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FOREWORD 

Surgery of the central and peripheral nervous syste1ns is both a science and an art, requiring a high degree of technical skill 
as well as an iu·tist's appreciation for 1neticulous detai l. Before the skill and the art of neurosurgery can be successfully prac­
ticed, however, the 1nost funda1nental tenant , a finn knO\v ledge of surgical neuroanato1ny , 1nust be acquired. Basic 
anato1ny can be taught and leiu·ned in a nt11nber of different \vays, but for the surgeon , it 1nust be learned three di1nen­
sionally. Anato1nic relationships 1nust be understood without regard to the choice of approach or position of the patient for 
surgery. This fonns the basis of surgica l anato1ny. 

There is no dearth of texts that identify and illustrate the relationships of one structure to another. Like\vise, there is no 
dearth of li terature describing the technical aspects of various approaches to rei:,rions of the nervous syste1n. The editors of 
Operative Neurosurgical Anatorny \Vant the reader to obtain an appreciation of the three-di1nensional stu-gical anato1ny that 
\Vi ii be encountered when perfonning various approaches to the nervous syste1n. The anatotny is presented using cadav­
ers placed in the proper surgical position for each approach, thus enabling the reader to visualize the anato1ny as it wi ll be 
seen in the operating roo1n. 

T he ability to practice the skill and art of surgery successfully involves sound preoperative planning \V i th regard to 
choice of approach and position. All this planning is for naught, hO\vever, if the surgeon cannot visualize the three-di1nen­
sional anato1ny that will be encountered during the procedure. Certainly, the editors' presentation in Operative Neurosur­
gical Anatorny \vi ll help the surgeon practice the art and science of neurosurgery skill fu lly and successfully by 1naking 
infonned decisions about choice of approach and surgical position based on a 1nasterful understanding of the three-di1nen­
sional anato1ny that \viii be seen in the operating roo1n. 

Hugo V. Rizzoli 
Dip/ornate, American Board of Neurological Surgery 

Professor En1eritus 
Depart1nen1 of Neurosurge1)1 

George Washington University 
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PREFACE 

Operative Neurosurgical Anatomy is a collection of anato1nic dissections organized to present anato1nic relat ionships based 
<>n standard operative neurosurgical approaches. Conventional textbooks of anato1ny define the anato1ny based on the ori­
gin and the tennination of a given structure and by the relat ionships and proxi1nity of given struc tures to each other. 
Operative Neurosurgcal Anatorny is designed to present the relevant Slffgical anato1ny and st:ruCtlU"al relationships by using 
anato1nic speci1nens oriented in the operative position and dissected using standard surgical approaches. 

Each chapter defines the pathologic indications and the constraints of the surgical approach. The surgical positioning 
and skin incision are presented \vi th the intent of showing ho\Y these initial operative steps opti1nize the develop1nent of 
the th ree di1nensional anato1nic relationships at the suri:,>ica l site. The details of the Slffgical technique with the relevant pit­
falls, considerat ions, and pem·ls co1nplete your study of the anato1ny. A list of suggested readings are at the end of each 
chapter. 

This book has four 1najor sections that include cranial, spina l, peripheral nerve, and neuroendoscopy. The cranial sec­
tion is fra1ned around the basic fronto-te1nporal and the retrosig1noid approaches, \V ith the incorporated chapters expand­
ing and e1nbellishing on these t\YO basic approaches, in sequence, fro1n a rostral-anterior to a basal-posterior direction. The 
spine approach section details the anato1ny of the surgical approaches fro1n the cranial cervical junction through the lu1nbar 
spine \vi th the vari ous anterior, posterior, and lateral techniques being defined by the vertebral co lu1nn anato1ny and patho­
logic concerns. The periphera l nerve section describes the surgical anato1ny and the st ructural relationships encountered in 
the surgical approaches to the brachia! plexus and to the periphera l nerves in the extremities. The final section on neuroen­
doscopic approaches defines the surgical anato1ny through 1nini1na1Jy invasive endoscopic techniques. 

This book is structured to provide you with an appreciation of the three-di1nensional anato1ny and structlffal neu­
roanato1nic relationships while being visually oriented \Y ith the perspective of the operative approach. It is hoped that 
the book \viii be found useful to pract icing neurosurgeons and spine surgeons who \Yant to refresh Slffgical techniques, to 
surgeons in training as an adjunct to the clinical experience, and to help students in thei r initial investigation of neu­
roanato1nical re lationships. 

Darnirez T. Fossett M.D. 
Anthony J. Caputy M.D. 
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SPECIMEN PREPARATION 

EMBALMING HEAD SPECIMENS 
-~-----

Injections are done with gl utaraldehyde fluids through the 
carotid arteries draining through the accompanying veins. 
T he flow rate of the injections is moderate and done at IO to 
15 lb of pressure. The patient's head should be massaged 
while the injection is being performed. T he fluid mixture 
per gallon of water is as follows: 

• DI-SAN, 6 oz 

• PH-A, 16 oz 

• PK, 9 oz 

INJECTION OF HEAD SPECIMENS 

CLEANING THE VESSELS 

1. Dissect and isolate the following vessels for infusion: 
a. Left and right jugular veins 
b. Left and right carotid arteries 
c. Left and right vertebral arteries 

2. Insert beveled cut T ygon tubes (Norton Plastics, Rolling 
Meadow, IL) into isolated blood vessels. 

3. T ie veins and arteries containing tubes with 2-0 silk 
sutures. 

4. Isolate other veins, arteries, or cut surfaces and ligate to 
prevent leakage. 

5. Flush repeatedly with saline solution using a 60-mL 
syringe to remove blood clots. 

6. Clamp off all vessels, leaving the saline solution in 
them overnight. 

PREPARING THE I NJECTION MIXTURE 

Microflll1tjection 
Microfil is used for injection only if the dissector is interested 
in staining vessels of the brain, including small ones. Because 
microfil is quite expensive, this nlethod should be lim.ited to 
detailed microanatomy work. Microfil solution mixture con­
sists of the following: 

• Red or blue microfil 

• A diluent 

• A catalyst 

For arteries, the mixture should consist of the following: 

• 100 1nL of red dye 

• 50 mL of diluent 

T he catalyst should be added gradually: 

• 1/4 oz, mix time 5 min 
• 118 oz, nlix tin1e 5 min 

Amal Nade l, James Agee, Damirez Fossett 

• 1/4 oz, mix time 5 min 

• 1/4 oz, inject 

For veins, use the same protocol, switching 100 mL of blue 
dye for the red dye. 

Silicons Injection 

Silicone is used if the dissector is interested in gross 
microanatomy work. Because silicone is a thick substance, 
it may not reach small vessels. T he silicone nlixture consists 
of the following: 

• Silicone rubber (RTV 3110) 

• T hinner (200) 

• Powder paint (Crayola powder, blue and red) 

• Catalyst 

For arteries, the mixture should consist of the following: 

• 25 mL of silicone 

• 50 mL of thinner 

• Red powder 

• 3 mL of the RTV catalyst 

For veins, the mixture should consist of the following: 

• 60 mL of silicone 

• 60 mL of the th inner 

• Blue powder 

• 3 mL of the RTV catalyst 

INJECTING THE VESSELS 

1. Inject the mixture very slowly. When the mixture 
begins to come out of the contralateral vessel, clamp it, 
and inject a little more. First inject the carotids, next 
the vertebrals, followed by the jugular veins. 

2. Leave clamps on all the blood vessels, wrap the speci­
men with a towel, and store it in a bucket for 24 to 48 
hours before removing the clamps. 

STORING HEAD SPECIMENS 

Place the specimen in a bucket with the following diffusion 
solution: 

• PH-A,4 to 6 oz 

• DI-SAN, 4 to 6 oz 

• GX, 4 oz 

Fill with water to cover completely, and refrigerate until 
ready to use. 

The ingredients for the embalming and diffusion flu­
ids can be purchased from Champion Co. (Springfield, IL). 
T he microfil is from Flowtech, Inc. (Kalamazoo, Ml ). T he 
silicone is from Dow-Corning Co. (Auburn, Ml). 
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FRONTOTEMPORAL APPROACH 

Emel Avci, Chandrasekar Kalavakonda, Darnirez Fossett 

INDICATIONS FOR APPROACH 

• All anterior circulation aneurys1ns 

• High basilar tip and s uperior cerebellar artery 
aneurys1ns 

• Frontal and anterior te1npora l arteriovenous malfor­
mations 

• Lobar lesions of the cerebral he-mi spheres 

• Sellar and suprasellar lesions 

POSITIONING AND SKIN INCISION 
---~--

The patient is placed in the supine position with the head 
held in Mayfield three-point fixation. The head is general ly 
rotated 20 to 30 degrees toward the contralateral shoulder. 
More rotation can be used for anterior pathology and less 
rotation for more posterior pathology. The head is flexed 
slightly to bring the chin toward the ipsilateral clavicle and 
then extended to bring the maxillary eminence to the high­
est point in the field. 

A curvilinear or bicoronal skin incision is placed 
behind the hairline (Fig. 2- 1). The incision begins just ante­
rior to the tragus of the ear and should not extend below 
the zygomatic root to protect the branches of the facial 
nerve. The incision should be 1nade as close as possible to 
the tragus of the ear. Care should be taken to avoid tran­
secting the underlying branches of the superficial tempo­
ral artery. The skin Rap is reflected anteriorly along with 
the pericraniu1n. At the supraorbital ridge, care should be 

SuperficJal fasdal inchion 

4 

Cu rvlli near 1ncis1 on 

FIGURE 2- 1 Illustration of the curvilinear unilateral incision 

taken to identify and preserve the supraorbital nerve and 
vessel passing through the supraorbital fora1nen or notch. 
These can be released with the aid of a chisel or theB I or CI 
tools of the Midas Rex (Midas Rex, Fort Worth; Texas). 

As the skin is reflected anteriorly, the galea will 1nerge 
with the superficial layer of the temporalis fascia. A curvi ­
linear incision can be made into the superficial fasciaJ layer 
at the keyhole and carried toward the zygo1natic root 
(Fig. 2-2). Anterior elevation of this fascia and fat pad away 

Superficial 
temporal artery 

Eat 

FIGURE 2-2 The branching superficial temporal artery can be 
seen above the temporalis fascia. The outlined incision is the super­
ficial fascia! dissection of the fat pad containing branches of the 
facial nerve. 



fro1n the underlying te1nporal is 1nuscle avoids injury to the 
frontalis branch of the facial nerve that runs in th is fat plane 
(Fig. 2- 3). The te1nporalis 1nuscle then is elevated as a sep­
arate layer and reflected anteriorly and inferiorly to expose 
the supraorbital ridge and the lateral ri1n of the orbit, pro­
viding opti1nu1n exposure for the develop1nent of a fron­
tote1nporal cranioto1ny (Fig. 2-4). 

Deep f.:iscial layer Fat pad 

Superficial 
temporal artery 

Ear 

FIGURE 2- .~ The fat pad has been elevated preserving 1he 
branches of !he facial nerve. 

SURGICAL fEt".-.N IOUE 

A bur hole is made at the McCarty keyhole, and generally a 
second one is made in the squamosal region of the temporal 
bone. The surgeon detennines the nu1nber of bur holes to 
be 1nade. After dissection of the dura fro1n the overlying 
bone with the use of dura l dissectors or a Fen field 3, the bur 
holes are connected with the BI foot-plated tool of the 
Midas Rex or with a Gigli saw. The sphenoid ridge is made 
as flat as possible down to level of the meningo-orbital 
artery; this is accomplished by using a Leksell or Limpet 
rongeur (CodJnan Johnson & Johnson Professional Products 
Ltd., Maiden Head, Berkshire, U.K.) or the M8 tool of the 
Midas Rex (Midas Rex, Fort Worth, TX). 

Typically, the dura is opened in a C-shaped fashion, 
with its base along the sphenoid ridge (Fig. 2-5). It is 
reflected anteriorly and anchored with stay sutures 
(Fig. 2-6A). Under the operating microscope, either a lat­
eral-to-1nedial or a 1nedial-to-lateral opening of the sylvian 
fissure can be made (Fig. 2-6B). If a Jateral-to-1nedial dis­
section is to be 1nade, two self-retaining retractors are posi­
tioned, one on the frontal lobe and the other on the 
temporal Jobe to 1nake the fissure taut. The sylvian fiss ure 
then is opened using an arachnoid knife, and the dissection 
is performed superior to the syl vi an vein, reflecting the 
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veins with the te1npora l lobe. Veins crossing the fis sure are 
sacrificed. As the fissure opens, the dista l branches of the 
1niddle cerebral artery, the Ml -2 bifurcation, and finally the 
carotid bifurcation can be identified. Further dissection 
allows visualization of the optic-carotid triangle and the 
carotid-oculo1notor triangle (Fig. 2-6C, D). 

Frontal bone Keyhole Temporalis muscle flap 

Craniotonly outlined Squa mosal portion 
of the temporal bone 

FI<<lJRE 2-1 The remporalis is elevared. A s1andard fron10-
1emporal bone flap is ourlined. 

Frontal sinus 

Frontal lobe 

Dural lncisloo 
outlined 

Middle 
meningeal 
attery 

Temporal 
lobe 

f lGURE 2- 5 The dural incision is our lined. 
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Frontal lobe 

Distal branch es 
of the middle 
cerebral artery 

CN Ill 

Temporal 
lobe 

Dural flap 

Temporal lobe 

Sylvian veins 

lnrernal 
carotid artery C::N II 

Sylvian fissure 

Orbit 

Anterior 
cerebral an ery 

Middle cerebral arte1y 

Frontal lobe 

CN Ill 

Temporal lobe 

FIGURE 2-6 A: The dura is re fl ected to reveal the 
unde rlying frontal and temporal lobes and the sylvian 
fi ssure. B : The sylvian vein is seen superficially . The 
middle ce rebral artery branches can be seen in me 
de pths. C: Panoramic view after wide ly .splitting in a lat­
e ral to medial fashion the sylvian fissure. D : High­
powe r view after late ral to medial splitting of me 
syl vian fi ssure. SCA, superior cerebellar arte ry; ICA, 
inte rnal carotid artery ; CN, cranial ne rve. 

SCA !CA CN II 

Tem poral lobe 
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Sylvian fissure 
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Anterior 
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FIGURE 2-6 A: The dura is re fl ected to reveal the 
unde rlying frontal and temporal lobes and the sylvian 
fi ssure. B : The sylvian vein is seen superficially . The 
middle ce rebral artery branches can be seen in me 
de pths. C: Panoramic view after wide ly .splitting in a lat­
e ral to medial fashion the sylvian fissure. D : High­
powe r view after late ral to medial splitting of me 
syl vian fi ssure. SCA, superior cerebellar arte ry; ICA, 
inte rnal carotid artery ; CN, cranial ne rve. 

SCA !CA CN II 

Tem poral lobe 



For a 1nedial-to-lateral opening of the sylvian fi ssure, a 
self-retaining retTactor is placed under the frontal lobe to 
expose the olfactory nerve. Follo\ving the olfactory nerve 
posteriorly allo\vs easy identification of the optic nerve and 
the carotid artery lying laterally to it (Fig. 2- 7). The optic­
carotid cistern and the carotid-oculo1notor cistern generally 
co1ne into vie\v easily and \vith li ttle retraction. With the 
use of fine 1nicrodissectors, the arachnoid between the optic 
nerve and frontal lobe is incised and opened. The dissec­
tion of this arachnoid continues across the carotid artery to 
the ref,rion of the third nerve, thus opening the optic-carotid 
and carotid-oculomotor cisterns. Medially, the chias1natic 
cistern can be opened in a si1ni lar 1nanner. A 1nedial-to-lat­
eral dissection of the sylvian fissure then can be under­
taken, occasionally with the aid of a te1nporal lobe 
self-retaining retractor (Fig. 2- 8). Brid!:,ring te1nporal veins 
between the 1niddle fossa dura and the te1nporal lobe are 
sacrificed. Proxi1nally to distally along the carotid artery, 
the posterior co1n1nunicating artery, the anterior choroidal 
artery, and the carotid bifurcation can be identified 
(Fig. 2- 9). Progressive retraction of the frontal lobe a ll o\vs 
visualization of the optic chias1n, anterior con11nunicating 
co1nplex, and, ulti1nately, the contralateral A I , carotid 
artery, and optic nerve as well as both A2 vessels 
(Fig. 2- lOA). Perforators fro1n the anterior con11nunicating 
m·tery (AC01nA) co1nplex should be appreciated as should 
be the artery of Heubner. With the optic chias1n \veil visu­
alized, the lan1ina tenninalis can be entered to expose the 
third ventricle (Fig. 2- IOB). The pituitary stalk is visualized 
as it passes behind the optic chias1n. The 1ne1nbrane of 
Lilliquist can be opened bet\veen the optic nerve and 
carotid artery or between the carotid m·tery and third nerve. 
The posterior co1n1nunicating artery then can be follcl\ved 

CN II 

Internal 
carotid artery 

f\,lfddle 
cerebral artery 
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CN II 

Recurrent artery 
of Heubner 

Anterior 
cl inoid p rocess 

Antenor 
cerebral artery 

Internal 
carotid 
artery 

flf l 'Rf 2-7 The olfactory nerve is identified. The carotid 
artery is seen lateral to the optic nerve. CN, cranial nerve. 

Anterio1 -­
cerebral 
<lrtEc>ry FIGURE 2--8 The sylvian fissure has been widely split to reveal the 

optic nerve and the carotid artery lying lateral to it. The internal carotid 
artery (ICA) bifurcation is easily visualized. The middle cerebral artery 
can be seen traversing the sylvian fissure. CN, cranial nerve. 

ICA blfurcati<ln 
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CNU 

Anterior clinoid process 

CN II 

Anterior 
cerebral artery 

Middle Anterior 

Ten tori um 

Posterior 
conimunicatlng 
artery 

cerebral artery e:horoldal artery 

Ten tori um 

ACA 
(A2) 

Ff(, lJRE 2- 9 The carotid artery is 
seen lateral to the optic nerve. The pos­
terior communicating artery and ante­
rior choroidal artery arise from the 
internal carotid artery. The ten tori um 
is seen laterally. CN, cranial nerve. 

AComA Contralateral CN II 

d1iasm 
CN Ill 

Anterior 
cerebral artery 

ICA bifurcation 

Middle 
cerebral 
artery 

Heubner's 
artery 

ACA 
(A J) 

Lamina terminalls CN II 

FIGURE 1 - l O A: Retraction of the frontal lobe allows visualization of the optic chiasm and both optic nerves. Also seen are the ipsi­
lateral internal carotid artery (ICA), middle cerebral artery, anterior cerebral artery (ACA), the third cranial nerve (CN Ill) and the ten­
totium. B: The contralateral structures can be reached via a transsylvian approach. The lamina terminal is is visualized and can be opened 
to expose the third ventricle. AcomA, anterior communicating artery. 



to the P l -2 junction and, subsequently, to the basilar bifur­
cation (Figs. 2- 1 l through 2- 14). If the basilar tip is high, 
the superior cerebellar arteries also can be visualized . 

T hedura is closed in a watertight fashion, and the cran­
ioto m y is replaced with the aid of microplates, wire, or 
heavy suture. T he temporal is fascia is reapproxin1ated, and 
the skin is closed in a m ultilayered fashion. A subgaleal 
drain 1nay be left in place if needed. 

FIGURE 2-11 A fetal posterior communicating 
artery is disclosed. The superior cerebellar artery can 
be seen inferior to the third nerve. Note the small ante­
rior choroidal artery. CN, cranial nerve. 

Internal 
carotid artery Basilar artery 

Superior 
cerebel lar arte1y 

CN IU 

CHAPTER 2 FRONTOTE/\1PORAL APPROACH • 9 

i entorium 

Internal 
carotid <inery 

Anterior 
choroidal artery 

Superior 
cerebellar 
artery 

CN Ill 

Fetal po!>t.erior 
communicatlng 
artery 

FIGlfRE 2-12 The basilar bifurcation is seen by entering the 
carotid-oculomotor cistern. The third nerve is seen between the pos­
terior cerebral artery and the superior cerebellar artery. CN, cranial 
nerve. 

Posterior cerebral artery 
(P 1 segment. fetal circulation) 

FIGURE 2-13 The contralateral third nerve, poste­
rior clinoid, and basilar artery can be seen. CN, cranial 
nerve; ICA, internal carotid artery; SCA, superior cere­
bellar artery; PComA, posterior communicating artery. 

ICA 

Optic 
tract 

PComA 
Posterior 
cl inoid proces.s 

Anterior choroidal a rte ry 

Contralateral 
CN Ill 

CN Ill 

Contralateritl 
SCA 

6asllar 
artery 
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CN Ill 

Contral3teral 
SCA 

Basil1'r trunk 

PITFALLS, PEARLS, CONSIDERATIONS 

• Supraorbital nerve palsy or avulsion 

• Injury to facial nerve branches 

• Entry into the orbit with the keyhole burr hole 

• Injury to neurovascular structures with improper dis­
section technique 

• Retraction injuries with improper technique 

Perfo rat ing branchE5 
ofthi:> basilar CJTtery 

SCA 

FIGURE 2-1 -1 Endoscopic view of the upper basilar 
PCA region. A basilar apex aneurysm is identified. CN, cranial 

nerve; PCA, posterior cerebral aneurysm; SCA, superior 
cerebellar artery. 
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CRANIO-ORBITAL AND 

0RBITOZYGOMATIC APPROACHES 

Chandrasekar Kalavakandra, Emel Avci, Damirez Fossett 

INDICATIONS FOR APPROACH 

• Minimizing frontal lobe retraction 

• Anterior cavernous sinus lesions 

• Orbital lesions 

• Basal lesions of the middle cranial fossa 

• Tentorial notch and upper clival lesions 

• Anterior communicating artery aneurysms 

• Paraclinoid carotid and ophthalmic artery aneurysms 

• Basilar tip and upper basilar region aneurysms 

POSITIONING ANO SKIN INCISION 

The patient is placed in the supine position with the head held 
in Mayfield three-point fixation. The head is generally rotated 
20 to 30 degrees toward the contralateral shoulder. More rota­
tion can be used for anterior pathology and less rotation for 
more posterior pathology. The head is flexed slightly to bring 
the chin toward the ipsilateral clavicle and then extended to 
bring the maxillary eminence to the highest point in the field 

A cw·vilinear or bicoronal skin incision is placed behind 
the hairline (Fig. 3-1). The incision begins just ante1ior to the 
tragus of the ear, and it should not extend below the zygo-
1naticroot in order to protect the branches of the facial nerve. 
The incision should be 1nade as dose as possible to the tragus 
of the ear. Care should be taken to avoid transecting the 
underlying branches of the superficial te1nporal artery. The 
skin flap is reflected anteriorly along with the pericraniu1n. 
At the supraorbital 1idge, care should be taken to identify and 

Supraorbit.al foramen 

Skin incision 

l!IGllRE 3- 1 Illustration of !he curvilinear unilateral incision. 

preserve the supraorbital nerve and artery as they pass 
through the supraorbital fora1nen or notch (Fig. 3-2). These 
may be released with the aid of a chisel or the Bl or Cl tools 
of the Midas Rex (Midas Rex, Fort Worth, Texas). 

As the skin is reflected anteriorly, the galea will merge 
with the superficial layer of the te1nporalis fascia A curvi­
linear incision can be made in the superficial fascia! layer at 
the keyhole and carried toward the zygo1natic root 
(Fig. 3-2). Anterior e levation of this fascia and fat pad away 
from the underlying te1nporalis muscle a voids injury to the 
frontalis branch of the facial nerve that runs in this fat plane 
(Fig. 3- 3). Note that the fat pad runs in the plane above the 
zygo1na, whereas the temporalis muscle runs beneath 
the zygo1na. The temporalis 1nuscle then is elevated and 

Temporalis 
muscle 

El<;URE 3-2 The supraorbital nerve and artery are seen 
exiting the supraorbital notch. 

11 
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Supr<1orbital nerv111 Temporalis muscle 

reflected anteriorly and inferiorly to expose the supraor­
bital ridge and the lateral ri1n of the orbit (Fig. 3-3). The 
te1nporalis is also dissected fro1n the under surface of the 
zygoma in preparation for the zygomatic osteoto1ny. 

SURGICAL TECHNIQUE 
~~~~~~~~~~~~ 

A bur hole is made at the McCarty keyhole, and generally 
a second one is made in the squa1nosal region of the tem­
poral bone. After dissection of the dura fro1n the overlying 
bone with the use of dural dissectors or a Penfield 3, the 
bur holes are connected with the B 1 foot-plated tool of the 
Midas Rex (Midas Rex, Fort Worth, Texas) or with a Gigli 
saw, and the craniotomy flap is lifted free. 

ORBITAL 0STEOTOMY 

The orbital osteoto1ny is performed as a separate 1naneu­
ver fo llowing the cranioto1ny. The subfrontal d ura is gen­
tly dissected away from the floor of the anterior fossa to 

Orbrtal osteotomy 

Anterior clinoid process 

. FJ(, l lRE 3--' The coronal and sagittal cute through the orbital 
roof are outlined. 

Fron to temporal 
craniotomy 

I+"IG llltE J-J The temporalis muscle bas been eleva1ed and the 
craniotomy outlined. 

the cribriform plate medially and to the sphenoid ridge 
posteriorly. The periorbita is separated fro1n the roof of 
the orbit for a distance of 3 c1n posteriorly fro1n the supra­
orbital ridge, and it is also separated along the lateral wall 
of the orbit. Hand-held retractors are placed to retract the 
frontal dura away fro1n the floor of the frontal fossa and 
to retract the periorbita from the roof of the orbit. Using a 
sagittal saw, a sagittal cut is made in the roof of the orbit 
fro1n the cranial to the orbit side to a depth of at least 2.5 
to 3 cm posterior to the supraorbital ridge. For a simple 
orbital Osteoto1ny, a second cut is made above the zygo­
matic process of the frontal bone and extended posteri­
orly as deep as possible within the orbit. The third cut is 
a coronal cut made across the roof of the orbit to connect 
the previous two cuts. This cut can be made using a nar­
row Kerri son rongeur or with the C 1 tool of the Midas. 
Once all three cuts are 1nade, the bone is gently grasped 
with an Allis forceps, any adherent periorbita is dissected 
away, and with gentle rocking the bone is loosened and 
removed. Any re1naining orbital roof can be removed 
using a rongeur (Figs . 3-4 and 3-5). 

Lateral o rbita l wall cut 

FIGURE J-5 The lateral orbital wall cut is outlined . 
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0RBITOZYGOMATIC 0 ST EOTOMY 

The orbitozygon1atic osteototny differs litt le fi·o1n the 
preceding technique. T he coronal cut across the roof of 
the orbit extends laterally fi·on1 the sagittal cut to the 
inferior orbital fis sure. A third cut is niade parallel to, 
but several tni ll i1neters above, the zygo1naticomaxi llary 
suture. An excellent l and1nark is to begin this cut just 
superior to the zygo1naticofacial fora1nen. T his cut goes 
through the lateral wall of the orbit and extends to the 
inferior orbita l fissure. T he te1npora lis 1nuscle, which 
runs under the zygon1a to its infratemporal attachments, 
is reflected back to its nor1nal position to enable an 
oblique cut through the posterior root of the zygo1na 
(Fig. 3- 6). T he loose osteoto1ny is then grasped with an 
All is forceps and gently rocked. Any adherent periorbital 
is separated, and any ren1ain ing bony connections are 
loosened with the aid of a chisel and ha1nn1er. The \vhole 
osteoton1y is ren1oved en bloc. T he te1nporal is musc le 
then is reflected inferiorly fully exposing the floor of the 
te1nporal tossa (Fig. 3-7). 

Zygomatic: osteotomies 

• 

•• 

ExTRADURAL ANTERIOR CLINOIDECTOMY 

Once the orbit has been re1noved, the anterior clinoid 
process (ACP) can be resected intradurally, extradurally, or 
with a combined technique. If it is to be resected extradu­
rally, the dura is e levated further fro1n the floor of the ante­
rior cranial fossa to expose the p lanu1n sphenoidale and the 
entrance of the optic nerve into the optic canal. lt is further 
separated from the sphenoid r idge and the floor of the 1nid­
d le cranial fossa. While separating a long the sphenoid 
ridge, the 1neningo-orbital vessels are identified, cauterized, 
and transected. With gentl e retraction of the dura and 
underlying fronta l lobe, the anterior clinoid process then 
can be safely dr illed extradurally. 

T he optic canal then is skeletonized using a 1nediu1n­
sized or small dia1nond bur. T he bone is thinned on 
either side of the optic canal unti l on ly a thin rim 
re1nains, and this can be gently and easi ly re1noved with 
a dissector. T he optic canal is unroofed con1pletely in a 
180-degree plane (Figs. 3- 8 and 3- 9A). After separating 
the dura over the ACP, it is cored out using a s1nall dia-
1nond bur that re1nains \vithin the confines of the cortical 
bone at al l ti1nes (Fig. 3- 9B). Adequate thinning ensures 
easy inward fracturing of the re1naining cortical \Valls. 
T he ACP then is freed fro1n any re1naining du ral attach-
1nents, grasped with a small c l a1np, and freed 
(Fig. 3- 9C). Whi le dri ll ing the ACP, keep in 1nind the 
surrounding structures: 111edially, the optic nerve ; later­
ally, the third nerve in the wall of the superior orbital fis­
sure; and antero inferiorly, the carotid artery. T he dura 
covering the inferior surface of the ACP extends posteri­
orly and inferiorly to forn1 the distal dural r ing of the 
internal carotid artery (ICA) . 

CTlil RI: ~6 Lateral orbital and zygomatic cuts arc outlined for the 
orbitozygomatic osteotomy. 

Orbrt 

Lateral orbita l osteotomy 

Frontotemporal 
dura 

Temparalis 
muscle Ear 

FJ(,t:R.;, J - 7 Thedura is exposed after thecranial-orbitozygo­
matic osteotomy has been performed. 

Anterior clinold proce~s Orbit 

Superior 
orbital 
fi ssure 

rI<.l RE 3-8 Theextradural optic nerve is visualized. 
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Orbit 

Anrerior cllnoid proces~ 
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Du rat 
incision 

F J (,U R E J- 10 The curvilinear dural opening is outlined. 

FIGURE J-9 A: The optic canal is unroofed extradurally. B: The 
anteriorclinoid process (ACP) is cored out to thin the bone for frac­
turing. The extradural optic nerve is visualized. C: The ACP has 
been removed extradurally, and the optic nerve and carotid artery 
are visualized. 

Superior 
orbital 
fissure 

Optic nerve 

Optic nerve 
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FIGURE J-11 The sylvian fissure is widely split. 
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INTRADURAL ANTERIOR CLINOIDECTOMY 

In patients \vi th a Jong ACP or in the presence of vascular 
pathology, intradura l re111oval is reco111111ended. Typical ly, 
the dura is opened in a C-shaped fashion, with its base 
a long the sphenoid ridge (Fig. 3- 10). It is reflected anteri­
orly and anchored \vith stay sutures. Under the operat ing 
111icroscope, either a Jateral-to-111edial or 111edial-to- lateral 
opening of the sylvian fissure can be 111ade. If a Jateral-to­
n1edial dissection is desired, two self-retaining retractors 
are positioned, one on the frontal lobe and one on the te111-
poral Jobe to n1ake the fisstu-e. taut. T he sylvian fisstu-e is 
opened using an arachnoid kuife. T he dissection is carried 
superior to the sylvian vein , reflecting the veins \Vith the 
te111poral lobe. As the fissure opens, the distal branches of 
the 111iddle cereb ra l artery, the Ml -2 bifurcation, and finally 
the carotid biftu·cation can be identified (Fig. 3- 1 I). 

CN II 
Internal 
carotid artery 

For a 1uedial-to-lateral open ing of the sy lvian fissure, a 
Self-retaining retractor is placed under the frontal lobe to 
expose the olfactory nerve. Following the olfactory nerve 
posteriorly allows easy identification of the optic nerve and 
carotid ar tery (Fig. 3-12). T he optic-carotid cistern and the 
carotid-oculo111otor cistern general ly co1ue into vie\\1 easily 
\vi th little retraction. Using fine microdissectors, the arach­
noid between the optic nerves and frontal lobes is inc ised 
and opened. Dissection of th is arachnoid continues across 
the carotid artery to the region of the third nerve, thus 
opening the optic-carotid and carotid-oculo111otor cisterns. 
Medial ly, the chiasmatic cistern can be opened in a sin1ilar 
n1anner. A 111edial-to-lateral dissection of the sy lvian fissure. 
n1ay be undertaken occasionally with the aid of a te111pora l 
Jobe self-retaining retractor. Bridging veins between the 
te111pora l lobe and the dura of the 111idd le fossa 111ust be 
cauterized and transected. 

After co1upletion of the sylvian dissection, the dura over 
the anterior clinoid process is incised in a T- or U-shaped 
fash ion (Figs . 3- 13 and 3- 14). Using a Rhoton 2 or 3 dissec­
tor (Baxter Healthcare Corp., McGa\v Park, Illinois), the 
dura is stripped a\vay from the anterior clinoid process. 
Using a high-speed dia111ond bur, the clinoid is drilled away 

CN 111 

AnnHl<>r 
cerebral 
artery 
(Al ~egmenc) 

Optic nerve 

Mfddle 
cerebral 
artery 
(Mt segment) 

Dural . ' -

FIGl~RE 3-12 The optic nerve and carotid artery are visualized. 
CN, cranial nerve. 

1nos1on 

Internal 
carotid 
artery 

Fl Gt RE 3-13 The T-shaped incision is outl ined. 
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with the carotid and optic nerve under direct vis ion. The 
dura inferior to the c linoid process is contiguous \vith the 
distal dural ring. T he optic strut is resected and the falci­
fonn liga1nent opened to a llow 1nobilizat ion of the optic 
nerve if necessary. T he distal dural 1i ng can be opened to 
expose the prox i1nal seg1nent of the ophthahn ic artery as 
\veil as the paraclinoid carotid artery (Figs. 3- 15 and 3- 16). 

For lesions in the 1niddJe cranial fossa, a \v i de opening of 
the sylvian fisstll'e, coupled \vith resection of the zygo1na, 
allo\vS posterior, superior, and lateral retraction as needed on 
the te1nporal lobe. This allows structures along the floor and 
on the 1nedial 1nargin of the n1idd le fossa, such as the cav­
ernous sinus, gasserian ganglion, and branches of the fifth 
Cranial nerve to be identified and approached. T he petrous 
carotid can be exposed using this approach. T he anato1ny in 
this region is presented in a later chapter. 

Ophthalmic artery 

CN II 

CN II Subclinoid ca rot1d artery 

CN II Dural incision Internal carotid artery 

FIGURE 3-1-' The U-shaped incision is outlined. CN, cranial 
nerve. 

FIGURE 3-15 The anterior clinoid process (ACP) has been 
resected intradurally, and the ophthalmic artery is visualized. CN, 
cranial nerve. 

Distal 
dural ring 

lnttnnal 
carotid 
artery 

Fl(;tlRE 3-l6 T he clinoid has been drilled away and the distal 
dural ring opened to expose the cl inoidal segment of the internal 
carotid artery. 

(N Ill 
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PITFALLS PEARLS CONSIDERATIONS 
~~--

• Injury to branches of the facial nerve by skin incision car­
ried too inferior to the zygoma or too anterior to the tragus 

• Injury to supraorbital nerve 

• Enophthalmos if orbital roof cut is not deep enough 
within the orbit 

• Vascular injury \vith complete extraduraJ resection of 
the ACP 

• Tearing of bridging vei ns 

• Eye injury with poor osteoto1ny technique 

• Frontal lobe retraction injury 
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ANTERIOR COMMUNICATING COMPLEX 

AND HEUBNER' S ARTERY 

Detai led knowledge of the 1nicrosurgical anato1ny of the 
anterior co1n1nunicating artery (AC01nA) and its perforat­
ing b ranches is i1nportant \Vhen perfonning the interhe1ni­
spheric, transla1nina tenninalis, sub frontal, or pterional 
approaches for neoplastic or vascu lm· pathology (Fig. 4- 1). 
T he anterior co1n1nunicating artery (AC01nA) is one of the 
1nost frequent sites of fonnation of saccuJar aneurys1ns 
\V ith a reported incidence bet\veen 19 and 84%. For 
A Coin A aneurys1ns, as \veil as other parasellar patho logy, 
detailed kno\vledge of the anato1ny of the AC01nA con1-
plex, early recognition of ano1nalous A Coin A anato1ny, and 
preservation of perforating branches are i1nperative. 

18 

ACA l/\2 1c9mcnt} 

ACA [A 1 segment} AComA com pie)( 
perfora tors 

Emel Avci, Yalcin Kocaogullar, Damirez Fossett 

ACom A 

ACA 
(A 1 segment) 

FIG{IRE - I The complete anterior cerebral artery (ACA) com­
plex has been isolated from the brain to demonstrate the vascular 
complexity of the region. AComA, anterior communicating artery. 
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ANATOMIC CONSIDERATIONS 

ACOMA COMPLEX 

A nonnal AComA is defined as a single lu1nen vessel that 
connects the right and left anterior cerebral arteries (ACA) 
(Fig. 4- 2A, B). Its length ranges from 0.1 to 3 mm. An 
anomalous AComA complex is observed in up to 25 to 60% 
of the population. Such anomalies include duplication, 
triplication, and fenestration of the AComA. They also 
include the presence of a plexifonn AC01nA or fusion of a 

ACA (Al segment) 

ACA 
(A 1 segnient) 

Anterior communicating artery 

ACA (A2 segment)· 

ACA 
(A 1 segment} 

Heuboer's artery Subcallosal artery 

He ubner's 
arlery 

ACA 
(Al segment) 

AComA 

ACA 
(A 1 s.egrnent) 

11(,{ RL .&-.? A: The normal anterior communicating artery (AComA) complex is seen. Heub­
ner's artery is seen arising from the proximal A2. B: High-power view of the normal AComA, 
ACA, anterior cerebral artery. 
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tnultichanneled AC01nA \Vith a di1nple (Fig. 4 - 3A). A 
1nedian artery of the corpus callosu1n (MACC) (Fig. 4-3B) 
or an azygous anterior cerebral artery (Fig. 4-3C) so1ne­
ti1nes is found. Occasionally, 1nultiple ano1nalies arise 
within the sa1ne AC01nA co1nplex (Fig. 4-4). It should be 

Heubner's 
arrery 

Fenestrated AComA complex 

kept in tnind that an ano1nalous AC01nA co1nplex is 
observed at a higher frequency in surgical cases. Such 
ano1nalies 1nay be a predisposing factor in the fonnation 
of AC01nA region aneurys1ns. 

ACA {A2 segment) MACC AComA 

ACA 
(A2 
segment) 

Azygous (A2 segment) 

AComA 

HeubneJ's 
a1tery 

FJ(,l RE - -· A: A fenestrated anterior communi­
cating artery (AComA) complex. The first c.hannel is 
the smaller of the two. Two Heubner arteries are seen 
arising ipsilaterally from the AComA. B: Median 
artery of the corpus callosum (MACC). C: Azygous 
anterior cerebral artery. A CA, anterior cerebral artery. 

ACA (A 1 r.egmentl ACA (A 1 segment) 

Perforating brandies of the AC01nA are al ways present. 
They range in number from one to six. The site of origin of 
the AC01nA perforators is related to variations in the 
anato1ny of the Al segments of the ACAs. If the Al arteries 
are of equal size, the AComA perforators will originate fro1n 
the 1nidpoint of the AComA. If they are not of equal size, the 
perforators will arise from the AC01nA on the side ipsilat­
eral to the larger A 1 segment. Ano1nalous perforating region 
anato1ny may coexist with an anomalous AC01nA co1nplex. 

Perforating branches of the AC01nA are classified as 
subcallosal, hypothalamic, or chias1natic . These branches 
supply regions bearing the sa1ne names. The subcallosal 
region includes the rostru1n and genu of the corpus callo­
su1n, the anterior co1nmissure, the anterior cingulate gyrus, 
the parolfactory and paratenninal gyri, the septum pellu­
cidum, and the columns of the fomix. The hypothalamic 
region consists of the anterior hypothalamus and lamina 

terminalis. The chias1natic area is composed of the optic 
chias1n and the superior part of the optic nerve. 

The subcallosal branch is typically a single vessel and is 
the largest perforating branch. It usually originates fr01n the 
posterior or posterosuperior aspect of the AComA. It tenni­
nates bilaterally within the callosal areas by anasto1nosing 
with hypothalamic branches. Absence of a subcallosal per­
forating branch, a median artery of the MACC, or an 
azygous ACA may be seen. The MACC terminates beyond 
the genu of the corpus callosum and feeds the dorsal parts of 
the cingulate gyrus and occasionally the paracentral lobule 
of the right and/or left he1nisphere. An azygous ACA will 
send feeding branches to the subcallosal area. 

Hypothalamic branches originate fro1n the posterior or 
posteroinferior aspect of the ACotnA. These branches sup­
ply the hypothalamic area and anastomose with a subcal­
losal branch. 
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Heubner's 
artery 
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{Al segment) 

Optic nerve Pi1uitary stalk Opric nerve 

Hypopla5tic ACA 
(Al segn1ent) 
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Ff{,( l lU, 4-4 A fenestrated anterior communication artery (AComA). The optic chiasm is visu­
alized as are both A2 branches. The contralateral A I is hypoplastic, and the ipsilateral Al is hyper­
plastic. ACA, anterior cerebral artery. 

Chiasmatic branches have a very small diameter. They 
originate from the posteroinferior aspect of the AComA 
and terminate at the superior surface of the optic chiasm 
and optic nerve. The chiasmatic area is supplied mostly by 
branches of the ACAs. 

ARTERY OF HEUBNER 

During any approach to the AComA co1nplex, the recur­
rent artery of Heubner should be identified and pro­
tected. Heubner's artery is of surgical significance 
because, to a varying degree, it supplies the anterior­
inferior striatum, anterior limb of the internal capsule, 
olfactory region, and anterior hypo th al am us. Injury to 
Heubner's artery, because of its inconsistent feeding pat-

ACA 
ACA (A I S1?9n1ent) AC om A (A 1 segment) 

ACA ACA Hcubner's artery 
{A2 segment) [A2 se9n1ent) 

tern, can lead to varying degrees of postsurgical neuro­
logic compromise. The recurrent artery arises most fre.. 
quently from the A2 segment of the ACA, Jess frequently 
from the ACA-AComA junction, and rarely from the Al 
segment of the ACA (Fig. 4- SA, B). 

Three courses of this artery have been described. In 
type J. or the superior course, the recurrent artery follows 
the superior wall of the A 1 segment. It then loops over the 
carotid bifurcation and perforates the brain lateral to the 
middle cerebral artery (MCA). In type II, or the anterior 
course, the artery maintains an anterior position in relation 
to the Al segment. It loops over the carotid bifurcation and 
penetrates the brain lateral to the MCA. In the type ill, or 
posterior course, the artery takes a posterior course into the 
anterior perforated substance (Fig. 4-6). 

Heubne1's Oprlc 
artery c h1asm 

Opcic 
nerve 

ACA ACA AComA 
{A2 segment) (A 1 segment) 

Heubner'$ 
artery 

ACA 
(A2 St"gment) 

f [(; l RE "-5 A: Heubner's artery is seen arising from the A l-2 junction. B: Both A2 branches are well visualized at this nonnal anterior com­
municating artery (AComA) complex. The ipsilateral Heubner is arising very distally on A2. ACA, anterior cerebral artery. 
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ACA (A 1 segment) ICA bifurcat ion 

Heubner's 
artery 

MCA 

rIGl Rr: ..-fl This Heubner' s artery courses poste­
riorly and branches to supply the anterior perforating 
substance. ACA, anterior cerebral artery; MCA, mid­
dle cerebral artery; ICA, internal carotid artery. 

Anterior perforating substance 

PITFALLS. PEARLS, CONSIDERATIONS 

• The AComA complex is often anomalous in nature, 
which may predispose to vascular pathology. 

• Identification of Heubner's artery is imperative because 
the region it supplies is variable, and inadvertent injury 
may result in neurologic morbidity. 
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SYLVIAN FISSURE ANATOMY 

AND 'IHE 

INDICATIONS FOR APPROACH 

• Exposure of the basal cisterns and the enclosed 
pathoanatomy 

• Exposure of the insular cortex and upper anterior 
brain stem 

SYLVIAN FISSURE ANATOMY 

The sylvian fissure separates the frontal and temporal lobes 
(Fig. 5-IA). It has both a superficial and a deep co1nponent. 
The superficial component contains a stem and three ra1ni. 
The stein runs in a medial to lateral direction between the 
frontal and te1nporal lobes. The sphenoid ridge projects 
against the stem of the fissure. The three rami are called the 
posterior, anterior asceruling, and anterior horizontal rami. The 
posterior ramus extends posteriorly lying between 
the frontal and parietal lobes superiorly and the temporal 
lobe inferiorly. The anterior ascending and anterior hori­
zontal rami di vi de the inferior frontal gyrus into three parts 
from anterior to posterior: the pars orbitalis, pars triangu­
Jaris, and pars opercularis. 

The deep component of the sylvian fissure is divided 
into two co1npartments; the anterior or sphenoidal co1n­
part1nent and the posterior or operculoinsular compart­
n1ent. The anterior co1npartment is that part posterior to 
the sphenoid ridge between the frontal and te1nporal Jobes. 
It communicates medially with the carotid and the chias-
1natic cistern directly and contains the MI segment of the 
middle cerebral artery (MCA). The posterior co1npart1nent 
is composed of two clefts that are oriented orthogonally. 
The vertical and deeper insular cleft lies between the insula 
and the operculu1n and has both an inferior Ii1nb adjacent 
to the te1nporal lobe and a superior limb that is adjacent to 
the frontal lobe. The nlore horizontal and superficial oper­
cular cleft lies between the opposing parts of the fron­
toparietal and temporal opercula and houses the M2 and 
M3 segments of the MCA. 

The MI or sphenoidal seg1nent of the MCA begins at 
the carotid bifurcation and runs lateral ly within the depths 
of the syl vi an fissure. This segment bifurcates at its genu 
by turning 90 degrees upward. The branches of the MI seg-
1nent include the Jenticulostriate vessels, which arise fro1n 
the posteroinferior part of the MI segment, the anterior 
te1nporal branch, and the temporopolar branch. 

SYLVIAN APPROACH 

Emel Avci, Amitabha Chanda, Damirez Fossett 

The M2 or insular segments lie on and are the blood 
supply to the insula. Anterior branches of the M2 seg1nents 
have a shorter course before emerging from the insula than 
do posterior branches. The anterior frontal and anterior 
te1nporal branches cross only the anterior part of the insula. 
Posterior branches, such as the angular branch, course 
along the length of the insula, crossing the short gyrus, 
the circular sulcus, and the long gyrus, before leaving the 
insular surface. 

The M3 or opercular seg1nent begins at the circular sul­
cus and ends at the surface of the sylvian fissure. The 
branches that supply brain superior to the sylvian fissure 
undergo two 180-degree turns. The first turn is at the cir­
cular sulcus, where the vessels coursing upward over the 
insular surface turn 180 degrees and pass downward over 
the surface of the frontoparietal operculum. They turn 
again at the external surface of the Sylvian fissure, where 
the branches pass around the frontoparietal operculum and 
run superiorly. The arteries that supply the cortex below 
the sylvian fissure have a Jess tortuous course. After 
reaching the circular sulcus, they turn upward and later­
ally on the medial surface of the te1nporal opercul um. On 
reaching the external surface of the Sylvian fissure, they 
turn downward (Fig. 5-lB). 

POSITIONING AND SKIN INCISION 

The patient is placed supine in three-point fixation using 
the Mayfield system. The head is rotated 20 to 30 degrees 
toward the contralateral shoulder, flexed so that the chin 
points toward the clavicle, and gently extended such that 
the in axillary e1ninence is at the apex of the field. The skin 
incision is a unilateral, curvilinear incision. A standard 
frontotemporal or peritoneal approach as described in 
Chapter 2 is perfonned. 

SURGICAL TECHNIQUE 

The dura is opened in the classic C-shaped fashion, with its 
base at the sphenoid ridge. It is held retracted by stay 
sutures. Occasionally, relaxing incisions must be made in 
the dura to allow access to all parts of the Sylvian fissure. 
Once the dura is opened, the posterior limb of the superfi­
cial part of the Sylvian fissure con1es into view, separating 
the frontal and te1nporal Jobes (Fig. 5-2). 

23 
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FIGllRE 5-1 A: The sylvian fissure is bordered supe­
riorly by the frontal lobe and inferiorly by lhe temporal 
lobe. B : The main trunk of Lh e middle cerebral arte ry 
(MCA) and its major branches have been isolated . ICA, 
internal carotid arte ry; ACA, anterior ce rebral arte ry. 

Frontal 
lobe 

FIGURE 5-2 The frontal and temporal lobes are sepa­
rated by the sylvian fissure. 
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For a lateral-to-1nedial dissection of the fissure, the fi·ontal 
and temporal lobes of the brain m·e gently retracted us ing t\VO 
self- retaining retractors. The arachnoid over the fissure is 
incised \Vith an arachnoid knife, and the incision is extended 
along the posteri or genu and stein of the fissure. The m·ach­
noid incision is 1nade superior to the sy lvian vein, and the 
veins are reflected with the temporal lobe. The frontal and 
te1nporal lobes are gently separated either by spreading with 
the tips of the bipolar or by disrupting the arachnoid bet\veen 
two opposing ty ing fo rceps. Tethering bands are cut, and 
veins that cross the fissure are bi pol ared and sacrificed. As the 
fissure is gradually opened in this fashion , the branches of the 
MCA co1ne into view, SlUTOunded by arachnoidal trabecula-

Temporal 
lobe 

Inferior trunk of 
MCA 

Lenticulo~triatt­

arteries 

Fronral 
lobe 

MCA (M 1 segmMt) 

MCA Bifurcation 

ACA (A 1 segment) ICA 

tions. The retractors are gently placed deeper into the wound, 
the trabeculations are divided, and the distal branches of the 
MCA are followed deeper into the fissure toward the MCA 
biflu-cation (Fig. 5-3). Proxi1nal to the bifurcation. the Ml seg-
1nent is visualized. The lenticulostriate vessels arising frotn 
the lVll seg1nent are easily visible and should be preserved 
(Fig. 5-4). Ftu-ther dissect ion deeper into the fissure exposes 
the internal ciu-otid ar tery (ICA) bifw·cation (Figs. 5- 5 and 5-6). 
Gentle but deliberate use of the retractors, co1nbined with 
sharp sepm·ation of the arachnoid, allo\vS the visualization, 
identification, and access to the carotid, chias1natic, and 
interpeduncu lar cisterns and the anato1ny housed within 
regions bordered by these cisterns. 

Fl<,t llE 5-3 The middle cerebral artery (MCA) bifurcation is 
seen. The superior and inferior trunks (M2 branches) are well 
visualized. 

Frontal 
lobe 

Superio r trunk 
o f MCA 

FlC.l TRE 5-4 The lenticulostriate branches from Ml are shown. 
ACA, anterior cerebral artery; ICA, internal carotid artery; MCA, 
middle cerebral artery. 
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PITFALLS, PEARLS, CONSIDERATIONS -----
• Injury to sylvian vessels , espec ially veins 

• Retraction injuries 

• Tearing of bridging veins 

• O verdrainage of cerebrospinal fluid and dehydration 
make a lateral-to-medial dissection more difficult 

• Slow, meticulous dissection is bloodless 

~ : , I I l • A fetal posterior communicating artery (PComA) 
along with the anterior cerebral artery (ACA), the MI segment of 
the middle cerebral artery (MCA}, the anterior clinoid process, 
and the optic nerve are well visualized, CN, cranial nerve. 

Fetal 
PComA 

MCA 
(Ml segment) 

l •< l ~ .5 • Panora1nic view of the widely opened sylvian fis­
sure. ACA, anterior cerebral artery; CN, cranial nerve; MCA, mid­
dle cerebral artery. 

MCA trunks 
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TRANSBASAL APPROACH 

Yalcin Kocoagullar, Ali Kurtsoy, Fabio Roberti, Damirez Fossett 

INDICATIONS FOR A PPROACH 
-------

• Extradural midline lesions of the anterior, middle, and 
posterior fossa 

• Paranasal sinus and nasal cavity lesions with intracra­
nial extension 

POSITIONING ANO St<IN INCISION 

T he patient is placed in the supine position with the head 
secured by three-point fixation in the Mayfield headrest 
(Ohio Medical instrument Co., Cincinnati, OH). T he vertex 
of the skull is extended 10 to 15 degrees toward the floor. 

A bicoronal skin incision is fashioned, beginnin g just 
anterior to the tragus of the ear (Fig . 6-1 ). Care is taken not 

Bicoronal ski n i nci~ion 

fl{,l'RE t>--1 Bicoronal skin incision. 

SURGICAL TECHNIQUE 

A bur hole is made in the region of the McCarty keyhole 
bilaterally, and two additional bur holes are made straddling 
the midline just anterior to the coronal suture. T he dura is 
stripped away from the underlying bone using dural sepa­
rators or a Pen field 3 dissector. Particular care is paid to 
dural separation in the midline along the sagittal sinus. A 
bifrontal craniotomy flap is turned as close to the floor of the 
frontal fossa as possible using the Midas Rex B 1 foot-plated 

to go below the zygon1a or too anterior to the tragus of the 
ear to avoid superficial branches of the facial nerve. T he 
scalp flap is elevated anteriorly, taking care to preserve the 
supraorbital nerve as it exits the cranium (Fig. 6-2). A chisel 
or the Midas Rex (Midas Rex, Fort Worth, Texas) can be 
used to liberate the nerve and lift it out of the supraorbital 
foramen or notch. T he peri cranium is taken up separate 
from the scalp f lap. The pericranium can be incised well 
behind the posterior edge of the incison if the scalp is dis­
sected posteriorly away from the underlying cranium. 
Once the pericranium is incised, it can be elevated anteri­
orly toward the supraorbital rims as far as the nasofrontal 
suture. Generally, the temporal is muscle does not require 
elevation, although a small amount of dissection along the 
superior temporal line may be required to expose the key­
hole for bur hole placement. 

Orbital Orbital 
rim Supraotbital nerves rim 

Fl ;( lli.. , .... 2 The supraorbital nerves are shown alter elevation 
of the skin flap. 

tool (Midas Rex, Fort Worth, Texas) (Fig. 6-3). T he cran­
iotomy bone flap can be elevated in one Or two segments. 

T he dura is elevated from the floor of the frontal fossa 
with a Penfield 1 dissector. The dural attach men ts in the 
region of the cribriform plate are incised bilaterally, and the 
olfactory nerves are transected. The dural defects are closed 
primarily with 4-0 neurolon sutures. T he subfrontal dura 
is elevated posteriorly from the planum sphenoidale to the 
tuberculum sella and medial sphenoid ridge. T he emer­
gence of the optic nerves from their respective optic canals 
should be identified. 
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Supn1orblral 
rTm 

Frontal 
sinui 

Supraorbital nerve 

CLASSIC T RANSBASAL APPROACH 

In the classic tTansbasal approach, the posterior wall of the 
frontal sinus is removed with a high-speed air drill, thereby 
cranializing the sinus, and the mucosa is stripped from the 
walls of the sinus. T he ostia of the frontal sinus should be 
seen communicating with the ethmoid air cells (Fig. 6-4). 
The medial flour of the frontal fossa, including the roof of 
the ethmoidal air cells, is removed using a high-speed air 
drill. T he lateral 1nargins of the bone removal are the medial 
walls of the orbit. T he orbits on both sides are skeletonized 
to smooth orbital contours, and the sphenoid sinus can be 
entered with the use of a high-speed air drill. In this stan­
dard approach, the lower margin of the craniotomy does 

Frontal 
sinus 

Frontal lobe Crista gall I 

Supr3orb1tal 
rim 

Frontal 
lobe 

FlC, RE 1-J A bifrontal craniotomy has 
been performed. Both orbital rims are shown. 
The frontal sinus is open. 

not allow the floor of the pituitary fossa to be seen without 
an extension of the classic transbasal approach. 

EXTENDED T RANSBASAL APPROACHES 

To extend the classic transbasal approach, a bone cut is 
made through the nasofrontal suture with a reciprocating 
saw or high-speed air dri ll. Sagittal cuts are made just 
medial to the supraorbital notch on each side. T his allows 
en bloc removal of the central portion of the supraorbi tal 
bar (Fig. 6-5). Exposure of the floor of the pituitary fossa 
is enhanced by this additional bone removal. A central 
drilling of the upper clivus can be performed; however, 

Cris1a gall! EthrnOid bone 

Basal 
cranio1omy 

•lbl RE 6-l High-power view of the extradural dissection 
of the ethmoidal fovea. 

rte:• RE: 6-S The inner surface of the central orbital osteotomy is 
depicted. 



latera l visualization is li1nited by the supraorb ital runs 
bilaterally. 

A 1nore extensive orbita l osteoto1ny can be perfonned 
to per1nit lateral visualization of the c lival region. T he 
periorbita is stripped away frOln the roof of the orbits bi lat-

Orbital 
osteotomie> 
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erally. Using a sagittal sa\v or chisel and 1nal let, the supra­
orbita l ri ins can be incl uded in th is en bloc resection 
(Figs. 6- 6 A, B , and 6-7). After re1noval of the orbital ri1ns, 
the 1nesial floor of the frontal fossa can be removed by a 
dri ll , and the sphenoid sinus 1nay be entered (Fig. CH.l). 

6iorbitonasal 
osteoton1y 

fl( URE ll....fi A: The supraorbital bar and orbital roof osteotomies are out lined. B: Biorbital osteotomy flap and the attached orbital 
roofs are shown. 

Orbit Ethmoid sinus Orbit 

FIGURE 6-7 High-power view of the ethmoidal sinuses and 
both g lobes. Both supraorbital nerves are seen. 

Cavernous 
carotid 
prominence Clivus 

C.avemous 
carotid 
prominence 

Floor of th tt sttlla Optic 
nerve 

FlhllRE 6-8 Panoramic view of the opened sphenoid sinus. 
The floor of the sella and both cavernous carotid prominences are 
seen. In the depth between both carotid eminences, the clivus can 
be visualized. 
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T he optic nerves are then skeletonized bilaterally, and 
the posterior \Vall of the sphenoid sinus and the clivus can 
be resected with a high-speed air dri ll . T he lateral tnargins 
of the bone resection are the carotid e1ninences in the sphe­
noid s inus (Figs. 6- 9 and 6- 10) and the hypoglossal nerves 
exiting th rough the hypoglossal canal in the lower clivus. 
Far lateral re&rions cannot be seen. because the contralateral 
orbital ri1n and roof obscure the surgical field. 

Al though the dura has been opened to allow inspec­
tion of the intradural contents for anaro1nic orientation 

Optic 
nerve CliVU$ Sella dura 

Optic 
nerve 

FI<,lfRE 6--11 A dural aperture has been created in the planum 
region to demonstrate intradural anatomy for topographic orien­
tation. The optic apparatus with the sella in the depths can be seen. 

Vertebral 
artery 

CNVI 

AICA Basilar ;irtery 

(Fig. 6- 11), t ransbasal p rocedures are generall y 
extradura l approaches . If the dura is opened, special care 
should be taken dur ing \vound closure because of expo­
su re of intradural contents to the paranasal and nasal 
sinus es . As part of the closure, the previously isolated 
pericraniu1n is reflected over the exenterated sinuses at 
the skull base in an extradural 1nanner to complete the 
repai r and isolation of the paranasal sinuses. The Orbital 
ri1n and cran ioto1ny bone flap then are replaced \vith 
1nicroplates. 

Internal 
carotid arte ry Clivu:-. 

lnrem al 
caro tid artery 

Fl<.l IRE 6- 10 High-power vie\v of a partial clival resection. The 
carotid prominences are the lateral margins of sphenoid drilling. 
The hypoglossal canals are the lateral margins of a clivectomy. 

Fl\.llRE fi-11 The clival dura has been opened for 
topographic orien1ation. The dura along 1he floor of 
the sella is demonstrated. Intradurally, the verte­
brobasilar junction can be seen. AICA, anterior infe­
rior cerebellar artery; CN, cranial nerve. 

Vertebral 
artery 

AICA 



PITFALLS. PEARLS. CONSIDERATIONS 

• Dural laceration with exposure to the sinuses 

• Injury to frontal branches of the facial nerve and supra­
orbital nerves 

• Olfaction is Jost 

• Injuries to structures just lateral to the resection (i.e., 
carotid arteries, cavernous sinus, optic nerves, 
abducens nerves, hypoglossal canals) 

• Frontal lobe contusions 

• Basal reconstruction with fat and pericranium avert 
many potential postoperative complications 
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----------~Chapter 7 

TRANSPHENOIDAL APPROACH 

M Hurnayun Khalid, Carlos Acevedo, Damirez Fossett 

I NDICATIONS FOR APPROACH 

• Sellar lesions with or without suprasellar extension 

• Sphenoid s inus lesions 

• Clival/retroc lival lesions 

ANATOMY 

The floor of the nasal cavity is fo rmed by the palatine 
process of the maxi lla and by the horizontal plate of the 
palatine bone. l11e nasal septum consists of the nasal sep­
ta] cartilage, the vorner, and the perpendicular plate of the 
ethmoid. The lateral nasal wall is formed by the superior, 
middle, and inferior turbinates. The superior, middle, a nd 
inferior meatu ses are situated inferior to the respective 
turbinates. The superior meatus provides drainage for the 
poste rior ethmoidal and sphenoid sinuses, the middle 
meatus provides drainage for the anterior ethmoidal and 
maxillary sinuses, and the inferior meat us provides 
drainage for the nasal lacrimal duct. The vascular supply 
to the nasal cavity is through the anterior and posterior 
ethmoidal arteries. 

The sphenoid sinus is a septated sinus with a septum 
that frequently deviates from the mid line; accessory septa are 
sometimes present. The sphenoid sinus has several recesses: 
the posterior septa!, ethrnoidal , superior and inferior lateral, 
palatine, inferolateral, and pterygoid. The sphenoid sinus 
opens into the sphenoethrnoidal recess above and beyond 
the superior nasal conch a. The ostia are generally located on 
the posterior wall of the recess. There is significant variation 
in the degree of pneu1natization of the sinus. The optic 
nerves are superi or to the sinus; the carotid arteries lateral 

Nasal 
septum 

within the cavernous sinus. The maxillary nerve lies in the 
inferior lateral portion of the sinus anteriorly. T he hypoph­
ysis lies within the posterior superior portion of the sphenoid 
sinus . The posterior wall of the sphenoid sinus is contiguous 
with the floor of the sella turcica. 

POSITIONING AND SKIN INCISION 

The patient is placed in a supine, se1ni recu1nbent position 
and can either have the head resting on a donut or horse­
shoe or can be placed in Mayfield three-point fixation. The 
head should be angled toward the surgeo n by 15 to 20 
degrees with approxi rnately 15 degrees of extension. A 
C-arm fluoroscope is usually positioned for intraoperative 
lateral skull imaging. 

§l;!.R21CAL TECHNIQUE 

TRANSNASAL T ECHNIQUE 

A hemitransfixion incision is made in the right nostril along 
the inferior border of the nasai septum. The columella is 
retracted laterally to the left. The inferior border of the car­
tilaginous septum is dissected, and a submucosal dissec­
tion is performed to the left of the septum, thereby creating 
a left anterior tunnel. The nasal speculum is placed, and the 
re1nainder of the dissection is carried out as described in 
the section on Sublabial Technique. 

ENDOSCOPIC TRANSNASAL T ECHNIQUE 

The endoscope is directed into the nostril, and the middle 
turbinate is visualized. (Fig. 7-1). Directing the scope supe-

Middle 
turbinate 

fl(,lfRE 7-1 The middl e turbinate and meatus are seen. 
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riorly Allows visualization of the superior turbinate and 
1neatus (Fig. 7- 2). After 1nobilizing the turbinate, the sphe­
noid ostiu1n can be identified and enlarged (Figs. 7- 3 and 
7-4). T he endoscope is passed into the sphenoid sinus to 

Rerrac1or 
blade 

Nosal 
septum 
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visualize the floor of the sella . Sphenoid sinus anatotny can 
be vis ualized prio r to o peni ng the floor of the se lla 
(Figs . 7- 5 and 7-6). The re1nainder of the procedure is as 
described \vith the sublabial technique. 

Retracto r 
blade 

Superior meat us Superior turbinate 
$phenoid oscium Supe<ior 

turbinate 

FIGURE 7-2 The superior turbinate and meat us are seen, 

Sphenoid . 
sin us 
mucosa 

Optic­
carotid 
recess 

Carotid 
prominence 

FIGURE 7--' The sphenoid ostium has been enlarged. The 
mucosa of the sphenoid sinus is well visualized. 

FIGURE 7- J The superior turbinate has been mobilized later­
ally, exposing the sphenoid ostium within the sphenoidal e thmoid 
recess. 

Optic nerve Sella dura Optic nerve 

Optic­
carotid 
recess 

Carotid 
pro minence 

FIGURE 7-5 The sell a floor has been removed, exposing the 
sella dura. 
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Carotid 
prominence 

Pitvila ry 
gland 

Optic nerve Optic nerve 

• r: 7-6 A panoramic view of the sphenoid sinus with a 
30-degree endoscope demonstrates both carotid arteries, both 
optic-carotid recesses, and the optic nerves. The sella floor has 
been removed, revealing the sella dura. 

SUBLABFAL TECHNIQUE 

T he upper lip is retracted superiorly and the canine fossa 
identified bilaterally. The gjngi val surface as well as the 
inferior nasal floor, the carti laginous nasal septum, and the 
floor of the pyriform apertures are infiltrated with lido­
caine with epinephrine to aid in the dissection. An incision 
is n1ade into the upper gum about I cm above the gingival 
margin (Fig. 7-7). T his incision is demarked laterally by 
insertion of the canines. T he mucosa is retracted superiorly. 
A subn1ucosal dissection away from the n1axillary ridge 
and anterior nasal spine is made of the soft tissue and 

Nas.al 
floor Nasal spine 

CTGl'RC: 7-S A submucosal dissection allows visualization of 
the nasal spine and floor. 

Gingival incision 

FlGl RE 7-7 Sublabial incision for the transphenoidal 
approach. 

periosteum with a periosteal elevator to expose the inferior 
portion of the pirifonn nasal aperture (Fig. 7-8). T he perios­
teum is elevated in a lateral-to-tnedial fashion to create two 
inferior nasal tunnels. T he anterior and inferior tunnels are 
connected on the left, and the dissection should be carried 
posteriorly and medially to expose the midline bony sep­
tum and the perpendicular p late of the ethmoid. The 
n1ucosa should be separated from the perpendicular plate 
only on one s ide to elevate it from the septa! cartilage. T he 
contralateral nasal septa! mucosa is left intact. The septa! 
carti lage is then detached from the vomer and perpendic­
ular plate (Fig. 7-9). T he ligament bridging the anterior 

Inferior tunnel Nasal spine 

n(,l RE 7-9 Elevation of the mucosa from the nasal floor to 
create an inferior tunnel. The septa! cartilage has been separated 
from the nasal spine. 



nasal spine to the perpendicular plate is sharply transected, 
and the nasal septu1n is dis located to the contralateral side 
of the nose. 

A Hardy or Hubbard nasal speculu1n then is inserted 
to straddle the perpendicular plate and \videly but gently 
opened. T he tw·binates will fracture, and the vo1ner will be 
visib le. Further sub1nucosal dissection a llO\VS visualization 
of the rostru1n of the sphenoid bone (Fig. 7- 10). Using a 
s1naJ1 rongeur, the perpendicular plate of the eth1noid bone 
is resected. The 1nucosa over the sphenoid rostrutn is dis­
sected in a sub1nucosaJ fashion to expose the sphenoid ostia 
bilaterally. The anterior \Vall of the sphenoid sinus then can 

Sphenoid rostrum 

FIGURE 7 0 The sphenoid rostrum is visualized. 

The tloor of the sella then is fractured using a small chisel, 
or it can be drilled with a small curved drill. Sotnetimes the 
floor of the sella is very thin or may already be eroded by the 
tu1nor. The li1nits of exposure are the intercavernous sinuses 
anteriorly and posteriorly and the cavernous sinus laterally. 

The dura can be opened in either a rectangular fashion 
or with a cruciate incision. The lateral edges should be 

Carotid 
prominence 

Pitoitary 
gland 

Optic 
nerve 

Carotid 
prominence 

flf,l1RE 7-L2 The pituitary gland has been mobilized out of 
the sella. 
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be entered \vi th a chisel and tna llet or \Vi th a Stnith-Ferris 
rongeur. The bone is saved to reconstruct the sella floor 
later. The opening into the sphenoid sinus is enlarged \Vi th 
a Kerrison rongeur. The sphenoid 1nucosa then is re1noved 
\vi th a pituitary rongeur, and the tips of the Hardy or Hub­
bard retractor are placed just outside the sphenoid sinus . 
Positioning the1n \vithin the sinus and opening the1n force­
fu lly risks fracturing the optic strut or carotid pro1ninence. 
A localizing radiograph or C-1u-1n fluoroscopy should be 
used to confinn the floor of the sella (Fig. 7- 11). Within the 
sphenoid sinus, one can appreciate the carotid pro1ninences 
bilaterally as \veil as the optic-carotid recesses. 

Carotid Sella dura 

FI<;lTRE 7-1 I The floor of the sella has been opened. 

opened last in the event that the cavernous sinus is entered. 
Placement of a spinal needle prior to opening the dura of 
the sella may define an aberrant carotid artery, which 
would cause the transphenoidal approach to be abot1ed. 
The pituitary gland and stalk can be identified after the 
dural opening (Figs. 7- 12 through 7- 14). 

Pituitary stalk 

fl!'llRE 7-13 A total hypophysectomy has been per­
formed, exposing the pituitary stalk in the depth. 
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Pituita ry 
stalk 

Optic ch1asm Diaphragma sella 

PITFALLS, PEARLS, CONSIDERATIONS 

• Forceful opening of an improperly placed speculum 
risks injury to the maxillary sinus, carotid arteries, optic 
nerves, cavernous sinus, and hypothalamus 

• Cerebrospinal fluid leak 

• Injury to the nose or mouth with poor instrument 
placement 

• Nasal septa! perforations 

• Vascular injury with dural opening 

• Entering the floor of the frontal fossa secondary to 
improper trajectory: imaging avoids this problem 

f I<,1 Ill 7 I The pituitary stalk is visualized passing 
through the diaphragma sella arachnoid. The optic chi­
asm above the arachnoid is seen. 
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CAVERNOUS SINUS ANATOMY 

Carlos Acevedo , Amitabha Chanda, Mark Grant, Damirez Fossett 

The cavernous s inu s is co1nposed of a heterogeneous 
group of vascu lar, neura l , and 1nesenchy1nal st ruc tures. 
The anato1n ic arrange1nent of these e le1nents de1narcates 
specif ic anato1nic regions and boundaries \vithin the cav­
ern ous sinus. Knowledge of the anato1ny of each region 
is i1nperative because these anato1nic interrelationships 
ulti1nately dictate surgical approach. Without kno\vledge 
of the detailed anatomy of the floor of the 1nidd le fossa, 
the clinoid, tentoriu1n, clivus, and sella, it is i1npossible 
to operate safely in the cavernous s inus (Figs. 8- 1 
and 8- 2A, B). 

Distal dural 
ring 

CN IV 

Optic nerve Carotid artery 

Al though describing the cavernous sinus region in 
tenns of \Valls and triangles has created arbitrari ly defin ed 
boundaries that have often been contl"oversial, it is i1npor­
tant to recognize these anato1nic triangles to gain a sense of 
the relationships bet\veen the different structures contained 
\vithin the1n. At the sa1ne ti1ne, the tenn 1vall or bouuda.ry 
should not be taken to 1nean a li1nit or division but instead 
to 1nean a junction \Vi th the adjacent territory. For exa1nple, 
the 1nedial \Vall of the cavernous sinus is the lateral \Vall of 
the pituitary fossa, and the inferior wal l of the cavernous 
sinus is the superolatera l wall of the sphenoid sinus. 

CN Ill 

GSPN 

Gasserlan 
ganglion 

Petrous c.arotid 
artery 

FH l'kf Ii- I Panoramic view of the complete left cavernous sinus, including cranial nerve 
(CN) Il, III, IV, V, and VI as well as the petrous, intracavernous, and supraclinoid internal carotid 
artery. GSPN, greater superficial petrosal nerve. 
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f f f'.t lRE fl-2 High-power view of the anterior and posterior Cavernous sinus. A: The anterior 
portion of the cavernous sinus showing the ophthalmic artery and distal dural ring. The clinoid 
has been resected. Cranial nerve (CN) Il, Ill, IV, V1. and V2 are seen. B: The posterior portion of the 
cavernous sinus showing the floor of the middle fossa, gasserian ganglion, petrous segment of 
the internal carotid artery, cochlea, and semicircular canals. GSPN, greater superficial petrosal 
nerve. 



,ANATOMY 

MIDDLE FOSSA FLOOR 

Middle fossa landmarks that are the most sal ient during 
any approach to the cavernous sinus include the superior 
orbital fissure (SOF), the foramen ovale (FO), the foramen 
rotundum (FR), and the foramen spinosum (FS). The SOF is 
covered by the dura mater and is situated at the intersec­
tion of the lateral wal l and roof of the orbit. It contains cra­
nial nerves (CNs) III, IV, VJ, VI, and the superior 
ophthalmic vein. The FR is situated lateral and posterior to 
the SOF. The maxillary division of the trigeminal nerve (V2) 
exits from the cranial cavity through this foramen. The FO 
is situated lateral and pos terior to the FR. Its contents 
include the mandibular branch of the trigeminal nerve (V3), 
a venous plexus that connects to the cavernous sinus via 
the middle meningeal vein, and occasionally an accessory 
branch to the middle meningeal artery. The most lateral and 
posterior orifice in the floor of the middle fossa is the FS, 
through which enters the middle meningeal artery (MMA). 

DURAL WALLS 

The cavernous sinus (CS) extends from the orbital apex 
anteriorly to the petrous apex posteriorly and is bordered 
by posterior, anterior, medial , lateral, superior, and inferior 
walls. CN m and IV enter the dural covering of the CS 
through its superior wall , and course in the superior aspect 
of its lateral wall . The ophthalmic (VJ) and maxillary (V2) 
divisions of the fifth cranial nerve and the gasserian gan­
glion are situated in the dural sheath of the lateral wal l. The 
abducens nerve (VI) is the only CN that runs within the CS. 

The lateral wall of the CS has two well-defined, and 
mechanically separable, layers of dura. The internal layer, 
the dura propria or endosteal dura, is made up by the dura 
of cranial nerves m, IV, and V as they enter the CS. A retic­
ular 1nembrane unites the dural coverings of each of these 
nerves, forming a continuous sheath. The outer layer of the 
lateral wall of the cavernous sinus, the cerebral dura, is 
thick and can be separated from the inner layer by sharp 
dissection. Through careful sharp d issection between the 
outer and inner dural layers covering cranial nerves III, IV, 
and V, a b loodless surgical plane is revealed. 

The dura of the medial wall of the cavernous sinus is 
very thin and closely adherent to the sphenoid bone. The 
sphenoid bone, which is also quite thin, separates the pitu­
itary gland from the cavernous sinus. This explains the fre­
quent spread of pituitary tumors into the cavernous sinus 
as well as the iatrogenic injuries to the cavernous carotid 
that may occur during transphenoidal approaches. On the 
other hand, the lateral wall of the cavernous sinus is both 
thick and resi lient and prevents further spread of pituitary 
tumors. The dura of the medial wall travels with the nerves 
and the carotid artery at the foramina located in this area. It 
becomes thicker and makes up a firm ring at the entrance of 
the carotid artery into the CS above the foramen lacerurn. 
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The outer thicker layer of dura, which makes up the lateral 
wal l of the cavernous sinus, continues laterally as the inner 
layer of the middle fossa dura and medially as the superior 
\Vall of the CS. The superior wall dura continues antero­
medially as the dura of the planum sphenoidale. I t wraps 
around the anterior clinoid process, covers the tuberculum 
sella, and continues over the pituitary fossa as the 
diaphragm a sell a. The dura of the superior wall also makes 
up the roof of the proximal part of the optic canal as a thick 
dural fold called thefalciform ligament. This same layer of 
the dura is continuous posteriorly with the dura of the ten­
torium and c li vus. 

NERVES 

Cranial nerve ill enters the superior dural wail of the CS 
through me lateral portion of the oculomotor trigone. After 
entering the sinus, the nerve is accompanied for a few mil­
limeters by the dura of the superior wall. CN m and the 
anterior clinoid process represent the most important sur­
gical landmarks in the anterior cavernous sinus. The infer­
olateral surface of the anterior clinoid process is in direct 
contact with the third nerve. Thus, special care should be 
taken when drilling the anterior clinoid process as it can 
result in damage to the nerve. The fourth CN enters the 
superior dural wall of the CS lateral to the position of CN m 
in the oculomotor trigone. Just before entering the SOF, CN 
IV turns superiorly and crosses the third nerve. The fourth 
nerve is therefore the most superior nerve of the SOF. 

The fifth CN is located between the two dural layers of 
the lateral wall of the CS. These dural layers also enclose 
the gasserian ganglion and its three main divisions, which 
may be easily dissected and separated from each other. The 
ophthalmic division (VJ) runs along the middle portion of 
the lateral wall and exits the CS through the SOF. The max­
il lary division (V2) runs slightly oblique along the lateral 
wal l and exits the CS through the foramen rotundum. The 
mandibular division (V3) does not enter the cavernous 
sinus; instead, it exits the cranium through the foramen 
ovale. The superior ophthalmic vein drains into the CS 
through the angle between VJ and V2. 

The sixth CN enters the CS through Dorello's canal, 
\vhich is located between the t\vo layers of the dura of the 
petroclival region. It is situated between the petroclinoid 
ligament and the s uperior third of the medial surface of 
the clivus. The entry point of the nerve into the cli val dura 
is located approximately 15 mm below the tip of the pos­
terior clinoid process. After entering, it courses superiorly 
\Vithin the basilar venous plexus along the clivus and then 
takes a smooth bend over the petrous apex. At the petrous 
apex, it traverses under the medial part of the posterior 
petroclin oid ligament (Gruber's li gament); a bow­
tie-shaped ligament extending from the petrous apex to 
the posterior c linoid process. Th e sixth nerve may have 
multiple rootlets that join into a single bundle on entry into 
the c lival dura. After pass ing under the petroclinoid liga­
ment, the sixth nerve turns s uperolaterally and travels 
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lateral to the carotid artery at its posterior ascending seg­
rnent. It may be follo1,ved a long its course rnedial to 
Meckel ' s cave as 1,vell as a long the inferior aspect of the 
first div ision of the trigerninal nerve. T he nerve travels lat­
eral to the carotid artery at its posterior ascend ing segrnent 
to becorne located at the inferolateral aspect of the artery 
(Fig. 8- 3). 

ARTERIES 

T he carotid artery traverses the apex of the petrous reg ion 
underneath the gasserian ganglion. A dural ting under the 
rnandibular division of the tri gern ina l nerve marks the 
entrance of the artery into the CS, at wh ich point it is rela­
tively fixed (note that in a sn1all percentage of patients, th is 
segrnent of the carotid \.vi ii lack a bony covering). The intra­
cavernous portion of the carotid artery has been div ided into 
five anatomic segrnents: posterior ascending, posterior genu, 
horizontal, anterior genu, and anterior ascending. The distal 
part of the anterior ascend ing segrnent of the carotid artery is 
located 111edial to the anterior clinoid process. Resection of 
this bone pern1its an additional exposure of4 to 7 1nn1 of the 
interna l carotid artery 1,vithout entering the cavernous sinus. 
The carotid arte ry is separated Ji·om the ante rior c linoid 
process by a dural sheath. T wo prorninent dural folds can 
be identified on the carotid artery after the anterior clinoid 
process is removed. These fo lds represent the proxi111al and 
distal dural rings. T he dural sheath covering the artery is 
continuous 1,vith the dura encasing the nerves of the SOF, the 
du ra over the planu111 sphenoidale and tuberculu111 sella, 
and the dura of the lateral 1,vall of the CS. 

T he in tracavernous carotid ar tery has two 111ain 
branches. The posterior caroticocavernous or 111eningohy­
pophyseal trunk orig inates frorn the posterior aspect of 
the ascending segn1ent of the cavernous carotid artery 
approx in1ately 4 to 6 111111 below the do111e of the posterior 
genu c)f the artery. T he artery div ides into rnult iple 
branches. Of these, the tentorial artery (Bernasconi and 
Casina ri ) enters in to the tentorial dural folds, the dorsal 
rneningeal artery courses in a posteron1edial di rection 

over the clival dural surface, and the inferior hypophyseal 
ar tery traverses 111edially to the posterior lobe of the pitu­
itary gland. The other branch of the intracavernous carotid 
artery is the lateral caroticocavernous trunk or the inferior 
cave rn ous sinus arte ry. T his artery ori gin ates Ji·orn the 
horizontal segrnent of the carotid artery and courses over 
the sixth CN. It supplies the dura of the inferior wal l of 
the CS and the intracavernous cranial nerves. McConnell's 
capsular artery arises fro111 the niedial surface of the hori­
zontal segment of the carotid ar te ry and supplies the 
dural sheath around the pituitary gland. 

VEINS 

Anteriorly, the CS co111111unicates 1,vith the superior and infe­
rior ophthalr11ic veins as 1,vell as with the sphenoparieta l 
sinus, which receives blood flow from the sylvian veins. Lat­
e rally, the CS ccn111nunicates with the venous sinus acco111-
pany ing the n1 iddle rnen ingeal arte ry. Posteriorly, the 
superior petrosal sinus, the inferior petrosal sinus, and the 
basilar s inus com111unicate with the CS. These posteriorco111-
n1unications are located in or around Meckel's cave so that 
surgical 111aneuvers in this area usually are acco111panied by 
copious bleeding. The anterior and posterior intercavernous 
sinuses connect the two cavernous sinuses. These intercon­
nections are situated bet1,veen t1,vo layers of the dw·a rnater. 

GEOMETRIC CONSTRUCT 

The nurnerous ele111ents that rnake up the cavernous s inus 
are arranged in a specific 1,vay, corning together to form sev­
era l triangles that act as surgical 1,vindo1,vs. Despite the 
deforrnation caused by pathology, th is anatornic arrange­
n1ent typically ren1ain s identifiable and helps to orient the 
surgeon durin g the procedure. 

The cavernous sinus may be div ided into a parasellar 
subregion, a 111iddle c ranial subregion, and a paracli val sub­
region. Each of these subregions contains 1,vindows that 
allow access to d ifferent portions of the CS or that can be 
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I [(; RL 1\-3 With upward retraction of CN V, the 
i ntracavernous portion of cranial nerve (CN) VI is well 
visualized. 

Gasserian 
ganglion 



passed th rough to reach adjacent targets such as the sella 
tlu-cica or basilar artery . 

P AR>\SEIJ.AR SUBREGION 

A11tero1Hetlial. Trimigle 
T his area is bordered by the optic nerve covered by its dura 
propria 1nedially, by the th ird nerve covered with the fibrous 
tissue of the proxi1nal ring laterally, and by the dura extend­
ing fro1n the entry point of CN Ill (porus oculo1notorius) to 
the optic nerve (Fig. 8-4). A lthough the li1ni ts of this window 
are generally clear, it is necessary to resect the anterior cli­
noid process to reach the anterior loop of the in terna l carotid 

Carot id artery Optic nerve 

CN Ill 

n<.LR£ H-4 Anteromedial triangle. The Ii.mil~ are the lateral 
aspect of the optic nerve, medial aspect of cranial nerve (CN) ill, 
and the dura extending bet ween the two. 
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artery (clinoidal segment) and its dural rings as \Yell as the 
n1ucous 111en1brane of the sphenoid sinus. The antero111edial 
triangle is the key to accessing the anterior portion of the CS 
and therefore 1nust be ccnnpletely exposed. 

Parmtietli.al. Trimigle 
T his area is bordered 1nedia!Jy by the latera l aspect of the 
third nerve, laterally by the medial aspect of the fourth 
nerve, and posteriorly by the dura extending bet\veen the 
dura l entry points of the C Ns ill and IV. In dissecting th is 
tri angle, special attent ion should be pa id to the arteria l 
inferolateral trunk, 1,vhich is the blood supply to the ocu lo­
n1otor and trochlear nerves (Fig. 8-5). 

Optic Distal dural Carotid 
nerve ring artery 

CN IV 

CN Ill 
Gasserlan 
ganglion 

fl(;URE 8-5 Paramedian triangle. The Limits are the lateral 
aspect of cranial nerve (CN) In, the medial aspect of CN IV, and 
theduraex lending between thedural entry points of each nerve. 

Distal dural ting Oprlc nerve Carotid artery CN 111 

Parkinson's Triangk 

T his area is bordered by the lateral aspect of the fourth nerve 
medially, by the medial aspect of VJ laterally, and by the 
dura between CN IV and VJ posteriorly. This window is usu­
ally small and needs to be enlarged to gain access to the 
sinus. T his can be achieved by retracting the nerves. CN IV is 
a tiny structure, and so it is advisable to apply the retraction 
to VJ . T his maneuver will expose the sixth nerve running 
parallel and lateral to the carotid artery as well as its rela­
tionships with the meningohypophyseal trunk (Fig. 8-6). 

fl(,l'RE 8-t1 Parkinson' s triangle. The limits are the lateral 
aspect of cranial nerve (CN) JV, medial aspect of CN V f , and the 
dura extending between both nerves. 

CN IV Gassetlan 
ganglion 
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Oc1tlo11wtor Trigotie 
This area is bordered by the anterior petroclinoid fold extend­
ing fi·on1 the petrous apex to the anterior c linoid process 
anterolateral ly, by the posterior petroclinoid fold extending 
fi·o1n the petrous apex to the posterior clinoid process posteri­
orly, and by the interclinoid fold extending between the ante­
rior and the posterior clinoid processes rnedially. This trigone 
makes up the superior \Vall of the CS, and it is adjacent to the 
posterior borders of the antero1nedial and paran1edial trian­
gles. T he lateral border of the. trig one is perforated by CN s III 
and IV as they enter the CS. The superior \Vall of the CS con­
tinues 1nedially as the sellar diaphragm (Fig. 8-7). 

Ft<;l'RE 11-7 Oculomotor trigone. The limits are the anterior, pos­
terior, and interclinoid dural folds. CN, cranial nerve. 

MIDDLE CRANIAL F OSSA SUBREGION 

Anterolateral Triangle 
T his area is bordered by the lateral aspect of V l medially, by 
the medial aspectofV2 laterally, and by the middle fossa bone 
between the SOF and the FR anteriorly. T his triangle usually 
is occupied by venous structures that may be coagulated or 
packed with Surgicel to gain access to the anterior portion of 
the sixth nerve. If necessary, VJ, may be retracted superiorly to 
enlarge the window. By drilling the anterior border of the 
anterolateral triangle, between the SOF and the FR the sphe­
noid sinus can be reached (Fig. 8-8). 

Opt ic Distal Carorld 

Anterior 
c.linoid 

Posterior 
clinoid 

CN Ill 

CN IV 

CN V 

Lateral Trimigle 
T his area is bordered by the lateral edge of V2 anterome­
dially, by the anterior aspect of V3 posteriorly, and by the 
middle fossa bone between the FO and FR laterally. 
Because this triangle is the smallest in the middle cranial 
fossa subregion, it may be enlarged by drilling into the 
bone of the middle fossa, retracting V3 posteriorly and V2 
anteromediall y in such a way that the lateral loop of the 
internal carotid artery (ICA) can be reached (Fig. 8-9). 

Distal Carotid Gasserian 
CNV1 nerve dural ring a rtery CN Ill Optic nerve dural ring CNV1 arte ry CN Ill ganglion 

~ 

CN IV Gasserian 
ganglion 

FIG l RE 8-8 Anterolateral triangle. The limits are the lateral bor­
der of VJ, medial border of V2, and the bone of the middle fossa 
between the superior orbital fissure and the foramen rotundum. CN, 
cranial nerve. 

~ ~ -L 

CN IV GSPN Petrous 
ca rodd arte ry 

FIGl RE 8- 'i Lateral triangle. The limits are the lateral edge of 
V2, anterior edge of V3, and the bone of the middle fossa between 
the foramen rotundum and the foramen ovale, GSFN, greater 
superficial petrosal nerve; CN, cranial nerve. 



Posterolateral Trimigle (G/as.rcock's) 
T his area is bordered by the posterior aspect of V 3 anteri­
o rly, by the g reater superficial petrosal nerve (GSPN) 
1nedially, and by a line dra\v11 between the FS and the 
geniculate gangli on laterally. Within this triangle, the 
lesser superficia l petrosa l nerve (LSPN), the tensor tym­
pani 1nuscle, the eustachian tube, and the labyrinthine 
branch of the 1niddle 1neni11geal artery can be identified. 
It is by dri lling the posterolateral triangle that the poste­
r ior loop of the ICA (petrous carotid) is reached 
(Fig. 8- 10). 
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Postero111.edial Tria1igle (Ka11rase's) 
T his area is bordered by the posterior aspect of the gasser­
ian ganglion anteriorly, by the GSPN in the sphenopet­
rosal groove laterally, and by a line dra\VD bet\veen the 
porus tri ge1ninus and the genicu late ganglion 1nedially. 
By drill ing th is triangle, the posterior fossa is reached, as 
is the posterior loop of the ICA. The bone resection 1nay be 
extended postero1nedially beyond the li1nits of Kawase's 
triang le to reach the internal auditory canal, but special 
care 1nus1 be taken to protect the vestibulocochlear appa­
ratus (Fig. 8- 11). 

FIGURE 8-10 Posterolateral (Glasscock's) triangle. 
The limits are the greater superficial petrosal nerve 
(GSPN), the posterolateral aspect of V 3, the gasserian 
ganglion, and a line extending between the foramen spin­
osum and the arcuate eminence. CN, cranial nerve; ICA, 
internal carotid artery . 

Pecrous 
ICA 

FIC>liRE 8-1 ! Posterolateral (Kawase' s) triangle. The 
limits are the greater superficial petrosal nerve (GSPN), 
the posterior border of the gasserian ganglion, and an 
imaginary line between the geniculate ganglion and the 
petrous apex. CN, cranial nerve. 

Gcniculate 
ganglion 
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P ARACLIVAL S UBREGION 

I11ferolateraJ, Triangle (T1'4,oe11rilwJ 
This area is bordered by a line connecting the tentorial entry 
point of the fourth nerve with the entrance of the petrosal 
vein into the superior petrosal sinus superolaterally, by a line 
dra\vn between V 1 and the petrosal vein in fe rolate rally, and 
by a line connecting the fourth \vith the sixth nerves 1uedi­
ally. The inferolateral triang le has a tentoria l portion located 
above a 1 ine bet\veen the fdth nerve and the petrosal vein. 
This tentorial portion contains the superior petrosal sinus. 
BelO\V the 1 ine bet\veen the fifth nerve and the petrosal vein 
is the osseous portion, which represents the medial exten­
sion of the posteromedial triangle (Fig. 8-12). 

CN Ill 

I11fero111edial. Triangle 
Thi s area is bordered by a short line between the CN JV 
e ntrance point into the tentoriu1n and the posterior c linoid 
process superiorly, by a line bet\veen the posterio r clinoid 
process and CN VI entering the dura 1nater n1edially, and 
by a I inc between the fou rth and s ixth cran ia l nerves enter­
ing the clura mater laterally. Because of the presence of the 
bas ilar venous p lexus, the inferomed ia l tr ia ng le is an 
extremely vascular area. It is an important path\vay 
through \vhich the petroclinoid ligament, Dorello's canal, 
and o rigin of the meningohypophyseal arter y can be 
accessed (Fig. 8-13). 

CNlV 

I ! Ci t Rt 8- J 2 Inferomedial and inferola1eral triangles. 
The limils of the i nferomedi al 1ri angle are 1 he posterior di ­
ploid process and the dural entry poinls of cranial nerves 
(CN) TV and VI. The Limits of the inferolateral triangle are 
the dural entry poinL~ of CN IV and VI and the dural entry 
point of1he petrosal vein into the superior petrosal sinus. 
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rH.l"RE 8 - l J Opening the right inferomedial tri ­
angle, Dorello's canal is exposed. Cranial nerve (CN) 
VT can be seen entering the posterior cavernous sinus, 
and the medial loop of the internal carotid artery can 
be visualized. 
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Base 
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rorundum 

Bone in between the 
foramen rotundum and 
the foramen ovale 

Posterior margin of V3 

Posterior margin of V 3 

and ganglion gasserian 

Line connecting the IV 
nerve and the petrosal 
vein 

Line between IV nerve 
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Medial trunk of ICA 
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ICA, CN VI 
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fossa dura 

Trigeminal root and porus 
trigeminus 

CN VI, posterior genu of 
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CN, cranial nerve; GSPN, greater superficial petrosal nerve; ICA, infernal carotid artery; PCP, posterior clinoid process; SOP, superior orbital ~ure. 
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SURGICAL APPROACHES 

TO THE CAVERNOUS SINUS 

INDICATIONS FOR APPROACH 

• Neoplastic lesions within the cavernous sinus or its walls 

• Cavernous-carotid aneurysms 

• Extracavernous lesions with intracavernous extensions 

POSITIONING AND SKIN INCISION 

Because the cavernous sinus (CS) region cannot be com­
pletely exposed through a single approach, positioning the 
patient depends on the area that requires exposure; however, 
the mostco1nmonly used position is the supine position with 
the head held in three-point Mayfield fixation. The head is 
generally rotated about 30 degrees to the contralateral side 
with the chin flexed toward the clavicle. The maxillary emi­
nence is brought to the apex of the field by gentle extension. 

The initial position is easily changed intraoperatively, 
depending on which subregion of the CS the surgeon is 

Temporalis 
muscle Orbit 

Su praorbital 
nerve 

r· .r l ~f 9-1 The frontotemporal orbitozyygomatic one-piece 
bone flap. 

46 

Emel A vci, Carlos Acevedo, Damirez Fossett 

working. Elevation of the head faci litates visualization of 
more anterior structures, whereas the Trendelenburg posi­
tion in1proves posterior and superior access. Ipsilateral rota­
tion facilitates access to structures located 1nedially, whereas 
contralateral rotation improves visualization of structures 
located laterally within the 1niddle fossa. The patient should 
be adequately fixed to the operating table to avoid any unto­
ward events during intraoperative position changes. 

A curvilinear incision is made silnilar to that described 
in Chapter 3 in preparation for a cranio-orbitozygomatic 
approach. 

SURGICAL TECHNIQUE 

The cavernous sinus is generally reached using the fron­
tote1nporal orbitozygomatic technique as described in Chap­
ter 3. The frontotemporal orbitozygo1natic osteotomy also 
can be turned in one piece (Figs. 9-1 and 9-2). Three bur 
holes are 1nade. The first is at the McCarty keyhole and 
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FI< l Rf CJ-.! The temporalis muscle is reflected forward to 
allow visualization of the osteotomy of the posterior zygomatic 
arch. 
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should show in its upper half the dura of the frontal lobe and 
in its lower half the periorbita. The orbital roof separating 
these structures should be visible. The second bur hole is in 
the squamosal portion of the temporal bone, and the third is 
a small bur hole in the frontal bone just lateral to midline and 
just above the supraorbital rim. Because the sinus may be 
entered, the anterior and posterior walls must be perforated. 
Using a Midas Rex foot-plated tool, the squamous temporal 
bur hole and the keyhole are connected. The squamous bur 
hole also is connected to the frontal bur hole, making sure to 
go through both walls of the frontal sinus. A cut then is car­
ried inferiorly and medially from the frontal bur hole into 
the orbital roof. Using an osteotome, the anterior roof of the 
orbit is cut, beginning at the keyhole and ending at the 
medial orbital cut made above. A lateral orbital wall cut 
extending to the keyhole at the level of the inferior orbital 
fissure allows a one-piece cranioorbital flap. A diagonal cut, 
including the anterior zygoma, associated with an oblique 

posterior zygomatic cut allows elevation of a one-piece 
cranio-orbitozygomatic flap. If a one-piece flap is turned, the 
sphenoid wing must be drilled to make it flat with the floor 
of the frontal fossa. 

SPECIFIC APPROACHES 

ANTEROLATERALEXTRADURAL/INTRADURAL 

APPROACH 

After performing a cranio-orbitozygomatic osteotomy as 
described in Chapter 3, the optic canal is unroofed and its 
medial wall drilled, taking care not to enter the ethmoid 
or sphenoid sinuses. The superior orbital fissure (SOF) 
should be unroofed and the anterior clinoid process 
(ACP) resected either purely extradurally (Figs. 9-3 and 
9-4A, B), or with the extradural/in tradural combined 
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FI < l R E. IJ- After removal of the bone tlap, the 
superior orbital fissure, globe, and anterior clinoid 
process are identified. 

Superior orbital fi>sure 

Subciinoidal ICA E.xtradural optic nerve 

1 I(, RI: 9_, A: The clinoid is cored out extradurally. The extradural optic nerve is seen. B: After resection of the clinoid, the extra­
cavernous, extradural, subcl inoid carotid segment, as well as the extradural optic nerve can be visualized. CN, cranial nerve; ICA, inter­
nal carotid artery. 
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technique described in Chapter 3 (Fig. 9- 5;\, B). The floor 
of the 1n iddle fossa then is dissected fro1n anterior to pos­
terior (see Chapter 11). The floor of the 1niddle fossa 
bet\veen the SOF and the fonunen rotundu1n (FR) is 
dri lled, and the fo ra1nen i s enlarged. The 1nidd le 
1neningeal artery is identified and followed to the fo ra-
1nen spi nos um (FS). It is coagulated and divided, thus 
allowing the dura to be elevated fi·o1n the floor of the 1nid­
d le fossa. The dura is dissected in a lateral-to-1nedial fash­
ion unti l the greater superficial petrosal nerve (GSPN) is 
encountered. To avoid the risk of injury to the facial 
nerve, the GSPN is transected and the bone of the Glas­
sock's triangle is drilled away (Fig. 9- 10), exposing the 
posterior loop of the internal carotid artery (ICA) and 
freeing it fro1n its bony canal to obtain proxi1nal control 
(see Chapter JO). The dura is now ready for opening. 

Optic nerve Dista l durill ring Tentodvm CN Ill 

ACA (A 1 segmenl) MCA ICA 
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If a purely extradural resection of the anterior clinoid 
process \Vas perfonned, the dura 1nust now be opened. A 
large C-shaped curvilin ear incision is 1nade in the fron­
tote1nporal durajust over the sy lvian fissure. Then the dura 
over the sylvian fissure is bisected \Vith the cut can·ied 
toward the optic nerve sheath dura, which is incised to lib­
erate the nerve. Tack-up sutures reflect the dural flap to\vard 
the globe. The Sy lvian fissure is split \videly fro1n latera l to 
1nedial. The distal fibrous dural ring tethering the cm·otid is 
sharply opened to reveal the ophthahnic artery. Co1nplet­
ing th is opening allo\vs the antero1nedial cavernous trian­
gle to co1nnn1nicate \vith the intradural co1npart1nent. 

The d1ual leaves coin posing the tentorial edge are split in 
lateral and posterior directions to expose the area of the porus 
ocu lo1notorius and open the superior cavernous triangle 
(Figs. 9- 6 and 9- 7). Arachnoidal dissection in the region 
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flGllRE 9-5 A: The anterior clinoid process is removed intradurally. ACA, anterior cerebral artery; CN, cranial nerve; ICA, internal 
carotid artery; MCA, middle cerebral artery. B: Resection of the anterior clinoid process allows visualization of the ophthalmic artery ori -

~~ the ICA. Outi~e OpM ing 

of opening the porus Optic ICA the po1us 
Optic chiasm CN 11 ICA CN 111 aculomotorius chiasm CN II bifurcation CN Ill oculomotorius CN IV 

FIGURE 9- b Dural incision to open the superior cavernous 
sinus and porus oculomotorius. CN, cranial nerve; ICA, internal 
carotid artery. 

FIGURE !I-7 Panoramic view before dural opening. The fourth 
cranial nerve (CN) can be seen along the tentorial edge. ICA, inter­
nal carotid artery. 

Optic 
n erve 
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exposes the third cranial nerve (CN). Incising the dura a long 
the third cranial nerve toward the superior orbital fissure. wi II 
allow visualization of the fourth nerve (Figs. 9-8 and 9-9). 
Opening the membrane between the third and fourth CN 
opens the paramedial triangle and allows the intracavernoos 

Contra lateral 
optic nerve 

ACA 

Subcllnoidal 
ICA 

lntracavernous 
ICA CN IV 

MCA CN Ill Optk: 
nerve (Al segment) 

lntra-dural 
ICA (M 1 segment) 

FIGURE 9- 8 Superior opening into the cavernous sinus allows 
visualization of the carotid artery and the third and fourth cranial 
nerval (CN). Note the proximity of the third and fourth cranial 
nerves at the anterior tentorial edge. ACA, anterior cerebral artery; 
ICA, internal carotid artery; MCA, middle cerebral artery. 
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FIGURE 9- 10 The intradural i ntracavernous carotid artery is 
visualized. ACA, anterior cerebral artery; CN, cranial nerve; ICA, 
internal carotid artery; MCA, middle cerebral artery. 

carotid to come into view (Fig. 9-10). Continued dural open­
ing in this manner opens Parkinson's triangle (Fig. 9-11). Ele­
vation of V 1 allo\.\'S the sixth nerve to be visualized. Further 
opening of this outer dural membrane allo"''S exposure of the 
other cavernous sinus triangles. 

lpsilatera l 
optic nerve Pituitary stalk CN Ill CN IV 

ACA ICA MCA Conualateral 
opric nerve (Al segment) bl-furcation (M 1 segment) 

FIGURE 9-9 The carotid has been mobilized, and the pituitary 
stalk is seen between the optic nerves. ACA, anterior cerebral 
artery; CN, cranial nerve; ICA, internal carotid artery; MCA, mid­
dle cerebral artery. 
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r· l f 9-l 1 Panoramic view of the anterior cavernous sinus 
after intradural clinoidectomy. CN, cranial nerve; ICA, internal 
carotid artery. 
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TRANSCAVEANOUS TO THE BASILAR ARTERY 

Certain types of basilar tip and superior cerebellar artery 
aneurys1ns require the posterior clinoid process (PCP) to 
be resected during the clipping process. The two PCPs 
are the highest projections of the dorsum sellae and 1nay 
be pneumatized by the sphenoid sinus. These PCPs 
become a barrier when the upper basilar artery is 
approached from anterolateral approaches (i.e., fron­
totemporal, pretemporal, and transsylvian); in such cases, 
they must be resected. 

The transcavernous route to the upper third of the 
basilar artery is perfonned through a cranio-orbitozygo­
matic approach. Liberation of the optic nerve (ON) fro1n 
its canal and re1noval of the anterior clinoid process are 
especially useful when the intracranial segment of the ICA 
is short. The frontote1nporal dura then is opened, and the 
sylvian fissure, the chiasmatic cistern, and the carotid cis­
terns are widely opened. As is the case with most patients, 
the carotid artery is oriented along the bisection of the 

Posterio r 
Contralateral SCA c lino id process CN Ill 

CN II 

ICA 

PComA 

angle made by the ON and the ten tori al edge. If this is the 
case, the surgeon 1nay find enough space to work through 
the carotid-tentorial corridor. Sometimes the posterior 
communicating artery (PComA) beco1nes an obstacle. 
After careful review of the preoperative angiogram, the 
PComA 1nay be sectioned, taking care to preserve its per­
forating branches (Fig. 9-12). After the PC01nA is divided, 
it is easier intennittently to retract the ICA 1nedially using 
a suction cannula. 

The PCP and the dorsu1n sellae now make up the cen­
ter of the field. The dural covering of the PCP is cut, and 
the PCP is reduced with the use of a drill. As drilling pro­
ceeds between the ICA and CN III, the surgeon must pay 
special attention to preserving their integrity. Typically, 
only a small a1nount of bone resection is required; when 
necessary, the superior third of the cli vus may be dri lled 
away. Ifthe anterior incisural space is small, the tentoriurn 
may be divided posterior to the entrance of CN IV, which 
allows visualization of the prepontine cistern and its con­
tents (Figs. 9-13 and 9-14). 

CNIV 

Basilar 
artery 

Fl G l IHE '1-11 The carotid-oc ulomotor triangle is 
exploited to reach the basilar artery. Mote the posterior com­
municating artery (PComA) and its perforators. !CA, internal 
carotid artery; SCA, superior cerebellar artery. 

Contralaternl SCA CN Ill CN IV 

Contra lateral 
PCA (Pl segment) -:.... 

ICA 

f l( ,( IRE 9- 13 The basilar apex and the prepon­
tine structures are visualized after resection of the 
posterior clinoid process. CN, cranial nerve; ICA, 
internal carotid artery ; PCA, posterior cerebral 
artery; SCA, superior cerebral artery. 
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Contralateral CN Ill lpsilateral CN Ill CN IV 

Contralateral 
PCA 
fPl segment) 

lpsilateral 
SCA 

lpsllateral 
PCA 
(Pl segment) 

ICA Basilar anery apex 

FlC~LIRE. CJ-14 Panoramic transsylvian view of the basilar and prepontine regions. !CA, inter­
nal carotid artery; PCA, posterior cerebral artery; SCA, superior cerebral artery. 

P!Ifl\LLS, PfFAALS. CONSIOERATIO.'llS 

• Vascular injury 

• CN paresis 

• CN sectioning 

• Cerebrospinal fluid fistula 

• Cochlear injury 

• Facial nerve palsy 

• Brain retraction injury 
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~-------------Chapter 10 

PREAURICULAR 

SUBTEMPORAL-INFRATEMPORAL APPROACH 

INDICAT10NS FOR APPROACH 

• Extradw·al petroclival lesions 

• Midclivus region extradural lesions 

• Posterior cavernous sinus lesions 

• Lesions in the region ofMeckel's cave 

ANATOMY 

ExrRADURAL ANAT OMY 

The middle cranial fossa (MCF) is a butterfly-shaped struc­
ture, with the two petrous ridges fonning an angle of 
approximately 100 degrees. It is bounded anteriorly by the 
free margin of the lesser wing of the sphenoid, postero1ne­
dially by the petrous ridge, and laterally by the squamous 
portion of the te1nporal bone. 

There are several important surgical landmarks of the 
MCF. Dissection of the MCF usually starts at the arcuate 
e1ninence (AE), which is oriented at right angles to the 
petrous ridge. The most anterior point of the bony exter­
nal auditory meatus (EAM) is located at the level of the 
1nost lateral part of the AE. The central part of the AE is 
situated above the loop of the superior se1nicircular canal 
(SSC), which lies at a depth of I to 3.5 mm from the bony 
su1face. Just anterior to the lateral end of the AE is the 
tegmen tympani (TT), which is the roof of the middle ear 
cavity. The TT is in continuity with the intracranial sw·face 
of the squamosal seg1nent of the te1nporal bone. It is very 
thin and often exhibits small zones of dehiscence connect­
ing the cranial and ty1npanic cavities. The TT is crossed by 
the petrotympanic fissure, the intracranial boundary 
between the squamous part of the te1nporal bone and the 
petrous pyra1nid. 

Itnmediately anterior to the TT, adjacent to the zygo-
1natic root, the floor of the MCF separates the intracranial 
cavity from the glenoid fossa. Medial to TT, anterior to the 
AE, extending toward the petrous apex lies the 01ifice of 
the canal for the greater superficial petrosal nerve (GSPN). 
The position of the orifice is variable and depends on the 
length of the canal. Slightly anterior but parallel to the 
GSPN runs the lesser superficial petrosal nerve (LSPN). It 
exits the cranial cavity at the fora1nen ovale to join the otic 
ganglion. 
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Lateral to the canal for the GSPN lies the foramen spin­
osum (FS), through which the middle meningeal artery 
(MMA) enters the cranial cavity. Just antero1nedial to the 
FS lies the foramen ovale (FO), through which passes the 
mandibular division of the trigeminal nerve (V3). FO and 
FS are the deepest portions of the MCF floor. A venous 
plexus here surrounds the V3. The fora1nen rotund u1n (FR) 
and superior orbital fissure (SOF) lay further ante1iorly and 
medially (Fig. 10-JA). 

Medial to the FO and canal of GSPN, the MCF floor in 
the region of the petrous apex may be variably dehiscent. 
There 1nay be no bone covering the carotid canal. Very 
close to the anterior aspect of the petrous ridge, there is a 
s1nall prominence, the tubercle of Princeteau, which over­
shadows Meckel's cave in which sits the gasserian gan­
glion. A venous plexus surrounds the gasserian ganglion. 

The floor of the MCF is the roof of the inner ear 
(Fig. 10-IB, C). Under the floor of the MCF are the cochlea, 
the semicircular canals, and the internal auditory canal 
(IAC). The cochlea lies anterior to the fundus of the IAC, 
3.0 to 4.5 1nm deep to the floor of the M CF. It is encased in 
very dense co1npact bone. The superior aspect of the basal 
turn lies in close proximity posterior or posterosuperior to 
the genu of the internal carotid artery (ICA). 

The facial nerve has a co1nplex cow·se in the te1nporal 
bone. The parts of the facial nerve in temporal bone are the 
IAC segment, the labyrinthine segment, the tympanic seg-
1nent, and the 1nastoid seg1nent. The canal of Fallopius or the 
facial canal through the base of the skull is quite long; its 
course is Z-shaped, threading its way between the labyrinth 
and the tympanic cavity. The anato1nic course of the facial 
nerve is fw·ther co1nplicated by the fact that the segments do 
not exist in a single p lane. The labyrinthine segment begins at 
the fundus of the IAC, bending forward by about 50 degrees, 
the general direction of the IAC. The direction of the fallopian 
canal here is at right angles to the long axis of the petrous 
pyramid. It curves forward and inward skirting the supero­
lateral flank of the basal turn of the cochlea and moves in the 
direction of the GSPN. It has a slightly ascending course. Pos­
terolaterally, it co1nes in close relationship to the sec, where 
it is sandwiched between the superior sec and the cochlea. 
Here it is susceptible to being da1naged dw·ing drilling of the 
bone. The facial nerve then makes a sharp bend posterolat­
erally, creating the first genu. Here lies the geniculate gan­
glion, fro1n which arises the GSPN. 
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FtGl lRf. 10- 1 A: Anatomy of the floor 
of the middle fos.~. The foramen spin­
osum with the entering middle meningeal 
artery (MMA) is seen along with the fora­
men ovale and rotundum. The exiting 
branches of the fifth cranial nerve can be 
visualized. B: The anatomic complexity of 
the floor of the middle fossa is appreci ­
ated. C: The inner ear structures have been 
unroofed to demonstrate the proximity of 
structures in the floor of (he middle fos.~ 
to middle ear structures. D: The cav­
ernous sinus neural structures have been 
removed to allow visualization of all the 
intracranial segments of the internal 
carotid artery (ICA). CN, cranial nerve; 
GSPN, greater superficial petrosal nerve; 
TAM, internal auditory meatus; SCA, 
superior cerebellar artery. 
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PETROUS INTERNAL CAROTID ARTERY 

AND ADJOININC; STRUCTURES 

T he petrous carotid artery begins at the point of entry of 
the ICA through the periosteal- lined carotid canal in the 
petrous bone. The external orifice of the carotid canal is 
d irectly anterior to the jugular fora1nen , and its internal ori­
fice is located at the petrous apex. Except at the entrance of 
the artery to the vertical canal, where it is anchored to the 
bone by dense bands , the artery can be easi ly separated 
fro1n its connective tissue adhesions. 

The petrous ICA has a vertical seg1nent and a horizontal 
segment that join at the genu (Fig. 10-lD). T he vertical seg-
1nent, as the nan1e implies, passes vert ically up\vard in the 
carotid canal. It is surrounded by the jugular fossa posteri­
orly, the eustach ian tube (ET) anteriorly, and the ty1npanic 
bone anterolatera l ly. T he vertical segn1ent turns anteron1e­
dially at the genu to fonn the horizontal segment, 1.vhich con­
tinues anteromedially and runs anterior to the coch lea, fron1 
which it is separated by a thin plate of bone. T he anteron1e­
dial part of the roof of the horizontal part is fonned by the 
dura, or by a th in plate of bone, which separates the ICA 
fro111 the tr ige111inal/gasserian ganglion. T here are generally 
one or two branches of the ICA in the carotid canal. 

A periarterial venous plexus, 1.vhich is an extension of 
the cavernous sinus, extends around the petrous ICA for a 
variable distance. In 111ost cases, it runs a long the anterior 

~ 

and inferior side of the arte ry, and its extension is li1nited to 
the horizontal segn1ent in 111ost cases . This venous plexus 
lies within the periosteal covering of the canal (Fig. 10-2). 
T he petrous segment of the ICA is also accon1panied by the 
sympathetic fibers. 

The eustachian tube (ET) and tensor tyn1pani 1nuscle 
lie anterior and parallel to the horizontal seg111ent of the 
petrous ICA, below the floor of the MCF (Fig. 10-3) . Usu­
ally, the tensor tympani lies superior to the ET; du rin g dis-

Petro us 
ICA 

Periarterial 
venous plexu~ 

Gasserian ganglion 

;·1c.t ·RI: 111-2 The venous plexus overlying the petrous carotid 
artery can be seen. !CA, internal carotid artery. 

section, exposure of the tensor ty1npan i heralds the in11ni­
nent exposure of the ET. In 1nost patients, a th in plate of 
bone separates the1n, but in 1nany others, they 1nay be sep­
arated only by fibrous t issue. The tensor tyn1pani 111uscle 
and the ET are separated from the carotid canal by a plate 
of bone, •.vhich varies in th ickness. So1netimes the superior 
surface of the 1nusc le is exposed through a bony dehiscence 
bet1.veen the carotid canal and FS. The ET crosses the 
anterolateral aspect of the genu as it exits the 1nidd le ear 
cavity. 

C AVERNOUS SINUS 

Refer to Chapter 8 for a detailed description of the anatomy 
of the cavernous sinus . 

INTRA DURAL ANATOJ\llY 

T he following subarachnoid cisterns can be reached 
through these approaches: 

1. Prepontine cistern 

2. Cerebellopontine cistern 

3. Pre1nedullary cistern 

4. Literal cerebello1nedullary cistern 

5. Lo\ver part of the interpeduncular cistern 

This section discusses on ly the prepontine and thepre -
111edulla ry c.i sterns. T he other c.isterns are d iscussed in 
detai l in other sections. 

Pre11ted1tl/ary Cisteni 

T his cistern extends fro1n the ponto1nedullary sulcus over 
the ventra l aspect of the 111edu lla to the upper spina l 
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Vl!nous p le)(Us Sphenoid sinu:> 
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. fGl'RE ltl-. Theeustachian tube can be seen crossing paral­
lel to the carotid artery. ICA, internal carotid artery. 
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subarachnoid space. It is bounded laterally by the arach­
noid 1nembrane separating it from both cerebellomedullary 
cisterns. anteriorly by the c li vus and posteriorly by the 
anterior surface of the medulla. The major contents of this 
Cistern are the terminal part of the vertebral artery, the ante­
rior spinal artery. and the anterior medullary vein. 

PrepottliJU! CiJUni 
This cistern lies between the anterior surface of the pons 
and the midclivus. Laterally. it is bounded by an arachnoid 
membrane that separates it fro1n the cerebellopontine cis­
tern. Superiorly. ii is li1nited by the interpeduncularcistern. 
Inferiorly. the li1ni1ing arachnoid 1ne1nbrane is thickened 
around the junc1ion of lhe two vertebral arteries to fonn the 
basiJar arte ry. The 1najor conlents are the basilar artery, 
the origin of 1he anterior inferior cerebellar artery (AICA), 
the whole cisternal course of the sixth cranial nerve, and the 
prepontine vein. The site where the AICA leaves the pre­
pontine cistern and enters the cerebellopontine cistern 1s 
again reinforced by thickened arachnoid n1e1nbrane. 

POSITIONING ANO SKIN INCISION 

The patient is placed in the supine position in Mayfield 
three-point fixation with a roll under the ipsiJateral shoul­
der. The head is rotated 60 to 90 degrees to the side con­
traJateral to the lesion. The vertex is tilted 10 to 15 degrees 
toward the floor. A question mark or coronal incision typ­
ically is made (Fig. 10-4). In general, the lower end of the 
incision should reach the lower end of the pinna of the 
ear to expose the zygomatic arch completely and to dis­
sect the parotidomasseteric fascia from the parotid gland. 
Ifa neck dissection is required, the incision should extend 
below the ear, skirt the ear lobule, and then make a gen­
tle curve along the skin crease of the upper cervicaJ 
region. The coronal incision is cos1neticaJly better and is 
particularly useful if an orbitozygomatic approach is 

Curvilinear skin incision 

fl[, L RF Ill- The curvilinear incision is demonstrated. 

combined with this approach. Making a V-shaped notch 
in the incision anterior to the tragus also produces a bet­
ter cosmetic result. 

.S URG!CAL lE;C.;.rH.wN~IO.:.;U_.E..._ ______ _ 

The upper part of the incision is dissected down to the bone 
and temporali s fascia. The portion of the incision beneath the 
zygomatic arch should be deepened to expose the parotid 
gland by incising the parotido1nasseteric fascia. If a cervical 
dissection is required, the incision should be taken to the deep 
cervical fascia. The reflection of the skin should stop just 
before the frontozygo1natic process and zygomatic arch are 
reached. The te1nporalis fa~cia is incised along the arch to 
expose the deep te1nporal fat The skin and temporaJis fascia 
then are completely mobilized with elevation of me fat pad to 
expose the zygo1natic arch and frontozygo1natic recess. This 
preserves the frontotemporal branches of the facial nerve. 

After the skin and subcutaneous tissue are mobilized in 
the te1nporal region, the parotido1nasseteric fascia is dis­
sected and separated from the parotid gland. This maneuver 
becomes important in a later phase of the procedure if the 
mandibular condyle is to be retracted downward. The facial 
nerve branches could be s tretched without this dissection. 
The zygomatic arch and the frontozygomatic process are 
completely denuded of periosteum and exposed. 

The temporalis fascia is incised along the upper part of 
its attachment in the frontoparietal region. A cuff is left for 
reapproximation at the end of the procedure. The muscle is 
dissected in a subperiosteal fashion away from the parietaJ 
and temporaJ bone up 10 the infratemporaJ crest. The ante­
rior insertion of the 1emporalis muscle then can be easily 
detached from the frontozygomatic arch. Further down­
ward retraction of the muscle is not possible unless a zygo­
matic osteotomy is perfonned. 

A temporal or frontoten1poral craniotomy is per­
fonned with a bur hole placed in the keyhole and a 

Middle 
ml:!ningl:!al artttry Middle fossa Ooor 

Temporal dura 

• - I The dura is peeled from the floor of the middle 
fossa revealing 1he middle meningeal artery entering through lhe 
foramen spinosum. 
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second one in the squa1nosal portion of the te1npora l 
bone (sec Chapter 2). The du ra should be st ripped free of 
the bone to keep the approach purely extradura l. T he 
operating 1nicroscope can be brought into the field after 
the cran ioto1ny is perfonned. T he te1nporal dura then is 
gently stripped fro1n the floor of the 1niddle fossa. Whi le 
separating, the arcuate e1ninence is identified. This is gen­
e rally the posterior extent of the dissection. T he dura l 
separation is then continued anteriorly to reach the fora-
1nen spin osu1n, \vhere the MMA can be seen as it enters 
the cranial cavity (Fig. J()-5). 

At this stage, attention is focused on perfonning the 
zygo1natic osteoto1ny with or \Vithou1 resection of the 
1nandibular condyle. Anteriorly, a V-shaped cut is 1nadeat 
the level of the frontozygo1natic and the zygo1natico1naxil-

Posterior 
zygomatic 
cut outlined 

PosterfOr 

root of the 
:z:ygoma 

Anterior 
zygomatic 
cut outlined 

Condylar 
osteotomy 

Condylat 
osteoton1y Temporalis muscle 

Middle meningeal artery 

lary suture. The anterior cut can be 1nade in such a fashion 
to include the lateral wall of the orbit, depending on the 
nature and location of the pathology. The posterior cut is 
tnade to include the condy lar fossa. This cut is a lso 
V-shaped, with the apex of the V falling just short of the 
fora1nen spinosu1n and the limbs spanning the anterior and 
posterior extent of the zygo1natic root (Fig. 10- 6A-C). 
Before 1naking the osteoto1ny, the capsule of the te1nporo-
1nandibular joint is exposed (this can be faci li tated by s light 
anteroinferior retraction of the 1nasseter 1nuscle) and cut 
sharply . The 1neniscus of the joint is separated fro1n the 
condylar fossa. While 1naking the osteoto1ny, one 1nust be 
ciu·eful not to enter the 1nidd le ear cavity. The zygo1natic 
arch then is re1noved (Fig. 10-7 A, B). This \vi ii expose the 
1nandibular condy le covered by the 1neniscus. 

Zygomatic osteotomy 

Condylar fossa Middle meningeal artery 

Fl(.lfRE L0 -41 A: One variation of the cuts of the zygomatic 
osteotomy is demonstrated. The anterior cut does not include the 
lateral wall of the orbit. B: The anterior cut includes the lateral 
wall of the orbit. The V-shaped posterior condylar cut is demon­
strated. C: The posterior condylar osteolomy cut comes lateral and 
posterior to I he middle meningeal artery. 
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Fl' ·ll't£ 10- 7 A: The condylar zygomatic oste tomy has been performed. The lateral wall of the orbit is included. B: The dura can be 
visualized after a frontotemporal craniotomy and condylar orbitozygomatic osteo1omy. 

The mandibular (V3) and the maxillary (V2) divisions 
of the fifth nerve then are exposed at the fora1nen ovale 
and rotundum, respectively. The dura at the tenninal 
intracranial segments of V2 and V3 is adherent, and these 
dural attachments must be sharply cut and separated 
fro1n the V3 . This will expose the venous plexus covering 
V3 and ultimately the V3 exiting through the foramen 
ovale. The dissection is continued anteriorly to reach V2 

exiting the foramen rotund um. Th e GSPN is well visual­
ized and 1nay be cut at this stage c lose to the facial hiatus. 

Temporo­
mandibular joint 

GSPN Gasserian 
ganglion 

Pteryogoid 
venous plexus 

Sphenoid 
sinus 

Further dissection of the dura medially will expose part 
of the horizontal portion of the petrous ICA close to V .i. 
The petrous portion of the ICA is variably roofed by 
bone. The bone of the 1niddle cranial fossa floor lateral to 
the GSFN, V 3, and V 2 is dri lled. This wil l skeletonize the 
middle meningeal artery. The lateral margins of the fora­
men rotundu1n and ovale are completely removed, which 
exposes the pterygoid venous plexus. Drilling bone of the 
middle cranial fossa between V2 and V3 may expose the 
sphenoid sinus (Fig. 10-8A, B). 

Pterygoid VEffiOUi plexui; 

Sphenoid 
sinus 

Fh I Rt 10-8 A: The middle meningeal artery and cranial ne rve (CN) V2 and V3 have been unroofed . B: The bone between V2 and 
V 3 has been drilled to allow visualization of the sphenoid sinus and pte rygoid venous plexus. GSPN, greater superficial petrosal nerve. 
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Once a ll the bone of the 1niddle cranial fossa floor lat­
eral to GSPN, V3 , and V2 has been re1noved, attent ion is 
tu rned toward exposure and 1nobilization of the petrous 
IC1\. Initially, the posterior infero1nedial region is inspected 
to detennine whether the vessel can be visualized because 
it 1nay not be covered by bone. If not visible, the ICA is cov­
ered by bone that must be dri lied to expose the vessel. 
Drilling lateral to the horizontal seg1nent of the petrous IC.'\ 
with a dia1nond bur is relatively safe. The ICA so1neti1nes is 
covered by a venous plexus. I f the periosteal sheath sur­
rounding the vessel is kept intact the venous plexus is not 

Petrous ICA 

Temporal dura 

LSPN 

encountered. During lateral dri ll ing, the 1nusc le and ten­
don of the tensor ty1npani 1nuscle can be seen. The 1nuscle 
is cut and reflected a\vay. Just inferior to the tensor ty1n­
pani, the cartilaginous pm·t of the ET is found. T he ET 1nay 
be separated fro1n the petrous ICA by a s1nall plate of bone. 
Dissection is 1nade around the ET to free it fro1n the ICA, 
and then it is cut to expose the lateral wall of the horizontal 
part of the petrous ICA co1npletely (Fig. 10- 9 A, B). T he ET 
should be packed and closed with transfixion stitches. Bone 
dri lling is continued to expose the superior, lateral, and 
inferior \Valls of the horizontal part of the petrous IC.A. 

M.MA 

Gasserian 
ganglion 

Petro us 
ICA 

FJ(;llRE 111-9 A: The greater superficial petrosal nerve (GSPN) and 
eustachian tube have been transected to allow visualization of the petrous 
internal carotid artery (ICA) B: High-power view. LSPN, lovver superficial 
petrosal nerve; MMA, middle meningeal artery. 
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The genu and vertical seg1nents of the petrous ICA 
then are exposed. During exposure of the genu, care 1nust 
be taken to avoid injtu-y to the cochlea. If dri lling is done 
lateral to the IC1\, the chance of injuring the cochlea is 1nin­
i1nal. In this approach, it 1nay not be necessary to dri ll the 
bone superior to the genu co1npletely. The cochlea lies pos­
tero1nedi al to the genu ; identification of the cochlea is 
described fu lly in Chapter 11. T he petrous bone and the 
ty1npanic plate lateral and anterior to the vertical li1nb of 
the petrous ICA are co1npletely drilled. During this part of 
the procedure, the condyle of the tnandib le has to be 

Pe'trous tCA 

Petrous oone 

retracted infe riorly and the dO\vnward tilt of the vertex 
reduced. This enhances the vie\v of the IO\ver part of the 
petrous ICA. A thick fibrocartilaginous band is identified, 
and it is continuous \Vi th the periosteu1n covering the ICA. 
This fibrocarti laginous ring is cut and gently dissected 
away fro1n the wall of the ICA. T his frees the ICA to be 
retracted laterally and anteriorly. A thin bone plate fonning 
the 1nedial ri1n of fora1nen ovale lies bet\veen V3 and the 
ICA , hindering co1nplete mobilization. A drill can be used 
to re1nove this bone. The carotid then is free to be 1nobi­
lized and retracted anteriorly and lateral ly (Fig. 10-lOA, B). 

Petrous ICA Ptery9oid venous ple><Us 

Gasserian gangljon 

F'J(,( IRE lll-l Cl A: High-power view of mobilization of the carotid artery. B: A partial petrous 
apicectomy has been performed. ICA, internal carotid artery. 

At this point, the petrous apex can be resected freely. 
During drilling posteriorly, care must be taken to respect 
the location of the cochlea. Further medially and posteri­
orly, the anterior wall of the IAC will be encountered. The 
petrous pyramid is dril led cotnpletely to expose the poste­
rior fossa d ura bounded above by the superior petrosal 
sinus and below by the inferior petrosal sinus (Fig. 10-1 1). 
Just below the inferior petrosal sinus, the c livus will 
beco1ne visible. 

The dura can be opened along the region of Meckel's 
cave. Usually, the dura is opened in the posterior fossa 
first. The drilling will have created a triangular region of 
the posterior fossa dura bounded inferioriy by the inferior 
petrosal sinus and the clivus; superiorly by the trigeminal 
root and the superior petrosal sinus; and posteriorly by the 
superior semicircular canal, IAC, and the jugular bulb. 
This is opened in a triangular fashion with its base poste­
rior. If necessary, the triangle can be bisected by incising 
the dura along the posterior aspect of the IAC, which will 
expose the sixth cranial nerve exiting the ponto1nedullary 
junction on the ventral surface. The contralateral sixth 
nerve also can be visualized, but its origin may not be seen. 

Petrous ICA Gassei'lan ganglion 

Posterforfossa dura 

Fl(,t IRE 10- J l The petrous apex has been completely drilled 
bo expose the posterior fossa dura. ICA, internal carotid artery. 



60 • CRANIAL APPROACHES 

The 1nidbasilar artery , the origin of AICA (Fig. 10-12), the 
ipsilatera l VII/VIII c ranial nerve con1plex, the IX/X/XI 
nerve con1plex, and both XII nerves can be seen. 

Pathology located 1nore superiorly can be visualized by 
Sectioning the tentoriun1. The dura a long the inferior sur­
face of the te1nporal lobe is incised in an anterior-posterior 
direction. A second incision is 1nade at right angles to the 
first incision, 1naking a T. The superior petrosal sinus \viii be 
encountered. It 1nust be ligated, coagulated, and sec­
tioned.T he te1nporal Jobe is no\v gently elevated to expose 
the tentorial notch. The fourth cranial nerve \viii be seen div­
ing belo\v the tentoriu1n. The tentoriun1 is incised posterior 

Petro·us ICA 

AICA 

to the entrance po int of the fourth nerve. T his incision 
extends to the region where the superior petrosal sinus \vas 
litgated. Sutures are placed in the tentoriu1n, and the tento­
riu1n is retracted. AJJ the cranial nerves fro1n CN III through 
CN XII are now exposed. The fifth crania l nerve can be seen 
exiting the brainsten1 and heading tO\.vard Meckel's cave. 

At the end of the procedure, the dura 1n ust be closed 
in a watertight fashion. A dural graft tnay be required. Fat 
is used to fi ll in dead space. T he c ran ioto1ny flap is 
replaced , the te1nporalis reattached, and the osteoto1ny 
replaced. The subcutaneous tissue and skin are closed in 
multiple layers. 

Sectioned 
edge ofV3 

CN VI Basilar artery 

f1Gl 'Rf l 0-12 The dura has been opened to expose the basilar artery, anterior inferior 
cerebellar artery (AICA), and the sixth cranial nerve (CN). !CA, internal carotid artery. 

PITFALLS, PEARLS, CONSIOE.RATIONS 

• Risk of vascular injury to the ICA 

• Facial nerve stretch injury 

• Extradurally, the limit of the approach 1s the fifth 
nerve 

• Lesions of the mid and anterior cavernous sinus can­
not be resected 
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MIDDLE FOSSA APPROACH 

INDICATIONS FOR APPROACH 

• Extradural petrous apex lesions 

• Internal auditory canal lesions 

• Intradural lesions of the ventral pons, midbasi Jar 
artery, proximal anterior inferior cerebellar artery 
(AICA) 

• Facial-nerve decompression 

ANATOMY 

Please refer to the anatomy section of Chapter 10 for a 
review of the pertinent anato1ny. 

POSITIONING ANO SKIN INCISION 

The patient is placed in the supine position in Mayfield 
three-point fixation with a shoulder roll under the ipsilat­
eral shoulder. The head is rotated 90 degrees toward the 
contralateral shoulder with the vertex pointed 10 degrees 
toward the floor. A question mark incision, a horseshoe­
shaped incision, or a coronal incision can be used 
(Fig. 11- 1). The lower end of the incision should reach at 
least the lower margin of the zygo1natic arch and remain 
as close as possible to the tragus of the ear to preserve the 

Curvilinea r skln incision 

FIG! IRE 11 l Curvilinear preauricular incision for the 
middle fossa approach. 

LSPN 
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frontote1nporal branch of the facial nerve and the superfi­
cial temporal artery. A V-shaped notch is made just anterior 
to the tragus to give a helter cosmetic result. 

The skin and subcutaneous dissections are carried down 
to the bone in the upper part of the incision and to the te1n­
poralis fascia in the lower part of the incision. The skin flap is 
1nobilized anteriorly and inferiorly. The fascial splitting tech­
nique is used to spare the frontote1nporal branches of the 
facial nerve. The temporalis 1nuscle is detached as described 
in previous chapters. A zygomatic osteoto1ny, although not 
mandatory, may enhance exposure. It is not necessary to 
include the condyle with the zygomatic osteotomy. 

A te1uporal cranioto1uy is 1nade with two thirds of it 
anterior to the external auditory 1neatus and one third poste­
rior to the 1neatus. The anterior li1nit should be as close as 
possible to the anterior wall of the 1uiddle cranial fossa. After 
turning the bone flap, any remaining squamosal portion of 
the te1nporal bone is drilled flush with the floor of the te1n­
poral fossa. The operating microscope is then brought into 
the field. The temporal dura is gently separated from the floor 
of the middle cranial fossa to expose the teg1nen tympani and 
the arcuate eminence. Continued dural dissection anteriorly 
exposes the middle meningeal artery entering the cranial cav­
ity through the forrunen spinosu1n (Fig. 11-2). More anterior 
dissection will expose the lateral margin of the foramen ovale 
with the mandibular nerve (V 3) exiting through it. 

TernPQral lobe GSPN Middle meningeal <irtery 

FU.URE 11 2 The cut end of the middle meningeal artery is 
seen. From lateral to medial, the LSPN, GSPN, and tensor tym­
pani muscles are visualized. LSPN, lesser superficial petrosal 
nerve; GSPN, greater superficial petrosal nerve. 
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T he 1nidd le 1neningeal artery is sectioned to free the 
dura so that dura l separation can proceed 1nedially. Media l 
sepru·ation will expose the greater superficial petrosal nerve 
(GSPN) e1nerging fro1n the facial hiatus. Care is taken to 
separate the GSPN fro1n the dura so that the facial nerve 
will not suffer a stretch injury. T he dura l adhesion to the 
supero latera l surface of the V3 is cut transversely. Just pos­
tero1nedial to V3 and under the GSPN one can visualize the 
petrous internal carotid artery (JCA) (Fig. 11- 3). 

Dura is separated fro1n the 1nidd le cranial fossa up to the 
petrous ridge. T \vO tapered, 1nalleable self-retaining retractors 
are used to retract the te1nporal dura covering the inferior sur­
face of the te1nporal Jobe. This \vi ll expose the 1nidd le fossa 
rho1nboid construct which is tonned by the joining of the fol­
lowing tour points; (1) porus trige1ninus, (2) intersection of the 

Petro us 
GSPN Middle meningeal artery ICA 

Arcuate 
emine11ce 

Temporal lobe 

fJ(;(IRE l 1-3 The middle fossa rhomboid cons1ruct is visible. 
The middle meningeal artery, grea1er superficial pe1rosal nerve 
(GSPN), V 3, internal carotid artery (ICA), and arcuate eminence 
are iden1ified. A portion of the cavernous sinus can be seen. 
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Co-i;hlea Geniculate 
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petrous ridge \vith the arcuate e1ninence, (3) intersection point 
of the axis of the arcuate e1ninence and that of the GSPN, 
(4) intersection of the lateral border of the gasserian ganglion 
and V3 \Vi th the GSPN. This rho1nboid construct overlies sev­
eral i1nportant anato1nic structures. If the rho1nboid is divided 
by bisecting the angle defined by the axis of the GSPN and the 
axis defined by the arcuate e1ninence, pre1neatal and post-
1neatal triangles can be defined. The post1neatal tri i1ngle over­
lies the block of bone separat ing the superior se1nicircular 
canal and the in ternal auditory canal (JAC) and cru1 be d1illed 
safely. While drilling proceeds laterally, care 1nust be exer­
cised as the superior se1nicircuhu· canal and the JAC co1ne 
dose and there is a danger of facial nerve injury. BelO\V the 
pre1neatal triangle lie the cochlea and the ICA (Fig. 11 -4A-C). 
Preservation of the cochlea is the goal 

1\1iddle 
Cochlea meningeal artery 

Internal auditory canal Petrous 
ICA 

FIGURE 11-4 A: The internal auditory canal (IAC) has been 
opened. Note it.~ proximity 10 1he pe1rous in1emal carotid ar1ery 
(ICA). B: The IAC has been opened and the middle ear struc1ures 
uncovered. The proximity of the geniculate ganglion, GSPN, and 
the petrous ICA to the middle car structures is apprecia1ed. GSPN, 
grea1er superficial pe1rosal nerve; MMA, middle meningeal artery. 
C: High-power view. 
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The dri lling is started where the bisecting line joins the 
petrou s ridge. The angle of drilling shou Id be along the 
petrous ridge. As the bone is drilled, the superior pettosal 
sinus \Viii co1ne into vie\v. It is advisable to use a dia1nond 
burr and to keep a thin plate of bone over the vital struc­
tures during bone re1noval. The thin plate then can be gen­
tly sepiu·ated fro1n the underlying structures, broken, and 
re1noved. After a trough is drilled a little anterior to the 
expected location of the porus acousticus, a diainond burr is 
used to identify the anterior canal dura and the porus 
acousticus. The bone then is re1noved fro1n 1nedial to lateral 
to expose the full length of the IAC all the \vay to the fun­
dus. Care 1nust be taken to re1na in directly above the IAC so 
as not to injure the cochlea or superior semicircular canals. 

There are other 1nethods of identification and exposure 
of the I.<\C. The IAC can be identified by following the GSPN 
back to the hiatus. Drilling over the hiatus exposes the genic­
ulate ganglion. Subsequently, the labyrinthine portion of the 
facial nerve, which is parallel to the superior se1nicircular 
canal (SSCC), is follo\ved to the fundus of the IAC. It 1nust be 

Inferior petrosii l sinus Clivus ICA 

Temporal lobe Posterior ((>$SQ d ura 

FIGl IRE 11- 5 After complete drilling of the petrous apex, the 
posterior fossa dura, inferior petrosal sinus, and clivus can be 
seen. ICA, internal carotid artery. 

Vein of Labb~ Dural edg~ Temporal lobe 

FIC-URE l l-7 After incision of 1he inferior temporal dura, the 
vein of Labbe can be identified. 
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re1ne1nbered that the facial nerve lies directly against the 
dura; therefore, the bone 1nust be re1noved carefully. 

After the IAC is exposed, the post1neatal triangle is 
drilled unti l the SSCC is blue- lined. Attention then is 
turned tO\vard the premeata l triangle. Here the cochlea 
lies at the IAC- ICA angle and i s blue-lined and pre­
serv ed . The bone of Kawase's triangle can be drilled 
away co1npletely to the depth of the inferior petrosal 
sinu s to expose the posterior fossa (Fig. 11- 5). If neces­
sary, the lateral part of the clivus can be dri lled to gain 
1nore extradural exposure. 

The dural opening is essentially the sa1ne as that 
described in Chapter 10 (Fig. 11-6). The te1nporal dura is 
Opened along the undersurface of the te1nporal lobe, and a 
second incision is 1nade perpendicular to the first along the 
floor of the 1nidd le fossa to\vard the posterior fossa dura 
(Fig. 11- 7). At the level of Ka\vase's triangle the superior pet­
rosal sinus is sectioned as previously described. The tentorium 
then is sectioned into the incisura, and the posterior fossa dura 
is sectioned to the depth of Ka\vase's triangle (Fig. 11-8). This 

Flf, URE 
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Posterior fosso dura 

Temporal lobe 

ll-6 The dural incision is outlined of the posterior 

PCA SCA CN IV 

FIGCRE 11- 8 The tentorium has been incised to show the 
fourth nerve, posterior cerebral artery (PCA), and superior cere­
bellar artery (SCA). 
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\V iii expose the basilar artery frotn the posterior clinoid 
process to the vertebrobasilar junction, cranial nerves (CN) III, 
IV, V, VI, and the VIINill co1nplex, the anterior inferiorcere­
bell ru· artery (AICA), and so1neti1nes the superior cerebellar 
artery (SCA) (Figs. 11- 9 through 11- 18). 

Gasserian 
ganglion AICA 

CN VI 

Antero laterci l pons 

Motor branch or CN V 

ftQIRE ll-IJ The porus trigeminus is opened and the course 
of the fifdJ nerve is exposed. The superior petrosal vein and the 
superior cerebellar artery (SCA) are seen in the region of the fifth 
nerve. AICA, anterior inferior cerebellar artery; CN, cranial nerve. 
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ganglion 
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vein 

fH,lfRf. 11-1 l Panoramic view of the approach through a 
2 .5-cm keyhole. AICA, anterior inferior cerebellar artery. 

The dura tnust be closed in a watertight fashion. T his 
usually requires a dural graft. Fat is used to fill in dead 
space. T he cranioto1ny flap is replaced, and the te1nporalis 
is reattached. T he subcutaneous tissue and skin are closed 
in 1nultiple layers. 
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FIGURE ll-10 The tentorium is partially incised, and the 
fourth nerve is visualized. The duplicated superior cerebellar 
artery (SCA), posferior cerebral artery (PCA), and superolateral 
puns are visible, CN, cranial nerve. 

AICA CN VllNlll 

CN VI 

PCA CN IV 

FI<;UllE 1 l-12 Panoramic view with a 30-degree endoscope 
of cranial nerves (CNs) IV, V, Vl, VII, and VIII. The tentorium has 
been partially incised. The basilar artery , anterior inferior cere­
bellar artery (AICA), posterior cerebral artery (PCA), and petrosal 
vein are all seen. SCA, superior cerebellar artery. 
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FIGllRE l l- 13 High-power view of cranial nerve (CN) V, VI, 
VII, and VIll. The anterolateral pons is also visualized, AICA, 
anterior inferior cerebellar artery. 
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FIGl lRE l l- 15 High-power view of cranial nerve (CN) VI 
coursing from the pontomedullary sulcus to Dorello's canal. The 
basilar artery and the anterior inferior cerebellar artery (AICA) 
al so are seen. 
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FIGllRE ll The anterior inferior cerebellar artery and the 
vertebral artery are visualized. Cranial nerves (CNs) VI, VIINIII, 
and IX/X are visualized. AICA, anterior inferior cerebellar artery. 

CNV 

FIGllRE l l- 1.t High-power view of the VII-VIII complex. The 
internal auditory canal has been drilled. The internal auditory 
artery is seen following the nerve. CN, cranial nerve; JAM, inter­
nal auditory meatus. 
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FIGlJRE 11- 16 Following the basilar artery inferiorly, ante­
rior inferior cerebellar artery (AICA) and the to\ver cranial nerves 
can be visualized. 

CN IX/X/XI 

Al( A 

FIGllRE ll- lM The vertebrobasilar junction can be seen sur­
rounded by rootlets of the lower cranial nerves. AICA, anterior 
inferior cerebellar artery; CN, cranial nerve. 
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PITFALLS. PEARLS. CONSIDERATIONS 

• Facial nerve injury 

• T emporal Jobe contusions 

• Cochlear injury 

• Internal carotid artery injury 
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TRANSPETROSAL APPROACH 

Carlos Acevedo, Emel Avci, Sajjan Sarma, Dan1irez Fossett 

Jttt>ICATIONS FOR APPROACH 

• Access to the basilar trunk and apex 

• Cerebellar- pontine angle tumors 

• Midclival and upper clival lesions 

• Anteromedial midbrain and pontine lesions 

• Petroclival lesions 

POSITIONING AND SKIN INCISION 
• 

The patient is p laced in the supine position in Mayfield 
three-point fixation, with a heavy roll ttnder the shoulder 
and hip ipsi lateral to tbe lesion. The head is turned 70 
degrees away fro1n the surgical side, and the vertex is low­
ered slightly to the floor. This orientation places the base of 
the petrous pyramid at the highest point in the surgical 
field. Dttring tbe operation, rotating the table from side to 
side and up and down will change the angle of vision. 

Curvilinear 
skin incision 

A postauricular C-shaped incision is generally per­
formed. The anterior and inferior extents of the incision are 
dependent on which of the transpetrosal approaches is 
being perfonned (Fig. 12-1 A, B). If combined approaches 
are planned, additional incisions such as tbe frontotempo­
ral or slight modifications to the one described herein (i.e., 
increasing the distance to the postauricular crease or 
extending the lower li1nb to the neck) 1nay be performed. 

SURGICAL TE CH:.:,N~IQ~U~E...___~-----

Once incised, tbe skin and subcutaneous tissues are sepa­
rated fro1n the underlying periosteu1n and the deep fascia 
over tbe sternocleidomastoid 1nuscle and reflected anteri­
orly. A horizontal incision is made in the pericraniu1n at 
tbe base of the 1nastoid process. The superior portion of the 
pericranium, along with the posterior aspect of the te1npo­
ralis 1nuscle, is separated fro1n the bone and reflected ante­
riorly and used for subsequent reconstruction. The inferior 
portion of the pericraniu1n and the attachment of the Stern-
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FIGURE 12-1 A: Righi-sided C-shaped postauricular skin incision for a retrosigmoid-retrolabyrinthine approach. B: C-shaped 
postauricular incision for more extensive transpetrosal approaches. 
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ocleidon1astoid niuscle are detached fron1 the niastoid 
process and reflected interiorly, taking care to preserve the 
accessory nerve. 

T he translabyrin th in e and transcoch lear approaches 
require division of the external ear canal. It is cut at the 
junction of its cartilaginous and bony seg1nents. T he skin 
of the cartilaginous external auditory canal is everled and 
c losed. A small niuscu loperiosteal f lap from the 1nastoid 
provides a second layer of closure and re inforcement. 

Once the niusculocutaneous flap has been elevated, the 
follo\ving land1narks should be identified: the root of the 
zygon1a, the posterior edge of the external auditory canal 

Mastoid 
tip 

Spine of Hen le 
Poste,ior 
root of zygoma 

I 

' ' , • I 
I 

\ I , ....... ' 

Ma>told 
incision 

• l .t l"J:: .1-1 A: The mastoidectomy is outlined. B : The mas­
toidectomy surface bone cut is made. 

(EAC), the 1nastoid t ip , and the asterion. An in1aginary line 
connecting the root of the zygo1na \vith the inion is traced 
and serves as the superior limit of 1nastoid drilling. A sec­
ond line over the posterio r border of the 1nastoid bone 
(occipi to1nastoid suture) is a lso traced and serves as the 
posterior li1nit of drilling (Fig . 12- 2A). T he angle made by 
the junction of these two lines is slightly posterior and 
superior to the asterion, \vhich should be included with in 
the bone re1noval. The anterior niargin of d.rilling depends 
on the specific approach to be perfonned. The retro­
labyrin th ine and partial labyrinthine approaches preserve 
the posterior wall of the EAC, whereas the trans ­
l aby rinthine and transcochlear approaches require the 
removal of the EAC. All approaches require a 1uastoidec­
to1ny (Fig. 12- 2B). 

MASf{)IDECTOMY 

T he cortex over the 1nastoid bone is removed by using a 
high-speed drill \Vi th a large cutting bur. The anterior bor­
der of the bone re1noval is a slightly cu rved tine that 
extends bet\veen the top of the external auditory 1neatus 
and the 1nastoid tip. The superior li1nit is a line perpendic­
ular to the first line, extending fi·o1n the root of the zygo1na 
posteriorly to the asterion . T he 1najor landmarks in the mas­
toid area a re the latera l se1n ic ircular canal, the 1nastoid 
antrun1 superiorly, and the digastric ridge inferiorly. 

As the cortical bone is drilled, a ir cells will begin to be 
encountered (Fig. 12- 3). Bone is drilled 1 cn1 behind the sig­
tnoid s inus, 1naintaining a unifonn depth unti l the sig1noid 
sinus is exposed. T he sign1oid sinus is skeletonized a long 
its l ength down th rough the reg ion of the jugula r bulb 
using a d ia1nond bur . The niastoid air cells are ren1oved 
anteriorly and superiorly to expose the 1nidd le fossa dura. 
T he ai r cells are drilled further anteriorly to expose the 
con1pact hone of the bony labyrin th. T he key land1nark in 

Mastoid a ir ce lls 

11c,1 ·ar: 1.2-J The mastoid air cells come into view as the cor­
tical bone is removed. 



this area is the 1nastoid antru1n (Fig. 12-4). The latera l se1ni­
circular canal is located along the inferior wall of the 
antru1n (Fig. 12- 5). Opening the 1nastoid antru1n reaches 
the anterior li1nits of the bone retnoval and allo\vs identifi ­
cation of the lateral se1nicircular canal. The posterolateral 
portion of the bony labyrinth is co1npletely defined to 

Ma~roid 

antrum 

Bone over sigmoid sinus 

FIGURE 12-4 The antrum is a key landmark during mastoid 
drilling. 

Bone over fallopian canal lncus 

FIGURE l2-6 The antrum has been opened. The horizontal 
semicircular canal is partially exposed. The fallopian canal con­
taining the facial nerve is partially exposed-

posterior semicircular canal toward the jugular bulb 
(Fig. 12- 8). These air ceils are drilled to skeletonize the 
jugular bulb. The digastric ridge, another important land-
1nark for defining the exit of the facial nerve from the fal­
lopian canal through the stylomastoid foramen, is exposed 
as air cells are re1noved fr0tn the mastoid tip region. At this 
point, the presigmoid dura, the middle fossa dura, and the 
sinodural angle are completely skeletonized (Fig. 12- 9). The 
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expose 1naxi1nally the cerebellopontine angle in the retro­
labyrinthine approach. The facial nerve is situated pm·allel 
and l to 2 1n1n anterior to the lateral se1nicircular canal 
(SCC) (Figs. 12-6 and 12- 7). The posterior se1nicircu lar 
canal can be identified by 1noving 1nore posteriorly. The 
retrofacial air cells are seen at the ulterior 1nargin of the 

lncu5 
Mastoid 
an tr um 

Latera i semfcir<ular canal 

• • 

I • 

FJf,URE 12-5 The lateral semicircular canal is exposed while 
drilling at the inferior border of the mastoid antru m. 

Fallopian canal Inc us 

Lateral 
semicircular 
canal 

FJf,URE l2-7 The facial nerve lies anterior and parallel to the 
lateral semicircular canal. 

superior petrosal sinus is exposed at the level of the trans­
verse-sigrnoid sinus junction. The technique of removing 
bone to the point of leaving a thin shell that may be 
removed with a dissector is practiced to avoid injury to the 
temporal and postetior fossa dura and the venous sinuses. 
A complete mastoidecto1ny spares the labyrinthine bone, 
thereby preserving hearing; however, if the middle ear ossi­
cles are disturbed, a conductive hearing loss can result. 
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Facial nerve Lateral semicircular canal 

Superior 
~emic:ircular 

canal 

Posterior 
semicircular 
canal 11, R;: l.:?-8 The posterior semicircular canal 

can be identified, as can the retrofacial air cells. 
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C RANIOTOMY 

Endolymphatic sac Po)t~rior 

~emicirru lar canal 

Having exposed the dura of the floor of the 1niddle fossa, 
the B I foot-plated tool of the Mid as Rex can be used to turn 
a c ranio to1ny flap without placing any additional burr holes. 
In a similar fashion, the suboccipital c raniotomy can be 
turned because the posterior fossa d ura has been exposed 
during the mastoid drilling. Both cra nioto mies are sized by 
the patho logy to be treated. Addi tional bone \vork for spe­
cific approaches is described in the fo llo\ving sections. 

For all the petrosal approaches, once the bone work is 
complete, the dura of the posterior fossa just anterior to the 
sigmoid sinus is opened to allow drainage of cerebrospinal 
fluid (CSF) from the cerebellopontine angle (CPA) cistern 
and brain relaxation. After transec ting the superior petrosal 
sinus, the Incision then can be carried along the floor of the 
te mporal fossa. Depending on the specific anatomy of the 
vein o f Labbe, it may need to be dissec ted along its course 
to avoid injury during te mpora l lo be retrac tion. After liga­
tion or coag ulation of the superior petrosal sinus, the ten­
torium is cut parallel to the pe tro us pyramid until the 

Su pen or 
semici rcular 
canal 

Middle 
fossa 
dura 

Superior 
petrosal 
~inu!> 

- • .:? - Afte r complet ion of the mas toid 
dri ll ing, the smodural angle can be visual ized. The supe­
rior petrosal s inus can be identified. 

incisura is reached. Care is taken to preserve the fourth cra­
nial ne rve and the superior cerebellar arte ry, which may be 
adhe rent to it. T his incision must be poste rior to the inser­
tion of the trochlear nerve. If possible, Meckel's cave should 
be o pe ned after further occ luding the superior petrosal 
sinus, whic h runs along its roof. The o pening of Meckel 's 
cave a llo ws mobilization o f the trigemina l root , thereby 
reduc ing the risk of injury to it, and impro ves the working 
space. A combined approach into the posterior and middle 
fossa allows more complete resection of petroclival lesions 
with extension into the middle cranial fossa 

The dura must be closed in a watertight fashion. T his 
may require the use of a dural patch graft. Muscle or fat can 
be used to pack the eustachian tube . Autologous fat, 
obtained from the abdominal area, is used to fill in the mas­
to idectomy and petrosectomy regio ns. The temporal mus­
cle provides an excellent local vascula ri zed flap to provide 
coverage o f the exposed inte rnal carotid artery (ICA) and to 
obliterate dead space. The bone plate is reattached, and a 
sta nda rd multilayer closure of the skin is performed. 



RETROLABYRRINTHINE APPROACH 

The retrolabyrinthine approach to the cerebellopontine angle 
provides access to the cerebellomedullary and posterolateral 
aspects of the cerebellopontine cistern. The sig1noid sinus 
forms the posterior boundary, and the floor of the 1niddle 
fossa fonns the superior limit. Anteromedially, the otic cap­
sule (laby1inthineportion of the petrous bone) !units the sur­
gical visualization of the anterolateral aspect of the CPA. The 

Semicircular canal 

Sign1oid sinus 

Si1i odural angle 

Dural 
incision 

1' lGllRE 12- 10 Retrolabyrinthne approach. A presigmoid 
dural incision is outlined. 

CNVllN lll AICA CN ll(JX/XI 

FIC.llRE 12- 12 Retrolabyrinthine approach. The cranial nerve 
(CN) VIINIII complest and the interior inferior cerebellar artery 
(AICA) are exposed. Inferiorly, in the depths, one can appreciate 
the lower cranial nerves. 
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jugular bulb forn1s the inferior boundary of the exposure. In 
the retrolabyrinthineapproach, the dura is exposed between 
the sig1noid sinus and the posterior se1nicircular canal. 

An incision is 1nade in the presigmoid space up to the 
region of the sinodural angle, and a tapered self-retaining 
retractor blade is placed on the cerebellum (Fig. 12-10). 
Superiorly, the superior cerebellar artery, cranial nerve 
(CN) V. and the superior petrosal vein can be observed 
(Fig. 12-11). Looking more interiorly into thecerebellopon­
tine angle, the VIINIII nerve co1nplex and the lower CNs 
can be seen (Figs. 12-12 and 12-13). This approach provides 

CNV Superior petrosal vein 

Superior 
cerebellar 
artery 

CN VllNlll 

FlGllRE l2- 1 l Retrolabyrinthine approach. The superior 
cerebellar artery, cranial nerve (CN) V, superior petrosal vein, and 
the VIIINIII complex are visualized. 

CN IX/X!XI 

fl(;llRE 12-13 Retrolabyrinthine approach. The lower cranial 
nerves and the posterior inferior cerebellar artery are seen. 
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access to all the CPA with hearing preservation; ho\vever, 
the exposure is generally quite 111uTow. 

PARTIAL LABYRINTHECTOMY PETROU S 

APICECTOMY (PLPA) APPROA C H 

After perfonning a radical 1nastoidecto1ny, the sig1noid 
sinus, the se1nicircular canals, the vest ibular aqueduct, 
the jugula r bulb, and the 1nastoidal segtnent of the facial 
nerve are exposed. T he facial nerve is left inside a thin 
shell of bone (the fa ll opian cana l) , and the endoly1n-
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FIGURE 12-15 The partial labyrinthectomy petrous apicec­
tomy (PLPA) approach. The superior and one half of the poste­
rior semicircular canal have been removed to allow access to the 
petrous apex. 

"'-

phatic sac is occluded to prevent the loss of endol y1n­
phatic fluid. T he bone encasing the superior and poste­
rior se1nicircular canals is thinned unti l it is transparent, 
and four fenestrations are 1nade, t\VO adjacent to the 
a1npul lae and two adjacent to the co1n1non crus. Once 
opened, the cana ls are occlud ed \vith bone \vax. The 
bony and 1ne1nbranous laby rinths of the superior and 
posterior se1nicircular canals are dr illed away 
(Figs. 12- 14-12- 16). 

A petrous apicecto1ny then is perfonned. The extent of 
bone resection is Sltperi or to a line dra\vn between the 
a1npull ae of the sec and the entrance of the vestibu lar 
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(·• l lRr 12-1-1 The partial labyrinthectomy 
petrous apicectomy (PLPA) approach. The land­
marks of the PLPA approach are defined. The 
superior and one half of the posterior semicircular 
canal are removed to access the petrous apex. 

F<tcial nerve Lateral semicircular canal 

Sigmoid sinus Posterior semicircular canal 

FIGlfRE 12-16 The partial labyrinthectomy petrous apicec­
tomy (PLPA) approach. Bony removal for the PLPA approach. 



aqueduct into the petrous dura. During r emova l o r the 
petr ous apex, the superio r wall of the inte rnal auditory 
canal (JAC) is skeletonized. The dura is opened in a p resig­
moid fashion, a llowing visual ization into the cerebellopon­

tine angle (Figs. 12-17-12-19). The contents of the m iddle 

Superior 
cerebella r 
arrery 

Superior 
petro5<i I vein CNV 

FICURE 11-17 The partial labyri nthectomy petrous apicec­
tomy (PLPA) approach. The superior cerebellar artery, superior 
petrosal vein, and fifth nerve are seen. 

CN VllN lll CN IX/X/XI 

FIC,URE l 2-19 The partial labyrinthectomy petrous apicec­
tomy (PLPA) approach. The VJINJJI complex and the lower cra­
nial nerves can be seen. 
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cran ia l fossa a lso can he seen if"a craniotomy has been per­
formed and the temporal du r a incised and opened. 
Meckel's cave can he opened and the fifth nerve mobilized. 
Entrance can be made into the posterio r cavernous sinus 
(Fig. 12-20). 

CN VII/VIII 

Basilar artery CN VTIN ll l 

Stlperior petros<il vein CN v CN VI 

FIGURF 12-18 The partial labyrinthectomy 
petrous apicectomy (PLPA) approach . The superior 
petrosal vein; cranial nerves (CN) V, VI, and VIINIJI; 
and the basilar artery are visualized. 

C.N VllN ll l Superior petrosal vein CN V 

fI<,l'RE l 2-20 The partial labyrinthectomy petrous apicec­
tomy (PLPA) approach, Meckel ' s cave has been opened fully, 
exposing the fifth CN. The superior cerebellar artery, petrosal 
vein, and VJINIJI nerve complex can be seen. 
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TRANSLABYRINTHINE APPROACH 

When hearing preservation is not a consideration, the CPA 
can be explo red tnore \videly by resecting the vestibular 
labyrinth and ske leton izing the JAC by using the 
translabyrinthine approach. Th is is the n1ost d irect route to 
the CPA and lessens the need for cerebellar retraction whi le 
providing superior exposure of the facial nerve. T he oper­
ative field extends from the anterior border of the sig1noid 
sinus superior ly to the 1uiddle fossa dura and anteromedi­
ally to the IAC. The dura is exposed bet\veen the sig1noid 
sinus and the IAC in the translabyrinthine approach. The 
lateral and posterior secs are first dri lled and re1noved. 
T he anterior end of the lateral SCC is re1noved, bearing in 

Facial nerve Lateral semicirc\llilr canal 

Posterior semicircular c.anal Superior 
semiclrcular 
canal 

1nind the close relationship of the ty1npanic portion of the 
facial nerve (Fig. 12- 21A , B). As the posteri or SCC is 
re1noved, the coin 1non crus and the posterior aspect of the 
superior SCC are exposed. T he superior SCC is resected by 
dri lling. Because the inferior li1nb of the posterior SCC is 
opened to the vestibule, drilling of the lateral and inferior 
vestibule exposes the vestibular aqueduct as it courses lat­
erally to\vard the endolytnphatic sac. Continuing to remove 
bone do\vn to the co1nmon crus opens the vestibule. T he 
contents of the IAC are separated fron1 the \Vall of the 
vestibule by on ly a th in shell of bone. T he IAC is sur­
rounded by compact bone superiorly and inferiorly 
(Fig. 12- 22A). It is i1nportant to re1nove bone around the 

Facial nerve Commoncrus 

Endolymphalic sac Sigmoid slnu5 Middle fossa aura 

f lGl RE 12-21 A: Translabyrinthine approach. The semicircular canals are seen in relationship to the middle and posterior fossa dura 
as well as the sigmoid sinus and jugular bulb. B: Translabyrinthine approach. The semicircular canals have been partially drilled to 
bean the translabyrinthine approach. 
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auditory canal 
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fossa dura Facial nerve tntemal a1,1ditory canal 

r l<;l RE 12-22 A: Translabyrinthine approach. The semicircular canals have been removed, exposing the compact bone over the inter­
nal auditory canal. B: Translabyrinthine approach. The bone over the internal auditory canal (IAC) has been removed to expose the dura. 
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canal such that a greater than 180-degree circurnference of 
the canal is skeletonized to nlax11n1ze exposure 
(Fig. 12- 22B). As the bone around the IAC is carefully 
removed, the horizontal crest is identified as a thin septum 
of bone separating the superior fron1 the inferior vestibular 
nerve at the lateral end of the canal. Bill's bar can be seen 
separating the facial and cochlear nerves fro1n the superior 
and inferior vestibular nerves (Figs. 12- 23A, B and 12- 24). 

Facial nerve Transverse <:rest 
Middle 
fossa plate Facial nerve 

Sigmoid sinur. AICA IAM Inferior vestibular h erve 

Transver>e cre~t 

Al CA Superior 
vestibul<1r nerve 

FJ(,\.'RE l2- 23 A: Translabyrinthine approach. The du ra of the i ntemal auditory canal (IAC) has been opened to expose its contents. 
AICA, anterior inferior cerebellar artery; !AM, internal auditory mearus. B: Translabyri nthine approach. The transverse crest can be seen 
to separate the superior and inferior vestibular nerves. AICA, anterior inferior cerebellar artery. 
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FJ(;l'RE 12-24 Translabyrinthine approach. The vestibular nerves 
have been sectioned and displaced to allow visualization of the facial 
nerve in the internal auditory canal (IAC). AICA, anterior inferior cere­
bellar artery. 
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The presign1oid dura is opened, and the dural incision 
can be extended into the middle fossa by incising the infe­
rior te1nporal dura and sec tioning the tentoriun1. The salient 
anaton1y is the same as described in the preceding section 
(Figs. 12- 25- 12- 28). The translabyri nthi ne approac h sacri­
fi ces hearing. If this is not an issue, the approac h affords a 
111uch greater ante rio r view into the cerebellopontine angle. 

CN VllN lll CNV 

Superior pet rosal vein 

CNV Superior petrosal vein SCA 

AICA CNIV 

.'lGJJtE ll 25 Translabyrinthine approach. The fifth ne rve, 
superior petrosal ve in, and cranial ne rve (CN) VII/VIII can be 
seen. 

J-1:1....J.ilE 1 2- 26 Translabyrinthine approach. The fourth and 
fifth cranial nerves, the ante rior inferior cerebellar arte ry (AICA), 
superior ce rebellar artery (SCA), and superior petrosal vein are 
seen. 

AJCA CNV Superior p etrosal vein SCA 

CN IV 

FIGlTRE 12 1- Translabyrinthine approach. Cranial nerves IV 
and V, !he ante rior inferior cerebellar Artery (AICA), superior cere­
bellar arte ry (SCA), and superior petrosal vein are visualized. 

Facial nerve CN IV 

CNVllNlll CNV 

FIGL"RE 12- 28 Trans labyrinlhine approach . Cranial ne rve 
(CN) IV, V, VD, and VIlI are seen. 



TRANSCOCBLEAR APPROACH 

Blind sac closure of the external auditory canal allo\vs the 
1nusculocutaneous flap to be mobilized anteriorly over the 
parotid gland. T he skin is re1noved fro1n the bony external 
ear canal. The posterior annulus is e levated, and the incud­
ostapedial joint is separated. T he incus is extracted, and the 
tensor ty1npani muscle is cut. T he malleolus with the tyn1-
panic 1ne1nbrane then is removed, thus co1npleting ren1oval 
of all squa1nous epitheliutn (Figs. 12- 29 and 12- 30). 

Middle ear cavity tncos 

Tympanic membrane Facial nerve 

FIG lTR.£ .1- 29 Transcochlear approach. The middle ear struc­
tures are visualized. 
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FIC.URE t 2 311 Transcochlear approach. The anatomic rela­
tionship between the middle and inner ear structures can be 
appreciated. 
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A radical mastoidectomy is performed as previously 
described, and the posterior and superior bony external 
canal \Valls are removed. After a complete labyrinthectomy 
with ex po sure of the IAC, the facial nerve is skeletonized 
from the stylomastoid foramen to the fundus of the IAC. 
Bone from the superior, posterior, and inferior aspects of 
the IAC should be removed. The sigmoid sinus is skele­
tonized down to the jugular bulb. If the bulb is high, it may 
be lowered using Surgicel and bone wax. The last shell of 
bone over the facial nerve is carefully removed, taking spe­
cial care while uncovering the region of the geniculate gan­
glion and the labyrinthine segment. The GSPN is exposed 
and transected. Using an angled pick, the geniculate gan­
glion and the labyrinthine part of the nerve are carefully 
separated from the underlying bone. Once the whole nerve 
is liberated, it is gently rerouted posteriorly and fixed to the 
posterior fossa dura (Fig. 12-31). Drilling is continued with 
removal of the remaining fallopian canal, the cochlea, and 
the anterior wall of the I AC. The vertical segment of the 
ICA is identified and dissected free by dtilling the anterior 
wall of the external auditory canal (Figs. 12-32 and 12-33). 
Sometimes anterior displacement of the mandibular 
condy le is required to achieve circumferential uncovering 
of the artery. The petrous apex is dti lied further to the level 
of the 1nidclivus, and the ICA is exposed at its entrance into 
the anterior foramen lacerum. The inferior petrosal sinus is 
usually encountered and closed by packing it with Surgicel. 
The dura is opened in a triangular fashion, superiorly along 
the superior petrosal sinus, and inferiorly along the jugular 
bulb and the inferior petrosal sinus. Special attention is 
paid to the opening of the dura in front of the internal 

lntrapetrous carotid artery 

Transposed fac ial ner11e 

Musculotubal band 

Cancellous bone 
of petrou s; apex 

.lC..TR.f .l ·.Sl Transcochlear approach. The facial nerve ha~ 
been transposed and the posterior wall of the petrous apex drilled 
Note the proximity of the facial nerve to the petrous carotid artery. 
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lntrapetrous carotid artery 

Facial nerve 

!--'2 Transcochlear approach. The anterior wall of 
the external auditory meatus has been drilled to allow visualiza­
tion of the internal carotid artery. IAM, internal auditory meatus. 

lntrapetrous carotid artery 

IAM 

Facial nerve IAM 

I. l { l.' Transcochlear approach. The internal carotid 
artery is seen after drilling the petrous apex and opening the 
external audi tory meatus. IAM, internal auditory meatus. 

auditory m ea tu s so as not to injure the facial nerve. 
Through this exposure, anatomic structures spanning from 
the posteri o r cavernous si nus to the lower c ranial nerves 
can be visualized (Figs. 12-33-12-38). 

CNVllNlll 

CN IXJX/XI AICA CNVI 

J l 1 l 2- .l~ T ranscochlear approach. Cranial nerves (CN) 
V through XI are visualized. AICA, anterior inferior cerebellar 
artery. 

Petroos ICA CNVI 

AICA 

(NV 

CN VllNlll CNV SCA CNIV 

t t .!- l5 Transcochlear approach. Cranial nerves (CN) 
V through VDI are seen, as is the superior cerebellar artery (SCA), 
anterior inferior cerebellar artery (AICA). and petrous carotid 
artery. ICA, internal carotid artery. 
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:-i<.l ,..;- 12-36 Transcochlear approach. High-power view of 
cranial nerve (CN) V through VIII and the anterior inferior cere­
bellar artery (AICA). 

Vertebral artery 

CN XI 

CNXll 

PlCA 

n r t-ru::: l:?-.\1! Transcochlear approach. The hypoglossal 
nerve is seen exiting the posteriorfossa. Its relationship to the pos­
terior inferior cerebellar artery (PICA) can be appreciated. 

F ACIAL NERVE TRANSPOSITION 

Long-segment or short-segment mobilization of the facial 
nerve may be performed. Short-segment mobilization con­
sists of mobilization of the nerve fron1 its second genu to 
the stylomastoid foramen. Long-segment mobilization con­
sists of mobilizing the nerve along its enti re temporal bone 
course from the root exit zone at the pontomedullary junc­
tion to the stylomastoid foramen. Anterior mobilization 
allows access to the jugular foramen, hypotympanum, 
ascending intrapetrous carotid artery, sigmoid sinus, upper 
neck, infratemporal fossa, and posterior fossa anterior to 
the sigmoid sinus. Anterior rerouting of the facial nerve is 
subtotal because the labyrinthine, intracanal icular, and 
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F 1 c, t R £ 12-.\7 Transcochlear approach. The lower cranial 
nerves are seen exiting the jugular foramen. The posterior infe­
rior cerebellar artery (PICA) is seen. 

intracranial portions of the facial nerve and their blood sup­
ply are left intact. Posterior mobilization is performed in 
total temporal bone resection. 

A11terior Mobi/izatio1i Teclmique 
With the canal wall up technique, the enti re tympanic and 
mastoid portions of the facial nerve are mobilized, and the 
mastoid tip is removed by following the digastric groove 
forward (lateral to the stylomastoid foran1en) and detach­
ing from it the sternocleidomastoid muscle, which is 
retracted posteriorly. T he posterior belly of the digastric 
muscle is elevated and retracted anteriorly. T he soft tissue 
of the stylomastoid foramen (SMF), including the perios­
teum and the enclosed facial nerve, is sharply elevated 
from the medial attachment. T he extratemporal facial nerve 
is followed to the pes anserinus, and the attached fibers to 
the digastric, postauricular, and stylohyoid muscles are 
divided. T he created stylomastoid cone of tissue and nerve 
is displaced and anchored to the fibrous tissue of the gle­
noid fossa. T his holds the facial nerve superiorly and ante­
riorly and prevents its being stretched. With the canal wall 
down technique, the posterior and inferior canal walls are 
taken down for a second genu pivot point, and additional 
resection of the anterior canal wal l is required for the first 
genu pivot point. Complete exposure of the middle ear and 
hypotympanum is followed by removal of the tympanic 
membrane and the ossicles. T hen the anterior rerouting 
proceeds in the same way as described in the canal up 
technique. 

Posterior Mobilization Technique 
After a complete labyrinthectomy, the facial nerve is iden­
tified at the second genu and labyrinthine segment. T he 
internal auditory canal can be traced from a widely opened 
vestibule, medial to the porus acusticus. The superior and 
inferior \Valls of the IAC are drilled to delineate its contents 
more fully. T he mastoid segment is identified and followed 
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dista lly to the stylo1nastoid fora1nen, liberating the nerve 
by sharp dissection with a beaver knife. The tytnpanic 
bone, external auditory canal skin, ossicles, and tympanic 
1ne1nbrane are removed. T he corda tyn1pani nerve is 
divided. The horizontal portion of the facial nerve is dis­
sected and isolated using angled picks after dividing the 
tensor tympani and stapedius tendons. Mobilization of the 
facial nerve frotn its fa llopian canal requires division of 
the GSPN. Once the nerve has been liberated frotn the 
labyrinthine, 1nastoid, and stylo1nastoid areas, attention 
should be turned to the internal auditory canal in i,vhich 
the facial nerve is found in the anterosuperior region. Care 
1nust be taken in n1an ipulating this seg1nent because the 
epineuriutn that maintains the fascicles together is absent, 
1naking this region 1nore vulnerable to datnage. After cotn­
pletion of the facial liberation, the nerve is transposed pos­
teriorly and fixed to the posterior fossa dura. Application of 
the suction device directly on the nerve should be avoided 
by protecting it with cottonoids. 

INTERNAL AUDITORY CANAL DRILLIN(; 

T he orientation of the IAC is a direct n1edial extension of 
the EAC. T hree techniques have been described to cotnplete 
dri lling the IAC. In the House technique, the GSPN is 
traced to the geniculate ganglion and the labyrinthine seg­
tnent of the nerve into the fundus of the IAC. At this point, 
the bone of the IAC is skeletonized. In the Fisch technique, 
the superior SCC is identified at the arcuate etninence. At 
this point, a 60-degree angle frotn the anterior end of the 
superior SCC defines a safe zone for dri lling the IAC. In the 
Garcia-Ibanez technique, once the arcuate etninence and 
geniculate ganglion are identified, dri lling is begun tnedi­
ally on a line bisecting the angle between the arcuate e1ni­
nence and the GSPN close to the porus acusticus. Drilling of 
the IAC is perfonned with dia1nond burs. T he latter tech­
nique is advantageous because the initial dri lling prior to 
the clear identification of the IAC is perfonned away frotn 
the susceptible inner ear structures. 

ANTERIOR PETROSAL DRILLING 

Beginning posteriorly and working anteriorly, the dura 
along the floor of the tetnporal fossa is e levated. By fol­
lowing the n1iddle 1neningeal artery, the foramen spin­
osum is identified. The artery is coagulated and divided. 
Medial to the foran1en spinosu1n, the GSPN and LSPN 
are identified as they course in the sphenopetrosal 
groove. The horizontal portion of the ICA runs parallel 
to and deep to the GSPN and posterior to the foramen 
ovate and the 1nandibular division of the trige1nina l 

nerve (V3). T he bone overlying this part of the ICA is 
removed using a dian1ond burr (Glassock's triangle). T he 
petrous bone anterior to the IAC, antero1nedial to the 
cochlea, and 1nedial to the ICA is retnoved at the level of 
the fora1nen lacerutn unti l the inferior petrosal sinus and 
the dura of the posterior fossa inferiorly and 1nedially, 
respectively (Kai,vase's triangle), are visuali zed. T his 
exposure pern1 its direct access to the superior CPA, 
cli vus, and cavernous sinus. 

PITFALL~, PEAf!_L~, C?NSIDERATIONS 

• Facial nerve injury 

• Sinus injury and/or occlusion 

• ICA injury 

• Cerebellar edema/contusion 

• Cerebrospinal fluid leak 

• Meningitis 
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Chapter 13 

RETROSIGMOID CRANIOTOMY 

IND1CATIONS FOR SURGERY 

• Cerebellopontine angle tumors 

• Tic douloureux 

• He1nifacial spas1n 

• Vestibular neurectomy 

• Glossopharyngeal and geniculate neuralgia 

• Vascular lesions of the posterior circulation 

ANATOMY 

The retrosig1noid region is that part of the cranium situated 
just behind the sigmoid sinus and below the transverse sinus. 
Adequate knowledge of the cisterns, vessels, and cranial 
nerves in this area is i1nportant when this approach is used. 

The lateral cerebellomedullary and cerebellopontine 
cisterns are encountered in this approach. As their names 
i1nply, they are located between the cerebellum and the 
medulla and the cerebellu1n and the pons, respectively. 
These cisterns interco1nmunicate. 

Three important arteries are encountered bilaterally in 
this region: the posterior inferior cerebellar arteries (PICA), 
the anterior inferior cerebellar arteries (AICA), and the 
superior cerebellar arteries (SCA). If these are very tortu­
ous, part of the vertebral or basilar artery also may be seen 
in the cerebellopontine angle. The PICA, which arises from 
the vertebral artery, is seen in relation to the lower cranial 
nerves. Occasionally, it may reach high enough to come 
into contact with the lower li1nit of the VII/VIII complex. 
The AICA, which arises fro1n the basilar artery, 1nay arise 
as more than one trunk. The distal AICA is seen in relation 
to the VII/VIII co1nplex. This nerve-re lated segment is 
divided into pren1eatal, nleatal , and post1neatal parts. The 
1neatal part forms a loop (1neatal loop), which travels along 
the VII/VIII nerve complex for a variable distance toward 
the internal acoustic 1neatus (JAM), ren1aining usually ante­
rior-inferior to the nerves. Several nerve-related branches 
of the AICA exist: the internal auditory arteries, recurrent 
perforating arteries, subarcuate artery, and cerebellosubar­
cuate artery. The internal auditory artery is the 1nost con­
stant branch of the AICA. The SCA arises fro1n the basilar 
quadrification courses back along the side of the mesen­
cephalon and pons , and is seen in the cerebellopontine 
angle in front of cranial nerve (CN) V. 

The veins of the posterior fossa can be divided into 
superficial, deep, brainstem, and bridging veins. Accord­
ingly, veins seen in this area are anterior he1nispheric veins, 
veins of the cerebellopontine fissure and middle cerebellar 
peduncular veins, lateral medull ary and lateral mesen-
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cephalic veins, and petrosal bridging veins. Petrosal veins 
are divided into superior and inferior veins, depending on 
whether they drain into the superior or inferior petrosal 
sinus. The superior petrosal veins are the 1nost prominent 
bridging veins of posterior fossa. They drain blood from a 
large part of the cerebellar hemisphere and brainstem. 
Superior petrosal veins are divided into a lateral, intenne­
diate, or medial group based on their re lation to the site of 
drainage into the superior petrosal sinus and IAM. The 
intennediate group drainsjust above the JAM. 

Cranial nerves V through XII are seen in this approach. 
CN V is a stout nerve arising from the upper and outer 
aspect of the anterior pons. Its motor co1nponent arises as a 
separate rootlet just anterior to the main nerve, and both 
quickly merge to fonn a single nerve. Loops of the SCA can 
be seen in front of the nerve at this level. The nerve courses 
anteriorly and outward to cross the petrous apex and enter 
into the Meckel's cave. 

Cranial nerve VI arises medially at the pontomedullary 
sulcus. It courses up the surface of the clivus exiting the 
posterior fossa through Dorella's canal. It enters the poste­
rior cavernous sinus on its way through the middle cranial 
fossa to the orbit. 

The VII/VIII complex, with the nervous intennedius in 
between, arises from the pontomedullary junction sur­
rounded by the same fascial sheath. They course back ward, 
downward, and outward toward the internal acoustic mea­
tus . A loop of AICA is seen coursing along the nerve 
anteroinferiorly for a variable distance. In so1ne occasions, 
the arterial loop also can go between the VIINIII co1nplex. 
The nerves traverse through the internal acoustic canal, 
with CN VIII supplying the auditory and vestibular appa­
ratus in the inner ear and the facial nerve coursing through 
the petrous bone to exit the cranial cavity at the stylo1nas­
toid fora1nen. The facial nerve and cochle.ar nerve lie ante­
rior to the superior and inferior vestibular nerve. The facial 
nerve is superior to the cochlear nerve and is separated 
from it by the transverse crest in the internal auditory canal 
(IAC). Both anteriorly placed nerves are separated fro1n the 
posteriorly placed vestibular nerves by Bill's bar. 

Cranial nerves IX, X, and XI arise as a Linear series of 
rootlets from just below the pontomedullary junction in the 
anterolateral medullary sulcus. After their origin, they con­
verge outward and backward toward the jugular foramen. 
The spinal root of the accessory nerve ascends up through 
the fora1nen niagnum and joins its cranial counterpart at the 
level of the jugular fora1nen. CN IX, X, and XI exit the cranial 
cavity through the jugular foramen; CN IX exits in a sepa­
rate dural sheath from that surrounding CN X and XI. CN 
XII lies in close proxi1nity to the vertebral artery-PICA junc­
tion. Its many rootlets exit through the hypoglossal canal. 
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POSITIONING AND SKIN INCISION 

The retrosig1noid craniotomy can be performed with the 
patient in the sitting, park-bench, lateral, or supine posi­
tion with the head rotated 1naximally to the contralateral 
side. The head is placed in Mayfieid three-point fixation 
regardless of the position chosen. In the lateral or park­
bench position, an axillary roll must be placed in the con­
tralateral axilla. The head is slightly flexed toward the 
floor and the ipsilateral shoulder pulled down to open 
the angle between the head and the shoulder. The head of 
the bed may be rotated to give the surgeon access to the 

region of interest. The patient must be securely taped to 
the operating table. 

The retroauricular skin incision 1nay be C shaped, lin­
ear, or a lazy "S" (Fig. 13-1). It should begin above the inion 
and should be paramedian in nature, typically about 5 mm 
1nedial to the 1nastoid notch. Depending on the location of 
the pathology, the incision 1nay extend 1nore proximally or 
distally. Important landmarks for posterior fossa surgery 
include the mastoid groove and mastoid tip, the inion, and 
a line that connects the posterior root of the zygoma with 
the inion (Fig. 13-2). A cranioto1ny beneath this line will be 
over the posterior fossa. The sig1noid sinus will lie beneath 
the 1nastoid groove . 

Inion ~ 
...... .... 

• 

Ma>toid tip 

Curvilinear 
skin 
incision 

f(( ; tJRE l]-1 Semicircular retroauricular incision. 

SURGICAL TECHNIQUE 

The suboccipital muscles are stripped a way fro1n the 
underlying bone in a subperiosteal fashion and a self­
retaining retractor placed. Either a cranioto1ny or a craniec­
to1ny may be perfonned (Fig. 13-3). A craniectomy is 
performed by placing multiple burr holes that are then 
connected with a rongeur. A craniotomy flap can be turned 
with the aid of a high-speed air drill. For pathology in the 
region of the fifth nerve and tentoriu1n, the craniotomy 
1nusl allow for visualization of the transverse/sigmoid 
junction superiorly. The bone opening need not include an 
opening of the fora1nen magnum. For pathology in the 
region of the VII/VIII co1nplex, the transverse/sig1noid 
junction should be visualized and, depending on the size 
of the tumor, the foran1en 1nagnu1n may need to be opened. 
For pathology involving the lower CNs, the transverse 
sinus need not be visualized, but the sigmoid sinus remains 
the lateral border. The foramen 1nagnum should be opened. 

Typically a K-shaped incision is made in the dura with 
the edges being based on the sinus. Occasionally, this is 

Top of mastoid groove 

~\ 
• 

Mastoid tip 

f((,llRE l3-2 Impotanl landmark.~ for posterior fossa surgery 
include the mastoid tip and groove, the inion, and a line bel\veen 
the inion and the posterior zygomatic root. 

Sigmoid s.inu~ Dural incision 

Posterior ----~----• 
fossa dura 

f [(, LIRE 1]-] A craniotomy has been turned and a dural inci­
sion outlined. 



done in the reverse, with the cut being 1nade close to the 
sinus and the fl aps reflected back tO\vard the 1nidline. 

T he lateral stuface of the cerebellar he1nisphere is visu­
a lized, and the operating 1nicroscope is brought into the 
field. With gentle 1nedial and superior retraction on the 
inferior port ion of the Lateral cerebellu1n, the cisterna 
1nagna co1nes into vie\v. T he arachnoid of this cistern is 
opened \vi th an arachnoid knife to allow the egress of cere­
brospinal fluid (CSF). This 1naneuver generally \vilJ relax 
the cerebelltnn to the extent that alinost no retraction is 
needed for the re1nainder of the procedure. 

For upper cerebellar pontine pathology, the retractor is 
placed superiorl y and the cerebellu1n is gently retracted 
1nedially. This \vill bring into vie\v, 1nost pro1ninently, the 
superior petrosal vein, the superior cerebeJlm· a1iery, and 
the fifth nerve coursing to\vard J'vleckel's cave (Fig. 13-4). 
T he tentoriu1n is just above. The fourth nerve 1nay be seen 
running tO\vm·d the 1nedial edge of the tentoriu1n. Place-
1nent of the retractor slightly 1nore inferior, and retracting 
gently 1nedially, brings into vie\v the seventh and twelfth 
nerve con1plex along with the anterior inferior cerebeJlm· 
artery and its branches (Figs. 13- 5 and 13-6). These nerves 
will head tO\vard the internal auditory canal. Moving the 
retractor slightly 1nore inferiorly on the lateral Stuface of 
the cerebellu1n all ows visualization of the CN IX/X/XI 
co1nplex along with the vertebral artery, the posterior infe­
rior cerebellar ar tery, and the ver tebrobasil ar junction 

CN VIII 

PIC.A 

CN IX Labyrinthine a rte• y 

I'll l 'RE 3 High-power view of the VIINIII complex. The 
labyrinthine artery is seen coursing with the nerves. Inferiorly, the 
posterior inferior cerebellar artery (PICA) loop is visualized. CN, 
cranial nerve. 

Tentoriu m 
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Superiot 
petrosal vein Suprameatal tubercle 

CNV 5uptrior cerebellar 
ar1ery 

CNVll/Vlll 
complex 

Fil l RE lJ- .. Superiorly in the cerebellopontine angle, the 
tentorium is seen, under which lies the superior petrosal vein 
overlying cranial nerve (CN) V. Interiorly, the VII/VIII complex 
is seen with branches of the anterior inferior cerebellar artery 
(AICA). 

CN VllN lll con1plex 

PICA Labyrinthine artery 

Fil l RE 1-'-'• Endoscopic view. From inferiorly, the seventh 
nerve is seen anterior to the eighth nerve. The labyrinthine artery 
is seen coursing with the VIJNIII complex. The posterior inferior 
cerebellar artery (PICA) loop is well visualized. CN, cranial nerve. 
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(Fig. 13-7). CN XIl can also usually be seen exiting through 
the hypoglossal canal (Fig. 13- 6). 

T he internal auditory canal 1nust be opened for the 
resection ofso1ne lesions. An inverted U-shaped incision is 
1nade in the dura at the opening of the porus acusticus 
(Fig. 13- 9). T he dura is gentl y elevated fro1n the underlying 

CN VIII 

CN IX 

CN X·XJ 

PICA 

FIGURE 13-7 The lower cranial nerves are seen editing 
through the jugular foramen. The posterior inferior cerebellar 
artery (PICA) is seen looping around them. CN, cranial nerve. 

Jugula r fora men 

AICA CNVllNlll AICA PICA 

FIGURE 13-9 The dural opening over the porus acusticus is 
outlined. CN, cranial nerve; PICA, posterior inferior cerebellar 
artery; AICA, anterior inferior cerebellar artery. 

bone and, with a s1nall cutting or dia1nond bu1T, the roof 
of the !AC is opened for a distance of about I c1n or untit 
the dura of the IAC is reached. T he bone superior and infe­
rior to the canal is drilled to open 180 degrees ci rcu1nferen­
tially around the IAC. T he VII/VIII co1nplex can then he 
fu lly visualized within the I AC (Figs. 13-10-13- 12). 

CN XII PICA 

FIGURE 13-ll T\velfth nerve rootlets are seen exiting the 
hypoglossal canal. Posterior inferior cerebellar artery (PICA) is 
seen looping around them. CN, cranial nerve. 

Super ior veslibular nerve Inferior veslibular 11erve 

AICA 

FIGURE 13- l 0 The internal auditory canal has been drilled 
exposing the two divisions of the vestibular nerve. The transverse 
crest separates the two. AICA, anterior inferior cerebellar artery. 



Cochlear nerve 

Reflected superior vestibular nerve 

flGl"RE l -' - 11 The vestibular nerve has been reflected to 
show the facial and cochlear nerves. 

PITFALLS, PEARLS, CONSIDERATIONS 

• Air embolism 

• Sinus lacerations or occlusions 

• Cerebellar contusions 

• Hydrocephalus and posterior fossa swelling 

• CSF leak 

• Postcraniectomy headaches 

• Aseptic meningitis 

• Bacterial meningitis 

SUGGESTED READINGS 

Day JD, Tscttabitscher M. Anatomic position of theasterion. Neu­
rosurgery. 1998;42:198-199. 

Day JD, Kellogg JX, Tscbabitscher M, Fukushima T. Surface and 
superficial surgical anatomy of the posterolateral cranial base: 
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Facial nerve 13ill's bar Cochlear nerve 

rt{,l"RE 13-12 The facial and cochlear nerves are separated 
by Bill's bar. 
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MIDLINE AND PARAMEDIAN 

SUBOCCIPITAL APPROACHES 

INDICATIONS FOR APPROACH 

• Vascular and neoplastic pathology of the cerebellar 
hemispheres, vennis, fourth ventricle, brainste1n, and 
fora1nen magnu1n 

• Chiari decompression 

ANATOMY 

The cerebellu1n is divided into a median part, the verrnis, 
and two lateral parts, the cerebellar hemispheres. The ver­
mis is separated clearly from the hen1ispheres only inferi­
orly. Each part of the vennis is continuous with so1ne 
portion of the cerebellar hemispheres, with the exception 
of the inferior portion of the vermis. Each cerebellar hemi­
sphere is divided into Jobes by several fissures. The pri­
mary fissure on the superior surface separates the anterior 
and posterior Jobes. The horizontal fissure extends fro1n 
one middle cerebellar peduncle to the next within the pos­
terior Jobe. The posterolateral fissure separates the poste­
rior lobe from the flocculonodular lobe, which is located on 
the inferior surface of the cerebellum close to the brain stein. 
The flocculonodular lobe consists of the nodule in the ver­
mis and the laterally located flocculus. The nodul us lies in 
the undersurface of the midline, and the flocculus lies adja­
cent to the vestibulocochlear nerve. 

The cerebellu1n attaches to the brains te1n via the 
peduncles. The inferior cerebellar peduncle connects the 
cerebellu1n to the medulla. The middle cerebellar pedun­
cle, the largest of the cerebellar peduncles, attaches the cere­
bellum to the base of the pons. The superior cerebellar 
peduncle projects fro1n the midbrain and diencephalon. 
Fro1n lateral to 1nedial, there are four intracerebellar nuclei: 
the dentate nucleus, the e1nboliform nucleus, the globose 
nucleus, and the fastigial nucleus. 

The cerebellu1n is separated from the brainstem by the 
fourth ventricle. The upper part of the tent-shaped roof of 
the fourth ventricle, which extends between the two supe­
rior cerebellar hemispheres, is called the anterior rnedullary 
velum. The lingula, a 1nidline portion of the cerebellu1n, is 
attached to the anterior medullary velum. The lower por­
tion of the roof, fro1n which is attached the choroid plexus 
of the fourth ventricle, is fonned by a thin pia-ependymal 
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lining. This 1ne1nbrane is referred to as the posterior 
medullary velum. The anterior medullary velum is contigu­
ous with the posterior medullary velum at the apex of the 
fourth ventricle, called the fastigium. Two lateral apertures, 
the foramina of Luschka, allow the egress of cerebrospinal 
fluid (CSF) into the cerebellopontine cistern. The foramen 
Magendie, a 1nedian aperture, allows the egress of CSF into 
the cerebellomedullary cistern. 

The floor of the fourth ventricle is rhomboid shaped. A 
median sulcus can be seen in the midline that divides the 
rhombus into sy1n1netrical sides. On each side runs a ridge 
called the rnedian e1ni11ence, each bounded laterally by the sul­
cus limitans. At the 1nost inferior end of the fourth ventricle is 
the obex. In the floor of the fourth, the stria 1nedullaris can be 
seen connecting the arcuate nucleus with the middle cerebral 
peduncle. The facial colliculus overlies the abducens nucleus 
and the genu of the facial nerve. The locus ceruleus lies just 
rostral to the facial colliculus. Just posterior to the stria 
medullaris lies the hypoglossal trigone, which overlies the 
hypoglossal nerve. The vagal trigone lies lateral and posterior 
to the hypoglossal trigone and overlies the vagus nerve 
nucleus. The vestibular area lies just beneath and lateral to the 
stria medullaris and overlies the eighth nerve nucleus. 

POSITIONING AND SKIN INCISION 

Both the midline and paramedian approaches can be per­
fonned with the patient in either the prone or sitting position 
(Fig. 14-IA, B). The prone position bas the advantages of 
(I) minilnizing the likelihood of air e1nbolis1n and (2) achiev­
ing the controlled release of CSF. In the sitting position, blood, 
by virtue of gravity, drains out of the field, ventilation is unen­
cumbered, and venous drainage 1nay be enhanced, thus 
reducing intracranial pressure. Air embolism and surgeon's 
arm fatigue are disadvantages of the sitting position. 

If the prone position is chosen, the head is placed in 
Mayfield three-point fixation, the patient is placed on chest 
rolls, and all pressure points are well padded. For para1ne­
dian incisions, the head can be rotated so that the operative 
side is uppermost. In the sitting position, three-point fixa­
tion is also used; however, precordial Dopplers and a cen­
tral venous line to the right atriun1 should be placed to 
detect and evacuate air e1nboli. 
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The skin incision uses know ledge of several surface 
landn1arks, including the 1nastoid tip for panunedian inci­
sions and the inion and spinous processes of C2 and the 
lower cervical spine. The transverse sinus runs approxi-
1nately fro1n the level of the inion to the external auditory 
1neatus. The sig1noid- transverse junction is near the nlaS­
toid notch. The sig1noid sinus is under the 1nastoid groove, 

For a 1nidline suboccipitaJ approach, the skin incision 
begins 2 to 3 cn1 above the inion and is carried to the upper 
cervical spine region. For parainedian lesions, the skin inci­
sion may be an inverted U-shaped incision or a linear or 
slightly curvilinear one based over the location of the lesion. 

Midlfne 

/\ skin 
incision .- .............. 

{ ? 
~ B A ,,.,. 

SURGICAL TECHNIQUE 

The underlying muscles are stripped away from the sub­
occipital bone, upper cervical la1nina, and spino us 
processes in a subperiosteal fashion (Fig. 14-2). Cerebellar 
or bent Adson self-retaining retractors are used to 1naintain 
adequate exposure. For para1nedian exposures, the occipi­
tal artery must be identified and coagulated appropriate ly 
to 1naintain intraoperative and postoperative hemostasis. 

Either a craniotomy or a craniectomy can be per­
formed. Two burr holes can be placed on either side of 

Midline 

' 
skin 
incis ion 

' 
• 
' +.s 

.7 

Fl<; t ,RF l+-1 A: Midline skin incision done wirh the parienr in rhe siuing posirion. B: Midline 
skin incision wirh patienl in !he prune posirion . 

• 

- ...... _. - • 
Craniotomy 
outllnecl 

FIGl1lU: l~-2 The inion and lamina of Cl are seen. The cran­
ioromy is oullined. 

the 1nidline septu1n with a Cod1nan perforating burr, and 
after duraI separation, the Midas BI foot-p lated tool can 
be used to turn a craniotomy flap. Alternatively, a BI or 
C 1 tool can be used to score the margins of a flap, and 
then a Kerrison 1 can be used to liberate the bone flap. A 
craniectomy is performed by perforating the bone with 
multiple burr holes. Rongeurs can be used to connect the 
burr holes, thereby co1npleting the bone re1noval. For a 
para1nedian approach, the sa1ne techniques can be used. 
The foramen magnum is generally opened with 
rongeurs, and for pathology that extends into the upper 

cervical spine, posterior cervical laminecto1nies can be 
performed in the usual fashion 

For the midline approach, dura is generaJ!y opened in a Y­
shaped fashion . The straight limb of the "Y" is carried down to 
the region of the foramen 1nagnum or below if the pathology 
extends into the spinal canal. The inferior sagittal sinus occa­
sionally is prominent and requires ligation. Dural flaps are 
reflected superolatera!Iy and held by stitches. The cerebellar 
he1nispheres and vermis come immediately into view 
(Figs. 14-3 and 14-4). The arachnoid over the ciste111a magna 
is then entered to drain CSF and allow for brain relaxation. 
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As the arachnoid is separated, the cerebellar tonsils 
arc seen abutting in the 1nidline. Interiorly, the loops of 
the posterior inferior cerebellar ar tery (PICA) tnay be 
seen in relation to the tonsils. PICA anato1ny 1nay be vari­
able; therefore, a revie\v of the preoperative angiogra1n 
is probably wise. T he tonsi ls 1nay be carefully 1nobil ized 
by sectioning arachnoid bands. T hen they are ret racted 
laterally \v ith sel f- retaining retractors, taking care not to 
injtue or co1npress PICA. As the tonsils are retracted, the 
fora1nen Magendie is opened and the floor of the fourth 
ventric le Gm be Seen. To reach the lateral recesses of the 
fou rth ventricle, the tonsi ls and floccu lus of the cerebel­
ltun need to be 1nobilized further by incising tethering 
arachnoid bands and retracting laterally. As the tonsils 
are retracted laterally, the inferior 1nedullary velu1n can 
be seen covering the region of the fora1nen of Luschka 

Cerebellum (subocd pital surface) 

PICA CerebPlla1 tonsil 

FIGlfRE l.t - 3 
opening the dura. 

Both cerebellar hemispheres are visible after 

Uvu1a PICA (medial trunk) 

PICA (laceral trunk) Obex 

Inferior 
medullary velum 

Floor of IV ventricle 

FIGURE I .t-:' The floor of the fourth ventricle is seen. A pos­
terior inferior cerebellar artery (PICA) branch, Lhe obex, inferior 
medullary velum, and uvula are also well visualized. 

(Fig. 14- 5). The inferior and lateral portions of the ven­
tricle are no\v visualized (Fig. 14-6). To view the upper 
part of the fourth ventricle, a s1nall incision is tnade in the 
inferior section of the vennis between the vennian arter­
ies, and the t\VO cerebellar he1nispheres are retracted lat­
erally. The upper portion of the ventricle and aqueductal 
orifice can be appreciated. 

For the panunedian approach, entrance into the he1ni­
spheres is 1nade by coagu lating the pia- arachnoid and per­
tonning a corticecto1ny that uses the bipolar cauterization 
and suction technique, 

C losure of the posterior fossa n1uSt be in a watertight 
fashion and occasionally will require the use of dural sub­
s ti tut es or autologous grafts. T he 1nuscles and skin 
shou ld be closed in tnu ltip le layers to act as a barrier 
against CSF leakage. 

Ce1ebellum Verm1s 
PICA 

(medi<ll trunk) Cerebellum 

FIGURE l-l--1 Separation of the hemispheres exposes the ver­
mis and both posterior inferior cerebellar arteries (PICAs). 
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FI<.l 1R.E 14 -(1 The inferior cerebellar peduncle and structures 
in the floor of the fourth ventricle are visualized. 
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PITFALL PEARL CONSJP.J,;RATIQNS • 
• Good hemostasis must be achieved 

• Postoperative hematomas 

• Avoid sinus injuries 

• Avoid cerebellar contusions 

• Avoid vascular co1npression or injury especially to PICA 

• Watertight closure to prevent CSF fistula 

• Air e1nbolism 
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EXTREME LATERAL APPROACH 

INDICATIONS FOR APPROACH 

• Intradural mass lesions ventral to the cervicomedul­
tary junction 

• Extradural tu1nors involving the lower cli vus, occipital 
condyle, or jugular forrunen 

• Vertebral artery involve1nent in rheu1natological and 
developmental disease 

• Vertebral artery and vertebral- basilru· junction aneurysms 

• Arteriovenous 1nalformations located anteriorly near 
the midline 

ANATOMY -
Perfonnance of the extre1ne lateral approach requires 
u nders tandi ng the musculoskeletal and neurovasc ular 
anato1ny of this complex region. 

MUSCLES 

The muscles are grouped in three layers. The first and 
most superficial layer of 1nuscles encountered includes the 
sternocleido1nastoid (SCM) laterally and the trapezi us 
medially (Fig. 15- 1). The sternocleidomastoid overlies the 
Cl transverse process and attaches to the mastoid process. 
The middle layer of 1nuscles encountered includes the 
splenitis capitis, longissimus capitis, semispinalis capitis, 
and splenius cervicis. Detaching the SCM and reflecting it 
laterally exposes the upper extension of the splenitis capi­
tis (Fig. 15-2A). Detaching the splenius capitis muscles 
and reflecting them medially exposes the longissimus 
capitis muscle (Fig. 15-2B). Reflecting the longissi1nus 
muscle downward exposes the semispinalis capitis and 
the superior and inferior oblique 1nuscles as well as the 
transverse process of the atlas. The semispinalis capitis is 
reflected medially to expose the inner muscle layer that 
bounds the suboccipital triangle (Fig. 15- 3), The inner 
muscle layer is co1nposed of the superior and inferior 
oblique 1nuscles and the rectus capitis posterior 1najor. The 
triangle deep to this muscle is covered by a layer of dense 
fibrofatty tissue. The structures in the triangle are the ver­
tebral artery and the CI nerve. 

BONE 

The occipital bone surrounds the foramen magnum. It is 
divided into a squamosal part located above and behind the 
foramen magnu1n, a basal part situated in front of the fora­
men magnum, and paired condylar parts located lateral to 
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Occipital 
nerve 

Trapeziu~ _ _ _ 

muscle 

Occipital artery 

SternocJeidomasioid muscle 

FIGURE l5-l The superficial-most muscle layer is composed 
of the trapezi us and sternocleidomastoid muscles 

the fora1nen 1nagnu1n. The paired occipital condyles ru·ticu­
late with the superior articular processes of the atlas. These 
condyles are located lateral to the anterior half of the fora-
1nen 1nagnum. The hypoglossal canal, which transmits the 
hypoglossal nerve, is situated above the condyle and is sep­
arated from the jugular fora1nen by the jugular tubercle. The 
hypoglossal canal is surrounded by cortical bone. The con­
tents of the hypoglossal canal are the hypoglossal nerve and 
meningeal branch of the ascending pharyngeal artery and 
the venous plexus of the hypo gloss al canal. The intracranial 
end of the hypoglossal canal is located approximately 5 mm 
above the junction of the posterior and middle third of the 
occipital condyle and approximately 5 mm below the jugu­
lru· tubercle. The canal is directed forward and laterally at a 
45-degree angle with the sagittal plane. On the intracranial 
surface of the condylru· pru·t, an oval prominence, the j ugu­
lar tubercle sits just superior to the hypoglossal canal and 
just medial to the lower extent of the petroclival fissuTe. The 
jugular fora1nen is situated lateral and slightly superior to 
the anterior half of the condyles. It is bordered posteriorly 
by the jugular process of the occipital bone and anteriorly 
and superiorly by the jugul ru· fossa of the petrous portion 
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Spienius . ' C(lf)1t1S 

muscle 

fJl,{ JR_[ 15-2 The see-0nd layer of muscles. A: Splenius capitis. B: Longis­
slmufi capitis and semispinal is capitis. 

Semispinalls 
capitis muscle 

Longissimus 
c:apitis muscle 

Superior obl ique muscle 

Fh l R£ 15-.:' The deepest layer of muscles is the suboc­
cipital triangle composed of the infe rior and superior oblique 
muscles and the rectus ca pi tis posterior major. In the floor of 
this triangle , the vertebral artery will be seen. 

Recrus capirus 
posterior major m uscle 

Vertebral artery In ferior Ob lique mus<:le 

of the temporal bone. The structures that traverse the jugu­
lar foramen are the sigmoid sinus and jugular bulb, inferior 
petrosal sinus, inferior meningeal branch of the ascending 
pharyngeal artery, the occipital artery, the glossopharyngeal 
vagus, and accessory nerves with their ganglia. 

The atlas, the first cervical vertebra, differs from the 
other cervical vertebra by being ring-shaped and Jacking a 
vertebral body and spinous process. The upper surface of 
each lateral 1nass has an oval conchal facet that faces 

upward and medially and articulates with the occipital 
condyle that faces downward and laterally. Each transverse 
foramen that transmits the vertebral artery, and on which 
the nerve root sits is situated between the lateral mass and 
the transverse process. The axis, the second cervical verte­
bra, more closely resembles the typical vertebra than the 
atlas but is distinguished by the odontoid process, which 
projects upward frotn the body. The dens is 1.0 to 1.5 ctn 
long and approximately 1.0 ctn wide. 



92 • CRANIAL A1>PROACHES 

NEUROVASCULATURE 

The paired vertebral arteries arise fro1n the subclavian 
arteries and ascend through the process of the sixth cervical 
vertebral, pass behind the lateral masses of the axis, enter 
the dura 1nater behind the occipital condyles, ascend 
through the fora men magnum 10 the front of the medulla. 
and join to form the basilar artery at the pontomeduJlary 
junction. Each artery is divided into an intradural and an 
extradural part. The extradural part is divided into three 
segn1ents: The lirst segment extends from the origin al the 
subclav ian artery to the entrance into the lowest transverse 
foramen, usually at the C6 level. The second segment 
ascends through the transverse foramen of the upper six 
cervical vertebrae in front of the cervica l nerve roots. This 
seg1nent dev iates latera lly just above the axis to reach the 
latera lly placed transverse forainen of the atlas. The third 
seg1nent, the one 1nost intim ate ly re lated to the fora1nen 
1nagn u1n, extends fro1n the fora1nen in the transverse 
process of the at las to the site of passage through the dura 
111 ater. The vertebral artery is covered by fatty tissue and 
by a heavy venous plexus. The venous plexus 111ay be 
encountered first in the fascia) layer between the middle 
and inner 1nuscle layers. The 1najore1nissary vein encoun­
tered during this approach is the posterior condylar e111is­
sary vein. It is located just posterior and lateral to the 
occipital condyle and joins the jugular bulb. The vertebral 
artery penetrates the atlantooccipital 111embrane and is sur­
rounded by a thickened ring of dura as it enters the sub­
arachnoid space. The CI nerve root passes through the 
du ra mater of the lo\ver s urface of the vertebral artery 
bet\veen the artery and the groove on the posterior arch of 
the atlas \vi th the vertebral artery. 

The intradural seg1nent of the artery begins at the dural 
fora1nina just inferior to the lateral edge of the fora1nen 
magnu1n. The intradural part of the artery is divided into 
lateral and anterior 1nedullary seg111ents. The lateral 
1nedullary segment begins at the dural foramen and passes 
anterior and superior along the lateral medullary surface to 
terminate at the preolivary sulcus. The anterior medullary 
segment begins at the preolivary sulcus and crosses the 
pyramid to join with the other vertebral artery at or near 
the ponton1edullary sulcus to forn1 the basilar artery. 

POSI flONINu AND ~KIN INCISION 

The patient is placed in the lateral decubitus position with 
the axis of the body lying approximately 45 degrees from 
the horizontal. The head is held in Mayfield three-point fix. 
ation with the neck flexed to allow one fingerbreadth 
between the chin and sternu1n, ro tated about 45 degrees to 
the contralateral side, and tilted about 30 degrees toward 
the contra) ateral shou Ider. The i psi I ateral shou Ider is pu lied 
down and secured to widen the angle of approach. The 
1nastoid process is the hig hest point in the surgical field. 

A C-shaped incision is generally fas hioned; however, 
when an occipital-<:ervical fusion is planned as part of the 
procedure; or, as a second procedure, an inverted U-shaped 
incision 1nay be used (Fig. I 5-4A, B). The C -shaped inci­
sion begins at the level of the pitma of the ear and cur ves 
around the ear to the region of the mastoid tip, ending over 
the sternocleidomastoid muscle at about the level of C4. 
The horseshoe incision begins in t he midline about 5 cm 
below the in ion and is directed up to I cm above the inion. 
It then curves over to the mastoid region and runs do\vn­
ward along the sternocleidomastoid muscle. 

lnver1ed U-shaped incision 

Curvillnear 
skin 
incision 

--·,·· ........ __ , __ 

Mastoid 
tip 

)( 

Mastoid tip 

fll l Rf 1 'i ' Skin incisions. The C-shaped incision is d emons1ra1ed in 1his right-si ded 
approach. The U-shaped incision is Suggesred if a fusion is planned. 



SURGICAL TECHNIQUE 

POSfEROLATERAL NECK DISSECTION 

AND VERTEBRAL ARTERY EXPOSURE 

After the skin and superficial fascia have been reflected, the 
superficial muscle layer, which is composed of the stern­
ocleidomastoid and trapezius muscles, is identified 
(Fig. 15-5). The sternocleidomastoid muscle is detached 
from the mastoid tip and reflected laterally to reveal the 

Splenius 
c:apiris muscle 
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underlying middle layer of muscles raking origin from the 
superior nuchal line. The splenius capitis musc le is 
detached and reflected medially to reveal the underlyin g 
longissimus capitis and semispinal is capitis muscles as well 
as the occipital artery (Figs. 15-6 and 15-7). Reflection of 
the longissimus capitis and semispinal is capitis allows visu­
alization of the deepest muscle layer consisting of the supe­
rior and inferior oblique musc les that attach laterally to the 
transverse process of C 1 and the rectus capitis posterior 
major (Fig. 15-8). All muscles are reflected medially with 

Splenlus 
ca pi tis mu>c:le 

Sternocleiclo1nastoid 
muscle 

r H;l RE I S-5 The superficial layer of muscles is exposed afte.r 
the skin incision. 

Sern ispina lis 
capitis muscle 

Longissumus 
ca pi tis mu~c:le 

FIGL RE 15- C• The sternocleidomastoid muscle has been 
renected laterally to expose the spleniti s capitis muscle. The arrow 
denotes the occipital artery. 
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Fl<.t:RE 15-7 The splenius capitis and the longissimus capitis 
have been reflected to expose the semispi nals capitis. 

Mastoid 
tip 

Inferior 
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'muscle 

rt ,t :RE 15-!1 Reflecting the semispinals capitis muscle 
exposes the suboccipital triangle. The C2 dorsal ramus is also seen. 
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the exception of the sternocleido1nastoid tnuscle, \Vhich is 
reflected 1 at er ally. 

The vertebral artery 1nust be identified early and this can 
be done in severa l \vays (Fig. 15- 9). T he oblique 1nuscles 
attach to the lateral 1nass of C l , \vhich can be easily identi­
fied and palpated. T he ru·tery runs through the transverse 
fora1nen and the palpable bony land!nark can help locate the 
artery. Additionally, the C2 dorsal ra1nus can be fo llowed to 
the C l - 2 region, where the vertebral ru·tery can be found to 
course just anterior to it. T he ru·tery is encased in a dense 
venous plexus that 1nust be entered to trace the vertebral 

Vertebral 
venous 
plexu!> 

Cl 
[tansverse 
process 

C2 
ventral 
ram us 

FIGURE 15-9 The arrows denote three landmarks for verte­
bral ar1ery identification: the C2 nerve root, the vertebral venous 
plexus, and the Cl transverse process. 
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Ft<-llRE 15-10 Exposure of the V3 segment of the vertebral 
artery. The Cl lamina, the C2 nerve root, and the muscular branch 
of the vertebral artery are seen. The vertebral artery relationship 
with the occipital condyle and CJ lamina is seen. 

Cl facet artery. Variations in the anatomy of the vertebral artery are 
common and should be identified. Vertebral artery b ranches 
should be identified but not sacrificed. The 1nusculru· branch 
of the vertebral artery occasionally supplies regions of the 
posterior fossa. In addition, the poste1ior inferior cerebellar 
ru·tery (PICA) also may arise from the vertebral artery 
extradurally. Through a subperiosteal dissection, the lrunina 
of Cl and C2 are exposed. The vertebral a1tery is mobilized 
by opening the Cl transverse foramen and displacing the 
artery from its groove superior to the hemilamina of C l 
(Figs. 15- lOA, Band 15-11). 

Reflected 
vertebral 
artery 

fJ(,lfRE 15- 11 Posteromedial mobilization of the vertebral 
artery. 



LATERAL SUBOCCIPITA L CRANIOTOM Y 

AN D C ONDY LAR B ONE RESECTION 

Several viu-iations of the extre1ne lateral approach have been 
described, including transfacetal, retrocondy lar, part ial 
transcondy Jar, transcondy Jar , transtubercu lar, and transj ugu­
lar approaches. Each requires early identification and 1nobi­
lization of the vertebral artery but differs in the a1nount of 
bone resect ion pe1t"onned to achieve exposure. 

1. Tranefacetal approad1 (Fig. 15- J2): No suboccipital cran­
ioto1ny or c raniecto1ny is pe1t"onned. T he first step is 
to perfonn a CJ and C2 he1n ila1ninecto1ny. T he poste· 
rior half of the CI - 2 facet joint and the occipital 
condyle are drilled unt il the CJ and C2 nerve roots are 
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exposed. An occipitocervical fusion is often required 
following this approach. 

2. Retrocondylar approach (Fig. 15- J3): A suboccip ita l 
cranioto1ny or craniecto1ny is per fonned a long with 
re1noval of the CJ he1nila1nina and transverse process­
T here is no drilling of the occipital condy le for th is 
approach. 

3. Partial transcondylar approach (Figs . I 5- J 4A, B and 
J5- 15): A suboccipital cranioto1ny or cran iecto1ny is 
perfonned. After postero1nedial 1nobi lizat ion of the 
vertebra l artery, the posterior th ird of the occipital 
condy le and the superior facet of CI are drilled. The 
land1nark for the li1nit of condylar drilling is the 
hypoglossal canal. 
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fl<>l :RE 15-12 Transfacetal approach. The arrow is showing 
removal of the medial part of the facet. 
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FIGl RE 15-13 Retrocondylar approach. The suboccipital 
craniotomy is out lined. A hemilaminectomy at Cl has been per­
formed. 
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FIGl RE 15-14 Partial transcondylar approach inferior view of the skull with an instrument passed through the hypoglossal canal 
to demonstrate its orientation in respect to the sagittal plane. Superior view of the same skoll . 
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FIG ll RE i 5-15 A partial transcondylar approach has own 
performed. 

4. Transcondylarapproach (Fig. 15- 16): After a suboccipital 
craniotomy or craniectomy and posteromedial mobi­
lization of the vertebral artery, the posterior half of the 
occipital condyle is dri lled and the hypoglossal canal 
exposed. Depending on the extent of the lesion, the 
whole condyle may require drilling. An occipitocervi­
cal fusion is required after this procedure. 

C2 nerve root 

Dural 
inc1s1on 

Sigmoid 
sinu~ 
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art ery 

15- 17 A trans tubercular approach has bee n per­
formed and Lhe dural incision has been outlined. 

Cereberlar dura Sigmoid sinus 

HypcglOS$<ll 
canal 

"-16 Transcondylar approach. The arrow de notes 
the hypoglossal canal. 

5. Transtubercular approach (Figs. 15- 17 and 15- 18): The 
bone above the hypoglossal canal is the jugular tuber­
cle. Drilling this provides access to the tniddl e cli vus. 
The posteromedial third or half of the occipital 
condyle- facet joint co1nplex is drilled. The jugular 
tubercle is removed extradurally to provide additional 
space for intradural exposure. 

Sigmoid sinus 
Site of resected 
Jugular tu~rde 

~~-r-- Hypoglossal 
nerve 

flGl RE 15- 18 The jugular tubercle has been re.~ected. The 
arrow de notes where it was located. 



6. Transjugular approach (Fig. 15- 19): A total 1nastoidec­
to1ny \vith anterior 1nobiJization of the 1nastoid seg-
1nent of the facial nerve fro1n the fallopian canal is 
required. T he lateral aspect of the jugular bulb and vein 
1nust be exposed. T he jugular process of the occipital 
bone, \vhich fonns the posterior and inferior \vall of the 
jugular bulb, is dri lled away. 

T he dura is opened posterior to the si g1noid sinus, 
leaving a cuff ofdura a round the vertebral artery allo\ving 
the artery to be 1nobi lized anteriorly. It extend s dO\Vn 
across the region of the fora1nen 1nagnu1n longitudinally 
into the region of the upper cervical spine. The cervical 
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dura is opened on the latera l aspect of the thecal sac in11ne­
diately posterior to the exiting nerve roots. The dural ring 
around the vertebral artery is co1npletely opened to allo\v 
for 1naxi1nu1n 1nobilization of the artery (Fig. 15- 17). This 
openin g also avoids inadvertent injury to the vertebral 
branches that arise extradurally or nea r the dural entrance 
of the vertebral artery . Once the d ura is opened, a self­
retaining retractor 1nay be placed to superiorly and n1edi­
ally reflect the cerebellar he1nisphere. Opening the cisterna 
1nagna \viii a llow the egress of cerebrospinal fluid (CSF) to 
relax the brain. Clear identification can then be 1nade of cra­
nial nerve (CN) VT, through XII as \veil as the vertebral 
artery, posterior inferior cerebellar arte ry (PICA), the 
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FIGURE 15- 9 Transjugular approach. A toial mas­
toidectomy has been performed and the hypoglossal canal 
has been opened. The jugular bulb and the internal jugular 
vein are seen. CN, cranial nerve. 
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vertebrobasi lar junction, and the contralateral vertebral 
artery (Figs. 15- 20-15- 23). 

At the end of the procedure, the dura is closed in a 
\Vatertight fashion, and if a craniotomy \Vas turned, the 
bone is reattached. Stability of the transcervical junc-

Cerebellum suboccipital ~urface 

Spinal 
accessory 
nerve 

1-iypoglossal 
canal 

Vertebral 
artery 

tion is an issue that 1nust be addressed if 1nore than two 
th irds of the condy le is drilled. If such is the case, an 
occipital to cervical fusion \vi th i nstru1nentation 1nay be 
perforined in the satne sitting or with a second operative 
procedure. 

PICA 

Vertebral 
artery 

Flhl rtU: L5-20 A panoramic view after the extreme lateral 
approach has been performed. The hypoglossal and spinal acces­
sory nerve.~ as well as the vertebral artery are seen. 

Fl<,URE 15-21 The relationship between the lower cranial 
nerves (CN) and the vertebral artery is demonstrated, PICA, pos­
terior inferior cerebellar artery. 

Cerebellum suboccipital surface 

CNXll 

FIGURE 15- 22 The jugular bulb, hypoglossal canal, 
and spinal accessory nerve are seen. CN, cranial nerve. 

Jugular foramen CN XIXI HYPoglossal canal 

CN )( It 

PICA 

FIGURE 15-23 The jugular foramen, hypoglossal foramen, and 
posterior inferior cerebellar artery (PICA) are seen. CN, cranial nerve. 



PITFALLS, PEARLS, CONSIDERATIONS 

• CSF leak 

• Vertebral injury 

• Lower cranial nerve injury 

• Cranial -cervical instability 
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APPROACHES TO 'l'HE POSTERIOR 

THIRD VENTRICLE AND PINEAL REGION 

INDICATIONS FOR APPROACH 

• Pineal and third ventricular lesions 

ANATOMY 

The posterior third ventricular or pineal region is the deep­
est portion of the intracranial cavity. Surgery in this region 
is co1nplicated by the depth of field and the potential for 
inadvertent injury to the 1najor veins and neural structures 
within the region. 

CISTERNAL ANATOMY 

The pineal region is a confluence of six arachnoidal cisterns: 
the quadrige1ninal, cistern, bilateral a1nbient cisterns, pos­
terior pericallosal cistern, superior cerebellar cistern, and 
cisterna velum interpositu1n. The cisterns are separated by 
thick arachnoidal trabeculations. 

The quaclrigeminal cistern sits in both the supratentor­
ial and infratentorial co1npartn1ents. It is bounded anteri­
orly by the superior 1nedullary velum, the quadrigeminal 
plate of the midbrain, and the pineal gland. Posteriorly, its 
thick arachnoid attaches to the tentorium. Laterally, loose 
arachnoid trabeculations separate it fro1n the a1nbient cis­
terns. The major structure contained in this cistern is the 
great vein of Galen. Also found in this cistern are the ter­
minal portions of the internal cerebral veins, the basal vein 
of Rosenthal, the pericallosal veins, the internal occipital 
veins, and other tributaries of the vein of Galen. The poste­
rior pericallosal artery originates in this cistern, the P4 seg­
ment of the poste1ior cerebral artery traverses this cistern, 
and the medial posterior choroidal artery courses through 
this cistern to enter the cisterna velum interpositu1n. 
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The ambient cistern also lies both supratentorially and 
infratentorially and is straddled lateral ly by the tentorial 
notch. It e1nbraces the lateral aspect of the brainste1n and is 
bounded medially by the mesial temporal lobe (supraten­
torial) and the quadrangular lobe of the cerebellum 
(infratentorial). Inferiorly. arachnoid separates it from the 
cerebellopontine cistern. It extends superiorly between the 
te1nporal lobe and 1nidbrain over the pul vinar of the thala­
mus to its antero1nedial li1nit in the region of the velu1n 
interpositum near the foramen of Monroe. The major con­
tents of this cistern are the P2 and P3 segments of the pos­
terior cerebral artery. the superior cerebellar artery. 
perforators to the brainstem, the basal vein of Rosenthal , 
and the fourth cranial nerve. 

The pericallosal cistern is divided into anterior and pos­
terior portions at the branching point of the pericallosal and 
calloso1narginal arteries. As the cistern is traced posteriorly, 
it joins the quadrigeminal cistern and the cisterna velum 
interpositu1n. The pericallosal cistern contains the perical­
losal arteries . 

The superior cerebellar cistern covers the anterior vennis 
of the cerebellum and extends laterally as the subaracbnoid 
space over tbe cerebellar he1nispberes. Anterosuperiorly, it 
blends with the quadrigeminal cistern and cisterna ambiens. 
It contains the terminal portion of the superior cerebellar 
artery and the superior cerebellar and vennian veins. 

The cisterna velum interpositu1n, a small slit-like com­
partment below the splenium, extends from the foramen of 
Monroe anteriorly to the Habenular co1n1nissure posteri­
orly. Anteriorly, the fomices form its roof, converging 
toward the fora1nen of Monroe. Below lies the roof of the 
third ventricle. The cistern a velum i nterpositum blends 
with the quadrige1ninal cistern posteriorly. It contains the 
internal cerebral vein, medial posterior choroid al artery, 
and branches of the pericallosal artery. 
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NEUROVASC'ULAR ANATOMY 

The p ineal region is bounded anteri orly by the quadrige1n ­
inal plate, the pineal body, and the habenu lar co1nplex. T he 
sp leninun1 of the corpus callosum forms the roof of th is 
region. The lateral boundaries are the 1nesial te1npo ra l and 
occip ital Jobes and the pulvinar of the thala1nus. T he supe-

Posterior 
cerebral 
artery 

Pulvinar of 
the thalamu~ 

Pineal 
g land 

PCA 

Third ventricle 5plenium Pineal gland 

Cerebellar vermls 

rior venn is forn1s the floor of the region (F ig. 16-1). Just 
above the pineal gland rests the posterior i,vaJ I of the third 
ventricle (Fig. 16-2). 

T he 1najor arteries of the region include branches of the 
posterior cerebral artery and the superior cerebellar artery. 
T he 1nedia l posterior choroidal artery, the calcarine, a nd 
the parieto-occipi tal arteries cross the pineal region. 

FIGURE 16- 1 Theanatomy of the pineal region. 
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FIGl"RE 16- 1 The posterior wall of the third ventricle rests 
just above the pineal gland, PCA, posterior cerebral artery; SCA, 
superior cerebellar artery. 
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The interna l cerebral veins exit the cisterna velu1n inter­
pos itu1n and the basal veins of Rosenthal exit the ainbient 
cisterns to reach the region of the pineal gland. The basal 
veins of Rosenthal 1nost cotn1nonly drain into the internal 
cerebral veins; however, they also can drain into the vein of 
Galen and the confluence of the internal cerebral veins. T he 

Pulv1nar of 
the thalamus 

Basal vein 
of Rosenthal 

Vein of Galen 

Superior 
colliculus 

vein of Galen courses belO\V the spleniu1n of the corpus cal­
losu1n to j oin the straight sinus . T he vein of the cerebel­
lon1esencephal ic fissure courses for\vard th rough the 
cerebell otnesencepha lic fissure to tenninate \vith the supe­
rior vennian vein in the vein of Galen or the internal cere­
bral vein (Figs. 16-3- 16- 5). 
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Pineal body 

FIGURE 16-3 A vas t venous complex surrounds the pineal gland. FJ(,CR.E l i.-4 The ve in of Galen anasto­
motic complex is visualized. 
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ventrkle FIGURE 16-5 The basal ve ins of Rosenthal, the 

internal ce rebral ve ins, and the occipital ve ins all 
drain through the Galenic anastomotic complex 
PCA, posterior ce rebral arte ry. 
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SURGICAL TECHNIQUE 

SUPRACEimJELIAR-INFRA 1ENTORIAL APPROACH 

This procedure is best accomplished with the patient either in 
the sitting position or the concord position. A midline incision 
is generally used; however, an inverted U-shaped incision can 
be used (Fig. 16-6). The downward reflection of the flap cre­
ated with a U-shaped incision 1nay obscure the line of sight of 
the surgeon to some degree. The 1nuscles are dissected in a 
subperiosteal fashion and laterally reflected, A self-retaining 
retractor is placed to maintain adequate exposure. 

Once the occipi tal bone is adequately exposed, the 
craniotomy is performed. The craniotomy can be made in 
one piece or two. The main purpose is to expose, without 
injuring, the torcula, the inferior portion of the superior 
sagittaJ sinus, and both transverse s inuses. After burr hole 
place1nent and careful separation of the dura, a suboccipi­
ta l cranioto1ny is perfor1ned. Once the suboccipital cran-

U-shaped 
skin incision 

Flt. I Rl l<>-f• The skin incision for the supracerebellar-infraten-
torial approach. 

iotomy is made, the transverse sinuses and t he torcula are 
separated from the overlying bone, and a small suprpten­
torial craniotomy is performed to expose fully the torcula, 
inferior portion of the s uperior sagittal s inus and both 
transverse sinuses. The dura is opened over the posterior 
fossa in a Y- or U-shaped fashion (Fig. 16-7). 

After the dura is opened, the cerebe llar hemisphere and 
ver1nis co1ne into view (Fig. 16-8). Under the operating 
1nicroscope, the posterior ver1nian vei n is identified drain­
ing into the straight sinus or the torcula. This vein is bipo­
lar coagulated and transected. Other small bridging veins 
from the cerebellum to the tentorium are likewise coagu­
lated and sectioned. This maneu ver assists in allO\ving the 
cerebellum to fall away from the tentorium with the aid of 
gravity. A self-retaining retractor blade is placed under the 
edge of the tentorium to elevate it. No retractor is placed 
on the cerebellum. 

Transverse sin us 

Poster-ior fossa dura 
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fo'l(, \ IRF 1~7 Dural inci~ion for the supracerebcllar­
infratentorial approach. 

Superior saqittal sinus 

Tran ;.vi' rse 
sf nus 

Cerebellar 
hemisphere 

fl(,{ RE I ft 

Transverse 
sinus 

Cerebellar 
hemisphere 

The cerebellar hemispheres and vermis are seen on opening the dura . 
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The th ick arachnoid 1ne1nbrane that fonns the poste­
rior li1nit of the quadrige1ninal cistern is opened, avoiding 
datnage to the precentral cerebellar vein. T he arachnoid 
1ne1nbrane is gently sepm«1ted fro1n the vascular structures 
with a Rhoton 3 dissector (Baxter Heal thcare Corp., 
McGraw Park, IL), and the m·achnoid is opened widely on 
both sides. T his exposes the co1nplex anato1ny of the deep 
venous syste1n (Figs. 16-9 and 16-10). 

The arachnoid beneath the in terna l cerebral vein is gen­
tly teased away, and the internal cerebral vein is retracted 
upward, \vhich exposes the pineal gland, just above the 
pineal gland, the posterior li1nit of the third ventricle is seen 
(Figs. 16-2 and 16- 5). The tela choroidea is sectioned, and it 
is possible to enter the cavity of the third ventricle. By dis-

secting the inferior surface of the interna l cerebral vein, the 
velu1n interpositu1n can be entered, exposing the choroid 
plexus and the 1nedial choroidal artery. The basal vein of 
Rosenthal and occipital vein can be seen laterally. 

0CCIPIT AL-TRANSTENTORIAL APPROACH 

The patient is positioned in the th ree-quarters prone posi­
tion in Mayfield three-point fixation with the operative side 
in the dependent position so that the occipital lobe fails a\vay 
fro1n the falx cerebri, thereby 1ninin1izing brain retraction. 
The sitting and se1nisitting positions also can be used. 

An inverted J-shaped incision is 1nade in the skin 
(Fig. 16-11 ). T he long li1nb of the "J" runs a long the 1nid-

Te.nto<ium csuboccipital surface) Galeni·c vein complex 

Galenlc vein complex 

Posterior 
cerebral 
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FIGURE 16-9 The supracerebellar-infratentorial 
anatomy is revealed. The galenic venous complex is 
revealed as are the posterior cerebral arteries. 

Skin incision 
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fl(, {IRE 16- 11 Skin incision for the occipital­
transtentorial approach. 
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fl(;{IRE 16-10 Panoramic view of the supracerebellar-infratentorial 
surface. 
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FIGURE 16-12 Dural incision for the occipital-transtentorial 
approach. 



CHAPTER 16 APPROACHES TO THE POSTERIOR THIRD VENTRICLE AND PINEAL REGION • 105 

line and is extended below the inion so that a suboccipi­
ta l cranioton1y can be perfonned if necessary. The peri­
craniu1n and skin are reflected laterally and inferiorly. A 
rectangular shaped cranioton1y is n1ade adjacent to the 
Superior sagittal and transverse s inuses. If necessary, a 
rongeur can be used to re1noved additional bone and 
thus expose the sinuses. The dura is opened in an L- or 
T -shaped fash ion to keep the occipita l lobe covered 
(Fig. 16- 12). T here are virtuall y no bridging veins 
between the occipital lobe and the superior sagittal sinus. 
Near the occipital pole, one or two bridging veins 1nay be 
encountered. 

S~iltal finus Straight sinus 

Torcula Tentorial incision 

fiGURE 16-13 The tentorial incision is outlined. 

COMBINED SUPRA TENTORIAL-INFRATENTORIAL 

TRANSSINUS APPROACH 

The patient is placed in a semiprone position in Mayfield 
three-point fixation with the side of the proposed trans­
verse sinus sectioning down to provide gravity-assisted 
occipital lobe retraction. An inverted I-shaped incision is 
made that encompasses both the supratentorial and the 
infratentorial compartments. After making the skin inci­
sion, the skin flap, muscle layer, and the pericranium are 
elevated as a single layer. 

The craniotomy is made in three pieces, and a suboc­
cipital craniotomy is performed. The transverse sinus is 
separated from the overlying bone, and an occipital cran­
iotomy not crossing the sagittal sinus is performed. After 
separating the sagittal sinus from the overlying bone, an 
occipital craniotomy is made on the contralateral side cross­
ing the sinus. The infra tentorial dura is opened trans­
versely, with ligation of the occipital sinus. A small 
L-shaped dural opening is made lateral to the superior 

Under the operating 1n icroscope, the arachnoid fro1n 
the 1nedial and inferior aspect of the occipital lobe is teased 
a\vay to reach the tentorial notch, and the tentoriu1n is cut 
(Fig. 16-13). Cutting the tentorium exposes the superior 
surface of the cerebe ll u1n and the vern1is and will a lso 
expose the thick arachnoid n1e1nbrane over the quadrigen1-
inal cistern. The aiachnoid is sharply opened to expose the 
venous syste1n. The ipsilateral basal vein of Rosenthal is 
identified. The ren1ainder of the d issection is similar to the 
previously described approach. A portion of the spleniu1n 
of the corpus callosun1 1nay be resected in certain patho­
logic conditions to provide additional exposure. 

Superior s . .lgittal ~inu~ 

Dural ind)ion Transverse slnu> 

Dural 
Incision 

FI<~URE 16-14 Dural incision for the combined approach. 

sagittal sinus and superior to the transverse sinus on the 
side of proposed sinus division (Fig. 16-14). The divided 
sinus should be on the hemodynamically nondominant 
side as determined by preoperative angiography. 

During surgery, a 20-gauge butterfly needle is 
inserted into the sinus proximal to the site of proposed 
sinus division. Tw o temporary aneurysm clips are placed 
on the transverse sinus at the site of proposed sinus divi­
sion (Fig. 16-15). If, after 5 minutes, the sinus pressure 
does not rise by more than 5 mm Hg, there is no brain 
swelling, and there is no deterioration of the somatosen­
sory-evoked potentials (SSEPs), the sinus is cut bet\veen 
the two c lips. Care must be taken to preserve the 
drainage of the vein of Labbe. 

The opening of the supratentorial dura is widened. The 
tentorium is cut I cm lateral to the straight sinus. Traction 
sutures are placed in the tentorium, and retraction is pro­
vided. The occipital Jobe and the cerebellum are gently 
retracted, providing a very wide exposure. The remainder 
of the dissection is as described above. 
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Occipital 
lobe 

Transverse . 
sinus 

Flf,l ltl 16-1 The sinus is clip ligated in preparation for sectioning. 

Transverse sinus ligation Cerebellar hemisphere 

PITFALLS, PEARLS, CONSIDERATIONS 

SUPRACEREBELLAR-INFRATENfORIAL APPROACH 

• Air embolism if sitting position is used 

• Hemorrhage 

• Pupillary abnormalities 

• Venous occlusion 
• Supracerebellar approach not suitable for tu1nors with 

latera l extension to trigone, or superior extension to the 
corpus callosum or tu1nors with downward disp lace­
ment of venous system 

0cCIPITAL-'fRANSTENTORIAL APPROACH 

• Visual field defects from traction on occipital lobes 

• Di sconnection syndrome with splenium injury 

• Limited exposure if tumor extends to contralateral side 

• Difficult to see contralateral vein of Rosenthal 

COMBINED APPROACH 

• Brain edema and venous infarct if dominant sinus is 
taken 

• Consider primary re-anastomosis or vein patch graft 
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Chapter 11 

INTERHEMISPHERIC APPROACH 

IN DI CA Tl 0 NS FOR _.__A~P_.P_;R,.;.;O~A~C=H=--=---~----

• Lateral and third ventricular tumors 

• Anterior cerebral artery co1nplex aneurysms 

• Midline neoplastic and vascular hemispheric pathology 

POSITIONING AND SKIN INCISION 

The patient is placed in the supine position in Mayfield 
three-point fixation with the head in either the neutral 
position or slightly rotated to the contralateral side about 
20 to 30 degrees. Preferably, a right-sided approach is cho­
sen. Either a horseshoe shaped or a unilateral coronal inci­
sion is used. 

Fabe 

Midrine 
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SURGICAL TECHNIQUE 

After burr hole placement, the B 1 foot-p lated tool of the 
Midas is used to create a bone flap with its 1nedial edge 
extending either to the lateral edge of or, if desired, across 
the sagittal sinus. The flap is centered on the coronal suture 
and can be oriented slightly more anterior or posterior on 
the suture, depending on the location of the pathology. The 
size of the bone flap need only be 5 to 6 cm in the anterior 
to posterior direction and 2 to 3 cm in the 1nedial-to-lateral 
direction. The dura is opened in a horseshoe fashion with 
its base on the sagittal sinus. 

Cortical veins draining into the sinus should be pro­
tected (Figs. 17-JA-C). Occasionally, one vein may he taken 
if needed for exposure. With gentle retraction on the 1nesial 
cortex of the frontal lobe, visualization of the arachnoid 

Fl(,liRE I "'-I A: The bone flap is placed two thirds in front of 
the coronal suture and one third behind. The dura is flapped and 
based on the sagittal sinus. No bridging veins are seen. B : The 
bone flap is placed two thirds in front of the coronal suture and 
one third behind. The craniotomy crosses the midline to expose 
the sagittal sinus fully. Two large bridging veins are seen pre­
cluding the use of an interhemispheric approach . (continued on 
page 108) 
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e1nanating fro1n the free lo\ver edge of the falx can be 
obtained. This arachnoid is incised, allowing visualization of 
both cingulated gyri. T he paired callosomarginal arteries 
1nust be identified coursing superficial to the cingulate gyrus 
and n1ust be protected (Fig. 17- 2A-C). 111e cingulated gyri, 
which are often adhesed, are separated, and the very white 
corpus callosun1, with theoverlyingpaired pericallosal arter­
ies, is visualised (Fig. 17- 3A- D). T he paired pericallosal 
arteries can be follo\ved proxin1ally around the genu of the 
corpus callosu1n to visualize the anterior co1nmunicating 

Drain1n9 
vein 

J-1(,l RE I • (continuedfro11ipage 107) C: The bone flap is 
placed two thirds in front of and one third behind the coronal 
suture. The craniotomy crossed the midline. One large draining 
vein is seen. 
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fIGl RE 17- 2 A: Paired callosomarginal 
and pericallosal arteries are seen. The cin­
gulated gyrus has been separated and 
retracted. B: Mesia! view of the he mi sphere 
demonstrating the relationship of the peri­
callosal and callosomarginal arteries to the 
corpus callosum and cingulated gyrus. 
C: High-power view of the mesial hemi­
sphere is shown. Note the relationship of 
the pericallosal and callosomarginal arter­
ies to the corpus callosum and cingulated 
gyrus. The pericallosar arteries are deviated 
to one side above the corpus callosum. 
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fl ' ,l ,Rf. l 7-. A: Thecallosomarginal arteries are seen into the cingulated gyrus. B: After sep­
arating the cingulated gyrus and retracting the callosomarginal arteries, the paired pericallosal 
arteries are seen. C: High-power view of the midline paired pericallosal arteries. D: The perical­
losal arteries are deviated off of the mid Ii ne. 
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artery co1nplex. The corpus callosu1n is sectioned with suc­
tion and caute1i zation, the length of the callosoto1ny being 
about 2 to 3 c1n, and the ventricular syste1n is entered. The 
paired pericallosaJ arteries often 1nigrate to one side or the 
other and are not widely separated fro1n each other in the 
1nidsagittal plane; therefore, the callosoto1ny can be 1nade 
lateral to these vessels (fig. 17-4A, B). 

Jn1n1ediately on entering the ventricu lar systen1, 
inspection should be 1nade of the surrounding structures 
to beco1ne oriented. The choroids plexus, anterior septa] 
vein. and thalainostriate vein should all be identified. By 
following the choroid plexus or tha la1nostriate vein anteri­
orly, the fora1nen of Monroe can be identified. To deter-
1n ine which ventricle has been entered. look at the 

re lationship between the thala1nostriate vein and the 
choroid plexus. If the vein is to the right of the plexus, the 
right ventricle has been entered. If the vein is to the left of 
the plexus, the left ventric le has been entered. Opening the 
septun1 pe llucidu1n provides access to the contralatera l 
ventricular system. If, on opening the corpus ca llosu1n, no 
veins or choroids plexus are identified, a cavun1 septu1n 
pellucid um 1nay have been entered- Review of the preop­
erative studies should a lert the surgeon to this anaton1ic 
variance preoperatively. 

Closure is done in a standard fashion with a watertight 
closure of the dura, followed by rep lace1nent of the bone 
flap. The scalp is closed in a two-layered fashion, and the 
skin is reapproxin1ated. 

PericdllOsal 
arteries Perie a llosal 

arte ry Pericallosal 
artery 

Sagittal 
• s1111,1$ 

Corpus 
callosoromy 

fl<illRE 17-4 A: The corpus callosum has been opened be1ween 
la1eral to the deviated pericallosal arterius. 

PITFALLS, PEARLS, CONSIDERATIONS 

• Sagittal sinus injury 

• Venous infarcts fro1n taking bridging veins 

• Retraction inj uries to the frontal lobe, internal capsule , 
or thala1nus 

• Injury or occlusion of cal losomarginal or pericallosal 
arteries 

• Mistaking cingulated gyrus for corpus callosum 

• Not recognizing a cavu1n septum pellucidum 

• Inability to determine which ventric le is entered 

• Injuries to the fornix 

• Internal cerebral vein injuries 

Corpu~ c:a llosotomy 

the midline pericallosal arteries B: A small corpus callosotomy is 
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.----~~~~~~~~~---===========~Chapter 18 

INDICATIONS FOR APPROACH 
------~----------

• Blosso1ning contusions 

• Neoplasms 

• Vascular lesions 

• Seizures 

• Hemato1nas 

ANATOMY 
------

The frontal lobes are located in front of the central sulc us 
and above the sylvian fiss ure. The medial surface is 
bounded by a line connecting the central sulcus to the dor­
sal margin of the corpus callosum posteriorly and anteri­
orly extends to the anterior border of the corpus callosu1n 
and floor of the frontal fossa. The inferior surface of the 
frontal lobe rests on the floor of the fronta l fossa or the 
orbital plate. The frontal lobe is divided into four main gyri 
by the precentral sulcus, the superior frontal sulcus, and 
the inferior frontal sulcus. T he gyri are called the precen­
tral gyrus (primary motor cortex), the superior frontal 
gyrus, the middle frontal gyrus, and the inferior frontal 
gyrus. The inferior frontal gyrus can be divided into an 
orbital part, a triangular part, and an opercular part by the 
anterior and ascending ramus of the sylvian fiss ure. The 
motor speech area (Broca's) is located in the triangular and 
opercular parts of the inferior frontal gyrus on the left. 

• • .. .. '·-- -----

Bicoronal skin incision 

-· 
__ ... --

FRONTAL LOBECTOMY 
Yalcin Kocaugullar, Damirez Fossett 
~-----....:C~-------------~· 

POSITIONING ANO SKIN INCISION -
The patient is placed supine with the head in Mayfield 
three-point fixation. T he head is rotated about 20 to 30 
degrees toward the contralateral shoulder. A shoulder roll 
is placed beneath the ipsilateral sho ulder. A unilateral 
curvilinear incision or a bicoronal incision 1nay be 1nade 
(Fig. 18-1). A unilateral incision should slightly cross the 
midline. A bicoronal incision need only go to the superficial 
te1nporal line on the contralateral side. 

SURGICAL TECHNIQUE 

T he facial nerve branches should be spared during reflec­
tion of the skin flap as described in Chapter 2. The tempo­
ralis muscle is reflected away from the underlying bone. 
The bone flap is designed to allow access to the 1nidline, 
the frontal pole, and the anterior portion of the sylvian fis­
sure. A burr hole is placed in the region of the keyhole, and 
a second one 1nay be placed in the squa1nosal portion of the 
te1nporal bone. The bone c ut should go immediately 
behind the coronal suture; a burr hole may be placed here if 
desired. The craniotomy flap is designed to go low over the 
supraorbita l ridge and about 1 cm from the midline. 

The dura is opened in a U-shaped fashion based on 
the sagittal sinus. The superior, 1niddle, and inferior 
frontal gyri are identified. The sylvian fiss ure also should 
be visualized. Using a bipolar and suction technique, a 

fl( rl lRE I R-l The frontotemporal skin incision is shown. 
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corticecto1ny is perfonned, and. in a subpial fashion, using 
the suction and bipolar technique, the lobecton1y is per­
forined. No 1nore than 5 to 7 c1n of the fronta l lobes should 
be resected on the don1inant hen1isphere, and no more 
than 7 to 8 c1n should be resected or the n ondon1inant 
he1nisphere (Fig. 18-2). The operculu1n should be spared. 
In the 1nidline, the frontopolar artery nlay be bipolar coag­
ulated ; however, care shou ld be taken to 1naintain patency 
of the pericallosal and calloso1narginal arteries. If a sub­
pial dissection is perforn1ed, these vessels shou Id be well 

Reflected 
temporali:. 
mu~cle 

Sylvian vein 

Supraorbital ridge ___ ,. 

Operculum Outline corrice<tomy 

protected. In the saine fa shion, the pia should protect ves­
sels of the sylvian fi ssure Veins draining into the sagittal 
sinus should be divided close to the brain, not close to the 
sinus. The ventric le 1nay be entered , depending on how 
posterior the resection cavity is nlade (Fig. I 8-3) 

The dun\ is closed in a watertight fashion, and the bone 
flap is reattached with 1nicroplates. The 1nuscle and subcu­
taneous tissues are reapproxin1ated. The skin is then closed 
in the usual fashion. 

Temporali.s mus<le Lobectomy cavity 

Sylvian vein Opecculum 

FIGURE 18-2 The corticectomy is outlined. The operculum has been 
spared. Interiorly, note the sylvian vein. 

FIC,URE lll-3 The lobectomy is complete. Note the 
sylvian vein, spared operculum, and floor of the anterior 
cranial fossa. 

PITFALLS. PEARLS, CONSIDERATIONS -
• Sinus injury 

• Injury to the pericallosal and callosomarginal vessels 

• Injury to Sylvian fissure vessels 

• Resection too large 

• Postoperative epidural or subdural hetnato1na 
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Operative Neurosurgical Technuµes. Philadelphia: WB Saunders; 
2®.759-762 



OCCIPITAL LOBECTOMY 

INDICATIONS FOR APPROACH 

• Occipital region tumors 

• Occipital vascular malfonnations 

ANATOMY 

The occipital lobe occupies only a small segment of the lat­
eral hemispheric surface. It is located behind an i1naginary 
line, which joins the parieto-occipital sulcus with the pre­
occipital notch. On the 1nedial side of the hemisphere, the 
occipital lobe is bounded by the parietooccipital sulcus 
anteriorly. 

POSITIONING AND SKIN INCISION 

The patient is placed in rigid three-point fixation using the 
Mayfield head-holder in the lateral position with the head 

Mid line 

• 

Horseshoe skin incision 
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Ear 

Fl<,{IRE 19- l The skin incision is outlined for an occipital 
lobectomy. 

Yalcin Kocaogullar, Damirez Fossett 

rotated 40 to 50 degrees toward the floor, the three-quarter 
prone, or the semisitting position. The skin incision begins 
in the n1idline in the region of the inion, courses superiorly, 
and curves over to the region of the squamosal suture near 
the ear (Fig. 19-1). The flap is reflected inferiorly, preserv­
ing the occipital artery and the greater and lesser occipital 
nerves. 

SURGICAL TECHNIQUE 

Four burr holes are created and connected with the B 1 foot­
plated tool of the Midas Rex. The bone-flap edge 
approaches, but does not cross, the 1nidline. It also 
approaches, but does not cross, the transverse sinus. A 
curvilinear dural opening is fashioned. It is then bisected 
such that one limb is reflected back toward the sagittal 
sinus, and the other litnb is reflected back toward the trans­
verse sinus (Fig. 19-2). 

Mldline 

Opened 
dura 

Occ:ipltal cortex 

Reflected skin flap 

ff<,.l 'RE 19-1 The dura has been opened, exposing the under­
lying occipital cortex. 
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In the do1ninant he1nisphere, the corticecto1ny begins 
about 3.5 c1n fro1n the occipital tip on the superior cortica l 
n1argin. On the nondo1ninant he1ni s phere, it is begun 
about 7 cn1 fron1 the occipital tip (Fig. 19- 3). The angu lar 
gyrus 1nust be avoided. A subpial dissection is perforn1ed 
(Fig. 19-4). It is possible that the occipital horn of the lat-

Corticectomy ou11ined 

Dura > 

Faix 

Dura 

Torcula Tentorfum 

PITFALLS, PEARLS, CoNSIDERATIONS 

• Sinus injury 

• Venous or arterial infarcts 

• Postoperative subdural and epidural hematomas 

• Resection of too much cortex 

era! ventricl e 1nay be entered. The posterior cerebral 
artery will be encountered in the region of the ca lcarine 
fi ssure. All draining veins to the torcul a s houl d be 
divided near the cortex of the brain. Once the corticec­
to1ny is co1nplete, a watertight closure of the dura should 
be perfonned. 

FIGURE l 9-3 The occipital corticectomy is out Ii ned. 

Fl(;l1{1: J '>-I The occipital lobectomy is complete. The 
tentorium, falx, and venous drainage toward the torcula are 
visualized. 

Ear 
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TEMPORAL LOBECTOMY FOR EPILEPSY 

INDICATIONS FOR APPROACH 

• Drug-resistant epilepsy 

ANATOMY 

The lateral surface of the te1nporal lobe can be divided into 
the superior, middle, and inferior temporal gyri by the supe­
rior and inferior temporal sulci (fig. 20-1). The superior tem­
poral gyrus fonns the floor of the sylvian fissure. On the 

Superior 
1emp-0ral 
gyrus 

Middle 
temporal 
9yru> 

lnferku 
1emp-0ral 
gyrus 

Sylvian fissure 
Temporal lobe 
(lateral surfilce) 

FIGURE 20- 1 The lateral surface of the temporal lobe is 
shown. 

Hippocan1pu.s 

Emel Avci, Ernest Senz, Anthony Caputy 

1nesial surface of the te1nporal lobe, the insular cortex, lingual 
gyrus, and parahippocampal gyri can be identified. 

The 1nesial te1nporal lobe is involved in intractable. 
epilepsy; therefore, the anato1ny of the 1nesial temporal 
lobe becomes re levant in seizure surgery. The a1nyg­
daloid body is a large gray-1natter 1nass that sits immedi -
ately anterior to the te1nporal horn of the lateral ventricle. 
It is continuous with the re1nainder of the 1nedial surface 
of the te1nporal lobe through the unc us . The hippoca1n­
pus con1poses the 1nedial wall of the temporal horn of the 
lateral ventricle (Fig. 20-2A-D). 

Pa1ahippocampal gyrus 
Inferior 
temp<irat gyrus 

Collateral Pons Basilar artery U~cus 

Slilcus 

FIC,l lRE 20-1 A: The mesial surface of the temporal lobe is 
exposed. B: View of the mesial hemisphere demonstrating the 
amygdala and hippocampus. (continued on poge l 16) 
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Ba5al gang l ia Fom ix Amygdafa H1ppocampus 

0 

Hippocampus Parahippocampal gyrus Choroid plexus 

>h. l H1 . H-.:? (continued from page 115) C: Coronal view showing the relationship of the hip­
pocampus and parahippocampal gyrus to the temporal horn of the lateral ventricle. D: Axial view 
of the anatomy surrounding the temporal horn of the lateral ventricle. 

POSITIONING ANO SKIN INCISION 

The patient is placed in the supine position and in Mayfield 
three -point fixation with the head rotated about 60 degrees 
and in about 30 degrees of extension. T he goal is to have 
the frontotemporal region in a nearly horizontal plane. A 
shoulder roll is placed beneath the ipsilateral shoulder to 
facilitate optimal positioning. The standard incis ion is a 
questio n n1ark incision that begins at the region of the 
zygoma just a nterior to the tragus of the ear (Fig. 20-3). 
Care is made not to extend the incision below the root of 
the zygoma to avoid injury to branches of the facial nerve. 

Curvilinear inc ision 

I k .:? H-' Tllustration of the standard question mark 
incision. 

SURGICAL TECHNIQUE 

The scalp is elevated independent of the te1nporalis mus­
cle. The outer fascia of the te1nporali s 1nusc le is opened 
near the frontozygomatic area and extended in a curvi­
linear manner to the root of the zygoma to preserve the 
frontal is branch of the facial nerve. This open ing in the 
fascia exposes the lateral portion of the zygomatic arch. 
Then an osteoplastic osteotomy is performed by transect­
ing the zygomat ic arch at the frontozygomat ic process 
anteriorly a nd the squamozygomatic root posteriorly 
(Fig. 20-4A, B). The zygo1natic arch tJ1en is e levated with 
the te1nporalis muscle as a separate flap. A burr bole is 
1nade in the squamosal portion of the te mporal bone near 
the root of the zygoma. A second burr hole is 1nade at the 
McCarty keyhole, and a third burr hole is 1nade posteri­
orly above the superficial temporal line. A large free flap 
is turned, exposing the sylvian fissure , temporal lobe, and 
inferior gyrus of the frontal lobe. A rongeur can be used 
to remove any remaining bone more anteriorly to view 
the temporal tip and to remove any remaining bone near 
the floor of the middle fossa. The dura is o pened in a 
horseshoe fashion and flapped back over the temporalis 
muscle. This exposes the tempera! lobe as well as the 
inferior frontal gyrus. Intraoperative e lectrotorticograpby 
is used to map and define the e pileptogenic areas of the 
te1nporal lobe. 

Excision of the temporal lobe should be planned care­
fully, particularly in regard to interrupting venous and arte­
rial blood supply. The vein of Labb~ is about 4 to 6 cm from 
the temporal tip and care should be taken not to injure this 
vessel. Typically, the corticectomy spares the superior tem­
poral gyru s and involves the middle and inferior temporal 
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FIGURE 20-.l A: The temporalis is incised. Hash marks demonstrate the location of the 
osteotomy cuts. B: An osteoplastic zygomatic osteotomy flap is performed. 

gyri (Fig. 20-5). The resection is en bloc extending about 2.0 to 
2.5 cm back from the temporal pole. A dissection is per­
formed in the white matter of the temporal Jobe parallel to 
the cortical surface allowing the en bloc removal of the lateral 
temporal lobe (Fig. 20-6). The temporal horn will be entered 

Middle temporal 9yrus Temporal rip 
Middle 
temporal gyrus 

Sylvian vein Superior temporal gyrus Superior temporal 
gyrus 

Syl11ian 
vein 

En bloc re1ection 
n('()cor l ic~I inch ion 

Temporal 
t ip 

fJ(,llRE 21J-5 The sylvian vein runs in the sylvian fissure. The 
superior temporal sulcus is opened between the superior tempo­
ral and middle temporal gyri. 

flt.l RE 20~. An en bloc neocortical incision for resection of 
the middle and inferior temporal gyri directed toward the 
fusiform gyrus is made. 
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posteriorly (Fig. 20-7). The re1nainder of the procedure is 
perfonned under the operating 1nicroscope. Intraoperatively, 
ftll"ther electrocorticographic recordings are 1nade frotn the 
hippoca1npus and the unresected te1nporal lobe. 

T he choroid plexus is identified in the roof of the te1n­
poral horn of the lateral ventric le (Fig. 20--8). The a1nyg­
daloh ippoca1npal struc tures are located Lateral to the 

fn bloc l'e:>ectron cavity 

ventricle choroid plexus. Foll<l\ving the roof of the ventric le, 
the a1nygdala, which fonns the anterior •.vall of the te1npo­
ral horn and the anterior part of its roof, is cut in a lateral 
direction tO\vard the arachnoid of the lesser \vi ng of the 
sphenoid. With suction, a subpial resection of the a1nyg­
dala is perfonned to allo\v visualization of the tentorial 
edge and the incisura. The third nerve can be identified 

Temporal horn 
of lateral ventricle Choroid plexus 

Temporal 
tip 

Superior temporal gyrus 

FlC:l lRF ~0-7 An en bloc resection of the middle and inferior 
temporal gyri has been performed. 

ACM PComA Tentorium 

Vncus carotid artery 

r- ,lJRf 211-9 The uncu s is seen just beneath the retractor 
blade. The carotid artery, posterior communicating artery 
(PComA), and anterior choroidal artery (AChA) are seen. The 
third nerve is seen by the tentorium. 

Superior temporal 9yrL1s 

FlCURE 211-S With elevation of the superior tempo­
ral gyrus, the choroid pl ex us in the roof of the temporal 
horn of the lateral ventricle is exposed. 

coursing close to the tentorial edge (Fig. 20-9). An en bloc 
resection of the head of the hippoca1npus, which forms the 
floor of the te1nporal horn and its medial walls, then is per­
formed in a subpial fashion. The choroidal point, which is 
defined as the point where the anterior choroidal artery can 
be seen entering the temporal horn of the ventricle, is the 
posterior limit of the dissection. Typical ly, 3.0 cm of hip­
pocampus is resected. After resection of these mesial struc­
tures, the posterior cerebral artery, the anterior choroid al 
artery, the third nerve, the ten tori al edge, and the antero­
lateral surface of the brainstem can be visualized through 
the cisternal arachnoid layer (Figs. 20-10-20-12). After ade­
quate he1nostasis is achieved, the dura is closed in a water­
tight fashion, and the bone flap and zygomatic arch are 
reattached. The muscle, subcutaneous tissues, and skin are 
closed in the usual fashion. 
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FIGURE .20-10 At theendoftheresection, the contents of the 
ambient cistern are exposed. The internal carotid artery, posterior 
communicating artery (PComA), and anterior choroidal artery 
(AChA) are seen. The lateral surface of the brainstem is visual­
ized. CN III, third cranial nerve. 
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FIGlfRE 20-11 Anatomic dissection showing the full course of 
the anterior choroidal artery (AChA) rounding the uncus in the 
crural cistern. The basilar artery, superior cerebellar artery, third 
nerve, and basal vein of Rosenthal are also visualized. CN III, 
third cranial nerve. 
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FJ(;lJRE .?0- 1.2 Higher-power anatomic dissection 
showing the entrance of the anterior choroidal artery 
(AChA) into the temporal horn of the lateral ventricle. 
CN III, third cranial nerve. 
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PITFALLS, PEARLS, CONSIDERATIONS 

• Vascular injury: he1niparesis 

• Injury to the optic radiations: superior quadrantanopia 

• Injury to the third and fourth nerves 

• Brainste1n injury 

• Retraction injury 
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~-------------Chapter 21 

VERTEBRAL COLUMN ANATOMY 

The spinal colu1nn consists of 33 vertebrae and an inter­
vening fibrocartilaginous disc bet\veen each vertebra. T he 
vertebrae interarticulate through facet joints, a nd the 1nu l­
tiple 1notion seg1nents a re held together by liga1nents. 
There are 7 cervical, 12 thoracic, 5 l u1nbar, 5 fused sacral, 
and 4 coccygeal vertebrates. 

The typical vertebral seg1nent consists of a body and a 
dorsal vertebral arch \Vith several processes. The outer shell 
of the body is co1nposed of hard cortical bone; the inner 
Slu·face is 1nade of soft cancellous bone. T he upper and 
lo\ver Slfffaces of the vertebral bodies are concave and are 
bound together by the fibroc arti laginous disc. 

Pedicle Transvetse process 

Neuroforan1en 

E1nel A vci, Y alcin Kocaogullar, Drunirez Fossett 

The dorsal arch is co1nposed of the paired pedicles, the 
paired la1nina, the spinous processes, the t ransverse 
processes, and the facet joints. The pedicles attach i1nteriorly 
to each vertebral body and are in continuity \vith the 1nore 
posterior fi1cet joints, la1nina, and spinous process. T here is 
both an inferior and a superior notch on the pedicle. When 
t\vo adjacent vertebrae articulate, these notches 1nake up the 
bony neurofora1nen (Fig. 21- 1). The spinous processes arise 
in the 1nidline fro1n the union of the la1ninae. T he transverse 
processes arise laterally (Fig. 21- 2). In the cervical m·ea, the 
transverse processes are 1nore central and arise ~from the ver­
tebral body; the thoracic and lu1nbar transverse processes 

Oise 
Spinous 
proces.s 

FJ(;( ~E 11-l The basic architecture of a spinal verte­
bral segment. The vertebral bodies are separated by a disc. 
Each vertebral segment interarticulates with the one above 
and below at the facet joints. The spinal cord passes 
through the central canal, and the nerve roots exit through 
the neuroforamen. 
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Fii.i ~ 21-2 The posterior arch iscomposedof1hespinous 
process, lamina, and facet joints. Transverse processes project 
laterally and are attachment sites for muscle and ligament. 
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arise fro1n the junction of the pars intenu·ticu laris and the 
pedicle. Musc les and ligaments attach to the spinous and 
transverse processes. Two adjacent vertebral bodies interar­
ticuJate at facet joints. A facet joint is co1nposed of the inferior 
articuhu· processes of the vertebral body above and the supe­
Jior articular processes of the seg1nent below. 

An intervertebral disc space exists between every ver­
tebral body fi-om the C2- 3 level to the LS-Sl level. The disc 
is fonned by a fibrous outer layer known as the annulus 

fihrosus and a central softer, pul py, elastic central core 
known as the nucleus pulposus. The nucleus has a large 
water content and may desiccate with aging. 

The liga1nents, which are co1nposed of elastin and col­
lagen, connect adjacent vertebral bodies. The two 1najor lig­
a1nents of the spinal axis are the anter ior longitudinal and 
posterior longitudinal liga1nents. The anterior longitudinal 
liga1nent begins at the occiput as the at lantooccipital 1ne1n­
brane and continues down to the sacru1n. The liga1nent is 
thickest over the concave portions of the vertebral bodies. 
The posterior longitudinal liga1nent, like the anterior liga-
1nent, traverses the entire length of the spine. At C2 it is the 
tectorial 1ne1nbrane. This liga1nent adheres closely to the 
disc annul us but on ly 1narginally to the vertebral bodies. 
Additional liga1nents span individual 1notion seg1nents. 
The liga1nentu1n flavu111 connects lainina to la1n ina and is 
found fi·on1 the C2- 3 region to the LS-SJ region. It arises 
fro111 the ventral surface of the caudal la1nina and attaches 
to the dorsa l border of the adjacent rostral la1nina. It is dis­
continuous in the tnid vertebral region and in the 1nidline. 
The interspinous and supraspinous liga1nents connect adja­
cent spinous processes. The interspinuns ligan1ent attaches 
fro1n the base to the tip of each spinous process. It starts at 
the C2- 3 level and ter1ninates at the LS- SI leve l. The 
supraspinous liga1nent begins at the C7 spinous process 
and continues to the LS-SL region. The intertransverse lig­
a1nents connect adjacent tnu1sverse processes. At the occip­
ital- cervical junction, with its intricate range of 1nove1nent, 
additional 1 iga1nentous connections are defined. In the 
upper cervical spine, liga1nents attach the occiput to C2. 

Posterior 
arch of Cl 

Bifid C2 
sp4ne>us 
process 

lamina 

The anterior long itudina l liga1nent is the anterior atlanto­
occipital 1ne1nbrane fi·o1n C J to the occipul. The apical lig­
a1nen1 arises fi·o1n the tip of the odontoid process and 
extends to the basion. The aJar ligainents run between the 
occipital condy les and the rostra lateral aspect of the odon­
toid process. The cruciate liga1nent has ascending, descend­
ing, and transverse bands that run dorsal to the odontoid 
and attach at the 1nedial tubercle of each lateral 1nass of C l. 
The tectorial 1ne1nbrane begins at the basiocciput and 
beco1nes continuous with the posterior longitudinal liga-
1nent. The posterior atlanto-occlpital 1ne1nbrane connects 
the rostral aspect of the dorsal arch of Cl to the occiput. 

The 1nuscles of the spine can be divided into supe1fi­
cial, in tennediate, and deep groups. l'vlany different 1nuscle 
groups co1npose the paraspinal nu1sculature in the cervi­
cal, thoracic, and lu1nbar regions. Sotne 1nuscle groups span 
1nore than one seg1nent of the spine. The attach1nents of the 
1nuscle groups is to the 1nany processes and protubenu1ces 
associated with the bony axial skeleton. 

CERVICAL SPINE 

The cervical vertebrae are the smallest of the axial skeleton. 
They are wider in their transverse than their anteroposterior 
(AP) diameter. The size increases fro1n C3 to C7. The spinous 
processes fro1n C3 to C6 are short and bifid. The C2 spinous 
process is broad, large, and bifid. The C7 spinous process is 
long and not usually bifid. The ring of Cl does not have a 
spinous process. The pedicJes of the cervical vertebrae are 
short. They arise about midway between the rostral and cau­
dal surfaces of the body. The laminae join the pedicles at the 
facet joints and are overlapping with adjacent levels. The 
transverse processes contain a transverse foramen fro1n Cl 
to C6 through which cour ses the vertebral artery. Occasion­
ally, C7 contains a s1naJl transverse foramen, but the verte­
bral artery does not travel through it. The pars in the cervical 
spine is called the lateral mass. The supelior and inferior facets 
arise from the lateral masses. The cervical facets are aligned 
with an ahnost coronal olientation (Fig. 21-3). 

f1C,URE ll - 3 Posterolateral view ofa model cervical spine. Cl has 
no spinous process. The C7 process is the only nonbifid process. Note 
the steep alignment of the facet joints. 
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The ftrst cervical vertebra (atlas) is ring shaped and has 
no vertebral body. It is coin posed of two lateral masses and 
a posterior and an anterior arch. each containing a tuber­
cle. There is no spinous process. The facet surfaces of CJ 
are oriented horizontally; the s uperior s urfaces articulate 
with the occipital condyles. The second cer vical vertebra 
(axis) has as its distinguishing feature. the odontoid 
process. which projects up,vard posterior to and articulat­
ing \Vi th the anterior arch of C I. The dens is held in position 
by the transverse ligaments, which run between the lateral 
masses of C l and the dens. The superior articular processes 
receive the inferior articulating processes of the atlas allow­
ing for rotato ry 1nove1ne nt (Fig. 2 1-4). 

The C l nerve root e 1nerges over the top of the Cl ver­
tebra. Therefore. all the other cervical roots also exit above 
their respective vertebra. The CS nerve root exits above T I. 
In the cervical reg ion, the spina l cord has a norn1al 
anato1nic enlarge1nent. and the bony canal is therefore rel­
at ively narrow. 
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THORACIC SPINE 

The thoracic vertebrae are more pear-shaped and are larger 
than the cervical vertebrae but not as large as the lumbar 
ones. The most distingu ishing characteristic is that at each 
level a r ib articulates bilaterally through a costal facet 
located on each side at the junction of the pedicle with the 
vertebral bo dy and thro ug h a costal facet found on the 
transverse process. 

The thoracic vertebrae have transition zones where the 
Tl through T4 bodies having some features of cervical verte­
bral bodes and where the TS through Tl2 bodies have some 
features of the lu1nbar vertebral bodies (Fig. 21-5). The spin­
ous processes of the thoracic vertebrae are long and slender, 
with the spinous processes of the 1niddle level vertebrae 
located directly over the dorsal arch of the body below. The 
spinous processes ofT I, T2, T l I, and T l 2 are horizontal; the 
spinous processes ofT3, T4, T9, and Tl 0 are oblique. Thoracic 
lainina are broad, sloping, and overlap like shingles on a roof. 
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Fl<.t lUI· 21 1 Cl has no vertebral body and is composed of a ring ofbono 1ha1 articulates 
superior! y with the occipital condyles and interiorly with the lateral mass of C2. C I also has 
no spi nous process. 
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Fl<.t l{f- 21 -5 The thoracic spine has an extra joint by virtue of its junction with the rib cage. 
The costovertebral joints are situated high on the vertebral body. 
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The interarticulating facets of the thoracic seg1nents are ori­
ented in a coronal plain (Fig. 21-6). 

LUMBAR SPINE 

The lumbar vertebra) bodies are the largest and progres­
sively increase in size with each caudal seg1nent (Fig. 21-7). 
Like the cervical vertebrae, the lu1nbar vertebrae are larger 
in the transverse dia1neter than the anterior-posterior 
diameter. The lamina are broad, wide, and do not overlap. 
The spinous processes are long and horizontal ; the trans­
verse processes are thin (Fig. 21-8). 

The spinal cord ends opposite the Ll-2 level. Because 
there are seven cervical vertebrae and eight cervical roots, 

Costot ransverse joint 

each lumbar nerve root, like the thoracic nerve roots, exits 
under the pedicle of the vertebral segment; that is, the IA 
nerve root exits under the L4 pedicle. The discs exit very 
high in the neuroforamen so that it is possible that a pro­
lapsed disc 1nay damage the root that is passing fro1n the 
segment above, and not the root exiting at the same level. 
Therefore, an L4-5 disc herniation will likely affect the LS 
root unless it is a far lateral disc herniation in which case it 
1night affect the already exited L4 root. Centrally located 
disc herniations may affect any or every root fro1n its level 
caudally. The cataclysmic compression of multiple nerve 
roots of the cauda equina by a single level of compression 
in the lower lumbar spine has been tenned the cauda equina 
syndrome. 
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f lGllRE 21-6 The pedicles for thoracic vertebrae are situated 
high on the vertebral body. The spinous process of the segment 
above overlies the body and posterior arch of the segment below. 
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FJ(,URE 21-7 The lumbar vertebrae are the largest ver­
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FJ(,l lRE 21-8 The interacticulating facet joints are well 
visualized. 
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:-============================-Chapter 22 

TRANSORAL APPROACH 

TO 'l'HE UPPER CERVICAL SPINE 

INDICATIONS FOR APPROACH 

• Dens fractures and pseudoarthroses 
• Tu1nors of the upper cervical spine and lower clivus 
• Os odontoideum 
• Cranial settling 
• Rheu1natoid pannus 

POSITIONING AND SKIN INCISION 

The patient is placed supine with the head held in rigid 
three-point fixation with the Mayfield head holder. The 
patient should be in slight Trendelenburg with the neck in 
gentle extension. The final operative position is confinned 
by radiography or fluoroscopy. A self-retaining retractor is 
placed to retract the uvula and soft palate as well as to 

Uvula 

Tongue 

Po~erior 

pharyngeal wall 

Retractor 
blade 

l•U,t .Rf. 22-1 Self-retaining retractor is in place, exposing the 
uvula, soft palate, and posterior wall of the pharynx. 

Carlos Acevedo, Anthony Caputy 

depress the tongue for adequate visualization (Fig. 22-1). 
Intubation may be transoral or transnasal, or a tra­
cheostomy may be performed. 

SURGICAL TECHNIQUE 

Under the operating microscope, the posterior pharyngeal 
wall is incised in the midline (Figs. 22-2 and 22-3). The inci­
sion 1nay extend fro1n the anterior tubercle of the arch of 
Cl to the level of C2 or C3. A subperiosteal dissection is 
1nade of the pharyngeal muscles, and they are retracted lat­
erally to expose the underlying longus colli 1nuscles on 
either side of the anterior longitudinal liga1nent (Fig. 22-4). 
The long us colli 1nusc les are reflected laterally by subpe­
riosteal dissection and placed under the retractor blades to 
allow visualization of the anterior longitudinal ligament 

Posterior 
pharynx 

TonCJl.1~ 

f l<.l RI:. ll- 2 A working distance of2.5 cm is easi ly obtained 
through this approach with out incising the soft palate. 
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Tongue Posterior 
pharyngeal 
wall 

FIGURE 12-3 The posterior wall of Lhe pharynx is incised m 
the mid Ii ne. 

(Fig. 22- 5). The anterior longitudinal ligament is resected, 
exposing the tubercle of the arch of C 1, the bodies of C2 
and C3, as well as the C2-3 disc space (Fig. 22-6). Lateral 
exposure should not exceed more than 1 c1n fro1n the mid­
line at the C2 and C3 levels because the vertebral artery is at 
risk with further lateral dissection. At the level of the arch 
of Cl, exposure laterally should not exceed 1nore than 2 cm 
fro1n the midline. The risk of entering the retro1nandibular 
fossa is higher if the dissection is carried lateral to the lat­
eral masses of Cl. Injuries to the lower cranial nerves, par­
ticularly the ninth and twelfth nerves, also may occur. 

Once the bony exposure is obtained, the C2- 3 disc 
space may be entered easily for a C2- 3 discectomy. Using a 
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FI<.llRE 22- 3 Subperiosteal dissection of !he longus colli mus­
cles away from !he ante rior longitudinal ligament and underly­
ing vertebral body. 
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FIGURE 22-~ The midline anterior longitudinal ligament is 
visualized. 

high-speed air drill, the vertebral body of C2 1nay be 
removed (Fig. 22-7). For dens resection, part of the arch of 
C 1 may be removed. The transverse and apical ligaments 
that attach to the dens from laterally and superiorly 1nust 
be cut to resect the dens and allow visualization of the pos­
terior longitudinal ligament and, subsequently, the dura 
(Figs. 22- 8-22- 10). The transverse ligaments are attached 
to the lateral masses of CJ in the region of the interarticular 
joint spaces. 

After resection of the dens, a Valsalva may be per­
formed to ensure no evidence of a cerebrospinal fluid leak. 
The wound may be closed in one or two layers using an 
absorbable suture. 
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FIGURE 12-<• Resection of rhe anterior longitudinal ligament 
and lateral retraction of !he longus colli muscles. 
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FI<;l 1R£ l :?-7 A C2 and C3 corpeetomy from the base of the 
dens to the C3-4 juncture has been performed. 
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fl(,llRE 12-S The odontoid has been resected reveealing the 
underlying transverse ligament. 
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FIGURE 22-9 The lateral mass of the atlas is identified. The 
lateral attachment of the transverse ligament and the Cl-2 articu­
lating facet can be seen. 

PITFALLS, PEARLS, CONSIDERATIONS 

• Vertebral artery injury 

• Injury to cranial nerves IX and XII 

• Wound infection and dehiscence 

• Upper spinal cord and lower brainstem 1n1ury 

• Anterior spinal artery injury 
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ANTERIOR APPROACH 

TO 'I'HE CERVICAL SPINE 

INDICATIONS FOR APPROACH 

• Cervical spondylosis 

• Cervical spine fractures 

• Anterior bony or spinal neoplasms 

• Carotid endarterecoto1ny 

POSITIONING AND SKIN INCISION -
The patient is placed in the supine position with the head 
placed on a horseshoe or donut, with or without Gard­
ner-Wells traction, depending on the c linical circu1n­
stances. A Halter chin strap may be used for distraction 
and extension during anterior cervical discecton1ies not 
associated with spinal instability. For high cervical 

Transve rs~ 

ceNical 
incision 

Erne! Avci, Ernest Senz, Anthony Caputy 

pathology, the head 1nay he rotated slightly to the con­
tralateral side. The shoulders should be taped to the foot 
of the bed to facilitate imaging down to the C7-TI region. 
Care 1nust be taken to avoid over-pulling the shoulders 
because brachial plexus stretch injuries could result. The 
elbows should be padded to 1nini1nize the risk of an ulnar 
neu ropath y. 

A transverse skin incision gives excellent cosmetic 
results; however, for 1nultilevel pathology and vascular dis­
ease, a longitudinal incision may be more beneficial 
(Fig. 23-1). Transverse skin incisions 1nust be positioned 
appropriately and can be approximated with the use of pal­
pable landmarks. The C3-4 region is at the level of the 
hyoid bone. The C4-5 region is at the level of the thyroid 
cartilage. The C5-6 region is at the level of the cricothyroid 
membrane and the C6-7 region is generally two finger­
breadths above the clavicle. 

-:-lhllRI: 2~1 A transverse skin incision is depicted. A transverse incision at the 
level of the hyoid bone approximates the C3-4 level; at the level of the thyroid car­
tilage, it approximates the C4-5 level, and at the level of the cricothyroid membrane, 
it approximates the C5-6 level. Two fingerbreadths above the clavicle approximates 
Cfr-7. 
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5 !,)RGl<(AL T ECHNIQUE. 

CERVICAL COMPRESSION 

T he transverse skin incision is generally centered on the 
anterior border of the sternocleidomastoid muscle and is 
general ly made in a skin crease for cosmesis. The underly­
ing platysma is identified and transected, and a subplatys­
mal dissection p lane is developed superiorly and interiorly 
(Fig. 23-2). A plane medial to the anterior border of the ster­
nocleidomastoid n1uscle is exploited most easily using the 
surgeon's forefinger. T he trachea, esophagus, and thyroid 
will be displaced medially, and the carotid sheath contain-

Plarysma muscle 

Ste rnocleidomasto id 
musd~ 

rIC.l"RC: 23-1 A transverse incision exposes the underlying 
thin platysma and the anterior bonder of the sternocleidomastoid 
muscle. The plane to be developed is just medial to the anterior 
bonder of lhesternocleidomastoid muscle. 
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space 

ing the artery, jugular vein, and vagus nerve will be dis­
placed laterally- Superior, middle, or inferior thyroid ves­
sels may cross the field and require ligation and sectioning. 
T he recurrent laryngeal nerve must be identified and 
spared. 

Hand-held retractors are introduced into the wound, 
and the anterior cervical fa~cia is identified. After incising 
the anterior cervical fascia, the anterior longitudinal liga­
ment and lon gus colli muscles are identified (Fig. 23-3). The 
longus colli muscles are dissected free of the underlying 
bone and displaced laterally with a self-retaining retractor. 
Localization of the visualized disc spaces is confirmed radi­
ographically (Fig. 23-4). 
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fl(,{ RI: 23-3 Retraction oflhe midline structures. The long us 
colli muscles and the anterior longitudinal ligament overlying the 
vertebral bodies and disc spaces are exposed in the depths. 

f f(, l RE 23-4 The vertebral bodies and disc 
spaces are visualized after reflection of the longus 
colli muscles and incision of the anterior longitudi­
nal ligament. A localizing needle has been placed in 
the disc space for radiographic verification of level. 
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The annul us fibrosus is incised in a rectangular fashion, 
and the disc is re1noved (Fig. 23- 5). This 1nay be done with 
the aid of the operating 1nicroscope. Using a high-speed ai r 
drill , posteriorosteophytes can be re1noved. In certain cases, 
the drill 1nay faci litate a vertebral corpecto1ny. Once the 
annul us is incised and the process of disc re1noval has 
begun, so1ne ele1nent of distraction is usually applied to the 
vertebral seg1nents involved. Interbody spreaders, Caspar 
scre\v distTactors and halter-weight traction are all accept­
able 1nethods of traction to \viden the disc space further. 
Once al l disc 1naterial has been re1noved, the posterior lon­
gitudinal ligainent should be identified and opened using a 

Posterior 
Vertebral body longitudinal ligament Vertebral body 

The annulus has been incised and the disc 
excised, exposing the posterior longitudinal ligament. 

Exiting 
nerve 
root 

blunt nerve hook and a Ke1Tison no. 1 or 2 (Fig. 23-6). Using 
a no. I or 2 Kerri son, fora1ninoto1nies can be perfonned 
bilaterally to visualize and deco1npress exiting nerve roots 
(Figs. 23- 7 and 23- 8). The cervical dura can be easily visu­
alized and inspected to identify any further co1npression. 

An appropriate tricortical !:,'Taft 1nay be fasitioned fro1n 
the iliac crest to wedge into the discecto1ny site if an inter­
body fusion is planned. For long-seg1nent vertebrecto1nies, 
fibular or rib structura l i:,rrafts, or cages filled with bone can 
be inserted for fusion. Anterior cervical plating can be per­
fonned \Vith adequate exposure superiorly and interiorly. 
Distraction should be re1noved prior to plating. 
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dura 
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nerve root 

FI< URE 2.\-fi The posterior longitudinal ligament has been 
resected, exposing the epidural compartment. A foraminatomy 
has been performed to allow visualization of the exiting nerve 
root. 

Cervical 
dura 

FlGl lRE 25-7 High-power view of the cervical dura and exit­
ing nerve root. 
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FJ(,lJRF 2J-8 C: The common facial and internal jugular 
veins overlie the internal carotid artery. The ansa can be seen 
coursing under the facial vein, and the spinal accessory nerve is 
seenjust lateral to the jugular vein. D: The hypoglossal nerve and 
Ansa are seen crossing the external CarO!id artery. The vagus 
nerve is seen just under the internal carotid artery. The spinal 
accessory nerve is just lateral to the internal jugular vein. Note 
there are no branches from the cervical internal carotid artery but 
many branches from the cervical external carotid artery. 
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FIC,URE .?.'-8 A: The internal and external jugular vein and the 
carotid bifurcation are seen . B: The posterior belly of the di gastric muscle 
has been reflected. The internal jugular vein, the racial vein, the internal 
and external carotid arterie.~, and the ansa cervicalis are seen. 
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CAROTID ENDARTERECTOl\>tY 

A longitudinal incision is typically used for carotid 
endarterecto1ny. The dissection is a slower, more 1neticu­
lous dissection because hepiu-inization is part of the opera­
tive procedure, and the fonnation of a postoperative 
he1nato1na can produce significant 1norbidity. 

The carotid 1nust not be 1nanipulated because portions 
of the p laque 1nay becotne dis lodged and create e1nboli by 
such 1nanipulation. Salient cervical anato1ny that n1ust be 
identified during the dissection includes the hypoglossal 
nerve (which will course across the bifurcation), the ansa 
hypoglossus (which, in the event that the hypoglossal nerve 
cannot be found, can be fo llowed superiorly to identify the 
twelfth nerve), the digastric muscle (which 1nay require divi­
sion), and the vagus nerve (Fig. 23- 8A- D). The hypoglossal 
nerve 1nay require 1nobilization to obtain access to the exter­
nal ciu-otid artery (ECA) and the internal carotid artery (ICA) 
above the bifurcation. The digastrics 1nay require sectioning, 
or the styloid process on occasion 1nay need to be resected 
for a high carotid bulb. The parotid gland located superiorly 
should be avoided to preserve facial function. 

Once the con1n1on carotid artery (CCA), ECA, and ICA 
are isolated, the patient is given 5000 U of intravenous 
heparin. The ECA is occluded first, followed by the CCA 
and finally the ICA. An arterioto1ny is perfonned over the 
ICA and CCA, and the plaque is dissected starting fro1n the 
CCA interiorly, going to the ICA or ECA superiorly. A 
shunt is used if there are electroencephalographs changes 
or if there is a change in the netu-ologic exa1nination if the 
procedure was perfonned in an awake patient. Once the 
plague is dissected free, the vessel lu1nen is inspected for 
loose plaque re1nnants and the vessel is closed either pri-
1nari ly or with a patch graft. An ICA back-bleed should be 

done before putting in the final stitch to clear debris. The 
te1nporary vascular cla1nps then are re1noved ; the ECA is 
opened first, follo~·ed by the CCA. This allows any residual 
debris to be shunted up the ECA. The ICA is opened last. 

PITFALLS, PEARLS, CONSIDERATIO NS 

• Vascular injuries: dehiscence, tears, vertebral arteries 

• Injury to neural structures: cranial nerves, recurrent 
laryngeal nerve 

• Esophageal tears 

• Cerebrospinal fluid leak 

• Spinal cord inj w·y 

• Hematoma fonnation with airway compron1ise 

• Stroke 

• Graft extrusion 
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Chapter 24 

POSTERIOR CERVICAL APPROACH 

INDICATIONS FOR APPROACH . ~~~~~~~~~-

• Nerve root decompression 

• Cervical spondylosis and stenosis 

• Cervical spine fractures 

• Cervical spine intramedullary tumors and vascular lesions 

• Spinal cord biopsies 

POSITIONING AND SKIN INCISION ----
The patient is placed in the prone position. The head can be 
fixed in three-point fixation using the Mayfield head 
holder, or it can be placed in a horseshoe with the eyes well 
padded to make sure there is no pressure on the globes. 
The horseshoe with Gardner-Wells tongs is more suitable 
than three-point fixation for cervical spine fractuTes. The 
use of tongs provides traction and external stabilization of 
the cervical spine. Radiographs are taken to ensure appro­
priate alignment 

Generally, a midline skin incision is used (Fig. 24- 1). It 
1nay extend as high as the inion ifC 1 or C2 needs to be visu­
alized, and it 1nay extend several centimeters caudally to 
expose the lower cervical segments. Occasionally, a para-
1nedian incision can be used for endoscopic foraminoto1nies. 

Inion 

$emispinalis 
ca pf tis 
muscle 

Midline 
rap he 

Trapeiius 
muscl.e 

FI<>l IRE .?..-.:: A midline raphe can be appreciated separating 
the muscles of each side. 

Damirez Fossett, Anthony Caputy 

' I 
I 
I 

FIGl lRE 24-1 Midline skin incision. 

SURGICAL TECHNIQUE 

Mldlint> 
~ki n 

Incision 

The skin incision is carried through the subcutaneous tissues 
and splits the dorsal cervical fascia. Staying in the midline 
allows visualization of a midline raphe between the 
para spinal muscles (Fig. 24-2). If this midline raphe is 
followed, the muscle bundles can be separated in an avascular 
fashion down to the level of thespinous processes (Fig. 24-3). 

Suboccipital 
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Semi~pinal is 

Cilpitis 
muscle 

Trapezius 
muscle 

[2 
sp1r1ous 
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Splenius 
capilis 
muscle 

Fl(, URE 2+-3 If the dissection is perfonned through the mid­
line raphe, an avascular plane can be exploited. 
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C ERVICAL F ORAl"1INOTOMY 

T he paraspinal 1nuscles are reflected away fi·o111 the spin­
ous processes and under lying he1ni la1nina in a subpe­
riosteal fashion. A localiz ing rad iograph is taken to 
confinn location. A he111i la1ninecto1ny 1nay be perfonned 
if necessary ; other\vise, attention can be focused on the 
facet joint. A Willia1ns or cerebellar retractor can be used 
to 1naintain exposure. Once the appropriate facet joint is 
identified, either a high -speed dri ll or a no. 1 Kerrison 
rongeu r can be used to re1nove the 1nedia l th ird of the 
facet joint. T he neural fora1nen can be identified, and the 
exit ing nerve root deco1npressed as it exits the fora1nen 
(Fig. 24- 4). Soft disc in the nerve root axi lla can be teased 

fi·ee and re1noved via a fora111 inoto111y by gentle retraction 
of the nerve root and use of a blunt nerve hook. T rans­
verse bands 1nust be identified and transected to re lieve 
root co1npression. 

C ERVICAL L Al"1INECTOMY 

T he paraspinal 1nuscles are reflected away from the spinous 
processes and underlying la1nina bilaterally in a subperiosteal 
fash ion (Fig. 24-5). T he la111inecto1ny can he perfonned us ing 
a Leksell and Kerri son rongew·s (Fig. 24-6). In a safer fashion, 
the la1ninecto1ny can be perfonned by drill ing a trough bilat­
erally at the la1nina-facetjunction with the Cl or MS tools of 

Arch of Cl 

Arch of Cl 

OJC3 a spinous 
facet process 

spinous joint 

process 

( 4 
hemllamina 

Nerve 
root 

cs 
hemilamina 

C3/ C4 
facet 
j oint 

·Nerve 
root 

fl , RI. _ After reflection of the muscles on one side, a 
keyhole foraminotomy has been performed and the exiting nerve 
root visualized. 

-;-J(,l R:- 2~-5 The muscles have been reflected bilaterally in a 
subperiosteal fashion to expose the underlying lamina and facet 
joints. 
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process 

Cervical 
dura 

Nerve 
root 

r f(;l RL 2.i-6 A posterior cervical laminectomy and bilateral 
foraminotomies have been performed. The dura has been exposed and 
nerve roots can be seen exiting the neuroforamen bilaterally. 
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the Midas and then using a no. 1 Kenison to open the trough. 
The spinous process and lamina then can be re1noved en bloc. 
This 1nethod is safer because it eli1ninates the need to pass the 
foot plate of the Kerri son beneath the bone, risking dural com­
pression or blunt trauma. Care 1nust be taken to re1nove no 
more than one third to one half of the facet joint, or the stabil­
ity of the spinal segment may beco1ne co1npro1nised. After 
bone removal, a Kerrison can be used to remove the yellow 
ligament. Foraminoto1nies then can be perfonned at all nec­
essary levels. 

For the resection of intradural lesions, the du ra can be 
opened in the 1nidline. On the dorsal surface of the cord, 
cervical rootlets can be seen exiting through the neural fora-
1nen (Fig. 24-7). Dura 1nust be dosed in a watertight fash­
ion, and grafts may be used to provide an expanded 
subdural space. The paraspinal muscles are reapproxi-
1nated, and the skin is closed in a multi layered fashion. 

PITFALLS, PEARLS, CONSIDERATIONS 

• A void taking too 1nuch of the facet; stability may 
become an issue 

• Radiographic confinuation of level is a necessity 
• Avoid blunt traun1a to the thecal sac and spinal cord 

when using Kerrison rongeurs 
• Stay in the midline rap he during the opening to have a 

bloodless opening 
• Do not work in a deep hole; lengthen the incision 

0!APim 24 POSTERIOR C ERVICAL APPROACH • 137 

FH; t RF 1..-7 The dura has been opened in the midline. Rootlets 
can be seen exiting toward the neuroforamen on the dorsola1eral sur­
face of the spinal cord. 
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~-------------Chapter 25 

POSTERIOR APPROACH 

TO THE THORACIC SPINE 

INDICATIONS FOR APPROACH -
• Thoracic cord tumors and vascular lesions 

• Epidural infections 

• Thoracic spine trauma; decompression and stabilization 

• Thoracic disc herniations 

• Scoliosis procedures 

• Vertebral body or pedicular biopsy 

POSITIONING AND SKIN INCISION 

The patient is placed in the prone position on chest tolls or 
a radiolucent fnune on a radiolucent operating table. For 
upper thoracic approaches, the neck is moderately flexed 
and the arms are positioned at the patient's sides with the 
shoulders depressed. For 1niddle and lower thoracic proce-

Mldllne 
skin incision 

Ernest Senz, Darnirez Fossett, Anthony Caputy 

<lures , the anns can be positioned either at the sides or 
abducted at the sho ulders and flexed at the elbows. The 
head can he rested on a donut or placed on a horseshoe 
head rest. Attention should be given to padding the eyes 
to avoid pressure on the globes. Appropriate padding 
should be placed to avoid peripheral nerve compression. 

The skin incision is a 1nidline incision (Fig. 25- 1). A 
localizing radiograph should be taken to aid in planning 
the placement of the incision. 

SURGICAL TECHNIQUE 

THORACIC LAMINECTOMY 

The skin incision is carried through the subcutaneous tissue 
to expose the dorsal thoracolumbar fascia (Fig. 25-2). The fas­
cia is incised bilaterally, and the paraspinal muscles reflected 

Thoracodorsal 
fascia 

lnterspinous 
ligament 

r l Gl 'RE .l.5- 1 A midline incision is made after placing the 1.-IGl RE 25-2 The thoracodorsal fascia attaches to the 
patient prone. supraspinous ligament in the midline. 
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in a subperiosteal fash ion a\vay from the underlying la1nina 
and spi nous processes to expose the facet joints (Fig. 25-3). 
The muscles are held retracted \Vith cerebellar retractors. 

The spinous processes may be removed \vith a Leksell 
after a localizing radiograph is taken. The laminectomy is 
perfor med using a Leksell a nd Kerr ison rongeurs for bone 
and yello\v ligament removal (Fig. 25-4). Alternatively, the 
laminectomy also can be per formed by using the CI or M8 
tools of M idas to drill a trough at the lamina-facet function. 
A no. I Kerrison punch then can be used to detach the lam­
ina fro1n the facet joint. The spi nous process and lami na 
then 1nay be re1noved en bloc usi ng scissors to detach bone 
from the yellow li ga1nent. The liga1nent then is removed 
with a Kerri son rongeur. 

Paraspinous 
muscles Lamlna 

I nterspinous 
llganient 

,. • l _ ' A subperiosteal dissection of the paraspinous 
muscles allows visua liza tion of the spino us proce.~sesand bilateral 
lamina. 

Parasplnous 
muscles 

Thoracic 
dura 

~ - I _5 . The dura is tented wi th stitches to prepare for 
opening. 

( NTR ADUR AL D ISSECT ION 

For intradural pathology, a te nting sti tch may be placed 
in the dura to elevate it gently (Fig. 25- 5). With an ar ach­
noid knife o r no. 15 blade, the du ra is opened in the mid­
line under microscopic vision. Care s hould be taken to 
leave the outer arachnoid layer intact as the inner 
pi a-arachnoid layer may aid in the dissection of a tumor. 
T he outer a r achnoid is opened off the midline after the 
du ra l ed ges have been ret racted \Vith 4.0 Neurolon o r 5.0 
Prolene sutures The pia-ar achnoid is opened in an avas­
c ular region and the su rgical pathology resected. Later­
ally, the 1noto r and sensor y roots can be seen leaving 
through the ne ural fo ra1nen (Fig. 25- 6). 

Nerve roots 

Thoracic dura 

I I _ After performing a laminectomy, the dura and 
exiting nerve roots are visuali :red bilaterally. 

Sensory and 
motor roots 

Medullary 
artery 

Dural 
edge 

Thoracic 
spinal 
cord 

• I I _ The dura is opened to expose the thoracic spinal 
cord. The sensory and motor nerve roots can be seen exiting from 
the same neuroforamen. 
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TRANS PIIDICUIAR APPROACH 

The skin incision and dissection of the paraspinous 1nus­
cles is the same technique as described for a standard tho­
racic laminectomy. The muscles, however, 1nust be 
reflected far enough laterally to visualize the lateral tip of 
the transverse processes. Typically, the procedure is done 
unilaterally. Using a rongeur, a hemilaminecto1ny 1nay be 
performed if the procedure is for a deco1npression. If a 
biopsy is the goal, a hemilaminectomy 1nay not be required. 
The facet joint, 1nedial transverse process, and pedicle then 
can be re1noved using a high-speed drill (Figs. 25-7 and 
25-8). Care is taken not to injure the rib, enter the pleura, or 
injure the dura of the spinal cord or exiting nerve root. 

Once the posterolateral and pedicle bone re1noval is 
accomplished, the structures anterior to the spinal cord can 
be accessed, including the disc space, central and paracen­
tral osteophytes, and anterior vertebral body pathology. 

Medial 
edge of facet 

Thoracic du ra 

Rib head 

Nerve 
root 

Facet 
joint 

Partial 
ped lrulecromy 

Fl (,lfRE 15- 7 The facet and medial transverse process have 
been removed and a partial resection of the pedicle has been per­
formed. The exiting nerve root is visualized. 

PITFALLS, PEARLS, CONSIDERATIONS . ~~~~-

• Radiographic confirmation of level is extremely important 

• Do not dissect 1nuscles too far lateral because to do so 
risks pleural injury and pneu1nothorax 

• Avoid blunt trau1na to the spinal cord when using 
rongeurs 

• Open dura in the 1nidline; leave pia- arachnoid intact 

• Use a watertight dural closure 

• Intradural work should be done under the 1nicroscope 

• Anterior pathology that crosses the midli ne cannot 
be resected 

• Anterior strut grafts cannot be placed 

• Transpedicular drilling risks injw·y to the thoracic cord 
and to the pleura 

This approach is not suitable for pathology that crosses the 
midline because direct visualization is limited. An anterior 
strut graft cannot be adequately placed for stabilization 
with this approach. 

For biopsies, the pedicle can be localized by visualizing 
a plane running horizontally through the 1nidportion of the 
transverse processes intersecting a plane through the mid­
portion of the facet joint. The pedicle angles 10 degrees in a 
posterolateral-to-antero1nedial direction. A high-speed drill 
is used to create a s1nall cortical window, and a Craig biopsy 
needle is inserted to obtain a biopsy from the vertebral body. 

Medial edge 
of facet 

Thoracic 
dura 

Facet Rib 
joint head 

Nerve ~:---:-:-+:----:... 
root 

Vertebral 
body 

FIGllRE 1.5-8 The pedicle has been fully resected and the ver­
tebral body anterolateral to the thecal sac is in view. The exiting 
nerve root is visualized. 
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DORSOLATERAL APPROACHES 

TO 'I'HE THORACIC SPINE 

INDICATIONS FOR APPROACH 

• Anterolateral deco1npression for compressive neoplasms 

• Thoracic Fractures 

• Thoracic disc herniations 

POSITIONING AND SKIN INCISION 

The patient is placed in the prone position on chest rolls. 
Unequal-sized rolls so1netimes are used with the larger 
one placed under the upside of the exposure and the 
sma ller one under the downside. The table will be 
rotated fro1n side to side during the procedure for visu­
alization; so the patient 1nust be well secured to the table. 
The head is p laced in a horseshoe or, more commonly, 
on a donut. Attention should be given to padding the 

'--

T- shaped 
skin 1nd s1on 

Paramedian 
~kin incision 
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eyes to avoid pressure on the globes. Appropriate 
padding sho uld be placed to avoid peripheral nerve 
compression. 

The skin incision for a costotransversecto1ny can be a 
paramedian straight or curvilinear incision. The curvilin­
ear incision generally has proxi1nal and distal tips about 
3 cm from the 1nidline with its midpoint about 5 to 7 1nm 
from the 1nidline. The lateral extracavitary approach is per­
formed generally with a larger 1nidline incision or with a 
T-shaped skin incision over the rib to be resected. This 
T-shaped incision can be used for the costotransversectomy 
approach as well (Fig. 26- 1). 

Generally speaking, to expose a vertebral body, the cor­
responding rib and the rib below should be resected. For 
example, removal of the seventh rib leads to the T7 verte­
bral body, exposes the T6-7 disc space, and exposes the T7 
pedicle under which the T7 nerve root passes. 

Ftr.t tRE lt.-1 A paramedian or T -shaped incision is used 10 

approach the dorsolateral thoracic spine. 
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SURGICAL TECHNIQUE 

COSTOTRANSVERSECTOMY 

Under the skin flap, the trapezius 1nuscle is identified. 
The underlying muscles are identified and dissected 
1nedially in a subperiosteal fashion. The dissection will 
expose the rib-transverse process articulation, facet joint, 
and la1nina (Figs. 26-2 and 26-3). The perichondrium 
then is dissected off the rib, and the neurovascular bun­
dle is identified and protected. The rib is transected 6 cm 
from the rib head. The pleura is swept away from the 

Rib 
lntercostal 
muscles 

Co.stotran>verse 
joint Rib 

J7J(,{ IRE 26 - 2 Subperiosteal dissection and medial reflection 
of the paraspinal muscles reveal the underlying costotransverse 
joint. 

Pleura 
Edge of 
cos1otran~versectomy 

Neurovascular 
bundle 

FIC.l'RE 16-.J A costotransversectomy bas been performed. 
The pedicle is seen as is the neurovascular bundle exiting the 
neural foramen. Beneath the pleura is the anterolateral aspect of 
the vertebral body . 

overlying rib, and the rib is transected medially. 
Removal of the rib head exposes the disc space above. 
Removal of the transverse process exposes the pedicle 
and vertebral body (Fig. 26-4). The neurovascular bun­
dle leads to the neural fora1nen located under the 
pedicle. The pedicle can be resected, a laminectomy per­
formed, or an anterior corpecto1ny performed, depend­
ing on the nature of the pathology (Figs. 26-5 and 26-6). 
Removal of epidural fat allows excellent exposure of the 
dorsal, lateral, and anterolateral dura. An anterior strut 
graft can be placed, if indicated. The wound then can be 
closed in a 1nultilayered fashion. 

Rib 
Costotransverse 
joint 

f IC. URE 26- J The pericbondrium bas been stripped from the 
rib and the intercostal muscles have been resected. The costo­
transverse joint is clearly visualized. 

Verrebral 
body Pleura 

Retractor Costotransversectomy 
bla-de site 

Neurovascular 
bundle 

FI(;llRE 26-5 The pleura has been reflected to visualize the 
anterolateral aspect of the vertebral body. A pediculectomy has 
been performed, exposing the ganglion of the nerve root with the 
dorsal and ventral rami. The hemilamina remains intact. 
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Nerve root 

Thoracic 
dura 

LATERAL ExTRACAVITARY APPROACH 

The midline incision used for this approach allows for both 
anterior and posterior stabilization of the thoracic spine as 
well as resection of a full range of pathology- T he incision 
should span from three levels above to three levels below 
the region of interest. The muscles are dissected from the 
midline laterally to expose the spinous process, lan1ina, 
facets, costotransverse junction, and rib at each level. To 
expose a vertebral body, the corresponding rib, costotrans­
verse articulation, and the one belO\V generally are 
removed after stripping away the perichondrium, sweep-
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root 
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l'IGI"RE .26-7 An anatomic slide showing a thoracic laminec­
tomy along with resection of the facets, pedicles, transverse 
processes, and ribs at two levels, to expose the exiting nerve roots, 
the vertebral bodies, and discs ventrolateral to the thecal sac. This 
anatomy is seen in the extracavitary approach. 

l'l<. t RE 16-6 A hemilaminectomy has been performed, 
exposing the underlying thoracic dura. 

ing a\vay the pleura, and identifying and ligating the inter­
vening intercostal vessels and nerves. The neurovascular 
bundle is followed to the vertebral foramen. T he sympa­
thetic chain will be encountered and displaced ventrally in 
a subperiosteal fashion. T he vertebral body and pedicle 
then can be visualized. Removal of the pedical and anterior 
vertebral body allows excellent access to the ventrolateral 
aspect of the spinal canal and dura (Figs. 26-7 and 26-8). 

Anterior and posterior stabilization can be achieved by 
placement of an anterior strut graft and anterior plating or 
by using posterior instrumentation. The wound is closed in 
a multi layered fashion. 
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flGlfRE 26-R An anatomic slide showing resection of two 
discs and the intervening vertebral body through a lateral extra­
cavitary approach, A laminectomy has been performed. One 
nerve root has been resected. Mote the vascular bundle on the 
pleural surface running toward the aorta. 
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PITFALLS, PEARLS, CONSIDERATIONS 

• Pneumothorax 

• Dural tear or cord injury 

• Radiographic confirmation of level is needed 

• Limited visualization of ventral dural sac 
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VENTROLATERAL APPROACH 

TO THE THORACIC SPINE 

INDICATIONS FOR APPROACH -
• Anterior thoracic spine neoplasms 

• Anterior thoracic spine infections 

• Anterior thoracic cord co1npression 

POSITIONING ANO SKIN INCISION 

Double-I um en endotracheal in tub a ti on must be accom­
plished to al low independent venti lation of both lungs . 
The patient is placed in the lateral decubitus position for 
surgery. The right lateral decubitus position is used for 
lesions fro1n T2- T6. and the left lateral dee ubi tus posi­
tion is used for lesions from T6- Tl 1. An axi llary roll is 
p laced under the downside, and the table is ti lted for-

\ - ___ )-1--

Curvillnear 
skin incision 

f" ll~f 27-L Illustration showing positioning and curvilin­
ear skin Incision for ventral thoracic approaches. 
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ward about 15 degrees. The upper ipsilateral extre1nity 
is anteriorly extended so that the inferior scapular bor­
der rotates anteriorly. 

The skin incision overlies the rib to be removed. It 
begins about 4 cm away fro1n the dorsal 1nidline and 
extends to the n1idaxillary line. In the lower thoracic spine, 
the incision should parallel the rib one segment above the 
pathologic level (Fig. 27- 1 ). 

SURGICAL TECHNIQUE 

After the skin incision, the latiss imus dors i and serratus 
anterior 1nuscles are transected (Fig. 27- 2). A subperiosteal 
dissection is performed along the rib, and it is resected from 
the posterior axi llary line to the costotransverse ligament. 
Beneath the rib lies the endothoracic fascia, to which is 

Muscle 

Rib 

fl (, lJRE 27-2 After muscle transection, the underlying rib can 
be visualized. 
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attached the parietal pleura (Fig. 27- 3 ). T he endothoracic 
fascia is incised, and the parietal pleura is blunt ly and 
\Videly separated frotn the fascia. A seg1nent of rib can be 
harvested to be used as graft later in the procedure. 

With the pleura opened, the lung is collapsed, and the 
intrathoracic rib heads and spinal colu1nn are exposed. T he 
pathologic level 1nay be identified by inspection, but it 

Muscle 

Endothoraclc 
fascia 

FIGURE 27-3 The rib is resected after a subperiosteal dissec­
tion, and the underlying endothoracic fascia is visualized. 

Dis(; 
space 

lntercostal 
vessel 

tnust be confinned radiographical ly. Foll o\ving identifica­
tion of the level of interest, the pleura overlying the rib 
head and adjacent vertebral bodies is opened. The rib head 
is resected and re1noved fi·o1n the costovertebral articula­
tion. The rib is further resected do\vn to the costotransverse 
articulation. T he joint is re1noved, thus exposing the pedi­
cle, \vhich \viii be drilled away (Figs. 27-4 and 27- 5). The 

Disc 
Vertebral 
body 

Sympathetic 
chain 

lntercostal 
vessels 

Disc 

FJ<;llRE :?7-' The pleura has been retracted medially to 
expose the underlying disc spaces, vertebral body, mid vertebral 
intercostal vessels, and the sympathetic chain. 

Venebral bQdy 

Neuroforamen 

Syn1patheti< 
chain 

FIGl lRE 27- 5 The discs have been excised and the pedicle removed to show the con­
tents of the neuroforamen. 
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interseg1nental vesse ls are seen at the 1nidvertebra I body 
level. These vessels should be ligated and transected. The 
disc space then is sharply incised laterally, and the disc is 
re1noved. The vertebral body then can be dJilled away with 
a high-speed drill. Fro1n one pedicle to the other is a depth 
of about 3.0 to 3.5 c1n for co1nplete anterior deco1npression. 

Partial 
vertebre-ctomy 

An1etior 
dural s.ac 

FlGt lRE 27- ll A vertebrectomy has been performed and the 
anrerior dural sac exposed. The segment is now ready for graft 
placemen!. 

PITFALLS, PEARLS, CONSIDERATIONS 

• Double-lumen endotracheal tube 

• Radiographic confirmation of level 

• Pneu1nothorax 

The extent of the dissection wi ll depend on the nature of 
the patho logy. The exposure is co1nplete when the posterior 
longitudinal ligament is identified. Decon1pression is co1n­
plete when the dura is visua lized (Figs . 27- 6 and 27- 7). For 
an anterior stabilization procedure, a resection of two ribs 
and a 1nore extensive dissection are generally required. 

Anterior 

durcil 
sac 

Exiting 
nerve 
roots 

F1Gl 11U: l 7- 7 High-power view of the anrerior dural sac and 
editing nerve root. 

SUGGESTED R EADINGS -
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Thorac Surg. 1993;55:1447-1452. 

Cook WA. Transthoracic vertebral surgery. Ann Thorac Surg. 
1971;12:54-Q8. 

McCormick PC. Retropleural approach to the thoracic and thora­
columbar spine. Neurosurgery. 1995;37:908-914. 

Naunheim KS, Barnett MG, Crandall DG,et al. Anterior exposure 
of the thoracic spine.Ann Thorac Surg. 1994;57:1436-1439. 
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LUMBAR LAMINECTOMY AND DISCECTOMY 

INDICATIONS FOR A PPROACH 

• Lumbar stenosis 

• Lateral recess stenosis 

• Herniated lumbar disc 

• Intradural tu1nors 

• Extradural co1npressive lesions 

P OSITIONING AN D S KI N INCISION 

Lumbar dorsal procedures can be performed with the 
patient in either the lateral or prone position. In the prone 
position, the patient is placed on either chest rolls, a Wil­
son or Andrew frame, or a Cloward saddle. Attention 
should be given to padding the eyes to avoid pressure on 
the globes. Appropriate padding should be placed to avoid 
peripheral nerve compression. A midline skin incision is 
perfonned (Fig. 28- 1 ). 

Mid line 
skin incision 

FI<.l TRE 28- 1 lllustralion of the midline skin incision. The 
pa1ien1 may be in either !he prone or lateral position. 
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SURGICAL TECHNIQUE 

LUMBAR DISCECTOMY 

After the skin incision is made, the dissection is carried 
through the subcutaneous tissue to the level of the Jum­
bodorsal fascia. For a uni lateral disc herniation, the Ju1n­
bodorsal fascia need only be opened on the side ipsilateral 
to the herniation . Once the fascia is opened, the paraspinal 
muscles are reflected in a subperiosteal fashion away from 
the underlying spinous process and hemila1nina 
(Fig. 28- 2). The 1nuscles are usually reflected laterally to 
the facetjoints- A localizing radiograph should be taken to 
confirm the level. 

A Taylor retractor or other self-retaining retractor is 
placed behind the facet joint to maintain lateral retraction of 
the paraspinal muscles. With a curette, the liga1nentum 
flavum is separated fro1n the overlying hemilamina. A 
he1nila1ninectomy is pedo1med using first a Leksell and then 
Kerrison rongeurs. Alternatively, a high-speed dril l can be 

Spinous 
process 

Hemilamina Medial aspect 
o( racet joint 

FIGURE 28- .2 Lateral re1rac1ion of 1he paraspinal muscles 
reveals the underlying hemilamina and face! joint 
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used. The endpoint of bone removal should be the rostral 
extent of the ligamentum flavum. Using a Kerrison rongeur, 
the yellO\V liga1nent can be excised; which exposes the 
u nderl yi ng dural sac (Fig. 28- 3) . With the Kerri son, a 
fora1ninoto111y and 1nedial facetecto111y can be perforined to 
expose the underlying nerve root adequate ly (Fig. 28-4A, B). 

Mtdhne 

Pe1rtial 
hemltaminectomy 

2~. A partial hemila1ninectomy has been performed and 
the ligamentum flavum resected revealing the underlying dura. 

Partial 
hemilamin­
ectomy 

i\1idline 

Nerve root 

Comn1on 
d ure1l sac 

Hemilaminit 

Common 
dural sac 

Dura 

Nerve 
root 

Hemflamlna 

~-I A : A foraminotomy has been performed exposing the exiting nerve root. B : A more extensive foraminotomy shows exil­

ing nerve roots. 

A Love nerve root retractor is used to retract the nerve 
root 1nedially, thereby exposing the disc space The space is 
entered with a no. 15 blade. Using a series of pituitary 
rongeurs, disc material is removed from the disc space. It is 
important to palpate with a Woodson or blunt nerve hook 
in the subligamentous regions and to inspect out the neu­
roforamen to look for free disc fragments and to ensure that 
the exiting nerve root is fully decompressed. Once the root 
is free, bone edges should be inspected to ensure that there 
are no s harp spicules that could puncture the dura. The 
wound then can be closed in a multi layered fashion starting 
with the lumbodorsal fascia. 

LUMBAR LAMINECTOMY 

After the skin incision is carried to the level o f the lu1n­
bodorsal fascia, the fascia is opened in the 1nidline and 
the paraspinal muscles refl ected in a subperios teal fash­
ion away from the spinous processes and lamina bilater­
a lly. Radiographic confirmation of the level is n1ade. For 
a simple decompression, exposure to the facet joints is 
all that is required. For a posterolateral fusion, the trans­
verse processes are exposed. Self-retaining retractors are 
placed in the wound to maintain exposure. 

Nerve 
root 



150 • SPINAL APPROACHES 

With a Leksell and Kerrison rongeurs, the spinous 
processes and la1n ina are removed exposing the co1n1non 
dura l sac and exiting nerve roots (Fig. 28- 5). Alternativel y, 
a trough can be drilled at the facet-latninar junction; \vi th a 
thin Kerrison, the la1nina and spinous p rocesses can be 
re1noved en bloc. This technique is also used for la1nino­
plasty. Medial facetecto1nies and fora1ninoto1nies are then 
perfonned. The yellow liga1nent is re1noved both in the 
1nidline and in the Lateral recesses to ensu re an adequate 
deco1npression. The pedicle can be palpated \V i th a Wood­
son or blunt nerve hook, and \vith palpation out the neuro­
fora1nen, the nerve can be shown to be '.Veil deco1npressed. 
A d iscecto1ny is perfonned if needed. 

FIGl"RE 2o-5 A total laminectomy has been performed. The 
exiting nerve rools can be seen bilaterally. A medial facetectomy 
has been performed on one side to demonstrate the added decom­
pression and exposure of the nerve that can be achieved with this 
additional bone removal. 

INTRADURAL LESIONS 

For intradural tumor resection, traction stitches are placed 
in the dura to tent it up, and the dura is incised in the midline 
with an arachnoid knife or no. 15 Made. The dura is opened 
further with a knife and groove director or with a dural scis­
sor. Stay stitches are placed to maintain lateral traction on 
the dural edges. In the upper lumbar spine, the conus 

Filun'l 
terminale 

Dural 
edge 

Dural 
edge 

Nenre 
roo t 

Co nus 
m edullari5 

f{(,l kL .!.~-o In the upper lumbar spine, the conus medullaris 
is exposed after opening the dura. 

Common 
dural 
sac 

Nerve 
root 

Nerve 
root 

Face t joint 

Facet Joint 

medullaris will be visualized (Fig. 28-6). In the lowe r lumbar 
spine, the nerve roots of the cauda equina and the filum ter­
minate are seen (Fig. 28-7). Tumors may be dissected free of 
the involved neural structures and resected without injury 
to the lower spinal cord or exiting nerve roots. T he dura 
should be closed in a watertight fashion As with all poste­
rior spinal procedures, the wound is closed in a multi layered 
fashion beginning with the lumbodorsal fascia. 

Dural 
edge 

Dural 
edge 

Nerve root5 of 
the cauda equina 

fl(,l' RL 2,,_7 In the lower lumbar region, nerve roots of the 
cauda equina are visualized. A nerve root can be seen exiting the 
common dural sac. 



PITFALLS, PEARLS. CONSIDERATIONS 

• Avoid dural lacerations; these should be repaired pri-
1narily if possible 

• Confirm level with lateral radiographs 

• Avoid removing too much of the facetjoint unless a 
fusion has been planned or discussed 

• L a.rge or centrally placed discs may require a total 
laminectomy 

• High-speed drills risk nerve root injury or dura l laceration 
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FAR LATERAL LUMBAR DISCECTOMY 

INDICATIONS FOR APPROACH -
• Fora1ninal or extraforaminal disc herniations 

POSITIONING AND SKIN INCISION 

The patient usually is placed in the prone position on 
chest rolls , a Wilson or Andrews fra1ne, or a Cloward 
saddle. Attention should be given to padding the eyes to 
avoid pressure on the globes. Appropriate padding 
should he placed to avoid peripheral nerve compression. 
The appropriate level is located radiographically by plac­
ing spinal needles down to the facet joints above and 
below the level of interest. A para1nedian skin incision 
is 1nade about 3 cm from the midline to join the two 
needles (Fig. 29- 1). 

- --·-

Para.median 
skin 
lnc i~lon 

FlC.l lRE 19-l Illus1ration showing a paraspinal incision 3 cm 
away from the midline. 
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SURGICAL TECHNIQUE 

After incising the subcutaneous tissue, the muJtifidus 1nuscle 
can be identified medially and the longissimus muscle later­
ally (Fig. 29-2). Blunt dissection in the groove between these 
two muscles allows palpation and visualization of the trans­
verse processes. A subperiosteal dissection of the muscles 
away fro1n the transverse processes is perfonned, and 
another localizing radiograph is obtained. The transverse 
process- facet joint junction must be clearly identified because 
this joint indicates the position of the underlying pedicle. The 
compressed nerve root lies just under the pedicle. 

Mult ifidus 
muscle 

Longissimus 
muscle 

F[(,\ JRE 19-1 After reflec1ion of the lumbodorsal fascia, 1he 
multifidus muscle is exposed medially, and the longissimus mus­
cle la1erally. 



S1nall intertransverse 1nuscle fibers join adjacent trans­
verse processes (Fig. 29-3). Under these 1nuscle fibers lies 
the intertransverse fascia. The 1nuscle fibers should be 
opened, and , on incising the fascia, fat and the underlying 
nerve root wi ll be identi fiable (Fig. 29-4). Under the oper· 
ati ng 1nicroscope, a partial resection of the trans verse 

Lateral b-Order 
of facet joint 

T ra n5verse 
proces~ 

lnterrransverse 

mus< le 

FJf, lJRE ~9-3 Developing the plane between multifidus and 
longissimus allows visualization of the transverse processes with 
the interposing intertransverse muscle. 

Nerve 
root 

Disc 

Latera I surface 
of facet joint 

~ge of resected 
transvetse proces5 

Nerve 
root 

Disc 

FIGURE 29-5 The superior transverse process has been com­
pletely resected in order to allow visualization of the disc and to 
expose the disc-axilla relationship. The lower nerve root and disc 
are also visualized. Note that a far lateral disc herniation will 
impinge on the superior nerve root. 
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process-facet junction is perfonned. The neurofora1nen 
then is exposed, and the relationship between the axilla of 
the nerve root and the disc can be appreciated (Fig. 29- 5). 
Disc 1naterial is re1noved with a pituitary forceps, and 
exploration is done to re1nove any additional free 
frag1nents. 

Lateral border 
of facet joint 

Transverse 
process 

t.ierve 
root 

Transver5e 
process 

FlGllRE 29-.! The exiting nerve root can be visualized after 
opening the intertransverse fascia. 

PITFALLS, PEARLS, CONSI DERATIONS 

• Find the right paramedian plane 

• Localize the facet joints radiographically prior to mak­
ing the skin incision 

• Do not inadvertently injure the nerve root between the 
transverse processes 

SUGGESTED READINGS 
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ment of extreme lateral lumbar disc herniations: review of 138 
cases. Neurosurgery. 1988;22;648--653. 

Epstein NE, Epstein J A, Carras R, et al. Far lateral lumbar disc 
herniation: diagnosis and surgical 1nanage1nent. Neuro-Ortho 
J)edics.1986; 1 :37-44. 

Jackson RP, Glah JJ. Fora1ninal and extra forarninal lu1nbar disc 
herniation: diagnosis and treatment. Spine. 1987;12:577-585. 

Jane JA, Haworth CS, Broaddus WC, et at. A neurosurgical 
approach to far-lateral disc herniation. J Neurosurg. 1990; 
72:143-144. 

Maroon JC, Kopitnik TA, Schulhof LA, et al. Diagnosis and micro­
surgical approach to far-lateral disc herniation in the lumbar 
spine. J Neurosurg. 1990;72:378-382. 
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RETROPERITONEAL APPROACH 

INDICATIONS FOR APPROACH -
• L2-5 anterior tu1nors, infections, fractures causing the­

cal sac or nerve root co1npression 

POSITIONING AND SKIN INCISION 

The patient is placed in the lateral decubitus position with 
the operating table "broken" to open the space between the 
ribs as well as to open the angle between the rib cage and 
the iliac crest. This also allows the abdo1ninal viscera to 
1nigrate cephalad out of the Sllfgical field of interest. The 
approach is generally made fro1n the left because there is no 
need for liver retraction, and it is easier to deal with the 
aorta and iliac vessels than with thevenacava. The skin inci­
sion begins at the dorsal midline and extends at least to the 
1nidaxillary line. The incision generally begins at the level 

Skin inc ision 

Fl(,t RI-. 30- 1 Alternative skin incisions for the retroperitoneal 
approach begin in the dorsal midline. They end at, above, or below 
the umbilicus, depending on the level of surgical pathology. 
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of the eleventh or twelfth rib and ends just above the u1nbili­
cus to expose L2, under the eleventh or twelfth rib to expose 
1..3, and about half the distance between the u1nbi licus and 
the sy1nphysis pubis to expose L4-5 (Fig. 30-1). 

SURGICAL TECHNIQUE 

In line with the skin incision, the latissilnus dorsi , external 
and internal obliques, and transverse muscles are tran­
sected. The transversal is fascia running beneath these mus­
cle layers is identified and opened in a si1nilar fashion to 
enter the retrope1itoneal space. The pe1itoneum is dissected 
bluntly fro1n the abdo1ninal wal l in all directions and then 
fro1n lateral to 1nedial in the direction of the vertebral bod­
ies. The quadralus lu1nborum and psoas 1nuscles should be 
identified along with the kidney and, in the retroperitoneal 
fat the ureter (Fig. 30-2). The lumbar spine is identified 

Ureter 

Psoas 
mosc:le 

Kidney 

Quad rat us 
lon1borum 
muscle 

Fl(;t lRE 30- 2 The contents of the retroperitoneal space are 
exposed. Embedded in fat and fascia are the ureter, lower pole of 
the kidney, psoas muscle medially , and quadratus lumborum 
muscle laterally. 
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i1n1nediately 1nedial to the psoas 1nusc le. T he sytnpathetic 
chain can be identified bet\veen the psoas 1nuscle and the 
vertebral coltunn (Fig. 30-3). 

T he seg1nental vessels are found at the 1nidportion of 
each vertebral body. These n1uSt be identified, isolated, and 
ligated so that the aorta can he n10bi lized 1nedially to exp0se 
the vertebral bodies. The psoas 1nuscle is reflected laterally. 

Vertebral 
column Uretel' 

Psoas 
muscle 

Aorta 

Quadratus 
lumborum 
muscle 

Sympathetic 
chain 

Kidney 

FIG l TRE JO-J Further reflection of the peritoneum exposes the 
aorta anterior to the vertebral column as well as !he ureter. The 
psoas muscle covers the lateral portion of the vertebral body. 
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T his will bring into vie\v the vertebra l colu1nn. The anterior 
longitudinal ligrunent is identified and separated fr0tn the 
underlying vertebral bodies, and a localizing radiograph is 
taken to confinn thecon·ect level (Fig. 30- 4). 

T he disc spaces can be incised and disc 1naterial 
re1noved to define the upper and lower Ji1nits of the verte­
bral seg1nent (Fig. 30-5). A vertebrecto1ny is perfonned 
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FIGURE J0-4 Lateral reflection of the psoas muscle allows 
visualization of the disc spaces and lateral surface of the vertebral 
bodies. Needles are placed in the disc spaces for radiographic ver­
ification of location. The aorta and ureter are anterior to the ante­
rior longitudinal ligament. 

FIGURE .\0-5 High-power view showi ng the aorta and ureter 
anterior to the anterior longitudinal ligament. The discs have been 
excised. The vertebral body is defined. 
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using a high-speed air dri ll (Fig. 30- 6). The posterior longi­
tudinal liga1nent is resected, and the Ju1nbar dura and exit­
ing nerve roots are exposed and deco1npressed (Fig. 30- 7). 
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FIGl lRE J 0- 6 A ve rtebrectomy has been performed. The ante­
rior and posterior longitudinal ligaments define the limits of the 
vertebrectomy. 

PITFALLS, PEARLS, CONSIDERATIONS -
• Avoid injuries to the ureter by identifying it early and 

protecting it 

• Ligate all segmental vessels 

• Avoid entering the abdominal cavity 

• Avoid putting holes in the diaphragm 

• Confirm level radiographically 

• Postoperative chest and abdominal radio graphs are 
taken to look for free air or pneu1nothorax 

After stabilization of the lu1nbar spine with a cage packed 
with bone graft and a plate, or strut grafts and a plate, the 
wound is c losed in a 1nultilayered fashion. 
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Ff(, lJRE J 0- 7 The posterior longitudinal ligament has been 
resected, allowing visualization of the underlying dura and exit­
ing the contralateral nerve root 

SUGGESTED READINGS 
----
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Harmon PH. A simplified surgical technique for anterior lumbar 
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CARPAL TUNNEL RELEASE 

Ernest Senz, Matt Ammerman, Mark Grant, Damirez Fossett 

INDICATIONS FOR APPROACH 

• Co1npression syndromes of the median nerve at the wrist 

ANATOMY 

The median nerve, the must i1nportant nerve supplying the 
hand, is composed of a 1ned ial branch of the lateral cord of 
the brachia! plexus and an external branch of the medial 
cord of the plexus. It is composed of roots from C6 to Tl. 
The median nerve innervates the flexors of the thumb and 
first two fingers as well as the muscles of opposition of the 
thumb. It also provides sensory innervation to the thumb, 
index, and third fingers. 

The median nerve travels in close association with the 
brachia! artery along the medial aspect of the upper arm. It 
then courses laterally beneath the lacertus fibrosus in the 
antecubital fossa and dives deep between the t\vo heads 
of the pronator teres muscle. Branches of the nerve supply 
the pronator teres muscle as well as the flexor carpi radi­
alis and palmaris longus muscles. The nerve continues in 
the forearm, running deep to the flexor digitorum superfi­
cial is, which it also innervates, and passes beneath the 
flexor retinaculum in the carpal tunnel at the wrist. In 
the forearm, the median nerve gives rise to a large branch, 

the anterior interosseous nerve. This branch innervates the 
flexor digitorum profundus 1nuscle of the index finger and 
the flexor pollicis longus 1nuscle. At the carpal tunnel , the 
1nedian ne rve gives rise Lo a superficial palmar sensory 
branch, whic h innervates the pro xi 1nal aspect of the pahn. 
In the tunne l or just dista l to it, the nerve also gives rise to 
the recurrent the nar branc h. This 1notor branch innervates 
the opponens polli cis, the abductor pollicis brevis, and the 
flexor pollicis brevis muscle. Jn the palm, the median 
nerve divides into its distal tenninal branches to provide 
innervation to the lumbricals and sensation to the first 
three digits. 

POSITIONING AND SKIN IN,~C~l:::,.S~IO:.!.:N~---

The patient is placed supine on the operat ing room table. A 
right-handed surgeon should sit above the arm, facing the 
patient's feet, to operate on the left hand and in the axilJa, 
facing the patient's head. to operate on the right band. 

Many variations exist for the skin incision. Two stan­
dard incisions include a transverse incision at the wrist 
crease for use of a retinaculato1ne to transect the carpal lig­
ament and a curvilinear vertical incision involving the palm 
of the hand and the wrist crease (Fig. 31-IA, B). Dual-slit 
incisions can be used for endoscopic approaches. 

Curvilinear skin incision 

lransverse skin Incision 

FIC,l RE 3 1- 1 A: Transverse wrist incision. B: Curvilinear palmar incision. 

159 



160 • P ER IPHERAL N ERVE APPROACHES 

The curvi linear incision begins just to the ulnar side of 
the interthenarcrease. 111is usually corresponds to an imag­
inary line running between the middle and ring fingers. 
The incision curves slightly at the wrist crease to improve 
exposure and may extend distally as high as a line even 
\Vith the crotch of the thumb. 

Transverse 
carpal ligament 
lcut edge) 

Median nerve 

PITFAUS, PEARLS, CONSIDERATIONS 

• A void the pal mar cutaneous nerve during skin incision 

• Identify and avoid sectioning aberrant motor brandies 
of the median nerve when transecting the ligament 

• Do not cross the wrist crease with the incision; hyper­
trophic scarring may recreate carpal tunnel syndrome 

• Avoid direct trauma to the median nerve 

• He1natoma formation at the wound site is a source for 
postoperative pain 

• Cut the whole ligan1ent 

• Be sure the diagnosis is correct 

SURGICAL TECHNIQUE 

The subcutaneous fat is spread, and the fibers of the pal­
mari s longus tendon arc split. The transverse carpal liga­
ment is identified and split with either a no. 15 blade or 
tenotomy scissors following the cour se of the nerve to 
ensure complete decompression (Fig. 31-2). Care should be 
taken to avoid the pal mar cutaneous nerve during the skin 
incision and any motor branches from the median nerve 
that may traverse the carpal ligament. When the transverse 
carpal ligament is cut, fat may extrude through the sec­
tioned ligament. The full extent of the carpal ligament must 
be transected distal into the midpalm. 

Transver$e 
corpal ligamen t 
(cu~ edge) 

: .... l 

median nerve. 
Sec1ion of the ligament reveals the underlying 
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RADIAL NERVE DECOMPRESSION 

INDICATIONS FOR APPROACH 

• Radial nerve entrapment syndromes 

ANATOMY 

The radial nerve, composed of co1nponents of the C5 
through T 1 nerve roots, is the major extensor nerve of the 
upper extre1nity. It innervates the extensor muscles of the 
foreann, hand, and digits. The radial nerve is a direct con­
tinuation of the posterior cord of the brachia! plexus. Before 
leaving the axilla, it gives rise to the posterior brachia] cuta­
neous nerves and to the motor brandies to the long and 
medial heads of the triceps brachii muscle. It then spirals 
around the hu1nerus in association with the profunda 
artery and courses distally in the radial groove beneath the 
triceps. Along this seg1nent, it innervates the triceps 1nuscle 
and gives off several other cutaneous branches. It pierces 
the lateral intennuscular septu1n proxi1nal to the elbow and 
courses beneath, while innervating the medial edge of the 
brachioradialis muscle. 

Ulnar surface 
{medial) 

A~llla 
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After crossing the elbow joint, the nerve sends branches to 
the extensor carpi radialis longus and brevis muscles before 
dividing into the superficial radial branch and a deep 
interosseous branch. The superficial radial nerve continues 
beneath the brachioradialis n1uscle becomes superficial to 
cross the wrist in the anato1nic snuffbox and provides sensory 
innervation to the dorsum of the hand. The deep interosseous 
branch dives deep through the supinator 1nuscle while inner­
vating it, passes around the radius, and then di vi des into 
1notor branches that supply the extensor digitorum: the exten­
sor digiti quinti proprius, the extensor carpi ulnaris, the abduc­
tor pollicis longus, the extensor poilicis longus, the extensor 
pollicis brevis, and the extensor indicis proprius muscles. 

POSITIONING AND SKIN INCISION 

The patient is positioned supine with the arm outstretched, 
A curvilinear incision is 1nade, beginning 8 c1n above the 
flexor crease of the elbow at the anterolateral aspect of the 
upper ann (Fig. 32-1 ). It extends across the flexor crease 
approximately 10 cm down the mid upper fore.ar1n. 

Radial ~urfa~e 
(lateral) 

~ Forearm 

FIGURE .\.2-J The curvilinear incision begins anterolateral in the distal upper arm and extends 
10 cm down the middle upper forearm. 
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SURGICAL TECHNIQUE 

The radial nerve is isolated in the distal upper arm by 
developing a plane between the lateral surface of the biceps 
and brachialis muscles and the proxi1nal brachioradialis 

muscle (Fig. 32- 2). It then is followed into the forearm , 
where it branches into a superficial sensory branch and the 
posterior interosseous nerve (Fig. 32- 3). The nerve passes 
beneath the fibrous arcade of Frohse, which is the usual site 
of entrap1nent. The arcade is sectioned to free the nerve. 

Superficial branch 
of the radial nerve Radial nerve 

Forearm --

Brachiorad ialis 
muscle 

Posterior 
lnrero~seous 
nerve 

Posterior 
interosseous 
nerve 

Superficia l branch 
of the radial nerve 

PITFALLS, PEARLS, C ONSIDERATIONS 

• Recurrent radial artery and veins may be injured 

Brachialis 
muscle 

-
• Li po1nas, gang! io1nas, and other lesions 1nay ca use 

co1npression 

fl Gt RE 32 2 The radial nerve is exposed in the 
distal upper arm between the lateral surface of the 
biceps muscle and medial surface of the proximal 
brachioradialis muscle. it branches into a superficial 
sensory branch, and the posterior interosseus 
branch that dives beneath the arcade of Frohse. 

Radial nerve 

t IGLIIB 31 3 High-power view of the branch­
ing of the radial nerve. 
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Chapter 33 

ULNAR NERVE DECOMPRESSION 

INDICATIONS FOR APPROACH 

• Ulnar nerve compression syndromes 

ANATOMY 

The ulnar nerve is composed of components of the C8 and 
Tl nerve roots and arises fro1n the 1nedial portion of the 
1nedial cord of the brachia! plexus. It provides the 1najor 
motor innervation of the interosseous n1uscles of the hand 
and the flex or muscles of the wrist, the fourth and fifth dig­
its. The nerve courses on the medial side of the upper arm 
lying dorsal to the 1nedian nerve, the brachia! artery, and 
the intennuscular septum. At the elbow, it passes through 
the ulnar notch under the 1nedial epicondyle and then dives 
between and innervates the two heads of the flexor carpi 
ulnaris muscle. In the forearm, it runs between the flexor 
carpi ulnaris. and the flexor digitorum profundus muscles 
just 1nedial to the ulnar artery. It beco1nes superficial lying 
just deep to the tendon of the flexor carpi ulnar is muscle at 
the wrist and passes into the palm superficial to the flexor 
retinaculum but deep to the pal mar carpal ligament and the 
pahnaris brevis muscle in Guyon's canal. Proxi1nal to the 

Upper 
arm 

Skin 
Incision 

Forearm 

Elbow 

AND TRANSPOSITION 
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wrist, the ulnar nerve gives off the superficial palmar 
branch to provide sensation for the medial aspect of the 
pahn. In the pahn, the nerve divides into a superficial 
branch, which pri1narily provides sensory innervation to 
the 1nedial aspect of the palm and the dorsu1n of the hand, 
and a deep branch, which innervates the palmar and dorsal 
interossei, the third and fourth lu1nbrieals, the adductor 
poll icis, and the abductor, flexor, and opponens digiti 1nin­
imi 1nuscles. 

The patient is placed supine with the ar1n fully extended, 
abducted, and rotated and the hand supinated such that the 
ulnar surface of the arm is maximally visible. The hand 
may be taped to the operating table to help 1naintain the 
appropriate position. 

Because the ulnar nerve may be trapped in two places, 
the location of the incision depends on the region of pre­
sumed en trap1nent. When entrapment is at the region of 
the elbow, a lazy omega-shaped incision is made beginning 
6 cm proximal to the medial epicondyle in the 1nedian 
bicipital groove and extending to the border of the flexor 
carpi ulnaris 1nuscle 5 c1n distal to the epicondyle. The 
curvilinear portion of the incision should be carried ante­
rior to the medial epicondyle to keep it away fro1n the dor­
sal surface of the elbow (Fig. 33-1) . When entrap1nent is at 
the wrist, a curvilinear incision is 1nade at the wrist crease 
over the ulnar artery and carried into the palm of the hand. 

FIGURE JJ-1 Typically, a lazy omega incision is used 10 expose 
!he ulnar nerve. 
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SURGICAL TECHNIQUE 

ENTRAPMENT AT THE ELBOW 

Entrapment at the elbow can be treated with simple 
decompression alone or with decompression with trans­
position. After the skin incision is fashioned and the deep 
fascia! layer localized, the nerve can be identified by pal­
pation. Incising the fascial layer allows the nerve to be 
followed as it travels through the cubital tunnel at the 

Upper 
arm 

Proximal 
ulnar ne·rve 

Medial 
epi<<>ndyle Forearm 

I•l{,l 'aE JJ- 1 The ulnar nerve is identified just proximal to 
entering the ulnar groove. 

Upper arm 

Media I 
epi<:ondyle 

Forearm 

Transposed 
ulnar nerve 

Ff(, t RE JJ-t The nerve has been transposed out of the ulnar 
groove. 

1nedial epicondy le (Fig. 33- 2). The aponeurosis of the 
flexor carpi ulnaris is sectioned and the whole nerve 
exposed and lifted out of the cubital tunnel (Fig. 33- 3). 
Th e aponeurosis then can be closed and the nerve left 
lying above it in the subcutaneous tissue. 

If transposition is desired, the incision needs to be 
lengthened so that the nerve can be liberated from sur­
rounding muscle and connective tissue (Fig. 33-4). The 
nerve can be placed subcutaneously, intramuscularly, or 
submuscularly (Fig. 33- 5). The submuscular procedure 

Upper arm 
Medial 
epicondyle 

Distal 
ulnar nerve 

Flf URF JJ- J The medial epicondyle is visualired. The ulnar 
nerve is seen lying within the ulnar groove distally. The nerve is 
seen diving between the two heads of the flex or carpi ul naris 
muscle. 

Forearm 

Pro nator ieres ar')d 
fle_xor c<irpl u lnC1 ns 
mu 5cf e shc.ath 

Ulnar 9roove 

Proxim al 
median nerve 

Medlal 
epicondyle 

Proximal 
ulnar nerve 

FIGURE J J-5 The nerve has been buried in a submuscular 
fashion next to the median ne rve . 
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is described here. Proxi1nally, one shou ld identify the 
coracobrachia li s 1nuscle and distally, the two heads of 
the tlexor carpi ulnaris tnuscle, and the pronator teres 
1nuscle. The pronator- flexor 1nusc le 1nass is transected 
with a Z -shaped incision, and the 1nedial intennuscular 
septu1n is sectioned. The u lnar nerve then is transposed 
to lie adjacent to the 1nedian nerve. The pronator- flexor 
1nuscle 1nass is repaired to hold the nerve in its trans­
posed position. 

Ulnar .anery 

Ulnar nerve 

f>alniaris 
longus tendon 

Ulnar artery 

Antebrachi.al 
rascia 

Uln ar nerve 

FIGURE 3J.....6 Distally, the ulnar nerve is seen passing beneath 
the fascia! sheath at the wrist. The ulnar artery is seen medially. 

PITFALLS, PEARLS, CONSIDERATIONS 

• Take care not to devascularize the nerve during 
transposition 

• Make sure the nerve is, not kinked 

• Subcutaneous placement may leave the nerve 
exposed to trauma 

• Scar and fibrosis 1nay occur with subcutaneous or 
intra1nuscular place1nent 

• Watch for ulnar artery in the wrist 

SUGGESTED READINGS 

Apfelberg DB, Larson SJ. Dynamic anato1n y of the ulnar nerve at 
the elbow. Plast Reconstr Su rg. 1973;5 I :76. 

Bartels RHMA, Menovsky T, VanOverbeeke JJ, et al. Surgical 
manage1nent of ulnar nerve co1npression at the elbow: an 
analysis of the literature. J Neurosurg. J 988;89:722-727. 

ENTRAPl\1ENT ATTHE WR1~T 

The nerve is entrapped within Guyon's canal between the 
pisifonn and ha1nate bones and the pahnar fasc ia and 
tlexor retinaculutn of the pahn. The tunnel is located 1nore 
superficial ly than the n·ansverse carpal liga1nent. Once the 
artery and nerve are identified, they can be followed into 
the tunnel, and any constricting bands can be sectioned 
(Figs. 33-6 and 33- 7). Occasionally, a ganglion is found to 
be the cotnpressive pathology at th is level. 

Transeaed 
antebrachial rasci.a 

Ulnar artery Ulnar nerve 

Palmarrs 
lon gus tendon 

Ulnar artery 

Fl . UR.£ JJ-7 The fascia has been sectioned to liberate the 
ulnar nerve and artery at the wrist. 
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ANTERIOR EXPOSURE 

OF THE BRACHIAL PLEXUS 

INDICATIONS FOR APPROACH 

• Brachial plexus exploration 

• Neurotization of the plexus ele1nents 

• Tu1nor resection 

• Brachial plexus blunt or penetrating trauma 

ANATOMY -------
The brachial plexus is co1nposed of components of me CS 
through TI nerve roots. These nerves are responsible for 
upper-extre1nity move1nent and sensation. The plexus is 
divided into roots, trunks, divisions, cords, and ends in 
individual nerves (Fig. 34- 1). 

Axillary <u1ery 

Median nerve Radlal nerve 

Trunks of tne 
brachia! plexu> 

Divisions of the 
br<1.chial plexus 

Cords of the 
brachia! plexuo$ 

Axillary nerve 

FI . t Rf 34-1 Panoramic view of the anatomy of the left 
brachial plexus. The clavicle has been resected. 
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The cervical roots exit the spinal canal through their 
respective neural foramen and travel between the anterior 
and middle scalene 1nuscles (Fig. 34- 2). The long thoracic 
nerve (CS and C7), which supplies the serratus anterior mus­
cle, and the dorsal scapular nerve (CS), which supplies the 
rhomboid 1nuscles, arise from the plexus at the root level. 

Three trunks are formed from the roots of the brachia! 
plexus. The upper trunk is formed fro1n the CS and C6 
roots, the 1niddle trunk from the C7 root, and the lower 
trunk fro1n the C8 and TI roots. The supraclavicular nerve, 
which supplies the subclavius 1nuscle, and the suprascapu­
Jar nerve, which passes through the suprascapular notch to 
supply the supraspinatus and infraspinatus muscles, arises 
fro1n the supraclavicular portion of the upper trunk. 

Deep to the clavicle, each trunk splits into anterior and 
posterior di visions. No individual nerves arise at the level of 

Trunks of the 

Po>terior belly 
of the 
djgastric muscle 

Anterior 
scolene muscle - -

Subclavius -----1~· 

111uscle 

brachial plex.us 

FIGURE .'4-2 The cervical nerve roots exit through their 
neural fora men and unite to form the trunks of the brachia! 
plexus. 



CHAPTER 34 ANTERIOR EXPOSURE OF THE BRACHIAL PLEXUS • 167 

the divisions. Lying just lateral to the axillary artery, the 
plexus passes deep to the pectoralis minor muscle and super­
ficial to thesubscapulars and teres major muscles. The divi ­
sions unite infraclavicularly to form cords named for their 
anato1nic relationship to the axi llary artery (Fig. 34- 3). 

1be anterior divisions of the upper and 1niddle trunks 
unite to fonn the lateral cord. The anterior division of the 
lower trunk continues as the 1nedial cord, and the three 
posterior divisions unite to form the posterior cord. Aside 
from the portions of the medial and lateral cords that unite 
to form the median nerve, al l branches of the plexus at the 
cord level are terminal nerves. 

The lateral cord gives rise to the lateral pectoral nerve, 
which supplies the pectoralis 1najor muscles, and the 1nus­
culocutaneous nerve, which travels distally through the 
coracobrachiali s muscle to supply it as well as the brachialis 
and biceps muscle, A branch from the lateral cord is joined 
by a branch fro1n the 1nedial cord to form the 1nedian nerve. 
The medial cord, in addition to its contribution to the 
median nerve, also gives rise to the ulnar nerve; the medial 
pectoral nerve, which suppl ies the pectoralis 1najor and 
minor muscles; and the medial brachia! and antebrachial 

Anterior 
scalene 
muscle 

Clavicle 

SubcJavius 
mus de 

Axillary artery 

Posrerior belly of 
the digastric muse.le 

Clavicle 

Fit,t lRE 34-4 A curvilinear incision is made starting 
in the cervical region and extending 10 the infraclavicular 
region. 

cutaneous nerves, which provide sensory innervation to the 
fore.arm and ann. The posterior cord gives rise to the upper 
and lower subscapular nerves, which penetrate and inner­
vate the subscapularis and teres major muscles; the thora­
codorsal nerve, which innervates the latissimus dorsi 
1nuscle; the axillary nerve, which passes laterally and poste­
riorly through the quadrilateral space and gives off branches 
to the shoulder joint and the teres 1ninor, as well as major 
branches to the deltoid muscle and skin of the shoulder. The 
posterior cord then continues as the radial nerve. 

POSITIONING AND SKIN INCISION 

The patient is positioned supine on the operating table with 
the head rotated slightly toward the contra lateral side. A lazy­
S- shaped incision is made that begins about 7 cm above the 
clavicle, follows the posterior border of the sternocleido1nas­
toid muscle, and then turns laterally to head toward the junc­
tion of the lateral and medial third of the clavicle. For further 
exposure, the incision 1nay be carried dista lly and laterally 
along the deltopectoral groove toward the axilla (Fig. 34-4). 

FIGllRE J.1-3 The infraclavicular brachia! plexus is demonstrated. 
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SURGICAL TECHNIQUE 

The platys1na muscle is divided in the direction of its fibers. 
Directly deep to the platys1na are fibers of the cervical pies us 
running toward the clavicle. The external j ugular vein 
should be identified and ligated. The omohyoid 1nuscle is 
identified and dissected, and the deep cervical fascia is iden­
tified and opened to expose the anterior scalene muscle 
(Fig. 34-5). The brachial plexus will be identified between 

Anterior 
scalene 
muscle 

Clavicle 

Upper & Middle 
trunks. 

Cervical 
plexus 

FJ(, lJRE 3~-5 The clavicle and anterior scalene muscle are 
good landmarks. Roots of the cervical plexus as well as the upper 
and middle trunks of the brachia! plexus are visualized. 

Clavide 

the anterior and 1niddle scalene muscles, cow·sing in a direc­
tion toward the intervertebral foran1ina. Further exposure of 
the plexus may involve sectioning of the 01nohyoid, anterior, 
or 1niddle scalene 1uuscles (Fig. 34-6). 

The periosteu1n of the clavicle is detached anteriorly 
and posteriorly, and the 1nidportion of the clavic le is 
resected. Infraclavicular opening of the del topectoral 
groove exposes the lower seg1nents of the brachia! plexus 
(Figs. 34-7 and 34-8). The tendon of the pectoral is minor 
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muscJe 
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Anterior 
scalene 
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FI<.URE -'-'-ti The omohyoid muscle is seen coursing above 
the brachia( plexus. The upper, middle, and inferior trunks are 
visible under the anterior scalene muscle. 
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FIGllRE 34--7 The incision has been extended to include the FIG lJRI:. ~-8 The clavicle has been resected and thedeltoid-pec-
infraclavicular region. The deltopectoral groove is exposed. toral groove opened to expose the tendon of the pectoral is minor as 

well as the divisions and cords of the brachia( plexus. 
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1nusc le may need to be sectioned to co1nplete visualiza­
tion of the lower plexus branches (Figs. 34- 9 and 34- 10). 
The tendon 1nay he re an as to1n osed with reab sorba ble 
sutures . 

The use of intraoperative electro1nyography (EMG) has 
been found to be essential in cases of trauma or nerve 
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FIGLIRE 34- 9 The relationship of the brachia! plexus to the 
axillary artery is defined. The median, ulnar, radial, and axillary 
nerves can be identified. 

PITFALLS, PEARLS, CONSIDERATIONS 
• 

• Axillary artery injury 

• Nerve branch stretch injuries 

• Partial or complete nerve transection 

• Cervical nerve root plexus injuries 

SUGGESTED READINGS -
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in 88 cases. J Bone JointSurg Am. 1967;49A: 1052- 1064. 

Laurent JP, Lee R, Shenaq S, et al. Neurosurgical correction of 
upper brachia] plexus birth injuries, J Neurosurg. 1990;79: 
197- 203. 

tu1nor. The EMG allows de lineation of the norinal nerve 
fibers to facilitate the dissection and repair of the nerve. 

The wound should be closed by reapproxi1nating the 
ends of the deep 1nuscles that have been transected. The 
clavicular bone segn1ent is replaced and internal ly fixed. 
The subcutaneous tissue and skin are closed in two layers. 
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Ffl ,l 'RE 34-10 The axillary artery has been refracted medi­
ally to expose the merging of cords of the brachia! plexus. 
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plexus. Clin Orthop. 1978;133:71- 90. 

Narakas AO. Brachia! plexus surgery. Orthop Clin North Am. 
1981 ;12:303-322 

Sharpe W. The operative treat:Jnent of brachia! plexus paralysis. 
JAMA. 1916;66:876. 

Slooff ACJ. Obstetrical brachiaJ plexus lesions and their neuro­
surgical treal:Jnent. Clin Neural Neurosurg. 1993;95(suppl): 
573-577. 

Tuttle H. Exposure of the brachia] plexus with nerve transplanta­
tion. JAMA 1912;61: 15-17. 

Walsh JF. The anato1ny of the brachia! plexus. Am J Med Sci. 
fm;74:387- 399. 

Zorub DS, Nashold BS, Cook WA. Avulsion of the brachia! plexus. 
1: A review with implications on the therapy of intractable 
pain. Surg Neural. 1974;2:347- 353. 
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THORACIC OUTLET SYNDROME 

INDICATIONS FOR APPROACH 

• Co1npression of lower brachia! plexus trunk 

• A11erial or venous co1npression 

POSITIONING AND SKIN INCISION 

The patient is placed in the supine position. The skin inci­
sion is placed I c1n above the clavicle, beginning at the lat­
eral margin of the sternocleidomastoid 1nuscle and ending 
at the jmiction of the 1niddle and lateral thirds of the clavicle. 

Clavicle 

Sternocleidomastoid 
rnuscle 

Supr.tc:I avk ular 
fat pad 

Upper rrunk of 
brach ial plexus 
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S URGICAL TECHNIQUE 

The platysma is transected, and the clavicular head of the ster­
nocleidomastoid muscle is detached fro1n the clavicle, leaving 
a small cuff with which to reattach the muscle on closure. 
Under the 1nuscle, the supraclavicular fat pad is identified 
(Fig. 35-1). Dissection will allow the omohyoid to be visual­
ized and transected. The transverse cervical artery and vein 
must be identified, ligated, and sectioned if necessary for 
exposure. Mobilization of the fat pad allows the underlying 
anterior scalene 1nuscle to come into view. The phrenic nerve 
will be seen running in a lateral-to-medial fashion across this 
muscle (Fig. 35-2). It 1nust be n1obilized and protected fro1n 
injw·y. If this nerve is followed superiorly, its attachment to 
me upper trunk of the brachial plexus can be visualized. 

FI< l KE 35-1 The s1ernocleidomas1oid muscle is shown with 
its underlying fat pad. 

Phrenlc 
nerve 

Clav icle .... 

Flf URE 35- .? The sternocleidomastoid is reflected 10 show the 
anterior scalene muscle and the phrenic nerve. The upper trunk of the 
brachial plexus can be seen. 
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The anterior scalene 1nuscle must be partially transected 
or partially resected at this stage to gain entrance into the 
region of interest. The 1nuscle is attached to the first rib. Dur­
ing sectioning, care must be taken to avoid injury to the sub­
clavian artery and vein as well as the phrenic nerve. 
Mobilization of muscle requires sectioning its attach1nents to 
the trans verse processes. Once detached, the muscle can be 
fully resected. With the 1nuscle resected, the C5 and C6 nerve 
root contributions to the upper trunk can be seen and the 
1niddle and lower trunks visualized and identified (Fig. 35-3). 
Sibson's fascia over the do1ne of the lung must be released to 

long us 
capitis muscle 

Clavicle 

Phrenic 
nerve 

Trunks of the 
brachia! plexus 

Re fleeted anterior 
scalene musd e 

FIGURE J 5-3 The anterior scalene has been transected to 
show the upper, middle, and lower trunks of the brachia! plexus. 

PITFALLS, PEARLS, CONSI DERATIONS 

• Full workup should be done before a diagnosis is made 
• Avoid injury to the phrenic nerve 
• Avoid injury to the subclavian vessels 
• Pneumothorax 
• Chylothorax 

SUGGESTED READINGS 

Pollack FN/. Surgical anatomy of thoracic outlet syndrome. Surg 
Gynecol ObsteL 1980;150:97- 103. 

Qvarfordt PG, Ehrenfeld WK, Stoney RT. Supraclavicular radical 
scalenectomy and transaxillary first rib resection for the tho­
racic outlet syndrome: a combined approach. Arn J Surg. 1984; 
148:111- 116. 
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visualize CS and Tl (Fig. 35-4). The Tl root may be buried 
deep behind the pleura. Care must be taken to avoid pleural 
tears. All fibrous bands in the region of the lower trunk must 
be sectioned for adequate decompression. Cervical ribs usu­
ally indent the plexus from behind, and if one is identified, it 
1nust be re1noved. More commonly, fascial bands arising 
fro1n the cervical rib and heading to the firSt rib constitute the 
compressive pathology. These must all be sectioned. 

The scalene n1uscle does not need to be reconstructed 
on closure The sternocleidomastoid is reattached to the 
clavicle and the wound closed in its anatomic layers. 

Divisions of the 
brachia! plexus 

Clavic le 

Clavlcle 

Reflected anterior 
scalene mu.sde 

Subclav lus 
muscle 

Trunks of the 
brachia! plex us 

fl(,[ IRE 35-4 The distal portions of the brachia! plexus are seen 
passing into the infraclavicular region. Fascia and fibrous bands over 
these segments have been resected for enhanced visualization. 

Roos DB. The place for scalenectomy and firSt-rib resection in tho­
racic outlet syndrome. Surgery. 1982;92:1077- 1085. 

Sanders RT, Monsour NV, Gerber WF, et al. Scalenecto1ny versus 
first rib resection for the treat1nent of thoracic outlet syndrome. 
Surgery. 1979;85:109-121. 

Sanders RJ, Pearce WH. The treatinent of thoracic outlet syn­
dro1ne: a comparison of different operations. J Vase Surg. 
1989;10.626-634. 

Stopford JB, Telford ED. Compression of the lower trunk of the 
brachial plexus by a firSt dorsal rib: with a note on surgical 
treatment. Br J S11rg. 1919;7: 168- 177. 

Troeng T. The anaton1y of the thoracic outlet and the causes of 
thoracic outlet syndrome. Vasa. 1987;16:149-152. 

Wilbooum AJ. Thoracic outlet syndrome surgery causing severe 
brachial plexopathy. Muscf.e Nerve. 1988;11:66-74. 
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SUPRASCAPULAR NERVE ENTRAPMENT 

INDICATIONS FOR APPROACH 

• Entrapment of the suprascapular nerve 

ANATOMY 

The suprascapular nerve is a mixed peripheral nerve that 
arises as a large branch from the superior trunk (CS and 
C6 roots) of the brachial plexus. The sensory component 
of the nerve has no c utaneous distribution but supplies 
the posterior capsule of the shoulder joint. The motor 
co1nponent supplies the supraspinatus and infraspinatus 
muscles. The nerve crosses the posterior triangle of the 
neck deep and parallel to the inferior belly of the omohy­
oid muscle. It then runs under the trapezi us muscle, 
through the suprascapul ar notch below the suprascapu -
Jar ligament, and into the supraspinous fossa. The supras­
capular artery and vein pass above the suprascapular 
ligament and join the nerve in the s upraspinous fossa. 

Scapula 

Emel A vci, Damirez Fossett 
"'--~~~~~~~~~~~~~~~~~ 

After supplying the supraspinatus muscle, the nerve 
curves arcund the lateral border of the scapular spine into 
the infraspinatus fossa, where it enters the deep surface 
of the infraspinatus muscle. 

POSITIONING AND SKIN INCISION 

The patient is placed in the lateral position with the ipsilat­
eral ann supported on an annrest or pillow. A 7- to 8-cm 
skin incision is niade 2 cm above and parallel to the supe­
rior border of the scapular spine (Fig. 36-1 ). 

SURGICAL TECHNIQUE 

The dissection is carried through the fibers of the trapezius 
muscle parallel to the superior border of the scapula 
(Fig. 36-2). Care should be taken to identify and avoid 
1n3ury to the spinal accessory nerve. Running the forefin-

Trapezius 
muscle Scapula A.xi Ila 

Posterior surface 
of upper arm 

Axilla 

Skin incision 

FIGURE 36- l A small incision is made above the scapular 
spine. 
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FIGURE 36-2 The trapezius muscle is identified beneath the 
subcutaneous tissue. 



ger along the superior border of the scapula, a depression 
can be identified that corresponds to the scapular notch. 
Si1nilarly, the 01nohyoid 1nuscle can be fo llowed to its 
attach1nent on the superior border of the scapula . .lust lat­
eral to this attach1nent should be the suprascapular notch. 
A self-retaining retractor is placed; under direct vision, the 
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suprascapular artery and vein, ligament, and nerve can be 
dissected. The artery and vein run above the 1 igainent, the 
nerve below it (Fig. 36- 3), A right-angled dissector is placed 
beneath the ligament, and it is sectioned to deco1npress the 
underlying nerve (Fig. 36-4). The vesse ls should be pro ­
tected. It is not necessary to see the nerve to deco1npress it. 

Supta~Cc1pular 

nerve 

Suprasupular 
ligament 

CoracOid process 
of the scapula 

Suprascap ular 
artery and vein 

FIGURE 36-J The suprascapular ligament is identified within 
the suprascapular notch. 

PITFALLS, P EARLS, C ONSIDERATIONS -----
• A void injuring the artery 

• Check for ganglion cysts under the supraspinatus mus­
cle, which can also co1npress the nerve 

S UGGESTED R EADINGS 

Bigliani LU, Daisey RM, McCann PD, April F»/. An anato1nical 
study of the suprascapular nerve. Arthroscopy. 1990:6:30 I. 

Callahan .ID, Scully TB, Shapiro SA, et al. Suprascapular nerve 
entrapment: a series ofZ7 cases. J Neurosarg. 1991;74:893-896. 

Supra scapular 
nerve 

Corac:o1d process 
of the scapula 

Suprascapular 
artery and vein 

FIGURE 36-4 The suprascapular ligament has been sectioned 
to reveal the underlying suprascapular nerve. 

Ganzhorn RW, Hocker .IT, Horowitz M, et al. Suprascapular nerve 
entrapment. J Bone Joint Surg Am. 1981 ;63A:492-494. 

Hadley MN, Sonntag VKH, Pitttnan HW. Suprascapular nerve 
entrapment: a su1nmary of seven cases. J Ne11ros11rg. 1986;64: 
843-848. 

Rengachary SS, Burr D, Lucas S, et al. Suprascapular entrapment 
neuropatby: a clinical, anatomical, and comparative study. Part 
2: Anato1nical study. Neurosurgery. 1979;5:447. 

Vastamaki M, Goransson H. Suprascapular nerve entrap1nent. 
Clir1 Orthop. 1993;297: 135. 
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SURGICAL DECOMPRESSION OF 'IHE 

LATERAL FEMORAL CUTANEOUS NERVE 

INDICATIONS FOR APPROACH 

• Meralgia paresthetica 

ANATOMY 

The lateral fe1noral cutaneous nerve is a pure sensory nerve 
arising fro1n the second and third lumbar nerves of the 
lumbar plexus. It e1nerges fro1n beneath the lateral border 
of the psoas 1najor muscle, runs obliquely forward and infe­
riorly across the iliacus 1nuscle, and then passes fro1n the 
iliac fossa into the thigh beneath the inguinal ligament just 
medial to the anterior superior iliac spine. The nerve pierces 
the inguinal liga1nent between the two roots of attachment 
of the ligament to the iliac bone and enters the thigh near 

Course of 
the LFCN 

• 
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the anterior border of the sartorius muscle. The sartorius 
muscle has an aponeurotic expansion fro1n its tendinous 
attachment to the anterior superior iliac spine that attaches 
to the inferior border of the inguinal ligament. The lateral 
fe1noral cutaneous nerve pierces this aponeurotic expan­
sion and descends inferiorly to pierce the fascia lata and 
enter the subcutaneous tissue. 

POSITIONING AND SKIN INCISION 

The patient is placed in the supine position, and the ante­
rior superior iliac spine is identified. A 5- to 6-cm skin inci­
sion beginning 2 cm below the attach1nent of the lateral 
inguinal ligament to the anterior iliac spine is created par­
allel to the inguinal crease (Fig. 37-1). 

Transvere 
.$kin incision 

FH,lfRE 37- 1 Illustration of the linear skin incision made transversely 
beginning 2 cm below the inguinal ligament attachment to the anterior 
superior iliac spine. The hashed line represents the general course of the 
lateral femoral cutaneous nerve (LFCN). 
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SURGICAL TECHNIQUE 

The course of the nerve is variable so that an exploration 
is usually necessary. The subcutaneous fat is dissected 
until the fascia of the anterior border of the proxi1nal sar­
torius muscle is identified. A branch of the nerve can usu­
ally be fo und cour$ing over the 1nuscle, and this branch 
can be traced back to the 1nain trunk. The main trunk then 

Inguinal 
ligament 

Lateral femor11I 
cucaneous nerve 

.Sarrorius 
mu~cle sneath 

can be followed to its passageway through the inguinal 
ligament; typically about 1 cm medial to the anterior 
superior iliac spine (Fig. 37-2). The nerve is deco1npressed 
by sectioning the deeper part of the ligamentous tunnel 
through which it travels. 

Neurectomy of the nerve instead of neurolysis can be 
perfonned through the same approach. If a neurecto1ny is 
perfonned, traction is placed on the nerve so that the c ut end 
will retract back through the inguinal tunnel after sectioning. 

Fl<rlfRE J.7-2 High-power view of the main 
trunk of the lateral femoral cutaneous nerve 
(LFCN) passing through the inguinal ligament 
before branching. A contrasting background has 
been placed behind the nerve to enhance visual­
ization. 

Brcinches of the 
LFCN 

PITFALLS, PEARLS, CONSIDERATIONS -
• Do not make small incisions 

• The nerve is deeper than you think 

• If a neurecto1ny is planned, be sure the lateral fe1noral 
cutaneous nerve is the nerve being cut 

SUGGESTED READINGS 

Edelson JG, Nathan H. Meralgia paraesthetica: an anato1nical 
investigation. Clin Orthop. 1977;122:256-262 

Keegan JJ, Holyoke EA. Meralgia paresthetica: an anatomical and 
surgical study. J Neurosurg. 1962;19:341- 345. 

Stevens HI. Meralgia paresthetica. Arch Neurol Psychiatry. 
19S/;77:557-574. 

Williruns PH, Trzil KP. Manage1nent of 1neralgia paresthetica. J 
Neurosurg. 1991;74:76-80. 
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SCIATIC NERVE EXPLORATION 

Ernest Senz, Matt Amn1erman, Mark Grant, Darnirez Fossett 

INDICATIONS FOR APPROACH 

• Pelvic or fe1noral fractures and dislocations 

• Sharp and blunt injuries 

• Neurotization 

ANATOMY 

The sciatic nerve is co1nposed of roots fro1n the lumbosacral 
plexus. Its terminal nerves are the tibial nerve, composed of 
roots from L4 to S3, and the peroneal nerve, composed of roots 
fron1 L4 through S2. The sciatic nerve courses over the sacrum 
and leaves the pelvis through the sciatic notch inferior to the 
pirifonnis muscle. It is accompanied by the inferior g luteal 
artery and nerve and by the posterior fe1noral cutaneous 
nerve. The nerve travels beneath the gluteus maxim us 1nuscle 
and over the deeper obturator intemus, ge1nelli, and quadra­
tus femoris 1nuscles. 

In the upper posterior thigh, the nerve is lateral to the 
biceps femoris and medial to the iliotibial tract. It turns, 
courses deep to the biceps femoris, and then runs between 
the biceps fe1noris and semitendinosus 1nuscles. In the 

Question mark 
~kin incision 

Altem<Jte 
skin 
lnclston 

FIGL RE .l - 1 A curvilinear incision over the gluteus maximus 
is performed. 
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lower thigh, the sciatic nerve splits into its two divisions: the 
posterior tibial nerve and the peroneal nerve. The sciatic also 
gives off small muscular branches to the long head of the 
biceps femoris, the se1nitendinosus, the semimembranosus, 
and fibers of the adductor magnus in the upper thigh. 

POSITIONING AND SKIN INCISION 

The patient is placed in the prone position with the hips 
slightly flexed and the lower extre1nities extended. A 
reverse question ma.rk incision is made beginning 2 to 3 cm 
lateral and inferior to the posterior superior iliac spine. The 
incision curves laterally over the greater trochanter, returns 
to the midline, and extends along the posterior midline of 
the thigh (Fig. 38- 1). 

SURGICAL TECHNIQUE 

Fibers of the gluteus 1naximus are identified after dissec­
tion through the subcutaneous tissue (Fig. 38-2). This 1nus­
cle is reflected medially in its entirety. Ca.re should be taken 
during dissection and reflection of the 1nuscle to not injure 
the inferior gluteal artery and nerve as they course deep to 

Semrtendinosus 
muscle 

Bicep~ fe·moris 
muscle 

Gluteu$ maximus 
muscle 

ElC. llRE J8-2 The gluteus maximus, biceps femoris, and semi­
tencli nos us muscles are visualized after elevating the skin flap. 



and penetrate the 1nuscle (Fig. 38-3). The sciatic nerve is 
see n to course above the ge1nell i, the obturato r internus, 
and the quadratus femoris 1nusc les. Superiorly, the nerve is 
seen to run beneath or course through the two heads of the 
pyrifonnis 1nuscle Crossing toward the greater trochanter 
(Fig. 38- 4). The nerve can be followed dis ta ll y into the 
upp er thigh by tracing it as it runs deep to the biceps 
fe1nori s 1nuscle. Note that the posterior fe1nora l cutaneous 
nerve lies superficial to the biceps fe1noris 1nuscle and can 
be injured by retraction. The sciatic nerve can be followed 
nlore distally between the posterior nluscles of the thigh 
unti l it divides into its tern1inal branches, the co1n1non per­
oneal and tibial nerves (Fig. 38- 5). 
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fe1no ris Sciat ic 
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Pyrlformis 
mu5cle 
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Gluteus 
maxirnus 
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Greater 
crochanter 

flC,lJRE JS-4 The sciatic nerve emerges through the sci­
atic notch. It is bounded by the heads of the biceps fe.moris 
distally and the piriformis muscle proximall y. 

Sciatic 
nerve 
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Sci.atic nerve 
Gluteal a rtery 
and nerve 
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Gluteus 
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FIGURE Jll-J The gluteal artery and nerve are seen penetrat­
ing the reflected gluteus muscle. 
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PITFALLS, PEARLS, CONSIDERATIONS 

magnus 
muscle 

- ~---

• Injury to the inferior gluteal nerve and artery 

• Injury to the posterior fe1noral cutaneous nerve 

SUGGESTED READINGS 

Banerjee T, Hall CD. Sciatic entrap1nent neuropathy. J Neurosurg. 
1976;45:216-217. 

Barton PM. Piriforn:ris syndrome: a rational approach to 1nanage­
ment. Pain. 1991:47:345-352. 

Bell MA, Weddell AGM. A descriptive study of the blood vessels 
of the sciatic nerve in the rat. man and other animals. Brain. 
1984;107 :871- 898. 

Clawson DK, Seddon HJ. The results of repair of the sciatic nerve. 
J Bone Joint Surg Br. 1960;42B:2)5-212. 

Fl(;l1R£ J8-5 The sciatic nerve is followed distally between 
the muscles of the posterior thigh, where it gives off muscular 
branches. It will ultimate ly divide into its terminal branches: the 
tibial nerve and the peroneal nerve. 

Mizuguchi T. Division of the pyriformis muscle ror the treatJnent 
of sciatica.ArchS11rg. 1976;111:719-722. 

Robinson DR. Piriformis syndro1ne in relation to sciatic pain. Am 
J Surg. 1947;73:355-358. 

Synek VM. The pirifonnis syndro1ne: review and case presenta­
tion. Clin Exp Neurol. 1987;23:31- 37. 

Sognaard I. Sciatic nerve entrapment neuropathy. J Ne11ros11rg. 
1983;45:216-217. 



INDICATIONS FOR APPROACH 

• Biopsy for peripheral neuropathy workup 

• Sura! nerve neuropathy 

• S ural nerve grafts 

ANATOM Y -
The co1nmon peroneal nerve is a terminal branch of the sci­
atic nerve arising fro1n the L4 through S2 nerve roots. It 
travels along the 1nedial 1nargin of the biceps femoris , 
wraps around the fibula head, and dives deep to the per­
oneus longus 1nuscle, where it divides into three branches 
that subserve sensory and motor innervation to the lower 
leg and foot. 

In the popliteal fossa, the peroneaJ nerve gives rise to a 
lateral cutaneous branch and also joins with a medial 
branch of the tibial nerve to fonn the sural nerve. This sen­
sory nerve innervates the skin over the dorsal and lateral 
aspect of the leg as well as the lateral aspect of the foot. 

Skln incision Lateral malleolus 

Achilles tendon 

FfC,LTRL JCJ- t The incision is made midway between the 
lateral malleolus and the Achille-~ 1endon. 
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SURAL NERVE BIOPSY 

Dmnirez Fossett 

POSITIONING AND SKIN INCISION -
The patient is placed in the lateral position with the surgi­
cal leg up. The down leg is slightly flexed, and the surgical 
leg is extended to allow visualization of the lateral malleo­
Jus. A piJJow should be placed between the two legs. 

The skin incision is made halfway between the lateral 
1nalleolus and the Achilles tendon (Fig. 39- 1 ). It should 
extend about 5 to 6 c1n long and does not need to go below 
the level of the lateral 1nalleolus. Occasionally, the incision 
may need to extend 1nore proximally up the lateral calf to 
identify the nerve. 

SURGICAL TECHNIQUE 

The subcutaneous tissue is dissected, and the saphenous 
vein is identified. Just deep and lateral to the vein, one 
will find the sural nerve (Fig. 39- 2). The nerve should be 
dissected free and a segment e levated with a dissector 
and transected to provide at least a I-cm section for 
pathology. 

lateral 
rnalleolus 

Heel Achilles 
tendon 

Saphenous vein 

5ural nerve 

f<H, t 1RE J'l- 2 The sural nerve is identified deep and 
lateral to the vein. 



PITFALLS. PEARLS, CONSIDERATIONS 

• Inability to find the nerve may require more proxi­
mal dissection 

• Nerve is lateral and deep to the vein 

• Wound infections 

• A pathologic nerve may be very small 

• If unable to locate the nerve, look more superficially, 
not deep 

CHAPTER 39 SURAL N ERVE BIOPSY • 179 

SUGGESTED READINGS 

Doi K, Kuwata N, Sakai K, et al. A reliable technique of free vas­
cularized sural nerve grafting and preliminary results of clini­
cal applications.J Ha11dS11rg. 1987;12A:6n-684. 

Doi K, Tamaru K, Sakai K, et al. A comparison of vasculariz.ed and 
conventional sural nervegrafts.J Ha11dS11rg. 1992;17At)70-676. 

Gilbert A. Vascularized sural nerve graft. In: Terzis JK, ed. 
Microreconstruction of nerve injuries. Philadelphia: WB Saun­
ders; 1987:117-126. 

Pringle RM, Protheroe K, Mukherjee SK. Entrapment neuropatby 
oftbe sural nerve. J Bone JointS11rg Br. 1974;56:46>468. 
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MINIMALLY INVASIVE SUPRA ORBIT AL 

INDICATIONS FOR APPROACH 

• Anterior circulation vascular lesions 

• Anterior cranial base tumors 

• Sellar and parasellar region tumors 

• Anterior and lateral incisural space Lesions 

• Lesions on the ventral surface of the pons and 1nidbrain 

POSITIONING AND SKIN INCISION 

The patient is placed supine with the head held in May field 
three-point fixation. Depending on the location of the lesion 
and the anatomic window selected, the head 1nay be vari­
ably rotated contralaterally. ft is rotated 10 to 20 degrees 
for ipsilateral 1niddle cerebral artery and hippocampal 
gyrus pathology. It is rotated 20 to 40 degrees for sellar and 
suprasellar region pathology and 40 to 60 degrees for ante­
rior cranial base lesions. Ten to fifteen degrees of dorsiflex­
ion is standard, but up to 30 degrees may be necessary for 
Lesions that extend high. A slight tilt to the contralateral 
shoulder also 1nay be helpful. 

Eyebrow 
incision 

FJ(;{ IRE 
approach. 

1-I Eyebrow incision for the supraorbital keyhole 

CRANIOTOMY 

Carlos Acevedo, Damirez Fossett 

The skin incision is 1nade over the eyebrow, beginning 
at the supraorbital foramen or notch and ending at the lat­
eral edge of the eyebrow in front of the zygo1natic process 
(Fig. 40-1). The scalpel should be introduced obliquely to 
avoid damaging the hair follicles. Safety stitches can be 
placed at the ends of the incisions to help avoid tears fro1n 
retraction. Following the incision, subdermal dissection 
exposes the fascia of the frontal and te1nporal muscles. The 
supraorbital nerve should be identified and protected. The 
te1nporal fascia then is cut at the superior temporal line for 
approximately 2 c1n, and subperiosteal dissection and 
retraction of the 1nuscle are performed to expose the tem­
poral region. The frontal fascia can now be incised in a 
semicircular fashion, elevated, and retracted with its base 
toward the orbital rim. 

SURGICAL TECHNIQUE 

Whereas there is no standard supraorbital keyhole cran­
ioto1ny, there are several variations that can be considered 
(Fig. 40-2). If the orbital ri1n is not taken, the cranioton1y has 
three variants: frontomedial , frontosupraorbital, and fronto­
laterobasal. A burr hole is placed laterally in the te1nporal 

' 
;4--~ 
I 

---~ 

Cr;inlotomy 
outlined 

FIGlJUE ~U-1 Craniotomy is outlined for the supraorbital key­
hole approach. 
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fossa, just belo\v the superior temporal line and about 5 mL 
above the McCarty's keyhole. This shou ld prevent violation 
of the periorbita. After epidu ral dissection, a c raniotomy 
3.5 c1n wide and 2 cm high is perforined with a high-speed 
drill above the orbital ri1n and lateral to the supraorbital 
nerve (Fig. 40-3). Care should be taken lo avoid the frontal 
sinus. Once the bone flap is elevated, the internal cortical 

I f(,l RE 40- This craniotomy spans 2.5 cm at its base. 

layer of the frontal fossa. the sphenoid \Ying, and the bony 
irregu larities of the anterior fossa floor should be drilled 
away. The dura is inci sed in a se1nicircular fashion a nd 
ret racted toward the orbit (Fig. 40-4). For lesions extending 
cephalad, the craniotomy can be extended to include the 
orbital ri1n and roof. T hese also can be incorporated into the 
cranioto1ny (one or two flaps) (Figs. 40-5 and 40-6). 

Orbital 
rim 

Orbital 
roof 

Dural 
• • • 1nc1s1on 

Frontal 
lobe 

FIC.l RI 40 .. The dural incision is out lined. 

Orbit under 
dural flap 

Orbitotomy 
outlined 

F IC,[ RF. .io :. The orbitotomy cuts are outlined. 

Frontal 
lobe 

' 
dura opened. 

/ Orb11 

_.;,,..- Tortuou s 
branches 
of the MCA 

Frontal 
lobe 

-..,,~- Frontal lobe 
retractor 

The orbitotomy has been performed and the 

- l R: ,_ ~ Opening of the sylvian fissure to 
see tortuous branches of the middle cerebral artery 
(MCA). 
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Using the operating microscope, the arachnoid dissec­
tion begins laterally at the sylvian fissure, first freeing the 
frontal lobe and then draining the cerebrospinal fluid from 
the sy lvian and carotid cisterns and exposing the m iddle 
cerebral and internal carotid arteries (Figs. 40-7-40- 12) . The 

FIGllRE -'l0-8 Arachnoid bands enveloping the optic-carotid 
complex, ICA, internal carotid artery;CN, cranial nerve. 

lCA CN fl Orbit Frontal lobe 

FIGURE 40-9 The optic-carotid cistern has been opened. 
ICA, internal carotid artery; CN, cranial nerve. 

MCA ACA 
<M 1 s.egmenrj lCA CN II (A 1 segment) 

Fl(;lJRE ~1-11 The carotid bifurcation is well visualized. Per­
forators from the carotid and an Al perforator can be seen. CN, 
cranial nerve; MCA, middle cerebral artery; ICA, internal carotid 
artery; ACA, anterior cerebral artery. 

ICA Orbit CN II 

__ Frontal 

CN Ill ICA 

Front<il lobe 
retractor 

Optic 
nerve 

Frontal 
lobe 

FIGURE .io - . The optic nerve, carotid artery, and third cra­
nial nerve (CN Ill) come into view. ICA, internal carotid artery. 

MCA bifurcation MCA 
aneurysm (M 1 s~ment} ICA 

Fl<.URE .i0- 12 A middle cerebral artery (MCA) bifurcation 
aneurysm is discovered. ICA, internal carotid artery. 

lobe 
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dissection then continues posterior and medial to identify 
and open the chiasmatic cistern and expose the optic nerve, 
anterior cerebra l and anterior communicating complex , 
olfactory nerve located lateral lo the gyrus reclus , and the 
lamina terminal is (Figs. 40-13-40-17). To avoid tears of the 

Optic 
chia~m 

Frontal 
FIGURE 40 - 1 J The olfactory nerve is visualized lobe 
above the optic chiasm. The contralateral internal 
carotid artery (ICA) is seen between the optic nerves. 
The ipsilateral ICA is well visualized. CN, cranial nerve. 

ICA 
Lamina 
terminales 

Anterior 
communicating 
com pl~ 

fl< llRE -10-1-1 With slight retraction, the lamina terminals 
and the anterior communicating complex come into view. ICA, 
internal carotid artery. 

CN II 

Contralateral 
tCA 

ICA CN II CN 1 

Anterior 
comm·unicaring complel< 

Cont ralateral 
ICA CN II 

Frontal 
lobe 

FJ(,URE 40-1~ The anterior communicating complex is well 
seen. 

ICA 

CN II 
Chiasm 

Lamina 
terminal1s 

ICA 
bifurcation 

Fii llRE 40-16 A panoramic endoscopic view with the 
30-degree endoscope. ICA, internal carotid artery; CN, cranial 
nerve. 

ICA 

CN II 

Optic 
chias111 

FIGURE -t0 - 17 The optic chiasm and both internal carotid 
arteries (ICAs) are visualized with the 30-degree endoscope. CN, 
cranial nerve. 
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olfactory nerve due to the frontal Jobe falling a\vay, its arach­
noid layer should be opened \videly so that the nerve is ti·eed 
fro1n thy frontal lobe and rests on the floor of the anterior 
cranial fossa. To reach the anterior and lateral incisural 
spaces, it is necessru·y to \VOrk through anatomic \vindows 

CN11 

Contralate ral 
ICA 

Ophthalmic 
artery 

Chiasm 

CN II 

FIGlTJl.E 40 - 18 The contralateral ophthalmic artery can be 
seen . The falciform ligament is seen forming the root of the optic 
canal. ICA, in1ernal carotid artery; CN, cranial nerve. 

ICA CN II 

CN Ill 

FIGUR.£ 40 l.0 The carotid- oculomotor corridor and the 
optic~arotid corridor are shown with a zero-degree endoscope. 
CN, cranial nerve; ICA, internal carotid artery. 

such as the optical-carotid triangle, bet\veen the optic nerves, 
behind or in front of the pituitru·y stalk, or bet\veen the ocu­
Jo1notor nerve and the carotid artery (Figs. 40- 11 , 40-12, 
40-16, and 40- 18-40- 21). T he interpeduncu lar c istern is 
reached by opening the 1ne1nbrane of Lilliquist and contains 

Pituitary 
stalk 

Basila r 
artery 

Contralateral 
ICA 

Optic 
chiasm 

FIGURE 40 19 The pituitary stalk, basilar artery, and antero­
lateral internal carotid artery (ICA) arc visualized through the 
prechiasmatic window with a 70-degree endoscope. 

Pituitary 
-stalk 

ICA 

Opt le 
nerve 

Perforating 
artedes 

Chiasm 

FIGCRE 4 0 21 Through the optic-carotid cistern, the pituitary 
stalk and perforators from the C4 segment of the internal carotid 
artery (ICA) can be visualized with a 30-degnee endoscope. 
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the superior third of the basilar artery and both the posterior 
cerebral and superior cerebellar arteries (Figs. 40-22 and 
40-23). The cerebral peduncles and the ventral surface of the 
pons 1nake up the posterior wall of the cistern. The dissection 
may be extended toward the contralateral side (Fig. 40-24). 

The dura is closed in a watertight fash ion. No duraI 
tackup stitches are necessary. The bone flap is repositioned 
and fixed by using silk sutures or 1nicroplates and screws. 
The frontal and ten1poral fascias are closed in the usual 
fashion. Subdenna l and intradennal running sutures are 
used to close the skin. 

Basilar 

artery 

Duplicated 
SCA 

SCA 

CN Ill 

Fl ,lJRE .io-23 With the 30-degree endoscope, a bifurcated 
left superior cerebellar artery (SCA) can be seen. The right third 
nerve is visualized coursing above the contralateral SCA. CN, cra­
nial nerve. 

P ITFALLS, P EARLS, CONSI DERATIONS - -----
• Assistance with the endoscope is extremely useful 

though there is always the risk of stretching structures 
behind the tip of the Jens 

• Vascular control of lesions on the ophthahnic or clinoidaJ 
seg1nents of the carotid artery is difficult to achieve 

• Alternative meth ods for proxi1nal control, such as 
neck dissection or endovascul ar techniques, should 
be considered 

• Frontal sinus entry should be avoided. If encountered, 
it should be reconstructed in the usual manner 

Pons 

Basirar 
artery 

( N Ill 

FlGllRE .i0-22 Note the basilar bifurcation relationship to the 
dorsum sella. Both third nerves can be seen, CN, cranial nerve. 

Contralateral 
MCA 
(Ml s~ment) 

Co111ralateral 
ICA 

Contra lateral 
CN II 

Contra lateral 
ACA (A 1 segment) 

fl(,lJRE 40- .? 4 The contralateral carotid bifurcation. MCA, 
middle cerebral artery; ICA, internal carotid artery; ACA, ante­
rior cerebral artery; CN, cranial nerve. 
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MINIMALLY INV ASNE SUBTEMPORAL 

INDICATIONS FOR APPROACH 

• Lesions in the spheroid sinus 

• Lesions in the petrous apex 

• Posterior fossa lesions 

POSITIONING AND SKIN INCISION 

The patient is positioned in the supine position with a 
shoulder roll beneath the ipsilateral shoulder. The head is 
rotated toward the contralateral shoulder. The degree of 
rotation is dictated by the location of the pathology. The 
skin incision is located anterior to the tragus of tbe ear 
(Fig. 41-1). A s1nall "v" 1nay be made in the otherwise lin­
ear incision to make it more cosmetic. 

SURGICAL TECHNIQUE 

A 2.5-cm-diameter craniotomy flap is turned, and with 
blunt dissection, the dura is lifted from tbe floor of the 1nid­
dle cranial fossa (Fig. 41-2). The middle 1neningeal artery is 
identified and followed to its entrance into the foramen 

Temporal 
dura 

Size of craniotomy 

Middle meninge.31 ar"Cery 

CRANIOTOMY 

Carlos Acevedo, Damirez Fossen 

Lobvle 

Tragus 

Helix 
Skin . . . 
1nas1on 

flC, URE ~1-1 Skin incision anterior to the tragus of the ear. 

Fl(, l 'R E ~l-2 A right-sided keyhole craniotomy is 
performed. The middle meningeal artery is visualized. 

189 
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spinosu1n (Fig. 41 - 3). T he artery is coagulated and sec­
tioned, \vhich allows further elevation of the dura to identify 
the other fora1nina in the floor of the tn iddle fossa 
(Fig. 41-4). V3 is seen exiting via the forainen ovale, and V2 

is identified exiting via the fonunen rotundu1n. The dura is 
split into its t\vo leaves at the region of the fifth nerve 
branches and gasserian ganglion, thus allo\ving for an 
extradural approach to the gasserian ganglion as well as the 

Floo·r of lhe middle fossa 

Temporal dura Middle meningeal artery 

FIGURE 41-3 The middle meningeal artery is follovved to the 
foramen spinosum and floor of the middle fossa. The zygomatic 
arch is preserved. 

Gasserian 
ganglion 

FIGURE 4l- 5 After splitting the lateral wall of the cavernous 
sinus, cranial nerve (CN) V2, and V3, and the gasserian ganglion 
are well seen extradurally. 

cavernous sinus (Fig. 41- 5). Drilling the bone of the middle 
fossa bet\veen V 3 and V2 defines an extradural entrance into 
the sphenoid sinus (Fig. 41-6). Drill ing between V1 and V2 

also allO\vs a 1nore superior entrance into the sphenoid 
sinus. Introduction of the endoscope through either the 
anterolateral or lateral triangles of the cavernous s inus 
allo\vS exploration of the sphenoid sinus and re1noval of 
pathology involving the cavernous and sphenoid sinuses. 

Foramen spinosum (MMA) 

FIG l l RE 41-4 The foramen of the middle cranial fossa are 
visualized. 

v, 
GassPrian 
gangfion 

FIGURE 41-6 The anterolateral and lateral triangles of the cav­
ernous sinus have been opened. The sphenoid sinus is reached 
extradurally. 
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Dissection a Jong the floor of the 1nidd le fossa a llows 
identification of the petrous carotid ar tery (Fig. 4 1- 7). 
Kawese's Iii angle can be dri lled, providing a route of access 
to the posterior fossa. I f the dun1 is opened and the ven­
triculoscope is inserted, the basilar artery, anterior inferior 
cerebellar arte ry, and sixth nerve can be visualised 
(Fig. 4 1- 8). Angling the scope allO\vS the identification of 

ICA 

Ga~~erian ganglion Middle menlngeal artery 

FIGURE .Jl-7 The horizontal portion of the petrous carotid is 
exposed. ICA, internal carotid artery. 

AlCA 

Gas~erlan 

ganglion 
CNVl 

An·cerolareral pons 

Motor br.1nch of CN V 

FIGURE ~l-9 The porus trigeminus is opened and the course 
of the fifth nerve is exposed. The superior petrosal vein and the 
superior cerebellar artery (SCA) are seen in the region of the fifth 
nerve. AICA, anterior inferior cerebellar artery; CN, cranial nerve. 

the porus trige1ninus , \vhich, if opened, reveals the fifth 
nerve (Fig. 4 1- 9). The superior petrosal sinus and the supe­
rior cerebellar artery also can be visualised. T he tentor iu1n 
can be incised and the fourth cranial nerve identified 
(Fig. 4 1- 10). With the tentorial incision, access is provided 
to the superolateral pons. T he superi or cerebellar ar tery 
and cranial nerves IV through VIII can be identified 

ICA Basilar artery 

Gasserian gangnon AlCA CNVI 

FIGURE .i l-8 The posterior fossa dura is opened allov•ing 
visualization of the basilar artery, anterior inferior cerebellar 
artery (AICA), and the sixth cranial nerve (CN). The petrous inter­
nal carotid and the gasserian ganglion are also shown. ICA, inter­
nal carotid artery. 

Superior 
petrusal 
vein 

SCA 

Lateral pons 

Ten tori um 

SCA 
(duplicated) 

PCA (P2 segmeni) CN IV 

FIGURE -' 1-10 T he tentorium is partially incised, and the 
fourth nerve (CN IV) is visualized. T he duplicated superior cere­
bellar artery (SCA), posterior cerebral artery (PCA), and supero­
lateral pons are visible. 
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(Figs. 4 1- 11-4 1- 13). Afte.r the in terna l auditory meatus 
(IAM) is drilled, the internal auditory arte ry can be identi­
fied coursing alung "vi th the VU-YIU complex (Fig. 41-14). 
Dorello ' s canal can be identified "vith the seventh nerve 

CNVI 

exiting through it (Fig. 41-15). When the ventriculoscope is 
oriented more inferiorly, the ve rtebrobasila r junction , the 
posterio r inferior cerebellar arte ry, and the lower cranial 
nerves can be seen (Figs. 4 1-16-41-18) . 

CNVllNlll 

AICA 

CNVI 

Superior 
pEtrosa l 
vein 

Gasserian 
ganglion 

CNV AlCA 

FIGlfRE -'l- 11 Panoramic view of the approach through a 
2.5-cm keyhole. AICA, anterior inferior cerebellar artery. 

Ba~ilar artery Al(A 

Cllvus 
CN v111v111 

CN VI 
CNV 

( NV 

FIGURE ~1-1- High-power vie\v of cranial nerve (CN) V, VI, 
VIl, and VIII. The anterolateral pons is also visualized. AICA, 
anterior inferior cerebellar artery. 

Pons 

Ba~i lar 

artery 

CNVI 

AICA 

PCA CN IV SCA 

FIGURE -' l-12 Panoramic view with a 30-degree endoscope 
of cranial nerves (CNs) IV, V, VI, VII, and vm. The tentorium has 
been partially incised. The basilar artery, anterior inferior cere­
bellar artery (AICA), posterior cerebral artery (PCA), and petrosal 
vein are all seen. SCA, Superior cerebellar artery. 

CN VllN lll 

Flf~ JRE -11-l High-power view of the VII-vm complex. The 
internal auditory meatus has been drilled. The internal auditory 
artery is seen following the nerve. CN, cranial nerve; JAM inter­
nal auditory meatus. 

F1GURE -' l - 15 High-po\ver view of cranial nerve (CN) VI coursing from the 
pontomedullary sulcus to Dorello's canal. The basilar arrery and the anterior infe­
rior cerebellar artery (AICA) also are seen. 
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CN V1 

AICA 

Basilar artery The dura should be closed in a watertight fashion both 
in the posterior fossa as well as in the te1nporal region. The 
s1nall cranioton1y flap is replaced and a nlulli -layered clo­
sure perfonned of the subcutaneous tissues. The skin 1s 
closed in the usual fashion. 

Fl<rllRl' .C 1-16 Following the basilar artery interiorly, anterior inferior 
cerebellar artery (AICA) and the lower cranial nerves can be visualized. 

CNVllNIU 

Basilar artery CN IX/X/XJ 

CN !XIX 

AICA 

Vertebrar 
artery 

CN VII/VIII 

f{{, l lRE ~ L- 17 The anterior inferior cerebellar artery and the 
vertebral artery are visualized. Cranial nerves (CNs) VI, VIINIII , 
and IX/X are visualized. AICA, anterior inferior cerebellar artery. 

PITFALLS, PEARLS, CONSIDERATIONS 

• Vascular injury 

• Facial nerve injury 

• Te111poral lobe retraction injury 
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FlhllRE 41 - I II The vertebrobasilar junction can be seen sur­
rounded by rootlets of the lo\ver cranial nerves. AICA, anterior 
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ENDOSCOPIC VENTRICULAR 

INDICATIONS FOR APPROACH 

• Intraventricular tumors 

• Intraventricular arteriovenous malformations 

• Evacuation of he1nato1nas 

• Third ventriculostomy 

POSITIONING AND SKIN INCISION -------
The patient is placed in three-point fixation in the supine 
position with the head parallel to the walls of the operating 
theater. The head is flexed slightly to allow a line of sight 
into the ventricular system. 

The most common site of entry to the ventricular system 
is through Kocher's point (Fig. 42- 1), which is located about 
2 cm anterior to the coronal suture and 2 cm off the midline. 
It is the point co1n1nonly used for ventriculostomy place1nent. 
After a small incision is made, a bur hole is placed. The dura 
is bipolar coagulated and opened with a no. 15 blade. 

SURGICAL TECHNIQUE 

The ventriculoscope is passed through the frontal cortex to 
the ventricular syste1n. The target is a point where a pla­
ne through the external auditory 1neatus intersects a plane 
through the medial canthus of the ipsi lateral eye. Once in 
the ventricular system, orientation 1nust be established. If 
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Koclier's 
point 

Coronal 
suture 

ANATOMY 

Carlos Acevedo, Damirez Fossett 

vessels are seen to the left of the choroid plexus, the left lat­
eral ventricle has been entered, and if vessels are seen to 
the right of the choroid plexus, the right latera l ventricle 
has been entered. 

The frontal horn of the lateral ventricle lies anterior to 
the fora1nen of Monroe. The body lies behind the foramen 
of Monroe and above the tha lamus. The atrium is located 
posterior to the thala1nus and inferior to the parietal lobe. 
The occipital horn extends posteriorly into the occipital 
Jobe, and the te1nporal horn extends forward from the 
antrum into the temporal Jobes. 

The walls of the lateral ventricles are co1nposed pre­
dominantly of the thalamus and the caudate. The lateral 
ventricles wrap around the thala1nus, the superior surface 
of which 1nakes up the floor of the body of the ventric le. 
The atrium and occipital horn are located posterior to the 
thala1nus, and the temporal horn is inferior to the thalamus. 
The head of the caudate nucleus, a C-shaped structure that 
wraps around the thala1nus, forms the lateral wall of the 
frontal horn and the body of the ventricle. The fornix, 
another C-shaped structure that wraps around the thala­
mus, forms the lower part of the 1nedial wall of the body of 
the lateral ventricle. In the atriu1n, it forms the medial part 
of the anterior wall; in the temporal hu1n , the fi1nbria co1n­
pose the 1nedial part of the floor (Figs. 42-2-42-5). The cor­
pus callosum forms a large part of the roof of the lateral 
ventricle as well as the anterior wall of the frontal horn. The 
septum pellucidum separates the two lateral ventricles. 

FIC.l RE 42- 1 Illustration of Kocher's entry point. 
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Thalaml.I$ 

Foramen 
of Monr-oe 

Body of 1he 
lateral venrrlcle 

Choroid 
plexus 

Choroid 
plexus 

f((,l ' RE 42-2 From the parieto-occipital point of the left 
atrium, the thalamic contour can he appreciated as welt as the 
choroid plexus. 

Taenla 
thalamicus 

Temporal horn or 
the lateral ventricle 

Choroid 
plexus 

Thalamus 

F ,[IRF -1.?-1 Panoramic view of the temporal horn of the lat­
eral ventricle with the choroid plexus attached to the fimbria. 

Atifum Taenia 
thalamic:us 

Fl(,l ' RE ';":- 1 The choroid plexus is attached to the fimbria, 
curving around the thalamus and heading toward the temporal 
horn of the lateral ventricle. 

Hippocampus 

Tlp of temporal 
horn of lateral ventri<le 

Finibrla 

Choroid 
plexus 

Flf;HRE 4.?-5 Tip of the temporal horn of the la tural ventricle. 
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With the ventriculoscope in place, the choroid plexus 
can be seen heading toward the fora1nen of lVIonroe 
(Figs. 42- 6 and 42-'7). It is attached to the choroidal fis­
sure, a cleft bet\veen the fornix , 1nedially, and the thala-
1nus laterally in the body , atriu1n, and temporal horns. 
T he choroid plexus extends through the fora1nen of Mon­
roe into the roof of the third ventricle. The anterior caudal 
vein joins the thala1nostriate vein and enters the fora1nen 

Anteroseptal 
vein 

Sept um 
pellucidum 

For amen 
of Mo nroe 

Choro id 
plexus 

Fornix 
Thalamostrlate 
vein 

Bodyoi the 
rlght la teral ventricle 

FIGURE -12- 6 Panoramic view of the right lateral ventricle 
with the 70-degree endoscope inserted at Kocher ' s point. The fora­
men of Monroe, thalamostriate vein, anterior septa! vein, and 
choroid plexus are seen. 

If the ventriculoscope is passed through the foramen 
of Monroe, it enters the third ventricle (Figs. 42-8-42- 11 ). 
The third ventricle is positioned in the geographic center 
of the head. It is below the body of the lateral ventricles, 
above the sella turcica, and between the cerebral he1ni­
spheres, thalami, and walls of the hypothalamus. It co1n­
municates with the lateral ventric les th rough the forarnen 
of Monroe and with the fourth ventricle through the syl­
vian aqueduct. The roof of the ventricle is formed by an 

Anteroseptal 
vein 

of Monroe posteriorly to .101n the in ternal cerebra l vein 
located in the velu1n interpo situ1n along the roof of the 
third ventricle. The thala1nostriate vein runs in a sulcus 
that separates the caudate nucleus and the thala1nus. T he 
angle fonned by the tha la1nostriate vein joining the inter­
nal cerebral vein is called the venous angle and is the 
angiographic localizer that approxi1nates the fora1nen of 
Monroe on a lateral angiogra1n. 

Anteroseptal vein 

Choroid 
plexus 

Fora men 
of Monroe Fomix 

Thal am ostriate 
vein 

FIGURE -12- 7 High-power view oftheforamen of Monroe and 
its venous landmarks, the anteroseptal vein, and the thalamostri­
ate vein. The choroid plexus is seen traversing the foramen. 

upper layer, the forn ix, and a tower layer, the tela 
choroidea, separated by a vascular layer called the velu1n 
interpositum . The internal cerebral veins, into which the 
thalamostriate veins flow, lie in the velum interpositum. 
The choroid plexus of the thi rd ventricle arises fro1n the 
tela choroidea, which is contiguous with the c horoid 
plexus of the lateral ventricles via the choroidal fissure. 
Within the third ventricle, the anterior and posterior com­
missures can be visualized. 

Fora men 
of Monroe 

Anterior 
commissure 

Choroid 
p le1<us 

flGllRE -12-8 The anterior commissure is visualized through the foramen of Monroe. 
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::FIGURE '42- 9 Transforaminal view of the anteriorcommissure 
as well as the venous confluens and choroid plexus traversing the 
foramen. 
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FIGURE <f 2 10 Body of the third ventricle. The lateral wails 
and anterior commissure are seen. 

The floor of the third ventricle extends from the optic 
chiasm anteriorly to the orifice of the aqueduct 
(Fig. 42- 12). The anterior portion of the floor is formed 
by the diencephalonic structures, and the posterior por­
tion is composed of mesencephal ic structures. Th ese 
structures include the optic chias1n, the infundibulum of 
the hypothala1nus, the tuber cinereum, the mamillary 
bodies, the posterior perforated substance, and part of the 
tectum. When viewed from inside, the optic chiasm for1ns 
the anterior floor of the third ventricle, the infundibular 
recess lies behind, the 1na1nillary bodies project upward 
in a paired fashion on the inner surface of the floor pos­
terior to the infundibular recess, and the aqueduct lies 
sti ll more posteriorly. Opening the tuber cinereu1n allows 
co1n1nunication with the prepontine and quadrigeminal 
basal cisterns, a fact that is used in the placement of a 

FIGURE ~ 2 1 l The anterior and posterior commissures are 
visualized. The choroid plexus is hanging from the roof. 

lnfundibular 
cece5s 

Mamillary 
body 

FIGL"R.E 4 2 11. Floor of the anterior third 
ventricle. The mamillary bodies, infundibu­
lar recess, and tuber cinereum are seen. 
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third ventriculosto1ny. Opening the tuber cinereu1n also 
a ll ows visualization of prepontine neurovascu lar 
anato1ny (Figs. 42- 13- 42- 17). 

T he anterior vvall of the third ventric le fro1n superior 
to inferior is co1nposed of the colu1nns of the fornix, the 
fora1nen of Monroe, the anterior co1n1nissure, the la1nina 
tenninal is, the optic recess, and the optic chi as1n. The 
anterior cotn1ni ssure is a co1npact bundle of 1nyelinated 
fibers connecting the 1nid line in fi·ont of the col u1nns of 
the fornix. The la1ni na tenni nal is fonns the interval 
between the anterior co1n1ni ssure and the optic chias1n. 

lnfundlbulurn 
Optic 
recess 

Mamillary 
bodies 

lnfundibular 
recess 

Fenestrat ion of 
the tuber cfneretJm 

Fii ,{ iRE 42- 1.\ Panoramic view of the floor of the !hird ventricle 
with the tuber cinereum fenestrated. 

Duplicated 
left SCA 

Posterior 
cerebral artery 

6asllar 
ar tery 

' I .:t. 42-15 High-power view of the basilar artery, left Pl, 
and left bifurcated superior cerebellar artery. 

The optic recess is the na1ne given to the s1nall cleft 
between the superior surface of the optic chias1n and the 
la1nina tenninalis. The posterior wall of the third ventricle 
extends fro1n the suprapineal recess to the sylvian aque­
duct below. I t consists of the suprapineal recess, the habe­
nu l ar co1n1nissure, the pineal body, the pineal recess, the 
posterior co1n1nissure, and the sylvian aqueduct. T he lat­
eral vvalls are fonned by the hypothala1ni inferiorly and 
the thala1nus superiorly. The 1nassa intennedia projects 
into the upper half of the thi rd ventricle and often con­
nects the opposing surfaces of the thala1nu s. 

Superior 
cerebell.ar 
artery 

Po~terior 

cerebral artery 

Fenestration of 
the tuber cinereum 

Metmillary 
bodie~ 

Basilar 
artery 

FIGURE 42- 14 The basilar artery and its branches can be seen 
through !he fenestrated tuber ci nereum. 

CN Ill 
Bi!5 ilar 
Trunk 

FIGURE -1 2- 16 A 70-degree endoscope is passed through the 
fenestration visualizing !he basilar artery and the right third cra­
nial nerve (CN ill). 



Mamillary 
body lnfundlbulum 

Fenestrated 
tuber cinereum Fornix 

FIGl:RE 4:! - 17 Transforaminal panoramic vie\v of the fenes­
trated floor of the third ventricle. The fornix has not been injured 
during this procedure. 

The paired internal cerebral veins that lie in the velum 
interpositum course posteriorly. They course along the 
curve of the stria medullaris and along the superolateral 
surface of the pineal body. The union of the two forms the 
great vein of Galen above or posterior to the pineal and 
near the inferior surface of the spleniwn. 

Choroid 
plexus 

Anterior 
commissure 

Internal 
cerebral veins 

Superior 
colliculus 

Medi<ll 
posterior 
choroidal artery 

Thalamus 

FlGl' RE 42-19 Through the open wall of the posterior third 
ventricle, the anterior and posterior commissures, internal cere­
bral veins, choroid plexus hanging from the roof, and foramen of 
Monroe can be visualized. 
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Po5terior 
cerebral 
artery 

Vein of 
Galen 

Superior 
Anterior and inferior 
cornrnissure colllculi 

Posterior 
cerebral 
artery 

FIGURE 42 - l R Pos terior view of the collicular plate. The 
pineal gland has been resected leaving open the posterior wall of 
the third ventricle. The galenic venous complex is seen superiorly. 

The third ventricle also can be entered posteriorly as 
described in Chapter 16 (Figs. 42-18- 42-20). The galenic 
venous complex and pineal gland are major anatomic struc­
tures to be identified via this approach. 

Foramen 
ofMonr~ 

Choroid 
plexus 

Fora men 
of Monroo 

Anterior 
commissure 

FIGURE 41-20 With a 70-degree endoscope within the third 
ventricle, the anterior commissure and foramen of Monroe are 
seen. 
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PITFALLS, PEARLS CONSIDERATIONS 

• Venous injury 

• Injury to the fomix 

• Optic nerve/chiasm tnJury 

• Hypothalamic injury 

SUGGESTED READINGS 

Cohen AR. Endoscopic ventricular surgery. Pediatr Ne11ros11rg. 
1993; 19: 127- 134. 

Hopf NJ, Perneczky A. Endoscopic neurosurgery and endoscope­
assisted microneurosurgery fa the treatment of intracraaiaJ 
cysts. Ne11ros11rgery. 1998;43:1330-1337. 

Manwaring KH. Endoscopic ventricular fenestration. In: Man­
waring KH, Oone KR, eds. Ne11roendoscopy, vol 1. New York: 
Mary Ann Lieben; 1992:79-89. 

Rhoton AL Jr, Yamamoto 1, Peace DA. Microsurgery of the third 
ventricle. Part 2: Operative approaches. Ne11roswgery. 1981; 
8:357-373. 

Schroeder HW, Gaab MR, Niendorf WR Neuroendoscopic 
approach to arachnoid cysts. J Ne11ros11rg. 1996;85:293-298. 

Yamam0to I, RhOton AL Jr, Peace DA Microsurgery of the third 
ventricle. Pan I: Microsurgical anatomy. Ne11ros11rgery. 1981; 
8:334-356. 



ENDOSCOPIC THORACIC SYMP A'IHECTOMY 

INDICATIONS FOR APPROACH 
;.;..;,.---~~~~~~~--• 

• Hyperhidrosis 

• Reflex sy1npathetic dystrophy 

POSITIONING AND SKIN INCISION -----
The procedure is done with the patient under general anes­
thesia with a double-lumen endotracheal tube in position. 
The patient is placed in the right or left lateral decubitus 
position with the ipsitateral upper extremity abducted. 
Alternatively, the patient may be placed in the supine, cru­
cifixion position if a bilateral procedure is to be performed. 
Three portals, one for the endoscope in the midaxillary line 
around the fifth or sixth intercostal space and two for 
working ports in the anterior and posterior axillary lines 

Second 
rib 

Aorta­
subdavian 
artery 

Rr:st 
rib 

Syn1pathetic 
chain 

FIGURE -i J - 1 The aorta is seen with the subclavian artery 
coursing toward the apex of the hemithorax. The sympathetic 
chain has been dissected over the exposed first and second ribs. 

Ernest Senz, Carlos Acevedo, Anthony Caputy 

around the third or fourth intercostal space, are required 
for the procedure. 

SURGICAL TECHNIQUE 

Following placement of the thoracoscopic ports, the ipsi­
Jateral Jung is collapsed and gently retracted to afford visu­
alization of the spinal column, rib beads, and vessels. A 
dissection is 1nade between the parietal and visceral pleura 
to identify ribs 2 to 4 with their associated neurovascular 
bundles. Rostra My, the dissection is limited by the subcla­
vian artery. Underneath the artery, a fat pad that is related 
to the position of the first rib is visualized. On the lateral 
aspect of the vertebral bodies, the sympathetic chain can be 
identified (Figs. 43- 1 and 43-2). It lies over the heads of the 
ribs and under the pleura. 

Symp atheric 
chain 

First 
rib 

Second 
rib 

FCC; lll{E -' -'-.2 High-po\ver view of the sympathetic chain 
overlying the exposed first and second ribs. 

201 
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Proximal 
sympathetic 
chain 

Distal 
sympathetk 
chain 

At least one segment of the chain should be resected 
' typically involving T2 through T4. This avoids injury to the 

distal stellate ganglion and the risk of a Homer's syndrome. 
An incision is made over the pleura and extended rostrally 
keeping the plane of dissection just under the chain in order 
to avoid intercostal vessels beneath. The segment to be 
resected then is isolated \vith cautery or metal clips, 
resected, a nd sent to pathology (Fig. 43-3). After verifying 
hemostasis, chest tubes a re placed, and the wound is closed 
in two layers. 

PITFALLS, PEARLS, CONSIDERATIONS 

• Horner 's syndrome 

• Lung injury 

• Vascular or thorac ic duc t inju ry 

First 
rib 

Second 
rib 

FIGURE ' A segment of the sympathetic chain has been 
resected at the level of the second rib. 

SUGGESTED READINGS -
Edmondson RA, Banarjee AK, Ronnie JA. F.ndoscopic transtho­

racic sympathectomy in the treatment of hyperhidrosis. Ann 
S11rg. 1992;215:289-293. 

Kux M. Thoracic endoscopic sympathectomy in palmar and axil­
lary hyperhidrosis. Arch S11rg. 1978; 113:~266. 

Mussad M, Lociero J, Matano J, et al. F.ndoscopic thoracic sympa­
thectomy. lasers Surg Med. 19')1 ;11:18-25. 

Nicholson ML, Hopkinson BR Endoscopic transthoracic sympa­
thect0my of the upper limb. Hospital Update. 1993:ro-505. 

Nicholson ML, Hopkinson BR, Dennis MIS. Endoscopic transtho­
racic sympathectomy: successful in hyperhidrosis but can the 
indications be ex tended? Ann R Coll S11 rg Engl. 1994;76:311-314. 

Robertson DP, Simpson RK, Rose JE, et al. Video-assisted endo­
scopic thoracic syrnpathectorny. J Ne11ros11rg. 1993;79:238-240. 

Rosin D. Thoracoscope cervicothoracic sy1npathectomy. In: Rosin 
D, ed. Minimal Access Medicine arui &1rgery. Oxford: Radcliffe 
Medical Press; 1994:250-252. 

Salob SP, Atherton DJ, Kiely EM. Thoracic endoscopic syrnpa­
thecton1y for pahnar hyperhidrosis in an adolescent fe1nale. JR 
SocMed 19'J1;84:114-115. 



AC01nA. See Anterior 
co1n1nunicating artery 

Annulus fibrosus, 124 
in anterior approach to cervica l 

spine, 132, 132f 
Anterior approach, to cervical spine, 

130-134 
indicat ions for, 130 
pitfalls and pearls in, 134 
positioning and skin incision for, 

I 30, 130f 
surgical technique in, 131 - 132, 

13if- 133f, 134 
Anterior clinoidecto1ny 

extradural, I 3, 13f -14f 
intradural , l'!f-HJ, 15- 16 

Anterior co1n1nissure, in 
in tra ventricular anato1ny, JS()'; 

197/, 199/ 
Anterior conununicat ing artery 

approach to, 18- 2 1, 18f-21f 
in frontote1nporal approach, 7, 8f 
Heubner 's artery in, 2 1, 2 1f -22f 
surgical considerations in, 22 

in supraorbital cranioto1ny, 186, 
186/ 

Anterior inferior cerebellar iu·tery, in 
subte1nporal cranioto1ny, 
192j:..193f 

Anterior 1nedull ary velu1n, 86 
Anterior petrosal dri lling, in 

transpetrosal approach, 80 
Anterolateral extradural I intradural 

approach, to cavernous sinus, 
47-49, 47f-'f.Jf 

Anterolateral triangle, in cavernous 
sinus anato1ny, 42, 47.j; 4St 

Antero1nedial triangle, in cavernous 
sinus anato1ny, 41, 41/ ; 451 

Anteroseptal vein, in intraventricular 
anato1ny, 196, 1%J 197f 

Apicecto1ny, partial labyrin thecto1ny 
petrous, 72- 73 

Arachnoid dissection, in supraorbital 
cranioto1ny, 185- 186, l85f- 186f 

Arteries. See also specific arteries 
in cavernous sinus anato1ny, 40 

lnde-x 

Note: Page nu 1nbers followed by f and t represent figures and tables respectively. 

Basilar artery 
in frontote1nporal approach, 9, 

9f- 1ft" 
in intraventricular anato1ny, 198f 
in subte1nporal cranioto1ny, 191f 

192f, l93f 
in supraorbita l cranioto1ny, 187f 
transcavernous approach to, SO, 

5(f-Slf 
Biopsy 

pedicle, in transpedicular approach 
to thoracic spine, 140, 140f 

sural nerve, 178- 179 
Blind sac closw·e, of external 

auditory canal, 77 
Bone resection, condylar, in extre1ne 

lateral approach, 95- 98, 9Sj:..98f 
Brachia! plexus, anterior exposure of, 

166-169 
anato1ny in, 166-167, 166j:..167f 
indications for, 166 
pitfalls and pearls in, 169 
positioning and skin incision for, 

167, 167f 
surgica l technique in, 168- 169, 

168j:..16Ql 
Burr holes 

in approaches to cavernous sinus, 
46-47 

in frontal lobecto1ny, 111 
in frontote1nporal approach, 5 
in interhe1nispheric approach, 107 
in 1nid line and para1nedian 

suboccipital approach, 87 
in supraorbital cranioto1ny, 183- 184 
in transbasal approach, 27 

Carotid artery 
in frontote1nporal approach, 7, 8f 
internal. See Internal carotid iu·tery 

Carotid artery triangle, in surgical 
approach to cavernous sinus, 
47-49, 47j~9f 

Carotid cisterns, in supraorbital 
cranioto1ny, 185, 18Sf 

Carotid endarterec to1ny, in anterior 
approach to cervical spine, 133f 
134 

Ciu·pal liga1nent, release of, I 60, 16Ql 
Carpal tunnel release, 159- 160 

anato1ny in, 159 
indications for, 159 
pitfalls and peiu·ls in, 160 
positioning and skin incision for, 

159- 160, 159/ 
surgical technique in, 160, 16Qf 

Cauda equina syndrotne, 126 
Caudate, in intraventricular 

anato1ny, 194, l 9Sf 
Cavernous sinus 

anato1ny of, 37-45, 37f:..38f 
arteries, 40 
dura l walls , 39 
geo1netric construct, 40-41 
1nidd le cranial fossa subregion, 

42-43, 42/-43/ 
1nidd le fossa floor, 39 
nerves, 39-40,40f 
paraclival subregion, 44, 45/ 
parasellar subregion, 41-42, 

4 1/-42/ 
veins, 40 

pitfalls and pearls in, 5 1 
in subte1npora l cranioto1ny, 190 
surgical approaches to, 46-5 1 

anterolateral 
extradural/intradural , 47-49, 
47f-49f 

indicat ions for, 46 
positioning and skin incision for, 

46 
surgical technique in, 46- 47, 46f 
transcavernous to basilar artery, 

so, 50/-51/ 
triangles of: 45t 

Cerebellar tonsils, 88 
Cerebellopontine angle, 

retrolabyrin thine approach to, 
7 1 

Cerebrospinal fluid drainage 
in condylar bone resection , 97 
in cranioto1ny, 70 
in lateral suboccipita l cranioto1ny, 

97 
in retrosig1noid cranioto1ny, 83 
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Cervical compression, in anterior 
approach to cervical spine, 
131- 132, 1 3 1f- 1 3~/' 

Cervical fo ra1n inoto1ny, 136, 136! 
Cervical lmninecto1ny, 136-137, 

1'36f- 137/ 
Cervical spine 

anatomy of, 124-125, 121( 125/ 
anterior approach to, 130-134 
posterior approach to, 135-137 
upper , transoral approach to, 

127-129 
Choroid plexus, in intraventric ul ar 

anato1ny, 19~ 196, 19if, 197f 
199/ 

Cisterna magna, 97 
Cisternal anatomy, in pineal region, 

JOO 
Classic h·ansbasa l approach, 28, 28/ 
Clinoidecto1ny, anter ior 

extr adural, 13, 13f'-l4f 
intradural, 14{- 16.f. 15- 16 

Compression 
cervical spine, 131- 132, 131f-13'.lf 
nerve. See Decompression 

Condy lar bone resect ion, in extre1ne 
lateral crania l approach, 95- 98, 
95/-98/ 

Contralateral thi rd nerve, in 

frontote1nporal approach, 9/ 
Corpectomy, C2-C3 level. 128. 129/ 
Corticectomy, in lobectomy 

fro ntal, 112, 11~ 
occipita l, 11 4, 11 4/ 

Costotransversecto1ny, 142, 1421:_143/ 
Cranial approaches 

anterior co1n 1nun icati ng artery, 
18-22 

to cavernous sinus. 46- 51 
cranio-orbital, 11 - 17 
extreme lateral, 90-99 
frontal lobectomy , 111 - 11 2 
fro ntote1npora l, 4-10 
interhe1nispheric, 107- 110 
lobecto1nies 

frontal, 111- 112 
occipital, 11 3-114 
temporal, for epilepsy, 115- 120 

middle fossa, 61--66 
1n idline and para1nediiu1 

suboccipita l, 86-89 
occipital lobecto1ny, 11 3- 114 
orbitozygo1natic, 11- 17 
to poster ior third venh·icle and 

pineal region. 100-106 
preauricular subtemporal­

inf ratemporal approach, 52-60 
retrosig1noid, 8 1- 85 
te1nporal lobecto1ny, for epile psy, 

115-120 
transbasal, 27- 31 
transpetrosal , 67- 80 

transphenoidal, 32- 36 
transylvian, 23-26 

Crania l nerves 
in inh·aventricular anato1ny, 198/ 
in 1n i ddle fossa approach, 64/ 
in subtemporal cranioto1ny, 191, 

191/-193/ 
Cranio-orbital approaches 

indications for, 11 
pitfalls and pearls in, 17 
positioning and skin incision for, 

11- 12, 1 11:_ 1~· 

surgical technique, 12, 12f 
Craniotomy 

bifrontal, in transbasal approach, 
27, 28/ 

dural closure in, 70 
lateral subocc ipita l, 95- 98, 951:_98/ 
1n ini1nally invasive 

subte1npora l, 189- 193 
supraorbital, I 83- 188 

retrosigmoid. See Retrosigmoid 
cran1otomy 

temporal, 6 I 
in transpetrosal approach, 70 

Deco1npression 
lateral fe1noral cutaneous nerve, 

174-175 
radial nerve, 161 - 162 
ulnar nerve, 163-165 

Dens resection, in transoral approach 
to upper cervical spine, 128, 
129/ 

Diffusio n fluid, 3 
Di gastric r idge, in 1nastoidectomy, 69 
Discectomy 

C2-C3 level, 128, 129/ 
lumbar. See Lumbar discectomy 

Dissection 
:u·achnoid, in supraorbital 

cranioto1ny, I 85- 186, 1851:_186/ 
intradural, 139, 139/ 

Dorsolateral approaches, to thoracic 
spine, 141 - 144 

indications for, 141 
pitfalls and pearls in , 144 
posit ioning and skin incision for, 

141 , L41f 
surgical technique in, 142- 143, 

142/- 143/ 
Dural opening 

in cervical laminectomy, 137, 137/ 
in frontaJ lobectomy, 111 
in frontotemporal approach, 5, 5f-6f 
in lateral subocc ipita l craniotomy 

and condy lar bone resection, 
96f, 97- 98 

in 1niddle fossa approach, 63-64, 
63/ 

in mid li ne and paramedian 
suboccipital approach, 87, 88/ 

in partial labyrin thccto1ny petrous 
apicecto1ny approach, 73 

in poster ior approach to thoracic 
spi ne, 139, 139/ 

in preauricular subtemporal­
infratemporal approach, 59, 60/ 

presigmoid, in trans labyrinthine 
approach, 76 

in subte1npora l cran ioto1ny, 
189- 190, 189f'-190/ 

in supracerebell ar-in fratentorial 
approach, 103, 103f 

in supraorbital craniotomy, 184. 
184f 

in surgical approach to cavernous 
s inus, 47- 49, 47l-49f 

in h·anscoch lear approach, 77-78 
in transphenoida l approach, 35, 

35/-'36/ 
Dural walls, in cavernous sinus 

anatomy, 39 

Elbo\v, nerve entrapment at, 164-165, 
164f 

E1nbahning, of head spec i1nens, 3 
E1nbahn ing fl uid, 3 
Endarterecto1ny, carotid, in anterior 

approach to cervical spine, 133t 
134 

Endoscopy 
int raventricular anatomy 

exa1nination, 194-200 
considerations in, 200 
indications for, 194 
positioning and skin incision for, 

194, 194! 
technique in, 194, 195f-199f. 

196-199 
subte1nporal craniotomy, 189- 193 

considerations in, 193 
indications for, 189 
posit ioning and skin incision for, 

189, 189/ 
technique in, 189- 193, 189/- 193/ 

supraorbital cran iotomy 
considerations in , 188 
indications fill·, I 83 
positioning and skin incision for, 

183, 183/ 
technique in, 183- 188, 183/- 188/ 

thoracic sympathecto1ny, 201- 2002 
considerations in, 202 
indications for, 201 
posit ioning and skin incision for, 

201 
technique in, 201- 202, 2011:_202/ 

transnasal techni que, in 
transphenoidal approach, 
32- 33, 3'.lf- 34f 



Epilepsy, te1nporal lobecto1ny for. See 
Te1nporal lobecto1ny, for 
epilepsy 

Eustachian tube, in preauricular 
sub te1nporal-i nfrate1n poral 
approach, 54, 54f 

Extended transbasal approach, 28- 30, 
28j;_30f 

External auditory canal 
blind sac closure of, 77 
in transpetrosal approach, 68 

Extradural anato1ny, in preauricular 
s ubtemporal-i nfra te1n poral 
approach, 52, 53f 

Extre1ne lateral approach, to craniu1n 
anato1ny in, 90- 91, 90j-91f 
indicat ions for, 90 
pitfalls and pearls in, 99 
positioning and skin incision for, 

92, 92f 
surgical techn ique in, 93- 98, 93f-98f 

Facial nerve 
in 1nastoidecto1ny, 69, 69f 
in 1nidd le fossa approach, 63 
in preauricular subte1npora l-

infrate1nporal approach, 52, 53f 
transposition, in transpetrosal 

approach, 79- 80 
1nobilization techniques, 79-80 

Far lateral lu1nbar discecto1ny, 
152- 153 

indications for, 152 
pitfalls and pem·Js in, 153 
positioning and skin incision for, 

152, 152f 
surgical technique in, 152- 153, 

152f- 153f 
Fi1nbria, in intraventriculm· anato1ny, 

195f 
Forainen of l'vlonroe, in 

intraventricular anato1ny, 195f 
196, 196f' 199f 

Fora1uen spinosu1u, in subtemporal 
cranioto1ny, 19Ql 

Fora1ninoto1ny, cervical, 136, 136f 
Fornix, in intraventricular anato1ny, 

ISX'f, 197}; 198 
Frontal lobecto1ny 

anato1ny in, 111 
indicat ions for, 111 
positioning and skin incision for, 

111, lllf 
surgical technique in, 111- 112, 112f 

Frontote1uporal approach, to 
craniu1n, 4-10 

indications for, 4 
pitfalls and pearls in, 10 
positioning and skin incision for, 

4-5, 4f-5f 
surgical technique, 5, ~](}',' 7, 9 

Gasserian ganglion, in subte1nporal 
cranioto1ny , 190, 19Q1:.191f 

Glassock's triangle, in cavernous 
sinus anato1ny, 42, 42j; 45t 

Greater superficial petrosal nerve 
in 1niddle fossa cranial approach, 

62,62f 
in preauricular subte1npora l­

infrate1nporal approach, 52, 53f 

Head speci1nens, preparation of~ 3 
Heubner' s artery, identification of, 

21 2lf-22f , 
Hippoca1npus, in intraventricuJar 

anato1ny, 195f 

IC.A. See Internal carotid artery 
Incisions 

for cranial approaches 
cavernous sinus, 46 
cranio-orbital approach, 11- 12, 

11f- 12f 
extre1ne latera l, 92, 92f 
front al lobecto1ny, 111 , lllf 
frontote1nporal, 4-5, 41:.5! 
interhe1nispheric, 107 
1niddle fossa, 61, 6 lf 
1nidline and para1nedian 

suboccipita l, 86- 87 
occipital lobecto1ny, 113, l 13f 
orbitozygo1uatic, 11- 12, I lj:.12f 
preauricular subtemporal-

infrate1npora l, 55, 55f 
retrosig1noid cranioto1ny, 82, 82f 
te1nporal lobecto1ny, 116, 116f 
transbasal, 27- 30, 27j;_30f 
transpetrosal, 67, 68f 
transphenoidal, 32 
transylvian, to sylvian fissure, 23 

for endoscopic procedures 
intraventricular anato1ny 

exa1nination, 194, l 94f 
subte1nporal cranioto1ny, 189, 

189! 
supraorbi tal cranioto1ny , 183, 183f 
thoracic sy1npathecto1ny, 201 

for peripheral nerve procedures 
brachia! plexus exposure, 167, 

167f 
carpal tunnel release, 159- 160, 

159f 
for lateral fe1uoral cutaneous 

nerve deco1npression, 174, l 74f 
radial nerve deco1npression, 161 , 

161f 
sciatic nerve exploration, 176, 

176f 
suprascapular nerve entrap1nent, 

172, 172f 
stu-al nervebiopsy, 178, 178f 
in thoracic outlet syndro1ne, 170 
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ulnar nerve deco1npression and 
transposition, 163, 163f 

for spinal approaches 
anterior cervical, 130, 13Ql 
dorsolateral thoracic, 141 , 141f 
lu1nbar discecto1ny, 148, 148f 
posteriorcervical, 135, 135f 
posterior thoracic, 138, 138f 
transoral, to upper cervical spine, 

127, 127f 
ventrolateral thoracic, 145, 145f 

Inferior cerebellm· arteries, and 
retrosig1noid cranioto1ny, 8 1, 
83j-84f 

Inferior collicuJus, in intraventricular 
anato1ny, 199f 

Inferolateral triangle, in cavernous 
sinus anato1ny, 42, 42j; 45f 

Infero1nediai triangle, in cavernous 
sinus anato1ny, 42, 42/, 45t 

Infundibulu1n, in intraventricular 
anato1uy, 197}; 199f 

Injection, of head speci1nens, 3 
Injection 1nixture, 3 
Interhe1nispheric approach, to 

craniu1n 
indications for, 107 
pitfalls and pearls in, 110 
positioning and skin incision for, 

107 
stu·i:,rical technique in, 107- 110, 

J07f- 110f 
Internal auditory canal 

in 1nidd le tossa crania l approach, 
62-63, 62f 

identification and exposure, 63, 63f 
retrosiginoid cranioto1ny and, 84 
translabyrinthine approach to, 75, 

75f 
in u·anspetrosal cranial approach, 

80 
Inte rnal auditory 1ueatus, in 

subte1nporal cranioto1ny, 192, 
192f 

Internal carotid artery 
in preauricular subten1pora l­

infrate1npora l approach, 52, 53f 
petrous ICA, 54, 54f 

in supraorbital cranioto1ny, 186, 
186}; 187, 187f 

Intertransverse 1nuscle, in far lateral 

lt11nbardiscecto1ny, 153, 153f 
Intradural anato1ny, in preauricular 

su bte1n po ra 1-i nf rate1n poral 
approach, 54-55 

Intradural dissection, 139, 139f 
Intradural tu1nor resection, lu1nbar 

spine, 150, 15Ql 
Intraventricular anato1ny 

exa1nination, endovascular, 
194-200 

indications for, 194 
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Intraventricular anato1ny (co111inued) 
pitfalls and pearls in, 200 
positioning and ski n incision for, 

194, 194/ 
technique in, 194, 19:y- 19.r, 196-19<) 

Ka\vase's triangle 
in cavernous sinus anatomy, 42. 

lflf, 45/ 
in middle fossa cranial approach, 63 

Laminecto1ny 
cervical, 136-137, 136/- 137/ 
lun1bar, Scee Lu1nbar lam inectomy 
thoracic, 138- 139, 138/- 139/ 

Lateral extr acavitary approach, to 

thorac ic spine, 143, l43f 
Lateral fe1nora) cutaneous nerve 

deco111pression, 174-175 
anato1ny in, 174 
indications for, 174 
pitfalls and pearls in, 175 
positioning and skin incision for, 

174, 174( 
surgical technique in, 175, 175/ 

Lateral subocci pit al cranioto1ny, in 
extre1ne lateral cranial 
approach, 95- 98, 95/~8/ 

Lateral triangle, in cavernous sinus 
anatomy, 42, 42/. 45t 

Lati ssimu s dorsi muscle 
in lumbar spine surgery. 154 
in thoracic spine surgery, 145, 145/ 

Lesser super ficial petrosal nerve, in 
preauricular subtemporal­
infrate1npora l approach, 52, 53/ 

Liga111ents 
in carpal tunnel release, 160, lflJf 
spinal colu1nn, 124 

longitudina l, 155, 15$1;' 156/ 
upper cervica l, 127- 128. 128/ 

Li lliquist, 1nc1nbrane of, in 

supraorbita l cranioto1ny, 187 
Lobecto1ny 

frontal, 111- 112 
occipital, 11 3-1 14 
te1nporal, for epi lepsy, 11 5-120 

Lo ngi ssi n1us 111uscle 
in extre1ne lateral cranial approach, 

90, 91.f 
in far later.ii lumbar discectomy, 

153/ 
Lumbar discectomy 

far lateral , 152- 153, 151/- 153/ 
indications for, 148 
pitfalls and pearls in, 151 
positioning and skin incision for, 

148, 148/ 
surg ical technique in , 148-149, 

148/- 149/ 
Lumbar lam inec10 1ny 

i ndications for, 148 
pitfalls and pearls in, 15 1 
positioning and ski n incision for, 

148, 148/ 
surgical technique in, 149- 150, 150/' 

Lumbar spine 
anatomy of, 126, 126/ 
retroperi toneal approach to, 154-156 

Mamillary bodies, in i ntravenrricular 
a natomy, 197/. l~f. 199/ 

Mastoid anthrum, in mastoidectomy , 

69, 69! 
Mastoidectomy 

rad ical, in transcochlear approach, 
77 

in transpetrosal approach, 68-69, 
68f-70f 

Maxillary nerve, in transpheno ida l 
approach, 32 

MCA. See Middle cerebral arte ry 
Meckel's cave opening 

in partial labyrinthecto1ny petrous 
apicecto1ny approach, 73, 73! 

ret rosigmoid c ranioto1ny and, 83 
Me 1nbrane of Li lliquist, in 

supraorbital c ranioto1ny, 187 
Microfil injection, 3 
Middle cerebral a rtery 

anatomy of, 23 
in supraorbi tal craniotomy, 184/ 

185 
in transylvian approach, 25, 25/- 26/ 

Middle cranial fossa 
a natomy of, in cavernous si nus 

anatomy , 42- 43, 41/-43/ 
in cavernous sinus anatomy, 39 
in preauricular subtempora l­

inf rate1nporal approach, 52, 53f 
Middle fossa approach , to craniu1n 

indications for, 6 1 
pitfal ls and pearls in, 66 
positioning and skin incision, 6 1, 

61/ 
surgical technique, 62, 61/'-0Cf 

68J- 79f 
Middle 1neningeal arte ry 

in Lniddle fossa cranial approach, 62 
in preauricular subte 1nporal­

infrate1nporal approach, 52, 53/ 
in subtemporal craniotomy, 

189- 190, 189f- 191/ 
Mid line suboccipital approach, to 

cranium 
anatomy in, 86 
indications for, 86 
positioni ng a nd skin incision for, 

86-87 
surgical technique in , 87- 88, 87f-8F{ 

Minimally invas ive craniotomies, 
endoscopic 

subte1nporal, 189-193 
supraorbital, 183-188 

MM A. See Middle 1neni ngeal artery 
M ultifidus muscle, in far lateral 

lu1nbar di scectomy, 152- 153, 
151/- 153/ 

M uscles. See also specific 1n11sc/es 
in far lateral lumbar discectomy, 

152- 153. l52f-153f 
of spinal column, 124 

thoracic spi ne, 145, 145f 

Nasal cavity, in transphe no idal 
approach, 32 

Nerve entrapment 
at elbow, 164-165, 164f 
suprascapu lar , 172- 173 
at \Vri SI, 165, 165f 

Nerves. See also individual nerves 
in cavernous s inus anato1ny, 39-40, 

40! 
peripheral. See Pe ripheral nerve 

approaches 
Neuroendoscopic procedures 

for int1'aventric ular anato1ny 
exa1ni nation, l 94-200 

su bte1nporal craniotomy, 189- 193 
supraorbital craniotomy, 183-188 
thoracic sympathectomy, 201-202 

Neurovascular anatomy, in pineal 

region, 101- 102, 101/-107/ 
Nucleus pulposus, 124 

Occipital lobectomy 
anatomy in , 11 3 
indicat ions for, 11 3 
pitfalls and pearls in, 114 
positioning and skin incision for, 

11 3, 11 3f 
surgical technique in, 113-11 4, 

I 13/-114f 
Occ i pi tal -transte ntorial approach, to 

posteri or third ventricle and 
pineal region, 104-105, 
I 041.:..105f 

Oculo1notor trigone, in cavernous 

sinus anato1ny, 42, 42f 
Olfactory ne rve 

in frontote1nporal approach, 7, 7f 
in supraorbital cranioto1ny, 186, l86f 

Ophthalmic artery, in supraorbital 
craniotomy, 187/ 

Optic chasm 
in frontotemporal approach, 7, 8f 
in transphenoidal approach, 36f 

Optic nerves 
in extended tra nsbasal approach, 

30. '30f 
in frontotempora l approach , 7, Sf 
in transphenoidal approach, 32 



Optic recess, in intraventricular 
anato1ny, 198, 198/ 

Orbitozygo1natic approach, to 
cran 1t11n 

indications for, l l 
pitfalls and pearls in , 17 
positioning and s kin incision for, 

11- 12, 11/- 17/ 
surgical technique, 13, I 3/ 

Osteotomy 
in extended transbasal approach, 

29, 29/ 
fronto te1nporal orbitozygomatic , 

46,46/ 
orbital, 12, 12/ 
orbitozygomatic, 13, 13/ 

Paraclival subregion, in cavernous 
sinus anato1ny, 42, 42f 

Para1nedial triangle, in cavernous 
si nus anatomy, 41,41/,451 

Paramedian suboccipital approach, 
to cramum 

anatomy in, 86 
indications for, 86 
positioning and skin incision for, 

86-87 
surgical technique in , 87- 88, 87/~/ 

Parasellar subregion, in cavernous 
sinus anatomy, 41-42, 41f-42/ 

Paraspinal muscles 
in cervical fora1ni noto1ny, 136, 136/ 
in cervical la1ninecto1ny, 136-137, 

13(?{ 
in transpedicu lar thoracic 

approach, 140 
Parkinson's triangle. in cavernous 

sinus anatomy, 41, 4 If. 451 
Panial labyrfnthecto1ny petrous 

apicecto1ny, 72- 73, 7')/-73/ 
Partial transcondylar cranial 

approach, 95, 95/-96/ 
Patient position 

for cranial approaches 
cavernous sinu s, 46 
cranio-orbital, 11 - 12, 11/- 17/ 
extreme lateral , 92, 92! 
frontal lobecto1ny, 111 , lllf 
frontote1npora l, 4-5, 4f-5f 
interhe1nispheric, 107 
1niddle fossa, 6 1, 6 If 
midline and paramedia n 

suboccipital, 86-87 
occipital lobectomy, 113, I I 3f 
o rbitozygo1natic, 11- 12, llf- 17/ 
preauricular subte1nporal -

infrate1nporal, 55 
retrosig1noid cranioton1y, 82, 82/ 
te1nporal lobectomy, 116, l llf 
transbasal , 27- 30, Zlf- 'lf.)f 
transpetrosal, 67. 68! 

transphenoidal , 32 
transylvian, to sylvian fissure, 23 

for endoscopic procedures 
intraventricutiu· anato1ny 

exa1nination, 194, 194/ 
subtemporal craniotomy, 189, 

189f 
supraorbital craniotomy, I 83, 183/ 
thoracic sy1npathecto1ny, 201 

for peripheral nerve procedures 
brachia! plexus exposure, 167, 

167/ 
carpal tunnel release, 159- 160, 

159/ 
lateral femoral cutaneous nerve 

decompression, 174, 174f 
lu1nbar la1ninecto1ny, 148, 148f 
radial nerve deco1npression, 161, 

161/ 
sciat ic nerve exploration, 176, 

176/ 
suprascapu tar nerve entrapment, 

172, 177/ 
sural nerve biopsy, 178, 178! 
in thoracic outlet syndro1ne, 170 
ulnar nerve deco1npression and 

transposition, 163, 163! 
for spinal approaches 

anterior cervical, 130, 13(( 
dorsolateral thoracic, 141, 141/ 
lu1nbar discecto1ny, 148, 148f 
posterior cervical, 135, I 35f 
posterior thoracic, 138, I 38f 
transora l, to upper cervical spine, 

127, 127/ 
ventrolateral thoracic, 145, 145/ 

Pedicle biopsy, in transpedicular 
thoracic approach, 140, 140/ 

Peripheral nerve approaches 
brachia] plexus exposure, anteri or, 

166-169 
carpal runnel re lease, 159- 160 
lateral fe1uoral cutaneous nerve 

decompression, 174-175 
radial nerve decompression, 

161-162 
sciatic nerve exploration, 176-177 
suprascapular nerve entrap1nent, 

172- 173 
sural nerve biopsy , 178- 179 
thoracic outlet sy ndrome, 170-171 
ulnar nerve decompression and 

transposition, 163- 165 
Petro us apicecto1ny, partial 

labyri11thecto1ny, 72- 73 
Petrous interna l carotid artery, in 

preauricular subte1nporal­
infratempora l approach, 54, 54/ 

Pineal region 
anatomy of, 100-102, 101/- 107/ 
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and posterior third ventricle. See 
Posterior approaches, to 
craniu1u via third ventricle and 
pineal region 

Pituitary gland, in transphenoidal 
approach, 35, 36/ 

Pleural opening. in thoracic spine 
surgery, 146, 14(( 

Porus trigeminus, in subte1npo ral 
cranioto1ny, 191, 19 1/ 

Posterior approaches 
to cervical spine, 135- 137 

indications for, 135 
positioning and skin incision for, 

135. 135/ 
surgical considerations in, 137 
surgical technique in, 135- 137, 

135f-137f 
to craniuLn via third ventricle and 

pineal region 
anatomy of, 100-102 
indications for. 100 
pitfalls and pearls in, 106 
surgical technique, 103- 105, 

103f- 10lf 
to thoracic spine, 138- 140 

indications for, 138 
positioning and sk in incision for, 

138, 138/ 
surgical considerations in , 140 
su rgical technique in, 138-140, 

138f- 14CY 
Posterior cerebral a11ery 

in intraventricuJ ar anato1ny, 197/, 
l ~j." 199! 

in subte1nporal cran ioto1ny, 19\/," 
192, 192/ 

Posterior clinoid process, 50, 50/ 
Posterior commissure, in 

intravent ricular anatomy, 197! 
Posterior co1n1nunicating artery, in 

frontote1npora I approach, 7, 9, 

9/ 
Posterior fossa closure, in 1uidl ine 

and paramedian suboccipital 
approaches, 88 

Posterior medullary velum, 86 
Posterior neck dissection, in extreme 

I at er al approach, 93-94, 93f--94f 
Posterolateral triangle, in cavernous 

sinus anato1ny, 42, 42f, 45t 
Postero1nedial triangle, in cavernous 

sinus anatomy, 42, 42f. 45t 
Prcauricular subtemporal­

infratemporal approach, to 
c ranium, 52-60 

anato1ny in, 52, 53f-54f, 54-55 
indications for, 52 
pitfalls and pearls in , 60 
positioning and skin incision for, 

55, 55/ 
surgical technique in, 55-60, 55/-{J)f 
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Pre1nediillary cistern, in preauricu lar 
su bte1n poral -in frate1n pora 1 
approach, 54-55 

Prepontine cistern, in preauricular 
su bte1n poral -infra tetn pora I 
approach, 55 

Presig1noid dural opening, in 
translabyrinthine approach, 76 

Psoas 1nuscle, in lu1nbar spine 
surgery, 154, 15'!{, I 55, 15~ I 56/ 

Quadratus lu1nboru1n 1nuscle, in 
lu1nbar spine surgery, 154, IS'!f, 
155, 155/ 

Radial nerve deco1npression, 161- 162 
anato1ny in, 161 
indications for, 161 
pitfalls and pearls in, 162 
positioning and skin incision for, 

161, 161/ 
surgical technique in, 162, 162/ 

Resection 
condylar bone, in extre1ne lateral 

approach, 95- 98, 95/-98/ 
dens, in transoral approach to 

upper cervical spine, 128, 129/ 
lu1nbarintradural tu1nor, 150, 150/ 

Retrocondylru· technique, in extren1e 
lateral cranial approach, 95, 95/ 

Retrolabyrinthine approach, 
transpetrosal, 71, 71/ 

Retroperitoneal approach, to lu1nbar 
spine, 154-156 

indications for, 154 
pitfalls and pearls in, 156 
positioning and skin incision for, 

154, 154/ 
Strrgical technique in, 154-156, 

1541:...156/ 
Retrosig1noid cranioto1ny 

anato1ny in, 81 
indications for, 81 
pitfalls and pearls in, 85 
positioning and skin incision for, 

82, 82/ 
Strrgical technique in, 82- 85, 8'!ff:..!65f 

Ribs 
in endoscopic thoracic 

sy1npathecto1ny, 201 - 202, 
201/- 202/ 

in thoracic spine surgery, 146, 146/ 

Sciatic nerve exploration, 176- 177 
anato1ny in, I 76 
indications for, 176 
pitfalls and pearls in, 176-177, 177/ 
positioning and skin incision for, 

I 76, 176/ 
strrgical technique in, 176-177, 177/ 

Se1nicircular canal, in 
translabyrin thine cranial 
approach, 74, 74/ 

Serratus anterior 1nuscle, in thoracic 
spine surgery, 145, 145/ 

Silicone injection, 3 
Skin incisions. See Incisions 
Speci1nen preparation, 3 
Sphenoid sinus 

in subte1nporal cranioto1ny, 190, 
190/ 

in transphenoidal approach, 32, 33, 
35, 333f:...34f 

Spinal colu1nn 
anato1ny of, 123- 126 
surgical approaches to 

anterior, to cervical spine, 
130-134 

dorsolateral , to thoracic spine, 
141- 144 

lu1nbar discecto1ny, 148-151 
far lateral, 152- 153 

ltnnbar la1ninecto1ny, 148- 151 
posterior 

to cervical spine, 135- 137 
to thoracic spine, 138- 140 

retroperitoneal, to lu1nbar spine, 
154-156 

transoral, to cervical spine, 
127- 129 

ventrolateral, to thoracic spine, 
145- 147 

vertebral colu1nn anato1ny for, 
123- 126 

Splenius capitis 1nuscle, in extren1e 
latera l cranial approach, 90, 9 lf 

Sternocleido1nastoid 1nuscle, in 
ex tre1ne lateral cranial 
approach, 90, 90/ 

Storage, of head speci1nens, 3 
Sublabial technique, in 

transphenoidal approach, 
34-35, 34f-36f 

Subte1nporal cranioto1ny, 1nini1nally 
invasive, 189- 193 

indications for, 189 
pitfalls and pearls in, 193 
positioning and skin incision for, 

189, 189/ 
technique in, 189- 193, 189j:...193f 

Subtetnpora I-infrate1npora l 
approach, to craniu1n. See 
Preauricular subte1nporal­
infrate1nporal approach, to 
cranitnn 

Superior cerebellar irrtery, in 
subte1nporal cranioto1ny, 191, 
191/ 

Superior colliculus, in 
intraventricular anato1ny, 199/ 

Su pracerebel 1 ru·-i n fraten tori al 
approach, to posterior thi rd 
ventricle and pineal region, 
103- 104, 103j:...104f 

Supraorbital cranioto1ny, 1nini 1nall y 
invasive 

indications for, 183 
pitfa lls and pearls in, 188 
positioning and skin incision for, 

183, 183/ 
technique in, 183- 188, 183j:...188f 

Suprascapular nerve entrap1nent, 
172- 173 

anato1ny in, 172 
indications for, 172 
pitfa lls and pearls in, 173 
positioning and skin incision for, 

172, 172/ 
surgical technique in, 172- 173, 

172/- 173/ 
Supra ten torial-i n fra ten tori a I 

transs inus approach, to 
posterior th ird ventricle and 
pineal region, 105, lOSj:...106/ 

Sura ! nerve biopsy, 178- 179 
anato1ny in, 178 
indications for, 178 
pitfalls and pearls in, 179 
positioning and skin incision for, 

178, 178/ 
technique in, 178, 178/ 

Sy lvian cisterns, in supraorbital 
cranioto1ny, 185, 185/ 

Sylvian fissure 
anato1ny of, 23, 24/ 
approach to, 23- 26 
in frontote1nporal approach, 7, 

7f- 9J, 9, 1Qf 
in supraorbital cranioto1ny, 184f 

185 
Sy1npathecto1ny, endoscopic 

thoracic, 201 - 2002 
indications for, 201 
pitfalls and pearls in , 202 
positioning and skin incision for, 

201 
technique in, 201- 202, 201/- 202/ 

Sy1npathetic chain, in endoscopic 
thoracic sy1npathecto1ny, 
201- 202, 2011:...2021 

Teg1nen ty1npani, in preauricular 
s u bte1n poral-i nfrat e1n poral 
approach, 52, 53/ 

Te1nporal cranioto1ny, in 1niddle 
fossa cranial approach, 61 

Te1nporal horn, in intraventricu lar 
anato1ny, 194, 195f 

Te1nporal lobecto1ny, for epi lepsy 
anato1ny in, 115, 115/- 116/ 
indications for, 115 



pitfalls and pem·ls in, 120 
positioning and skin incision, 116, 

I 16f 
surgical technique, 116- 11 9, 

117f-119f 
Te1nporalis 1nuscle 

in approaches to cavernous sinus, 
46f 

in cranio-orbi ta l approach, 11 , 12f 
Thala1nostriate vein, in 

intraventricular anato1ny, 196, 
lSXf, 197/ 

Tha la1nus, in intraventricular 
anato1ny, 194, 195}; 197J 199f 

Thoracic lan1inecto1ny, 138- 139, 
13&f- 139f 

Thoracic outlet syndro1ne, 170--17 1 
indications for, 170 
pitfalls and pearls in, 17 1 
positioning and skin incision for, 

170 
surgical technique in, 170- 171, 

170.f-171! 
Thoracic spine 

anato1ny of, 125- 126, 1~; 126! 
dorsolateral approaches to, 141- 144 
lateral extracavitary approach to, 

143, 143f 
posterior approach to, 138- 140 
transpedicular approach to, 140, 

140f 
ventrolateral approach to, 145- 147 

Thoracic sympathecto1ny' 
endoscopic, 201- 2002 

indications for, 201 
pitfalls and pearls in, 202 
positioning and skin incision tor, 

201 
technique in, 201- 202, 201/ -202! 

Tonsils, cerebellar, in 1nidline and 
pa ra1nedi an suboccipital 
approach, 88 

Transbasal approach, to craniu1n, 
27- 31 

class ic, 28, 28f 
extended, 28--30, 28f- 30f 
indications for, 27 
pitfalls and pearls in , 31 
positioning and skin incision for, 

27- 30, 27f--30f 
Transcavernous approach, to basilm· 

artery, 50, 50f-51f 
Transcochlear technique, in 

transpetrosal approach, 77, 
77f-78f 

Transcondylar approach, to craniu1n, 
96, 96f 

Transfacetal approach, to craniu1n, 
95, 95f 

Transjugular approach, to cranit11n, 
97, 97f 

Translabyrinthine technique, in 
transpetrosal approach, 74-76, 
74f-76f 

Transnasal technique, in 
transphenoidal approach, 32 

endoscopic, 32- 33, 32f- '34f. 
Transoral approach, to upper cervical 

spine, 127- 129 
indications for, 127 
pitfalls and pearls in, 129 
positioning and skin incision for, 

127, 127f 
surgical technique in, 127- 128, 

127f- 129f 
Transpediculm· approach, to thoracic 

spine, 140, 14Qf 
Transpetrosal approaches, to 

crann11n 
indications for, 67 
pitfalls and pearls in, 80 
positioning and skin incision for, 

67, 68! 
surgical technique in 

genera l, 67- 70, ~:..70f 

specific, 71- 80, 71f-79f 
Transphenoidal approach, to 

craniu1n, 32--36 
anato1nical considerations in, 32 
indications for, 32 
pitfalls and pearls in, 36 
positioning and skin incision tor, 32 
surgical technique in, 32- 35, 32f:..3flf 

Transposition 
facial nerve, 79--80 
ulnar nerve, 163- 165 

TranstubercuJar technique, in 

extre1ne lateral approach, 96, 
96f 

Transylvian approach, to sylvian 
fis sure, 23- 26 

indications for, 23 
pitfalls and pearls in, 26 
position ing and skin incision for, 23 
surgical technique in , 23, 24{-'Xf, 25 

Triangles, in cavernous sinus 
anato1ny, 45t 

anterolatera l, 42, 42/, 45t 
anteromedian 41, 4 lf; 45t 
Glassock's, 42, 42f, 45t 
inferolateral, 42, 42/, 45t 
infero1nedial, 42, 42f, 45t 
Ka \vase's, 42, 4'lj; 45t 
lateral , 42, 4'Jf, 45t 

panunedial, 4 1, 41f. 45t 
Parkinson's, 41,41/ ; 45t 
posterolateral, 42, 42/, 45t 
postero1nedial, 42, 42/~ 45t 
trige1ninal, 42, 42/; 45t 
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Tricortical graft , in anterior approach 
to cervical spine, 133 

Trige1ninal triangle, in cavernous 
sinus anato1ny, 42,42/, 45t 

Tuber c i neri u 1n, in intra ventricular 
anatomy, 197j; 19&1'; 199! 

Turbinates, in transphenoidal 

approach, 32--33, 32f- 33f 

Ulnar nerve deco1npression and 
transposition, 163- 165 

anato1ny in, 163 
indications for, 163 
positioning and skin incision for, 

163, 163f 
surgical technique in, 164-165, 

164j:..165f 
Upper cerebellm· pontine pathology, 

in retrosig1noid cranioto1ny, 83 

Vein(s) 
in cavernous sinus anato1ny, 40 
of Galen, in intra ventricular 

anato1ny, 199! 
in intraventricular anato1ny, 196, 

1<.lif, lWf, 199f 
Ventricles, endoscopic exa1nination 

of, 194--200 
indications for, 194 
pitfalls and pem·ls in, 200 
positioning and skin incision for, 

194, 194f 
technique in , 194, 195f- ISJC{t 

196-199 
VentTolateral approach, to thoracic 

spine, 145- 147 
indications tor, 145 
pitfalls and pearls in, 147 
positioning and skin incision tor, 

145, 145! 
surgical technique in, 145- 147, 

145f- 147f 
Vertebral iu-tery exposure, in extre1ne 

lateral approach, 93- 94, 93f- 94j" 
Vertebral colu1nn, anato1ny of, 

123- 126 
cervical, 124-125, 124{, 125/ 
lu1nbar, 126, 126! 
thoracic, 125- 126, 125}; 126! 

Vessels. See also individual arteries and 

veins 

in speci1nen preparation, 3 

Wrist, nerve entrap1nent at, 165, 165! 




	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173
	174
	175
	176
	177
	178
	179
	180
	181
	182
	183
	184
	185
	186
	187
	188
	189
	190
	191
	192
	193
	194
	195
	196
	197
	198
	199
	200
	201
	202
	203
	204
	205
	206
	207
	208
	209
	210
	211
	212
	213
	214
	215
	216
	217
	218
	219
	220
	221
	222
	223
	224
	225
	226
	227
	228
	229
	230

