NEUROLOGICAL
SURGERY

THIRD EDITION




VOLUME FOUR

NEUROLOGICAL

SURGERY

A Comprehenswe Reference Guide to the

Diagnosis and Management of
Neurosurgical Problems

Edited by

JULIAN R. YOUMANS, M.D., Ph.D.

Professor and Chairman, Department of Neurological Surgery
School of Medicine, University of California
Davis, California

1990
W. B. SAUNDERS COMPANY

Harcourt Brace Jovanovich, Inc.

Philadelphia London Toronto
Montreal Sydney Tokyo

THIRD EDITION

B



W. B. SAUNDERS COMPANY
Harcourt Brace Jovanovich, Inc.

The Curtis Center
Independence Square West
Philadelphia, PA 19106

Library of Congress Cataloging-in-Publication Data
Neurological surgery.
Includes bibliographies and indexes.

1. Nervous system—Surgery. 1. Youmans, Julian R., 1928-
[DNLM: 1. Neurosurgery. WL 368 N4945]

RD5393.N4153 1989 617'.48 86-31474
ISBN 0-7216-2097-3 (set)

Editor: Martin Wonsiewicz

Decelopmental Editor:  Kathleen McCullough

Designer:  Karen O'Keefe

Production Manager: Carolvn Navlor

Manuscript Editors: Charlotte Fierman and David Harve,
Hlustration Coordinator:  Walt Verbitski

Indexer:  Mark Covle

Cocer Designer:  Terri Siegel

Neurological Surgery Volume 1 [SBN 0-7216-2091—4
Volume 2 ISBN 0-7216-2092-2

Volume 3 ISBN 0-7216-2093-0

Volume 4 ISBN 0-7216-2094-9

Volume 5 ISBN 0-7216-2095-7

Volume 6 ISBN 0-7216-2096-5

Six Volume Set ISBN 0-7216-2097-3

© 1990 by W. B. Saunders Company. Copvright 1973 and 1982 by W. B. Saunders Com-
pany. Copyright under the Uniform Copvright Convention. Simultaneously published in
Canada. Al rights reserved. This book is protected by copyright. No part of it may be
reproduced. stored in a retrieval svstem, or transmitted in any form or by any means, electronic.
mechanical. photocopying. recording, or otherwise, without written permission from the pub-
lisher. Made in the United States of America. Library of Congress catalog card number 86—
31474,

Last digit is the print number: 9 8 n 6 5 4 3 2



Jontributors

EHUD ARBIT. M.D.. F.A.C.S.

Associate Professor of Surgery. Cornell University
Medical College. Associate Attending Surgeon,
Memorial Sloan-Kettering Cancer Center, New
York. New York.

Extradural Spinal Cord and Nerve Root Compres-
sion from Benign Lesions of the Dorsal Area

DANIEL R. BENSON, M.D., F.A.C.S.

Professor of Orthopaedic Surgery, Chief of Spine
Service, University of California, Davis, School of
Medicine, Davis. Attending Surgeon, Medical
Center, Sacramento. Courtesy Staff, Kaiser Per-
manente Hospital, Sutter Community Hospitals;
Provisional Staff, Mercy General Hospital, Sacra-
mento. Civilian Consultant, Oak Knoll Naval Base,
Letterman Army Hospital, Oakland, California.

Nondiscogenic Back and Leg Pain

THOMAS A. BERGMAN, M.D.

Assistant Professor, Department of Neurosurgery,
University of Minnesota Medical School, Minne-
apolis. Attending Physician, University of Minne-
sota Medical Center and Hennepin County Medical
Center, Minneapolis, Minnesota.

Management of Thoracolumbar and Lumbar Spine
Injuries

SCOTT L. BLUMENTHAL, M.D.

Clinical Assistant Professor, Division of Orthopedic
Surgery, University of Texas Southwestern Medical
Center. Attending Physician, St. Paul Medical
Center, Veterans Administration Medical Center,
Dallas Rehabilitation Institute, and Parkland Me-
morial Hospital, Dallas, Texas.

Fusion of the Lumbar Spine.

CHARLES L. BRANCH, M.D., F.A.C.S.

Clinical Associate Professor, University of Texas
Health Science Center. Attending Physician,
Southwest Texas Methodist Hospital, Baptist Me-
morial Hospital System, Humana San Antonio Hos-
pital, St. Luke’s Lutheran Hospital, Nix Medical

Center Hospital, and St. Rose Catholic Hospital,
San Antonio, Texas.

Operative Management of the Failed Back Syn-
drome

CHARLES L. BRANCH, JR., M.D.

Assistant Professor, Department of Neurosurgery,
Bowman Gray School of Medicine, Winston-Salem.
Attending Neurosurgeon, North Carolina Baptist
Hospital, Winston-Salem, North Carolina.
Operative Management of the Failed Back Syn-
drome

CHARLES V. BURTON, M.D., F.A.C.S.
Medical Director, Institute for Low Back Care,
Minneapolis. Attending Physician, Abbott-North-
western Hospital, Minneapolis, Minnesota.
Adhesive Arachnoiditis

WILLIAM F. CHANDLER, M.D.,
F.A.C.S.

Associate Professor, Section of Neurosurgery, Uni-
versity of Michigan Medical Center. Faculty Mem-

‘ber, University Hospital. Consultant, Ann Arbor

Veterans Administration Hospital, Ann Arbor,
Michigan.

Trauma to the Carotid Artery and Other Cervical
Vessels

SHELLEY N. CHOU, M.D., Ph.D.,
F.A.C.S.

Professor and Head, Department of Neurosurgery,
University of Minnesota Medical School. Attending
Staff, University of Minnesota Hospital. Consul-
tant, Veterans Administration Hospital, Minneap-
olis, Minnesota.

Scoliosis, Kyphosis, and Lordosis

COURTLAND H. DAVIS, JR., M.D.,
F.A.C.S.

Professor Emeritus of Surgery (Neurosurgery),
Bowman Gray School of Medicine of Wake Forest
University. Professor Emeritus and Attending

iii



iv. CONTRIBUTORS

Emeritus, Wake Forest University Medical Center,
Winston-Salem, North Carolina.

Extradural Spinal Cord and Nerve Root Compres-
sion from Benign Lesions of the Lumbar Area

JOHNNY B. DELASHAW, M.D.

Resident, Neurosurgery, University of Virginia
Medical School and University of Virginia Hospital,
Charlottesville, Virginia. E
Cranial Defects and Their Repair

T. CRAIG DERIAN, M.D.

Attending Physician, Durham County General
Hospital, Durham, North Carolina.

Fusion of the Lumbar Spine

MARY E. DUNN, M.D.

Clinical Instructor, Department of Neurosurgery,
University of Minnesota Medical School, Minne-
apolis. Attending Physician, St. Paul Ramsey Hos-
pital, St. Paul, Minnesota.

Management of Thoracic Spine Fractures

PIERRE RONALD DUPUIS, M.D.,
F:R.C.S$.(C.)

Associate Professor of Surgery (Orthopaedics),
McGill University, School of Medicine, Montreal.
Active Staff, Department of Surgery, Sir Mortimer
B. Davis Jewish General Hospital, Montreal, Que-
bec, Canada. '

Biomechanics and Aging of the Spine

BRADLEY C. EDGERTON, M.D.

Resident in Orthopedic Surgery, Mayo Clinic,
Mayo Medical School, Rochester, Minnesota.

Use of Chemonucleolysis in the Treatment of Disc

Diseasc

BRUCE EHNI, M.D.

Clinical Instructor in Neurosurgery, Bavlor College
of Medicine and University of Texas Health Science
Center at Houston. Attending Physician, Methodist
Hospital, Herman Hospital, St. Luke's Episcopal
Hospital and Veterans Administration Hospital,
Houston. Texas.

Extradural Spinal Cord and Nerve Root Compres-
sion from Benign Lesions of the Cervical Area

GEORGE EHNI, M.D., F.A.C.S.

Late Professor and Chairman Emeritus, Depart-
ment of Neurosurgery, Baylor College of Medicine.
Clinic¢al Associate, Program in Neurosurgery, Uni-
versity of Texas Medical School at Houston. Chief
Consultant in Neurosurgery, Veterans Administra-
tion Hospital. Houston, Texas.

Extradural Spinal Cord and Nerve Root Compres-
sion from Benign Lesions of the Cervical Area

WILLIAM A. FRIEDMAN, M.D.

Associate Professor and Associate Chairman, De-
partment of Neurological Surgery, University of
Florida College of Medicine. Attending Neurosur-
geon, Shands Hospital, Gainesville, Florida.

Percutaneous Approaches to Lumbar Discectomy

STEVEN GAEDE, M.D.

Chief Resident, Division of Neurosurgery, Univer-
sity of Missouri-Columbia, Columbia, Missouri.
Problems Associated with Multiple Trauma

KEVIN GILL, M.D.

Associate Clinical Professor of Orthopedic Surgery,
Southwestern Medical School. Orthopedic Surgery
Staff, Presbyterian Hospital, St. Paul Medical Cen-
ter, Veterans Administration Medical Center, Hu-
mana Medical City, Dallas Rehabilitation Institute,
and Parkland Hospital, Dallas. Texas.

Fusion of the Lumbar Spine

RUSSELL W. HARDY, JR., M.D.,
F.A.C.S.

Professor of Neurological Surgery, Case Western
Reserve University. Attending Physician, Univer-
sity Hospitals of Cleveland, Cleveland, Ohio.
Extradural Spinal Cord and Nerve Root Compres-
sion from Benign Lesions of the Lumbar Area

ROBERT J. HENDERSON, M.D.,

F.A.C.S.

Attending Physician, Medical Arts Hospital, Dallas,
Texas. :

Fusion of the Lumbar Spine

ROBIN J. HENNESSY, M.D.

Instructor in Plastic and Maxillofacial Surgery, Uni-
versity of Virginia Medical Center. Chief Resident,
Department of Plastic and Maxillofacial Surgery,
University of Virginia Medical Center, Charlottes-
ville, Virginia. ;

Scalp Injuries and Their Management

JULIAN HOFF, M.D., F.A.C.S.

Professor of Surgery, Chief, Section of Neurosur-
gery, University of Michigan. Attending Physician,
University of Michigan Hospitals, Veterans Admin-
istration Hospital, Ann Arbor and Henry Ford
Hospital, Detroit, Michigan.

Anterior Operative Approaches for Benign Extra-
dural Cervical Lesions

TERRY HOOD, M.D.

Attending Physician, Columbus Hospital, Chicago,
Illinois. A fiid

Anterior Operative Approaches for Benign Extra-
dural Cervical Lesions



W. ROBERT HUDGINS, M.D.

Associate Clinical Professor of Neurological Sur-
gery, University of Texas Southwest Medical
School, Dallas. Attending Neurosurgeon, Presby-
terian Hospital and St. Paul Medical Center, Dal-
las, Texas. _
Micro-operative Treatment for Lumbar Disc Dis-
ease; Posterior Micro-operative Treatment of Cer-
vical Disc Disease

ALAN R. HUDSON, M.D., Ch.B.,
F.R.C.S.(Ed.), F.R.C.S5.(C.)

Professor of Surgery and:Neurosurgery, Medical
School, University of Toronto. Surgeon-in-Chief,
Toronto General Hospital, Toronto, Ontario, Can-
ada.

Acute Injuries of Peripheral Nerves

ROBERT K. JACKLER; M.D.
Assistant Professor of Otolaryngology (Neurotol-

ogy), University of California, San Francisco, -

School of Medicine. Attending Surgeon, Medical
. Center at the University of California, San Fran-

cisco General Hospital, and Veterans Administra-

tion Medical Center, San Francisco, California.

Facial, Auditory, and Vestibular Nerve Injuries
Associated with Basilar Skull Fractures

STEVEN L. KANTER, M.D.

Assistant Professor of Surgery (Neurological Sur-
gery), Texas A&M University College of Medicine,
College Station. Attending Neurological Surgeon,
Department of Neurological\ Surgery, Scott and
White Clinic, Temple, Texas.\ i
Percutaneous Approaches to Lumbar Discectomy

W. H. KIRKALDY-WILLIS, ' B.Chir.,
M.D., F.R.C.S.(E. and C.), F.A.C.S.

Emeritus Professor of Orthopaedics, University of
Saskatchewan. Orthopaedic Physician, University
Hospital, Saskatoon, Saskatchewan, Canada.

. Biomechanics and Aging of the Spine

DAVID G. KLINE, M.D., F.A.C.S.

Professor and Chairman, Department of Neurosur-
gery, Louisiana State University School of Medicine
in New Orleans, New .Orleans. Visiting Surgeon,
Charity Hospital. -Attending Surgeon, ‘Ochsner
Foundation Hospital, Hotel Dieu Hospital, Baptist
Hospital, and Touro Hospital, New Orleans. Con-
sultant, New Orleans Veterans Administration Hos-
-pital, ‘New Orleans, and Keesler AFB Hospital,
Biloxi, Mississippi.

‘Acute Injuries of Peripheral Nerves

. SANFORD J. LARSON, M.D., Ph.D., -
F.A.CS. :
Professor and Chairman, Department of Neurosur-
gery, Medical College of Wisconsin. Director, Neu-

CONTRIBUTORS v

rosurgery Service, Froedtert Lutheran Memorial
Hospital. Chief, Neurosurgical Service, Veterans
Administration Medical Center and Milwaukee
County Medical Complex, Milwaukee, Wisconsin.
Hyperextension, Hyperflexion, and Torsion Injuries
of the Spine

JOHN LONSTEIN, M.D., F.A.C.S.
Clinical Associate Professor, Department of Or-
thopedic Surgery, University of Minnesota Medical
School, Minneapolis. Attending Physician, River-
side Medical Center, Minneapolis, and Gillette
Children’s Hospital, St. Paul, Minnesota.

Scoliosis, Kyphosis, and Lordosis

BRUCE McPHEE, M.B., F.R.A.C.S.
Visiting Lecturer in Orthopaedic Surgery, Faculty
of Medicine, University of Queensland, Australia.
Attending Physician, Department of Orthopaedic
Surgery, Royal Brisbane Hospital, Brisbane, Aus-
tralia.

Spondylolisthesis and Spondylolysis

TETSURO MIWA, M.D., D.M.Sc.

Professor and Chairman, Department of Neurosur-
gery, Tokyo Medical College. Professor and Direc-
tor, Department of Neurosurgery, Tokyo Medical
College Hospital, Tokyo, Japan.

Growing Skull Fractures

RAYMOND F. MORGAN, M.D., F.A.C.S.
Professor and Chairman, Department of Plastic
Surgery, University of Virginia Medical Center,
Charlottesville. Attending Surgeon, University
Hospital, Charlottesville, Virginia.

Scalp Injuries and Their Management

BURTON M. ONOFRIO, M.D., F.A,C.S.
Professor, Department of Neurosurgery, Mayo
Clinic and Mayo Medical School. Professor, De-
partment of Neurosurgery, Rochester Methodist
Hospital and St. Marys Hospital, Rochester, Min-
nesota.

Use of Chemonucleolysis in’ the Treatment of Disc
Disease |

RUSSEL H. PATTERSON, JR., M.D.,
F.A.C.S.

Professor of Neurological Surgery, Cornell Uni-
versity Medical College. Attending Surgeon-in-
Charge, Department of Neurological Surgery, The
New York Hospital, New York, New York.
Extradural Spinal Cord and Nerve Root Compres-
sion from Benign Lesions of the Cervical Area

JOHN A. PERSING, M.D.

Professor of Plastic Surgery, Associate Professor of
Neurological Surgery, Vice-Chairman, Department



vi CONTRIBUTORS

of Plastic and Maxillofacial Surgery and Director of
Cranial Base Surgery, University of Virginia School
of Medicine. Chief, Division of Craniofacial Surgery
and Attending Surgeon, University of Virginia Hos-
pital, Charlottesville, Virginia. '

Cranial Defects and Their Repair; Scalp Injuries
and Their Management

MORRIS W. PULLIAM, M.D., F.A.C.S.
Associate Professor, Department of Surgery (Neu-
rosurgery), Uniformed Services University of the
Health Sciences, Bethesda; Associate Professor of
Neurosurgery (Clinical), George Washington Uni-
versity School of Medicine, Washington, D.C. As-
sistant Chairman, Department of Neurosurgery,
National Naval Medical Center, Bethesda, Mary-
land.

Problems Associated with Multiple Trauma

RALPH M. REITAN, Ph.D.

Professor of Psychology (Retired), University of
Arizona Medical Center. Director, Reitan Neuro-
psychology Laboratory, Tucson, Arizona.
Psychological Evaluation after Craniocerebral In-
Jury

RICHARD C. SCHULTZ, M.D., F.A.C.S.
Clinical Professor of Surgery (Plastic), University of
Ilinois at Chicago College of Medicine, Chicago.
Attending Physician, Lutheran General Hospital,
Park Ridge, Illinois.

Maxillofacial Injuries

DAVID K. SELBY, M.D., F.A.C.S.
Associate Clinical Professor of Orthopaedic Sur-
gery, University of Texas, Southwestern Medical
School. Attending Physician, Medical Arts Hospi-
tal, Dallas, Texas.

Fusion of the Lumbar Spine

EDWARD L. SELJESKOG, M.D., Ph.D.,
F.A.C.S.

Professor of Neurosurgery, University of Minnesota
Medical School. Attending Physician, University of
Minnesota Hospital, Minneapolis, Minnesota.
Management of Thoracic Spine Fractures; Manage-
ment of Thoracolumbar and Lumbar Spine Injuries

ROBERT F. SPETZLER, M.D., F.A.C.S.

Professor and Chief, Section of Neurosurgery, De-
partment of Surgery, University of Arizona College
of Medicine. Director and J. N. Harber Chairman
of Neurological Surgery, Barrow Neurological In-
stitute, and St. Joseph’s Hospital and Medical Cen-
ter, Tucson, Arizona.

Cerebrospinal Fluid Fistulae: Their Management
and Repair

SUZIE C. TINDALL, M.D.

Associate Professor of Surgery (Neurosurgery) and
Assistant Professor of Neurology, Emory University
School of Medicine, Atlanta. Attending Physician,
Emory University Hospital and Crawford W. Long
Memorial Hospital of Emory University, Atlanta,
Georgia.

Chronic Injuries of Peripheral Nerves by Entrap-

ment

HENK VERBIEST, M.D., Ph.D., Hon.
F.R.C.S., Eng. .

Professor Emeritus of Neurosurgery and Emeritus
Chairman, Department of Neurosurgery, Utrecht
University, Utrecht, The Netherlands.

Lumbar Spine Stenosis

FRANKLIN C. WAGNER, JR., M.D,,
F.A.C.S.

Professor and Chairman, Department of Neurolog-
ical Surgery, University of California, Davis, School
of Medicine, Davis. Chief, Department of Neuro-
logical Surgery, University of California, Davis,
Medical Center, Sacramento, California.

Injuries to the Cervical Spine and Spinal Cord

TIMOTHY C. WATSON, M.D.

Clinical Faculty, Department of Orthopaedics,
University of New Mexico. Attending Staff, Pres-
byterian Hospital, St. Joseph’s Hospital; Clinical
Staff, University of New Mexico Medical Center,
Albuquerque, New Mexico.

Nondiscogenic Back and Leg Pain

CLARK C. WATTS, M.D., F.A.C.S.
Professor of Surgery (Neurosurgery), University of
Missouri-Columbia Health Sciences Center. Chief,
Division of Neurological Surgery, University of
Missouri-Columbia Hospitals and Clinics, Colum-
bia, Missouri. 3

Problems Associated with Multiple Trauma

ROBERT WINTER, M.D.

Clinical Professor, Department of Orthopedic Sur-
gery, University of Minnesota Medical School,
Minneapolis. Chief, Spine Service, and Medical
Director, Gillette Children’s. Hospital. Attending
Physician, St. Paul Ramsey Hospital, Midway Hos-
pital, and United Hospitals, St. Paul. Attending
Physician, Fairview Riverside Hospital and Min-
neapolis Children’s Hospital, Minneapolis, Min-
nesota.

Scoliosis, Kyphosis, and Lordosis



K. YONG-HING, M.B., Ch.B.,
F.R.C.S.(Glasgow), F.R.C.S.(C.)
Professor, College of Medicine, University of Sas-

katchewan. Head, Department of Orthopaedics,
University Hospital, Saskatoon, Saskatchewan,
Canada.

Biomechanics and Aging of the Spine

BYRON YOUNG, M.D.

Professor and Johnston-Wright Chair of Surgery,
University of Kentucky Medical Center, Lexington.
Attending Physician, University of Kentucky Hos-
pital. Consulting Staff, Veterans Administration
Hospital. Courtesy Staff, St. Joseph's Hospital,

CONTRIBUTORS vii

Highlands Regional Medical Center, Humana Hos-
pital, Lexington, and Central Baptist Hospital, Lex-
ington, Kentucky.

Post-traumatic Epilepsy

JOSEPH M. ZABRAMSKI, M.D.

Assistant Professor of Surgery, University of Ari-
zona College of Medicine. Chief, Section of Cere-
brovascular Surgery and Director, Microsurgical
Laboratory, Barrow Neurological Institute, St. Jo-
seph’s Hospital and Medical Center, Tucson, Ari-
zona. ‘

Cerebrospinal Fluid Fistulae: Their Management
and Repair



C ontents

SR S A RN D R AR AR

PART VIII: TRAUMA, centinued

Chapter 71

Post-traumatic Epilepsy ..... T R T

B. Young

"Chapter 72

Psychologncal Evaluatlon after:

Craniocerebral Inj ury .................

“R. M. Reitan

Chapter 73

Growing Skull Fractures ....... ayeens

T. Miwa

Chapter 74
Cerebrospma.l Fluid Flstulae Their

Management and Repair ..............

R. F. Spetzler and J. M. Zabramski

Chapter 75

Cranial Defects and Their Repair ....

J. B. Delashaw and J. A. Persing

G hapter 76
Facial, Auditory, and Vestlbular
Nerve Injuries Associated with

Basilar Skull Fractures ...........

R. K. Jackler: - .

Chapter 77

Maxillofacial Injuries ..................

R. C. Schultz

Chapter 78 :
Scalp Injuries and Their

Management it i v . vai b e saie 2352
R. ]. Hennessy, ]J.'A. Persing, and
R. F. Morgan

Chapter 79
Trauma to the Carotid Artery and

Other Cervical Vessels O e S R 2367
W. F. Chandler besab B

Chapter 80
Injuries to the. Cervical Spine and

Spinal Cord S vk it s s S
yoF, C. Wagngr_',v]Ar.A - i & 5

Chapter 81
Hyperextension, Hyperflexion, and

Torsion Injuries of the Spine .......... 2392

8. ]. Larson

Chapter 82
Management of Thoracnc Spine

R SR ek ik e ' 2403
'"M. E. Dunn and E. L. Seljeskog V4 u

Cha;mr.&? |
Management of Thoracolumbar and

Lumbar Spine Injuries .............,. 2411

T. A. Bergman and E. L. Sel]eakog

Chapter 84
Acute Injuries of Peripheral Nerves ... 2423
D. G. Kline and A. R. Hudson



Xx CONTENTS

Chapter 85
Chronic Injuries of Peripheral Nerves

by Entrapment .......c..ooovviiiiinnin.
- 8. C. Tindall

Chapter 86
Problems Associated with Multiple

EEAING oo 5 s bassbis s i 55 bnmerasisn a o & e
C. Watts, S. Gaede, and M. W. Pulliam

PART IX: BENIGN SPINE
LESIONS ....:.ciovvicmmvivisoronssvasin

Chapter 87

Biomechanics and Aging of

the Spine. ..c.codv.iaiinn s o FEEENL A
W. H. Kirkaldy-Willis, P. R. Dupuis,
and K. Yong-Hing

Chapter 88

Nondiscogenic Back and Leg Pain ....
T. C. Watson and D. R. Benson

2629

Chapter 89
Extradural Spinal Cord and Nerve
Root Compression from Benign

Lesions of the Lumbar Area ............ 2664
R. W. Hardy, Jr.. and C. H. Davis, Jr.

Chapter 90
Percutaneous Approaches to Lumbar

DISCECtOMY ... inivinasinoon o dtfmimbay
S. L. Kanter and W. A. Friedman

Chapter 91 }
Micro-operative Treatment for Lumbar

Disc Disease
W. R. Hudgins

Chapter 92
Use of Chemonucleolysis in the

Treatment of Disc Disease
B. M. Onofrio and B. C. Edgerton

Chapter 93
Operative Management of the Failed

Back Syndrome
C. L. Branch and C. L. Branch Jr.

------------------------

Chapter 94
Spondylolisthesis and Spondylolysis .
B. McPhee

Chapter 95

Fusion of the Lumbar Spine ...........
D. K. Selby, K. Gill, S. L. Blumenthal,
R. ]. Henderson, and T. C. Derian

Chapter 96

Lumbar Spine Stenosis ................
H. Verbiest

Chapter 97

Adhesive Arachnoiditis
C. V. Burton

Chapter 98
Extradural Spinal Cord and Nerve
Root Compression from Benign

Lesions of the Dorsal Area
E. Arbit and R. H. Patterson, Jr.

............

Chapter 99 ,
Extradural Spinal Cord and Nerve
Root Compression from Benign

Lesions of the Cervical Area ...........
B. Ehni, G. Ehni, and R. H. Patterson, Jr.

Chapter 100 /
Posterior Micro-operative Treatment

of Cervical Disc Disease ...............
W. R. Hudgins

Chapter 101 ‘ ;
Anterior Operative Approaches for

Benign Extradural Cervical Lesions .
J. Hoff and T. Hood

Chapter 102 '

Scoliosis, Kyphosis, and Lordosis
R. Winter, ]. Lonstein, and S. Chou

.....

2749

2805

2923



chapter

A RS R R SR SR R R I S R e R e e

Post-traumatic epilepsy

Post-traumatic epilepsy was first described
in 3000 BC by the Egyptians, who may have
been copying medical papyri dated much ear-

lier.® Seizures were noted to occur contralat-

eral to the site of head injury, an observation
repeated by Hippocrates (463-357 BC) 25 cen-
turies later in his work “Injuries of The
Head.”® Hippocrates identified five types of
head injuries and outlined operative treatment
(“trepanning”). Galen (131-201 AD) quoted
Hippocrates and attributed contralateral sei-
zures to “[injury to] the big vein feeding the
brain . . ., causing dryness of the other side
and convulsions.™ Ambroise Paré (1510-1590
AD) supported this theory and believed that
“injury of one side of the brain causes empti-
ness and drvness of the other side because
Nature violently sends all humors and spirits
to help the affected side [and this, in turn,
exhausts the other side].” Paré reiterated Hip-
pocrates’ warning not to cut the temporal
muscle in performing the trepanning proce-
dure for fear of inducing fatal postoperative
seizures.® Paré’s Italian contemporary, Ber-
engario da Carpi, was the first to note that
post-traumatic epilepsy can appear years after
the precipitating injury.* In 1818, Benjamin
W. Dudley, a professor ot surgery at Transyl-
vania University in Lexington, Kentucky, was
the first American surgeon to treat post-trau-
matic epilepsy with a decompression proce-
dure utilizing the trephine.’® He reported a
series of five successful cases in 1823 in which
chronic subdural hematomas were drained.
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Types and
Significance

of Post-Traumatic
Epilepsy

Post-traumatic epilepsy is classified into two
types: early and late. Early post-traumatic
seizures occur within the first week after in-
jury. Late post-traumatic epilepsy includes
seizures occurring after the first' week. Sei-
zures following injury but secondary to other
causes (such as alcohol withdrawal) are ex-
cluded. The importance of early epilepsy gen-
erally is as a predictor of increased risk for
late post-traumatic epilepsy. About 25 per
cent of patients with early epilepsy develop
late epilepsy.’® Late epilepsy has considerably
greater medical and economic sequelae, which
include the psychological consequences of
the ever-present anxiety of waiting for the
next seizure, side effects of prolonged anti-
convulsant medication, and harm from the
seizure itself. Late epilepsy hinders the self-
sufficiency provided by gainful employment
and limits both job opportunities and the
ability to retain employment. Based upon ep-
idemiological data, between 8000 and 30,000
persons in the United States will develop early
or late epilepsy each year.!>'® Disability costs
for the half of those individuals who cannot
return to work have been estimated at
$95,000,000.4*
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EARLY SEIZURES

The l‘lSk of early epilepsy has been shown
in large brain injury series to range from 2.5
'to 7 per cent.'* Early seizures occurred in 5
per cent of Jennett's unselected series of pa-
tients requiring hospitalization.' Location, se-
verity, and type of head injury are the best
indicators of the risk for developing early
seizures. The greatest risk occurs with sub-
dural intracerebral hematomas, which have an
associated incidence of 30 to 36 per cent.'®
Patients ‘with epidural hematomas, frontopa-
rietal depressed skull fractures, injuries pro-
ducing focal neurological signs, and post-trau-
matic amnesia lasting longer than 24 hours
have an incidence of early seizures of 9 to 13
per cent.®'3!6 Early seizures occur infre-
quently with severe missile wounds. For ex-
ample, only 2 to 6 per cent of combat soldiers
receiving penetrating: missile wounds' devel-
oped these seizures.> * Fewer than 2 per cent
of patients with minor head injuries with no
other neurological signs have seizures within
the first week of injury.'s

One third of all early seizures occur within
the first hour of injury, one third within the
first 24 hours, and. one third between the

. second and seventh days of injury.’® Rish and

Caveness reported that early epilepsy devel-
ops most often within the first 5 days following
a combat head injury, with the greatest fre-
quency ‘on the first post-injury days.” Two
thirds of patients with blunt head injuries who
have one early seizure will have additional
_seizures during the first week.'* Slightly more
than half of all early seizures are focal. Pene-
‘trating injuries are more likely than blunt
injuries to result in focal seizures.
__ Patients who .develop early post-traumatic
epilepsy have been observed to have a high
risk of late seizures, which ranges from 25 per
.cent in some large series to 50 per centin a
series of combat soldiers during the Vietnam
war.'> 3 Even. patients with mild injuries who
‘have, early epilepsy have a 25 per cent chance
of developing late seizures. Patients with mild
head injury, without early seizures have less
than a 2 per cent risk for subsequent epi-
lepsy 15 The frequency. and type of early sei-
zures- do not affect the incidence of late epi-
lepsy. A generalized seizure that occurs
immediately following head injury in child-
hood does not appear to place the child at
increased risk for either early or late sei-
~zures. "

Complications of early post-traumatic sei-
zures can be life-threatening. Status epilepti-
cus ocurs in 11 per cent of all patients and in
22 per cent of children younger than 5 years
of age.!* Poorly controlled seizures have been
reported to be the sole cause of death follow-
ing a mild head injury.?® Early seizures that
alter consciousness make assessment of the
patient’s neurological condition difficult.
Costly diagnostic tests may be needed to rule
out a brain lesion as a cause of a deteriorating
level of consciousness.

Since about half of post-traumatic seizures
occur within 6 hours of injury, no practical
regimen exists for preventing this proportion
of early seizures. Furthermore, no clinical
investigation has indicated that early post-
traumatic seizures can be significantly de-
creased by the administration of prophylactic
anticonvulsants. In Young and  associates’
study of prophylaxis for early post-traumatic
seizures, more than 78 per cent of the treated
patients had therapeutic plasma levels of
phenytoin throughout the first week following
head injury. There was no significant differ-
ence in seizure incidence, however, between
the treated and the untreated groups.* If the
prevention of early seizures is the sole goal,
based on the results of these studies it is
recommended that phenytoin be used only
after an early seizure has occurred. When
phenytoin has been administered to prevent
recurrent early post-traumatic seizures, the
drug is continued for 1 year in an attempt to
prevent the ocurrence of late seizures in this
high-risk group. If no late seizure occurs dur-
ing the first year, the medication can be
discontinued. If the patient has a single sei-
zure during the first year following injury,
phenytoin is recommended for a year after the
seizure. If multiple seizures have occurred,
the patient will require medication for a more
prolonged period.

LATE SEIZURES

Late epllepsy occurred in 5 per cent of
Jennett's series of unselected patients with

‘head injury who required hospitalization.'s

Annegers and co-workers noted the incidence
of late seizures to be 7.1 per cent in patients
with head injury during the first year following
the injury.! Nearly half of all patients with
subdural or intracerebral hematomas develop
late post-traumatic epilepsy; those with epi-



dural hematomas have a risk of about 20 per
cent.'® Patients with depressed skull fractures
who also have dural lacerations, focal neuro-
logical signs, post-traumatic amnesia lasting
longer than 24.hours, or early seizures may

have an incidence of late seizures of up to 60

per cent.’> Without these factors, the inci-
dence is less than 10 per cent.'* Extensive
focal damage, prolonged coma, and injuries in
the motor strip are risk factors for late seizures
in patients with penetrating wounds.®*

Some evidence has accumulated that these
reported incidence figures for late post-trau-
matic epilepsy may be excessive. Using actu-
arial percentages, McQueen and associates’
1983 study showed an- incidence of injury-
induced seizures of only 7 per cent at the end
of 1 vear and 10 per cent at the end of 2
vears.” Even excluding patients with early
seizures. the patients included in this study
are those found by Jennett to have the greatest
‘likelihood of developing post-traumatic epi-
lepsy. In the 1983 study of Young and col-
leagues, the minimal criterion for entry into
the series was a patient estimated to have at
least 15 per cent or greater probability (based
on Jennett's work) of developing post-trau-
matic seizures following a brain injury.* Most
patients had a much higher predicted rate of
developing seizures. Only 10.8 per cent of the
control patients and 12.4 per cent of the
treated group developed seizures during an
18-month follow-up.

Korean War and World War 11 soldiers who
sustained closed head injuries with loss of
consciousness lasting up to 6 hours had seizure
incidences of 11.9 per cent and 17.5 per cent,
respectively.®” Those with more severe inju-
ries with focal brain damage and prolonged
loss of consciousness had seizure incidences of
26.6 per cent and 25 per cent, respectively.®’
In both these series reported by Caveness and
co-workers in.1961 and 1962, cases of early
and late seizures were analyzed together. Pa-
tients with depressed skull fractures were in-
cluded in both studies.

Caveness and others have reported that
after late post-traumatic seizures have become
established, the frequency of occurrence sel-
dom varies. Three frequency patterns were
noted in his 10-year follow-up of Korean War
veterans with combat head injuries: fewer than
4 seizures, between 4 and 30 seizures, and
more than 30 seizures.®> Each category ac-
counted for approximately one third of the
patients. Patients who had frequent late sei-
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zures were more likely to have persistent
epilepsy.

Several formulas for predicting the likeli-
hood of post-traumatic epilepsy for an individ-
ual patient have been devised. Weiss and
associates have shown that if the first 3 post-
injury years are seizure-free, there is a 95 per
cent probability that epilepsy will not de-
velop.”” The addition of electroencephalogra-
phy data does not contribute to the accuracy
of prediction.'”

Possible Mechanisms
for Development of
Epileptogenic Focus

The pathophysiological mechanisms of post-
traumatic epilepsy have never been eluci-
dated. Penfield and Erickson have called the
first 8 weeks following head trauma “a silent
period of strange ripening’ during which the
potential for late seizures develops.” 'I'he‘
brain injury presumably initiates a_series of
biochemical, electrical, and structural changes
that lead to the development of the epilepti-
form focus.* Decreaserf inhibitory controlling
mechanisms, chronic ischemia, mechanical -
distortion of dendrites, blood-brain barrier
defects, altered buffering action of glial cells, -
kindling, and hereditary factors are all p'oten»«
tial explanations that need further study.'®
Wyler and Ray and Westrum ‘and ‘associates
have described this epileptogenic. focus. as
consisting of normal neurons, abnormal or
“pacemaker” neurons, and transitional neu-
rons.** If abnormal neurons recruit enough:
of the transitional and normal neurons to fire
abnormally, the loss of inhibitory mechamsmsz
within dendrites in the epileptogenic focus:
may permit abnormal firing and seizure ocur-
rence.

According to Wilkins and Rengachary, P
erative specimens removed to control post-
traumatic epilepsy show neuronal and oligo-
dendroglial loss, gliosis, and hem051der0515
The epileptogenic focus  is adlacent to. the
injury site.” The hyperirritable eplleptogemc
focus mayv be caused by mechanical stress; i
long-standing localized ischemia."* Tower
demonstrated that an epileptogenic focus has
biochemical defects in acetylcholine, glutamic
acid, and potassium metabolism.** Schmidt
and co-workers attributed the burst of auton-
omous electrical activity in the eplleptogemc
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focus to a dendritic depolarization and the
difference in potential between the cell body
and the dendritic network.® Westrum and
associates proposed that the decreased syn-
aptic endings or dendrites within the epilep-
togenic focus permit postsynaptic hypersensi-
tivity.® Gliotic changes may also impair the
glial control of acid-base balance and allow an
excessive excitability of adjacent neurons.?

Willmore and associates” work suggests that
hemorrhage and the deposition of iron salts
may induce the changes leading to the devel-
opment of the epileptogenic focus.* Willmore
and Triggs have observed that corticosteroids
prevented peroxidation and iron-induced sei-
zures.*®*! Phenytoin did not prevent lipid per-
oxidation but did prevent seizures by its
anticonvulsant action. These investigators
questioned whether phenytoin’s prophylactic
effect in the cobalt model may be due to the
chemical action of cobalt upon neurons rather
than the actual prevention of development of
the epileptogenic focus set in motion by in-
jured neurons. In this model, pretreatment
with an antioxidant such as tocopherol pre-
vents lipid peroxidation. These investigators
suggested that treatment aimed at prevention
of lipid peroxidation may be an effective route
to true prophylaxis.

Prophylaxis and
Treatment of Late Post-
Traumatic Epilepsy

Many laboratory investigations, including
primate models, suggest that prophylactic
administration of a variety of drugs tends to
lessen the incidence of post-traumatic epi-
lepsy. However, none of these experimental
models truly duplicates the traumatic epilep-
togenic lesion in humans. Prophylaxis must be
distinguished from treatment or suppression
of an established epileptogenic focus. Success-
- ful prophylaxis implies that the anticonvulsant
regimen prevented the development of the
epileptogenic focus. Administration of the pro-
phylactic agent can then cease after 2 or 3
months without significant risk of seizure oc-
currence. By contrast, successful treatment
suppresses the developed epileptogenic focus
so that a seizure does not occur. Seizures are
likely if the anticonvulsant drug is withdrawn.

In 1972, Popek reported that only 1.1 per
cent of pagients receiving both phenytoin and

phenobarbital had late seizures, compared
with 25 per cent of patients in the control
group.® Wohns and Wyler concluded from
their 1979 retrospective nonrandomized study
of 62 patients with severe head injury that
prophylactically administered phenytoin re-
duced the incidence of post-traumatic sei-
zures.*® Similarly, results of a nonrandomized
trial by Young and associates suggested that
phenvtoin reduces the incidence of late post-
traumatic seizures.*® The conclusions of this
study were based on comparisons with other
large clinical series published before 1979
rather than on randomized groups. In 1981,
Zervit and Musil reported the long-term fol-
low-up to Popek’s study in which 87 per cent
of the 73 patients were followed for more than
5 years and 37 per cent for more than 10
years. In this study, the phenytoin dosage was
160 ‘to 240 mg per day and the phenobarbital
dosage was 30 to 60 mg per day. Of the treated
group, 2.1 per cent had had post-traumatic
seizures; of the control group, 25 per cent had
had seizures.® This study was not randomized,
placebo-controlled, or double-blind.

A study of 1030 patients with head injuries
received during the Vietnam War showed that
84 per cent of the men received anticonvul-
sants within 24 hours of injury, 75 per cent of
whom received 300 to 400 mg per day of
phenytoin, 20 per cent of whom received
phenytoin and phenobarbital (96 mg per day),
and 3 per cent of whom received phenobar-
bital alone.® A review of the patients’ records
showed that 453 patients had continued taking
anticonvulsant medication throughout the
post-injury period for intervals of 3 months to
9 years. In 524 patients the medication was
interrupted at varying periods after injury,
and 53 men had no anticonvelsant medication
prescribed. The study demonstrated no ‘ben-
efit of continuous therspy compared with in-
terrupted therapy, or with patients receiving
no treatment.

In 1983, Young and co-workers reported a
randomized, placebo-controlled, double-blind
trial of phenytoin as a prophylactic agent for
late seizures.?” The study comprised 179 pa-
tients who were followed for 18 months. Ther-
apeutic drug levels (10 to 20 pug per ml) were
difficult to sustain for the entire 18 months;
patient compliance dropped to about 25 per
cent at 6 months. There was no significant
difference in the percentage of patients having
late seizures in the treated and placebo
groups. Young and associates found that a



plasma concentration of 12 pg per ml was a
clear breakpoint above which no patient ex-
perienced a late seizure. This suggests that
higher therapeutic doses of phenytoin may
lessen the occurrence of post-traumatic sei-
zures. The study could not conclude that
higher phenytoin plasma concentrations and
higher compliance rates would not have sig-
nificantly decreased the occurrence of late
epilepsy by causing a suppressive effect on
the already developed epileptogenic focus.
The risk of late epilepsy in this series was
similar to the risk reported by Annegers and
co-workers in their retrospective study of a
civilian population considered by the authors
as untreated.! Late seizures occurred in 7.1
per cent of their patients within the first year
following severe head injury; during the first
year of Young and associates” series, 10.9 per
cent of patients had at least one seizure.

Young's findings are supported by two other
studies: McQueen and colleagues’ 1983 clini-
cal trial of phenytoin for prophylaxis of injury-
induced seizures demonstrated no difference
in the incidence of seizures between 84
treated patients and 80 controls.”® In Salazar
and associates’ 1985 study of 421 Vietnam War
veterans, 53 per cent had sustained at least
one post-traumatic seizure during the first 15
years following injury. Despite 85 per cent of
these patients having received anticonvulsant
+herapy for 1 year or more following the
penetrating injury, the incidence of seizures
in these patients did not differ from that
reported in earlier wars.® Salazar and associ-
ates concluded that anticonvulsant therapy did
not significantly prevent the onset of post-
traumatic epilepsy. Three clinical trials of
phenytoin or phenobarbital or both are cur-
rently being supported by the National Insti-
tutes of Health to test Young's findings.

If the decision is made to administer anti-
convulsants, the rationale based on current
evidence should be to prevent the occurrence
of seizures by suppression of the epileptogenic
focus, not prophylaxis. Treatment should
therefore be continued for at least 1 to 2 years,
when the risk of post-traumatic epilepsy is

highest. Since the efficacy of prophylaxis for -
post-traumatic epilepsy - is unproved, only

those patients with the highest risk should be
treated. The author’s current practice is not
to administer prophylactic anticonvulsants but
instead to institute treatment only after a late
seizure occurs. Phenytoin is the drug of choice
to begin treatment.
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PHENYTOIN ADMINISTRATION

Phenytoin’s mode of action is most likely
due to a frequency-dependent blockade of the
Na* action potential. This action, by means of
a variety of mechanisms, interrupts the posi-
tive feedback mechanisms essential in the
development of seizures.*> Phenytoin’s phar-
macokinetic properties, which follow Michae-
lis-Menton kinetics, require frequent blood
assays to assure continuous therapeutic blood
levels.

The difficulties in obtaining a high rate of
compliance in order to keep drug plasma
levels in the high ‘therapeutic range for a
prolonged period of time have been well doc-
umented. In McQueen and associates” study,
not more than half the patients entering the
trial persisted on drug treatment for a full
year.'® Only 48 per cent of the patientsin the
drug group achieved plasma concentrations
greater than 40 pmol per liter on at least one
occasion. One third had phenytoin concentra-
tions of 20 to 39 pwmol per liter, while 12 per
cent were in the range of 10 to 19 pmol per
liter and 4 per cent never achieved concentra-
tions of more than 9 pmol per liter. In Young
and associates’ series, half the patients had
known blood levels of phenytoin at 6 months,
and only 50 per cent of these had levels
between 10 and 20 pg per ml.*’ This repre-
sents only one fourth of the initial patients
given phenytoin.

Measurement of both total and unbound
plasma phenytoin concentrations may be im-
portant to determine accurate dosing. The
portion of phenytoin unbound to plasma pro-
teins is the pharmacologically active compo-
nent. Ninety per cent of phenytoin is bound
to albumin and about 10 per cent is unbound.
During the acute phase response to head
injury, plasma albumin concentrations are di-
minished. Bauer and co-workers found that
total phenytoin concentrations were lower in
patients with head injury than in patients with
ei)'ilepsy who were given similar doses of -
phenytoin, although there was no difference
in unbound concentrations in the two groups.*
Total phenytoin concentrations may not accu-
rately reflect the unbound concentration of
phenytoin. Even though the total phenytoin
plasma concentration may be below the ther-
apeutic range, the unbound level may be
within the normal range of 1 to 2 pg per ml.

- Therefore, using the total plasma concentra-

tion to determine dosing adjustments may lead
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to unnecessary dosage increases that, may in-
crease the risk of toxicity.

Two types of adverse effects are caused by
phenytoin: reversible dose-dependent central
nervous system effects and hypersensitivity
effects. The most common of the hypersensi-
tivity reactions is a morbilliform rash. One
fifth of the patients in Rapp and associates’
study developed this complication.”® Other
dose-related adverse effects include gingival
hvpertrophv, hypertrichosis, leukopenia,
thrombocytopenia, pancytopenia, and aplastic
anemia. Reversible dose-dependent central
nervous system effects include nystagmus,

ataxia, and stupor and are related to blood

levels above the upper limits of the therapeu-
tic range (1() to 20 g per ml).*4
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