Contents

FOrEWOT. ...

f
L b

NNNN
W s

[ 3]

3.1

32

B s T R P o 44 55 0 4055 5 8 £ s e o e o AP ™, T A

Acknowledgments ... ... .. ... ...

ContribULOrS . ... PO

History of Endonasal Tumor Surgery

Wolfgang Draf', Philip Michael, Amir Minovi

Introduction......................... 2 15 Powered Instrumentation and
Navigation in Sinus Surgery...........
The Origins of Sinus Surgery.......... 2
1.6 Functional Endonasal Sinus Surgery . ..
Development of Visual Tools in Sinus
BMIEJETY . . . oooismms b smas 6 amas 3 ans £ 5 0is 3 1.7 The Development of Endonasal
Oncologic and Skull Base Surgery ... ..
Diagnostic and Radiological Tools .. . . .. 4
1.8 Conclusions .........................
Anatomy of Anterior, Central, and Posterior SkullBase............................
The Osseous Anatomy of the Skull Base 2,22 VESSClSuscssmmsssamssPomsssnmisomeiina
and Related Regions. ................. 10 223 NeIrVeS......oiviiniininerinneninnanes
Andreas Prescher
23 Endoscopic Glance at the
Introduction and General Aspects . ...... 10 SkullBase ...........................
Anterior Cranial Fossa.................. 11 Manfred Tschabitscher, lacopo Dallan
Middle Cranial FOSSa.. s s wse dsmmassumess 12
Posterior Cranial Fossa................. 15 231 IETOAUCHON : 5is &5 5.5 8 s oishara b e S s o
Paranasal Sinuses ..................... 18 232  Anterior Ethmoid Cells.................
Pterygopalatine Fossa (s. Sphenomaxillary 233 FEONEAl SIS, seuls s wm s 55 s 3 s asesds s s
FOSSA) v 25 234  MaxillarySinus .......................
Craniocervical Junction ................ 27 235 Posterior Ethmoid.....................
23.6  SphenoidSinus .......................
Vesselsand Nerves................... 28 23.7  Vascularization .......................
Leo F. S. Ditzel Filho, Danielle de Lara, 2.3.8  Cribriform Plate Window...............
Daniel M. Prevedello, Domenico Solari, 239  Sphenoidal Window...................
Bradley A. Otto, Amin B. Kassam, 2310 OrbitalWindow. ......................
Ricardo L. Carrau 2311  Maxillary Window to the Infratemporal
Fossa and the Upper Parapharyngeal
BRTFOAUCTION: 1o ss s muvs s s 5w s« s s 28 SPACE . e et e
Etiology, Biology, and Pathology of Skull Base Tumors.............................
Gerhard Franz Walter
Introduction......................... 56 3122 | ClasSifiCation . swass veamsss s ¢ s o s
323 PIrOSNOSIS 150 s 5 s s 5 500 s 5 50 54 6w a8 e 6 5
Definitions .......................... 56 324  Prediction................iiiiiiin..
EHIO10GY: ¢ e s 5w s s mvw 5 e imcn s o 6 8 5 s s 56 3.3 Meningeal Tumors ...................

10

28
33

38

38
39
39
39
40
40
41
41
42
48

48

56

56

57
57

58

vii



viii

Contents
3.3.1 Meningiomas......................... 58 3.7.2 Pituitary Carcinoma ................... 72
332 Hemangiopericytoma.................. 62 373 Spindle Cell Oncocytoma of the
333 Hemangioblastoma.................... 63 Adenohypophysis ..................... 72
334 Leptomeningeal Melanocytic Lesions. . . . . 64 3.74 PItUICYLOIIA .« o« wie v v s s mimn s 5 a0 5 s 72
3.7.5 Granular Cell Tumor of the
34 Tumors of the Peripheral, Neurohypophysis ..................... 72
Autonomous, and Central Nervous 3.76  Craniopharyngioma ................... 72
Systems...............iiiiia. 65
3.8 Tumors of the Nasal Cavity and
34.1 Schwannomas ........................ 65 Paranasal Sinuses .................... 72
34.2 Malignant Peripheral Nerve Sheath
TUINOTS 56 ¢ ¢ 05 55 5 5055 0 minin v s oimcar e o oiminin oo 65 3.8.1 Schneiderian Papilloma ................ 72
3.4.3  Jugulotympanic Paraganglioma ......... 65 3.8.2 Sinonasal Squamous Cell Carcinoma ..... 75
344  Pilocytic Astrocytoma. . ................ 67 3.83  Nasopharyngeal Angiofibroma (Juvenile
345 Pilomyxoid Astrocytoma ............... 67 Nasopharyngeal Angiofibroma) ......... 75
34,6  EpendymGriatiEiruniian St 67 384 NasalGlioma......................... 75
3.8.5  Esthesioneuroblastoma (Olfactory
3.5 Tumors of the Hematopoietic Neuroblastoma)....................... 76
System’s, S RN atnt Inrisl el 69
3.9 Tumors of the Osseous Skull Base . . . . . 76
3.5.1 Primary Central Nervous System
Lymphormas’ 2k, DU B Mpethent . . 69 391 Plasma Cell Myeloma .................. 76
3.52  Langerhans Cell Histiocytosis . .......... 69 39.2  FibrousDysplasia..........c.ovuuuon... 77
353 Non-Langerhans Cell Histiocytosis. . .. . .. 70 393  Ossifying Fibromyxoid Tumor-............ 78
394  OSteoblaStOMA: v ¢ 55555 5 wmin s s mmmns s i 78
3.6 Germ Cell Tumors and Dysontogenetic Bi9.5° ' OSTCOSATCOMEL' ! dais b5 i s 5 5508 £ 5 it 5 o 78
Tumorlike Cysts...................... 70 396  Chondroblastoma..................... 78
39.7 Chondrosarcoma...................... 78
36,1 Germ Cell TS e v-u yues s w mos bbb i 0 388 - Cherdoma ... o0 LR SO, 78
3.6.2 Teratoma and Tumorlike Dysontogenetic
CYBIS s 5 s s BRIIRSIONLD. Hanzeolnd .. 70 3,10 Tumors of OrbitandEye.............. 79
3.7 Tumors of the Sellar Region. ... ........ 72 310.1 Tumorsof the Orbit.................... 79
3.10.2 TumorsoftheEye..................... 81
3.7.1  Pituitary Adenoma .................... 72 3103 Metastatic Tumors. .................... 81
4 Imaging Assessment and Endovascular Treatment................................ 86
4.1 Advanced Diagnostic Imaging of Skull 4.1.14  Sinonasal Malignant Tumors............ 101
BaseTumors......................... 86  4.1.15 Squamous Cell Carcinoma.............. 101
Bernhard Schuknecht, Erich Hofmann 4.1.16  Adenocarcinomas ..................... 101
4.1.17 Adenoid Cystic Carcinoma.............. 104
411  Introduction.......................... 86  4.1.18 Sinonasal Undifferentiated Carcinoma.... 104
412  Goalsoflmaging...................... 86  4.1.19 Neuroendocrine Carcinoma. ............ 104
413 Inverted Papilloma.................... 87  4.1.20 Sinonasal Malignant Melanoma ... ....... 105
414 (0]11=T0) 1 - [P 88 4121 Lymphoma.............ovvivunnnnnn. 107
415 Fibrous Dysplasia...................... 89 4122 Metastases ............oiiiiiiiinnnn.. 108
41.6  OssifyingFibroma..................... 90
417  Schwannomas........................ 90 4.2 Endovascular Interventional
41.8  Angiofibroma......................... 92 Procedures of Skull Base Pathologies.. 109
419  Pituitary Adenoma .................... 93 Ralf Siekmann, Erich Hofmann
4110 Craniopharyngioma ................... 94
4111 Meningioma.......................... 96 4.2.1 Introduction. ......................... 109
4.1.12  Esthesioneuroblastoma ................ 97 422 Basic Principles of Embolization and
4113 Chordoma...........coovvuuunnnni... 99 Techniques.................cooovun... 110




Contents

A

2

(2}

72

73

Prmciples, and lndlcatlons .............. 114

Applications of Endovascular

Management of the Internal Carotid Artery in Skull Base
e R R R

Dietmar Frey, Peter Vajkoczy

134
134
134
137
140
Technique of Extracranial-Intracranial
BypassSurgery ...................... 141
Superficial Temporal Artery to Middle
Cerebral Artery Bypass. . ............... 141
‘ntermediate-Flow Bypass with Radial
Artery Graft Interposition .............. 142
~igh-Flow Bypass with Saphenous Vein
Graft Interposition .................... 142

534

535

53.6

5.4

5.5

5.6

5.6.1

Excimer Laser-Assisted Nonocclusive
Anastomosis. ............ouuunii.. ...
Intraoperative Assessment of Bypass
Function.............................
Antiaggregation and Anticoagulation
REBITITES 5 s s 5 588 4 5 5 5t ¢ » o oo o' s

Management of Internal Carotid

Management of Tumor...............

Combined Endovascular and Surgical
Approach as an Alternative for Bypass

T [

Cerebral Perfusion and Hemodynamics. . .

Multidisciplinary Endoscopic Skull Base Centers: Delivering
BIBEIFAEOA CArE. .. .. e ivuiiiumns i itnnnsmn e e s s ot e s en e e e 5 o e s e e e oo
vancy MclLaughlin, Ricardo L. Carrau, Amin B. Kassam, Daniel M. Prevedello,

WWolfgang Deinsberger, Ulrike Bockmiihl
Introduction......................... 152

Key Features of the Multidisciplinary

Team Approach...................... 152
Formats of Teamwork. ................. 152
Concepts of Teamwork. ................ 152

Implementation of a Multidisciplinary
Approach to Sinonasal and Skull Base
Pathologies.......................... 154

6.3.1
6.3.2
6.3.3
6.3.4

6.4

6.5

PreoperativeCare .....................
Intraoperative Care....................
Postoperative Care ....................
Long-term Follow-up ..................

Trends for a Multidisciplinary
Team at Endoscopic Skull Base
Centers..............................

360° Accesstothe Skull Base ...............

Nancy McLaughlin, Daniel M. Prevedello, Juan C. Fernandez-Miranda, Ricardo L. Carrau, Amin B. Kassam

Introduction......................... 160

Skull Base Surgery: An Evolving

Discipline............................ 160
The360°Vision...................... 161
Overview of Skull Base Approaches...... 162

13.2

733

7.34

7.4

Overview of Approaches to the Anterior
Cranial FoSSa ...........ooveiininn...
Overview of Approaches to the Middle
Cranial Fossa ............coovvunen...
Overview of Approaches to the Posterior
CTATHALFOSSA s 5 5im £ 5 550 5 nmvm s o worim o 2 s




Contents
8 The Sinonasal Corridor ............ ... 174
Ulrike Bockmidihl, Ricardo L. Carrau, Bradley A. Otto, Daniel M. Prevedello, Amin B. Kassam
8.1 Introduction......................... 174  8.5.1 Minor Complications « : sw« s ww s 3 vaiw e s 5w 184
8.5.2 Major Complications. . . ws s s s wws s smies s o 184
8.2 Preoperative Planning................ 174 853  Immediate Complications .............. 185
8.54  Delayed Complications................. 185
8.3 Intraoperative Preparation and Other
General Considerations............... 174 8.6 Postoperative Care................... 185
84  Surgical Technique................... 177 86.1  Kassel Hospital (Germany).............. 185
8.6.2 Ohio State University .................. 186
8.4.1 Basic Sinonasal COrridor. . . . e s wimevs o 177
8.4.2  Expanded Sinonasal Corridor ........... 180 8.7 CONEIUSTON -5 55 05 5.5 5 5 1 5 v v masin s 186
8.5 Complications ....................... 182
9 Expanded Endoscopic Endonasal Approaches............................. 190
Nancy McLaughlin, Daniel M. Prevedello, Daniel F. Kelly, Ricardo L. Carrau, Amin B. Kassam
9.1 Introduction......................... 190 933 Expanded Endonasal Approaches:
Anatomical Modules. .................. 192
9.2 Indications and Preoperative
Work-up ..........cooiiiiiiii 190 9.4 Complications ....................... 204
9.3 Surgical Technique................... 191 95 Sequential Learning and Training for
Expanded Endonasal Approaches ... .. 204
9.3.1 General Concepts for Endoscopic
Endonasal Skull Base Surgery ........... 191 9.6 Postoperative Care and Outcome ... .. 206
932 Transsellar Approach to Complement an
Expanded Endonasal Approach. ......... 192 9.7 CONEIUSTON x5 wivvis s sims 5 8 5559005 5 53 206
10  Transpterygoid Approaches. ...............ccoiiiiiiiiiii i 210
Carlos Diogenes Pinheiro-Neto, Pornthep Kasemsiri, Ricardo L. Carrau, Daniel M. Prevedello,
Amin B. Kassam
10.1 Introduction......................... 210 10.3.1 Perioperative Preparation .............. 212
10.3.2 Surgical Exposure ............ccovuunn. 213
10.2  Preoperative Work-up and Indications 211  10.3.3 Postoperative Care and Outcome . ....... 214
10.3  Surgical Technique................... 212 104 Complications ....................... 215
11 Endoscopic Transsphenoidal Pituitary Surgery: Endoneurosurgery............... 218
Giorgio Frank, Ernesto Pasquini, Matteo Zoli, Diego Mazzatenta, Vittorio Sciarretta, Marco Faustini Fustini
11.1 Introduction......................... 218 11.4.1 Preoperative and Postoperative Evaluation 222
11.4.2 Pituitary Adenoma Outcome Analysis.... 224
11.2  Indications .......................... 218 ALA3  ResulS: s :imness v s atimrarenianiis 225
11.3  Surgical Technique................... 218 11.5 Complications ....................... 229
11.3.1 Standard Technique ................... 218  11.5.1 Rhinosinusal Complications. ............ 230
11.3.2 Extended Approaches.................. 221 11.5.2 Intrasellar Complications............... 230
11.5.3  Suprasellar and Parasellar
11.4  Materials and Methods............... 222 Complications ............ovvvuvnrn... 230




Contents

T

AT 3

““““

m1

SRS e

W

el Complications. ................ 231 1162 GoodTolerance .............ovvuvvnn.. 231
11.6.3  Effectiveness ......................... 232

Desowssion. . ......................... 231 1164 Complications ........................ 232
11.6.5 FinalRemarks......................... 233

Bpedency. . ......................... 231

Bemor-Specific Strategies ............................... 236

mwerted Papilloma................... 236 1236 Expanded Endoscopic Endonasal

“wne Cesteinuovo, Apostolos Karligkiotis, Approach to the Anterior Skull Base:

#modo Sattoglia, Federica Sberze, Surgical Technique .................... 255

Dimwiete Lombardi, Piero Nicolai 1237 " OUECOMES. . 4wt s einis ols s s s £o5i 6 i 55 257
12.3.8  DisCUSSION. .........oovueneenennnn.... 258

mEedaction. . ........................ 236

Bechmical Considerations............... 236 124  Meningiomas........................ 259

Surmical Technique .................... 237 Nancy McLaughlin, Daniel M. Prevedello,

Musoperative Care and Follow-up . . .. ... 245 Daniel Kelly, Juan Fernandez-Miranda,

Complications ........................ 245 Ricardo L. Carrau, Amin B. Kassam

Comcusions .......................... 246
1240 " Intreddetion:”. S SIS Rl - 259

Juwenile Angiofibroma............. ... 246 1242 General Surgical Strategy............... 260

#en Nicolai, Alberto Schreiber, 1243  Anatomical Considerations and

#mdir=a Bolzoni Villaret, I TtAt O RS s TR o) 263

Dowide Farina 1244 Preoperative Evaluation................ 267
12.4.5  Surgical Technique: General Considerations

Imtvoduction. ......................... 246 SPECiﬁC to Menjngiomas Approached via

5= of Origin and Patterns of an Expanded Endonasal Approach . ... ... 267

A R 246 1246 Complications ........................ 269

Diagnostic Work-up ................... 247 1247 Postoperative Care and Outcome . .. ... .. 269

SE2gINg SYStems. .. ....oviiiiiiiiiinins 249 1248 Conclusion ........................... 270

Surzical Strategies and Perioperative

Management .....................LL 251 125 Chordoma........................... 271

Postoperative Surveillance. ............. 251 Eng H. Ooi, lan |. Witterick, Fred Gentili

L e S AN 252

‘s There Any Role for Nonsurgical 12.5.1 Introduction.......................... 271

R T TH U 252 1252 Clinical Features ...................... 271
1253 Pathology.............cooovuinii.. 271

Esthesioneuroblastoma .............. 253 1254 Imaging.............oooiiiiiiiiiii, 271

\iztteo de Notaris, Isam Alobid, 12,55 PrognosticFactors..................... 271

“oaguim Enserat, Manuel Bernal-Sprekelsen 12.5.6  Anatomy of the Clivus. ................. 272
12.5.7 C(lassification System .................. 272

R T 0TV il i v el s s o 253 1258 Management ......................... 272

REIng Features. . .......covoovuiivin 254 1259 Adjuvant Treatment ................... 274

Histologic Findings .................... 255 12510 The Endoscopic Approach for Clival

SUTZETY .....ovvviiiiniicinieennnnn, 255 Chordoma Resection. .................. 274

Principles ...l 255 12511 Conclusion ...............cc.oeeve.... 277

Dural Reconstruction ........................ i 284

Poolo Castelnuovo, Andrea Pistochini, Stefania Gallo

Introduction......................... 284 13.2  Skull Base Reconstruction ............ 285

The “Pre-endoscopic” Era............... 284  13.2.1 Available Materials (Grafts and Flaps) .... 285

e “EndoSCopic’ A : : siass w55 o5 5 36 284 13.2.2 Indications and Duraplasty

Skull Base Reconstruction .............. 284 Techniques........................... 289

xi



xii

Contents

133

134

14

14.1
14.2
14.2.1

14.2.2

15

15.1

1514
15.1.2

15.1.3

Postoperative Care and Follow-up. ... .. 293

ReSUlts . ;i< smigss s s s Al L A s 293

13.5

CONCIUSTONS . .. oo vvwnsssmmsnmmnnssns

Prevention and Management of Complications..................ccoveeeeerenes

Ernesto Pasquini, Giorgio Frank
INtroduction: . . & s «sie v o sl s s e 298
Vascular Complications. .............. 298

Vascular Complications in the Approach

PRase. . v o 5 st 4580 v aiarmm e et s b ot s 298
Vascular Complications in the Dissecting
PR A I s el S e S RVeier s 302

14.3

14.3.1
14.3.2
1433
14.3.4

14.4

Other Complications .................

Neurological Complications. ............
Endocrine Complications. ..............
Cerebrospinal Fluid Leak ...............
TAFECHIONS s s s as s o o wimim o o msme o 8 B35 o

Final Remarks. . ...

SUrgiCal RESUILS. ...........oivniiiiiiiniiiiiniii e

Long-term Outcome of Endonasal

Resection of Sinonasal and

Skull Base Malignancies (Fulda,

Kassel SChoOl) :.. . « s s & s onnsrsisosis wobon - 312
Ulrike Bockmiihl, Wolfgang Draf

I ETOAUCEION.. 1o oo o« oot o6 9805 Sy 83 s s o 312
Surgical and Oncological Principles of
Endonasal Tumor Surgery .............. 312
Results of Endonasal Surgery for

Malignancies ........oeveveeenenresnns 313

15241
1522
1523
15.24
15.2.5

Endoscopic Resection of Sinonasal and
Skull Base Tumors (Varese, Brescia
School). . .cocovvniiiiiinsmsinsms ooy
Paolo Castelnuovo, Mario Turri-Zanoni,
Paolo Battaglia, Piero Nicolai

INETOAUCHION. «ovoe o v woes s 8 wissTs 5 S0 o < o
Fibro-osseous Lesions. .................
Inverted Papilloma ...........c.oovvennn
Juvenile Nasopharyngeal Angiofibroma ..
Malignant Tumors of the Sinonasal Tract

and Adjacent SkullBase ................



