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China has a distinguished history and tradition of medicine and increasing centers of excellence in neurosurgery.
Thus,] am very pleased that Elsevier has created this special publication of the 5" Edition of Youmans Textbook of

Neurological Surgery for China. I hope that my neurosurgical colleagues in China found the information in this edition

helpful in providing care to their patients.

Neurological surgery is a dynamic field,but one that is built on and sustained by the broad shoulders of earlier scien-
tific discoveries and clinical experiences. The fifth edition of Neurological Surgery reflects this ever-changing disci-
pline and combines what is“new” with that which is not only“old,” but enduring. Thus,the latest volume reflects the
breadth and complexity of neurosurgery at the beginning of the 21* century in China and elsewhere around the globe.

This edition continues the original intent of the first' and subsequent texts edited by Julian Youmans.

This edition has been radically restructured to reflect the ever-changing nature of our discipline. The initial section is
focused on the key basic science areas and associated clinical disciplines,the knowledge of which is a necessity for
the rational practice of neurosurgery. Subsequent sections reflect the mixture of time-tested information and new ad-
vances n the areas of oncology ,vascular system,epilepsy,functional,pain,pediatrics,peripheral nerve ,radiation ther-
apy and radiosurgery ,spine,and trauma. Each section begins with a consideration of general features and historical
background that allows the reader to place in context the advances within each section. There then follow chapters
dealing with basic scientific information and advances relevant to each area,whereas the subsequent topics within
each section weal with clinical advances and surgical techniques. Thus,in all sections,we have added a wealth of

new horizontally and vertically integrated information.

The overall aim of each section reflects the unifying goal of the entire bhook: to provide comprehensive knowledge of
disorders and surgery of the nervous system to the student , whether that “student” is a junior resident or an experi-
enced practitioner. Moreover, I hope that future physicians dealing with surgery of the nervous system ,whether they

are mechanical or biological surgeons,zwill value the information contained in this text.

It is self-evident that these volumes represent the diligent work of many individuals. 1 enthusiastically express my ap-
preciation to the authors of each chapter,and the Section and Deputy Editors as well as the editorial staff of Saun-
ders/Elsevier publication. Their collective contributions are truly the broad shoulders upon which future care and ad-

vances in Neurosurgery will stand.

H. Richard Winn,MD

Editor-in-Chief

Professor of Neurological Surgery and Neuroscience
Mount Sinai School of Medicine ,New York ,New York
December 5,2008

e —
! Youmans JR: Neurological Surgery. Philadelphia, WB Saunders,1973 ,pp xvii-xviii.
2 Winn HR,Howard MA: The next 100 years of neurosurgery. Lancet 354 (Suppl): 36,1999.
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H. Richard Winn, MD
Professor of Neurological Surgery and
Neuroscience
Mount Sinai School of Medicine

New York, New York
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Ralph G. Dacey, Jr., MD
Henry G. and Edith R. Schwartz Professor and
Chairman
Department of Neurological Surgery
Washington University School of Medicine
St. Louis, Missouri



Roy A. E. Bakay, MD

Professor and Vice Chairman
Department of Neurosurgery
Rush Medical Center
Chicago, Illinois

Functional Neurosurgery, Volume 3

Henry Brem, MD

Harvey Cushing Professor of Neurosurgery,
Ophthalmology, and Oncology
Chairman, Department of Neurosurgery

Johns Hopkins University School of Medicine

Baltimore, Maryland
Oncology, Volume 1

Kim J. Burchiel, MD
Professor and Chairman
Department of Neurological Surgery
Oregon Health & Science University
School of Medicine
Portland, Oregon

Functional Neurosurgery and Pain, Vol. 3

William A. Friedman, M.D.

Professor and Chair,
Department of Neurosurgery
University of Florida,
Gainesville, Florida

Radiation Therapy and Radiosurgery, Volume 4
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M. Sean Grady, MD
Charles Harrison Frazier Professor and Chair of the
Department of Neurosurgery
University of Pennsylvania School of Medicine
Philadelphia, Pennsylvania

Trauma, Volume 4

o

Michel Kliot, MD
Associate Professor of Neurosurgery
University of Washington School of Medicine
Seattle, Washington

Introduction to Neurological Surgery, Volume 1; Peripheral
Nerve, Volume 4

L. Dade Lunsford, MD
Lars Leksell Professor and Chairman of Neurological
Surgery, Radiology, and Radiology Oncology
University of Pittsburgh School of Medicine
University of Pittsburgh Medical Center
Pittsburgh, Pennsylvania

Radiation Therapy and Radiosurgery, Volume 4

Joel D. MacDonald, MD
Assistant Professor of Neurosurgery
University of Utah Medical Center
Salt Lake City, Utah

Special Features

Lawrence F. Marshall, MD

Professor of Neurological Surgery
University of California, San Diego,
School of Medicine
San Diego, California

Trauma, Volume 4

Marc R. Mayberg, MD

Chairman, Department of Neurosurgery
Cleveland Clinic Foundation
Cleveland, Ohio

Special Features
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er, MD R. Michael Scott, MD

Fredric B. Mey

Professor of Neurosurgery Professor of Neurological Surgery
Mayo Medical School Harvard Medical School
Rochester, Minnesota Boston, Massachusetts

Vascular, Volume 2 Pediatric, Volume 3

T. S. Park, MD Daniel L. Silbergeld, MD

Shi H. Huang Professor of Neurosurgery and Associate Professor, Department of
Professor of Pediatrics and Anatomy and Neurological Surgery
Neurobiology University of Washington School of Medicine
Washington University School of Medicine Seattle, Washington
St. Louis, Missouri Epilepsy, Volume 2

Pediatric, Volume 3

Volker K. H. Sonntag, MD

Raymond Sawaya, MD Clinical Professor of Neurosurgery
Professor of Neurosurgery University of Arizona College of Medicine
University of Texas—Houston Medical School Tucson, Arizona
Department of Neurosurgery Vice Chairman, Division of Neurological Surgery
The University of Texas MD Anderson Cancer Center Barrow Neurological Institute
Houston, Texas Phoenix, Arizona

Oncology, Volume 1 Spine, Volume 4



14 SEOARA

Robert F. Spetzler, MD

Professor, Department of Surgery,
Section of Neurosurgery
University of Arizona College of Medicine
Tucson, Arizona
Director and J. N. Harbor Chairman of
Neurological Surgery
Barrow Neurological Institute
Phoenix, Arizona

Vascular, Volume 2

Dennis G. Vollmer, MD

Professor of Neurosurgery
University of Texas Health Science Center at Houston
Houston, Texas

Spine, Volume 4
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Khaled M. Abdel Aziz, MD, PhD

Resident, Department of Neurosurgery, University of
Cincinnati College of Medicine and University
Hospital, Cincinnati, Ohio

Dorsal Rhizotomy and Dorsal Root Ganglionectomy

Muwaffak M. Abdulhak, MD

Clinical Instructor, Department of Neurosurgery,
Medical College of Wisconsin, Milwaukee, Wisconsin

Bone Metabolism as It Relates to Spinal Disease and
Treatment

Saleem |. Abdulrauf, MD

Assistant Professor, Neurological Surgery and
Director, Cerebrovascular and Skull Base Surgery
Program, Saint Louis University School of Medicine;
Director, Cerebrovascular and Skull Base Surgery
Program, Saint Louis University Hospital, St. Louis,
Missouri

Meningiomas

Dima Abi-Said, MD

Attending, Department of Neurosurgery, The
University of Texas M.D. Anderson Cancer Center,
Houston, Texas

Metastatic Brain Tumors

John R. Adler, Jr., MD

Professor, Department of Neurosurgery, Stanford
University School of Medicine, Stanford, California

General and Historical Considerations of Radiotherapy and
Radiosurgery

Robin Albert, MD, MPH

Research Coordinator, Center for Endovascular
Surgery, Institute for Neurology and Neurosurgery,
Beth Israel Medical Center, New York, New York

Endovascular Management of Brain Arteriovenous
Malformations

A. Leland Albright, MD

Professor of Neurosurgery, University of Pittsburgh
School of Medicine; Chief, Pediatric Neurosurgery,
Childrens Hospital of Pittsburgh, Pittsburgh,
Pennsylvania

Patient Selection in Movement Disorder Surgery;
Brainstem Gliomas

Felipe C. Albuquerque, MD

Staff Neurosurgeon and Assistant Director,
Endovascular Neurosurgery, Barrow Neurological
Institute, Phoenix, Arizona

Carotid Angioplasty and Stenting: Interventional
Treatment of Occlusive Vascular Disease; Basilar Trunk
Aneurysms

Kenneth Aldape, MD

Assistant Professor, Department of Pathology,
Neuropathology Unit, University of California, San
Francisco, School of Medicine, San Francisco,
California

Low-Grade Gliomas: Astrocytoma, Oligodendroglioma, and
Mixed Gliomas

Eben Alexander I, MD

Associate Professor of Surgery, Department of
Surgery, Division of Neurosurgery, University of
Massachusetts Medical School; Attending
Neurosurgeon, University of Massachusetts-Memorial
Hospitals, Worcester, Massachusetts

Linac Radiosurgery

Michael J. Alexander, MD

Assistant Professor, Department of Surgery, Divisions
of Neurosurgery and Interventional Neuroradiology,

Duke University School of Medicine, Durham, North
Carolina

Nonatherosclerotic Carotid Lesions

Mir Jafar Ali, MD

Resident, Department of Neurosurgery, University of
Michigan Hospital, Ann Arbor, Michigan

Basilar Apex and Posterior Cerebral Artery Aneurysms

Ahmed Alkhani, MD

Fellow in Functional Neurosurgery, University of
Toronto Faculty of Medicine and Toronto Western
Hospital, Toronto, Ontario, Canada

Pallidotomy for Parkinson’s Disease

Cargill H. Alleyne, Jr., MD

Co-Director, Neurosurgery Residency Program,
University of Rochester School of Medicine and
Dentistry; Chief, Division of Stroke and
Cerebrovascular Surgery, Department of Surgery,
Rochester General Hospital, Rochester, New York
Carotid Angioplasty and Stenting: Interventional
Treatment of Occlusive Vascular Disease; Traumatic
Carotid Injury
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Ossama Al-Mefty, MD

Professor and Chairman, Department of

Neurosurgery, University of Arkansas for Medical
Sciences, Little Rock, Arkansas

Meningiomas
Mahmoud Al-Yamany, MD

Department of Neurosurgery, Riyadh Medical
Complex, King Saud University Affiliated Hospital,
Riyadh, Saudi Arabia

Intracranial Internal Carotid Artery Aneurysms

Arun Paul Amar, MD

Clinical Instructor, Department of Neurosurgery,
University of Southern California Keck School of
Medicine; Staff, Children’s Hospital of Los Angeles,
Los Angeles, California

Ventricular Tumors; Vagus Nerve Stimulation for
Intractable Epilepsy

Christopher Ames, MD

Assistant Professor, Department of Neurological
Surgery, University of California, San Francisco,
School of Medicine, San Francisco, California

Differential Diagnosis of Altered States of Consciousness
Sepideh Amin-Hanjani, MD

Instructor in Surgery, Harvard Medical School;
Assistant Visiting Surgeon, Department of

Neurosurgery, Massachusetts General Hospital,
Boston, Massachusetts

Cerebral Lymphoma

Norberto Andaluz, MD

Clinical Fellow, Department of Neurosurgery,
University of Cincinnati College of Medicine,
Cincinnati, Ohio

Dorsal Rhizotomy and Dorsal Root Ganglionectomy

Peter Angevine, MD

Resident, Department of Neurological Surgery,
Columbia-Presbyterian Medical Center, New York,
New York

Anterior Lumbar Instrumentation

Ronald I. Apfelbaum, MD

Professor of Neurosurgery, University of Utah School
of Medicine; Attending, University of Utah Hospital
and Clinics, Salt Lake City, Utah

Treatment of Axis Fractures

Michael L. J. Apuzzo, MD

Edwin M. Todd/Treat M. Wells, Jr. Professor of
Neurological Surgery and Professor of Radiation
Oncology, Biology, and Physics, University of
Southern California Keck School of Medicine; Staff,
USC Care Medical Group, USC University Hospital,
and USC/Norris Cancer Hospital, Los Angeles,
California

Ventricular Tumors; Vagus Nerve Stimulation for
Intractable Epilepsy

Claire Ardouin, MA
Psychologist, Hopital Albert Michallon, Grenoble,
France

Deep Brain Stimulation for Movement Disorders

E. Joy Arpin-Sypert, MD
Sypert Institute, Fort Myers, Florida
Evaluation and Management of the Failed Back Syndrome

James |. Ausman, MD

Professor of Neurosurgery, University of Illinois at
Chicago, Chicago, Illinois; Editor, Surgical Neurology
Extracranial Vertebral Artery Disease

Issam A. Awad, MD, MSc

Ogsbury-Kindt Professor and Chairman, Department
of Neurosurgery, and Professor of Neurosurgery,
Neurology, and Pathology, University of Colorado
School of Medicine, Denver, Colorado

Surgical Management of Supratentorial Cavernous
Malformations

Julian E. Bailes, MD

Professor and Chairman, Department of
Neurosurgery, West Virginia University School of
Medicine, Morgantown, West Virginia

Carotid Endarterectomy

Roy A. E. Bakay, MD

Professor and Vice Chairman, Director of Movement
Disorder Surgery, Rush-Presbyterian-St. Luke’s
Medical Center, Chicago Institute of Neurosurgery
and Neuroresearch, Chicago, Illinois

History of Functional Neurosurgery; Cellular
Transplantation in the Central Nervous System

Perry A. Ball, MD

Attending Neurosurgeon, Section of Neurosurgery,
Dartmouth-Hitchcock Medical Center, Lebanon, New
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Treatment of Disk Disease of the Lumbar Spine

Gordon H. Baltuch, MD, PhD

Assistant Professor, Department of Neurosurgery,
University of Pennsylvania School of Medicine;
Attending Neurosurgeon, Hospital of the University
of Pennsylvania, Pennsylvania Hospital, and
Philadelphia Veterans Administration Medical Center,
Philadelphia, Pennsylvania

Topectomy: Uses and Indications

Gene H. Barnett, MD

Professor of Surgery, Ohio State University College of
Medicine and Public Health, Columbus; Chairman,
Brain Tumor Institute, Cleveland Clinic Foundation,
Cleveland, Ohio

Surgical Navigation for Brain Tumors
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Health & Science University School of Medicine; Staff,
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Cerebral Venous and Sinus Thrombosis

Jean-Claude Baron, MD

Professor of Stroke Medicine, Department of
Neurology, University of Cambridge Faculty of
Medicine; Neurology Consultant, Addenbrooke’s
Hospital, Cambridge, England

Positron Emission Tomography in Cerebrovascular Disease

Daniel L. Barrow, MD

MBNA-Bowman Professor and Chairman,
Department of Neurological Surgery, Emory
University School of Medicine; Chief, Neurological
Service, and Co-Director, Emory Stroke Center, Emory
University Hospital, Atlanta, Georgia

Treatment of Lateral-Sigmoid and Sagittal Sinus Dural
Arteriovenous Malformations

Juan Bartolomei, MD

Assistant Professor, Department of Neurosurgery, Yale
University School of Medicine, New Haven,
Connecticut

Anterior Approach including Cervical Corpectomy
(Degenerative)

Jonathan J. Baskin, MD

Attending Neurosurgeon, Atlantic Neurosurgical
Specialists, Chatham, New Jersey

Carotid Angioplasty and Stenting; Interventional
Treatment of Occlusive Vascular Disease; Anterior Cervical
Instrumentation; Occipitocervical Fusion

H. Hunt Batjer, MD

Professor and Chair, Department of Neurological
Surgery, Northwestern University Feinberg School of
Medicine; Chairman, Department of Neurological
Surgery, Northwestern Memorial Hospital, Chicago,
Illinois

Basilar Apex and Posterior Cerebral Artery Aneurysms

Thomas K. Baumann, PhD

Associate Professor, Department of Neurological
Surgery and Department of Physiology and
Pharmacology, Oregon Health and Science University
School of Medicine, Portland, Oregon

Physiologic Anatomy of Pain

Andrew Beaumont, MD
Neurosurgical Fellow, Virginia Commonwealth
University School of Medicine, Richmond, Virginia

Physiology of the Cerebrospinal Fluid and Intracranial
Pressure
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Professor, Department of Neurosurgery, Mount Sinai
School of Medicine; Vice Chairman, Department of
Neurosurgery, Mount Sinai Medical Center, New
York, New York

Infectious Intracranial Aneurysms

Ghassan K. Bejjani, MD

Clinical Assistant Professor, Department of
Neurosurgery, University of Pittsburgh School of
Medicine; Neurosurgeon, Presbyterian University
Hospital, Pittsburgh, Pennsylvania

Orbital Tumors

J. Brad Bellotte, MD

Resident, Department of Neurosurgery, Allegheny
General Hospital, Pittsburgh, Pennsylvania

Brain Death; Diagnosis and Management of Seventh and
Eighth Cranial Nerve Injuries due to Temporal Bone
Fractures

Alim L. Benabid, MD, PhD

Professor of Biophysics, University Joseph Fourier
Medical School; Head, Neurosurgery, and Director,
INSERM U.318 Research Laboratory of Preclinical
Neurosciences, Hopital Albert Michallon, Grenoble,
France

Deep Brain Stimulation for Movement Disorders

Eduardo E. Benarroch, MD

Professor of Neurology, Mayo Medical School;
Consultant in Neurology, Mayo Clinic, Rochester,
Minnesota

Cerebral Blood Flow and Metabolism

Abdelhamid Benazzouz, PhD

Research Fellow, University of Bordeaux School of
Medicine; Director of Research, Neurophysiology
Laboratory, University Victor Segalan, Bordeaux,
France

Deep Brain Stimulation for Movement Disorders

Bernard R. Bendok, MD

Assistant Professor, Department of Neurological
Surgery, Northwestern University Feinberg School of
Medicine, Chicago, Illinois

Basilar Apex and Posterior Cerebral Artery Aneurysms

Gregory J. Bennett, MD

Clinical Assistant Professor of Neurosurgery,
University of Buffalo; Clinical Director of
Neurosurgery, Erie County Medical Center, Buffalo,
New York

Spondylolysis and Spondylolisthesis
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Alejandro Berenstein, MD

Professor of Radiology, Neurosurgery, and Neurology,
Albert Einstein College of Medicine of Yeshiva
University, Bronx; Director, Center for Endovascular
Surgery, and Director, Institute for Neurology and
Neurosurgery, Beth Israel Medical Center, New York,
New York

Endovascular Management of Brain Arteriovenous
Malformations

Mitchel S. Berger, MD

Professor and Chair, Department of Neurological
Surgery, University of California, San Francisco,
School of Medicine, San Francisco, California
Low-Grade Gliomas: Astrocytoma, Oligodendroglioma, and
Mixed Gliomas; Hemangioblastomas of the Central

Nervous System; Interstitial and Intracavitary Irradiation
of Brian Tumors

Matt A. Bernstein, PhD

Assistant Professor of Radiologic Physics, Mayo
Medical School; Senior Associate Consultant in
Radiology, Mayo Clinic, Rochester, Minnesota
Magnetic Resonance Angiography

José Biller, MD

Professor and Chairman, Department of Neurology,
Indiana University School of Medicine, Indianapolis,
Indiana

Carotid Occlusive Disease: Natural History and Medical
Management

Jeffrey R. Binder, MD
Professor, Department of Neurology, Medical College
of Wisconsin, Milwaukee, Wisconsin

Functional Magnetic Resonance Imaging in Epilepsy
Surgery

Barry D. Birch, MD

Attending, Department of Neurosurgery, Mayo Clinic
Scottsdale, Scottsdale, Arizona

Anterior Thoracic Instrumentation

Rolfe Birch, MChir

Visiting Professor, University College and Imperial
College, London University, London; Orthopaedic
Surgeon, Peripheral Nerve Injury Unit, Royal
National Orthopaedic Hospital, Stanmore, England

Management of Acute Peripheral Nerve Injuries

Peter M. Black, MD, PhD

Franc D. Ingraham Professor of Neurosurgery,
Harvard Medical School; Neurosurgeon-in-Chief,
Brigham and Women'’s Hospital and Children’s
Hospital, and Chief, Neurosurgical Oncology, Dana-
Farber Cancer Institute, Boston, Massachusetts

Craniopharyngioma in the Adult

Miroslav P. Bobek, MD

Attending Surgeon, Providence Medford Medical
Center, Medford, Oregon

Brain Edema and Tumor-Host Interactions

Anne Boulin, MD

Neuroradiologist, Hopital Foch, Suresnes, France
Osseous Tumors

Blaise F. D. Bourgeois, MD

Director, Division of Epilepsy and Clinical
Neurophysiology, Department of Neurology,
Children’s Hospital, Boston, Massachusetts

Antiepileptic Medications: Principles of Clinical Use
Guy Bouvier, MD

Professor of Neurosurgery, University of Montreal
Faculty of Medicine, Montreal; Neurosurgeon, Hopital
Notredame, Montreal; Medical Advisor to the Vice
President, Western Region, Workers” Compensation
Board of Appeal, St. Lambert, Quebec, Canada

Selective Peripheral Denervation for Spasmodic Torticollis

Frank J. Bova, PhD

Professor of Neurosurgery, University of Florida
College of Medicine; Staff, Shand’s Hospital,
Gainesville, Florida

Fractionated and Stereotactic Radiation, Extracranial
Stereotactic Radiation, Intensity Modulation, and Multileaf
Collimation

Robin Bowman, MD

Assistant Professor of Neurosurgery, Northwestern
University Feinberg School of Medicine; Attending
Neurosurgeon, Children’s Memorial Hospital,
Chicago, Illinois

Birth Head Trauma

Adam Brant, MD

Staff Neurosurgeon, St. Agnes Medical Center, Fresno,
California

Traumatic Cerebrospinal Fluid Fistulas

Henry Brem, MD

Harvey Cushing Professor of Neurosurgery,
Ophthalmology, and Oncology and Chairman,
Department of Neurosurgery, Johns Hopkins
University School of Medicine; Director, Hunterian
Neurosurgical Laboratory, and Neurosurgeon-in-
Chief, Johns Hopkins Hospital, Baltimore, Maryland
Brain Tumors: General Considerations; Basic Principles of
Cranial Surgery for Brain Tumors

Steven Brem, MD

Professor and Chief, Neurosurgery Service/Director,
Neuro-oncology Research Laboratory/ NABTT; and
Investigator /Program Leader, Neuro-oncology
Program, H. Lee Moffitt Cancer Center and Research
Institute, Tampa, Florida

Angiogenesis and Brain Tumors



