralateral right vertebral artery and going
to the left PICA into its distal segment, while the
second microcatheter is coming from the left ver-
tebral artery and going into the aneurysm dome.

22.3.3 # Double-Catheter Method
(Fig. 22.3)

In case with wide-neck aneurysms, coils are eas-
ily herniated from the dome. Sometimes a loop of
a detached framing coil may come out of the
dome, being pushed by filling coils. In these
cases, the double-catheter technique is often use-
ful. First, send the two microcatheters into the
aneurysm dome. Then start coiling. When the
first coil makes a good frame in the dome, keep
the coil undetached and push and hold the cathe-

ter slightly pressing the framing coil to the dome
side. Then start filling inside the frame with the
second catheter. Usually after detaching two or
three filling coils inside the dome, the framing
coil will be stabilized well and not be herniated to
the parent artery. Then the framing coil can be
detached. Afterward, both the first and the second
catheters can be used for the coil insertion
depending on the situation.

Figure 22.3 shows the recurred aneurysm at
the right posterior communicating artery (PcomA)
after clipping. The previous multiple clips caused
the tight stenosis of the ICA proximal to the aneu-
rysm, allowing just one microcatheter to pass
through the stenosis. While placing a microcath-
eter from the right ICA, the second microcatheter
was coming from the contralateral left ICA
through the AcomA, going down to the right ICA,
and finally placed in the aneurysm dome. Thus,
the wide-neck aneurysm was completely packed
with the double-catheter technique.

22.3.4 # Balloon Remodeling Method
(Fig. 22.4)

First, send the balloon catheter to the distal par-
ent artery and then send the microcatheter into
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Fig. 22.2 The catheter-assisted technique for an aneurysm of the left vertebral artery (PICA)
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recurrent aneurysm of the right ICA after
clipping. The previous clips make the Left: 1st microcatheter going from the right ICA to the aneurysm
tight ICA stenosis and only one catheter dome. Middle: 2nd microcatheter going from contralateral ICA
can pass through the ICA. The 2nd to the aneurysm through the AcomA. Right: abgiogram after
catheter is navigated from the left ICA coiling.
throught AcomA.

Fig. 22.3 The double-catheter technique for a recurrent wide-neck aneurysm of the right ICA after clipping
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Fig.22.4 The balloon remodeling technique for an aneu-
rysm of the posterior communicating artery (PcomA).
The aneurysm arises from the PcomA. This is the so-
called pure Pcom aneurysm (left). The aneurysm is being

the aneurysm dome. The movement of one
catheter will affect the position of the other cath-
eter by the friction of both catheters. Surgeon
should always be aware of the position of the tip
of coil catheter, when moving the microballoon
catheter, otherwise it may cause perforation of
the aneurysm. When the balloon and microcath-
eter are placed properly, start coiling. The bal-
loon can be inflated, if necessary, to prevent the
coil coming out of the dome. Surgeon must
remember that the inflated balloon will fix the tip
of the coil catheter and prevent its free move-
ment, causing rupture of the aneurysm. The bal-
loon should be inflated under road mapping up to
the size of the parent artery, not to cause the ves-
sel rupture.

Figure 22.4 shows the so-called pure PcomA
aneurysm (arising from PcomA itself). In the
final stage of the procedure, the balloon was
inflated in the PcomA preventing the finishing
coils from herniating to the parent PcomA.

balloon

packed with balloon remodeling technique (middle). The
balloon is inflated in the parent PcomA to prevent coil
herniation. The aneurysm is completely obliterated with
coils keeping the PcomA patent (right)

22.3.5 # Stent-Assisted Technique
(Fig. 22.5)

There are several kinds of remodeling stents: open
cell type, closed cell type, braided type, etc. To
use the stents, DAPT medication before proce-
dure is mandatory to prevent thromboembolic
complication. There are two ways to send the coil
catheter to the aneurysm: one is jailing technique
and the other is trans-cell technique. In case of
jailing technique, send the stent catheter to the
distal parent artery. Before opening the stent, send
the coil catheter into the aneurysm dome. Then
open and deploy the stent, and start coiling. In
case of trans-cell technique, send the stent cathe-
ter to the distal parent artery and then open and
deploy the stent. Send the coil catheter to the
aneurysm through the cell of the stent, and start
coiling. The demerit of the trans-cell method is to
have a potential risk of wire or catheter perfora-
tion in cases with small aneurysms.
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Fig. 22.5 The stent-assisted technique for an aneurysm
of the origin of the superior cerebellar artery. (a) The
aneurysm arises from the origin of the superior cerebellar
artery (BA-SCA AN) (b) The aneurysm is being packed
with balloon-assisted technique at first. The balloon is

At present, the jailing method seems to be
dominantly used. The demerit of the jailing
method is to fix the coil catheter preventing the
free movement of the tip of the microcatheter.
Recently semi-jailing method is frequently used,
keeping the stent half open at the neck to secure
the free movement of the coil catheter. In other
words, the semi-jailing method makes the neck
of the aneurysm smaller, allowing free catheter
movement and easy and safe coiling. It is reported
that stent-assisted coiling has smaller rate of
recurrence due to the hemodynamic effect to the
aneurysm [4].

Figure 22.5 demonstrates a case with the
aneurysm of the superior cerebellar artery
treated with balloon- and stent-assisted tech-
nique. Coiling started with balloon-assisted
technique; then finally the stent (Elvis Jr.) was
deployed from the PCA-P1 segment to the
basilar artery.

inflated from the right PCA-P1 segment to the upper basi-
lar artery. (¢) The aneurysm is completely obliterated with
balloon- and stent-assisted technique. (d) Note the stent
(arrows) is placed from the left PCA-P1 segment to the
upper basilar artery
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23.1 Introduction

Neuroendoscopic procedures for spontaneous
cerebral hemorrhage have recently increased.
This is a result of the reports published by
Nishihara et al. in 2000 [1], describing how to use
the neuroendoscopic to evacuate the intracerebral
hematoma by wusing a transparent sheath.
Following this, 300 surgical cases of spontaneous
intracerebral hemorrhage have been performed
with an endoscope in our institution, and in
related facilities, between 2000 and 2015. This
procedure is commonly performed with only one
or two burr holes under local anesthesia. If the

D. Suyama (><)
Department of Neurosurgery, Fuchu Keijinkai
Hospital, Tokyo, Japan

Department of Neurosurgery, Fujita Health
University, Banbuntane Hotokukai Hospital,
Nagoya city, Aichi, Japan

e-mail: daisuke @suyama.org

J. Hiramoto
Department of Neurosurgery, Fuchu Keijinkai
Hospital, Tokyo, Japan

K. Yamashiro - Y. Yamada - T. Kawase
Department of Neurosurgery, Fujita Health
University, Banbuntane Hotokukai Hospital,
Nagoya city, Aichi, Japan

e-mail: kawasemi @hm@8.aitai.ne.jp

Y. Kato

Department of Neurosurgery, Fujita Health
University, Toyoake, Aichi, Japan

e-mail: kyoko @fujita-hu.ac.jp

© The Author(s) 2019

J. July, E. J. Wahjoepramono (eds.), Neurovascular Surgery,

https://doi.org/10.1007/978-981-10-8950-3_23

transparent sheaths are introduced into hema-
toma safely, endoscopic procedures will be suc-
cessful in any location of spontaneous
hematomas.

23.2 Preoperative Preparation

Prior to the surgery, if the hematoma is at unusual
location, the patient needs an angiography or at
least three-dimensional computerized tomo-
graphic angiography (3D-CTA) or magnetic res-
onance angiography (MRA) to rule out the
possibility of vascular malformation, such as
arteriovenous malformation (AVM), aneurysm,
or dural AV fistula.

To decide on surgical approach, 3D-CT was
performed with scalp marker. For deep-seated
hematoma like thalamic hemorrhage, we used
stereotaxic system or navigation system in order
to insert transparent sheath.

23.2.1 Surgical Tools

For this surgery, we use endoscope, suction tube,
and transparent sheath. There are several differ-
ent types of transparent sheath depending on the
case. Some cases require small diameter of 5 mm,
but some require 10 mm. Soft blood clot may
need small suction of 2 mm, but hard clot may
need bigger one such as 4 mm. Rigid and flexible
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Fig. 23.1 Surgical tools for endoscopic evacuation of intracerebral hematoma

endoscopes are available and their diameter is 2.7
and 4.8 mm (Fig. 23.1).

23.3 Steps of the Surgery

23.3.1 Burr Hole and Hematoma
Evacuation

Prior to incision, we need to infiltrate the skin
with local anesthesia, and it is very important to
infiltrate the periosteum. The periosteum is very
sensitive to pain. Linier incision is made and
secured with self-retaining retractor. A burr hole
is made and should be large enough for the trans-
parent sheath; the sheath is inserted using
CT-stereotaxic or navigation guidance until it
gets into the hematoma. The transparent sheath
(Fig. 23.1) with allows our vison along the tun-
nel, with the scope and suction tube in it, we will
be able to suck out the blood clot. The tube is

moveable and has a slippery surface to prevent
injury to the brain. If we find the source of bleed-
ing vessel, it could be coagulated with touching
the monopolar to the suction tube on the source
of bleeding (Fig. 23.2).

23.3.2 Irrigation

When the hematoma is evacuated, we may irri-
gate the hematoma bed with warm normal saline
or ringer solution. Sometimes, when we expand
the cavity with the fluid, some residual hematoma
is also washed out. The warm fluid usually helps
with the local hemostasis, and it’s very helpful
especially with small oozing blood. Condition
with significant bleeding requires bipolar or
monopolar. After things are done, the transparent
sheath is removed gently and the tract also needs
to be washed with warm fluid. No drain is neces-
sary in the hematoma cavity (Fig. 23.3).
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23.4 Specific Surgical Technique

The use of endoscope to evacuate the intracere-
bral hematoma began with endoscopic-assisted
stereotaxic aspiration of hematoma, which is
popular before 2000 [2, 3]. In contrast to that,
recently, the use of endoscope with transparent
sheath for evacuation of hematoma is the major
role because it provides the direct vision com-
pared to the stereotaxic aspiration surgery. The
transparent sheath is movable and provides a
clear orientation around the tube. This technique
has gain popularity very fast, and it could be done
with small incision and with small craniotomy

(or burr hole). The entry point for different loca-
tions is very important, such as putaminal hema-
toma, thalamic hematoma, lobar hematoma, and
cerebellar hematoma.

23.4.1 Putaminal Hemorrhage

In putaminal hematoma, the burr-hole position
should be put at the upper end of the hematoma to
the closest vertical trajectory from the cranium.
Removing the hematoma and being able to see
the brain margin will help the orientation. The
hard clot should not be pulled and better to be left
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Fig. 23.3 Irrigation of hematoma cavity: left rigid scope view, right flexible scope view

there. After the hematoma removal, we may irri-
gate the cavity with warm saline (Fig. 23.4).

23.4.2 Thalamic Hemorrhage

In thalamic hematoma, we have to consider the
blood both in the ventricle and in the paren-
chyma. Also, we need to remember and imagine
the location of internal capsule to the blood clot.
The surgical approach could be from anterior or
posterior transventricular and try to avoid injury
to internal capsule, although it’s probably already
injured by the hemorrhage. But we need to try

our best to avoid making more injury to the inter-
nal capsule, if there are still some. After evacuat-
ing the thalamic hematoma, the blood clot in the
ventricle could be aspirated gently. Sometimes
we need a flexible scope (Fig. 23.5). But even
with rigid scope and lots of irrigation, we may
clear the hematoma mostly.

23.4.3 Lobar Hemorrhage

In lobar hemorrhage, the trajectory for lobar
hematoma should be planned with navigation or
for 3D-CT with scalp marker (Fig. 23.6).
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Fig.23.4 CT scan of
putaminal hemorrhage:
O point of entry, X
longitudinal axis of the
hematoma

Anterior approach — ventricles
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Fig.23.5 Thalamic hemorrhage: left, posterior transven-  toma and coming from anterior horn with flexible scope to
tricular removal of the hematoma; right, coming from remove the intraventricular hematoma
posterior with rigid scope to remove the thalamus hema-
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Fig. 23.6 CT scan of lobar hemorrhage, before surgery and after surgery (lower part)

23.4.4 Cerebellar Hemorrhage

In cerebellar hemorrhage, burr hole position is
very important but it is difficult to decide a proper
position only by preoperative scalp surface
marker; a midpoint of the line between the inion
and the mastoid tip. Burr-hole position should be
measured from the foramen magnum on the skull
surface during surgery. It is the most reliable
marker during surgery, to make a burr hole on the
inferior nuchal line in the distance of 3 cm from
the foramen magnum (Fig. 23.7).

23.5 Expert Opinion/Suggestion
to Avoid Complication

In our cases of putaminal hemorrhage, two cases
we switched craniotomy. One case is due to
enlargement of the hematoma after surgery, and

this probably due to either insufficient hemosta-
sis or rebleeding after surgery. The second case
was due to a small AVM that we misdiagnosed at
the beginning. It was described by Yasagil in
1987 [4]. The diagnose was proved during crani-
otomy and the pathology confirmed it. We highly
recommend to screen every possible case, espe-
cially if the location and the clinical presentation
are not typical for hypertensive hemorrhage. If
there is a massive bleeding during hematoma
evacuation, do not hesitate to switch to craniot-
omy for hematoma removal. All of such thing
should be mentioned in the consent prior to sur-
gery, including the provable micro-AVM [5].

In our cases of thalamic hemorrhage, we have
two cases with intraventricular venous; both
cases were using an anterior transventricular
approach for thalamic hematoma. Therefore, our
opinion is considering that a posterior approach
is probably better than an anterior approach to
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Fig.23.7 Cerebellar hemorrhage, before and after surgery

remove the thalamic hematoma to avoid injury of
intraventricular veins.

Transparent sheath for endoscopic evacuation
of intracerebral hematoma will become more and
more popular. Once the surgeon becomes famil-
iar and comfortable with this technique, they will
less likely go back to the conventional approach
with bigger incision and bigger wound. The
important points of this surgery is the placement
of the burr hole so the track will provide the best
direction for hematoma evacuation.
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24.1 Introduction

Spontaneous intracerebral hemorrhage (ICH)
due to uncontrolled hypertension is a common
clinical entity that affects up to four million peo-
ple annually [1]. Hemodynamic injury to perfo-
rating end arteries (100400 pm) results in
pathological lesions such as lipohyalinosis, fibri-
noid necrosis, and Charcot-Bouchard microaneu-
rysm which may predispose to rupture. Common
locations where these hemorrhages may occur
include the basal ganglia, pons, thalamus, cere-
bellum, or subcortical white matter (lobar) [2].

Despite numerous multicenter trials, debate
still exists on the indication for surgery as well as
exact benefits of this treatment modality.
Advancement in technology has also provided a
number of minimally invasive methods such as
endoscopic and stereotactic aspiration for evacu-
ation of clots. The superiority of any one of these
methods over the others has still not been com-
pletely established.

In the course of training, a young neurosur-
geon should be well versed in the basic surgical
principles of managing a patient who presents
with neurological symptoms due to an intracere-
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bral hemorrhage. Despite the increasing popular-
ity of minimally invasive methods, craniotomy
remains a fairly safe and standardized method of
clot removal and hemostasis under direct visual-
ization. In cases of hemorrhage with significant
perilesional edema, the option of removal of the
bone flap may help relieve life-threatening brain
shifts and elevation in intracranial pressure.

24.2 Rationale for Surgery

Surgical evacuation of the ICH is aimed at reduc-
ing mass effect caused by the clot. This in turn
reduces intracranial pressure and prevents life-
threatening brain shifts from occurring. The
removal of clot also reduces biochemical as well
as inflammatory processes that are initiated by
toxic blood products.

At present the AHA consensus guidelines sug-
gest that cerebellar hemorrhages >3 cm and
supratentorial superficial lobar hemorrhages of
>30 cc in volume will benefit from surgical evac-
uation [3]. Additionally, in our center, we prac-
tice the evacuation of superficial (within 1 cm
from cortical surface) basal ganglia hemorrhages
with significant mass effect in young (age
<50 years) viable (GCS > 8) patients suffering
from this condition.

Prior to proceeding with clot evacuation, it is
imperative to rule out other etiological conditions
which may result in intracerebral hemorrhage

201


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-8950-3_24&domain=pdf

202

R.Kandasamy et al.

including aneurysms, vascular malformations,
tumor with bleeds, or coagulopathy.

24.3 Signs and Symptoms

Clinical features attributed to an ICH can be
divided into general symptoms related to the mass
effect of the lesion as well as focal symptoms in
relation to the anatomical area of the brain
affected. Onset is usually sudden and progression
of symptoms typically occurs in minutes to hours.
The generalized effects of an ICH are due to dural
stretching as well as elevation in intracranial pres-
sure. Initial symptoms include headaches, nausea,
vomiting, and blurred vision. Worsening brain
shifts can result in deterioration in consciousness,
abnormal breathing patterns, as well as motor
posturing all related to impending herniation.

Focal symptoms as mentioned depend on the
site of the bleeding. Lobar hemorrhages have
symptoms related to the affected lobe including
seizures, hemiparesis, visual field deficits, apha-
sia, or impaired higher cortical function. In the
basal ganglia, a small clot may not manifest with
overt neurological deficits. However, extension
of the lesion to the thalamus or internal capsule
may often result in hemiparesis or hemisensory
loss and visual deficits.

Clots in the brain stem region result in cranial
nerve impairment. Depending on which nerve is
involved, the location of the bleed can often be
predicted. Early onset of deterioration in con-
sciousness with flexor or extensor motor postur-
ing occurs when a brain stem bled disrupts the
reticular activating system as well as descending
extrapyramidal tracts. Cerebellar hemorrhages
on the other hand result in dizziness and vomiting
and ataxia. If the clot size is large enough, con-
sciousness may also be impaired due to direct
compression of the brain stem.

About a third of patients with ICH will develop
secondary intraventricular hemorrhage. In these
cases, patients may also develop generalized
symptoms due to hydrocephalus causing eleva-
tions in intracranial pressure.

A small percentage of patients remain asymp-
tomatic particularly when the hemorrhage vol-

ume is small. Often, the only abnormal findings
in this group of patients may be a sudden eleva-
tion in blood pressure despite being compliant to
their regular medications.

24.4 Investigations

On initial assessment, patients suspected with
ICH usually undergo a computed tomographic
(CT) evaluation of their brain. When reviewing
such a scan, it is important to take note of the fol-
lowing points:

1. Site of lesion and extension.
2. Dimension and volume (A x B x C/2).
3. Presence of mass effect, midline shift, as well

as hydrocephalus.
4. Atypical features warranting further definitive
investigation  (calcifications,  perilesional

edema incongruent with lesion or in terms of
onset of clot development, tortuous vessels,
subarachnoid hemorrhage, atypical location).

If the patient’s clinical or radiological features
necessitate, further investigations should be per-
formed prior to proceeding with intended surgery.
Angiography or CT angiography can be per-
formed to rule out vascular malformation or aneu-
rysm rupture. MRI can be performed if a tumor
with bleed is suspected. The surgical strategy and
timing for surgery for these conditions may differ
from that of a simple ICH, and one runs the risk of
uncontrollable intraoperative bleeding or other
serious complications if these conditions are not
identified and addressed according to their respec-
tive treatment protocols.

Alternatively, a CT with contrast maybe per-
formed as a preliminary evaluation. Keep in mind
that despite the requirement for complete investi-
gation to rule out the underlying cause for a bleed,
it should not occur at the expense of the patient
particularly in instances when life-threatening
mass effect and herniation are in progress.

MRI with diffusion tensor imaging maybe
useful to map out the location of the important
motor and sensory fibers in relation to the clot to
minimize intraoperative injury. This modality
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however is often inappropriate for patients with
acutely expanding hematomas due to the long
duration required to perform this investigation.

Aside from the standard battery of radiologi-
cal investigations, routine blood investigations
such as blood counts, renal profile, coagulation
profile, as well blood glucose are essential. It is
particularly important that issues such as coagu-
lopathy or thrombocytopenia are duly addressed.
Patients with hypertensive ICH usually have a
number of coexistent medical problems which
may further complicate management. Failure to
address these conditions may result in a non-
favorable outcome in patients especially those
undergoing surgery.

24.5 Preoperative Preparation

Having obtained informed consent from the next
of kin, attention should be focused on blood pres-
sure (BP) control, cross-matched blood availabil-
ity, correction of coagulopathy, and withholding
of any drugs which may worsen bleeding (anti-
platelet, Coumadin derivatives, etc.). Patients
with supratentorial particularly lobar ICH under-
going surgery are usually loaded with an antiepi-
leptic agent due to potential cortical transgression.
Antibiotic prophylaxis is also indicated during
the time of induction of general anesthesia.

24.6 Steps of Surgery

Preoperative planning of the surgical approach is
the key to success in any surgical procedure. It is
important to review the preop images carefully in
all three surgical planes before deciding on the
best approach to use.

Points to consider include exact location and
extent of the clot, proximity to eloquent brain
regions, and usage of the shortest path with least
injury to vital cortical areas. In patients with a
lobar hemorrhage in the frontotemporal or basal
ganglia region, a frontotemporal craniotomy will
usually give adequate access to allow evacuation

of the clot. As for parietal or parieto-occipital
clots, a more posteriorly placed craniotomy may
be more appropriate. Cerebellar hemorrhages can
be accessed using a midline or paramedian poste-
rior fossa craniotomy.

To illustrate this point, we will use the clinical
case of a typical basal ganglia hemorrhage as
shown below.

24.6.1 Case lllustration

A 36-year-old male patient with a history of
hypertension presented with sudden-onset weak-
ness over the right side of his body with progres-
sive deterioration in consciousness. He was
admitted with GCS (Glasgow Coma Scale) of E2
V3 M5 = 10/15. His BP was recorded as 220/110
on admission. An urgent CT brain was performed
as shown below (Fig. 24.1).

The CT scan revealed the presence of a large
left-sided basal ganglia hemorrhage causing sig-
nificant midline shift. The clot had extended to
within 1 cm from the surface of the cortex. CT
angiography did not reveal any underlying vas-
cular etiology for this bleed. Patient underwent a
frontotemporal craniotomy and evacuation of his
clots. Following craniotomy and dural opening,
one may use one of the three routes to reach the
clot. The three routes include either trans-sylvian
or via the prefrontal or superior temporal gyri
(Fig. 24.2). The choice of the routes would
depend on the characteristics of the clot as well
clinical condition. The trans-sylvian method is
an advantage because only the insular cortex is
transgressed during surgery compared to the
frontal or temporal cortex where more neuro-
logical deficits may occur. Sylvian fissure split-
ting and dissection can be time consuming in
inexperienced hands and difficult in cases where
brain swelling is apparent. In this patient given
the degree of brain edema, a clot evacuation
using the prefrontal cortex was opted for. Due to
poor clinical state on admission and intraopera-
tive finding of brain swelling, it was opted to not
replace his bone flap after surgery.
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Fig. 24.1 Axial CT brain of the patient

Fig. 24.2 Diagrammatic representation of the surgi-
cal corridors that can be utilized for clot evacuation:
(1) via the prefrontal cortex, (2) via the Sylvian fissure,
and (3) via the superior temporal gyrus

24.6.2 Positioning and Skin Incision

In supratentorial clot evacuation, patients are
placed supine with their heads, elevated about
30°, and rotated away from the side of the clot.
The patient’s head can be fixed in a rigid fixation
device (Mayfield clamp) or supported on a horse-
shoe. Always ensure that the neck is not exces-
sively flexed as this may impair venous outflow
from the head (Fig. 24.3).

For clots, predominantly in the frontal region,
a hemi-coronal skin incision behind the hairline is
usually adequate for exposure. An inverted ques-
tion mark-shaped incision is however advised
when attempting to remove a large ICH. It would
allow adequate access to the region of interest
without hindrance due to brain swelling.

24.6.3 Flap Elevation and Craniotomy

The skin flap is secured with Raney clips, and the
flap raised in two layers to create a mobile fascial
flap for later dural closure. The craniotomy is fash-
ioned around three to four entry burr holes and the
bone flap is elevated. Once the flap has been
elevated, secure hemostasis from dural vessels and
perform peripheral tenting (Figs. 24.4 and 24.5).
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24.6.4 Dural Opening

The opening of the dura can be performed in a cru-
ciate manner or as a “U”-shaped flap. A size “11”
blade or metzenbaum scissors can be used for this.
Ensure that the underlying surface of the brain is
lined with patties after initial durotomy to avoid

Fig. 24.3 (a, b) Patient with a frontal lobar hemorrhage
with head fixed in a Mayfield device and skin incision
fashioned in a question mark shape. (¢, d) Head place-
ment on a horseshoe clamp for a left basal ganglia hemor-

possible cortical injury during extension of the
dural flap. If the brain is very swollen, an osmotic
diuretic may be used or CSF diversion performed
if intraventricular hemorrhage or hydrocephalus is
present on preoperative imaging.

rhage evacuation. (e) Diagrammatic representations of (1)
frontotemporal and (2) question mark incisions that can
be used for this surgery

7

Fig.24.4 (a-c) Skin flap is marked, draped, and subsequently elevated. Skin edges are secured using Raney clips, and

elevation of flap is performed as shown
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Fig. 24.5 (a) Three burr hole are made starting with one
over the MacCarty keyhole followed by the temporal
region just posterior to the zygomatic root as well over the
frontal region anterior to the coronal suture. The dural
adhesion to the bone should be released using a blunt dis-

24.6.5 Corticotomy

The decision on how to approach the clot is an
important one in view of the morbidity that may
result from injury to eloquent brain regions. For
basal ganglia clot, we advise an approach via the
prefrontal or superior temporal gyrus cortex to
minimize disruption of eloquent brain areas
(Fig. 24.6). Alternatively, a trans-sylvian approach
might be utilized to access a deep-seated clot if
brain swelling is not very apparent. Prior to
attempted corticotomy, it is wise to use a brain
needle to confirm the localization of the clot and
subsequently use the tract created by the needle to
reach the lesion. This will prevent misadventures
due to improper localization that may occur in
inexperienced hands. Alternatively, intraoperative
ultrasonography may also be used for clot local-
ization. Often, superficial clots may themselves
have extended and breached the cortical surface,
and in these cases, one should utilize the pre-cre-
ated path of the clot for evacuation. Once clot loca-
tion has been confirmed, the operating microscope
should be utilized for clot evacuation (Fig. 24.7).

24.6.6 Clot Evacuation

Clots can be removed using gentle suction
with irrigation. A teardrop suction device at a

sector prior to cutting the bone flap. (b) The flap is ele-
vated while freeing the dural attachment to the bone. (c)
After elevating the flap, hemostasis is secured by waxing
the bone edges and applying tenting sutures peripherally
(white arrow)

Fig.24.6 Sites for Corticectomy depending on the surgi-
cal approach used: (1) via the prefrontal cortex, (2) via the
Sylvian fissure, and (3) via the superior temporal gyrus

setting of 100 Kpa is usually very helpful in
this setting. It is imperative that clots are
removed patiently and slowly in a spiral move-
ment to prevent injury to the surrounding
brain. Initially, the liquefied portion of clot
can be easily removed. The harder portions
may need to be dissected off adjacent the
parenchyma prior to successful removal.
Dislodged larger clots may be removed using a
biopsy of grasping forces. Once the clot has
been removed, the raw edges of the brain are
usually visible. The aim of this surgery is to
remove as much clot as possible to relieve the
mass effect. With this in mind, we personally
endeavour to remove as much clot that is safely
possible due to the fact that aside from direct
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Fig.24.7 (a, b) Localization of clots using a brain needle
and aspiration. (¢) Once located, the corticectomy is per-
formed following the trajectory of the needle to the clot.

mass effect, blood product left in the brain
may also be responsible for pro-inflammatory
chemical responses that result in persistent
brain edema (Fig. 24.8).

24.6.7 Hemostasis

Following clot removal, the authors find that
the extent of oozing within the cavity usually
significantly reduces. Utilizing cotton pled-
gets or cotton balls, the cavity can be packed
and irrigated with warm saline to stop minimal
oozes and to identify overt bleeding vessels.
Bleeding sites are best identified and secured

(d, e) Diagrammatic representation of clot localization
using a brain needle or an intraoperative ultrasound probe

by moving from the periphery and walls of the
cavity to the base in a systematic manner. It is
usually necessary to cauterize the actively
bleeding stumps of the end arteries in hyper-
tensive hemorrhages. The cavity is then lined
with a mechanical hemostatic agents such as
“Surgicel or Fibrillar.” Finally, the cavity is
again irrigated with warm saline to confirm
hemostasis. It is wise to confirm, at this point,
the patient’s BP reading to ensure that it is not
too low. BP can be transiently increased to
identify bleeding points; however, this should
be performed with great caution, and not
excessively lest significant re-hemorrhage
occurs.
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Fig. 24.8 Methods of suctioning and clot aspiration in a
spiral manner

24.6.8 Closure and Bone Flap
Replacement

Dural closure can be performed primarily or using
durofasciaoplasty. A continuous suturing method
is advocated to achieve a watertight closure. The
bone flap is then replaced and secured in place.
Skin and soft tissue are closed in layers in a rou-
tine fashion. In cases where brain swelling maybe
significant, replacement of the bone flap may not
always be advisable. Performing a craniectomy
together with clot evacuation has been noted in
some series to improve outcome in patients with
putaminal hemorrhage in a subset of patients who
exhibit brain swelling [4]. Pure decompression
alone however without clot evacuation has been
found to have limited benefits. In performing a
craniectomy, the surgeon should be aware that the
size of the bony defect should be large enough to
achieve adequate decompression. The middle
fossa flow should be removed to ensure that the
incisura and brain stem are relieved from pressure.
To achieve this, a large skin incision may be
required, and it is the reason that we advocate
using a question mark incision in cases where
brain swelling might be anticipated.

24,7 Surgeon Plan to Handle
the Complication

As with any neurosurgical procedure, evacuation
of ICH can be complicated by a spectrum of
problems. Specific to this procedure, the impor-
tant complications include the following:

24.7.1 Intraoperative Brain Swelling

Brain swelling maybe encountered at different
stages of the surgery. The strategy of manage-
ment differs slightly in each circumstance. The
occurrence of brain swelling at the outset of dural
opening can often be predicted based on features
such as delayed presentation, poor GCS scores,
large clot volume, and significant midline shift.
Even in patients with moderate-sized clots on
imaging, intraoperative brain swelling is still
possible due to clot expansion during the interim
period of going to the operation room and induc-
tion of anesthesia. One common cause for expan-
sion relates to poorly controlled BP. Thus, it is
very important to ensure that the patient’s BP is
constantly monitored and adequately controlled.
If a significant deterioration of the patient’s GCS
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occurs prior to transfer to the OR, a CT scan can
be performed to elucidate the extent of expansion
or if hydrocephalus has developed (but not at the
expense of timely surgical intervention). In cases
like these, the surgical strategy should also
include decompression and/or CSF diversion
aside from clot evacuation.

If brain swelling is encountered during or after
clot evacuation, firstly ensure that hemodynamic
parameters such as BP and PC02 are normal.
Additionally, CSF diversion can also be per-
formed if a search of the clot cavity post evacua-
tion reveals no evidence of a new clot formation.

24.7.2 Re-accumulation of Clots

After clot evacuation, rebreeding with recollec-
tion may occur immediately or in a delayed man-
ner. If it occurs intraoperatively, it may be
heralded by brain swelling, and the surgeon can
usually reexplore the clot cavity and evacuate it.
In the postoperative period, re-accumulation of
clots is often associated with elevations in blood
pressure which were not adequately addressed.
They may come to attention during routine post-
operative CT scanning or due to deterioration in
the patient’s conscious level after initial recovery.
If needed, then a repeat surgery may be required
to remove the new clot.

24.7.3 Hydrocephalus

In patients with intraventricular extension of their
ICH, hydrocephalus may occur early or late
depending on the extent and location of blood in
the ventricular system. Patients with hydrocepha-
lus at the outset should get early CSF diversion.
Alternatively, the hydrocephalus may manifest as
brain swelling intraoperatively or in the postop-
erative period during patient recovery. A patient
who develops a subgaleal CSF collection or leak
should be investigated to rule out underlying
hydrocephalus. Permanent CSF diversion is usu-
ally not necessary for a majority of patients, and

these can be managed using temporary diversion
methods.

24.7.4 Injury to Parenchyma During
Clot Evacuation

It is advised that a microscope be used for clot
evacuation to enable clear differentiation between
the clot and adjacent brain. Gentle suction and
irrigation are to be used during clot evacuation. If
any large vessels are seen during surgery, cover
them with a thin layer of hemostatic material and
patties to avoid inadvertent injury during clot
removal.

24.8 Expert Opinion to Avoid
Complications

e Review all investigations prior to surgery.

e Plan surgical approach based on CT imaging.

e Anticipate brain swelling and plan early mea-
sures to alleviate it.

* Plan skin flap, keeping in mind the need for a
larger bone flap in some patients.

e Localize clot using a brain needle.

e Gentle clot evacuation assisted by
microscope.

e Check operative field to ensure hemostasis
prior to closure.

* Maintain judicious blood pressure control in
postoperative period.

Do not forget hydrocephalus as a cause for
delayed duration or operative wound CSF leak.

24.9 Postoperative Care
and Follow-Up

Following surgery, patients should be monitored
in an intensive care setting with hourly assess-
ment of vital signs and neurological status.
Careful attention to BP readings is vital to pre-
vent postoperative re-accumulation of clots. If
patients have significant brain swelling intraop-
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eratively, postoperative sedation and weaning
after repeat CT scanning are advisable.
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25.1 Introduction

Intracranial dural arteriovenous fistulas (DAVFs)
are acquired lesions characterized by a region of
abnormal arteriovenous fistulous connection
within the dura. DAVFs contribute to 10-15% of
all AVM intracranially as reported by Newton
et al. from 1969 [1]. In common population the
probable rates were 0.15-0.29 per 100,000 peo-
ple per year [2, 3]. Median age of DAVF patients
is between 50 and 60 years, but it may present at
any age [4, 5].

25.2 Classification

There are several classifications for DAVF, but
the most commonly used ones are the simplified
Borden classification and the Cognard classifica-
tion, which is a modification of Djindjian classi-
fication [6-8].
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25.2.1 Simplified Borden

Lesion
type

1

11

1

Classification

Definition

Drains directly anterograde to major sinus of
the vein

Drains to sinus of the vein with retrograde
drainage back to subarachnoid veins

Drains directly to subarachnoid veins (CVD
only)

25.2.2 Cognard Classification

Lesion
type
1

ITa
1Ib

Ila+b
111

v

Definition

Drains to dural venous sinus (DVS) with
anterograde flow

Drains to DVS with retrograde flow

Drains to DVS with anterograde flow +
CVD

Drains to DVS with retrograde flow + CVD
Drains directly to subarachnoid veins (CVD
only)

Drains directly to subarachnoid veins with
ectasia of the draining vein

Drains directly into spinal perimedullary
veins

21
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25.3 Signs and Symptoms

Clinically, DAVF presentation is determined by
their location and pattern of venous outflow.
Below are common clinical signs and symptoms
in relationship with their location.

DAVFs at transverse- Pulsatile tinnitus
sigmoid sinus
DAVFs at cavernous
sinus

Superior sagittal sinus

Exophthalmos, chemosis,
and blindness (Fig. 25.1)
Hemorrhage, local venous

DAVFs congestion, brain edema,
and ischemia

DAVFs with Myelopathy and

perimedullary draining progressive tetraplegia

vein

25.4 Investigation

25.4.1 DSA

Digital subtraction angiography (DSA) is still the
best way to show DAVEF. DSA accurately illus-
trates the flow dynamic of the fistula and the cere-
bral circulation of the brain. This information is
critical both for the surgical planning and for the
evaluation of the treatment (Fig. 25.2).

Fig. 25.2 Left: The DSA of the ethmoidal DAVF show-
ing the fistula connection Borden type III fed by ophthal-
mic artery and drained through the cortical veins. Right:

25.4.2 MRA (Magnetic Resonance
Angiography) (Fig. 25.3)

In case of Borden type 1 DAVFs without CVD,
MRI is usually normal. It may show vein dilata-
tion, venous occlusion, or, after contrast enhance-
ment, increased vascularity around the involved
sinus. Venous congestion may be seen on MRI T2
as a signal changes to hyperintensity that diffusely
involves the cortex in DAVFs with CVD, either at
the cerebrum or cerebellum. Time-of-flight MRI
(TOF MRI) now is widely available and usually
the primary screening tool when the DAVF is sus-
pected [9-11]. With time-resolved imaging of
contrast kinetics (TRICKS) technique introduced

Fig. 25.1 Slight chemosis and exophthalmos of the left
eye in a patient with left cavernous sinus DAVF

Tentorial DAVF Borden type III fed by meningohypophy-
seal branch and drained through the cortical veins
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Fig.25.3 MRA shows a superior sagittal sinus DAVF Borden type II fed by the meningeal arteries and drained through
the superior sagittal sinus with retrograde flow to the cortical veins

in 1996 [12], arterial and venous phases of con-
trast passage through the brain can be separated,
showing the flow dynamics of the DAVFs.
TRICKS has a better sensitivity over TOF MRA
to detect DAVFs and a useful noninvasive imag-
ing method during the treatment and follow-up
[13, 14]. TRICKS has less accurate spatial resolu-
tion than DSA, and therefore DSA is still needed
for studying the detailed anatomy of DAVFs.

25.4.3 CTA (Computed Tomography
Angiography)

Computed tomography is the primary method for
ruptured DAVFs showing intracerebral hemor-

rhage (ICH), sometimes subdural hemorrhages
(SDH), subarachnoid hemorrhages, or intraven-
tricular hemorrhages (IVH). CT and CTA can
show abnormal vessels, venous ectasia, and
pouches related to the DAVFs, but the drawback is
its lack of temporal solution [15]. Dynamic CTA
can show pathologic flow dynamics in intracranial
vessels indicating the presence of DAVFs [16].

25.5 Preoperative Preparation

Careful analysis of the angiographic images and
angioarchitecture of DAVF when planning the
surgery is crucial for achieving complete eradica-
tion of the fistula, preserving normal vasculature
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and avoiding pitfalls of the surgery. Preoperative
embolization of the DAVF can reduce the bleed-
ing during operation. Bleeding can also be
reduced by sustaining moderate hypotension
(systolic blood pressure around 100 mmHg) dur-
ing the operation.

25.6 Approach and Step
of Surgery

25.6.1 Transverse and Sigmoid Sinus
DAVFs

It could be approached through lateral suboccipi-
tal approach. Patient is set up with park-bench
position and the head is higher than the heart
level. The head is tilted laterally to the opposite
side, and the shoulder is retracted caudally with
tape to achieve a correct trajectory of the approach.

25.6.1.1 Steps of Surgery

e A curved incision or the shape of question
mark incision is placed about 1 in. behind the
mastoid process (Fig. 25.4).

Fig. 25.4 Large question mark skin marking for lateral
suboccipital approach to treat the transverse-sigmoid
sinus DAVF

e Any bleeding from the skin should be cau-
tiously coagulated to prevent a later excessive
bleeding.

e Several burr holes (three to four) are placed,
and a large suboccipital bone flap is removed
by cutting the medial part with craniotome,
and the lateral margin by drilling off the bone.

e Lateral margin of the opening is further drilled
away as far as laterally as possible to achieve
a good visibility and control around the sig-
moid sinus.

e If we get into the mastoid air cells, they have
to be meticulously sealed with fat or muscle
graft, and then add the fibrin glue to avoid
CSF leak.

25.6.1.2 Occlusion of the Fistula

e If the venous sinus is open and it serves as a
main venous drainage, the feeding arteries are
coagulated and cut.

¢ In case the sinus is occluded or nonfunctional,
or we find a retrograde flow into the veins at
the cortex, then it may be removed.

e The medial part of the sinus is ligated first. Then
using the lateral part of the sinus is resected, and
the remaining part of the proximal sinus is filled
using oxidized cellulose (Surgicel®) or another
option is using muscle then ligated.

e The vein of Labbé should be preserved to pre-
vent venous infarction.

25.6.2 Middle Fossa and Cavernous
Sinus DAVFs

It could be approached through lateral supraor-
bital (LSO) approach. Position of the patient is
supine, and the head is higher than the heart level,
rotated 30° to contralateral side and tilted slightly
(Fig. 25.5).

25.6.2.1 Steps of Surgery

* One-layer frontotemporal skin and muscle
flap is made extending about an inch above the
zygomatic arch (Fig. 25.6).
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Fig. 25.5 Positioning of the right LSO approach. The LSO approach is usually used to operate on cavernous sinus
DAVF and sometimes for the ethmoidal/frontobasal DAVF

e Sphenoid ridge at its lateral part should be
drilled with a diamond high-speed drill.

e The medial part of sphenoid ridge including
anterior clinoid process is removed with
Sonopet drill.

25.6.2.2 Occlusion of the Fistula

(Fig. 25.7)
: : e After exposing the wall of the cavernous sinus,
Frontotemporaf--- nincisi it is opened with a very small incision.
behind the hairline e From this opening, fibrin glue is injected with
blunt needle, and a pack of Surgicel® is applied
on top of it.

Fig.25.6 Frontotemporal skin incision for LSO approach . .
is done behind the hairline * Then do another one repetitively at multiple

places of cavernous sinus wall, and keep doing
the same thing until we occlude all the

* One burr hole is made on the superior inser- fistulas.
tion of the temporalis muscle and a small bone ¢ While doing the injections, it is important to
flap 3 x 5 cm is elevated. make sure and keep the carotid artery flow

adequately.
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Fig.25.7 Steps of surgery. (a) Exposure after the dura opening. (b) Confirmation of the draining veins. (¢) Coagulation
of the draining veins and disconnection of the fistula. (d) ICG-VA confirmed the disconnection of DAVF

e If the fistula does not involve the cavernous
sinus, then identification of the draining veins
should be done with the guidance of ICG-VA.

e Coagulation and disconnection of the draining
veins should be performed cautiously to avoid
the injury of the normal draining veins.

e To verify the occlusion of the fistula and the
patency of the carotid artery, intraoperative
indocyanine green video angiography (ICG-VA)
or conventional angiography is performed.

25.6.3 Tentorial DAVFs

It could be approached through subtemporal
approach. Position of the patient is following
park-bench position.

25.6.3.1 Steps of Surgery

e A small horseshoe-like incision from above
the zygomatic arch curving posteriorly just
above the ear lobe is placed (Fig. 25.8).

e Two burr holes are placed, one close to the ori-
gin of zygomatic arch, where the dura is often

""h %

=4

Fig. 25.8 The position and skin incision marking for
subtemporal approach

tightly attached to the bone, and another at the
cranial border, to elevate a small bone flap.

e The temporobasal bone is drilled until the ori-
gin of the floor of the middle fossa to widen
the bone opening.

e Cut the dura at its base caudally to expose sub-
temporal space.
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» Tentorial edge is then quickly reached and cis-
terns opened to relax the brain with minimal
retraction of the temporal lobe.

e The temporal lobe is elevated gradually start-
ing anteriorly from the temporal pole and
moving posteriorly.

e The retraction should be increased gradually.
Finally, a rather wide retractor is placed to
retain space.

25.6.3.2 Occlusion of the Fistula

e To get a better visualization to the fistulous
site, the tentorial edge is cut at posterior to the
insertion of trochlear nerve and then lifted
upward using small Aesculap® clip.

e The feeding arteries along the dura are coagu-
lated and cut.

* The occlusion of the fistula can be verified by
using intraoperative ICG-VA or DSA.

25.6.4 Frontobasal DAVFs

It could be approached through anterior inter-
hemispheric approach. The patient is seated in a
semi-sitting position.

25.6.4.1 Steps of Surgery

* A linear incision is placed behind the hairline.

e Make two burr holes at midline over SSS.

* Bone flap is cut with a craniotome extending
both sides of the sinus.

25.6.4.2 Occlusion of the Fistula

* Frontobasal DAVFs often have feeding arter-
ies from both sides.

e The falx is coagulated and divided close to
crista galli to reach the feeders from the con-
tralateral side.

» Feeding arteries within dura and draining cor-
tical veins are coagulated and cut from both
sides of the falx.

25.6.5 Superior Sagittal Sinus DAVFs

It could be approached through midline approach.
Position of the patient is semi-sitting or we also
may do it with supine position.

25.6.5.1 Steps of Surgery

* A linear incision is placed behind the hairline.

e Making two burr holes at midline over SSS.

* Bone flap is cut with a craniotome extending
both sides of the sinus.

o If the frontal sinus opens during approach for
frontobasal DAVFs, the endonasal mucosa is
stripped of and the sinus is packed with fat and
covered with pericranium and fibrin glue.

25.6.5.2 Occlusion of the Fistula
(Fig. 25.9)

e Superior sagittal sinus DAVFs also often have
feeding arteries from both sides.

* Feeding arteries within dura and draining cor-
tical veins are coagulated and cut from both
sides of the SSS.

e Tack-up sutures are used to lift the dura and
prevent excessive bleeding and formation of
epidural hematoma.

e Preserving SSS is extremely important in the
lesions of the posterior part of the SSS because
it serves as the major route for venous outflow
of the cerebral hemispheres.

e If the DAVF is located in anterior third of SSS,
this part of sinus can be resected.

e Dura is left open to prevent recurrence of the
fistulous connections.

25.7 Expert Opinion/Suggestion
to Avoid Complication

e Microsurgery is the first-line treatment in ten-
torial or frontobasal DAVFs. Others should
primarily be treated by endovascular and/or
radiosurgical means. Microsurgery is also rec-
ommended if the endovascular and/or radio-
logical effort could not achieve total occlusion,
and the patient presents with intolerable
symptoms or CVD is still present.

e The most dangerous complications of DAVF
treatment, whether it was microsurgical or
endovascular, are severe brain swelling and
hemorrhagic infarction due to sudden occlu-
sion of the DAVFE.

e The best way to avoid these complications is
to carefully study the angioarchitecture and
flow dynamics of the DAVF before treatment.
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Fig. 25.9 Steps of surgery. (a) Exposure after the dura
opening reveals an early venous filling. (b) Coagulation of
the feeder arteries from dura mater which was shown from
the preoperative DSA. (¢) Condition after the feeding

e Identification and preservation of the vein of
Labbé during the microsurgery of transverse
and sigmoid sinus DAVF are crucial.

e Heavy arterial bleeding from the enlarged
extracranial feeding arteries with high flow
through the bone into the fistula can make the
microsurgery a great challenge already from
the skin incision.

e To prevent the highly vascularized DAVFs
from bleeding extensively, hemostasis should
be done carefully in every phase of the surgery
using a high-power bipolar coagulation.

* To achieve a good control of all the fistulous
connections, large craniotomies with three to
four burr holes are used to expose the lesion.

Before

arteries coagulation. IVG-VA showed no early venous fill-
ing anymore. (d) Comparison of ICG-VA before and after
feeding artery coagulation

e The bleeding from the bone margins is man-
aged by the heat produced by drilling the bone
with a large diamond drill without irrigation
(“hot drilling™).

e Using operative microscope from the early
stages of the surgery is crucial to visualize and
control the bleeding.

* In of case heavy bleeding during surgery from
the affected sinus, then we may use Surgicel®,
fibrin glue, and muscle are packed over the
sinus.

e A slight hypotension (systolic pressure
100 mmHg) is recommended during the sur-
gery and 1-2 days after it to prevent postop-
erative hematomas.
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25.8 Verification of Complete

Occlusion

25.8.1 Intraoperative Imaging

Indocyanine green (ICG) angiography is a
helpful tool for intraoperative imaging in
DAVF cases.

The fistulous site can be detected during the
opening, and the occlusion of the fistula can
be verified intraoperatively.

25.8.2 Postoperative Imaging

The primary method for verification of DAVF
occlusion postoperatively is DSA, because all
the small feeding arteries may not show in
ICG-VA or CTA.

Later during follow-up, MRA and/or TRICKS
is used to verify the occlusion of the fistula.

25.9 Complications

of Microsurgery

In our series, the complications were: [4]

Severe bleeding more than 1000 ml occurred
in 10 (8.6%).

Ischemic complication. Seventeen (15%)
patients had postoperative infarction.
Hemorrhagic complications. Three (2.6%)
patients developed intracerebral hemorrhages
(ICH) that were observed, and two (1.7%)
patients developed epidural hematomas neces-
sitating evacuation.

Other complications include postoperative
septicemia, urinary tract infection, pneumo-
nia, postoperative meningitis despite routine
prophylactic antibiotics, wound infection, pul-
monary embolism, cardiac infarction, gastro-
intestinal bleeding, and deep venous
thrombosis.

25.9.1 Neuro-fuctioning ourcome

The length of follow-up is up to 15.9 years, with
a median of 3.2 years. There are 103 patient’s
data available for this follow-up. The Glasgow
Outcome Scale at 3 months shows 98 (84%)
patients had GOS 4-5, 2 (1.7%) were severely
disabled, and 3 (2.6%) died.
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26.1 Introduction

Moyamoya disease (MMD) is a rare condition
where the supraclinoid part of internal carotid
artery is slowly and progressively becoming ste-
notic, and also it often involves both middle cere-
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bral arteries and anterior cerebral arteries
(Fig. 26.1) [1]. The term moyamoya means a puff
of smoke in Japanese, and it was first reported by
Takeuchi and Shimizu in 1957 with Japanese lan-
guage [2].

Its etiology still remains unknown. The moy-
amoya syndrome (MMS) has similar clinical and
angiographic characteristics to MMD but might
be associated with Down’s syndrome, neurofi-
bromatosis type 1 (NF-1), prior irradiation, and
sickle-cell disease.

Although MMD was initially found in Asian
patients, it has been increasingly reported in
patients of all demographic groups; the exact
incidence is not completely known [3].

Japanese studies report an annual incidence
between 0.35 and 0.94/100,000 persons per year
and annual prevalence between 3.16 and 10.5 per
100,000 persons [4—6]. Female has twice the
number compare with male [4, 5].

26.2 Signs and Symptoms

There is a classification that is supported by the
Ministry of Health and Welfare of Japan, which
classified the moyamoya diseases (MMD) based
on its presentation in to four: ischemic, hemor-
rhagic, epileptic, and “other.”” In children, it is
more common to see the ischemic type, while
in the adult it is more common to see they
present with hemorrhage. It is reported that
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Fig. 26.1 Left ICA anterior-posterior and lateral injections demonstrating supraclinoid internal carotid artery stenosis

and M1 occlusion with resultant moyamoya vessels

the hemorrhage presentation of MMD is approxi-
mately seven times higher in adult patients (14.6%)
if we compare with the pediatric group (2.1%) [7].
Occasionally patients may also present with sei-
zure, headaches, or behavioral changes. Some
studies suggest a relation between headaches and
hypoperfusion leading to cortical depression and
associated migraine symptoms [8]. Others have
suggested that dilation of dural and meningeal ves-
sels irritate the pain fibers on the dura, resulting in
a migraine-like headache that is refractive to medi-
cal therapies [9]. This headache initially persisted
in 63% of patients even after cerebral revascular-
ization, although it would often improve over time.
Based on angiographic studies, the typical course
of disease can be classified into six stages. The
first description was written by Suzuki and Takaku
(1969). They describe it in six stages. Stage I: on
the early stage, it is started with the narrowing of
carotid bifurcation at the neck and also the ICA
bifurcation. Stage II: it is also called moyamoya
initiation, which is characterized by dilated ACA,
MCA, and further narrowing of ICA bifurcation.
Stage I1I: this stage is called moyamoya intensifi-

cation; the ICA bifurcation is much narrower, and
ACA and MCA now become narrow as well. Stage
IV: this stage is called moyamoya minimization;
the occlusive changes in ICA and tenuous ACA
and MCA happened slowly. Stage V: This stage is
called moyamoya reduction; the occlusion of ICA,
ACA, and MCA becomes very severe. Stage VI
this stage is called moyamoya disappearance; the
ICA is totally occluded, and the brain tries to get
supplied from ECA.

On histopathologic examination, the internal
carotid artery wall shows eccentric fibrocellular
thickening of the intimal layer, and the smooth
muscle cells proliferate too much. The ICA
becomes tortuous, and frequently we will find the
duplication of internal elastic lamina, and it does
not show any inflammatory reaction or any ath-
eromatous forming, resulting in artery stenosis/
occlusion [10]. The hypoxia induces supply from
other parts to form collateral flow, and the arter-
ies become tortuous and dilated (Fig. 26.2).
These “moyamoya” vessels have many fibrin
deposits at its wall, but the media layer is thin, the
elastic lamina becomes fragmented, and so there
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Fig. 26.2 Pathophysiology of moyamoya disease

is a high chance to have microaneurysm forma-
tion. It has been reported that the aneurysm for-
mation might be associated with over-expression
of several growth factors such as matrix metallo-
proteinases (MMPs), hypoxia-inducible factor 1
(HIF-1), vascular endothelial growth factor
(VEGF), basic fibroblast growth factor (bFGF),
transforming growth factor-beta (TGF-beta), and
hepatocyte growth factor (HGF) [10]. It is also
reported that autosomal dominant inheritance
may play a role up to 15% of MMD patients, and
some genome are widely studied from the family
who carry the inheritance of MMD. The result
shows some association with certain chromo-
somal regions including 3p24.2-p26 [11], 6925
[12], 8923 [13], 12p12 [13], and 17925 [14].

Transient
ischemic
attacks

Narrowing of
vessel lumen

Hemorrhagic

stroke

Formation of
microaneurysms

26.3 Natural History
and Prognosis

The disease inevitably progresses if left
untreated. In a patient whose both side vessels
are narrowing, the risk of stroke after 5 years is
up to 82% [15]. The National Register of all
asymptomatic moyamoya in Japan finds that
3.2% of them will get stroke even if they were
treated medically [16]. On the other hand, the
stroke or death rate prior, during, and after the
surgical revascularization is something between
5.5% [7] and 17% [15] over 5 years, and this
results in demonstrating that the surgery may
offer a benefit to the patients.
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26.4 Investigation

The diagnoses of MMD or MMS should be
considered in any patient, especially in a child
or young adult who presents with neurologic
deficits or symptoms secondary to cerebral isch-
emia or hemorrhage. Radiologic evaluation may
include CT; MRI; cerebral angiography and
cerebral perfusion studies, including CT perfu-
sion, xenon-enhanced CT, or PET; MR perfu-
sion; and SPECT or CT imaging without and
with acetazolamide challenge. Cerebral angi-
ography, CT angiography, and MR angiography
imaging can reveal intracerebral vascular occlu-
sion along with the resulting moyamoya vessels.
CT and MRI can reveal hemorrhage or ischemic
changes.

26.5 Approach and Steps
of Surgery

Currently we still do not have a good random-
ized study that compares medical treatment ver-
sus surgical revascularization for patients with
MMD, but in good hand surgeon, they claim
that the stroke rate is significantly reduced in
surgically treated group. As discussed in the
previous section, the natural history of these
patients is to progress, and the risk of recurrent
stroke is extremely high with medical manage-
ment only. The main medical treatment option
for these patients is antiplatelet therapy. All
patients are on aspirin pre- and postoperatively.
Full anticoagulation drugs such as warfarin are
rarely used.

One of the obvious indications to recom-
mend surgery for moyamoya patients is multi-
ple episodes of TIA (transient ischemic attack),
RIND (reversible ischemic neurological defi-
cit), or even stroke. The purpose of the surgery
is to prevent the next episode by reestablishing
adequate blood supply to the affected cortex.
There are two ways to reestablish the blood
supply to the brain. Adult and older children
may have direct bypass surgery to revascular-
ize the brain vessels, and the children under
10 years old may have indirect bypass sur-

gery because their vessels are very tiny and
tend to fail if we do direct bypass.

26.5.1 Bypass Surgery of the Brain

Bypass surgery of the brain is a revascularization
either between extracranial vessel and intracra-
nial vessel or between intracranial vessel and
another intracranial vessel by using graft (saphe-
nous vein, radial artery, etc.) The purpose of the
bypass is to reestablish another route or reroute
blood flow from the narrowed, blocked, or dam-
aged vessel and supply the distal part of the
artery. It is very common to just use the natural
provided artery such as from the STA (superficial
temporal artery) and directly bypass it to the
MCA (middle cerebral artery). Just after the
bypass, it may show an instant upgrading blood
flow to the distal part of the narrowed artery.
Certain people may have a very tiny superficial
temporal artery, and we might think the size is
not big enough to provide long-term support, and
then saphenous vein or radial artery may be har-
vested to make an anastomosis from the extracra-
nial carotid artery to the distal part of the
narrowed vessel. The surgeon will look at the
angiogram or nowadays the CT angiogram to
decide and plan the surgery.

26.5.2 EDAS (Encephaloduroarterio-
synangiosis)

EDAS (encephaloduroarteriosynangiosis) sur-
gery is considered as an indirect way of establish-
ing new vascularization in the brain. It is using
the superficial temporal artery that was dissected
from the surrounding soft tissue and is placed in
direct contact with the cortical surface. The artery
should not be kinking at its entry point to the cor-
tical surface and at its distal part where it is going
back to supply the scalp. Some fine suture should
be placed to hold the artery on the cortical sur-
face. The bone flap is repositioned and secured
with miniplate and screw, but the entry and exit
of the STA have to make sure there is no pres-
sure at all. Over a period, we expect some new
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vessel forming to supply the brain. It is important
to remember that the STA is always kept intact,
so it will give branches to the brain.

26.5.3 EMS
(Encephalo-Myo-Synangiosis)

EMS (encephalo-myo-synangiosis) surgery is
also considered as indirect way of establishing
new vascularization by using temporalis muscle
as the source of the angiogenesis to the brain. The
muscle is gently dissected, and through the open-
ing of the bone at the temporal base, the muscle
is laid on top of the cortical surface. It is very
important to have a meticulous bleeding control
to avoid postoperative blood accumulation, but
be careful not to coagulate too much of the tem-
poral muscle because we don’t want to make the
muscle de-vascularized. Closing the dura with
the muscle underneath it is sometimes challeng-
ing, but surgeons need to do the closing meticu-
lously. The muscle is a very good source of blood
supply to the brain, and they may spread angio-
genesis all over the brain.

26.5.4 EDAMS (Encephalo-Duro-
Arterio-Myo-Synangiosis)

EDAMS (encephalo-duro-arterio-myo-synangio-
sis) surgery is a combination EDAS and EMS at
the same time.

26.5.5 Omental Transposition
Surgery

Omental transposition surgery is also another
option for indirect way to establish revasculariza-
tion in the brain by using omentum from the
abdomen. The omentum is a special fat tissue that
surrounds abdominal organs, and it spreads very
fast to any part of the abdomen that needs sup-
port. It has rich blood supply. When it is placed
on the surface of the cerebral cortex, it is expected
that it will grow and spread very fast to supply the
brain and improve the blood supply.

26.5.6 Multiple Burr Holes

Another option of indirect revascularization of
the cortex is by doing multiple burr holes all over
the skull and expecting that the scalp vessel will
go through the burr hole and provide vascular
supply to the cortex.

Patients with MMD although have occlusion
of the internal carotid arteries, but usually the
external carotid artery is patent. Surgical effort
uses the external carotid artery to supply blood to
ischemic cortex by either creating a direct or
indirect revascularization bypass. A direct bypass
usually require adequate superficial temporal
artery (STA) at the ipsilateral side and then anas-
tomosed directly to a distal M4 segment of mid-
dle cerebral artery (MCA). The indirect
revascularization is performed by using a vascu-
larized tissue that is also supplied by external
carotid artery, including the dura, temporalis
muscle, the STA itself, and even pericranium.
The vascularized tissue is laid on the cortical sur-
face and expect the new blood vessel will be
formed and ingrowth toward the cortex. There is
no good randomized study that compares the
direct and indirect revascularization in terms of
their safety and efficacy. The literature review
also failed to reveal a difference in surgical mor-
bidity or stroke rate (perioperative or long term)
between the direct and indirect methods. Many
institutions will perform direct revascularization
for adults and indirect revascularization for chil-
dren because of the smaller and more friable cali-
ber of the vessels in children. However, there are
many groups that perform indirect bypass for
adult patients as well [15, 16]. According to
Gordon Li et al., they recommend to perform
direct bypass on all patients whenever possible,
unless the STA or MCA is too small or friable.
Direct revascularization surgery may provide an
immediate increase in cortical blood flow and
treat the ischemic cortex immediately. In the case
with bilateral MMD, it is obvious to treat the
symptomatic side first. If they are both asymp-
tomatic, it is better to treat and revascularize the
non-dominant hemisphere first because of higher
incidence of transient neurologic symptoms
following the surgery on dominant cortex.
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The second surgery for the contralateral side
is generally 1-4 weeks after the first surgery,
unless there were significant complications after
the first procedure.

26.5.7 Direct Revascularization

Prior to the surgery, it is important to assess
the size of frontal and parietal branch of STA
by using CT angiography or conventional angi-
ography. The larger diameter branch is chosen
as the donor vessel. The patient is positioned
supine and the head is hold with head holder.
The head is elevated above the heart and turned
to the side, bringing the frontotemporal region
uppermost in the field. Stimulating and record-
ing electrodes are placed for monitoring of bilat-
eral somatosensory evoked potentials (SSEP)
and bilateral EEG. Cooling to approximately
33 °C is accomplished by either using cooling
blanket and bladder irrigation or by putting IV
catheter (InnerCool Therapies Philips, Andover,
MA) into the inferior vena cava. In general, the
InnerCool catheter is placed in the larger patients
who are more difficult to cool and rewarm via
surface techniques.

The course of the superficial temporal artery
is plotted by using a Doppler probe. When pari-
etal branch of STA is chosen as donor, the skin
incision is planned over the artery along its
course (Fig. 26.3). If the frontal branch is the
donor, the inferior portion of the incision fol-
lows the STA, but as the artery tracks anterior to
the hairline, the incision stays posterior behind
the hairline for cosmetic purposes. After shav-
ing the hair over the planned incision, prepare
and drape the surgical area. The operating
microscope is positioned and used for careful
harvesting of the STA. A length of approxi-
mately 7 cm of STA together with a generous
cuff of soft tissue to protect it is needed for the
bypass (Fig. 26.4). Then the underlying tempo-
ralis fascia muscle is split and dissected from
the frontotemporal bone. Burr holes are placed,
the craniotomy bone flap is removed at fronto-
temporal area, and the dura is cut in a cruciate
manner (Fig. 26.5).

Superficial
temporal
artery

fissure
Line of
incision

Temporalis
muscle

Craniotomy
site

Fig. 26.3 The course of superficial temporal artery is
mapped out using Doppler ultrasound, and skin incision is
planned over the artery along its course

Superficial
temporal
artery

Hhe=-sasS

L

\
)

P R

Superficial
temporal
artery

Fig. 26.4 Approximately 7 cm of STA with a generous
cuff of soft tissue to protect is needed for the bypass. The
artery and cuff are carefully dissected out using a combi-
nation of sharp dissection and cautery

Identification of a sufficiently large M4 seg-
ment of MCA (0.6 mm) emerging from Sylvian
fissure is paramount for this procedure. The
arachnoid overlying this cortical branch of the
MCA is then microscopically opened. A 7 mm
segment of M4 artery without branches is prefer-
ably chosen as the recipient, but any tiny branches
arising from this segment can be coagulated and
divided if necessary (Fig. 26.6). A jeweler-type
bipolar is used. High-visibility background is
placed under the M4 segment. Papaverine is
intermittently instilled over the vessels to prevent
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Fig. 26.5 The underlying temporalis fascia muscle is
split and dissected from the frontotemporal bone. Burr
holes are placed, the craniotomy bone flap is removed
over the frontotemporal region, and the dura is opened in
a cruciate manner
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Fig.26.6 Identification of a sufficiently large M4 branch
of the MCA (0.6 mm) emerging from the Sylvian fissure
is paramount for this procedure

spasm. Then the STA is temporarily occluded
proximally and sectioned distally. The distal
stump of the STA in the scalp is coagulated, and
the STA is truncated to the proper length for
anastomosis and fish mouthed. Temporary release
of the proximal clip is performed to ensure excel-
lent flow.

The artery is temporarily occluded again prox-
imally and flushed with heparinized saline.
Intravenous thiopental is given to induce burst

suppression in the EEG. The mean arterial pres-
sure is raised, and then the M4 MCA branch is
temporarily occluded with Sugita aneurysm
clips. An arteriotomy is made in the M4 branch,
removing an elliptical portion of the superior
wall, and irrigated with heparinized saline.
Anastomosis between an end of STA and the side
of the MCA segment is done with 10-0 inter-
rupted suture (Fig. 26.7). The Sugita clips are
then removed, restoring flow. Flow in all vessels
is confirmed with the intraoperative Doppler. An
intraoperative indocyanine green (ICG) angio-
gram is performed by injecting 2 ml of ICG dye
intravenously and visualizing the graft with the
near-infrared camera on the microscope.

If the anastomosis is done correctly, the ICG
demonstrates wide patency of the graft with no
stenosis and good filling of the pial vasculature. It
is our practice to then lay the STA with its soft
tissue cuff on the cortical surface to induce an
indirect bypass as well as a direct one (Figs. 26.8
and 26.9). The dura is closed with 4-0 suture fol-
lowed by synthetic dura, leaving an opening for
the graft to enter without compromise. The bone
is replaced using a plating system, also leaving an
opening for the graft to enter unimpeded. The
temporalis muscle and scalp are closed in several
layers in the usual fashion. During the entire pro-
cedure, care is taken to keep the mean arterial
pressure high normal for that patient and about
ten points higher during the occlusion of the cor-
tical MCA branch for adequate perfusion.
Patients are maintained normocapnia during the
entire operation to prevent vasoconstriction and
ischemia from hyperventilation.

26.5.8 Indirect Revascularization

If the patient has a very small STA (<0.6 mm)
or the vessel is too fragile for suture, then we
perform an indirect revascularization (encepha-
loduroarteriosynangiosis (EDAS) or encepha-
loduromyosynangiosis (EDMS)). We have
abandoned options such as free omental flap
transplantation or pedicle omental flap transposi-
tion. In a similar fashion to the direct bypass pro-
cedure, patients are positioned and prepped, the
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Superficial temporal artery

M4 branch of middle
cerebral artery

Fig.26.7 (a) The superficial temporal artery is truncated
to the proper length for anastomosis and fish mouthed. (b)
An arteriotomy is made in the M4 branch, removing an

Fig. 26.8 Intraoperative photo of STA-MCA bypass
procedure

elliptical portion of the superior wall. (¢ and d) An end-to-
side anastomosis between the STA branch and the MCA
branch is performed with 10-0 interrupted suture

Completed STA-MCA
anastomosis

Fig. 26.9 Completed bypass showing the STA with its
soft tissue cuff on the cortical surface to induce both an
indirect and direct bypass
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STA and generous soft tissue cuff are harvested,
and the craniotomy is performed. The arachnoid
overlying the deep sulci and fissures is micro-
scopically opened, and the STA with the cuff of
soft tissue is laid directly on the pial surface of
the cortex. The closure should be meticulously
done to avoid postoperative bleeding.

26.6 Expert Opinion

Although there are risks to direct and indirect
revascularization procedures for MMD, accord-
ing to data by several authors, they suggest that
surgery is superior to medical management of
these patients.

26.7 Things to Be Observed
and Postoperative Care/
Follow-Up

Patients are generally discharged after three to
four hospital nights (the first night is spent in the
intensive care unit). They are then evaluated clin-

SN\ { "

ically 1 week after each surgery and subsequently
at 6 months, then 3 years, and finally at 10 years.
It is important to perform MRI, SPECT, or Xenon
CT and cerebral angiography at 6 months,
3 years, and 10 years.

In addition to internal carotid and vertebral
injections, injections of external carotid artery are
important to evaluate the bypass patency and
extent of revascularization (Fig. 26.10). Patients
who presented with TIA (transient ischemic
attack) or stroke trended toward an increased risk
of postoperative ischemic symptoms. Similarly,
patients who presented with hemorrhage trended
toward an increased risk of postoperative hemor-
rhage. Be aware that the MMD patient has a higher
risk of postoperative stroke and death compared to
a non-MMD patient. Sex, ethnicity, unilateral ver-
sus bilateral, age, and type of revascularization
procedure do not affect outcome [7]. In another
study, the 5-year risk of stroke or death was
decreased from 65% in medically treated patients
to 17% in surgically treated patients [15]. One
study did fail to show a benefit of surgical treat-
ment, but the authors reported an unusually high
initial surgical morbidity and mortality [16].

Fig.26.10 (a and b) Left external carotid artery lateral injection demonstrating a patent superficial temporal artery to
middle cerebral artery bypass supplying two thirds of the MCA territory
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Flow Arrest for Complex 2 7
Intracranial Aneurysm Surgery
by Using Adenosine

Xiangdong Wang, Yasuhiro Yamada,
Tsukasa Kawase, and Yoko Kato

27.1 Introduction

The term complex intracranial aneurysms (CIAs)
refers to aneurysm at a narrow and difficult loca-
tion, difficult shape, and also giant size (aneu-
rysm that is bigger than 25 mm in diameter) [1].
Giant aneurysms are more likely to bleed and
present as subarachnoid hemorrhage, or some-
times they become partly thrombosed with isch-
emic brain causing mass effect with progressive
symptoms or even death. Microsurgery and clip
ligation can be challenging in CIAs because it is
very difficult to have a panoramic view of the
aneurysm, where sometimes the parent vessel is
laid beneath the aneurysm, difficult to identify all
branches and perforators, and also the surgical
corridor could be very deep and narrow and sur-
rounded by important neurovascular structures.
During the clipping, it is important to make sure
the aneurysm is well clipped to prevent injury
from any perforator (Figs. 27.1, 27.2, and 27.3).
Flow arrest can be induced by using adenosine; it
will briefly reduce cerebral perfusion pressure
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section and visualization of the whole aneurysm, its
branches, and perforators

© The Author(s) 2019 233
J. July, E. J. Wahjoepramono (eds.), Neurovascular Surgery ,
https://doi.org/10.1007/978-981-10-8950-3_27


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-8950-3_27&domain=pdf
mailto:kawasemi@hm8.aitai.ne.jp
mailto:kyoko@fujita-hu.ac.jp

234

X.Wang et al.

Fig. 27.3 Microsurgery-integrated indocyanine green
video angiography (mICG-VA)

and the tension on aneurysm, thereby facilitating
the clip ligation. The lenght of time while the
flow arrest will provide the surgeon to work at the
aneurysm and the parts surrounding it or even
reduce the bleed if it was ruptured during dissec-
tion. It will provide the time interval for the sur-
geon to be able to secure the neck of the aneurysm.
The adenosine is working by inducing the tran-
sient asystole for a few minutes.

There are 231 cases of intracranial aneurysms
which used adenosine-induced flow arrest during
microsurgery and clip ligation from 1999 to 2016
(Bebawy JF et al. have three published papers;
there are some repeated cases in these three
papers) [2].

27.2 Adenosine-Induced
Transient Asystole

The adenosine is a nucleoside analog that can
reduce the heartbeat and lengthen the electric
conduction at the atrioventricular node.
Adenosine will bind Al receptors in the myo-
card, reducing adenylate cyclase activity and
reducing intracellular cyclic adenosine mono-
phosphate (c-AMP). This will prevent calcium
conductance and then shut down pacemaker
activity. Adenosine has a half-life of 0.6-10 s,
and it is quickly washed out from the circulation

by uptake into erythrocytes and vascular endo-
thelial cells. Following the bolus injection, the
heart rate will decrease linearly with the amount
of dose until total AV node block happened. The
adenosine effect will be seen 10-20 s after the
bolus injection. There is a linear relationship
between the dose and the length of asystole, and
it reaches a plateau between 40 and 60 s at 1 mg/
kg body weight [3]. Going through the asystole,
there will be a hypotension that may stay for up
to 1 min. In practice, the adenosine is commonly
used by the emergency physician or cardiologist
to treat supraventricular tachycardia [4]. In the
endovascular surgery, adenosine sometimes is
used during endovascular aortic aneurysm repair
[5, 6]Jand AVM embolization [7, 8].

27.3 Indications of Using
Adenosine-Induced Flow
Arrest for Complex

Aneurysm

There are three earlier single-patient case reports
during 1999-2007. The first case was reported by
Groff et al. [9]; the clipping of basilar apex aneu-
rysm was done successfully with three doses of
adenosine and no complications. Nussbaum et al.
[10] then reported the second case. Nussbaum
and his team successfully managed the intraop-
erative rupture of an A Com A (anterior commu-
nicating artery) aneurysm by using adenosine
bolus injection. Prior to this attempt, they have
tried temporary proximal control and cottonoid
tamponade, but they failed to achieve adequate
hemostasis. In this case, the adenosine facilitates
the successful clipping of the aneurysm. The
patient recovered very well, with no deficits and
no complications related to the use of adenosine.
Heppner et al. [11] reported the third case; it is a
giant basilar apex aneurysm. Proximal control at
the basilar trunk failed to relax the dome to allow
perforator visualization and clip placement. They
finally decided to give three boluses of adenosine
while performing the aneurysm clipping. Sadly,
this case resulted in a poor outcome, but it was
considered not related with the adenosine.
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Recently, there are ten serial cases describing
adenosine role in facilitating intracranial aneu-
rysm clipping during 2010-2016.

For CIAs clip ligation, if the aneurysm size
is giant, the surgeon often finds it difficult to
apply proximal control such as the case with
big aneurysm at ICA bifurcation when it turns
to ACA and MCA [12, 13]. Many surgeons
used to prepare the extracranial carotid ves-
sel at the neck for proximal control to reduce
the dome tension while clipping the aneurysm
or manage the bleed if the premature rupture
occurs. Nowadays, they also can combine by
using balloon occlusion endovascularly and
suction decompression or do the deep hypo-
thermic circulatory arrest, but it only could
be done at the hospital with complete facility
[14, 15]. Such combination of surgery may be
associated with high morbidity rate that con-
tributed from the dissection of friable arter-
ies or distal arterial embolic occlusion due to
endovascular manipulation. The other method
is using cardiopulmonary bypass to facilitate
clipping of difficult aneurysm, but there are
risks of complication related to the bypass pro-
cedure such as arterial injury at the puncture
site, emboli, and coagulopathy causing high
number of postoperative intracranial hemato-
mas [16]. If the proximal control is unfeasible
for the case, then the use of adenosine may
induce a short-time deep systemic hypotension
with flow arrest to the parent artery [9, 11, 17].
The studies have shown that 57 (24.7%) of 231
patients got adenosine during posterior circula-
tion clipping, which include 25(10.8%) basilar
artery aneurysm and 29(12.55%) unsorted pos-
terior circulation aneurysm. This supports the
fact that the surgeries in this area are generally
more difficult, with deep and narrow corridor;
thus they are technically more challenging [3,
9,11, 18, 19].

Some studies [3, 9, 11, 19, 20] have pointed
out that proximal control by using temporary clip
remains the gold standard. The use of adenosine
should be an adjunct and optional, while it’s nec-
essary during the surgery, it should not be a
replacement of the temporary clip occlusion.

27.4 Adenosine-Induced Flow
Arrest

Since the first successful use of adenosine to
facilitate the clipping of difficult unruptured basi-
lar apex aneurysm by Groff et al. [9], it has gained
its popularity among neurosurgeons who were
trying to do the complex aneurysm surgery.
Early surgery after the aneurysm rupture may
have a higher incidence of premature rupture
prior to clipping, and the surgical field sometimes
so dirty by the subarachnoid blood causes diffi-
culty to get the proximal and distal of the parent
vessel. When the premature rupture happened, it
is useful if the surgeon can get the blood to stop
briefly and work fast to dissect the parent artery
for the proximal control. The adenosine may pro-
vide long enough time to allow definitive clip-
ping or readjust the clip position on the rupture
site or trapping aneurysm with temporary clips.

27.5 Patient Selection

Adenosine is contraindicated for the patient with
severe (>80%) left main coronary artery stenosis,
severe multivessel disease (three vessels or grafts
with >80% stenosis), AV block (sick sinus syn-
drome), or who is using pacemakers. It is also
contraindicated to severe asthma, symptomatic
asthma, and active perioperative wheezing due to
the risk of bronchoconstriction.

Patient have to be carefully examined prior to
surgery, including screen for cardiac function and
coronary artery disease, cardiac valve, any irreg-
ular heartbeat, and cardiac conduction
abnormalities.

27.6 Dose of Adenosine

There is no consensus yet about the optimal dose
of adenosine during surgery. Luostarien et al.
reported their first 16 patients with adenosine and
demonstrated its safety and efficacy during sur-
gery for ruptured intracranial aneurysm [21]. Of
these 16 patients, 12 patients got 1 bolus, and 4
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patients received multiple bolus. Median dose for
a single injection was 12 mg (6-18), and the
median total dose for multiple injections was
27 mg (18-89). Ten minutes after adenosine
administration, all patients were hemodynami-
cally stable, and 13 required vasoactive drugs
during the procedure.

In terms of the dose, because individual
responses to adenosine vary, different patients
may need different doses of adenosine [21].We
recommend we should establish an individual
dose-response relationship for each patient by
injecting escalating doses of adenosine.

27.6.1 Advantages of Adenosine-
Induced Transient Asystole

1. When the blood flow stops temporarily to the
parent artery, it helps in reducing tension in
aneurysm and facilitating aneurysm dissec-
tion, minimizes premature rupture risk, and
provides safe clip placement.

2. Adenosine has a short half-life and the circu-
lation will be back to normal.

3. Adenosine can be given repeatedly after the
patient recovers from the first dose.

27.7 Potential Risks:
Complications of Adenosine-
Induced Transient Asystole

There is 2.6% incidence of transient irregular
heartbeat during recovery period [2]. One of
them required intraoperative amiodarone injec-
tion to convert to sinus rhythm [3]. Troponin 1
elevation has been reported with an incidence of
1.73% [3, 19]; all of them are clinically asymp-
tomatic in the postoperative care unit.

The adenosine is quickly metabolized and
excreted from the body, but multiple bolus injec-
tion has been associated with a prolonged hypo-
tension; it was reported that the multiple injection
is used to control the premature aneurysm rup-
ture [2]. The general agreement is to wait for
complete hemodynamic return to get back to nor-
mal before giving another bolus injection.

27.8 Expert Opinion

There is still no general consensus about adenos-
ine dose and how fast it should be given in every
bolus injection. It is best to always prepare all
necessary checks for the patient that is going to
have complex aneurysm surgery. It includes the
coronary vessel, heart conductivity study, its
valve, and other comorbid condition such as
asthma. It is very important if the surgeon is going
to use the adenosine if other efforts for proximal
control fail. Authors recommend that adenosine
should be available all the time in the operating
room and it should be used judiciously if the prox-
imal control fails, is unsafe, or is difficult.
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28.1 Sign and Symptoms

Clinical signs and symptoms of spinal arteriove-
nous malformation (AVM) have different charac-
teristics according to the type of the AVM. Various
classifications have been proposed for this com-
plex lesion [1-3]; we use our own modified clas-
sification just to simplify our work-up discussion.

dAVF [4] Perimedullary [5]
Feeder  Radiculomeningeal Spinal artery
Nidus Small, in the dura, close to  Direct shunt
nerve root
Drainage Single radicular vein and Perimedullary

then to perimedullary
venous plexus

venous plexus
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We divide the spinal arteriovenous (AV) malfor-
mations by their fistula or nidus locations into
dural, perimedullary, and intramedullary type
and by fistulas or true malformations. Authors
identify the dural AV fistulas (dAVF) (Fig. 28.1),
perimedullary AV fistulas (AVF) (Fig. 28.2), and
spinal cord true AV malformation (AVM) that is
either juvenile-type AVM or glomus-type AVM.

Glomus [7]

Multiple spinal arteries
‘Well delineated; located at
one single spinal cord
segment without neural
tissue inside

Veins draining to the
perimedullary plexus

can be identified

Juvenile [6]

Multiple spinal arteries
Large; not well
delineated; located inside
the spinal cord within
functional neural tissue
Giant venous ectasia
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Fig.28.1 Drawing showing a dAVF. Arrow indicates the
fistulous vessel and the arrowhead the dural nidus over the
nerve root

Most of the spinal AV malformations are
found at the level of lower thoracic and thoraco-
lumbar spine, and dural type is the most com-
monly found spinal AV malformation.

Patients who have dural type usually come to
our service with complaint of slowly progressive
myelopathy, and many of them had a long history
of intermittent myelopathy previously. The
myelopathy is caused by either direct mechanical
compression of the spinal cord by the engorging
vein or by the disturbance of spinal blood flow
that resulted in spinal cord ischemia. In the clini-
cal presentation, motor weakness is the most
common symptom, followed by paresthesia and
sphincter disturbances. Pain and acute onset of
myelopathy are relatively seldom for this spinal
AV malformation type. Perimedullary and intra-

|

Fig.28.2 Drawing showing a perimedullary AVF. Arrow
indicates the fistulous vessel between a spinal artery and
the venous plexus (arrowhead)

medullary type may present as an acute onset of
back pain or myelopathy. The pathogenesis is
believed to be the ruptured of the nidus that
caused subarachnoid hemorrhage or even intra-
medullary hemorrhage. Meningeal irritation
signs might be found in the clinical presentation.
But in a low-flow fistula or malformation, the
symptoms can develop slowly and give a similar
pathogenesis and clinical characteristic to the
dural type [8, 9].

28.2 Investigation [4, 10-12]

Most of the spinal AV malformations are discov-
ered by an MRI/MRA. But it is the selective DSA
(digital subtraction angiography) that remains
gold standard to identify the number, morphol-
ogy, exact location, and dynamics of the feeders,
nidus, and drainages of the malformation.
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28.2.1 Magnetic Resonance Imaging

The T2WI MRI of the spinal cord may show dif-
fuse hyperintense signal at the central area repre-
senting edema of the spinal cord. This lesion is
possibly accompanied by the hypointense signal
that occurs more likely at dorsal surface of the
cord. These hypointense signals represent the
congested  perimedullary  venous  plexus
(Fig. 28.3).

On Tl-weighted images, the hypointense
and swollen spinal cord is a common finding.
Infusion of the contrast agent may show diffuse
enhancement represents the chronic congested
veins with a breakdown of a spinal cord-blood
barrier.

MRA may provide benefit if it could show the
suspicious level of the fistula associated with the
vertebral level, and then this information can
accelerate the selective DSA study.

Fig. 28.3 Spine T2-weighted MRI. Sagittal view.
Arrows point at hypointense signal areas at the dorsal
surface of the cord. These hypointense signals represent
the congested perimedullary venous plexus. The star is
placed in a diffuse hyperintense signal at the central area
of the spinal cord representing edema and radiological
myelopathy

Fig. 28.4 Anteroposterior view of DSA showing a
dAVE. The shunt vessel is marked by arrowheads and the
engorged venous plexus by the arrow. A star is placed
close to the dural nidus

28.2.2 Digital Subtraction
Angiography

DSA becomes the treatment of choice because of
the feasibility of this technique to study in the
angioarchitecture of the vessels within or sur-
rounding the lesion. Moreover DSA also gives
valuable information about the flow dynamic of
the lesions; therefore it can be an important
instrument for selection of the treatment modali-
ties (Fig. 28.4).

28.3 Preoperative Preparation

The patient must be preoperatively evaluated in a
similar way to any other neurosurgical proce-
dures. As surgery for this case is an elective pro-
cedure, the patient’s general condition should be
optimalized. The biochemical analysis and blood
and coagulation studies must be evaluated and
corrected if necessary prior to the surgery. Two
blood bags must be reserved according to the
patient’s blood group. Any antiplatelet or antico-
agulant drug must be stopped, and its effects
must be reversed.
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Intraoperative neurophysiological monitoring
is not necessary in most of the cases, and it is
reserved only for cavernomas and intramedullary
AVMs.

Assessment of the exact location of the mal-
formation is crucial for the successful procedure.
Careful evaluation of MRI or DSA images is
mandatory to know the exact level of the lesion.
Marking the location of the skin incision in some
situations can be tricky, especially when the
lesion is located at the middle level of the back.
Utilization of preoperative fluoroscopy is recom-
mended to make a proper skin incision marking.
The lateral fluoroscopy view is used by identify-
ing the L5-S1 space, and the spine level can be
counted cranially. The anteroposterior view helps
us to identify the last rib and T12. This procedure
can be done 1 day or several hours prior to the
surgery, and to avoid any inaccuracy marking, we
ask an interventional CT radiologist to draw the
location of the lesion at the patient’s skin and fix
it with a single staple.

28.3.1 Positioning

Patient is placed in a prone position with over
two chest rolls or a Wilson frame. For lesions
located at the dorsal spine, the two arms rest over
armrests; for lumbar lesions, we prefer the knee-
chest position and, for cervical spine lesions, the
Wilson frame and the head fixed by Mayfield
three-pin frame with patient’s arms fixed and
held parallel to the body (Figs. 28.5 and 28.6).

28.3.2 Approach

Spinal cord AVMs need a bilateral laminectomy,
laminoplasty, or unilateral laminectomy to reach
the lesion.

Skin incision marking is made longitudinally
in the midline, over the spinous process long
enough to get a good exposure of the spinal lami-
nas below which the vascular lesion is. The site
of skin incision is infiltrated with a mixture of
ropivacaine and lidocaine combined with adrena-
line. Skin incision is made with a scalpel no. 21;

Fig. 28.5 (a) Lateral view of intraoperative patient’s
position. In this case, the chest and hips are placed over
soft supports. The arms are over armrests. The incision
has already been marked in the midline. (b) Cranial view.
The head is turned right, and electrodes for neurophysio-
logical monitoring are placed in the scalp and legs

the subcutaneous layers are divided through the
midline using the monopolar diathermy set at 50.

If the vascular lesion is a dAVF, we only need
to dissect the ipsilateral muscles from the spinous
process and laminas. As the target is the root
entry, a unilateral laminectomy is enough to
reach the field. We can prevent muscle bleeding
by doing the dissection just at the plane between
the muscle and bone and using bipolar cauteriza-
tion set at 50 (for Malis bipolar system; Codman,
Raynham, MA, USA) when a bleeding vessel is
detected. Achieving a good hemostasis will make
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Fig. 28.6 The neurophysiologist is monitoring intraop-
eratively motor and somatosensory evoked potentials

surgery faster and easier. We may dissect the con-
tralateral laminas partially for the easier place-
ment of the muscle retractor.

It is important to retract the muscle not too tight
to prevent the damage of the muscles that result in
the postoperative back pain and increase the risk of
infections. It is important to retract the muscle not
too tight to prevent the muscle ischemia that may
produce postoperative back pain and increase the
risk of infections. If the lesion is a perimedullary
AVF, a cavernoma, or a perimedullary or intra-
medullary AVM, a bilateral laminectomy, after
bilateral muscle dissection, must be performed
large enough to expose completely the malforma-
tion before the dura opening. For laminectomy, we
use Beyer and Kerrison rongeurs.

In younger patients, a laminoplasty is an alter-
native. The procedure is done using the side-cut
drill that is used in craniotomies. The laminas are
cut and elevated maintaining the supraspinous and
interlaminar ligaments (Fig. 28.7). After the spinal
AVM removal, the laminas are placed into its loca-
tion and fixed with titanium plates and screws.

After bone removal, good hemostasis must be
achieved with bone wax over the bleeding bone
and hemostatic agents such as Surgicel®, Helitene®,
fibrin glue, or Tachosil® to stop the epidural venous
bleeding.

Fig. 28.7 Laminoplasty. The laminas are cut and ele-
vated maintaining the supraspinous and interlaminar
ligaments

The use of high-magnification operating
microscope, powerful light source, and stereo-
scopic vision allows the neurosurgeon to use suit-
able delicate tools to operate on spinal cord
lesions in an almost bloodless field. The micro-
scope allows visualization and 3D appreciation
of the relevant and detailed neuroanatomical
structures [13].

28.4 Steps of the Surgery

The dura is necessarily observed carefully prior
to the opening of dura, because the dura may
firmly adhere to the draining vein or to the AVM
itself. Adhesion is even more common in redo
cases and prior episode of several bleedings and/
or embolization.

In the midline, we prefer to perform a small
cut in the dura with a scalpel blade no. 15.
Then, we divide it longitudinally by pulling
each dura edges back with two microforceps
with teeth. This way of opening the dura mini-
mizes the risk of cutting accidentally any super-
ficial dilated vein with the tip of the sharp
blade. The maneuver must be done in the mid-
line for perimedullary AVFs, AVMs, and caver-
nomas, but if the approach has been performed
through an ipsilateral laminectomy, the dura
incision is done longitudinally in the middle of
the dural area exposed.
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The bilateral dural edges are tacked up by
using 4/0 Safil® violet taper-point sutures. The
tack-up stitches are used for two purposes: to
expose widely the spinal cord and to stop oozing
from the epidural space. Fibrin glue and surgical
packing further enhance this effect. From this
point on, the bipolar power setting is turned down
to 20-25.

28.4.1 Dural and Perimedullary AV
Fistula

If the patient suffers a spinal dAVF, our aim is to
localize the exiting nerve root intradurally
because the location of the fistula is expected
near to the root.

Sometimes the anatomy is not clear at all at
this point, and in order to ensure the correct fistu-
lous vein, we do a small trick using the support of
intraoperative video-angiography with indocya-
nine green (ICG). If the surgical microscope is
equipped with infrared camera, after intravenous
injection of ICG, the field of interest is illumi-
nated with near-infrared light that shows real-
time and dynamic angiographic images. Our trick
is to compress the fistulous vein we suspect with
a vascular temporary clip and then order the
anesthesiologist to inject the indocyanine green
of 0.2-0.5 mg/kg. As soon as we see the arterial
phase, we release the temporary clip, and if the
whole engorged perimedullary venous plexus
fills immediately, it confirms that we compressed
the feeding vessel of the fistula [14].

At this point, we coagulate the fistulous vein
and divide it with microscissors (Fig. 28.8). To clip
the fistulous vein with a vascular clip is also pos-
sible (Fig. 28.9). It is not necessary to localize the
nerve root artery extradurally or remove the dural
nidus. A new ICG video-angiography will show
no filling or very slow filling of the venous plexus.

In the perimedullary AVFs, sometimes it is
difficult to identify the fistula between perimed-
ullary artery and venous plexus because the fis-
tula may be hidden by the engorged venous
plexus. In this situation, we must carefully iden-
tify the structures with microdissectors and per-
form an ICG video-angiography. When we have

Fig. 28.8 (a) A dAVF under the operating microscope.
After the dura is opened, the next structures can be identi-
fied: the nerve root (star), the fistulous vessel (arrow-
head), and the engorged venous plexus (arrow). (b) The
fistulous vessel is coagulated with bipolar forceps set at 20
(for Malis bipolar system; Codman, Raynham, MA, USA)
before being cut with microscissors

definitively identified the connection, we perform
in the same way that in dAVFs, the vessel is coag-
ulated and cut.

28.4.2 Glomus AV Malformations

Only true spinal cord glomus-type AVMs that are
located in the posterior horn can be managed sur-
gically. Ventral AVMs or juvenile spinal AVMs at
any location are extremely difficult or impossible
to remove.

In the glomus-type AVMs, the midline dura
opening must be done carefully because the previ-
ous subarachnoid hemorrhages at this level may
promote adherences between the nidus, arach-
noid, and dura mater.
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Fig. 28.9 A dAVF case. In this case, the neurosurgeon
decided to clip the fistulous vessel with a definitive clip
(arrow). After clipping, the venous plexus is less engorged
(arrowhead)

After multiple dura tack-up stitches, the poste-
rior horns of the spinal cord and the superficial
AVM are exposed, and a diamond micro-knife is
used to make pia mater incision at the border of
nidus.

The correlation between angiography fea-
tures of the AVM and the AVM itself in the oper-
ation field is extremely important to allow the
early finding of the feeders and venous drain-

age. If the AVM was previously embolized, the
particles inside the vessels can be visualized,
and it makes the identification of feeder arteries
easier. Normal medullary arteries (especially
Adamkiewicz and anterior spinal artery) must
be preserved. The dissection of the nidus from
the gliotic medullary tissue must be very gentle,
and it carries on by using bipolar forceps in the
right hand and the suction in the left hand.
Bipolar is not only used for cauterization but
also as forceps. And the suction tube over a
small cottonoid is used as a gentle retractor. The
interruption of the feeding arteries is done using
the micro-clipping or bipolar coagulation and
cutting. When the nidus is totally dissected,
bipolar cauterization to shrink the AVM makes
its manipulation and final dissection easier.
Only prior to the final AVM removal, the drain-
age veins are coagulated and cut. Abundant irri-
gation with saline solution and meticulous
hemostasis should be achieved.

28.4.3 Spinal Cord Cavernomas

Surgical removal is possible for those spinal cord
cavernomas which are located posteriorly or
close to the midline. The gently opening of the
posterior median sulcus allows to reach caverno-
mas placed in the midline or deep but adjacent to
the posterior median sulcus. Fine dissection of
the lesion with micro-instruments (in a similar
way than for a well-delineated tumor) allows to
remove it completely with low risk of bleeding or
coagulation of any artery that supplies the spinal
cord. It is important to achieve the gross resection
because remnants may cause rebleeding and
myelopathy.

For all the procedures described, final hemo-
stasis is mandatory followed by waterproof
dura closing in order to avoid postoperative
linkage which would contribute to a longer
postoperative period. To close the dura, we use
4/0 silk taper-point sutures. Epidural hemosta-
sis is also important. We use bone wax for the
bone and Surgicel®, Tachosil®, or fibrin glue for
the epidural venous bleeding. If the approach
has been made through a laminoplasty, the
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Fig. 28.10 If a laminoplasty is performed, the laminas
(star) are placed into its original position and fixed by
using miniplates (arrows)

laminas are replaced at this point and fixed with
titanium miniplates (Fig. 28.10).

The muscle and fascia are closed with 0/0
Safil® violet cutting-point sutures and, finally,
subcutaneous layers with 2/0 sutures.

the fistula disconnection. It may cause a tempo-
rary postoperative neurological worsening. Bed
rest and prophylactic dosages of heparin help to
prevent this situation. Prothrombotic effects of
steroids can also promote vein thrombosis.
Postoperative back pain may occur and analgesic
infusion may be needed for 2-3 days. Proper skin
incision and muscle dissection will help in reduc-
ing the risk of postoperative pain.

Intraoperative neurophysiological monitoring
will be helpful in alerting the neurosurgeon of
any sensory or motor conduction disturbances
during the procedure and gives prognostication
of patients’ neurological state postoperatively.

A non-expected postoperative patient motor
deterioration should be followed immediately by
a neurological and radiological exploration. An
MRI can distinguish between spinal cord edema,
epidural hematoma with compression, and other
mechanical reasons that can be treated surgically.

28.5 Surgeon Plan to Handle
the Complication

The most common complications after spinal
cord surgeries are related to the closing. As it has
been mentioned above, dura must be closed care-
fully in order to prevent CSF linkage. We always
use tehsil and/or fibrin glue in order to achieve
hemostasis but also to reinforce the dura closing.
Laminoplasty itself, and the muscle and fascia
properly closed as well, helps to prevent pseudo-
meningocele formation.

When a postoperative CSF leakage by the
wound is detected, we order bed rest, external
lumbar CSF drainage for 5 days, and prophylac-
tic treatment with antibiotics. If the leakage still
persists, a second surgical procedure is performed
to identify the location of the defect and close it
with stitches or sealants.

After a successful surgery, patient immediate
neurological recovery is not expected. Stability
of the symptoms and slow recovery are also signs
of good results of the procedure. In some situa-
tions, especially in dural or perimedullary arte-
riovenous fistula cases, there is an increasing risk
of perimedullary venous plexus thrombosis after
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Vasospasm Following Aneurysmal

29

Subarachnoid Hemorrhage

Eduardo Vieira and Hildo Azevedo-Filho

29.1 Introduction

Majority of morbidity and mortality due to aneu-
rysmal subarachnoid hemorrhage (aSAH) is sec-
ondary to cerebral ischemia. Classically, the
angiographic arterial narrowing following aSAH
has been termed as angiographic vasospasm,
which may or may not lead to clinical manifesta-
tions and cerebral ischemia, in which case it
would be called symptomatic vasospasm. This
concept has recently been questioned. Not always
angiographic vasospasm leads to cerebral isch-
emia, which, in turn, may occur in a territory dif-
ferent from the one irrigated by the narrowed
artery or even in the absence of any angiographic
vasospasm, i.e., cerebral ischemia that occurs late
(days after aSAH) cannot be attributed solely to
the arterial narrowing seen on angiography [1].
Currently, the term “delayed cerebral ischemia”
(DCI) has been proposed to replace the previ-
ously used “symptomatic vasospasm.” The clini-
cian should be able to recognize and differentiate
the radiological vasospasm from the clinical
worsening secondary to DCI, whose etiology is
multifactorial and includes angiographic arterial
narrowing (Fig. 29.1). Alternative mechanisms
have been proposed and include microvascular
spasm and failure of cerebral blood flow (CBF)
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autoregulation, microthrombosis and microem-
bolism, cortical spreading depolarization and
ischemia, and delayed neuronal apoptosis result-
ing from acute brain injury. A more extensive
review of the pathophysiology of DCI is out of
the scope of this review.

DCl is a diagnosis of exclusion. When there is
neurological deterioration, the diagnosis of DCI
can only be established when causes like hydro-
cephalus, hyponatremia, infection, and bleeding
are ruled out, and the introduction of hyperten-
sive therapy or endovascular treatment leads to
clinical improvement. In the next sessions, we
will discuss about the risk factors, prevention,
monitoring, and treatment of DCI.

29.2 Risk Factors

The hemoglobin (Hb) in subarachnoid space is a
very important factor that triggers vasospasm and
DCI. Hb is extremely toxic in the subarachnoid
space leading to the rapid activation of cellular
adhesion molecules (CAMs) on luminal surface
of endothelial cells, enabling macrophages and
neutrophils to penetrate into subarachnoid space,
where they will phagocytize RBCs and free Hb.
After this process, however, macrophages and
neutrophils are trapped in the subarachnoid space
due to the lack of lymphatic drainage in CNS
(central nervous system) and to the difficulty
in CSF drainage resulting from aSAH. Between
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Fig. 29.1 This 72-year-old female patient with a typical
history of sudden headache associated with disorientation
(HH III) was admitted to hospital. (a) CT scan showed a
Fisher III with medial temporal hematoma. (b)
Angiography performed 24 h after admission confirmed
an ICA-PCom aneurysm, which was coiled. The patient
did well until the ninth day after bleeding, when she
became drowsy and unresponsive. (¢) and (d) Angiography

2 and 4 days, these cells die and disintegrate,
releasing intracellular endothelin and free oxy-
gen radicals, leading to vasoconstriction and arte-
riopathy. That said, it is easy to realize that key
factor for DCI is quantity of blood that stays in
subarachnoid space.

Quantity of blood in subarachnoid space can
be measured by cranial CT and based on this
measurement; scales for predicting the possibil-
ity of vasospasm were developed. The most
widespread and used is the one proposed by
Fisher et al. (Table 29.1) [2]. Analyzing this

performed on the tenth day after bleeding did not reveal
vasospasm, and hypertensive therapy was maintained. (e)
MRI showed ischemic areas predominantly in the terri-
tory of posterior cerebral arteries. (f) Perfusion study
revealed a decreased CBF and CVF, consistent with irre-
versible ischemia. The cause of DCI is multifactorial,
although it’s associated with vasospasm, it can occur in
the absence of angiographic vasospasm

scale, one can notice that patients at highest
chance to have vasospasm and DCI are those
classified as grade 3, and within this group, there
is a wide possible range in quantity of blood pres-
ent in subarachnoid space, creating a vital varia-
tion in probability of developing DCI and
vasospasm in patients of the same group of the
scale (Fig. 29.2), i.e., the Fisher scale fails to
identify those patients at highest risk of develop-
ing DCI. Wilson et al. proposed a new scale (BNI
scale) (Table 29.1) where the thickness of the clot
present in the subarachnoid space was evaluated,
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Table 29.1 Comparison between Fisher and BNI scales

Grade

Scale 1 Grade 2 Grade 3

Fisher No Clot less than ~ Clot more than
blood 1 mm thick 1 mm thick

BNI No Clot less than Clot 5-10 mm
blood 5 mm thick thick

Grade 4
Grade 1 or 2 and associated intracerebral —
hematoma or hemoventricle
Clot 10-15 mm thick

Grade 5

Clot more than
15 mm thick

Fig. 29.2 Two patients (A and B) with a Fisher grade 3
aSAH. There is a significant difference between the vol-
umes of blood present in the subarachnoid space between

stratifying those patients grouped as grade 3 in
Fisher scale and showing that the size of the
thickness of the clot in subarachnoid space is
directly proportional to risk of vasospasm and
DCI (Table 29.2) [3].

Other risk factors for having the vasospasm
and DCI are Hunt-Hess grades 4 and 5, history of
hypertension, smoking, early angiographic vaso-
spasm, and young age (<35 years) [4-0].
Hypovolemia is an important and avoidable risk
factor that can occur due to cerebral salt-wasting
syndrome (CSWS) and should be avoided at all
costs.

these two patients. Although classified within the same
subgroup, patient B has a greater chance of developing
vasospasm and DCI with a consequent poor outcome

29.3 Prevention

One of the most important factors in the preven-
tion of DCI is to maintain normovolemia. It is
important to emphasize, however, that there is no
space for prophylactic hypervolemic therapy, as
it does not result in increased CBF nor in better
clinical results [7].

The administration of nimodipine, a calcium
channel blocker, for 21 days, starting from the
moment of admission is probably the only class I
recommendation on most recent guiding princi-
ple for the management of aSAH from AHA/
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Table 29.2 Differences in the incidence of DCI between
the BNI and Fisher scales in 218 patients

Fisher scale BNI scale

DCI Distribution Distribution DCI
(%) (%) Grade (%) (%)
0 0 1 3.7 0

15 6 2 33 13
23 83.5 3 44.5 22
6 7.3 4 12.4 30
- - 5 6.4 50

Using the classification of Fisher, 83.5% of patients are
classified as grade 3, and within this subgroup, the greater
the thickness of the clot on the CT scan, the greater the
chance of DCI

ASA [8]. The drug should be administered orally
with 60 mg that is given every 4 h, with a decrease
in the relative risk (RR) for DCI of 18% (95%
CI = 7-28%) and a number necessary to treat
(NNT) of 13 [9, 10]. It is important to emphasize
that there is no benefit if the drug is started more
than 72 h after bleeding. Importantly, the medica-
tion does not prevent vasospasm. It is believed
that nimodipine acts through neuroprotective
mechanisms, stabilizing cell ~membranes,
decreasing the risk of DCI, and improving
patients’ outcomes.

Endothelin is a potent vasoconstrictor peptide,
mediator of cerebral vasospasm. It is formed
through a wide diversity of cells, such as leuko-
cytes and macrophages in the CSF as described
above. The use of the inhibitor of endothelin
clazosentan was evaluated in different studies.

The results showed that the drug reduces the
incidence of angiographic vasospasm in a dose-
dependent manner, with no influence, however,
on the incidence of DCI and morbidity or mortal-
ity [11-14]. This clinical-radiological dissocia-
tion is one more data to support the theory that
vasospasm cannot, solely, be responsible for DCI.

Statins and magnesium sulfate have been pro-
posed for the prevention of vasospasm and
DCI. Two randomized controlled trials (RCTs),
the STASH study [15], for statins, and the
MASH-2 study [16], for magnesium sulfate,
showed that the use of these drugs is of no benefit
on the prophylaxis of DCI. Although there is no
indication of starting, patients who already use
statins may continue the medication after aSAH.

29.4 Monitoring and Diagnosis

The best way to assess and monitor a patient at
risk of vasospasm and DCI is through seriated
clinical examinations. If there are a decrease level
of consciousness and also an onset of new focal
deficits, it should prompt investigation in order to
exclude hydrocephalus, rebleeding, infection, and
hyponatremia. If these entities are all excluded,
the diagnosis of DCI is made, and treatment
should be instituted as soon as possible.

Critical patients, especially those who already
present in coma, are harder to monitor and to
evaluate. Because of its noninvasiveness and
wide availability, transcranial Doppler ultraso-
nography (TCD) is the most commonly employed
auxiliary method. Although it has high specific-
ity, it lacks sensibility for the development of
DCI, especially for territories other than the mid-
dle cerebral artery (MCA) [17]. One should never
rely solely on TCD to rule out vasospasm and
DCI.

In these cases, other auxiliary methods that
can be employed are the CT angiography (CTA)
and CT perfusion. The CTA has excellent accu-
racy (98-100%) for severe vasospasm (narrow-
ing>50%) when compared to digital subtraction
angiography (DSA) but loses sensitivity in mild
to moderate vasospasm (57-85%). CT perfusion
complements CT angiography demonstrating
perfusion abnormalities, even in the absence of
proximal vasospasm. Three parameters are calcu-
lated, which, if considered together, can guide the
treatment of vasospasm and DCI in critically ill
patients:

*  Mean transit time (MTT) is the average length
of transit time for blood that is located in par-
ticular area of the brain. It is defined in
seconds.

e Cerebral blood volume (CBV) is the whole
blood volume that stays in a certain volume of
the brain, which is usually measured in
ml/100 g.

e Cerebral blood flow (CBF) is the volume of
blood that flows in a certain volume of the
brain, which is usually measured in ml/100 g/
min.
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Table 29.3 Variables to be observed on CT perfusion
and treatment to be adopted

MTT CBV CBF Meaning Treatment
1 < or <  Perfusion Close
1 abnormality observation
adequately
compensated by
cerebral
autoregulation
1 <or | Perfusion Hypertensive
1 abnormality with  and/or
reversible cerebral endovascular
ischemia
(penumbra)
0 1 1 Perfusion Not indicated
abnormality with
irreversible

cerebral ischemia

The MTT is the most sensitive parameter for
DCT and vasospasm and should be the first to be
evaluated when analyzing the CT perfusion.
Increase in MTT demands strict observation of
CBYV and CBF (Table 29.3) [18]. MRI with diffu-
sion and perfusion sequences is also a good alter-
native but more expensive, time-consuming, and
less available. Although DSA is still defined as a
gold standard auxiliary method for diagnosis of
vasospasm, its use must be reserved when endo-
vascular treatment of DCI is considered.

29.5 Treatment

Once the diagnosis of DCI is confirmed, appro-
priate therapy should be started promptly.
Classically, the first-line treatment has been the
triple-H treatment which includes hypertension,
hemodilution, and hypervolemia. Initial goal
should be to raise the mean arterial pressure
(MAP) by 20% from baseline. If this measure
fails, sequential increases of 10% are induced
until clinical response is achieved (with a limit of
220 mmHg and 120 mmHg for systolic and dia-
stolic blood pressure, respectively). During this
hypertensive therapy, close monitoring of cardiac
function is necessary, especially in elderly or
high Hunt-Hess grade patients, because they are
at greater risk of cardiomyopathy related to
aSAH. If, after 612 h of triple-H therapy, there

is no clinical improvement, then endovascular
therapy is indicated.

Recently, the utility of each component from
triple-H treatment has been evaluated. Of the
three components, the more beneficial one is
hypertension, which acts in increasing oxygen-
ation and CBF. Hypervolemia and hemodilution
may increase the CBF but have been associated
with decreased cerebral tissue oxygenation
(PtiO2) [19, 20]. This effect seems to be associ-
ated with a decrease in Hb levels caused by
hemodilution. During triple-H therapy, hemoglo-
bin concentration should be monitored and
should not fall below 9-10 g/dl. In critically ill
patients, ideally PtiO2 should be monitored.

Once indicated, endovascular therapy should
be performed as soon as possible. Balloon angio-
plasty is the preferred method and should be used
whenever feasible. Usually it is reserved for
proximal vasospasm, including supraclinoid
ICA, proximal ACA (mainly A1), proximal MCA
(M1, M2), vertebral artery (VA), basilar artery
(BA), and proximal PCA (P1, P2). Early angio-
graphic studies (baseline) must be assessed
before proceeding with angioplasty in order to
avoid dilatation of a hypoplastic vessel.
Angioplasty at the location of recent clipping of a
ruptured aneurysm is not safe and carries high
risk of vessel rupture [21]. Intra-arterial infusion
of vasodilators (papaverine, milrinone, or, prefer-
ably, nimodipine which is a calcium channel
blockers) has a modest and ephemeral benefit and
should be used in conjunction with balloon
angioplasty or in the case of distal vasospasm, in
which case angioplasty is not feasible.
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30.1 Introduction

The introduction of the operating microscope
enabled modern neurosurgery. For usually deep-
seated vascular lesions and confining, overhanging
brain parenchyma walls, self-retaining retractors
were necessary to enable open and safe dissection
corridors. However, retractors also exert second-
ary pressure effects and can limit the degree of
manual freedom [1].

Since longer a rigid retractor-free technique
for cerebral surgery in general and cerebrovascu-
lar pathology in particular has been propagated.
Professor Yasargil’s published comment on
Kivisaari et al.’s 2000 paper on sequelae of retrac-
tor use [2] merits reiteration: “most prominent
finding supports that one-third (36%) of the
patients is related with brain retractor. All effort to
reduce the use of brain retractor such as wide
splitting of the sylvian fissure, release the CSF
from the basal cisterns, and the use of mannitol,
should be done with also the attention to appreci-
ate all arteries and veins during dissection.”

Despite lower surgical case rates after publi-
cation and unjustified generalization of the ISAT
2002 results [3], cerebrovascular surgery devel-
oped substantially and in proficient hands at
many centers changed toward considerably more
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focused, efficient, and extremely tissue sparing
surgery [4]. As was put forward by the Spetzler
group discussion, the 3-year BRAT results have
also pointed out that if the surgeon avoids using
the rigid retraction during complex aneurysm
surgery, it will avoid adjacent brain injury [4].

To date a growing community of neurosur-
geons thus adopted a retractorless dissection tech-
nique by making full use of neurosurgeries’
current armamentarium, merging all the long
known knowledge and tricks with the tools of
modern microsurgery. Implementation of a
bimanual dissection technique without rigid fixa-
tion but rather intensive use of microscope mouth-
piece and foot control enables us to work within
very confined spaces perfectly safe.

30.2 Brain Retraction

Brain retraction can produce high local pressure
on the brain and then reduce the blood flow
locally, and some surgeon said that the retractor
could hide the anatomy under the retractor. If the
brain swelling, sometimes the retractor also
directly injures and sometimes cut through the
brain. Narrow rigid retractor blades on already
edematous tissue lead to even higher tissue pres-
sures (e.g., incising retractor edges). Brain retrac-
tion for several minutes to hours can exert
permanent pressure effects. Some of these effects
can be demonstrated on post-op MRI [5]: high
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signal was demonstrated in one-third of clipped
aneurysm cases during follow-up (36/101 cases).
They were located at the basal frontotemporal
area of the approach in aneurysm clippings of the
anterior circulation. These signals could be traced
2-6 years after surgery and thus were interpreted
as signs of damage.

30.3 With Fixed Retractors

Working with self-retaining, rigid retractors
enables and favors a different style of dissection
and is possible without the use of a microscope
mouthpiece. The retractors not only create an
open view on the exposed pathology but also free
the hands to easily move out of the operative site
to adjust for zoom, focus, or microscope head-
piece position or receive and change instruments.
A set retractor usually opens a funnel-shaped
straight corridor from the surface to the depth to
allow for an unimpeded view to the bottom of the
created corridor. During the course of surgery,
retractors are frequently reset. Long-standing
brain retraction or retraction on swollen or “red
and angry” brain can induce direct and instantly
visible parenchyma damage. Expert microsur-
geons make a point that proper retractor setting
never exerts pressure but only is placed on the
brain surface as shelter.

30.4 Without Fixed Retractors

In principle of retractorless surgery, dynamic and
constantly alternating mini-retraction is applied
by the microinstruments to proceed along natural
sulcal and fissural trails until the pathology is
reached. So, in its true sense, surgery is not
retraction-free but free of fixed retraction.
Craniotomies are planned in a way to create cor-
ridors by gravity even before dissection starts.
The combined measures of optimal positioning,
“custom-tailored” focused craniotomy with drill-
ing on the cranial base side, adequate anesthesia
for slack brain, and CSF drainage via the cisterns
plus meticulous bloodless dissection most of the
time opens a dissection corridor that will stay

open on its own without additional measures (see
figures for approach examples). So, there is no
need to pull parenchyma out of the way. The cre-
ated dissection corridors remain open. We are
sure that anyone who made a “successful” transi-
tion from the use of fixed retraction to retractor-
less also experienced that his way to handle brain
and vessels developed in equal measure, as the
need for more effective movement arises, and
back and forth movements are discouraged.

30.5 Elements
30.5.1 Operative Field (Fig. 30.1)

The surgeons’ hands need to be unrestricted and
free at all times.

For this the operative field should be tidy and
not overcrowded by appliances, tubing, and
cables. We prefer to have nothing in the field
that could potentially interfere with our hands.
Everything not on the side opposite to the sur-
geon like a Leyla bar is attached to two adjust-
able rods attached to the head clamp (Mayfield
system). We prefer to set up the rods like a frame
around the head resembling a tilted V. This
V-frame is positioned far below the plane of cra-
niotomy to ensure that the attached soft tissue
hooks can be kept low profile and are not
spanned out above the craniotomy. Everything

Fig. 30.1 Operative field. The field needs to be set up
tidy and kept absolutely clean, and any clutter from cables
and extensions should be avoided to keep the space above
the craniotomy clear for unrestricted movement of hands
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else attached to the rods will also be fixed in
such a manner. With Sugita frames, the system
as such implements a ring that is placed follow-
ing the same principles.

30.5.2 Microscope

The use of a microscope is precondition to mod-
ern neurosurgery: retractorless neurosurgery
relates to intracranial neurosurgery during the
microscopic phase of surgery. Retractorless neu-
rosurgery is dependent on microscopes that can
be operated with a mouthpiece. It is not possible
to perform retractorless microsurgery with
microscopes that exclusively need to be reposi-
tioned manually. The microscope needs to be
especially well balanced if it is worked with a
mouthpiece in order to prevent annoying micro-
oscillation after release and engagement of
brakes via the mouthpiece.

30.5.3 Mouthpiece (Fig. 30.2)

The proper position of the mouthpiece needs to
be individually adjusted for every surgeon, and
even for every surgeon individually for every
case, as the main direction and angle of the
microscope head will depend on the approach
used. So, for posterior fossa surgery, a far steeper
angle in the sagittal plane is used in comparison
to the alignment for a supratentorial convexity
process.

For adjusting the mouthpiece, the microscope
head is brought in the anticipated direction, the
pupillary distance is set on the oculars, and the
head and eyes are brought in the surgeon’s usual
position. Then all three locking screws are
opened, and the mouthpiece is introduced in the
mouth, with contact of the upper plate to the
upper teeth and lip; the microscope head brakes
are disengaged when the lower mouthpiece plate
is released by gentle pressure of the lower lip. By
holding the released position with the lower lip,
the microscope head will float, if the microscope
has been properly balanced (as opposed to pull in
one direction if not balanced). Now, it is possible

Fig. 30.2 Mouthpiece. Mastering use of the mouthpiece
is absolute key to retractorless surgery. A first step is to be
able to properly position it in the mouth to not interfere
with the accustomed head and eye lens position. Therefore,
it can be adapted by changing its position in two planes.
The joints marked at 1 and 3 enable movement in an axial
plane to bring the piece forward into the mouth. Number
2 marks possible vertical movement. The three screws are
loosened, head and eyes are brought in the operative posi-
tion, and then the mouthpiece is guided into the mouth in
a way that the lips can have close contact with the mouth-
piece blades

to steer the microscope with the mouth in three
planes. Thus, it can be steered to easily follow the
focus point of dissection. By slightly changing
the distance of the microscope in relation to the
surgical plane, the focus can be adapted and fine-
tuned without having to use the focus button of
the microscope/foot paddle constantly. By using
this technique for subtle focus adaption, the focus
change by microscope handle or foot paddle will
be only necessary for larger focus changes. Once
used to this tool, the involved maneuvers pass off
completely “subcortical.” This becomes the sur-
geon’s major tool to prevent frequent in and out
maneuvers of the surgeons’ hands out of the sur-
gical site. It is precondition to establish a real
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flow of movements and improves surgical effi-
ciency immensely, since every movement and
instrument maneuver lead to advance dissection
one step further without being interrupted by fre-
quent adaption movements. The other merit is
true bimanual work in the sense of alternating the
“leading” hand (if there is one) in dependence on
suitability of current position and not freedom of
hand. Coarser adjustments of the microscope by
movement via microscope head handles are dis-
engaged and only necessary less frequently. Most
coarse adjustments can be executed with a foot
pedal (zoom-focus-position of microscope head).

30.5.4 Foot Pedal (Fig. 30.3)

The foot pedal has at least two rocker-like pedals
that are used for bidirectional zoom and focus.
Usually on the pedal frame, there are additional
knobs that can be individually set for other func-
tions (photo documentation, light adjustment,
video start/stop). There are foot pedals that have

Fig. 30.3 Foot pedal. Foot pedals can serve multiple
functions with freely selectable function allocation to sev-
eral knobs (e.g., photo, video on/off, +light, ICG on/off).
The joystick steers the microscope head; +zoom and
+focus can be allocated to the left or right side. Wireless
function transmission avoids cable clutter

an integrated joystick that allows for stepless
adjustment of the microscope head in all planes. In
interplay with an armrest chair, a wireless pedal
avoids cable clutter at the surgeons’ feet and eases
change of chair position.

30.5.5 Chair or Other Means
of Armrest (Fig. 30.4)

Resting the forearms or at least the hand by contact
of the small finger on the surface to stabilize the
hand is a basic microsurgical principle. It eases and
enables precise finger and instrument movements.
Appropriate chairs with mounted armrests can be
used independent from patient positioning and
method of head fixation. There are many useful
models, depending on the individual preferences.
Several points with regard to positioning of
the surgeon are crucial to aid microsurgery as

Fig. 30.4 Armrest and chair. Chair and armrests should
be adjustable in every plane and height to accustom for all
possible surgeon and patient positions. Useful is a func-
tion that enables to move the armrests backward and for-
ward. The base should not protrude too much forward in
order to avoid interference with foot pedals
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such, and long, concentrated microsurgical work
in particular, as well as to improve security of
risky maneuvers. The precondition of rested
forearms is easier to achieve in a setting where
the surgeon works on the surface of an extremity
(e.g., reconstructive microsurgical hand surgery,
where you can place and rest your hand on an
arm table or microsurgical work at the surface of
the head). It is not so easy, however, to achieve if
working under uncomfortable angles in the
depth of the neurocranium. To spend some time
to think about the adequate position of the sur-
geon is absolutely helpful and required to per-
form long-standing retractorless microsurgical
work. It should be comfortable enough to allow
for long dissection, it should enable to rest the
forearms without compromise, and it should not
interfere at all with the head clamp and its exten-
sions. Neurosurgeons tend to bend their neck
forward and take up a swan neck posture. This is
a small detail that probably only can be pre-
vented if corrected early in the career; it strains
the neck muscles and the cervical spine. A great
way to ease microsurgical dissection as such and
improve microsurgical endurance is proper
alignment of the upper body and shoulders. The
proper height of flexible armrests of an accord-
ingly multi-adjustable stool can greatly remove
strain from the shoulder girdle. For instance, the
armrests are usually set much higher if working
retrosigmoid in the posterior fossa. The sur-
geon’s shoulder girdle should not be tense at all
during the microsurgical phase. Of course, expe-
rienced microsurgeons will be able to also per-
form microsurgical movements with straightened
arms, involving also shoulder muscles; but it
does not make a lot of sense to also involve the
deltoid and trapezius in microsurgery if it can be
prevented (e.g., doing CP angle surgery in an
uncomfortable position below the craniotomy
level with straight arms to reach far enough).
Some of the neurosurgical icons prefer to oper-
ate standing with a flexible arm board stand
because they will be fast enough to not require a
sitting position and rather prefer to be able to fre-
quently change their own standing position in
relation to the patient. The principle still remains
the same. A standing position, however, excludes

comfortable simultaneous use of two or more
foot pedal-driven devices (multifunction foot
pedal, bipolar, ultrasonic aspirator). When a
pedal is used standing, the surgeon completely
bears his weight on one leg for the time using the
pedal. This can be bothersome, when you make
continuous use of one or two pedal devices.

30.5.6 Cisterns

The ability to open cisterns fast and tissue spar-
ing is pivotal to open a microsurgical dissection
corridor at the beginning of the microsurgical
phase of surgery.

Knowledge of appropriate measures to reach
the decisive neighboring cistern shortly after cra-
niotomy is thus very important. Reaching the cis-
tern very early is largely connected to precise
placement of craniotomy and measures for slack
brain to avoid undue pressure on brain paren-
chyma in order to reach deep.

Additional space is gained by reducing the
bone right after craniotomy, before dural opening.
Bony eminences or the floor of involved skull
base and the inner tabula of respective craniotomy
rims are neatly drilled down. Several millimeters
at the exposure entrance can make a large differ-
ence for the microscopic view in the depth and
frequently enable to reach a cistern with no or
only minimal and short retraction of brain.

30.5.7 Anesthesiology

Good interaction with anesthesiology is precon-
dition to reach the necessary brain relaxation for
effortless opening of surgical corridors without
the use of fixed retraction. We like to start fast
infusion of mannitol after the patient has been
prepped and draped to reach its full effect right
after craniotomy. Among many other factors, the
following anesthesiological competencies are
quite essential:

e Awareness for the kind of surgery undertaken.
* Awareness of pathology.
e Awareness of cerebral condition.



260

T. Kretschmer et al.

* Awareness of possible hazardous complica-
tions and resultant need for instant and ade-
quate response.

* Appropriate maneuvers to slacken the brain.

e Experience with induction of measures to
increase brain tolerance to ischemia from inten-
tional temporary clipping of major branches.

As for drugs:

e Mannitol to dehydrate brain tissue (1 g/kg).

e Decadron to minimize edema from pressure
effects or other mechanical injuries depending
on the individual pathology.

e ICG application.

e Systemic adenosine administration for emer-
gency cardiac standstill.

30.5.8 Instruments Used

There are no magic instruments; it is the handling
of them. All the usual microinstruments can be
used. Some instruments like clip appliers have
been especially designed for keyhole approaches
with long, narrow shafts and modified clip mech-
anisms. Lighted instrument tips are the current
novelty. A major tool remains the suction device.
There is great variance in terms of shape, length,
tip design, and fenestration for suction strength
regulation.

The sucker is by far more than a mere suction
device, and its full potential as dynamic macro-
and microretractor, tissue dissector, and tissue
aspirator is to be discovered. Its potential for step-
less suction force control needs to be mastered.
Precise control of suction force with the thumb
over the opening is absolute key (rolling the
thumb back and forward over the fenestration).
We prefer a keyhole-teardrop-shaped opening to a
circular one as it allows for fine-tuned suction
control, especially for cerebrovascular work.

The merit of special instruments as such is
completely overrated, as we think every surgeon
needs to find out and decide on some basic micro-
instruments that allow him to manage the bulk of
his microsurgical work. Permanent use of, and get-
ting used to, the same instruments is the real key.
Consequently, our basic trays might appear quite

reduced, and are not stuffed with instruments. We
rather open separate instruments according to real
need for them (e.g., special curette, plate knife,
fish-hooked knife). However, it greatly helps to
not wait for instruments, which have to be fre-
quently cleaned during surgery (e.g., bipolar for-
ceps). So, it might make sense to have several of
the same type on the table, to not stop the surgical
flow abruptly because an instrument is cleaned. In
fact, if you work retractorless, and especially dur-
ing a demanding microsurgical phase, it is quite
bothersome, tiring, and also dangerous if you fre-
quently were to wait with an outreached arm for an
instrument while being completely focused to the
pathology and, at the same time, holding a vessel
or part of the brain with your dynamic retraction
device at the other hand.

Only very few surgeons are ambidextrous in its
true sense, and most of them still will have a more
dominant (e.g., mainly cutting) hand. However, if
working retractorless, it is very useful if the sur-
geon is not dependent on using a microscissors or
knife exclusively with his dominant hand. A good
surgical flow can then be established if a structure
that needs to be held, retracted, or cut is handled
in that way at the moment where this becomes
clear without any more time delay by changing
hand. Going back and forth before execution of a
maneuver is not efficient (e.g., realize adhesion
that just became visible by slight microretraction
of tissue needs to be cut, letting loose again, look
again, reconfirm several times, and then execute
the maneuver). It is obvious that the hand that is
the easiest to perform a certain maneuver might
be on the right or left in dependence on the hand
that performs the microretraction maneuver at the
moment.

Think of:

* Removing the bone or sacrifice the skull base
bone rather than the brain.

e Using one of the hands as dynamic suction
and alternating to the other side so the surgeon
may avoid the need of retractor.

e Sucker tip retraction—As microretraction.

e Sucker shaft retraction—As macroretraction.

e Microscissors and bipolar shafts that also
allow for soft retraction and temporarily can
retract their side of the dissection funnel.
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e Microretraction with instrument tips.
e Use all the fingers efficiently including the use
of the thumb to control fenestration.

30.6 Advantages of Retractorless
Dissection Technique

In combination with the mentioned techniques,
we see the following advantages of a retractor-
free dissection technique:

e More thought on approach planning, position-
ing, and trajectory.

e Free surgical field.

e Concentration on manual maneuvers and
approach tactics.

» Forced use of mouthpiece and foot pedal, there-
fore more freedom of hands and less unneces-
sary in and out maneuvers of the hands.

e No manual readjustment of zoom, focus, and
microscope head alignment.

e Thus, improved surgical flow by omission of
redundant movements and readjustments.

e Overall streamlined (efficient and effective)
surgery.

e Less collateral damage.

30.7 Learning and Transition

Retractorless surgery goes completely along with
the principles of “safe and simple surgery” out-
lined by Hernesniemi and the Helsinki group [6].
The novice should learn the technique and basic
principles during surgery by assisting an expert
that is willing to point out the elements. Adopting
the necessary techniques will be a gradual
approach from easier to increasingly complex
pathology. To always have fixed retractors
mounted and ready to use is a good practice to
not put the patient at risk should a situation occur
where the surgeon was more confident with a
retractor in place; plus, it helps to improve one’s
own confidence, as no time is lost should the
need for fixed retraction arise.

Naturally it is easier to begin working on
superficial pathology that is not covered by paren-
chyma. Good positioning uses gravity to move a
lobe caudally in order to open up a corridor (e.g.,

pathology side facing downward). Less instru-
ments will be used more and more intensely allo-
cating them more than one function. So, dynamic
retraction is possible with the shaft of an instru-
ment for more macroscopic shift of tissue or in a
true microsurgical manner by using the instru-
ment’s tip. For instance, one will find that a scis-
sor is not restricted to the use of cutting tissue.

A completely clean operative field with only
low-profile attachments, restriction to fewer
instruments, less cotton patties (one displayed at
the instrument trajectory is usually enough), and
less of anything obstructing the view is key to
increased maneuverability in the operative corri-
dor especially so for cerebrovascular surgery
with the need for clip application. Even with a
fixed retractor technique, creation of a “cotton-
oma” around the pathology never is a good idea.

It is easier to protect uncovered tissue. To focus
on deep-seated areas implies the use of a high (or
the highest) zoom factor. At the same time, super-
ficial tissue that is not in focus must not be put at
risk or maltreated by untoward instrument contact
and pressure (e.g., instrument shafts).

Precise and bloodless arachnoid and sulcal
opening by different means and maneuvers is key
to open spaces that will unfold into dissection
corridors.

The “water dissection technique” is a great
way to open closed space perfectly clean and
tissue-protecting [7].

30.8 Suggestion to Avoid
Complication

* Be aware of attempting a complete retractor-
less approach on your own if you are techni-
cally not ready yet.

e Be aware of false ambition, in a situation,
where a retractor would enhance your surgery
and simply put would be the better choice for
the patient’s brain.

e Be aware of created dissection corridors that
do not allow for sufficient view. “Sufficient
view” is quite relative and depends to a part
also on already existing expertise.

* Be aware of making compromises to work
retractorless.
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» Retractorless dissection technique alone does
not do the trick; it is the involved tissue spar-
ing and bloodless clean and very meticulous
necessary technique that is necessary for work
without the use of a fixed retractor that will
lead to a save, more focused, and fast tissue
sparing flow of surgery.

30.8.1 Vascular Pathology
with Higher Likelihood
to Need Fixed Retraction
Within Transition Process

* MCA—Depending on Sylvian fissure config-
uration and opening, brain edema and atrophy
will require temporary fixed retraction for the
non-experienced to prevent the lobes falling
back into the dissection corridor.

* AComA aneurysms—Will be difficult to do
without fixed retraction and mini-craniotomy
if not already experienced with retractorless
dissection technique.

30.9 Approach Examples

The figure series shows examples of created dis-
section corridors for different vascular pathology
and approaches.

30.9.1 Anterior Circulation
30.9.1.1 Lateral Supraorbital

(Fig. 30.5)

This is our preferred approach for anterior circu-
lation pathology. A craniotomy cut flush to the

Fig. 30.5 Lateral supraorbital approach. (a) Positioning
and incision for ophthalmic artery aneurysm on the left side
with head elevated and reclined only mildly turned to the
right with additional skin mark for exposure of carotid
artery for proximal control (left image). Right craniotomy
with free surgical field and attachment bars far below surgi-
cal plane to enable free hand movements (right image). (b)
Left—surgical corridor right after cistern has been opened
without additional retraction due to craniotomy cut flush

with frontal floor and dura pulled over the bone. Middle—
exposure of ICA (sucker on artery), optic nerve lifted with
dissector, below and left of dissector ophthalmic artery,
below and right of dissector the calcified aneurysm.
Partially drilled anterior clinoid process in front and left of
suction with mobilized dural lip in left corner. External
dural ring already opened and optic canal partially unroofed
to allow for secure optic nerve mobilization. Right—surgi-
cal site with aneurysm clipped, dural flap folded back
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cranial base, and a reflected dura pulled well over
this base, opens a subfrontal corridor even before
the optic cistern is opened. It is thus very easy to
open the cistern right from the beginning without
placement of a retractor.

30.9.1.2 Sylvian Fissure (Fig. 30.6)

Doing the opening of Sylvian fissure with full
focus and fast, is a very important dissection
module [8—10]. It is important to have a good
orientation to not choose the wrong trajectory
and get lost in the fissure. Taking into account
the position of the patient head in relation to the
floor (angled down) is key to not move to along
the wrong trajectory. Flushing the fissure with
saline intermittently to open it up is a great way
to help dissection (water dissection technique
after Toth; see above).

30.9.1.3 Interhemispheric (Fig. 30.7)

ACA aneurysms are classically approached inter-
hemispherically. A corridor can be created no
matter if the head is in neutral or in 90° turned
position. For this we do not see the need for addi-
tional lumbar drainage. The depicted example of
a large thalamic cavernoma demonstrates how
trajectory planning, use of navigation, and grav-
ity can greatly help to create a minimal invasive

but large (enough) corridor for removal of pathol-
ogy in an eloquent area.

30.9.1.4 Subtemporal (Fig. 30.8)

Subtemporal work is manageable without retrac-
tion. Retractors placed subtemporally tend to cre-
ate marked pressure effects even if placed
extradural. Key to retractorless at this location is
placement of a lumbar drain and ample CSF
drainage (30-60 ml). This is the only approach,
where we use routine lumbar drainage.

30.9.2 Posterior Circulation
30.9.2.1 Retrosigmoid Suboccipital
(Fig. 30.9)

For retrosigmoid approaches we prefer the patient
at supine position and the head turned slightly.
After the cisterna magna has been opened, there
is ample room to dissect. There is enough space
to drill the petrous bone as shown or remove large
pathology. Large pathology and frequent use of
table repositioning are made in dependence on
dissection trajectory (e.g., brain stem/cerebellum
table is angled toward floor, toward tentorium
table is angled up, and toward petrous bone table
is rotated in longitudinal axis).

Fig. 30.6 Trans-Sylvian approach. Focused opening and clipping of left Sylvian fissure via lateral supraorbital
approach for small, broad-based media aneurysm
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Fig. 30.7 Interhemispheric approach. Depicted is an
interhemispheric approach with a contralateral transcal-
losal route for a basal ganglia cavernoma. (a) Left—coro-
nal view of left basal ganglia cavernoma and
interhemispheric-contralateral-transcallosal route in order
to obtain a direct view on the cavernoma once the right
frontal lobe recedes back by gravity. Right—axial view of
cavernoma. (b) Left—patient is placed supine-semi-
lateral, head is turned 45° with temporal squama parallel
to floor and raised in order to erect the falx from a
“parallel-to-floor” position to around 60° angled to floor.
A mini-craniotomy traversing the sagittal sinus was fash-
ioned. The dura can be seen pedicled into direction of the
sagittal sinus and gently pulled back by dural stitches in

order to allow a direct view to the falx. Adhesions have
been released, and the right frontal lobe did already recede
underneath the dura. Right—dissection already pro-
gressed deeper to below falx level, as can be seen by con-
tralateral frontal lobe. (¢) Left—glistening white of corpus
callosum underneath suction tip. Right—partially dis-
sected cavernoma after some coagulation for size shrink-
ing, placed within ventricle depicting typical mulberry
appearance. In order to reach different parts of this large
process, the trajectory is systematically changed in depen-
dence on part of cavernoma addressed. This is reached by
changing patient/OR table and microscope head position
alike (e.g., Trendelenburg/reversed Trendelenburg, rota-
tion around longitudinal axis of patient)



30 Retractorless Surgery of Vascular Lesions

265

Fig. 30.8 Subtemporal approach. Easily, obtainable
space in a subtemporal approach. Prerequisite is prior lum-
bar drainage. (a) Above—patient position with head ele-
vated above heart level, temporal squama parallel to floor
by placement of right shoulder bolster (blue) and turning
the head 60—70° to the left. Below—hockey stick/L-shaped/
straight skin incision mark; incisions are variable depend-
ing on planned shape of craniotomy (more horizontal
width vs height) accentuating either vertical or horizontal
part. (b) Extradural view on petrous bone exposing ante-

30.10 Expert Opinion

A retractorless technique forces the surgeon to
make full use of the known microsurgical tech-
niques in a very meticulous way. At the same
time, it opens the mind to avoid any unnecessary
adjuncts of surgery and leads to a very target
directed way of surgery circumventing unneces-
sary moves. Every surgical maneuver and move-
ment should lead to a dissection progress. The
surgeons’ hands stay within the operative site,
and frequent in and out movements of the hands
are to be avoided.

rior and dorsal rim and beginning of petrosal tip without
retraction, after proper positioning, drainage of 50 ml CSF,
and low mini-craniotomy cut close to floor (on purpose not
completely flush, for pathology approached in this case).
(c) Subtemporal view on ponto-mesencephalic vein for
extirpation of ponto-mesencephalic cavernoma. Narrow
dark line above vein from middle to right arises from cav-
ernoma gleaming through. Sucker on cotton patty placed
on subtemporal cortex. Dissector on tentorial edge, tento-
rium marked with blue pen

As aresult, the dissection progress of somebody
used to work microsurgically without any retractor
is usually very straightforward. Brute maneuvers
need to be avoided at all times. Retractorless
advancement only makes sense if it is less trau-
matic as compared to a continuously placed retrac-
tor. Overall it comes down to rigorously using the
additional space that is given by opening the neigh-
boring cisterns, gravity, and bone reduction. It
raises the awareness for tissue control and avoids
any additional adjuncts in the operative field. For
example, surgeon put an unnecessary carpet of cot-
ton patties, that interferes with clip application.
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Fig. 30.9 Retrosigmoid approach. A retrosigmoid mini-
craniotomy is depicted with patient at supine position, and
the head is turned toward the contralateral side. Proper
positioning and initial CSF drainage from the cisterna
magna readily open a dissection corridor even with large
posterior fossa pathology. Corridors are usually large
enough to also enable for microsurgical drilling. (a)
Drawing shows osteoplastic craniotomy with possible
extensions (arrows) depending on pathology. We prefer a
burr hole placed directly into the transverse-sigmoid
angle, straddling normal dura to be able to envision sinus
and dura. The burr hole placement is greatly helped by
neuro-navigation. Curved line depicts craniotomy;
straight line is created by craniotomy drill without cover-
ing shoe. This creates a tear-off edge. Along this line, we

lever the bone flap out, in order to not risk a sinus tear.
This technique is fast and prevents tedious drilling and at
the same time minimizes bone loss. The bone flap is rein-
serted after dura closure and fixed with mini-plates and
screws. (b) Positioning of patient with head elevated
above heart level turned 60-70° and inclination toward the
contralateral shoulder. C-shaped retroauricular incision.
Arrow depicts position of surgeon once dura is opened.
Dissection is downward (in contrast to a sitting or semi-
sitting position). Forearms can easily be placed on an arm-
rest with the surgeon remaining seated. (¢) A magnified
surgeon’s view with this kind of retrosigmoid approach,
which demonstrates how a conventional drill can be safely
inserted to work on the petrous bone
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The other real merit is to use mouth and feet
for all the movements that usually would be
done with the hands. A surgeon used to mouth-
piece and foot control adjusts microscope
head, focus, and zoom subcortically. An abso-
lute pristine surgical field and removal of any-
thing unnecessary are prerequisites. It surely
helps to only use attachments that are low pro-
file and do not interfere with the hands.
Positioning and use of ‘“gravity retraction”
obtain new meaning.

Retractorless dissection can be adopted by
making full use of all known neuromicrosurgical
methods and principles.

The immanent necessities for retractorless
neurosurgery pave the way for a far more effec-
tive and efficient and bloodless dissection tech-
nique that will be very tissue sparing.
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31.1 Introduction

Neurovascular surgeries are sophisticated pro-
cedures, and a thorough knowledge of the ves-
sels before and during the operation is a
necessity to prevent inadvertent damage and
catastrophic results. Comprehensive monitoring
especially real-time evaluation of cerebral blood
flow is very helpful for surgery of cerebral aneu-
rysms, cerebral arteriovenous malformations
(AVMs), and extracranial-intracranial (EC-IC)
bypass.

It has been shown that addition of intraopera-
tive angiography improves the outcome of aneu-
rysm and AVM surgeries by approving complete
obliteration of the pathology and preventing
inadvertent occlusion of the adjacent vessels.
Until a decade ago, there was only intraoperative
conventional angiography for this purpose, but
recently near-infrared fluorescence module that
integrated to microscope for neurosurgery was
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introduced to picture blood vessels during surgi-
cal exposure. Most commonly used fluorescent
dye is indocyanine green (ICG) which was first
used for assessment of hepatic function in severe
chronic liver diseases for which it was approved
by FDA in 1959 and later for retinal and choroi-
dal circulation, liver and renal blood flow, and
cardiac output. Microscopic-integrated near-
infrared ICG videoangiography (VA) has been
used in several cerebrovascular surgeries since
2003. Intraoperative ICG-VA is done by using
the commercially available microscopes (e.g.,
OPMI Pentero, Carl Zeiss, Oberkochen,
Germany). This allows the surgeon to obtain an
intraoperative angiography in less than 5 min (in
contrast with conventional DSA which usually
takes about 20 min) without the need to intro-
duce any new device (i.e., angiography unit) into
the surgical field. The main shortcoming of
ICG-VA is that its images are limited to the sur-
gical field and identifying arteries from veins is
not readily possible. Also, it provides the sur-
geon with only anatomical data without any
information about the physiology and dynamics
of the blood flow. To overcome these limitations,
a new image analysis software package was
released later to distinguish physical properties
of the flow in the vessels and demonstrate semi-
quantitative data.
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31.2 FLOW 800 Software

New image analysis software, namely, FLOW
800 (Carl Zeiss, Oberkochen, Germany) was pre-
sented in 2010 that produces intensity diagrams
and color mapping. This software works on the
assumption that the earlier-arriving ICG in the
field belongs to the arteries and those disappear-
ing at last belong to the veins and so depicts the
vascular field in a color-coded mode [1]. The
operator (e.g., the surgeon or assistants) can deter-
mine some region of interest (ROI) for the soft-
ware which can be further analyzed to draw the
intensity diagram. This diagram shows the inten-
sity of fluorescence over time in the ROI. More
information can be deduced from this diagram
after manual analysis by an image analysis soft-
ware. The combination of these two processed
images in accumulation to the ICG-VA helps the
surgeon to judge the anatomy and physiology of
the vessels in different situations (see below).

31.2.1 Color-Coded Images

These images convert the black and white images
of conventional ICG-VA into a gradient where
red and blue colors represent arteries and veins,
respectively (Fig. 31.1). This can be helpful espe-
cially in AVM surgeries to identify feeding arter-
ies. Also, if the color of a distal artery changes
after clipping of an aneurysm, this might imply
blood flow impairment. However, one should be
cautious about interpretation of these images. As
mentioned earlier, the basis of this software to
color a vessel in red or blue is their chronological
ICG fluorescence not the real direction of blood
flow. This may result in misdiagnosis in some
occasions such as when one type of vessel (artery
or vein) is not in the field of view (e.g., a deep
feeding artery). A good knowledge of anatomy
and reviewing details of the vascular pathology
before the surgery are mandatory for the surgeon
to compensate for these shortcomings.

31.2.2 Intensity Diagram

To draw an intensity diagram, we usually use cir-
cular or rectangular marks to define the vascular

area of interest (ROI), and then the curve and
some primary parameters are calculated and
depicted by the software. Parameters calculated
directly by the software include average intensity
(shown in arbitrary intensity [AI] units), delay
time (i.e., the time interval from 0 to 50% of max-
imum fluorescence intensities [MFI]), and the
slope of the curve. On the other hand, there are
some other indices presented in the literature
known to be correlated with perfusion character-
istics of tissues which simply can be calculated
with an image analysis software such as Image J
(version 1.46, National Institute of Health, USA)
after delivering the data from the microscope sta-
tion (Fig. 31.2). Transit time is the time differ-
ence between MFI in artery and brain tissue, and
rise time is defined as time during which fluores-
cence intensity rises from 10 to 90% of its peak.
Other variables that can be measured manually
include MFI, time to peak (i.e., from the appear-
ance of fluorescence to MFI), and cerebral blood
flow index (CBFI) which is defined as ratio of
MFI to rise time. These parameters can be calcu-
lated for each vessel, and their changes should be
tracked throughout the procedure [2].

31.3 Special Application
of FLOW 800

31.3.1 Cerebral AVMs Surgeries

During AVM surgeries, ICG-VA can detect ves-
sels as small as 0.5 mm in diameter and is very
practical for in superficial AVMs. However, the
field of angiography is limited to the field of
microscopic view. As the surgeon cannot see the
deep vessels and the whole structure of the AVM,
sometimes it gets difficult to identify arteries and
veins. FLOW 800 software can help the surgeon
with identification of AVM vessels by producing
a color-coded map where red represents feeding
arteries and blue stands for drainers (Fig. 31.1).
Also, after selecting some ROIs for the software,
the intensity analysis curves help to understand
the hemodynamics of the vessels and the sur-
rounding brain parenchyma. For example, both
image types can be used before and after tempo-
rary clipping of the arterial feeders to evaluate its
effect on the AVM nidal blood flow and as a guide
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M. 45yrs. I't. occipitall AVM

Fig. 31.1 Left occipital arteriovenous malformation
(AVM) in a 45-year-old man. (a) Reconstructed com-
puted tomography angiogram shows the location, feed-
ing artery, and draining vein of the AVM. (b) Before
opening the dura, color-coded imaging by FLOW 800
delineated vessels and helped us tailor durotomy. (¢) The
superficial presentation of the AVM after opening the

for the next step of the operation. Also, changes
in the cerebral parenchymal blood flow can be
calculated to evaluate the effect of AVM removal
on cerebral perfusion and predict postoperative
autoregulation disturbances (e.g., breakthrough
phenomenon). However, more data are required

M. 45yrs. |t. occipital AVM

M. 45yrs. |t. occipital AVM

M. 45yrs. |t. occipital AVM

dura. (d) Color-coded angiography immediately after
opening the dura. (e) Color-coded imaging after partial
occlusion of the feeders. Note that color changes in the
vessels may indicate hemodynamic changes of the AVM.
(f) Color-coded angiography after confirming total
resection of the malformation

to externally validate these data to better define
their normal range and predictive capacity.

The main limitations of ICG-VA in AVM sur-
geries also extend to the FLOW 800 as deeply
located vessels are not visualized and comple-
mentary DSA is required in such cases [3]. Also,
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in cases in which the main vessels are covered
with blood clot, brain tissue, cottonoid patties,
etc., the software may not be accurate in differen-
tiating arteries from veins.

31.3.2 Cerebral Aneurysm Surgeries

In aneurysm surgeries, ICG-VA can demonstrate
perforating arteries before and after clipping,
check for patency of the distal vessels after clip-
ping, and confirm complete aneurysm obliteration.
However, there are certain circumstances where
checking the anatomy with ICG-VA is not all
enough for a safe surgery. Sometimes, despite hav-
ing the distal blood flow depicted on angiograms,
subtle decrease in flow presents which may com-
promise perfusion of the cerebral parenchyma
leading to disturbed function of the brain. FLOW
800 may assist the surgeon to calculate the CBFI
before and after clipping and by showing him or
her the color-coded images where any change in
color after clipping regarded as an alarming sign.

When ICG-VA is repeated at surgery after
clipping, the dome of the aneurysm may show
some residual ICG illumination from previous
injections. This results in confusion as the sur-
geon cannot be assured of the total obliteration of
the neck. In this occasion, FLOW 800 can dif-
ferentiate a residual ICG from incomplete clip-
ping: in case of clip shortage, the aneurysm dome
appears red in color-coded images, and if the
dome is selected as a ROI, a curve that follows an
arterial diagram is produced (Fig. 31.3).

In a recent study, 2 of 12 cases needed adjust-
ment of the clip after finding an occlusion of per-
forating vessels [4]. Also, after ICG-VA they
found 4 cases of incomplete clipping out of 45
(8.9%) who required appropriate readjustment to
complete the obliteration.

In some cases, atherosclerotic plaque in the
aneurysm may make interpretation of ICG-VA
very difficult if not impossible. In these cases
when there is any doubt in the result of an
ICG-VA, we should use other monitoring tech-
niques such as micro-doppler or endoscope that
can be used to check for residual blood flow in
aneurysm sac or incomplete obliteration of the
aneurysm neck.

One of the advantages of ICG-VA over DSA
in aneurysm surgery is its real-time nature where
the surgeon can manipulate the vessels and adjust
the clip just during the angiography, if required.
Also, FLOW 800 allows physiological monitor-
ing of the clipping procedure both in the vessels
and in the surrounding brain tissue. ICG-VA has
largely replaced conventional DSA during aneu-
rysm surgery in most centers, and attempts to fur-
ther clarify the role of FLOW 800 in these
procedures are underway.

31.3.3 Bypass Surgeries

Different stages of EC-IC bypass surgery such
as to identify the recipient artery, to evaluate
patency of the graft, and to detect any possible
stenosis are facilitated by ICG-VA. Januszewski
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Fig. 31.3 (a) Surgical view under infrared camera after
aneurysm clipping and before indocyanine green (ICG)
injection. Note that the aneurysm glows due to previous
ICG accumulated in the aneurysm sac. (b) The same view
after ICG injection. It is difficult if not impossible to dif-
ferentiate previously accumulated ICG in the aneurysm
from newly injected in the vessels. This view is consistent
with incomplete aneurysm obliteration. (¢) Color-coded
image by FLOW 800 software demonstrate the aneurysm

et al. used ICG-VA to analyze the blood flow
type after anastomosis which can predict early
postoperative graft occlusion [5]. Also, Esposto
et al. used ICG-VA to identify arterial territory
in temporary or permanent occlusion of the
vessels [6]. Although the application of the
ICG-VA in bypass evaluation is well estab-
lished and widely accepted, the role of FLOW
800 is still unclear. In spite of some available
limited data [7], whether pre- to post-bypass,
ratio of measures such as CBFI or MFI corre-
lates with the outcome and requires further
comparative studies.
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in red. This is the shortcoming of the software that cannot
differentiate a previously injected dye from early arrival
of blood flow. (d) The red curve shows the intensity
changes inside the aneurysm sac. Constant curve confirms
absence of blood flow in the aneurysm. Some sudden
changes in intensity are observed which are due to manip-
ulation of the aneurysm with suction tip to see behind the
aneurysm. Please note that delay and slope of the curve
are calculated by the software

31.4 Expert Opinion

Additional hemodynamic analysis with the help
of FLOW 800 to the conventional angiographies
(e.g., ICG-VA) allows a real-time physiological
and anatomical assessment of blood flow during
cerebrovascular procedures such as aneurysms,
AVMs, and bypass surgeries. Intraoperative
imaging of the vessels in vascular surgeries
decreases postoperative morbidities and is an
inseparable adjunct in almost all centers dealing
with such pathologies. This along with other
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intraoperative monitoring modalities such as
neuroendoscopy and motor-evoked potentials
results in superb outcome of the patients in the
modern era of cerebrovascular surgeries [8].
Intraoperative DSA is still considered the gold
standard procedure especially for AVMs where
the deep vessels pose certain concerns during the
surgery. However, in most aneurysm and selected
AVM surgeries, ICG-VA can replace conven-
tional DSA as it is a cheaper technique, requires
less time for the procedure, and eliminates expo-
sure to radiation. Also, physiological evaluations
by FLOW 800 are very useful for objective docu-
mentation of the blood flow in aneurysm sac,
AVM vessels, and bypass graft. Yet, as these data
are semiquantitative, external validation of these
measures against standard physiological assess-
ments is required to better clarify the value of the
numbers calculated by the software and how they
can be applied in practice. This will be the topic
of future studies.
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Gamma Knife Surgery for AVM

Lutfi Hendriansyah

32.1 Symptoms and Signs

Arteriovenous malformations (AVM) are an
abnormal connection between arteries and veins
lacking intervening capillary network character-
ized by a complex, tangled web of abnormal ves-
sels and believed to be congenital although not
hereditary. This abnormal tangled web of vessels
is called nidus (Latin word for nest), which has
abnormally high blood flow resulting from the
absence of dampening effect of capillary and has
high tendency to rupture resulting in stroke. Lack
of capillary network also induces enlargement of
especially venous side with subsequent “growth”
of AVM resulting in mass effect to surrounding
brain parenchyma. AVM also disrupts normal
metabolism of surrounding brain tissue by
depriving them of adequate circulation (steal
phenomena) causing neurological symptoms
depending on its location whether superficial in
cortex or deep within thalamus, basal ganglia,
corpus callosum, insula/sylvian fissure, brain-
stem, or cerebellum. These mechanisms stated
above underlie pathogenesis of symptoms and
signs including hemorrhage as the most common
presenting symptom in 50-52% of cases, fol-
lowed by seizure in 27-30%, headache in 5-14%,
and progressive neurological deficit in less than
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5% [1, 2]. Hemorrhage is associated with high
morbidity and mortality as much as 35% and
29%, respectively, that it becomes a primary con-
cern in AVM management. Overall annual risk of
hemorrhage on untreated AVM ranges between 2
and 4%, and although multiple studies implicated
factors such as nidus size, complexity of AVM
morphology, deep brain location or draining vein,
associated aneurysm, and younger age to be
related to hemorrhagic events, multivariate anal-
ysis indicated that only hemorrhage in initial pre-
sentation, deep AVM location or deep draining
vein, and large nidus size is to be consistently
predictive of higher risk of subsequent rupture up
to 15% of annual rates [1, 2]. Figure 32.1 shows
presentation of AVM hemorrhage on brain com-
puted tomography (CT) scan and angiogram.

AVM management includes treatment such as
microsurgical resection, Gamma Knife surgery,
and embolization either individually or in combi-
nation, or just simple clinical observation. The
option between doing treatment and observation or
among any treatment modality has to be carefully
weighed according to risk-benefit ratio and must be
balanced against the risk from natural course of the
disease. This chapter focuses on Gamma Knife sur-
gery as treatment modality for AVM, which has to
be considered as treatment for selected patients.
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Fig. 32.1 Hemorrhage as AVM initial presentation.
Spontaneous intracerebral hemorrhage in children or
young adolescent, without history of hypertension and
in uncommon location for hypertensive hemorrhage,
should raise suspicion of AVM as the primary cause. CT

32.2 Gamma Knife Surgery

Gamma Knife surgery is commonly used to treat
AVM that carry high risk of morbidity for micro-
surgical resection such as Spetzler-Martin grade
IIT or above because it has the advantage of accu-
rately treating small and deep-seated lesions
with minimal risk of injury to surrounding struc-
tures. It delivers multiple fine beams of gamma
rays radiation in such a highly focused manner
that it can induce changes in AVM structure over
time resulting in cessation of blood flow through
the abnormal vessels leading to occlusion. The
pathological changes following Gamma Knife
surgery for AVM includes endothelial cell dam-
age, proliferation of smooth muscle cells, and
elaboration of extracellular collagen that subse-
quently lead to luminal stenosis and obliteration
of nidus. Once complete obliteration of nidus
happens, there will be no more blood flow
through abnormal vessels. Overall total oblitera-

scan (left, white arrow) showing hemorrhage and CT
angiogram (right, white arrow) demonstrating nidus
anterior to bleeding site are two investigations that
reveal hemorrhage as the most common initial presenta-
tion of AVM

tion rates of AVM following Gamma Knife sur-
gery ranges between 72 and 85% in a typical
single-session treatment, and this process usu-
ally takes 2-3 years to yield in result. High
chance of cure together with low risk of morbid-
ity makes this treatment modality an interesting
option for AVM.

The aim of treatment is to accomplish total
obliteration of AVM in which situation the risk of
hemorrhage is alleviated and the patient is cured.
In other situation where partial or subtotal oblit-
eration occur, the risk of hemorrhage still per-
sists and hence subsequent Gamma Knife
treatment has to be considered. In predicting out-
come after Gamma Knife surgery for AVM, sev-
eral grading scales were developed such as
Virginia Radiosurgery AVM Scale (VRAS) and
radiosurgery-based grading AVM Score (RBAS),
which includes into consideration history of
hemorrhage and patient age, respectively, beside
nidus volume and location. These grading scales
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are considered better in predicting favorable out-
come after Gamma Knife surgery, compared to
previously and more commonly used Spetzler-
Martin Scale [3].

32.3 Investigation

If brain AVM is suspected, magnetic resonance
imaging (MRI) can much better visualize AVM
structure than CT scan. High-resolution MRI
not only demonstrates AVM structures mainly
nidus and draining veins, but it also shows the
AVM location and its relation to surrounding
cortical structures that are highly essential in
setting up treatment planning. Digital subtrac-
tion angiography (DSA) is still the gold stan-
dard in visualizing AVM because this imaging
can best demonstrate flow through every part of
AVM in addition to structure. Combination of
both imaging is important in defining the lesion
for treatment and subsequently influencing opti-
mal result in Gamma Knife surgery for AVM
(Fig. 32.2).

Fig. 32.2 MRI and DSA of AVM. T1 Fast Field Echo
(FFE) MR images (left, white arrow) and DSA (right,
black arrow) visualizing AVM nidus on posterior limb of

32.4 Preoperative Preparation

In our institution, we use Leksell Gamma Knife®
Perfexion™ machine (Fig. 32.3, left) that is con-
sisted of two main units; one is in radiation side
and the other is in patient side. The radiation unit
contains cobalt® source that constantly emits
gamma rays which is delivered to lesions during
treatment through channel opening of 4, 8, or
16 mm collimators. Gamma rays are focused and
accurately beamed to lesions through 192 colli-
mator channels in which the opening and closing
are controlled automatically according to treat-
ment plan (Fig. 32.3, right). The patient side con-
tains automated patient positioning system (PPS)
that consists of a treatment couch where the
patient lies down and of which movement is con-
trolled according to treatment plan in such a way
that lesion to be treated is positioned at the center
of gamma rays cross-firing.

Leksell® Coordinate System utilizing titanium
Leksell® G Frame as stereotactic frame is used to
accurately localize lesion for treatment planning
and to fixate the head as well as lesion in desired

left internal capsule. Arterial feeder comes from medial
branch of lenticulostriate artery and drains into Sylvian
veins
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Fig. 32.3 Gamma Khnife unit. Leksell Gamma Knife®
Perfexion™ unit. Left: radiation unit on the left half part
of the machine (black arrow) and treatment couch on the

position during treatment delivery. It mainly con-
sists of rectangular frame base, front piece, and a
set of fixation posts and screws. Straight or
curved fixation posts and screws measuring
20-110 mm are selected accordingly to fit differ-
ent patient cranial shapes and sizes and hence to
optimize operative field (Fig. 32.4). Frame is
assembled during treatment preparation just
before fixation to patient.

32.5 Approach

Gamma knife treatment plan uses several termi-
nologies that every neurosurgeon needs to be
familiar with in order to comprehend the treat-
ment process. They are summarized in Table 32.1.

32.6 Steps of the Surgery

Treatment process begins with stereotactic frame
fixation under local anesthesia (Fig. 32.5, left).
General anesthesia is rarely used and only
needed for children or those who are really unco-
operative during treatment procedure. Leksell®
G Frame is assembled and adjusted according to
patients’ head size and lesion location; two
assistants help in positioning the frame, while
the surgeon infiltrates local anesthesia into four

right half part (white arrow). Right: Gamma ray delivery
during treatment (courtesy of Elekta Co)

Fig. 32.4 Leksell® G stereotactic frame. Frame consist-
ing of rectangular frame base, curved front piece, and four
fixation posts has been assembled and ready for place-
ment. A set of fixation screws of different lengths is
selected from tray (upper left, white arrow)
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Table 32.1 Terminology in Gamma Knife surgery

Terminology
Target volume
Isocenter

Description

Volume of lesion that is defined as target. In AVM it represents nidus volume
Point where radiation beams are converged by using combination of different collimators.

Isocenters are placed inside target volume

Isodose line

A line indicating distribution volume of same radiation dose. It is three-dimensional and is

composed by combination of isocenters. For example, 12 gray (Gy) isodose line demonstrates

nidus volume receiving 12 Gy
Prescription isodose

Isodose line of prescribed effective radiation dose that covers target volume. It is stated in

margin or peripheral dose. For example, margin dose of 12 Gy in 50% isodose means that
nidus margin is covered by 12 Gy, which is 50% of maximum dose

Conformity index

An index that compare isodose volume (prescription) inside target with total target volume. It

demonstrates degree to which target is covered by prescription dose and greater index reflects
more prescription dose inside the nidus

Selectivity index

An index that compare isodose volume (prescription) inside target with total isodose volume.

It demonstrates degree to which prescription dose is specific to target and do not spill to the
adjacent neurovascular structure. Greater index reflects less prescription dose outside the nidus

Gradient index

An index comparing prescription isodose with half value of this isodose. It reflects the

sharpness of radiation dose falloff around target margin, and smaller index demonstrates

steeper dose falloff outside the nidus

Fig. 32.5 Frame fixation and
Sometimes MR indicator box is used during frame fixa-
tion to ensure adequate frame placement that covers opti-

image acquisition.

points of pin insertion. A combination of lido-
caine and adrenaline diluted with sterile water
for injection is used for local anesthesia. As soon
as anesthesia works, pins are tightened against
the cranium, and frame position is checked to
see whether it has fit the cranium properly or
whether there is distortion caused by unequal pin
pressure or excessive bending of titanium posts.
Frame needs to be properly fit to cranium in
order for treatment to reach lesions optimally,
especially those with extremely eccentric loca-
tion, and to avoid collision to collimator channel
wall during treatment delivery.

mal operative field (left). A combination of images from
biplanar DSA and three-dimensional MR images is used
for optimal nidus visualization (right)

When the frame is fixed, patients are ready for
image acquisition (Fig. 32.5, right). Stereotactic
DSA and MRI images are used for target local-
ization. DSA is performed under local anesthesia;
anteroposterior (AP) and lateral projections of
feeding arteries, nidus, and draining veins are
always sought for through both carotid and verte-
brobasilar system bilaterally.

This way, every part of nidus can be visualized
optimally and unlikely to be missed. It is essen-
tial to have optimal nidus visualization for maxi-
mum nidus coverage in treatment planning. The
best images are then picked out for nidus delinea-
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Fig. 32.6 Treatment planning and target delineation. Treatment is meticulously programmed on treatment planning
system (TPS) using Gamma Plan® software. The whole nidus is defined as target volume and delineated (red line)

tion in order to define target volume, usually at
the moment when the contrast agent starts leav-
ing the nidus and filling up draining veins. In
order not to miss this particular moment, DSA is
set at minimum six frames per second (fps). Too
late in taking images may result in overestima-
tion of nidus size while too early may result
otherwise. Since DSA images are made in two
dimensions, they alone are not adequate to define
stereotactic coordinates for accurate target local-
ization in treatment planning that three-
dimensional MRI images are needed. We use 1.5
Tesla MRI with thin slice of 1 mm-thickness
without gap or overlap and usually without con-
trast injection. T2-weighted images together with
T1 Fast Field Echo (FFE) technique are used to
visualize the malformed vessels. Some patients
cannot undergo MRI for many clinical reasons
including severe claustrophobia and implantation
of cardiac pacemakers. In these situations, three-
dimensional CT angiogram is used in defining
stereotactic coordinates for lesion.

As soon as images are ready, they are then
exported to the Gamma Knife treatment planning
system (TPS). Gamma Plan® software in TPS is
used to incorporate stereotactic DSA and MRI or
CT images for target volume definition and delin-
eation (Fig. 32.6).

After nidus is defined and well delineated, iso-
center placement of prescribed treatment dose is

initialized using a combination of 4, 8, or 16 mm
collimators, to form prescription isodose line that
best conform target lesion (Fig. 32.7). Margin
dose ranging 18-25 Gy in 40-50% isodose is
commonly used for AVM treatment. There are
several indices used to indicate how optimal
treatment plan is. Conformity index, which indi-
cates treatment coverage, is kept above 0.95
(95% coverage), while selectivity index, which
reflects how selective treatment is to target and
thus avoid injuring surrounding healthy tissue, is
kept above 0.92 (92% selective to target), and
gradient index, which reflects radiation spill out-
side target, is kept minimum below 3.

As soon as treatment plan is finalized, the pro-
tocol is approved and exported from TPS into
control system, which will control the whole
operation of Gamma Knife unit during treatment
delivery. Patient is then prepared for treatment.

Patient is positioned as comfortable as possi-
ble in treatment couch; frame is fixated to its
dockings, and vital sign monitors are attached;
treatment plan is rechecked and confirmed dur-
ing time-out period before procedure (Fig. 32.8,
left). Treatment plan has been approved in con-
trol system and ready for implementation
(Fig. 32.8, right). Treatment then can be initial-
ized by pressing start button in control system.
We use closed-circuit TV (CCTV) camera with
speakers and microphones inside treatment



32  Gamma Knife Surgery for AVM

281

d@¥ amRoa [FHowon Fus Quise Boss Quios Bwss [T

Fig.32.7 Isocenter placement. Multiple isocenters (circles in blue line) are placed and arranged to form an isodose line
(yellow line) conforming target lesion (red line) that has been previously delineated
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Fig. 32.8 Patient positioning and treatment delivery.
Patient has been positioned, and frame is fixated; monitors
for vital signs are attached, and treatment plan is rechecked

room, which is connected to control room as
intercom, to monitor and to communicate with
patients during treatment delivery.

When treatment is completed, patient is
removed from treatment couch, and pins are

and ready (leff). Treatment then can be initiated, and
patient is monitored during the whole procedure through
CCTV camera (right)

unscrewed during frame removal. Some patients
may experience temporary headache after frame
removal that dexamethasone and painkiller are
routinely given. Finally, patients are observed for
1-2 h before discharge from hospital.



282

L. Hendriansyah

32.7 Surgeon Plan to Handle
the Complication

Complications after Gamma Knife surgery
includes radiation-induced changes whether
symptomatic or not, cyst formation, hemorrhage,
and radiation-induced neoplasm. Postradiation
image change, commonly known as adverse radi-
ation effects (ARE), are the most common
adverse effects following Gamma Knife surgery
occurring in 33.8% of cases within 3—12 months.
They can be symptomatic in 8.6% of patients but
fortunately reversible in most, and only a small
number of 1.8% is associated with permanent
neurological deficit [4]. These changes are dem-
onstrated by increased signal on T2-weighted or
FLAIR MRI around nidus as shown in Fig. 32.9.
Several mechanisms are proposed to be respon-
sible for these changes including radiation injury
to glial cells especially oligodendroglia resulting
in demyelination, damage to endothelial cells
with cytokine, and antigen release causing the
disruption of blood-brain barrier with subsequent
edema, generation of free radicals, auto immune
response, and indirect effects through vascular
insults with subsequent ischemia.

Fig. 32.9 Adverse radiation effects. Increased signal
intensity on T2-weighted MRI around nidus

Many factors are related to these complica-
tions risk including larger nidus size, higher mar-
ginal dose, superficial and eloquent location, as
well as less number of draining veins. Special
care and considerations in treatment planning
must be taken when factors related to increased
risks such as larger nidus volume and eloquent
locations are encountered. Lower marginal dose
is typically given in these situations, and we
would consider volume staging in large AVMs
(nidus size above 4 cm or volume above 30 cm?).

Surprisingly, ARE is also considered a prog-
nostic factor to complete obliteration. Those who
have complete obliteration on long-term follow-
up are more common to experience ARE starting
earlier within 4-6 months, peaking within
7-12 months after Gamma Knife surgery, and to
have more severe symptoms. Among this group
of patients, ARE were evident in 74.4% and
being significant in terms of symptom in 58.1%
[5]. Steroids such as dexamethasone is com-
monly used to treat this condition.

Gamma Knife surgery doesn’t increase risk of
hemorrhage, compared to natural history of
AVM. In fact, although debatable, it seems to
reduce the risk especially when higher margin
dose is administered [6, 7]. It is reasonable to
have higher margin dose for small nidus, while
for larger ones, dose should be lowered. Risk of
cyst formation and neoplasia or malignancy on
long-term follow-up is even far less. There are
very few reports currently on neoplasia or malig-
nancy induced by Gamma Knife surgery.

32.8 Things to Be Observed
and Postoperative Care/
Follow-Up

Rarely we find excessive bleeding from pin site
that we need to put stitches on. Some patients
experience temporary headache or even being
nauseous right after frame removal that we rec-
ommend observation at least an hour or two
before discharge.

Patients are followed up clinically within
2 weeks posttreatment and every 6-month inter-
vals subsequently within 3-year period. MRI
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examinations were scheduled within 6-12-month
interval and DSA within 1-2-year interval. MRI
is performed regularly to follow-up change and
potential complications, while DSA is to confirm
obliteration of AVM. For those who develop
clinically significant ARE, intravenous steroid
starting 10 mg dexamethasone four times a day is
initiated and soon is tapered off as clinical condi-
tion improves.
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