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Paolo Raimondi Lecturers

E. Bruce Hendrick 1987 Dale Johnson

Paul C. Bucy 1988 Joseph J. Volpe
Floyd Gilles 1989 Martin Eichelberger
Panel Discussion 1990 George R. Leopold
Panel Discussion 1991  Judah Folkman
Derek Harwood-Nash 1992 Olof Flodmark
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James M. Herman: Tethered Cord as a Cause of Scoli-
osis in Children with a Myelomeningocele
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cal Innervation by Chemotropic Induction of Collateral
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P. David Adelson: Reorganization of the Cortical-Tectal
Pathway Following Neonatal Cerebral Hemispherectomy
in Cats

David Frim: Effects of Biologically Delivered Neu-
rotrophins in Animal Models of Neural Degeneration

Monica C. Wehby: Metabolic Demonstration of Retained
CNS Function in the Rabbit Model of Infantile Hydro-
cephalus
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Program of the
Pediatric Section
23rd Annual Meeting

TUESDAY, DECEMBER 6, 1994

4:30 pPM—8:00 Pm

Registration, Promenade Coatroom

6:30 Pm—8:00 Pm

Welcoming Reception, Rose Garden |
WEDNESDAY, DECEMBER 7, 1994

6:30 Am—5:00 pm

Registration, Promenade Coatroom

7:00 AM—8:15 am
BREAKFAST SEMINARS

Current Management of Hydrocephalus I:
Marion L. Walker, MD
Room: Directors Row 41

Diagnosis and Management of Congenital Spinal
Disorders I:

David G. McLone, MD, PhD

Room: Promenade E

Management of Spasticity I:
Bruce B. Storrs, MD
Room: Director’'s Row 43

Current Treatment Protocols for Pediatric Brain
Tumors |: CCG:

R. Alexander Sanford, MD

Room: Promenade F

Epilepsy I:
Warwick J. Peacock, MD
Room: St. Louis H

Trauma I: Brain Injury:
Ann-Christine Duhaime, MD
Room: Director’s Row 46



7:45 av—8:30 am

Continental Breakfast and Exhibits, Promenade D

8:30 aAM—8:45 am

Opening Remarks—Arthur E. Marlin, MD
Welcome—T.S. Park, MD and Ralph G. Dacey, Jr., MD
Promenade A,B,C

SCIENTIFIC SESSION |—Promenade A,B,C
Moderators: Michael R. Scott, MD/William O. Bell, MD

8:45 aM—9:00 am

1.  CSF Output Through EVD in Hydrocephalic Children
Takasumi Yasuda, MD, Tadanori Tomita, MD,
David G. MclLone, MD, Keiji Kawamoto, MD,
Mark Donovan, Chicago, IL

9:00 AM—9:15 am

2. Anatomical and Physiological Considerations of Third
Ventriculostomy
Charles Teo, MD, Kate Pihoker, MD, Sharon Ratcliffe, RN,
Frederick Boop, MD, Little Rock, AR

9:15 aM—9:30 am

3. Neuroendoscopic Third Ventriculostomy instead of Shunt
Revision
Robert Jones, MD, M. Vonau, B. C. T. Kwok, W. A. Stening,
Sydney, Australia

9:30 aM—9:45 am

4. Development of an MR Image Guided Ventriculoscope for
Complex Endoscopic Procedures
Patrick Rhoten, MD, Mark Luciano, MD, PhD,
Gene Barnett, MD, Cleveland, OH

*Indicates that the paper is eligible for a resident award and is primarily
the work of the resident who is presenting the paper as designated on
the abstract.
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9:45 aM—10:00 am

5. CSF Accumulator and Diversionary Device
Gary Magram, MD, Wilmington, DE

10:00 aM—10:30 am
COFFEE BREAK AND EXHIBITS, Promenade D

10:30 aM—10:45 am

8. The Significance of ‘Asymptomatic Shunt Contamination’
Paul Steinbok, MD, Doug Cochrane, MD, John Kestle, MD,
David Schiefele, MD, Vancouver, BC

10:45 am—11:00 am

*7.  Outcome and Cost Analysis in Pre-term Infants with Mas-
sive Grade IV Germinal Matrix Hemorrhage and Progres-
sive Hydrocephalus
Harold Pikus, MD, William Gans, BS, Ehud Mendel, MD,
Michael L. Levy, MD, J. Gordon McComb, MD,

Los Angeles, CA

SCIENTIFIC SESSION Il—Promenade A,B,C
Moderators: J. Gordon McComb, MD/Paul M. Kanev, MD

11:00 aM—11:15 am

*8. Ventriculo-subgaleal Shunts: Definitive Treatment for Pro-
gressive Post-hemorrhagic Hydrocephalus
Salim Rahman, MD, Charles Teo, MD, Frederick Boop, MD,
Little Rock, AR

11:15 am—11:30 am

9. Management of Trapped/Isolated Fourth Ventricle
Jogi V. Pattisapu, MD, Kay Taylor, RN, BSN,
Revathi Narayanan, BE, Orlando, FL

11:30 am—11:45 am

10. Does Practice Make Perfect (in Treating Hydrocephalus)?
D. Douglas Cochrane, MD, John Kestle, MD,
Dewey Evans, MD, Paul Steinbok, MD, Vancouver, BC
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11:45 am~12:00 P

*11. The Rabbit Model for Infantile Hydrocephalus: Regional Dif-
ferences in the Cortical Metabolic Response to Hydroceph-
alus and to Shunting
Monica C. Wehby-Grant, MD, Charles E. Olmstead, PhD,
Warwick J. Peacock, MD, David Hovda, PhD,

Robin S. Fisher, MD, Hai-L.ang Duong, Los Angeles, CA

12:00 PM—12:15 P

12. Effects of Progressive Hydrocephalus on Neurotransmitters
and Gene Expression in an Animal Model of Aqueductal
Stenosis
James P. McAllister, I, PhD, Robert W. Connelly, MS,
Hazel C. Jones, PhD, Neil G. Harris, PhD, Cleveland, OH

12:15 pmM—12:30 PMm

13. Lobar Hemorrhages (LH) in Full-term Neonates
William C. Hanigan, MD, PhD, Frank C. Powell,
Gerald Palagallo, MD, Tim C. Miller, MD, Peoria, IL

12:30 PM—1:30 Pm
LUNCH AND EXHIBITS (ON OWN)
EXECUTIVE MEETING (LUNCH)—Director's Row 28

SCIENTIFIC SESSION lll—Promenade A,B,C
Moderators: Yoon S. Hahn, MD/Dennis L. Johnson, MD

1:30 Pm—1:45 pm

14. Pial Synangiosis for Moyamoya Syndrome in Children
P. David Adelson, MD, R. Michael Scott, MD, Boston, MA

1:45 pm—2:00 Pm

15. Change in Level of Myelomeningocele Defect in the Past
Twenty Years
Esther L. Wylen, MD, Edward J. Kosnik, MD,
R. W. O’'Shaughnessy, MD, Columbus, OH

12



2:00 PM—2:15 PM

16.

A Novel Approach to Understanding the Molecular Mecha-
nisms of Spina Bifida

Timothy M. George, MD, Chandra S.K. Mayanil, PhD,
Michael Partington, MD, Paul A. Knepper, MD, PhD,
David G. McLone, MD, PhD, Chicago, IL

2:15 pm—2:30 pmM

17.

Agenesis of the Lumbosacral Spine: Clinical Features, Im-
aging Characteristics and Embryogenesis

Michael D. Partington, MD, Curtis L. Harlow, MD,

Carol M. Rumack, MD, Gary Thieme, MD, Denver, CO

2:30 pM—2:45 PM

18.

Split Cord Malformations and Retained Endodermal Deriva-
tives

Dachling Pang, MD, FRCS(C), Peter P. Sun, MD,
Sacramento, CA

2:45 pv—3:00 pm

19.

Clinical Signs and Symptoms as Indicators for Retethered
Spinal Cord in Congenital Spinal Dysraphism

Patricia A. Gelnar, MD, Jeffrey A. Winfield, MD, PhD,
Syracuse, NY

3:00 Pm—3:15 PMm

20.

Clinically Significant Diastematomyelia with a Median Sep-
tum Associated with Myelomeningocele
W. Jerry Oakes, MD, Lewis W. Harris, MD, Birmingham, AL

3:15 pm—3:45 pm

COFFEE BREAK AND EXHIBITS—Promenade D

SCIENTIFIC SESSION IV—Promenade A,B,C
Moderators: John P. Laurent, MD/Bruce A. Kaufman, MD

13



3:45 pv—4:00 pMm

21. Comprehensive Intraoperative Mapping and Monitoring of
Sensory, Motor and Urogenital Functional Integrity During
Surgery of Conus/Cauda
Nobu Morota, MD, Vedran Deletis, Rick Abbott, MD,

Fred J. Epstein, MD, New York, NY

4:00 pm—4:15 PM

*22. Bad Outcome Following Tethered Cord Surgery
Fred J. Epstein, MD, Diana Leahu, MA, MS, 1V,
Rick Abbott, MD, Jeffrey H. Wisoff, MD, New York, NY

4:15 pm—4:30 pm

23. Sleep Apnea in Patients with the Chiari Il Malformation
Michael J. Chaparro, MD, Robert Cohn, MD, Tara Green,
RN, BSN, CCRN, Todd Greenberg, Dayton, OH

4:30 pm—4:45 pm

24, Hindbrain Hernia (Chiari | Malformation) Secondary to
Partial Sacral Agenesis with Meningocele
Dean Karahalios, MD, Christos Tsonidas, MD,
Harold L. Rekate, MD, Phoenix, AZ

4:45 pm—5:00 Pm

25. Progressive Deterioration in Brain Stem Function Following
Decompression of Chiari || Malformation
Harold L. Rekate, MD, Patricia Teaford, MD,
Michael Kappy, MD, Phoenix, AZ

5:00 pm
BUSINESS MEETING—Promenade A,B,C

THURSDAY, DECEMBER 8, 1994
7:00 am—8:00 am

BREAKFAST SEMINAR

14



Special Breakfast Symposium: A Practice Management
Seminar—Promenade A,B,C

Mr. Douglas Present, President, Douglas Present
Associates, Inc., New York, NY

7:30 aM—5:30 Pm

Registration, Promenade Coatroom

7:45 amM—8:30 am

CONTINENTAL BREAKFAST AND EXHIBITS—
Promenade D

SCIENTIFIC SESSION V—Promenade A,B,C
Moderators: Paul Steinbok, MD/Joseph H. Piatt, MD

8:30 aM—8:45 am

206.

Chiari | Malformation and Headache: Who Should Undergo
Operation?

Michael H. Handler, MD, Fred Epstein, MD,

Jetfrey Wisoff, MD, Rick Abbott, MD, Denver, CO

8:45 aM—9:00 am

27.

Posterior Fossa Decompression for Amold Chiari
Malformation and Achondroplasia Without Dural Opening
Kent D. Yundt, MD, T. S. Park, MD, Bruce A. Kaufman, MD,
St. Louis, MO

9:00 aM—9:15 am

28.

Encephaloceies of the Anterior Cranial Fossa: Management
and QOutcome

James T. Rutka, MD, PhD, FRCSC, Robert McFarlane, MD,
Robin P. Humphreys, MD, James M. Drake, MD,

Harold J. Hoffman, MD, Toronto, Ontario

9:15 aM—9:30 am

29.

Isolated Dandy-Waiker Formation in Three Siblings: Further
Support of Autosomal Recessive Inheritance

Alexa Canady, MD, C. E. Harper, D. J. Aughton,

D. E. Seubert, Detroit, Mi

15



9:30 Aam—3:45 am

*30. The Relationship Between Cerebellar Development and
Function in Children with Dandy-Walker Malformations
Peter C. Gerszten, MD, A. Leland Albright, MD,
Pittsburgh, PA

9:45 am—10:00 am

31. Medically Intractable Epilepsy of Frontal Lobe Origin in
Children
Antonio R. Prats, MD, Trevor Resnick, MD, Glenn Morrison,
MD, Raquel Pasaron, MSN, ARNP, Miami, FL

10:00 AM—10:30 am
COFFEE BREAK AND EXHIBITS—Promenade D

SCIENTIFIC SESSION VI—Promenade A,B,C
Moderators: Thomas G. Luerrsen, MD/John D. Ward, MD

10:30 av—11:00 am

SPECIAL LECTURE—Susan E. Mackinnon, MD
“Brachial Plexus Surgery: Birth Brachial Plexus Injury”

11:00 am—11:15 am

32. Functional Hemispherecto'my for Drug Resistant Seizures
John M. Whitley, MD, PhD, Joseph R. Smith, MD,
Pat D. Jenkins, PA-C, Y. D. Park, MD, Augusta, GA

11:15aM—11:30 am

*33. Pathologically Proven Brain Tumors in Patient’s with
Temporal Lobe Epilepsy and Subtle MRI Findings
Richard A. A. Day, MD, Lyn Carey, MD, Salt Lake City, UT

11:30 am—11:45 am

34. Functional Mapping and Electrocorticography during Tumor
Resections
Paul M. Kanev, MD, Philadelphia, PA

16



11:45 am—12:00 pm

35.

Randomized Trial of Selective Dorsal Rhizotomy with
Physio/Occupational Therapy vs. Therapy Alone for
Children with Spastic Diplegia

James M. Drake, FRCSC, F. Virginia Wright, MSc,
Elizabeth M. H. Shiel, MASc, Stephen Naumann, PhD,
PEng, John H. Wedge, MD, Toronto, Ontario

12:00 pm—12:15 PM

36.

What Does Selective Dorsal Rhizotomy Do for Upper Ex-
tremity Function in Spastic Diplegia?

Joseph H. Piatt, Jr., MD, Cathleen E. Buckon, OTR-L, MS,
Susan S. Thomas, MA, Michael D. Aiona, MD,

Portland, OR

12:15 Pv—12:30 Pm

37.

Pre-rhizotomy Dorsiflexion as a Predictor of Independent
Ambulation for Children with Spastic Cerebral Palsy
Michael R. Chicoine, MD, T. S. Park, MD,

Stephanie M. McClure, PT, Patricia E. Gaffney, PT,
Madeleine R. Ortman, RN, George P. Vogler, PhD,
Bruce A. Kaufman, MD, St. Louis, MO

12:30 PM—12:45 pm

38.

Focal Neurologic Dysfunction Associated with Shunt
Malfunction in Achondroplastic Dwarfs

Robert A. Sanford, MD, Karin Muraszko, MD,
Michael Fromke, MD, Memphis, TN

12:45 pv—1:00 pM

*39. Achondroplasia with Cervicomedullary Compression:

Evaluation and Surgical Treatment
Glenn L. Keiper, Jr., MD, Bernadette Koch, MD,
Kerry R. Crone, MD, Cincinnati, OH

FREE AFTERNOON

17



6:30 PM—7:30 PM
RECEPTION—Rose Garden

7:30 pmv—Midnight
ANNUAL BANQUET—St. Louis Ballroom E,F,G,H

FRIDAY, DECEMBER 9, 1994

7:00 aM—8:15 am
BREAKFAST SEMINARS

Current Management of Hydrocephalus Ii:
Marion L. Walker, MD
Room: Director’'s Row 41

Diagnosis and Management of Congenital Spinal
Disorders Ii:

David G. McLone, MD, PhD

Room: Promenade E

Management of Spasticity Il:
Bruce B. Storrs, MD

Room: Director’'s Row 43
Epilepsy I

Warwick J. Peacock, MD
Room: Promenade F

Current Treatment Protocols for Pediatric Brain
Tumors ll: POG:

Jeffrey H. Wisoff, MD

Room: St. Louis A

Trauma ll: Spinal Cord Brachial Plexus and
Peripheral Nerve:

John P. Laurent, MD

Room: Director's Row 46

7:30 aM—5:30 pm

Registration, Promenade Coatroom

7:45 av—8:30 am

CONTINENTAL BREAKFAST AND EXHIBITS—
Promenade D

18



SCIENTIFIC SESSION Vil—Promenade A,B,C
Moderators: Jerry W. Oakes, MD/Leslie N. Sutton, MD

8:30 AM—8:45 am

40. Pediatric Lumbar Disc Surgery: Eighteen Patients under 15
Years of Age
John Shillito, Jr., MD, Boston, MA

8:45 am—9:00 am

41. Comparison of Syringo-pleural and Syringo-subarachnoid
Shunting in the Treatment of Syringomyelia in Children
Jean-Pierre Farmer, MD, Olivier Vernet, MD,

José Luis Montes, MD, Montreal, Quebec

9:00 AM—9:15 am

42. Pediatric Cervical Spine Screw Fixation
Douglas Brockmeyer, MD, Ronald Apfelbaum, MD,
Richard Tippets, MD, Marion Walker, MD, Lyn Carey, MD,
Salt Lake City, UT

9:15 aM—9:30 am

43. Comparison of Operative Versus Non-operative Treatment
of Functional Lambdoid Synostosis
Michael Levy, MD, J. Gordon McComb, MD,
Karin Wells, MD, William Gans, BS, Corey Raffel, MD, PhD,
Gerald Sloan, MD, Los Angeles, CA

9:30 AM~9:45 am

44. Surgical Correction of Sagittal Craniosynostosis:
Compilications of Pi Procedure
Adrian K. M. Lo, MD, Paui M. Kanev, MD, Philadelphia, PA

9:45 am—10:00 am

45. CT Morphometric Analysis of Occipital Flattening Following
Lambdoid Strip Craniectomy: Deformation or Lambdoid
Synostosis?

Mark S. Dias, MD, David M. Klein, MD, Buffalo, NY

19



10:00 am—~10:30 am
COFFEE BREAK AND EXHIBITS—Promenade D

10:30 aM—11:00 am

PAOLO RAIMONDI LECTURE—
Blaise F. D. Bourgeois, MD
“Presurgical Evaluation of Pediatric Epilepsy Surgery”

SCIENTIFIC SESSION Vill—Promenade AB,C
Moderators: Alexa I. Canady, MD/Timothy B. Mapstone, MD

11:00 Am—11:15 am

*46. Experimental Acute Subdural Hematoma in Infant Piglets
E. Shaver, MD, A. C. Duhaime, MD, L. Gennarelli, MD,
R. Barrett, Philadelphia, PA

11:15 am—11:30 Am

*47. Infant Head Injury Data Base: 20 Year Experience in the
Post-Computed Tomography Era
John G. Piper, MD, Michael G. Muhonen, MD,
Matthew A. Howard, Ill, MD, B. A. Bell, MD,
David Uttley, MD, lowa City, lowa

11:30 amM—11:45 am

*48. Improved Outcome for Accidental Traumatic Brain Injury in
Childhood Using “Standard” Therapy, Aggressively Applied
James Callahan, MD, Robin Bowman, MD,

Thomas G. Luerssen, MD, Indianapolis, IN

11:45 am—12:00 pm

49. Surgical and Non-surgical Treatment of Traumatic Epidural
Hematomas in Children
David J. Donahue, MD, Jason Brodkey, MD,
Robert A. Sanford, MD, Donna Swain, MD,
Michael S. Muhlbauer, MD, Elizabeth Kirk, RN,
Memphis, TN
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12:00 PmM—12:15 pm

50. Frontal Lobe Changes After Severe Diffuse Closed Head
Injury in Children: A Brain Morphometric Study of MRI
Harvey S. Levin, PhD, Derek Bruce, MD,

Phillip Berryhill, BS, Matthew Lilly, MA,
Dianne Mendelsohn, MD, Gilbert Hillman, PhD,
Baltimore, MD

12:15 pPm—12:30 pPm

*51. The Role of Apnea in Severe Nonaccidental Head Injury
Dennis Johnson, MD, Raymond Baule, MD,
Danielle Boale, MD, Hershey, PA

12:30 pPm—1:30 PMm
LUNCH AND EXHIBITS (ON OWN)

SCIENTIFIC SESSION IX—Promenade A,B,C
Moderators: James T. Rutka, MD/Frederick A. Boop, MD

1:30 Pm—1:45 pm

*52. High-grade Astrocytomas in Children
Jeffrey W. Campbell, MD, lan F. Pollack, MD,
A. Julio Martinez, MD, Barbara Shultz, RN, BSN,
Pittsburgh, PA

1:45 pm—2:00 PMm

53. Results of Stereotactic Radiosurgery for Treatment of
Recurrent Ependymoma
Liliana C. Goumnerova, MD, N. J. Tarbell, MD,
A. Alexander, MD, Peter Black, MD, P. Barnes, MD,
R. M. Scott, MD, J. S. Loeffler, MD, Boston, MA

2:00 pMv—2:15 PM

54, Outcome Following Multidisciplinary Management of Visual
Pathway Gliomas
Leslie N. Sutton, MD, Pat Molloy, MD, Heidi Sernyak,
Peter Phillips, MD, Roger Packer, MD, Philadelphia, PA
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2:15 pm—2:30 pm

55. Chordomas in Children
A. Reisner, MD, Samuel F. Ciricillo, MD, Paul G. Matz, MD,
A. James Barkovich, MD, Michael S. B. Edwards, MD,
San Francisco, CA

2:30 pm—2:45 pm

56. The Therapeutic Potential of Enhanced Chemotherapy
Delivery via Osmotic Opening of the Blood-Brain Barrier
in Pediatric Brain Tumor Patients
Edward A. Neuwelt, MD, Suellen A. Dahlborg, RN, JD,
Annie Grummel, RN, ANP, Victoria Strider, RN, CNS,
John Crossen, PhD, Simon Roman-Goldstein, MD,
Mara Tableman, PhD, Portland, OR

2:45 pv—3:00 Pm

*57. Dynamics of the Frequency of Developmental Abnormalities
and Brain Tumours in Children Before and After the
Chernobyl Disaster
Yuri A. Orlov, MD, DSc, Sergey Y. Rasskazov, MD,

Kiev, Ukraine

3:00 pv—3:30 Pm
COFFEE BREAK AND EXHIBITS-—Promenade D
SCIENTIFIC SESSION X—Promenade A,B,C
Moderators: Harold L. Rekate, MD/Tadamori Tomita, MD
3:30 PM—3:45 pm

58. Pitfalls of Segmental Gadolinium Enhancement of Pediatric
Posterior Fossa Tumors
Robert A. Sanford, MD, James Langston, MD,
Brett Gunter, MD, Memphis, TN

3:45 pv—4:00 Pm

59. Surveillance Imaging in Children with PNET
Michael L. Levy, MD, William Gans, BS, Ehud Mendel, MD,
Harold Pikus, MD, Corey Raffel, MD, PhD,
J. Gordon McComb, MD, Los Angeles, CA
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4:00 pm—4:15 PM

60. Magnetic Resonance Imaging Within 24 Hours of
Craniotomy for Tumor in Children
Allen Oser, MD, Bruce A. Kaufman, MD, T. S. Park, MD,
Christopher Moran, MD, St. Louis, MO

4:15 pm—4:30 pM

61. Treatment of Childhood High Grade Glioma with Dose Cy-
clophosphamide
Geoff McCowage, MD, Henry S. Friedman, MD,
Herbert E. Fuchs, MD, PhD, Durham, NC

4:30 pm—4:45 pm

62. Protein Kinase C Isozymes in Malignant Glioma Cell Lines
Timothy B. Mapstone, MD, G. Yancey Gillespie, PhD,
Jui-Chang Tsai, MD, Sumon Bharara, MS,

Corey K. Goldman, MD, Birmingham, AL

4:45 pm—5:00 PM

63. Intracranial and Orbital Complications of Pediatric Sinusitis
Walker L. Robinson, MD, M. Rothman, MD,
M. Mittelman, MD, Greg Heacock, MD, F. Mihari, MD,
P. Haney, MD, Gregg Zoarski, MD, W. Gray, MD,
D. Rigamonti, MD, Y. Numaguchi, MD, Baltimore, MD

5:00 pm

Closing remarks and adjournment
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10.

11.

Poster Session
Promenade Precon East

“Posterior Fossa Craniopharyngioma Presenting with Deaf-
ness: Report of Three Cases and Review of the Literature.”
Peter W. Carmel, MD, FACS, E. Sander Connolly, Jr., MD,
Christopher J. Winfree, BA, New York, NY

“Strangulation Injury in Childhood.” William C. Hanigan, MD,
PhD, Robert A. Sabo, MD, Kelly Flessner, RN, Jean Rose,
RN, Mary Aaland, MD, Peoria, IL

“Cerebrovascular Hemodynamics in Children Following
Strangulation Injury.” William C. Hanigan, MD, PhD, R. A.
Sabo, MD, K. Flessner, RN, J. Rose, RN, M. Aaland, MD, J.
Aldag, PhD, Peoria, IL

WITHDRAWN

“Andrew Arendt—First Pediatric Neurosurgeon in Russia.”
Boleslav L. Lichterman, Moscow, Russia

“Cerebrospinal Fluid Shunts Do Not Grow Old.” Joseph H.
Piatt, Jr., MD, Portland, OR

“Split Notochord Syndrome: Duplication of Spinal Column,
Spinal Cord and Large Bowel with Associated ‘Mature
Teratoma'—An Attempt at Twinning?” Nizam Razack, MD,
Larry K. Page, MD, Miami, FL

“The Biomechanics of Hydrocephalus—A Numerical Model.”
Samuel Neff, MD, Ravi Subramaniam, PhD, Camden, NJ

“Simulation of Normal Cranial Growth and Craniosynostosis
Using Non-linear Finite Element Anaylsis.” Samuel Neff, MD,
Ravi Subramaniam, PhD, Camden, NJ

“Reflections on the Natural History of Lipomyelo-
meningocele.” Paul M. Kanev, MD, Karin S. Bierbrauer, MD,
Philadelphia, PA

“Development of Subcortical Pathways in the Mammalian
Basal Ganglia: The Thalamostriatal Projection.” Cornelius
H. Lam, MD, Abbas F. Sadikot, MD, PhD, Montreal, Quebec
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12.

13.

14.

15.

16.

17.

18.

19.

20.

“Upper Body Motor Improvement Following Selective Dor-
sal Rhizotomy: A Patient/Parent Survey.” Frederick Boop,
MD, Mark Cobb, MD, Charles Teo, MD, Sharon Ratcliffe,
RN, Little Rock, AR

“Percutaneous Endoscopic Shunt Recanalization—A Labo-
ratory Model.” Jogi V. Pattisapu, MD, Kay Taylor, RN, BSN,
Revathi Narayanan, BE, Orlando, FL

“The Influence of Electric Fields on a Model Epileptic Fo-
cus.” Duc H. Duong, MD, Taeun Chang, Steven J. Schiff,
MD, PhD, Washington, DC

“CDK-4 Ampiifications and MTS-1 Deletions Are Not a Com-
mon Feature in an Unselected Panel of Pediatric Brain Tu-
mors.” Joseph Petronio, MD, C. David James, PhD, Ju He,
MD, Jim Allen, PhD, Atlanta, GA

“Expression of Heme Oxygenase and Hsp72 mRNA in Rat
Brain After Focal Cerebral Ischemia.” Leslie N. Sutton, MD,
Ellen G. Shaver, MD, Frank A. Welsh, PhD, Eric L. Zager,
MD, Philadelphia, PA

“Mutational Analysis of the p53 Tumor Suppressor Gene in
Pediatric Astrocytomas.” Bruce S. Chozick, MD, Arno H.
Fried, MD, Providence, RI

“The Back of the Head: A Novel Approach to Lambdoid
Synostosis.” Richard S. Polin, MD, Mark E. Shaffrey, MD,
Christopher Bogaev, MD, John A. Jane, MD, PhD,
Charlottesville, VA

“Determinism, Control, and Anti-Control in a Model Epileptic
Focus.” Steven J. Schiff, MD, PhD, Duc H. Duong, Taeun
Chang, Kristin Jerger, Mark L. Spano, William L. Ditto, Wash-
ington, DC

“Management of Postoperative Pain in Pediatric Patients.”
David F. Jimenez, MD, Rick Boyer, MD, Constance Barone,
MD, Jo Anne Kirk, RN, Columbia, MO
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Scientific Abstracts



1. CSF Output Through EVD in Hydrocephalic Children

Takasumi Yasuda, MD, Tadanori Tomita, MD,
David G. McLone, MD, Keiji Kawamoto, MD,
Mark Donovan (Chicago, IL)

Continuous hourly CSF output through external ventricular drain-
age (EVDs) were examined in 92 patients. The Becker External
Drainage and Monitoring System Il (PS Medical) were used for
EVDs. Patients included 56 males and 36 females. Of this group,
20 patients had an EVD on two separate occasions, and 4 patients
had an EVD on three separate occasions. In total, 120 EVDs in 92
patients were monitored. At the time of investigation, the mean
age of patients was 4.53 years, (6 days to 15.67 years) and the
mean body weight was 16.72 kg, (2.5 to 69.0 kg.). The conditions
that required EVDs included 69 cases of shunt infection, 18 of
shunt malfunction, 16 of hydrocephalus, 12 of brain tumor, and 5
others. Prior to the EVDs, 96 cases had been treated with CSF
diversion shunt, and 24 cases had no previous CSF shunt. The
mean duration of EVD was 269.2 hours, (25 to 774 hours). The
mean height of the drainage from the mid-head was 10.04 cm., (O
to 22.78 cm.).

The hourly CSF output were recorded in all cases and reviewed
for analysis according to various factors: patients age, sex, body
weight, height of the drainage and presence of CSF infection. The
mean hourly output of EVD was 8.12 ml/hour, (0.14 to 26.54 ml/
hour). The standard deviation of hourly CSF output ranged from
0.42to 10.77 ml/hour. Regression analysis indicated that age, body
weight, and sex appeared to correlate with CSF hourly output. Using
the natural logarithm of age, and of body weight, these predictors
accounted for 48% of the variability in hourly output. The regres-
sion equation is as follows:

Hourly output=2.6-2.2(Sex=female)+0.911 Log (Age)+2.30
Log(body weight);S=3.44

The results produced by this study may lead to better clinical man-

agement for hydrocephalic children and may help design more
physiological shunt device.
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2. Anatomical and Physiological Considerations of Third
Ventriculostomy

Charles Teo, MD, Kate Pihoker, MD, Sharon Ratcliffe, RN,
Frederick Boop, MD (Little Rock, AR)

Endoscopic third ventriculostomy is rapidly becoming a widely ac-
cepted treatment for non-communicating hydrocephalus. It has
been associated with low morbidity and mortality, although poten-
tially lethal and lethal complications have been infrequently reported.
The procedure requires fenestration of the floor of the third ven-
tricle immediately posterior to the infundibular recess, just anterior
to the mammillary bodies and in the midline. Theoretically, a lesion
here, in the presence of ventriculomegaly and a very thin floor,
should avoid damage to hypothalamic structures. However, when
the floor is not transparently thin, this area of the third ventricle is
acutely eloquent. The hypothalamus governs all homeostatic pro-
cesses and is thus essential for maintenance and continuation of a
species. It is the executor of the autonomic nervous system and
the endocrine system. It has a profound influence on affective be-
havior, although it occupies only 0.5% volume of the human brain.
Should we be creating lesions through this vital structure with im-
punity? The authors present a prospective study performed on
twenty consecutive patients undergoing third ventriculostomy. Hy-
pothalamic function was assessed pre-operatively using basal tem-
perature, weight, sleep patterns, hunger and thirst mechanisms,
growth hormone, cortisol and CRH, gonadotropic hormone and
challenge tests. The tests were then repeated postoperatively with
an average follow-up period of 6 months.

The results of this study and our experience with over fifty

endoscopic third ventriculostomies would suggest that the proce-
dure may not be as safe as previously reported.
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3.  Neuroendoscopic Third Ventriculostomy Instead of
Shunt Revision

Robert Jones, M. Vonau, B. C. T. Kwok, W. A. Stening
(Sydney, Australia)

We have revised our patients treated 1978-1994 by third
ventriculostomy instead of shunt revision. The criteria for selection
were similar to those not previously shunted. Absorbtive capacity
was not assessed preoperatively. Some attenuation of the floor
was required but downward bulging was not. Adequate ventricular
size was achieved by the shunt malfunction or surgical increase of
intracranial pressure. 39 of the 41 in the non adult group had Heyer
Schulte shunts with Antisiphon device placed long term. In three
patients shunts were placed following cure of meningitis in infancy
and in two ventriculostomy was successful. Normal intracranial
pressure with a non functional or no shunt was regarded as a suc-
cess.

With the lowering of the age for inclusion in Group A from 24 to 6
months, the poorer outlook in this young group is emphasised.
Despite the handicap of a higher incidence of abnormalities in the
myelomeningocele group, the results are gratifying. We believe
that the long continued relatively normal intracranial pressure main-
tained by the Heyer Schulte system with the Antisiphon device
helps the development of the patients absorptive mechanism.

Results
GroupA. Age Onset Ventriculostomy Number Successful Failure
A Under6mos  Under 6 mos 3 1 2
B1. Under6mos 6 mos—18 yrs 13 12 1
myelomeningocele

B2. “ " other causes 15 8 7
C. Over 6 mos 6 mos —-19 yrs 10 8 2
D. 20 yrs and over at presentation 8 5 3

49 34 15
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4, Development of an MR Image Guided Ventriculoscope
for Complex Endoscopic Procedures

Patrick Rhoten, MD, Mark Luciano, MD, PhD,
Gene Barnett, MD (Cleveland, OH)

With improvements in endoscopy, the “ventriculoscope” is increas-
ingly being used as a tool for fenestration of cysts, biopsy and
ventriculostomy. Even with direct visualization, however, orienta-
tion and navigation of the endoscope is difficult in children with
abnormal anatomy, within small ventricles or in search of small
MRI-identified ventricular lesions. The ability to know where the tip
the endoscope is within the brain during the procedure should greatly
enhance its effectiveness and safety.

We report here on the successful adaptation an image-guided ste-
reotactic wand (IGSW) to the ventriculoscope in six patients. In
this system the tip of the rigid ventriculoscope can be localized on
an intraoperative computer MR image via a frameless and armless
system. Two of these patients had multi-compartmental hydroceph-
alus and the third had a tumor lining the lateral and third ventricles.
Inthree patients the wand was used in planning ventricular accsess
and the optimal trajectory in performing a third ventriculostomy.
The IGSW was also useful in navigation through multiple cysts
and septae in our patients with multicompartmental hydroceph-
alus. Intraoperative MRI guidance aided the identification of small
enhancing areas in a patient with a tumor that lined the third ven-
tricle. Because the computer guidance is used not only during the
endoscopic procedure but also with the obturator during ventricu-
lar access it minimizes uncertainty in the access to small ventricles.

In conclusion, the MRI image guided ventriculoscope is a useful

tool in complex endoscopic procedures. The system is helpful in
planning trajectory, navigation, and localizing pathology.
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5. CSF Accumulator and Diversionary Device
Gary Magram, MD (Wilmington, DE)

A cerebrospinal fluid shunt includes an inner tube for supplying the
fluid only from the brain ventricles to the peritoneum region of a
subject and an outer tube arranged so the fluid remains resident in
the outer tube without flowing to the peritoneum region. Fluid in the
outer tube exerts pressure through a wall of the inner tube on the
fluid in the inner tube to regulate flow of the fiuid through the inner
tube to the peritoneum region. This shunt regulates CSF flow rela-
tively independently of whether the subject is upright or lying down,
and somewhat independently of pressure pulses within the sub-
ject, due e.g. to coughing or sneezing. The pressure responsive
deformable walls lessen the chance for occlusion of fluid within the
shunt. The outer tube can function as a fluid accumulator, helping
to maintain the intracranial CSF volume.
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6.  The Significance of ‘Asymptomatic Shunt
Contamination’

Paul Steinbok, MD, Doug Cochrane, MD,
John Kestle, MD, David Schiefele, MD
(Vancouver, BC)

The purpose of this study was to determine the significance of
‘asymptomatic shunt contamination’, defined as positive bacterio-
logic culture from a ventricular shunt component, in the absence of
a positive CSF culture and/or clinical evidence of infection.

Out of 304 VP shunt revisions, 26 cases of ‘asymptomatic shunt
contamination’ were identified, and reviewed retrospectively. In all
but one case no antibiotics were instituted because of the positive
culture. The most common infecting organisms were staph.
epidermidis (12), propionibacterium species (7), and corynebacte-
rium (3). Of 12 cases with staph. epidermidis, eight went on to
have a further shunt revision, while one of 10 cases with
propionibacterium or corynebacterium needed a further revision.
‘Asymptomatic shunt contamination’ was identified at elective shunt
lengthening in four (staph. epidermidis 2, propionibacterium 2), and
none needed further revisions; ‘asymptomatic contamination’ was
found during a revision for mechanical problems (i.e.: broken or
disconnected shunt) in 10, and of these, three of four with staph.
epidermidis, but none of six with propionibacterium (4), coryne-
bacterium (1) or peptostreptococcus (1), went on to further revi-
sion; the remaining 12 cases were associated with shunt revisions
for shunt obstruction, and 9 of these required further revisions
(staph. epidermidis 5/6, propionibacterium 1/1, corynebacterium
0/2, microccus 1/1, alpha-hemolytic streptococcus 1/1 and staph
aureus 1/1).

We conclude that ‘asymptomatic shunt contamination’ associated
with shunt blockage or with staphylococcal organisms is highly pre-
dictive of further shunt malfunction or infection, but otherwise such
a bacteriologic finding is of little consequence.
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7. Outcome and Cost Analysis in Pre-term Infants with
Massive Grade IV Germinal Matrix Hemorrhage and
Progressive Hydrocephalus

Harold Pikus, MD, William Gans, BS, Ehud Mendel, MD,
Michael L. Levy, MD, J. Gordon McComb, MD
(Los Angeles, CA)

The benefit of aggressive medical management and surgical inter-
vention in pre-term infants with massive Grade IV intracranial hem-
orrhage has been questioned based upon the poor outcome of this
group of patients in spite of such therapy. To further delineate this
problem we reviewed the records of neonates in this category as
to outcome and initial hospital cost.

The medical records at our institution from 1977-1987 were re-
viewed to find premature neonates who had sustained massive
hemorrhagic infarction of one hemisphere in addition to having blood
in both ventricles, and progressive hydrocephalus.

During the study period a total of 52 such patients were identified
of which only 19 (5 females and 14 males) survived. Intellectual
function was found to be greater than 2 standard deviations (SD)
below the mean in 14/19, at 2 SD below the mean in 1/19, be-
tween 1-2 SD below the mean in 1/19, and 1 SD below the mean in
3/19. Motor function was as follows: 12/19 had marked spastic
quadriparesis, 2/19 moderate spastic quadriparesis, 3/19 spastic
hemiplegia, 1/19 spastic diplegia, and 1/19 mild spastic hemiparesis.
Eleven/nineteen had a chronic seizure disorder. The first-hospital-
ization cost for the group of 52 patients exceeded, on average,
$100,000 per patient.

As we have previously reported, logistic regression analysis deter-
mined that the grade of hemorrhage was the only significant pre-
dictor of cognitive and motor outcome. Most premature neonates
with massive intracranial hemorrhages do not survive, and the
outcome in those that do is so poor and the cost so high that it
appears justified to withhold maximum treatment in selected cases.
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8. Ventriculo-subgaleal Shunts: Definitive Treatment for
Progressive Post-hemorrhagic Hydrocephalus

Salim Rahman, MD, Charles Teo, MD,
Frederick Boop, MD (Little Rock, AR)

As the survival rate of premature infants increases, so does the
incidence of post-hemorrhagic hydrocephalus. It is becoming one
of the most common causes of hydrocephalus in the pediatric popu-
lation. The incidence of intraventricular hemorrhage is greater than
45% in infants less than 1500 gms. The optimum treatment re-
mains controversial. The number of lumbar punctures that may be
performed are limited, serial ventriculostomies are said to cause
porencephaly, standard ventriculo-peritoneal shunts either block
with highly proteinaceous CSF or cause necrotizing enterocolitis
(NEC) and intraventricular fibrinolytics are still experimental.
Ventriculo-subgaleal shunts were first proposed as a means of tem-
porarily diverting CSF in a more physiological manner for those
infants less than 1500 gms who would not tolerate a shunt opera-
tion. The shunt could then be converted into the definitive VP shunt
when the infant had gained the desired weight. The authors present
a series of sub-galeal shunts performed at the Arkansas Children’s
Hospital that were intended to be first stage operations for even-
tual VP shunts but instead, served as the definitive procedure in
over 50% of the infants. We will discuss the demographics, indica-
tions, operative technique, complications and results and propose
a theory for this phenomenon based on the law of Laplace. Finally,
we would like to advocate ventriculo-subgaleal shunting as the pro-
cedure of choice in the premature infant, less than 1500 gms, with
progressive post-hemorrhagic communicating hydrocephalus in
whom serial lumbar punctures and ventricular taps have failed.

35



9. Management of Trapped/Isolated Fourth Ventricle

Jogi V. Pattisapu, MD, Kay Taylor, RN, BSN,
Revathi Narayanan, BE (Orlando, FL)

Isolated or trapped fourth ventricle is commonly seen in most pedi-
atric neurosurgical practices. Management of this situation is some-
times difficult, associated with significant morbidity, and occasional
mortality. We describe our experience with 19 children (ages 3
mos. to 8 yrs.) who were treated for this condition, with various
operative techniques. Children with Dandy Walker malformation
and posterior fossa arachnoid cysts were excluded from this study.

The children presented with apnea/bradycardia, retrocollis, stridor,
increasing spasticity and loss or motor control, and poor feeding
behavior. Six patients were asymptomatic, two of which required
surgery for increasing fourth ventricle size with brainstem com-
pression (4 are being followed conservatively).

Twenty-four operations were required in 15 patients to initially treat
the condition. Eight patients required shunting of the fourth ven-
tricle, 2 directly into the posterior fossa, and 6 with supratentorial
insertion of the ventricular catheter (5 of these children underwent
prior ventriculoscopy and communication). Craniotomy was per-
formed in three patients who failed endoscopic communication.
Cyst communication using endoscopic techniques was adequate
in 4 patients with subsequent decrease in fourth ventricle size.
Supratentorial fourth ventricular shunting using endoscopy or ul-
trasound appears to be quite successful in our series.

After a mean observation period of 17 months, 8 children are do-
ing extremely well, 3 had a good result, and 3 had a fair improve-
ment in the condition. One child died of unrelated causes second-
ary to prematurity. Multiple procedures, often including shunt
revisions, are frequently required after the initial treatment for the
condition.

Based on our expetience, an algorithim for evaluation and man-
agement of the trapped fourth ventricle will be presented. The pri-
mary etiology determines the eventual outcome in these children,
although some improvement can be achieved by timely interven-
tion. This study confirms the complex management problems of-
ten encountered in caring for these children.
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10. Does Practice Make Perfect (in Treating
Hydrocephalus)?

D. Douglas Cochrane, MD, John Kestle, MD,
Dewey Evans, MD, Paul Steinbok, MD
{Vancouver, BC)

Purpose: To evaluate the role of institutional experience in treating
pediatric hydrocephalus with ventricular shunts.

Methods: In Canada, federal requirements mandate hospital re-
perting of admissions and surgical procedures to the Canadian
Institute of Health Information which in turn can provide diagnoses,
procedures and patient demographics for population studies. All
pediatric discharges, between March 1991 and April 1993 were
reviewed to determine the failure and infection rates of ventricular
shunts inserted for hydrocephalus and to determine whether the
patient volume of a treating institution affected these rates. Chi
square and actuarial methodologies were used.

Results: There were 2237 patients admitted on 2431 occasions to
Canadian hospitals. Shunt operations were performed on 3527 oc-
casions. Excluding removals, 3121 operations were analyzed from
nine pediatric, 28 teaching and 19 community hospitals. In the study
period, three hospitals performed over 200 operations (40% of
operations), 8 hospitals between 100-200 procedures (41%) and
27 hospitals less than 100 (19%).

Analysis confirmed the sensitivity of shunt failure to patient age at
operation (first year failure rate if less than 2 years - 40%, those
over 2 years - 30%) and the presence or absence of infection.

The “experience” of an individual institution was not an indepen-
dent predictor of shunt failure. Infection rates from high volume
institutions (3%) were less than from low volume facilities (9%)
{p=0.01) in children less than 2 years. '

Conclusions; Data on failure rate suggests that low and high vol-

ume hospitals perform equally, however the differences in infec-
tion rates argue for specialty institutions.
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11.  The Rabbit Model for Infantile Hydrocephalus:
Regional Differences in the Cortical Metabolic
Response to Hydrocephalus and to Shunting

Monica C. Wehby-Grant, MD, Charles E. Olmstead, PhD,
Warwick J. Peacock, MD, David Hovda, PhD,

Robin 8. Fisher, PhD, Hai-Lang Duong

(Los Angeles, CA)

We have recently demonstrated considerable cerebral glucose uti-
lization (CMRQIU) and oxidative metabolic capacity (OMC) in the
compressed cortical mantle of the hydrocephalic rabbit. In the
present study we show that there are significant regional differ-
ences .in the cortical maturation after the induction of hydroceph-
alus and in response to ventriculoperitoneal shunting.

Rabbits were made hydrocephalic at 4-6 days of age by an intra-
cisternal injection of 100ul of kaolin. Control (N=12), Hydrocephalic
(N=16) and Shunted (N=9) were studied at survival periods be-
tween 36 and 160 days. Awake animals received 200uCi of [14C}-
2-deoxy-D-glucose. Coronal frozen sections (20u) were processed
for quantitative 2DG autoradiography, cytochrome oxidase his-
tochemistry, and cresyl violet histology.

In the control animals both CMR , and OMC peaked at around 30
days and then decreased with age in all cortical regions. In the
experimental animals there was a rostral caudal progression in the
thinning of both the cortical white and gray matter and in the mag-
nitude of the recovery after shunting, with occipital cortex showing
the least. In the hydrocephalics CMR_ remained high in all cortical
areas with the anterior cortex being highest. The highest CMR_,
was seen in the frontal cortex of the shunted animals. In both oper-
ated groups the OMC showed an initial increase in the younger
animals followed by an age related decrease. There was a trend to
a rostral to caudal decrease. These data suggest a complex inter-
action between the increased intracranial pressure, cortical matu-
ration and the subsequent response to VP shunting.
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12. Effects of Progressive Hydrocephalus on
Neurotransmitters and Gene Expression in an
Animal Model of Aqueductal Stenosis

James P. McAllister, i, PhD, Robert W. Connelly, MS,
Hazel C. Jones, PhD, Neil G. Harris, PhD
(Cleveland, OH)

In an attempt to determine the onset of the first neuronal response,
and possibly of irreversible neuronal pathology, during infantile
hydrocephalus, the present study has examined the expression of
heat shock protein (hsp70), the immediate early gene v-fos, glutamic
acid decarboxylase (GAD), the synthetic enzyme for GABA, and
neuron specific enolase (NSE), a marker for neurons in the H-Tx
rat model of aqueductal stenosis. Affected H-Tx rats develop
ventriculomegaly prenatally which progresses rapidly during the
first postnatal month. In this study, fresh frozen tissue from rostral
neocortex, caudal neocortex, and combined neostriatum and basal
forebrain was obtained from 4 hydrocephalic and 4 normal animals
at 6, 12 and 21 days of age, corresponding to mild, moderate and
severe stages of ventriculomegaly. Northern blot analyses indicated
that v-fos and hsp70 expression were unchanged at all time points,
except for a 30% reduction of v-fos expression at 21 days in all
brain areas. In contrast, GAD expression was elevated significantly
only in the neostriatum at 6 days. No differences in GAD were
noted in the cerebral cortex at any age. Taken together, these data
suggest that gene expression in the cerebral cortex is relatively
unaffected by progressive ventriculomegaly, which contrast sharply
with other morphological findings. However, changes in hsp70 and
IEGs may require more severe ventriculomegaly or may have oc-
curred transiently at other time points. Further results for NSE and
other time points will be presented and discussed.
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13. Lobar Hemorrhages (LH) in Full-term Neonates

William C. Hanigan, MD, PhD, Frank C. Powell,
Gerald Palagallo, MD, Tim C. Miller, MD
(Peoria, IL)

Previously described in adults, LH is defined as a subcortical hem-
orrhagic lesion peripheral to the basal ganglia. This analysis de-
scribes the presentation, diagnosis, and follow-up in four full-term
infants with LH and summarizes clinical patterns in 22 infants in-
cluded in eatlier reports.

In a chart review from the previous 5 years, 4 (12.1%) infants with
LH were identified out of 33 full-term neonates with intracranial
hemorrhages. Prenatal and obstetrical histories were uncompli-
cated; all infants presented with seizures within 48 hours following
birth. Perinatal asphyxia and isoimmune thrombocytopenia were
associated with LH in two children. Although CT was sufficient for
the diagnosis, MR evaluation provided assessment of specific cor-
tical injury and age of hemorrhage. No infant underwent surgical
intervention; 3 children reached developmental milestones at a
mean follow-up of 3.3 years.

Differences in reportage prevented a complete analysis for all 22
infants included in earlier reports. Over 90% of infants presented
with seizures; no sex or location bias was evident. LH was associ-
ated with perinatal asphyxia, neonatal coagulopathy, complicated
assisted delivery, or hyperviscosity in 6 (27.3%) neonates while
risk factors were not identified in 12 (64.5%) infants. Vascular le-
sions, cardiac, or septic embolization were not implicated in the
development of LH. One neonate underwent unsuccessful surgi-
cal intervention; 4 children required CSF diversion for hydroceph-
alus. All infants with isolated LH showed normal development.

In summary, most full-term infants with LH presented with early
onset seizures. Perinatal asphyxia and neonatal coagulopathies
were described in 1/3 of infants; over 1/2 of children with LH showed
no risk factors. No infant developed a recurrent hemorrhage. Sur-
gical intervention was rarely required and developmentai progno-
sis related to the severity of associated risk factors.
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14. Pial Synangiosis for Moyamoya Syndrome in Children

P. David Adelson, MD, R. Michae! Scott, MD
(Boston, MA)

In order to improve the postoperative clinical and angiographic re-
sults in children undergoing encephalo-duro-arterio-synangiosis'
(“EDAS”) for moyamoya syndrome, the senior author (R.M.S.)
modified Matsushima’s original surgical technigue by opening the
arachnoid widely over the cortical surface exposed at craniotomy
and by suturing the donor artery adventitia directly to the pia with
100 monofilament nylon suture (“pial synangiosis”). Since 1985,
this technique has been used in 47 procedures carried out in 24
children 18 years or younger, utilizing standardized anesthetic tech-
niques previously described.? Clinical outcome was determined at
postoperative follow-up ranging from one to nine years for 19 of 24
patients. Fifteen of these patients had exceilent cutcomes with no
further TIA's or seizures. In the other 4, there was either slight
improvement or no change. Five patients with less than one year
follow-up were clinically stable. The single operative complication
was a post-operative basal ganglia infarct in a neurologically un-
stable patient with neurofibromatosis and previous radiation for an
optic glioma. Cerebral arteriograms were carried out one year post-
operatively to determine the extent of collateralization of the oper-
ated hemispheres. Using Matsushima’s grading scale,® good to
fair collateralization was seen in 27 of 28 operated sides (96%), a
substantial improvement over the 61% reported previously by
Matsushima for the EDAS procedure. This surgical modification
appears to increase collateralization of the operated hemisphere
from the donor superficial temporal artery, and has led to a satis-
factory clinical outcome in this patient series.

*Matsushima T, et al. Surgical Neurology. 1981; 15:313-320.

2Soriano SG, et al. Anesthesia Analg. 1993; 77:1066-70.
SMatsushima T, et al. Neurosurgery. 1992; 31: 401-405.
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15. Change in Level of Myelomeningocele Defect in the
Past Twenty Years

E. L. Wylen, MD, E. J. Kosnik, MD,
R. W. O’Shaughnessy, MD (Columbus, OH)

Based on a twenty-year experience at a large myelomeningocele
treatment center, we hypothesized that the level of the spinal
myelomeningocele defect has become lower over the last two de-
cades. Methods: The 367 myelomeningocele patients operated on
at Columbus Children’s Hospital from 1974-1993 were categorized
according to level of motor deficit. Percentage of patients in each
motor category was compared between two time periods:
19741983 and 1984—-1993.

Results: Of the 212 myelomeningocele patients treated between
1974 and 1983, 6% had a thoracic motor level, 20% thoracolumbar,
24% lumbar, 37% lumbosacral, and 12% sacral. The motor levels
for the 155 patients operated on from 1984-1993 were 1% tho-
racic, 12% thoracolumbar, 17% lumbar, 54% lumbosacral and 16%
sacral. The trend for the motor deficit to be lower on the spinal cord
in patients born during the second epoch (1984—1993) was statis-
tically significant (p = 0.0005 on the Cochran-Armitage Trend Test).

Conclusion: The spinal lesion of newborn myelomeningocele pa-
tients has become lower in our study population over the past twenty
years, with a significant trend for proportionately more lesions to
be lumbosacral or sacral rather than thoracic or upper lumbar in
functional motor level. We conclude that the severity of
myelomeningocele lesions has diminished, probably due to in-
creased prenatal detection. Together with the high quality
multidisciplinary care provided at specialized medical facilities, this
situation is expected to enhance the quality of life and level of
function of the myelomeningocele patient.
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16. A Novel Approach To Understanding the Molecular
Mechanisms of Spina Bifida

Timothy M. George, MD, Chandra S.K. Mayanil, PhD,
Michael Partington, MD, Paul A. Knepper, MD, PhD,
David G. McLone, MD, PhD (Chicago, IL)

A major problem in spina bifida research is understanding the
molecular mechanisms which are responsible for normal neurula-
tion and the molecular abnormalities causing neural tube defects
(NTD). The purpose of this study was to clarify the role that the
developmentally regulated paired-type homeobox gene, Pax-3, has
on the process of neurulation. Mutants of Pax-3 have been found
to be responsible for the development of the neural tube and neu-
ral crest defects in the splotch mouse and responsible for the ab-
normalities of neural crest cell derivatives in Waardenburgs Syn-
drome type Il in humans. We found that administration of an
antisense oligonucieotide to Pax-3 in neurulating chick embryos
produces defects of primary and secondary neurulation. We tar-
geted Pax-3 in the chick because the spatiotemporal pattern of
expression correlates to critical time periods in the process of neu-
rulation. In particular, the expression of Pax-3 in the developing
nervous system is prior to neural tube closure in cells form the roof
plate of the neural tube and those that become neural crest. Pax-
3 is also expressed in the mesenchymal cells of the tail bud which
are precursors for the secondary neural tube. The types of neuru-
lation defects caused by the treatment with the antisense oligo-
nucleotide are open caudal NTD, and sacral anomalies with tail
defects indicative of abnormal secondary neurulation. Our findings
reveal that Pax-3 indeed plays an important role in the process of
neurulation. Future investigations are aimed at understanding the
cascade of upstream regulating genes and downstream target sites
of Pax-3.
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17. Agenesis of the Lumbosacral Spine: Clinical Features,
Imaging Characteristics and Embryogenesis

Michael D. Partington, MD, Curtis L. Harlow, MD,
Carol M. Rumack, MD, Gary Thieme, MD (Denver, CO)

Sacral agenesis, often a part of the caudal regression syndrome,
is a well described entity which is etiologically linked with gesta-
tional diabetes in approximately 15% of affected individuals and is
often associated with anomalies of the hindgut and urogenitai sys-
tem. This report describes three cases of complete agenesis of
the entire lumbosacral spine in three individuals who were all in-
fants of diabetic mothers. The first case is that of a thirteen-year-
old male whose mother had a history of poorly-controlled diabetes,
syphilis and ethanol abuse. The vertebral column ends at T12 and
rests on the fused iliac wings. The hindgut and genitalia are ana-
tomically normal and a single pancake kidney drains through a
partially duplicated ureteral system. The child underwent bilateral
hip disarticulation and uses a bucket prosthesis. The second case
is that of a newborn preterm male whose mother had longstanding
juvenile diabetes with moderate control. Prenatal ultrasound dem-
onstrated the absence of the lumbosacral spine and also
ventriculomegaly. MRI and ventriculoscopy confirmed that the in-
tracranial anomaly was most consistent with semilobar
holoprosencephaly and a ventriculoperitoneal shunt was placed
because of increasing head size. There were twelve rib-bearing
vertebrae, with several ribs fused. The urogenital system was nor-
mal and imperforate anus was treated by colostomy. There was no
evidence of cysto-rectal fistula. In the third case, a pregnancy com-
plicated by gestational diabetes was terminated at 23 weeks ges-
tational age when ultrasound confirmed lumbosacral agenesis.
Additional anomalies included bilaterally absent fibulae, a
hemivertebra at T9 and fused ribs. The brain, kidneys and bladder
were normal by ultrasound, and permission for autopsy was not
granted.

We believe that this complex spinal anomaly is probably etiologi-
cally distinct from isolated sacral agenesis, which can be consid-
ered a defect of secondary neurulation, associated with other
anomalies of the caudal eminence derivatives. The failure of spi-
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nal development at upper lumbar levels implies that this defect
also involves primary neurulation, despite being a skin-covered
lesion. One possibility, therefore, is that this is another example of
a disorder of gastrulation with a resulting combination of partial
failure of primary neurulation and complete failure of secondary
neurulation. However, the association with holoprosencephaly,
which occurs at a much later point in embryogenesis, along with
the relative paucity of associated anomalies of the hindgut and
urogenital tract, might suggest that an independent defect in a con-
trol factor specific to neurodevelopment, such as a homeobox gene,
may be involved as the primary etiologic mechanism.
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18. Split Cord Malformations and Retained Endodermal
Derivatives

Dachling Pang, MD, FRCS(C), Peter P. Sun, MD
(Sacramento, CA)

Split cord malformations (SCM) are associated with neuroenteric
cysts, vetebral-intestinal and mediastinal-intestinal bands, and other
endodermal derivatives dorsal to the primitive foregut. The original
embryologic error in split cord malformation has been suggested
to be failure of midline integration of prospective notochord cells
which leads to the formation of an abnormal adhesion between the
endoderm and ectoderm during gastrulation. Condensation of the
surrounding pluripotential mesenchyme around this abnormal ad-
hesion forms a endomesenchymal tract that bisects the notochord
and overlying neural plate and potentially extends from the yolk
sac to the cutaneoectodermal surface. The extent to which the
endomesenchymal tract persists and differentiation of its endoder-
mal elements acount for the variety of retained endodermal
deravatives seen with SCM. We present a series of seven patients
with SCM and retained endodermal derivatives to illustrate the spec-
trum of developmental fates of the midline endodermal primordium.

The most common fate of the endodermal remnant is attrition due
to lack of appropriate inducer molecules. When the endoderm does
persist and in some cases undergo differentiation, four possible
patterns may be seen: 1) Persistence and differentiation of the
ventral (only) connection with the primitive gut, exemplified by the
autopsy case of a neonate with a fibromesenchymal band con-
necting a C7 cleft cord, through the posterior mediastinum, to the
apex of a large duplicated duodenal loop. 2) Persistence of the
ventral connection with the primitive gut and differentiation of the
spinal or perispinal endodermal remnant. A child with C3-4 SCM
and C4 bifid vetebral body has a cervical prevetebral cyst con-
nected to an intestinal band that caused duodenal obstruction and
complete malrotation of the midgut. 3) Persistence and differentia-
tion of the dorsal (only) connection with the cutaneous ectoderm,
exemplified by a child with a cleft cord and an overlying dorsal
neuroenteric cyst in continuity with a cutaneous sinus tract and
dimple. 4) Differentiation of the endoderm into intraspinal
neuroenteric cyst within the median cleft of a SCM without dorsal
or ventral connections, found in 3 patients and a 24 week abortus.
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19. Clinical Signs and Symptoms as Indicators for
Retethered Spinal Cord in Congenital Spinal
Dysraphism

Patricia A. Gelnar, MD, Jeffrey A. Winfield, MD, PhD
(Syracuse, NY)

Despite correlative efforts by pediatric neurosurgeons and
neuroradiologists, including the use of CINE-MRI by our group,
pre- and postoperative radiologic studies do not clearly predict the
symptomatic retethered child. Therefore, the clinical indications
necessitating reoperation need to be better defined. We have re-
viewed the clinical records of 27 children with congenital dysraphism
who underwent lumbar exploration for untethering to address this
question. This cohort included 16 meningomyeloceles (MM), 8
lipomas, 1 diastomatomyelia, 1 caudal migration, and 1 dermal
sinus tract. No child in this group was initially evaluated for pro-
gressive scoliosis. The mean age at presentation was 5.5 years
for the MM group and 5 years of age for the other children.

Gait deterioration, often first appreciated by the parents, occurred
in 70%. On exam axial and proximal lower extremity muscle weak-
ness were present, and a Trendelenberg sign (60%) was ob-
served. Previously “dry” children between catheterizations were
noted to require “diapering” in 40% of cases, and compiaints of
back and leg pain were present in 55%. Following untethering,
changes in bladder function and symptoms of gait and pain distur-
bances improved in all children.

Dysraphic children should have fixed neurologic deficits. When
presenting with segmental motor deficits above their initial level,
functional bladder changes in the absence of a UTI, and/or com-
plaining of back and leg pain, this indicates retethering. Gratifying
improvement in these clinical symptoms can be expected follow-
ing reoperation.
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20. Clinically Significant Diastematomyelia with a Median
Septum Associated with Myelomeningocele

W. Jerry Oakes, MD, Lewis W. Harris, MD
(Birmingham, AL)

The association of myelomeningocele with the split cord syndrome
is well known but not well characterized. We report here 15 pa-
tients who presented with these two clinical entities. Eleven of the
15 were diagnosed months to years after the initial myelo-
meningocele closure, whereas four were diagnosed and surgically
treated at the time of the initial spinal operation. At least three of
the 15 patients had hemimyelia with the neural tube defect being
present on only one of the two hemicords. Three of the four pa-
tients recognized at birth are community ambulators with the one
exception being a child with a huge hydrosyringomyelia and asso-
ciated flaccid paraplegia. Of the 11 patients diagnosed at an aver-
age of 7 years following closure of the myelomeningocele, all were
potentially community ambulators after the closure, but only 45%
(56/11) maintained their community ambulation skills after express-
ing the natural history of this association.

All of the patients with diastematomyelia with median septum oc-
curred at the site of the placode or within one segment (usually
cephalad). There was a high association of bony median septum
with a focal area of hirsutism over the spine.

Based on this review, we suggest: 1) Routine spine radiographs
prior to myelomeningocele closure {all patients diagnosed at birth
had very suggestive plain radiography). 2) Exploration of the spine
one level above and below the placode at the time of the initial
myelomeningocele closure. 3) Removal of the median septum as-
sociated with diastematomyelia immediately after discovering this
association rather than waiting for the individual patient to express
what appears their own inevitable natural history. 4) Spine MRI or
CT myelogram in ali myelomeningocele patients with focal hirsutism.

The details of the clinical presentation and surgical technique used
in these patients will be discussed.
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21. Comprehensive Intraoperative Mapping and
Monitoring of Sensory, Motor and Urogenital
Functional Integrity During Surgery of Conus/Cauda

Nobu Morota, MD, Vedran Deletis, MD, Rick Abbott, MD,
Fred J. Epstein, MD
(New York, NY)

Surgery of the conus medullaris and/or cauda equina carries the
risk of compromise to sensory, motor, and urogenital functions post-
operatively. In order to prevent intraoperative injury to these criti-
cal functions, new neurophysiological technigues have been intro-
duced.

These techniques can be divided into: mapping, in order to neuro-
physiologically locate specific structures; and monitoring, to sup-
ply feedback during surgery about the functional integrity of the
nervous pathways/structures.

Somatosensory afferents from the lower extremities have been
monitored by stimulating the tibial nerves and recording the evoked
potentials (stationary wave) over the conus using epi/subdural elec-
trodes.

Motor efferents have been mapped by directly stimulating the indi-
vidual roots and recording the EMG or visually observed muscle
twitches.

For preserving urogenital function, pudendal afferents have been
mapped within nerve roots by recording with a hook electrode about
the roots while electrically stimulating the dorsal penile/clitoral
nerves. Monitoring of the integrity pudendal afferents/efferents has
been achieved by continuously recording the bulbocavernosus re-
flex during surgery. in addition, “pudendal SEPs” have been re-
corded over the conus medullaris using an epi/subdural catheter
following stimulation of the penile/clitoral nerves.

Combinations of these techniques were applied during surgeries
for selective posterior rhizotomy (n=131), tethered spinal cord
(n=107), and spinal cord tumor (n=27) between January 1990 and
April 1994. We found that their use decreases postoperative com-
plications and improves surgical resuits.

The technique of these studies will be discussed as will the inci-
dence of postoperative motor, sensory and urogenital complica-
tions before and after introduction of these techniques.
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22. Bad Outcome Following Tethered Cord Surgery

Fred J. Epstein, MD, Diana Leahu MA, MS 1V,
Rick Abbott, MD, Jeffrey H. Wisoff, MD
(New York, NY)

Over the past four years, eighty-five patients underwent surgery
for tethered cord at New York University Medical Center. Of this
group, eight children were functionally more impaired post-opera-
tively than pre-operatively as a result of the surgical manipulation
to “free” the tether. An analysis of these eight patients has dis-
closed the “risk factors” common to the group. All eight patients
underwent previous spinal cord de-tethering and had been neuro-
logically stable for a period of time before starting to deteriorate
again. The post-surgical functional impairment was manifest by
localized pain, weakness of one extremity or impairment of blad-
der function. In addition, all of the patients in this group had a
complex transitional lipoma which necessitated considerable dis-
section to free the neural structures from the surrounding dural
tube. Finally, all patients with post-operative impairment were older
than 6-8 years of age at the time of their surgery. Whereas much
attention has been given to the safety of tethered cord surgery,
there has been little effort to make an assessment as to what the
hazards associated with surgery are and which patients are at risk
for a poor outcome. It will be the intention of this presentation to
offer an in-depth analysis of the multiple factors that are associ-
ated with poor cutcome following spinal cord de-tethering. Our study
methods include statistical analysis of functional scores based on
neurological follow-up’s, mail-questionnaire and phone-survey data.
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23. Sleep Apnea in Patients with the Chiari I
Malformation

Michael J. Chaparro, MD, Robert Cohn, MD,
Tara Green, RN, BSN, CCRN, Todd Greenberg
(Dayton, OH)

While most neurosurgeons agree that decompression is indicated
for life threatening respiratory compromise, many children with the
Chiari Il malformation have more subtle abnormalities. Over 70%
of this population has an abnormal sleep pneumogram, compared
with 6% of normal controls. Significant sleep apnea is often not
clinically apparent. This group frequently requires supplemental
oxygen and/or ventilatory support. We have reviewed the sleep
pneuomograms of children undergoing decompression over the
past two years, and its response to surgery. Thirteen patients un-
derwent decompression. Ages ranged from eight months to 20 years
(average 7.4 years). Pre and postoperative sleep pneumograms
were available on eight children. All children had additional indica-
tions for surgery. Of the eight for whom sleep pneumograms were
available, all were abnormal. Five had central apnea, two had ob-
structive apnea, and one had central, obstructive, and mixed ap-
nea. The shunts were evaluated in all patients and revised in four.
None whose shunt was revised resolved their apnea. Surgery in-
cluded lysis of arachnoid adhesions, re-establishment of CSF out-
flow from the fourth ventricle, and cadaveric duraplasty. One pa-
tient had a fourth ventricle-subarachnoid stent placed. There was
no mortality. There was one postoperative pneumonia and one CSF
leak. Seven of the eight either significantly improved, or totally re-
solved their sleep apnea. One patient required mechanical ventila-
tion with room air preoperatively, and continued to require it post-
operatively. Five required O2 supplementation and two required
CPAP preoperatively. None of these required O2 or CPAP
postoperatively. Sleep apnea is common in the Chiari Il population
and can respond well to decompression. A sleep pneumogram
should be considered in all Chiari Il patients, and when signifi-
cantly abnormal, might be considered an indicator for surgery even
in the absence of other symptoms.
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24. Hindbrain Hernia (Chiari | Malformation) Secondary to
Partial Sacral Agenesis with Meningocele

Dean Karahalios, MD, Christos Tsonidas, MD,
Harold L. Rekate, MD (Phoenix, AZ)

As part of an ongoing study of the pathogenesis of the Chiari |
malformation, we have identified three patients in whom hindbrain
herniation has been shown to be secondary to a large intrasacral
meningocele due to partial sacral agenesis. In one of these pa-
tients, an MRI obtained prior to the child beginning to walk showed
normal posterior fossa anatomy. A year later with the child show-
ing clear-cut signs of lower extremity spasticity, a second MRI re-
vealed a severe hindbrain hernia (Chiari | malformation).

Hindbrain hernia is due to a pressure differential across the fora-
men magnum or to direct distortion of the craniovertebral junction.
In these cases the “sump” effect of the intrasacral meningocele
created the pressure differential leading to hindbrain herniation.
Presumably, the assumption of the erect stance position with the
ability of the meningocele to distend led to the downward decent of
the cerebellar tonsils.

In two of these patients symptoms including spasticity and lower

cranial nerve deficits led to Chiari | compression with improvement.
The third patient is asymptomatic and is being followed.
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25. Progressive Deterioration in Brain Stem Function
Following Decompression of Chiari Il Malformation

Harold L. Rekate, MD, Patricia Teaford, MD,
Michael Kappy, MD (Phoenix, AZ)

Progressive deterioration in brain stem function frequently leading
to death is occasionally seen in babies with spina bifida despite
decompression of the Chiari Il. This combined with postmortem
studies showing severe disorganization of the ninth and tenth nerve
nuclei have led some neurosurgeons to question the efficacy of
this form of intervention.

We have recently identified three patients who presented with life-
threatening lower cranial nerve and respiratory drive dysfunction
who initially responded well to cervical laminectomy with dural patch
grafting. Several weeks later they presented with increase in dys-
function of their lower cranial nerves, apnea leading to cyanosis
and seizures. During the course of these episodes, hypoglycemia
has been identified as the cause with serum glucose values falling
to as low as eight mg/di. Two of these three patients have responded
to frequent or continuous feedings and supplemental {reatment
with glucagon.

One of these patients has had a second set of life-threatening
symptoms with apnea and rigidity preventing external ventilation.
Sleep studies and continuous EEG monitoring has led to the diag-
nosis of severe breath-holding spells in association with brain stem
dysfunction. Installation of intranasal Versed has led to the ability
to ventilate the child through these episodes.

Hypoglycemia and severe breath-holding are factors to be consid-

ered in babies who continue to deteriorate after decompression for
Chiari Il malformation.
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26. Chiari | Malformation and Headache: Who Should
Underge Operation?

Michael H. Handler, MD, Fred Epstein, MD,
Jeff Wisoff, MD, Rick Abbott, MD (New York, NY)

The records of 67 pediatric patients with the Chiari | malformation
were reviewed. Of these, 27 patients had headaches among their
symptoms and a Chiari | malformation unrelated to other intracra-
nial pathoiogy. In 4, the malformation was felt o be unrelated to
the headaches, and were excluded. In the rest, headaches were
likely 1o be the only complaint; they accompanied other symptoms
in only 5/23 patients (22%). There was a striking disproportion of
younger children with a chief complaint of headache, 12/22 pa-
tients < 6 years old (54%), as opposed {0 2/19 (11%) of children
age 6-13 and 4/15 (27%) of children 14-20 at the onset of symp-
toms. Headache was typically suboccipital in location, often with
associated neck pain (20/23, 87%), and less commonly frontal or
bitemporal. Sudden sharp and transient pain induced by Valsalva
or exertion was seen in 14 (61%). Operations were performed in
20 patients (87%). 13 (56%) were assessed by parents as “a cure,”
while 5 (22%) were “improved,” but still have some headache. One
patient is still limited by exertional headache, and another with
bifrontal headaches had no improvement. 3 patients did not un-
dergo an operation that was recommended; two of these have
undertaken significant modifications of their behavior, giving up
competitive sports and other vigorous activity. The third reconsid-
ered that limitation and recently opted for surgery. We conclude
that occipital headache or head pain is a common-presenting com-
plaint in the Chiari | malformation, especially in younger children,
and that it can confidently be expected to improve with operation.
We cannot, however, conclude that a child with a Chiari | and head-
aches will necessarily progress to develop other, more ominous
findings.
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27. Posterior Fossa Decompression for Arnold Chiari
Malformation and Achondroplasia Without Dural
Opening

Kent D. Yundti, MD, T. S. Park, MD,
Bruce A. Kaufman, MD (St. Louis, MO)

Some anomalies of the posterior fossa and the craniovertebral junc-
tion can lead to compressive forces on the hindbrain causing ap-
neic spells, cranial nerve dysfunction, and may lead to death. Stan-
dard treatment has involved bony decompression with suboccipital
craniectomy or decompressive lamineciomy in conjunction with
duraplasty. Infants may not require duraplasty to achieve adequate
decompression. We have tried to define a subset of patients, who
do not require dural opening for adequate decompression by using
intraoperative ultrasound to demonstrate adeguate CSF space sur-
rounding the hindbrain. Four symptomatic children underwent bony
decompression, 2 with Chiari II malformations, one with a Chiari |
malformation and one with achondroplasia. They aged 2 months
to 2 years (mean 10 months). Three children presented with ap-
nea and one child with stridorous respirations. The three children
with Chiari malformations underwent decompressive laminectomies,
and the child with achondroplasia underwent a suboccipital
craniectomy. Following bony decompression, intraoperative ultra-
sound demonstrated expansion of the stenotic region with visible
cerebrospinal fluid spaces anterior and posterior to the neural ele-
ments in all 4 children. Postoperatively all 4 children were
asymptomatic. Two children had a retumn of their symptoms at 2
and 3 months post surgery and were reevaluated with MRI. The
achondroplastic child had visible stenosis at the first cervical ver-
tebra and underwent C1 decompressive laminectomy. Intraoper-
ative ultrasound was again used to show adequate decompres-
sion and the dura was left intact. The child has remained
asymptomatic for 4 months post surgery. The second child with a
Chiari Il malformation was noted to have compression of the cer-
ebellum and brainstem and underwent a suboccipital craniectomy.
The dura was again left intact, and the child has remained
asymptomatic for 3 months. The other 2 children have remained
asymptomatic for 5 months and 5 years.

Young children may have a more distensible dura that does not
require duraplasty. We have used intraoperative ultrasound to show
adequate hindbrain decompressicon, and avoided opening the dura.
Hindbrain decompression without duraplasty can be effective treat-
ment for Chiari malformations and achondroplasia.
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28. Encephaloceles of the Anterior Cranial Fossa:
Management and Quicome

James T. Rutka, MD, PhD, FRCSC, Robert McFarlane, MD,
Robin P. Humphreys, MD, James M. Drake, MD,
Harold J. Hoffman, MD (Toronto, Ontario)

Encephaloceles of the anterior cranial fossa are rare developmen-
tal lesions which can have serious neurological and aesthetic
sequelae if left untreated. From a total of 114 encephaloceles treated
surgically at the Hospital for Sick Children in the 15 years to 1994,
the case records of 17 patients with sincipital and 5 patients with
basal defects were reviewed retrospectively. The condition was
evident at birth in 64% of patients, while the remainder presented
with either cerebrospinal fluid rhinorrhea, nasal obstruction, or feed-
ing difficulty. Hypertelorism affected 73% of patients. All
encephaloceles were repaired transcranially, at a mean age of 2
years, usually by means of an intradural pericranial graft. Five chil-
dren with gross hypertelorism underwent orbital translocation at
the time of encephalocele repair. Of those not corrected, primary
and secondary hypertelorism regressed in most instances where
the encephalocele was treated before the age of 2 years. There
were no deaths. The only case of CSF rhinorrhea occurred in a
patient with a basal defect, in whom intradural repair was not pos-
sible because of adherence of diencephalic structures to the sac
wall. Hypertelorism recurred in one patient after orbital transloca-
tion, requiring recorrection 2 years later. One patient with untreated
secondary hypertelorism failed to regress after the encephalocele
was excised at the age of 4 months. Developmental outcome was
normal in 59% of children, whilst 18% have mild mental or physical
disability, and 23% are severely impaired. A child with a sincipital
or basal defect and mild hypertelorism should have the
encephalocele treated in early childhood to allow the facial skel-
eton to remodel with growth. When an encephalocele is accompa-
nied by gross hypertelorism or a facial cleft, one-stage correction
can be undertaken safely in early childhood with minimal mortality
and acceptable morbidity.
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29. Isolated Dandy-Walker Malformation in Three
Siblings: Further Support of Autosomal Recessive
Inheritance

Alexa Canady, MD, C. E. Harper, D. J. Aughton,
D. E. Seubert (Detroit, MI)

Isolated Dandy-Walker malformation (DWM) is etiologically het-
erogeneous. Occurrence of DWM in siblings has been reported
occasionally; autosomal recessive inheritance has been suggested,
but not proved (mcK 220200). We report the cases of three sib-
lings, monozygotic 3-year-old twin girls and their 3-month-old
brother, all of whom have isolated DWM. The findings of this family
provide further evidence for autosomal recessive inheritance of
some cases of DWM.

The girls were diagnosed in the newborn period to have DWM and
hydrocephalus at age 3 months. By age 3 years, their histories
were further remarkable for postnatal growth retardation, mild to
moderate developmental delay, and cytomegalovirus (CMV) viruria
on two occasions; one twin also had congenital hypothyroidism,
and the other, strabismus. Further investigation did not support a
diagnosis of congenital CMV infection. Their brother was found to
have DWM prenatally, which was confirmed postnatally. The
brother’s growth and development was normal at age 3 months.
All three children have had normal chromosome analyses and re-
nal monograms; the twins were shown to be monozygotic through
“DNA fingerprinting.” Maternal CT scan showed no evidence of
DWM; the father has not undergone imaging studies.

The girls’ growth retardation admits the possibility of an unrecog-
nized syndromic basis for their DWM, but diligent investigation has
yielded no candidate diagnosis, and the brother has no evidence
of growth retardation. We therefore believe that our patients’ DWM
is isolated, and provides further support for an autosomal reces-
sive mode of inheritance of DWM in some cases.
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30. The Relationship between Cerebeliar Development
and Function in Children with Dandy-Walker
Malformations

Peter C. Gerszten, MD, A. Leland Albright, MD
(Pittsburgh, PA)

Over the past decade, children with Dandy-Walker malformations
have been reported to have better intellectual and cerebellar func-
tion rather than the poor function traditionally ascribed to them. To
date, no study has addressed the relationship of cerebellar devel-
opment (size) to either cerebellar function or intellect. To evaluate
those relationships, we retrospectively studied the medical records
and scans of 20 patients with Dandy-Walker malformations at our
institution between 1978 and 1994. Patients were treated with
ventriculoperitoneal (VP), cystoperitoneal (CP) or ventriculo-cysto-
peritoneal (VPCP) shunts. Intellectual and cerebellar function were
determined from neurological and developmental testing. Cerebel-
lar development was evaluated by measuring cerebellar and pos-
terior fossa volumes from CT images; the ratio of cerebellar size to
posterior fossa size was calculated from the most recent CT scan
for each patient and was considered to reflect cerebellar develop-
ment. The mean patient age at the time of the most recent scan
was 5.5 years.

Cerebellar function was normal in 50% and intellectual function in
45% of patients. There was no correlation between cerebellar size
and cerebellar function. Ratios in normal patients and in those with
mild, moderate and severe cerebellar dysfunction were .63, .49,
.57 and .51. respectively. There was no correlation between intel-
lectual development and cerebellar size. Ratios were .62, .70, .49
and .52 in the same four patient groups. There was also no corre-
lation between the type of shunt and the subsequent cerebellar
size. Ratios were .60 for CP shunts, .62 for VP shunts and .63 for
VPCP shunts. We conclude that there is no relationship between
the cerebellar development evident on CT scans and the cerebel-
lar or inteliectual function of children with Dandy-Walker malforma-
tions.
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31. Medically Intractable Epilepsy of Frontal Lobe Origin
in Children

Antonio R. Prats, MD, Trevor Resnick, MD,
Glenn Morrison, MD, Raquel Pasaron, MSN, ARNP
(Miami, FL)

Seizures of frontal lobe origin are not a uniform entity rather repre-
sent a number of clinical seizure types related to region of seizure
onset and subsequent spread pattern. Seizures of frontal lobe ori-
gin have different clinical presentations depending on the region of
seizure onset. We have divided the frontal lobe into four separate
regions and will describe differentiating features from seizures aris-
ing from the different areas. The four regions of the frontal lobe
include the supplementary motor area, dorsal lateral portion of the
frontal lobe, orbital frontal area, and the cingulate gyrus. The clini-
cal semiology and illustrative cases from the four different regions
will be presented. Pathology as well as the resuilts of focal frontal
lobe resections will be discussed. The present series consists of
27 patients who underwent frontal resections and were less than
12 years of age. This group was taken from a total of 185 which
have undergone epilepsy surgery at Miami Children’s Hospital. Of
the 185 patients, 66 patients underwent extratemporal cortical re-
sections. All patients in the series underwent invasive monitoring
consisting of implantation of subdural electrodes as well as brain
mapping. Patients who had lesions noted on their pre-operative
radiographic evaluation had a higher probabiiity of being seizure
free following their resective surgery.
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32. Functional Hemispherectomy for Drug Resistant
Seizures

John M. Whitley, MD, PhD, Joseph R. Smith, MD,
Pat D. Jenkins, PA-C, Y. D. Park, MD (Augusta, GA)

Functional hemispherectomy for refractory seizures with associ-
ated hemiparesis is comparable to complete hemispherectomy in
terms of seizure control, with fewer late complications. Seven pa-
tients (aged 8-17; 5 females, 2 males) with drug resistant seizures
(1-30/day) were selected for functional hemispherectomy. All pa-
tients exhibited secondary generalized tonic-clonic seizures and
either epilepsia partialis continua or complex partial, absence, or
focal motor seizures. Seizures were the result of cerebral hypoxia
resulting in cerebral palsy and mental retardation (4 patients),
Herpes encephalitis (1 patient) and MCA thrombosis and infarction
(2 patients). Functional hemispherectomy was performed in all
cases (Rasmussen, Can J Neurol Sci 10:71-78, 1983). Post-op-
erative periods were uneventful. Complications included one case
of intraoperative DIC that subsequently resolved and one case of
osteomyelitis treated with bone removal and cranioplasty. To date,
6 patients remain seizure-free and 1 patient has achieved a > 90%
reduction in seizure activity. Follow-up periods range from 1 month
to 6 years. These data suggest that functional hemispherectomy
is effective in arresting seizures despite the etiology and can be
performed safely with minimal morbidity.
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33. Pathlogically Proven Brain Tumors in Patients with
Temporal Lobe Epilepsy and Subtie MRI Findings

Richard A. A. Day, MD, Lyn Carey, MD
(Salt Lake City, UT)

Early reported incidence of brain tumors occurring in the pediatric
age group under treatment for epilepsy ranged from 0.2-0.3%. Al-
though historically, the large majority of these patients harbored
mesial temporal lobe sclerosis, more recent reports indicate a 12-
25% incidence of neoplasia. A series of 10 patients with epilepsy
harboring temporal lobe tumors will be presented. MRl examina-
tions revealed subtle changes in the mesial temporal structures.
Because of the the relatively benign appearance of these lesions
on MRI, some of the patients experienced a delay in surgical treat-
ment. Histopathological review revealed: astrocytoma (5), anaplas-
tic astrocytoma (2), ganglioglioma (2), oligoglioma (1). This series
suggests that patients with epilepsy and nonspecific MRI findings
should be carefully considered for early surgical intervention.
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34. Functional Mapping and Electrocorticography during
Tumor Resections

Paul M. Kanev, MD (Philadelphia, PA)

Seizures are a common initial presentation of brain tumors espe-
cially when lesions are located within eloquent cerebral cortex.
Resections may be guided by localization of functional cortex and
electrocorticography (ECog) for identification and localization of
epileptogenic cortex. During the last four years, we have utilized
motor and language mapping techniques to maximize tumor re-
section and enhance the safety of surgery within eloquent tissues.
Motor mapping was performed under general anesthesia with
biphasic 60 Hz stimulation during craniotomies in 28 patients, 6
months-18 years of age. Speech and language testing was neces-
sary in 5 patients, 12-17 years of age utilizing continuous infusion
propofol sedation. Electrocorticography was recorded during each
awake operation and during all craniotomies under general anes-
thesia. Subdural electrode grids were necessary in one patient with
a left middle temporal epidermoid tumor who was too young for an
awake operation. Cortical tissue was highly epileptogenic along
the perimeter of the tumor in 18 cases and in 10 cases, distant
epileptogenic foci were apparent. Epileptogenic cortex was excised
inits entirety and all patients have remained seizure free on follow-
up from 8-24 months. There was no added morbidity during the
awake procedures or following functional mapping or electro-
corticography. We conclude that a seizure focus may be quite dis-
tant from cerebral tumors and recommend electro-corticography
for localization of epileptogenic cortex. Functional mapping of lan-
guage and movement enhances the safety of tissue resection within
eloquent cortex.

62



35. Randomized Trial of Selective Dorsal Rhizotomy with
Physio/Occupational Therapy vs. Therapy Alone for
Children with Spastic Diplegia

James M. Drake, FRCSC, F. Virginia Wright, MSc,
Elizabeth M.H. Shiel, MASc, Stephen Naumann, PhD,
PEng, John H. Wedge, FRCSC (Toronto, Ontario)

Although selective dorsal rhizotomy has been reported by a num-
ber of authors to be an effective treatment for the spasticity asso-
ciated with cerebral palsy in children, it has not been subjected to
a randomized trial to prove its efficacy over physiotherapy (PT)
and occupational therapy (OT) alone. A control group is obviously
important in a population that is undergoing rapid growth and de-
velopment.

Twerity-four children aged 3.5 -7.5 years were enrolled in the study.
Baseline assessments included the gross motor function mea-
sure (GMFM), an isometric contraction test, and gait analysis with
a VICON system with force plate, in addition to standard assess-
ments of spasticity and range of joint motion. Patients were then
block randomized to either surgery (N = 12), or therapy (PT/OT)
alone (N = 12). Therapy consisted of two 1 hr sessions per week.
Rhizotomy patients received, in addition, 6 weeks of daily inpa-
tient physiotherapy immediately post surgery. Measurements by
independent therapist assessors were repeated at 6 months and
at 1 year. Patients in the control group were offered surgery at
that point.

At one year, rhizotomy patients had a mean GMFM score increase
of 11.3 percentage points, vs. 4.3 in the control group ( p < .03).
There was a significant decrease in the EMG activity and torque
resistance for forced dorsiflexion in the rhizotomy group. Although
there were significant improvements by gait analysis of stride
length, stride time, and gait velocity in the rhizotomy group, they
were not statistically different from the control group. Two patients
in the control group declined subsequent rhizotomy surgery, and
two had orthopedic soft tissue releases, rather than rhizotomy,
because of progressive muscle contracture during the evaluation
period.

Selective dorsal rhizotomy with postoperative therapy (PT/OT)
results in a significant increase in gross motor function at one
year over therapy alone.
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36. What Does Selective Dorsal Rhizotomy Do for Upper
Extremity Function in Spastic Diplegia?

Joseph H. Piatt, Jr., MD, Cathleen E. Buckon, OTR/L, MS,
Susan Sienko Thomas, MA, Michael D. Aiona, MD
(Portland, OR)

Effects of selective dorsal rhizotomy (SDR) on upper extremity
function are of interest from the standpoint of both clinical benefit
and neurophysiological mechanism, but most descriptions of these
effects have been qualitative and anecdotal. Objective, quantita-
tive data are needed to define outcomes and to provide a firm
basis for shaping parental expectations.

Twenty-six children ranging in age from 3.75 to 10.9 years under-
went SDR for treatment of spastic diplegia. Upper extremity func-
tion was assessed by measurement of range of motion, manual
muscle testing, measurement of grip strength, grading of resis-
tance to quick stretch, grading of movement patterns in standard-
ized manual tasks, and standardized tests of visual-motor control
and fine-motor function. Self-care skills in dressing, undressing,
and toileting were graded on the basis of parental report. Evalua-
tions were conducted one week prior to operation and one year
following operation. Patients served as their own controls.

Overall, selective dorsal rhizotomy had little direct effect on upper
extremity function. Range of motion, muscle strength, and muscle
tone were unaffected. Grip strength improved significantly, even
after control for maturation. Grading of movement patterns dem-
onstrated significant improvements, but benefits from treatment
could not be distinguished from the effects of maturation. Visual-
motor control and manual dexterity skills were unaffected. Skills in
dressing, undressing, and toileting improved significantly, but these
benefits seemed attributable to diminished lower extremity tone
and normal maturation of prehension patterns.

No inferences should be extended from this study of spastic diplegia
to the question of upper extremity function in spastic quadriplegia.
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37. Pre-rhizotomy Dorsiflexion as a Predictor of
Independent Ambulation for Children with Spastic
Cerebral Palsy

Michael R. Chicoine, MD, T. S. Park, MD,
Stephanie M. McClure, PT, Patricia E. Gaffney, PT,
Madeleine R. Ortman, RN, George P. Vogler, PhD,
Bruce A. Kaufman, MD (St. Louis, MO)

Independent ambulation is one of the primary goals in the man-
agement of children with spastic cerebral palsy. Current measures
available to maximize ambulatory skills include physical therapy,
muscle and tendon releases, and selective dorsal rhizotomy (SDR).
The ability to predict which children with spastic cerebral palsy will
ultimately attain independent ambulation remains limited. We noted
that children who were able to dorsiflex their feet prior to SDR
appeared to be more likely to attain independent ambulation than
those children who could not dorsiflex their feet preoperatively. This
lead to completion of a prospective study of 47 children with spas-
tic cerebral palsy [quadriplegics (32%), and diplegics (68%)] using
serial documentations of foot movements in isolation and gait scores
(graded 0.0-5.0 using a standard ambulation assessment proto-
col). SDR was performed between age 2 to 6 years (mean 3.57)
with a follow-up period ranging from 1.5 to 22 months (mean 7.3).
Univariate regression models were used to determine whether 5
different variables [age, preoperative gait score, preoperative
dorsiflexion, diagnosis (quadriplegic or diplegic), and length of fol-
low-up] could be used to predict the child’s ability to independently
ambulate after SDR. Preoperative gait score (p<0.001),
preoperative dorsiflexion (p<0.01), diagnosis (p<0.001), and length
of follow-up (p<0.01) all correlated directly with postoperative gait
score, whereas age did not. This data suggests that dorsiflexion
can be used as a predictor of independent ambulation after SDR
for children with spastic cerebral palsy.
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38. Focal Neurologic Dysfunction Associated with Shunt
Malfunction in Achondroplastic Dwarfs

Robert A. Sanford, MD, Karin Muraszko, MD,
Michael Fromke, MD (Memphis, TN)

We have encountered an unusual syndrome of focal neurologic
deficit produced by shunt malfunction in hydrocephalic achondro-
plastic dwarfs. The focal deficit accompanied the varied signs and
symptoms of increased intracranial pressure. Two of the four de-
veloped cranial nerve dysfunction (VI, VII, IX, X) and hemiparesis
at the time of shunt malfunction. One child cleared completely two
weeks after proximal shunt revision; the second has persistent bi-
lateral V1, VIl nerve palsy six years after shunt revision.

Three of the four children had transient focal deficit associated
with over-drainage (slit ventricle) syndrome, defined as transient
shunt malfunction of abrupt onset completely clearing within hours.
Two were successfully treated with siphon control devices, the third
required vault expansion in order to control transient episodes of
severe intracranial pressure measured with Camino monitor. Two
of the three continue to experience vague episodes of transient
headache and personality change. MR! scans are unremarkable
except for small posterior fossa and foramen magnum.

All four children are achondroplasts who demonstrated progres-
sive ventricular dilatation and macrocrania and underwent
ventriculoperitoneal shunting before twelve months of age. The
case histories will be presented along with theories as to the etiol-
ogy of this unique clinical presentation of shunt malfunction in achon-
droplastic dwarfs.
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39. Achondroplasia with Cervicomedullary Compression:
Evaluation and Surgical Treatment

Glenn L. Keiper, Jr., MD, Bernadette Koch, MD,
Kerry R. Crone, MD (Cincinnati, OH)

The association between sudden infant death and cervicomedullary
compression in patients with achondroplasia has been described.
Prospective evaluation of the craniocervical junction with magnetic
resonance imaging (MRI) has been recommended for infants with
achondroplasia to identify patients at risk. Since 1989, the authors
prospectively evaluated 11 infants (average age 13 weeks) with
achondroplasia who were asymptomatic for cervicomedullary com-
pression on initial evaluation. MR findings included foramen mag-
num stenosis with effacement of the subarachnoid spaces, mild to
moderate ventriculomegaly, and signal change in the spinal cord
from severe cord compression. Two patients with severe cord com-
pression underwent immediate decompression. Two asymptomatic
patients developed opisthotonic posturing within 3 months of evalu-
ation and underwent foramen magnum decompression.
Decompressive surgery included suboccipital craniectomy, atlantal
laminectomy, and duraplasty. Surgery revealed forward extension
of the squamous portion of the occipital bone, thickened posterior
rim of the foramen magnum, and a dense fibrotic epidural band.
There were no complications from surgery. All 11 patients remain
asymptomatic at follow up (mean 3 years, 2 months; range 2 months
to 6 years) and no patient has required a diversionary shunt proce-
dure for hydrocephalus. Patients are monitored with MRI scans at
2-year intervals. The authors recommend early MR scanning for
infants with achondroplasia to determine if there is cervicomedullary
compression. With early recognition, an immediate decompres-
sion can be performed safely and avoid serious complications as-
sociated with spinal cord compression, including sudden infant
death. Early decompression may restore normal cerebrospinal fluid
circulation at the foramen magnum and reduce the potential for
diversionary shunt procedures.
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40. Pediatric Lumbar Disc Surgery: Eighteen Patients
Under 15 Years of Age

John Shillito, Jr., MD (Boston, MA)

Review of all disc operations on patients under 20 years of age
between the years 1959 and 1994, has identified 58 patients. Eigh-
teen of these had their surgery under the age of 15. The youngest
was 10-8/12. Five were pre-pubertal. Thirteen of the 18 patients
had protrusion of the L.5-S1 disc. Initial symptoms involved back
pain only or almost painless kyphoscoliosis in 14. Four complained
initially of sciatic pain; another four never had sciatic pain.

The location of the disc was central in 13 cases. There were no
ruptured discs. The posterior spinal ligament was ossified in six
cases requiring bone instruments to uncover the disc space.

Details of the surgery and the follow up history will be given.
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41. Comparison of Syringo-pleural and Syringo-
subarachnoid Shunting in the Treatment of
Syringomyelia in Children

Jean-Pierre Farmer, MD, CM, FRCS(C),
Olivier Vernet, MD, José Luis Montes, MD
(Montreal, Quebec)

Case records from The Montreal Children’s Hospital with the diag-
nosis of shunted syrinx were retrospectively reviewed. From 1984
to 1994, 31 patients had their syrinx treated by (SP) syringopleural
(19 cases/Group A) or (SSA) syringo-subarachnoid (13 cases/
Group B) shunting. One patient was included in both groups. As-
sociated diagnoses were: In Group A, 2 Chiari | and 14 Chiari |l
malformations, 14 shunted hydrocephalus, 13 Spina Bifida aperta
and 3 occulta; and, in Group B: 5 Chiari | and 2 Chiari If malforma-
tions, 3 shunted hydrocephalus, 2 Spina Bifida aperta and 5 occulta.
Eight Group A and 6 Group B patients had undergone prior Chiari
decompression. Motor deficits predominated in both groups.
Pachymeningitis was a uniform operative finding.

Neurological follow-up shows 11 Group A patients improved and 8
stabilized, whereas on MR, 8 cavities collapsed and 10 were mark-
edly reduced. One patient was reoperated for pleural effusions,
and one for shunt displacement. In Group B one patient improved,
8 stabilized, 3 worsened, and one was lost to follow-up. Radiologi-
cally, one cavity collapsed, 6 reduced significantly, 2 were un-
changed, and 3 enlarged. Four patients were offered reoperation
for neurological and/or radiological deterioration, one refused.

We conclude that SP shunting is superior to SSA shunting in treat-
ing syringomyelia, that Chiari decompression is suboptimal at con-
trolling it, that perimeduilary pachymeningitis may be an important
etiological factor, and that SP shunting is a viable option for con-
trolling syringomyelia in patients otherwise asymptomatic from their
Chiari malformation.
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42. Pediatric Cervical Spine Screw Fixation

Douglas Brockmeyer, MD, Ronald Apfelbaum, MD,
Richard Tippets, MD, Marion Walker, MD, Lyn Carey, MD
(Salt Lake City, UT)

From July 1986 to August 1993 we performed 24 pediatric cervical
spine screw fixation procedures on 23 patients 16 years of age or
less. The types of cervical instrumentation procedures performed
were as follows: Anterior cervical plates — 12, Posterior C1-2 screw
fixations — 8, Posterior lateral mass plates — 2, Odontoid screw
fixation — 2. The mean age of all patients was 14.2 (range 6 to 16).
Indications for surgery included traumatic instability in 20 cases,
congenital instability in one case, two cases of postoperative swan
neck deformity, and one reoperation for early graft and hardware
failure. Six of the 23 patients had persistent instability following
previous failed fusions (3 with 1 prior surgery, 2 with 2 prior surger-
ies, and 1 with 3 prior surgeries). Eight patients had improvement
of their neurological status following surgery and 15 remained at
their preoperative level of neurological function. No patient was
worse neurologically after operation. There were no long term in-
strumentation, graft or fusion failures. Two complications occurred.
One was the aforementioned graft and hardware failure requiring
reoperation, the other was a superficial wound infection treated
successfully with antibiotics. We feel that cervical spine fixation
techniques have increased our ability to stabilize the pediatric cer-
vical spine and have proven to be safe and effective.
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43. Comparison of Operative Versus Non-operative
Treatment of Functional Lambdoid Synostosis

Michael Levy, MD, J. Gordon McComb, MD,
Karin Wells, MD, William Gans, BS,

Corey Raffel, MD, PhD, Gerald Sloan, MD
(Los Angeles, CA)

Regardless of the cause of the asymmetry and whether or not
imaging studies show abnormality of the lambdoid suture, the de-
cision to therapeutically intervene in the presence of a functional
unilambdoid closure is based solely on degree of the deformity.

Over a 6 year period, 30 patients underwent operative correction
for unilambdoid synostosis. Complications included a transient VI
nerve palsy, Salmonella Group C1 sepsis post-operatively, and the
need to re-operate one patient to fill a bony defect. The cosmetic
result were good to excellent for the group. The total medical cost
averaged almost $30,000 per patient.

For the past 2 1/2 years, 41 patients under a year of age with
functional unilambdoid synostosis have been referred for an indi-
vidually molded headband which has been worn for 3-6 months.
Twenty-eight infants required 1 band, 9 required 2 bands, and 4
needed 3 bands for optimal therapy. Complications consisted of a
minor blistering of the scalp in 1 patient and skin irritation in a few
others, necessitating discontinuance of the wearing of the headband
until the skin was healed and reduction of the pressure point within
the headband. Five (11%) patients were non-compliant with the
headband therapy. The cosmetic results were equivalent to that
with surgical intervention. The total cost for each headband was
$2,500.

The use of headband is a cost effective way of treating functional

unilambdoid synostosis in the infant under 1 year of age and elimi-
nates the need for surgical intervention.
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44. Surgical Correction of Sagittal Craniosynostosis:
Compilications of the pi (IT) Procedure

Adrian K. M. Lo, MD, Paul M. Kanev, MD
(Philadelphia, PA)

Many techniques are available for correction of sagittal
craniosynostosis. The pi procedure effects an immediate correc-
tion of the scaphocephalic skull and excellent cosmetic results have
been achieved. The procedure has been criticized because of
greater potential surgical complications. We have completed a ret-
rospective analysis of our experience with the pi procedure to de-
termine the morbidity of the technique. Sixty children underwent
correction of scaphocephaly during the last 5 years. There were
48 males and twelve females; average patient age was 9.2 months.
The modified prone position with bean-bag head support was used
in 55/60 cases. Accompanied by barrel-stave and radial osteotomies
the reverse procedure was performed in 23 patients with frontal
pulling in 37 patients. The average AP skull reduction was 1.5 cm
and mean blood loss was 96 cc, 11 cc/kg, replaced in 48 patients.
Complications included 2 dural injuries, repaired without difficulty.
Air embolism was not detected by Doppler or end-tidal monitoring.
One child had a single postoperative seizure. An acrylic cranioplasty
was required in one child two years postoperative for repair of a
persistent bone defect. We conclude that the morbidity of the pi
procedure is limited and compares favorably with other repair tech-
niques. No complications were encountered from the sphinx posi-
tion and air embolic events were not recorded. We consider the pi
procedure the technique of choice for correction of sagittal
craniosynostosis in patients older than three months.
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45. CT Morphometric Analysis of Occipital Flattening
Following Strip Craniectomy: Deformation or
Lambdoid Synostosis?

Mark S. Dias, MD, David M. Klein, MD (Buffalo, NY)

Between 1987 and 1992, 30 infants aged 1.4 to 13 months (mean
7.3 months) underwent unilateral lambdoid strip craniectomy for
occipital plagiocephaly. Males outnumbered females (22:8) and right
sided occipital flattening was significantly more common than left
sided flattening (25:5). The deformity was noticed at an average
age of 3.2 months; 16% of the infants had an asymmetry at birth.
Positional preferences (a distinct tendency to lie preferentially on
the back, in most cases with the head turned to the ipsilateral side)
were described in 79% of infants for whom this information was
available, and torticollis was present in 10%.

Pre and post-operative CT scans were analyzed using several
morphometric measurements. Asymmetries were measured be-
tween the flattened and contralateral sides, both posteriorly and
anteriorly, using a translucent grid placed over the CT slice show-
ing maximum asymmetry. The average maximum asymmetry be-
tween the flattened and contralateral sides was 24% posteriorly
and 16% anteriorly. Significant improvements were seen post-
operatively (p < 0.05).

We propose a unifying theory which incorporates a common patho-
genesis for both deformational plagiocephaly and most cases of
lambdoid synostosis. According to this hypothesis, intra-uterine and/
or post-natal deformational forces are responsible for the primary
calvarial deformation. These forces initially act in a reversible man-
ner to produce the typical rhomboidal or parallelogram-shaped skull
deformity. However, with continued deformation, more enduring
secondary pathological changes may eventually occur in the
lambdoid suture and basicranium and may be more difficult to cor-
rect even if the offending deformational forces are removed or re-
versed. Future efforts shouid be directed toward similarly assess-
ing the results of both non-operative treatments such as positional
changes and molding helmets, and more aggressive surgical treat-
ments that have been advocated for this disorder.
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46. Experimental Acute Subdural Hematoma in Infant
Piglets

E. Shaver, MD, A. C. Duhaime, MD, L. Gennarelli,
R. Barrett (Philadelphia, PA)

Traumatic acute subdural hematoma is associated with high mor-
tality in the pediatric population, expecially in infants, yet the patho-
physiology remains poorly understood. The objective of this study
was to develop an infantile model of acute subdural hematoma in
a gyrencephalic animal, to see whether the large “infarctions” seen
in rodent models would be reproduced. Twelve 10-day-old piglets
were studied. A 5 mm burr hole was made in the right frontal skull,
and a small silastic tube was inserted into the subdural space and
secured with cyanoacrylate. A craniotomy (1.5 x 1.756 cm) was
made in the right parietal bone with the dura left intact (closed
cranial window). Injection of 2, 3, or 5 ml autologous, non-heparin-
ized blood was accomplished over 7 minutes through the silastic
tube. During the subdural injection, intracranial pressure rose to
62 + 8mm Hg, and returned to baseline within one hour. Mean
arterial biood pressure increased transiently. One animal demon-
strated bilateral posterior limb weakness for 24 hours; all other
animals were neurologically normal. Animais were sacrificed after
24 or 72 hours. Cresyl violet and hematoxylin and eosin staining
demonstrated extensive areas of necrosis under the hematoma in
all cases in which 5 cc were instilled and survival was 72 hours
(N=7). Zones of necrosis were sharply delineated from surround-
ing normal brain. No selective neuronal loss was noted in the non-
necrotic cortex or in the hippocampus. This is the first reported
pediatric model of acute subdural hematoma. This model confirms
the finding of significant delayed neuronal loss underlying the clot
in an immature animal, and can be used in future studies to inves-
tigate therapies designed to limit damage in this setting.
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47. Infant Head Injury Data Base: 20 Year Experience in
the Post-computed Tomography Era

John G. Piper, MD, Michael G. Muhonen, MD,
Matthew A. Howard, 1ll, MD, B. A. Bell, MD,
David Uttley, MD (lowa City, 10)

Atkinson Morley’s Hospital provides exclusive neurosurgical care
for southwest L.ondon (population 3 million) and was the first insti-
tution to employ computed tomography (CT). Between 1970 and
1990, 100 cases of infantile head injury (I age 9.2 months) were
reviewed retrospectively in an attempt to predict long-term out-
come from presenting signs and symptoms. The mechanism of
injury included 61 falls, 21 cases of child abuse, and 10 motor
vehicle accidents. Twenty-eight patients had subdural hematomas,
12 had cerebral edema without hemorrhagic lesion, eight had epi-
dural hematomas, 4 had cerebral contusions, and 2 had intraven-
tricular hemorrhage. Forty-five patients required operations, includ-
ing evacuation of hematomas, elevation of depressed skull
fractures, intracranial pressure monitoring, and shunt procedures.
At a mean follow-up of 10.5 years, 73 patients were normal, 8
exhibited developmental delay, 7 had residual fixed neurological
deficits and 12 patients were dead (two from unrelated ilinesses).
Magnitude of midline shift was significantly greater (p < 0.01) in
fatal vs. nonfatal outcome. Average midline shift was 13.4 mm in
those infants that died, 9.0 mm in those with residual deficits, and
1.8 mm in normals. Three patients with epidural hematomas ex-
hibited midline shift up to 15 mm and made full recoveries. Those
with fatal head injuries and subdural hematomas had significantly
lower GCS (5.0 and 9.1 respectively) than normals (11.2). This
review suggests that, exclusive of epidural hematomas, a poor
outcome from infantile head injury can be predicted from the ex-
tent of midline shift and initial GCS.
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48. Improved Qutcome for Accidental Traumatic Brain
Injury in Childhood Using “Standard” Therapy,
Aggressively Applied

James Callahan, MD, Robin Bowman, MD,
Thomas G. Luerssen, MD (Indianapolis, IN)

Since 1989 all pediatric patients admitted for the management of
traumatic brain injury have been treated with a standardized regi-
men aimed at keeping the ICP low and the systemic blood pres-
sure, intravascular volume, and fluid and electrolyte parameters
as normal as possible. Therapy of elevated ICP is escalated in
response to changes in cerebral compliance, prior to deterioration
of ICP and targeted to the presumed pathophysiology.

During this period, 420 patients were admitted for the manage-
ment of nonpenetrating traumatic brain injury. Using GCS (after
nonsurgical resuscitation) criteria, there were 64 (15%) severe in-
juries, 45 (11%) moderate injuries, and 311 (74%) mild injuries.
Basic therapies included mild hypothermia (T=34-35°C), sedation,
muscular paralysis and ventilatory support. Graded escalations of
therapies advanced through mild to moderate hyperventilation
(PaCO, 25-35) if indicated, osmotic diuresis, ventricular drainage,
severe hyperventilation if indicated, barbiturates, and profound
osmotic therapy using intravenous glycerol.

There were 16 deaths; an overall mortality of 4%. All head injury
related deaths occurred in patients presenting with a GCS of 5 or
less. Seven of the patients who died (43%)}, were brain dead on
arrival and were supported only to undergo evaluation as organ
donors. Therefore, the mortality for severe head injury (GCS 3-8)
in patients treated was 9/57 or 16%. Furthermore, in the patient
population with severe head injury, 12 were infants with
nonaccidental injury. When the mechanism of severe brain injury
was accidental, only 2 of 50 patients died.

In summary, aggressive medical therapy of elevated ICP and pre-
vention of systemic complications has resulted in an extremely low
mortality for accidental closed head injury in childhood. We will
present the characteristics of the patient population and the treat-
ment strategies.
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49. Surgical and Non-surgical Treatment of Traumatic
Epidural Hematomas In Children

David J. Donahue, MD, Jason Brodkey, MD,
Robert A. Sanford, MD, Donna Swain, MD,
Michael S. Muhlbauer, MD, Elizabeth Kirk, RN
(Memphis, TN)

In the past, traumatic epidural hematomas (EDH) in children have
been treated agressively with emergency surgery. Over the past 5
years, we have individualized treatment, avoiding surgery in neu-
rologically stable children with small EDH demonstrated on CT scan
without other intracranial injuries. Children with additional intracra-
nial pathology, massive or enlarging clots, or deteriorating clinical
status are surgical candidates.

From 1990 through 1993, 40 children were seen with traumatic
EDH at our hospital. The records and radiographs of 34 were avail-
able for review. Eighteen children underwent surgical evacuation
of their EDH. Sixteen were treated non-operatively. Average clot
volume was over six times greater in children who underwent sur-
gery than in those who were not operated. Length of hospital stay
averaged 9.6 days for children undergoing surgery and 5.5 days
for those whose EDH were treated nonoperatively. Outcome in the
non-operated group was excellent in every case.

The presence of epidural hematoma on the patient’'s CT scan is
not by itself an indication for surgery. Clinical grade, presence of
additional intracranial pathology, and clot size should all be consid-
ered in decisions regarding surgery.
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50. Frontal Lobe Changes after Severe Diffuse Closed
Head Injury in Children: A Brain Morphometric Study
of MRI

Harvey S. Levin, PhD, Derek Bruce, MD,
Phillip Berryhill, BS, Matthew Lilly, MA,

Dianne Mendelsohn, MD, Gilbert Hillman, PhD
(Baltimore, MD)

In view of the pathophysiology and biomechanics of severe closed
head injury (CHI) in children, we postulated that the frontal lobes
sustain diffuse injury, even in the absence of focal brain lesions
detected by magnetic resonance imaging (MRI). This study quan-
titated the morphologic effects of CHI on the frontal lobes in chil-
dren who sustained head trauma of varying severity. The MRls of
14 children who had sustained severe CHI (Glasgow Coma Scale
score of < 8) were compared to the findings in a matched group of
14 children having sustained a mild head injury (Glasgow Coma
Scale score of 13-15, unconsciousness of 20 minutes or less, nor-
mal neurologic findings, and no severe extracranial injury). The
patients ranged in age from 5-15 years at the time of MRI, which
was acquired at least three months postinjury. MRI revealed no
focal areas of abnormal signal in the frontal lobes. Volumetric analy-
sis disclosed that the total prefrontal cerebrospinal fluid (CSF) was
increased and gray matter volume decreased in the severe CHI
patients relative to the mildly injured comparison group. Gray mat-
ter volume was also reduced in the orbitofrontal and dorsolateral
regions of the severe CHI group relative to the children who sus-
tained mild head trauma. These volumetric findings indicate that
prefrontal tissue loss occurs after severe CHI in children, even in
the absence of focal brain lesions in this area. Nearly two-thirds of
the children who sustained severe CHI were moderately disabled
after an average postinjury interval of three years or more, whereas
12 of the 14 mild CH! patients attained a good recovery (iwo were
moderately disabled) by the time of study. Although this initial study
of brain morphometry after CHI in children was not designed to
isolate the contribution of frontal lobe damage to residual disability,
further research involving a larger sample is in progress to ad-
dress this issue.
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51. The Role of Apnea in Severe Nonaccidental Head
Injury

Dennis Johnson, MD, Raymond Baule, MD,
Danielle Boale, MD (Hershey, PA)

Severe nonaccidental head injuries in children have a poor prog-
nosis. The mechanism of injury is poorly understood because the
injury is seldom witnessed, but shaking has been accepted as the
most probable cause of injury. Dunhaime et al. have accumulated
convincing clinical and experimental evidence that impact plays a
pivotal role in the pathogenesis of a shaken baby syndrome. Com-
mon to both the shaking and the shaking-impact mechanisms are
the high mortality and morbidity despite lack of direct parenchymal

injury.

We have reviewed 30 cases of child abuse involving the central
nervous system. Twelve of the cases were discarded because the
records or films were inadequate or because there was inadequate
documentation for child abuse. Of the remaining children, 44 per-
cent demonstrated abnormal breathing at the scene of the injury,
78 percent of the children presented to the hospital with a seizure,
78 percent were intubated on admission, and 56 percent demon-
strated clear evidence of ischemic infarction on neuroimaging stud-
ies. Nine children had suffered impact injuries as defined by the
presence of a skull fracture and/or soft tissue swelling of the head.
Nine other children had suffered shaking injuries as confessed by
the perpetrator and evidenced by the lack of soft tissue swelling or
skull fracture. There was no significant difference between the shak-
ing and shaken-impact groups in the incidence of breathing abnor-
malities or radiographic ischemic changes.

We hypothesize that apnea is the trigger to the pathophysiologic
cascade culminating in the clinical manifestations of the shaken
baby syndrome and that the resulting ischemia/hypoxia is the fun-
damental brain insult rather than subdural hemorrhage, subarach-
noid hemorrhage, parenchymal shear, or brain contusion. More-
over, apnea can be caused by shaking alone or by shaking-impact.
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52. High-grade Astrocytomas in Children

Jeffrey W. Campbell, MD, lan F. Pollack, MD,
A. Julio Martinez, MD, Barbara Shultz, RN, BSN
(Pittsburgh, PA)

High-grade astrocytomas comprise roughly 10% of intracranial tu-
mors in children, and these tumors have been reported to carry a
better prognosis in children than aduits. To determine factors as-
sociated with long-term survival, we reviewed the medical records
of 31 children with non-brainstem high-grade astrocytomas who
were treated at the Children’s Hospital of Pittsburgh between
1975-1992, Histology was independently reviewed according to
the WHO classification system by a neuropathologist unaware of
the patients’ outcome; neuroimaging was reviewed to determine
extent of resection. Three patients who died perioperatively were
censored from further analysis.

Median survival for the remaining 28 patients was 18.5 months
with 10 patients (36%,) still alive in March, 1994 (median followup:
58.5 mo.; range: 25-124 mo.). Median progression-free survival
(PFS) was 10.5 months; 8 patients (29%) were without progres-
sion of disease (median: 66 mo.; range: 34-124 mo.). Extent of
resection at initial surgical intervention was strongly predictive of
PFS. 13 patients (48%) who underwent subtotal resection (< 90%)
and 7 patients (26%) who underwent near total resection (90-99%)
had median PFS of 5.5 months and 11 months respectively, re-
sults that are similar to those reported in adults. Only one such
patient remained free of progression. In contrast, none of the 7
patients (26%) who achieved gross total removal of tumor con-
firmed by postoperative neuroimaging had progression of disease
with a median followup of 72 months (range 34-124 mo.). Extent of
resection (gross total vs. subtotal/near total) strongly correlated
with both PFS and survival in multivariate analysis (p = 0.0002).
lL.obar location of tumor was alsc associated with improved PFS
on univariant analysis (p = 0.009) but lost significance in multivari-
ate analysis due to the greater correlation of extent of resection
with PFS. In addition, patients with anaplastic astrocytomas had a
significanly improved PFS when limiting the analysis 1o those with
lobar tumors that were incompletely resected (p = 0.018).
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Our results indicate that children with completely resected lobar
high-grade astrocytomas have a strikingly better prognosis than
children with radiologically evident residual tumor. These findings
support the role of cytoreductive surgery in the treatment of non-
brainstem high-grade astrocytomas in children. In addition, these
results provide evidence that certain childhood malignant
astrocytomas may constitute a biologically distinct group that by
virtue of their location or growth characteristics are uniquely ame-
nable to aggressive resection.

81



53. Results of Stereotactic Radiosurgery for Treatment of
Recurrent Ependymoma

Liliana C. Goumnerova, MD, FRCSC, N. J. Tarbell, MD,
A. Alexander, MD, Peter McL.. Black, MD, P. Barnes, MD,
R. M. Scott, MD, J. S. Loeffler, MD (Boston, MA)

From April 1988 until September 1993, 22 (21) patients with recur-
rent or residual (1) ependymoma were treated with stereotactic
radiosurgery (SRS). There were 2 adults and the remaining pa-
tients were children. All patients had received prior conventional
radiotherapy, 14 had received adjuvant chemotherapy. There were
8 anaplastic ependymomas. The site of disease treated was
infratentorial in 17 patients and supratentorial in 5. The median
dose was 1400 cGy administered in a single fraction prescribed to
the 90% isodose line. Tumor volumes ranged from 1.24 cubic cm
to 14.9 cubic cm. Follow-up ranged from 3 to 50 months. 18 pa-
tients developed radiographic changes consistent with effects of
radiosurgery. 13 patients required steroids for symptomatic
radionecrosis and 7 underwent reoperations. At time of surgery,
necrosis only was found in 4 patients, predominantly tumor in 2
and both tumor and necrosis in one. There were 16 deaths. The
remaining six patients are alive at 9, 10, 11, 12, 14 and 26 months
following treatment with SRS. Two of them have had reoperations
at which time no active tumor was identified histologically. Pat-
terns of failure were both local (site of primary disease) and distant
(supratentorial or spinal) with marginal failures occurring in 2 pa-
tients. We conclude that stereotactic radiosurgery can be adminis-
tered as a mode of palliation in patients with recurrent/residual
ependymoma. Symptoms of radionecrosis should be treated
promptly with steroids and/or reoperation to prevent permanent
lower cranial nerve dysfunction and its associated morbidity.
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54. Outcome Following Multidisciplinary Management of
Visual Pathway Gliomas

Leslie N. Sutton, MD, Pat Molloy, MD, Heidi Sernyak,
Peter Phillips, MD, Roger Packer, MD (Philadelphia, PA)

The feasibility of radical surgery for astrocytomas of the optic
chiasm/hypothalamus has recently been reported by several
groups. Such surgery carries significant risks, however, including
permanent damage to the pituitary gland, optic apparatus,
hypothalamic stuctures, and carotid arteries. The benefits of radical
surgery should thus be evaluated against standard therapy, as is
usually done for new chemotherapeutic protocols, both in terms of
efficacy and toxicity.

To this end, a retrospective review was performed of 33 patients
treated at CHOP between 1976 and 1991 which met criteria which
the author considered would have made them eligible for radical
surgery in many centers today, but were actually treated with ei-
ther no surgery or conservative surgery (< 50% resection) or bi-
opsy followed by adjuvant therapy with local radiation therapy (28
pts) and/or chemotherapy with actinomycin-D and vincristine (18
patients). The review encompassed all patients with a giobular
enhancing mass of at [east 2 cm in the hypothalamic/chiasmatic
region, no evidence of involvement of optic radiations by CT or
MRI scan, and follow-up of at least 3 years. All but 1 patient had
tissue confirmation, confirming a low-grade or pilocytic astrocytoma,
and 2 patients with malignant histology were excluded from analy-
sis. The mean age at diagnosis was 6.2 years. Thirteen of the
patients were 2 years of age or younger at diagnosis.

Five patients died, four of tumor progression and one of acute
shunt malfunction. Two of the patients who ultimately died under-
went radical removal of their tumors at recurrence following initial
therapy, but went on to die anyway. The remaining patients were
alive at last follow-up (3-19 years, average 9.6). Infants fared no
worse than older children in terms of survival. Functional status of
survivors was also reviewed. Of the 28 survivors, all but 3 patients
have vision in at least one eye such that they can read. 11 require
no endocrine medication. 16 are in, or have completed regular
school. 10 patients are older than 18 years of age at last follow-up.
One is lost to follow-up, but of the remaining 9, 5 graduated regular
high school, 4 attended college, 5 hold down jobs. Poor prognositic
factors for “quality of life” include NF1 and early age at XRT.

continued on next page
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if radical surgery is to become standard care for children with low-
grade astrocytomas of the hypothalamic/chiasmatic region, results
will have to equal or surpass those of historical controls, beth in
terms of long term survival and functional outcome.
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55. Chordomas in Children

A. Reisner, MD, Samuel F. Ciricillo, MD,
Paul G. Matz, MD, A. James Barkovich, MD,
Michael 8. B. Edwards, MD (San Francisco, CA)

Chordomas are primary bone tumors that arise from notochordal
vestigia. They typically present in adulthood, a feature that belies
their derivation from embryonic tissue. They are rarely encoun-
tered in the pediatric population (< 16 years). There is little infor-
mation regarding their clinical, radiographic or pathologic presen-
tation, and no concensus regarding treatment.

The records of eighty-three patients with pathologically-proven
chordomas treated at UCSF between 1981 and 1994 were reviewed
to identify patients < 16 years of age. Three patients were identi-
fied. The medical literature from 1920 was reviewed to identify pre-
viously reported pediatric chordomas. We identified 45 clival
chordomas, 10 vertebral chordomas, and 6 sacrococcygeal
chordomas in patients < 16 years of age. The data on these 61
patients and on our 3 patients forms the basis of this report.

Unlike adults, chordomas in children occur most commonly in the
sphenc-occipital region (approximately 60% of cases). Long tract
signs (65%) and cranial neuropathies (56%) are the most common
presenting signs. Other presentations include torticollis and failure
to thrive. A lack of contrast enhancement of a skull base tumor on
MR is suggestive, but not pathognomonic for chordoma.

We believe that aggressive surgical resection of the tumor and
postoperative proton beam irradiation is the treatment of choice
for children with chordomas. Specific management difficulties in-
volved in treating children with chordomas, including issues re-
fated to surgical accessibility, the role of adjuvant therapies, and
stability of the developing spine, are discussed.
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56. The Therapeutic Potential of Enhanced Chemotherapy
Delivery via Osmotic Opening of the Blood-brain
Barrier in Pediatric Brain Tumor Patients

Edward A. Neuwelt, MD, Suellen A. Dahlborg, RN, JD,
Annie Grummel, RN, ANP, Victoria Strider, RN, CNS,
John Crossen, PhD, Simon Roman-Goldstein, MD,
Mara Tableman, PhD (Portland, OR)

A series of 22 pediatric patients with a myriad of intracranial malig-
nancies [21 histologically confirmed including primitive
neuroectodermal tumor (n=5); CNS lymphoma (n=4); germ cell
tumor (n=3); brain stem glioma (n=3); high grade glioma (n=2);
ependymoma (n=2); acute lymphocytic leukemia (n=2); and 1 ra-
diographically documented with brain stem glioma] were entered
into a combination chemotherapy regimen in conjunction with os-
motic opening of the blood-brain barrier between August 1981 and
May 1993 with follow-up to May 1994. Patients ranged in age from
2 to 18 years (median = 11 years) with 14 females and 9 males.
Twelve patients received cranial radiation (including 3 with
craniospinal radiation) prior to referral. These 22 patients under-
went a total of 361 infusions (median = 16) with intraarterial
methotrexate or carbopiatin based chemotherapy with no proce-
dure related mortality and minimal morbidity. Patients receiving
carboplatin based therapy often experienced significant high fre-
quency hearing loss. Eight patients had complete radiographic re-
sponse (3 patients with primitive neuroectodermal tumor; 3 with
CNS lymphoma; and 2 with germ ceil tumor). Additionally, 3 of 4
brain stem glioma patients had an objective clinical response to
treatment. The majority of patients underwent extensive baseline
neuropsychologic testing with serial evaluations conducted on pa-
tients with complete response alive = 1 year from initiation of treat-
ment. Eight patients are currently alive 22 to 78 months from diag-
nosis including 5 with no evidence of disease. Patients with CNS
lymphoma, primitive neuroectodermal and germ cell tumors often
attain a complete response without cognitive loss and patients with
brain stem gliomas have attained palliation. The durability of re-
sponses is currently being assessed and increased accrual is an-
ticipated by establishing a multi-institutional blood-brain barrier treat-
ment program.
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57. Dynamics of the Frequency of Developmental
Abnormalities and Brain Tumours in Children
Before and After the Chernobyl Disaster

Yuri A. Orlov, MD, DSc, Sergey Y. Rasskazov, MD
(Kiev, Ukraine)

An analysis is presented of children with developmental abnor-
malities and brain tumours from 1981 through 1991. Congenital
hydrocephalus, spinal and brain hernias numbered 3881, brain
tumours — 1899 cases. The incidence of children asking medical
advice with developmental abnormalities rose during the last five
years by 63,7 % (hydrocephalus ~ 110,4 %, hernias ~ 29,3 %).
The incidence of brain tumours independent of the location, malig-
nancy grades and lace of residence of the patients in the territory
of the Ukraine rose during the last five years by 51,2 %. The prob-
lem is raised of including the above-mentioned pathology to the
State Register of Chernobyl accident sequalae.
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58. Pitfalls of Segmental Gadolinium Enhancement of
Pediatric Posterior Fossa Tumors

Robert A. Sanford, MD, James Langston, MD,
Brett Gunter, MD (Memphis, TN)

Pediatric brain tumors generally enhance vigorously with intrave-
nous Gadolinium on MR (magnetic resonance) imaging. Occasion-
ally astrocytomas especially pilocytic type show no enhancement.
The lack of tumoral enhancement presents significant problems
for the neuroradiologist and neurosurgeon when attempting to de-
termine postoperatively whether a gross total resection has been
achieved. The authors have previously described the pitfalls en-
countered in the assessment of total resections and have demon-
strated the efficacy of neuroimaging obtained within 36 hours post
surgery.

In this presentation we describe 35 children with posterior fossa
tumors in which a portion of the tumor enhances with Gadolinium
on MR scanning (33 medulloblastomas, 2 ependymomas) while a
portion failed to enhance.

During this period of time, 1989 to 1994, 121 posterior fossa tu-
mors were resected. There were 67 medulloblastomas, 16
ependymomas, 36 astrocytomas, and 2 others. We have not en-
countered a low grade astrocytoma with partial enhancement.

The non-enhancing portion must be recognized as tumor
preoperatively by the surgeon for adequate presurgical planning.
The postoperative images must be obtained within 36 hours post
resection and anatomical landmarks utilizing identical slices are
necessary to accurately assess the degree of resection since lack
of enhancement does not equate to total resection. In one child we
performed stereotaxic biopsy to confirm gross total resection.

lllustrative cases and imaging guidelines will be suggested.
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59. Surveillance Imaging in Children with PNET

Michael L. Levy, MD, William Gans, BS,

Ehud Mendel, MD, Haroid Pikus, MD,

Corey Raffel, MD, PhD, J. Gordon McComb, MD
(Los Angeles, CA)

Controversy surrounds the benefit of routine surveillance magnetic
resonance or computerized tomographic imaging for monitoring
children with a resected primitive neuroectodermal tumor (PNET).
A recent study reported that serial imaging studies detect only a
small minority of recurrences and that no patient with a recurrence
survived. We reviewed our experience of patients with PNET to
determine the incidence of recurrent PNET detected by surveil-
lance imaging alone compared to those children with symptoms
from recurrent tumor, as well as the potential difference in survival
time of the 2 groups.

The study group was 65 patients with PNET who presented to our
institution from 1985-1993. Twenty-five patients (17 males, 8 fe-
males) with a mean age at the initial diagnosis of 5.0 years were
found to have recurrent tumor (38%). Recurrent tumor was docu-
mented on routine imaging in 19 asymptomatic patients (76%),
and in 6 (24%) who were symptomatic. Following recurrence, all
but 6 patients underwent further treatment (chemotherapy, radia-
tion, and additional resection of tumor in various combinations).

Recurrences were found in asymptomatic children on the average
of 15.0 months after the initial diagnosis, and 4.7 months for pa-
tients with symptoms of recurrent tumor (p < 0.01). The survival
was, on the average, 27.3 months for asymptomatic patients and
15.2 months for those who were symptomatic (p < 0.05).

This study found that 19/25 children were diagnosed with recur-
rent PNET by surveillance imaging before becoming symptomatic.
In the future, better therapeutic modalities initiated early and be-
fore the onset of symptoms may alter the prognosis of patients
with recurrent PNET.
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60. Magnetic Resonance Imaging Within 24 Hours of
Craniotomy for Tumor in Children

Allen Oser, MD, Bruce A. Kaufman, MD, T. S. Park, MD,
Christopher Moran, MD (St. Louis, MO)

MRl is used in the evaluation of patients with neoplastic CNS dis-
ease, with early post-operative scanning thought to allow better
identification and quantitation of residual tumor. The accurate as-
sessment of residual tumor may be compromised by MR's exquis-
ite sensitivity to blood breakdown products and by non-neoplastic
contrast enhancement. We retrospectively reviewed the non-en-
hanced and enhanced MR scans of 15 patients obtained within 24
hours of craniotomy. The ability to define residual tumor and the
extent of non-neoplastic enhancement in the corticotomy and in
non-contiguous sites was assessed.

The presence or absence of residual tumor could not be deter-
mined in 54% of the patients; only large amounts of residual tumor
were easily seen. The short T1 signal of met-hemoglobin has been
thought to take several days to develop, but was detected in nearly
70% of our studies. This signal often interfered with the ability to
identify residual tumor or tumor enhancement. Enhancement of a
corticotomy (through brain not contiguous with neoplasmy) occurred
in 67%. There was enhancement of the cranial meninges remote
from the craniotomy site in 70% of the patients who had no dis-
seminated neoplasm.

MRI within 24 hours of craniotomy can reliably define gross tumor
resection, but accurate detection of small amounts of residual dis-
ease appears severely limited when using MRI alone, even if scan-
ning occurs within 24 hours of surgery, The bright T1 signal of met-
hemoglobin develops within this time period, and small amounts in
the resection bed severely impaired the ability to identify residual
tumor or enhancement. The high frequency of remote meningeal
enhancement precludes use of only the immediate post-operative
MR to diagnose disseminated neoplasm. Delineation of minimal
residual neoplasm may require the surgeon to correlate intra-
operative with MR findings, or the use of as yet undefined unique
MR techniques.
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61. Treatment of Childhood High Grade Glioma with Dose
Cyclophosphamide

Geoff McCowage, Henry S. Friedman, MD,
Herbert E. Fuchs, MD, PhD (Durham, NC)

Seventeen children (< 21 years old) were treated with high dose
cyclophosphamide (2g/m?/dose for two consecutive days each
month) followed by GM-CSF (250 ug/m? bid given subcutaneously)
as therapy of newly diagnosed or recurrent high grade glioma. Pa-
tients treated for newly diagnosed tumors were required to have
radiographic evidence of residual disease following initial surgical
intervention. Twelve patients had glioblastoma multiforme (GBM),
four with recurrent tumors and eight with newly diagnosed tumor.
The patients with recurrent tumors had received surgical interven-
tion (8), radiotherapy (3), and themotherapy (3). Five patients had
anaplastic astrocytoma (AA), three with newly diagnosed tumors
and two with recurrent tumor. Four of these twelve patients with
GBM demonstrated complete responses, all of whom had newly
diagnosed tumor. No patient with AA demonstrated a response.
Toxicity consisted of Grade 4 hematologic toxicity, primarily
neutropenia in all patients.

These results suggest that cyclophosphamide may be an active

agent against childhood GBM and warrants incorporation into a
multi-agent adjunctive therapy regimen.
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62. Protein Kinase C Isozymes in Malignant Glioma
Cell Lines

Timothy B. Mapstone, MD, G. Yancey Gillespie, PhD,
Jui-Chang Tsai, MD, Sumon Bharara, MS,
Corey K. Goldman, MD (Birmingham, AL)

Protein kinase C (PKC) denotes a complex family of closely re-
lated serine/threcnine protein kinase isoenzymes that can medi-
ate a wide range of signal transduction processes in cells. While
free fatty aids, notably phosphotidylserine, play a role in activation
of all members of this complex family, the conventional (o, B, B, V)
and novel (0, &, n, 8) PKC members are physiologically activated
by diacyl glycerol (DAG) generated by binding of various ligands to
their cellular receptors. The conventionalisoforms require Ca** for
activation while the novel isoforms do not. The few atypical PKC
isoforms ({, A) described are both Ca** and DAG-independent.

We have previously shown that malighant glioma cell lines stimu-
lated with growth factors Epidermal Growth Factor (EGF), Plate-
let-derived Growth Factor-BB (PDGF-BB) or basic Fibrobiast
Growth Factor (bFGF) variably use PKC-mediated pathways for
glioma cell growth promotion and to activate gene expression for
Vascular Endothelial Growth Factor (VEGF), a potent mediator of
tumor neovascularization and edema. Phorbol myristate acetate
(PMA) and Ca** can elicit a similar response and prolonged PMA
pretreatment can down-regulate this response by 50%. These data
suggest that DAG-independent PKCs may be involved. To narrow
the search for specific PKC-mediated mechanisms that could serve
as targets for PKC inhibitor drug therapy, we screened cell lines
from 11 gliomas, 2 neuroblastomas and a meningioma for PKC
protein and mRNA, using western biotting and reverse transcriptase-
polymerase chain reaction (RT-PCR). PKC isoforms «, & and ¢
were present in all cell lines by both techniques while PKC §, and
B, isoforms were notably absent in all glioma cell lines. However,
one commercially available PKCB-specific antibody gave contra-
dictory results due to an inappropriate cross-reactivity with an un-
known protein of approximately 65-70,000 daltons. Several other
antibodies to B, and B, isozymes did not detect this molecule. PKCy
was expressed unequivocally in 8 of 11 gliomas while PKC{ was
seen unequivocally in 7 and marginally in 4. These data confirm
and extend previous findings and provide a basis to examine the
role of specific isozymes in VEGF activation via EGF, PDGF-BB or
bFGF.
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63. Intracranial and Orbital Complications of
Pediatric Sinusitis

Walker L. Robinson, MD, M. Rothman, MD,

M. Mittelman, MD, Greg Heacock, MD, F. Mihari, MD,
P. Haney, MD, Gregg Zoarski, MD, W. Gray, MD,

D. Rigamonti, MD, Y. Numaguchi, MD (Baltimore, MD)

Upper respiratory infections and sinusitis are common problems in
the pediatric are group. A small subset of those patients will de-
velop severe intracranial and orbital problems despite antibiotic
therapy. The authors performed a four year retrospective cases
review of all pediatric inpatients presenting with complicated sinusitis
to a large urban university teaching hospital.

Intracranial or orbital complications of sinusitis were seen 17 pa-
tients (ages 1-15 years, 14 males, 3 females) over a four period.
All patients presented with findings referable to the complications,
during or just after completion of antibiotic therapy for URI, most
within one week of beginning treatment. All patients had direct ex-
tension of infection from the sinuses to adjacent structures. Most
presented with typical pediatric bacterial pathogens. The HIV sta-
tus was initially negative in all cases. One patient subsequently
converted to HIV positive over the next two years.

Computed tomography of the brain and/or orbit and/or sinuses was
performed in all 17 patients, with 15 receiving intravenous con-
trast. 13 patients also had magnetic resonance imaging of the brain,
all with Gd-DTPA. CT and/or MRI demonstrated the contiguous
location in all 15 cases, with a bony defect seen in 11 patients.

All of the sinuses were involved in various combinations, although,
no patient had disease limited to the maxillary sinuses. Treatment
consisted of surgical drainage and long-term (8-12 weeks) intrave-
nous antibiotic therapy.

CONCLUSION

Serious intracranial and orbital complications can occur secondary
to sinusitis and/or URI in nonimmunocompromised pediatric pa-
tients despite antibiotic therapy thought to be adequate for typical
childhood bacterial pathogens.

Patients typically presented early in the course of antibiotic therapy
due to the complications from contiguous extension of infection
from the paranasal sinuses to adjacent sites.
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1. Posterior Fossa Craniopharyngioma Presenting with
Deafness: Report of Three Cases and Review of the
Literature

Peter W. Carmel, MD, FACS, E. Sander Connolly, Jr., MD,
Christopher J. Winfree, BA (New York, NY)

The authors report three cases of giant cystic craniopharyngiomas
extending into the posterior fossa and initially presenting in child-
hood with either unilateral or bilateral deafness. Autopsy studies
and recent reviews show that while four percent of cranio-
pharyngiomas will have posterior fossa extension at initial opera-
tion, and twelve percent will subsequently develop this extension
during their course, only one patient in the literature has been shown
to present with deafness which preceded the more typical
suprasellar signs and symptoms of increased intracranial pressure,
endocrine disturbance, altered mentation, and visual deterioration.
Together these cases will be presented, the literature on posterior
fossa craniopharyngioma reviewed, and staged operative manage-
ment will be discussed.
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2. Strangulation Injury in Childhood

William C. Hanigan, MD, PhD, Robert A. Sabo, MD,
Kelly Flessner, RN, Jean Rose, RN, Mary Aaland, MD
(Peoria, IL)

Over the past four years, 7.4% of deaths due to strangulation in
Peoria County, lllinois involved children under 18 years of age.
Clinical review of a consecutive series of 12 children treated from
1985 to 1992 revealed an incidence of 33/10,000 ICU admissions
with a 6:1 male bias. Accidental causes were seen in 6 children
with suicide or auto-erotic causes prevalent in older children and
adolescents. Five children had behavior disorders prior to injury.
Six children required ventilatory assistance; 4 had pneumonia or
respiratory distress syndrome. Intracranial pressure (ICP) moni-
toring in 3 children failed to reveal sustained elevations. Ten chil-
dren were normal on follow-up; one child had mild sequelae and
one child showed severe disability. Values below 8 on the initial
Glasgow Coma Scale (GCS) and the requirement for ventilatory
assistance were associated with neurologic sequelae. Published
autopsy series indicated that 1-9% of strangulation deaths involved
children; epidemiological descriptions were similar to our series.
Clinical reports described 26 children with strangulation injuries.
Cervical injury was not seen. Pulmonary edema occurred in 11
(42.3%) children; 7 died or showed severe sequelae. Nine (34.6%)
children developed increased ICP; death or severe neurological
sequelae occurred in all these cases. These clinical data suggested
that the incidence of childhood strangulation was not uncommon
and that pulmonary damage and elevated ICP were frequent com-
plications. Initial values below 8 on the GCS were reasonable thera-
peutic guidelines for ICP monitoring; higher values indicated a good
prognosis. Continued awareness of the potential for accidental in-
jury in infants as well as self-destructive behavior in children with
behavior disorders may reduce the occurrence of these injuries.
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3. Cerebrovascular Hemodynamics in Children
Following Strangulation Injury

William C. Hanigan, MD, PhD, R. A. Sabo, MD,
K. Flessner, BN, J. Rose, RN, M. Aaland, MD,
J. Aldag, PhD (Peoria, IL)

Continuous cerebrovascular monitoring was obtained in 2 children
(10 and 13 years old) at 8-60 hours with global hypoxic-ischemic
injury following strangulation. Regional CBF was measured every
15 minutes with a subdural diffusion probe, ICP, MAP, end tidal
CO,, Pa,,, Pa,, and pH were measured in both children; cardiac
output (CO) and index (Cl), SvO,, and SaO, were measured in the
second child. Dopamine infusion and hyperventilation tested
autoregulation and CO, reactivity. Perfusion pressure (PP), intra-
cranial resistance (IR), CO, reactivity, and statistical analyses were
calculated with SPSS PC +V4.01 and Pearson correlations. Initial
coma scores were 5 and 4. Both children demonstrated reactive
hyperemia (mean CBF = 91.0 and 80.8 ml/100g/min) with mean
CO, reactivities of 1.8 and 1.96. Significant increases for both vari-
ables occurred during observation. Mean PP was 66.8 and 72.2
mm Hg and positively related to CBF. Autoregulation was absent in
the first child; significant positive responses of CBF to levels of
Pa,, were seen in both children. Mean IR was 0.72 and 0.95 mm
Hg\mm/100g/min. ICP was not elevated but positively related to
CBF for both children. CBF was not related to CO, Cl, arterial pH,
or Pa,,. In summary, reactive hyperemia associated with cerebral
vasodilatation was seen in two children following global hypoxic-
ischemic injury. Autoregulation was absent in one child. CO, reac-
tivity showed gradual increases over time with intact but limited
responses of CBF to levels of Pa, . ICP was not elevated but
positively associated with levels of CBF suggesting that severe
hyperemia or unregulated therapeutic elevations of PP may result
in intractable elevations of ICP in noncompliant systems.

98



4,

WITHDRAWN

99



5. Andrew Arendt—First Pediatric Neurosurgeon in
Russia

Boleslav L. Lichterman
(Russian Postgraduate Medical Academy, Moscow)

First attempts of neurosurgical treatment of pediatric cases were
reported in Russia in the middle of 19-th century. The articles on
surgical correction of encephalocele and myelocele and treatment
of hydrocephalus by repeated ventricular and lumbar punctures
with subsequent tight bandaging of the head appeared in 1880-ies
and 1890-ies Russian surgical periodicals.

But it was Andrew Arendt (1890-1965) who became first pediatric
neurosurgeon. Pediatric beds appeared at the Burdenko Neu-
rosurgical Institute in Moscow as early as 1935. Forty-bed pedi-
atric neurosurgical department was opened there in 1946. It was
headed by AndrewArendt, who published the first monograph “Hyd-
rocephalus and Its Surgical Treatment” in 1948. There he analysed
about 100 hydrocephalic cases and described new approaches in
their preoperative evaluation and surgical treatment. In order to
differentiate communicating and occlusive forms of hydrocephalus
he used a special liquorodynamic test by simultaneous ventricular
and lumbar puncture. The occlusive forms were treated mostly by
suprachiasmal perforation of lamina terminalis. The lumboperito-
neal drainage using omentum was advocated as an option for
communicating hydrocephalus. Overall mortality rate was 10%.

Arendt’s impact on pediatric neurooncology should also be men-
tioned. In 1953 he reported 600 cases of brain tumors in infants
and children. One third of them were emergency cases which had
to be operated on because of increasing ICP and brain edema due
to CSF blocade. Arendt proposed his own modification of prolonged
(3-5 days) drainage of lateral ventricles prior to surgery.

He had several pupils and was a founder of Moscow school of
pediatric neurosurgery. Arendt was the editor of the first Russian
“Manual on Pediatric Neurosurgery” published in 1968 after his
death.
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6.  Cerebrospinal Fluid Shunts Do Not Grow Old
Joseph H. Piatt, Jr., MD (Portland, OR)

Cerebrospinal fluid (CSF) shunt survival was studied using actu-
arial statistical techniques. Six hundred seventy one operations to
insert or to revise CSF shunts were performed at Oregon Health
Sciences University between 1976 and 1989. The cumulative sur-
vival of CSF shunts seemed to fall into two distinct phases: Through
the first 8 months shunt survival fell rapidly to 68%. After this point
shunts failed at a slower, steady rate through the end of the 10
year follow-up study period. The second phase of the cumulative
survival curve conformed very closely to an exponential decay
model with a monthly failure rate of 0.53%. There was great vari-
ance in measured monthly shunt failure rates, but regression analy-
sis suggested only a very slight, upward trend from the eighth month
through the tenth year; this trend did not attain statistical signifi-
cance. Changes in the properties of shunt materials, deposition of
debris within the lumen of the shunt catheter, and other gradual,
time-dependent processes may play some role in late shunt fail-
ure, but statistical modeling of the late phase of the shunt survival
curve suggests that such processes, which may be referred to in
the aggregate as “growing old,” account for only a small fraction of
CSF shunt failures in follow-up as long as 10 years. The causes of
late shunt failure are poorly understood.

101



7. Split Notochord Syndrome: Duplication of Spinal
Column, Spinal Cord and Large Bowel with
Associated “Mature Teratoma” — An Attempt at
Twinning?

Nizam Razack, MD, Larry K. Page, MD (Miami, FL)

Split notochord syndrome includes a cleft of the vertebral column
associated with malformation of the central nervous system and
gastrointestinal tract. Fourteen cases involving the lumbosacral
spine have been reported in the literature. We will report a female
neonate who had intact function of her lower extremities, a poste-
rior midline lumbar defect bounded by two complete spinal canals
that contained two spinal cords. A meningocele, a large bowel fis-
tula and a mature teratoma protruded through the cleft. The baby
is doing well after repair of the anomaly and placement of a
ventriculoperitoneal shunt. We will discuss the embryological and
neurosurgical aspects of this case, which appears to bridge the
gap from split notochord to fetus-in-fetu.
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8. The Biomechanics of Hydrocephalus—A Numerical
Model

Samuel Neff, MD, Ravi Subramaniam, PhD
(Camden, NJ)

This report describes a model which simulates ventricular defor-
mation and the development of brain edema in hydrocephalus.
The basic mechanics of ventricular distension can be described
using computer modeling techniques, but previous work has been
limited by the difficulty of incorporating cerebrospinal fluid flow dy-
namics and interstitial edema.

The model determines the interactions among the deformation of
porous brain parenchyma, the movement of interstitial fluid through
extracellular spaces, fluid flow in and out of blood vessels, and
fluid production and drainage in the ventricles. Using finite-element
numerical techniques, an iterative process alternately solves for
the fluid dynamics and mechanical deformation until convergence
is reached.

The model consists of elastic blocks representing cellular conglom-
erates of white and gray matter, with a viscous, incompressible
interstitial fluid in the intervening spaces. Blood vessels with po-
rous boundaries are incorporated into the fluid model to simulate
the exchange of fluid between the interstitial space and blood ves-
sels. The ventricular area consists of fluid elements with source
(or sink) terms that simulate the production (or withdrawal) of cere-
brospinal fluid.

The input geometry for the calculation is a two-dimensional axial
cut of the brain obtained from the computed tomographic scan of a
patient.

The results show that incorporating current knowledge of cere-
brospinal and interstitial fluid dynamics into modeis allows for bet-
ter understanding of the biomechanics of hydrocephalus.

Work supported by the resources of the Pittsburgh Supercomputing
Center under the Biomedical Initiative, Grant #DMB920019F, and
through a University of Medicine and Dentistry of New Jersey Fac-
ulty Research Support Grant,
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9. Simulation of Normal Cranial Growth and
Craniosynostosis Using Non-linear Finite
Element Analysis

Samuel Neff, MD, Ravi Subramaniam, PhD
(Camden, NJ)

The scientific basis for the treatment of craniosynostosis rests on
an extensive body of empirical and experimental evidence that has
allowed the delineation of qualitative principles of skull growth. Us-
ing a computer model, we build on these principles to demonstrate
the response of the growing skull to disease states and predict the
results of therapeutic interventions.

We use an elastoplastic finite-element formulation to model the
growth of the skull. We defined points on the cranium and skull
base of a neonate, then interpolated additional points, and use
these to define elastoplastic elements representing bone and su-
ture. The effect of brain growth is incorporated as a constant out-
ward pressure, resulting in a distracting force on the sutures. The
sutures have a time- and position-dependent plasticity. During the
simulated growth of each model, the edges of the sutures harden
(Young’s modulus increases) while the centers stretch according
to their plasticity, resulting in an enlargement of the skull. Remod-
elling of the bone occurs though the action of a creep function.
Calculated results consisting of 3-D skull shapes are rendered us-
ing a graphics workstation.

The basic model simulates the normal growth of the cranium. By
constraining one suture, the model also demonstrates features of
sagittal or coronal synostosis.

The results suggest that much of normal cranial shape and some
of the pathology of cranial growth can be explained by the principle
of growth at sutures according to the resultant of stresses from
internal pressure generated by brain growth.
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10. Reflections on the Natural History of
Lipomyelomeningocele

Paul M. Kanev, MD, Karin S. Bierbrauer, MD
(Philadelphia, PA)

Lipomyelomeningocele (LMM) is the most common malformation
leading to spinal cord tethering. With the recent decline in the preva-
tence of myelomeningocele because of folic acid supplementation,
LMM may become the most common lesion of spinal dysraphism.
The natural history of patients with untreated LMM however has
not been established and ethical considerations have precluded
randomized prospective study of the efficacy of surgical repair.
The clinical characteristics of patients with LMM cared for at
Children’s Medical Center in Seattle, Washington, and Hospital for
Sick Children in Toronto, Ontario, have been retrospectively ana-
lyzed to derive relationships of patient age, neurological function
and the natural history of untreated lipomyelomeningocele. Sixty-
five children patients (37%) had a normal neurological examina-
tion on initial presentation whereas focal deficits were present in
112 patients. Neurological deficits were progressive and inverse
logarithmic deterioration occurred with increasing patient age. The
plot intercept points predictall patients will eventually develop neu-
rological deficits and that a small proportion of children will already
have deficits at birth. Each child with intact examination retained
normal neurological following LMM repair and release or cord teth-
ering; complications of surgery were limited. Neurological deficits
were not influenced by stalk attachment anatomy or size of the
lipoma stalk, subcutaneous mass or intramedullary lipoma. Our
analysis suggests that surgery on patients with intact function of-
fers greater long term protection of critical function than is offered
by conservative management and expectant care. We recommend
repair of lipomyelomeningocele at the time of diagnosis regardless
of patient age or neurological function.
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11. Development of Subcortical Pathways in the
Mammalian Basal Ganglia: The Thalamostriatal
Projection

Cornelius H. Lam, MD, Abbas F. Sadikot, MD, PhD
(Montreal, Quebec)

The mechanism of the formation of the subcortical pathways in the
developing brain is not well known. Such information may provide
clues to the pathogenesis of infantile movement disorders and also
have important implications for cell transplantation in the damaged
adult CNS. This study looks at the development of the
thalamostriatal pathway by using biotinylated anterograde tracers
injected stereotaxically into the parafascicular and midline nuclei
in newborn and neonatal rats aged one week apart. The animals
were sacrificed under deep anesthesia by transcardial perfusion
with aldehydes. The brains were sectioned and processed for rev-
elation of tracers using immunohistochemical methods (avidin-bi-
otin complex technique and diaminobenzidine tetrahydrochloride
as a chromogen). Adjacent sections were processed for calcium
binding protein (CaBPD-28k), a marker for the matrix compart-
ment of the chemically heterogeneous mammalian striatum. We
have determined that the thalamostriatal projection from the pos-
terior intralaminar nuclei is established by P1 and is selective to
the matrix compartment of the striatum. Further studies are under
way which will determine the precise prenatal time of origin of the
thalamostriatal pathway with specific attention to its relationship to
the mosaic organization of the developing striatum.
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12.  Upper Body Motor Improvement Following Selective
Dorsal Rhizotomy: A Patient/Parent Survey

Frederick Boop, MD, Mark Cobb, MD, Charles Teo, MD,
Sharon Ratcliffe, RN (Little Rock, AR)

Selective dorsal rhizotomy (SDR) has now gained acceptance as
the procedure of choice for the remediation of spasticity related to
cerebral palsy. Although the procedure is performed in the lumbar
region, spasticity throughout the body appears to be improved. In
order to assess how this impacts upon the quality of life of individu-
als having undergone this procedure, we performed a survey of 52
patients and their parents in whom we have long-term follow up.
The survey involved a mailed questionnaire or telephone contact
to determine whether SDR offered improvement in, no change, or
worsened performance in ambulation, chewing, swallowing, speak-
ing, balance, handwriting, or upper extremity dexterity. The survey
was returned by 41/52 families (79%).

Results are tabulated as follows:

improved nochange worsened

chewing 20% 70% 2%
swallowing 20% 68% 5%
speaking 27% 66% 0%
balance 73% 22% 5%
handwriting 41% 1% 0%
ambulatory status 63% 10% 27%
overall 85% 7% 7%

This survey suggests that, in children with cerebral palsy, SDR
may afford improvement in spasticity throughout the body. As such,
SDR may afford benefits beyond that of improved ambulation alone.
The specific implications of the survey results, parents comments,
and the relationship between changes in ambulatory status and
improvements elsewhere in the body will be discussed.
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13. Percutaneous Endoscopic Shunt Recanalization—
A Laboratory Model

Jogi V. Pattisapu, MD, Kay Taylor, RN, BSN,
Revathi Narayanan, BE (Orlando, FL)

A significant number of shunt malfunctions are due to proximal
catheter occlusion. It has been shown that choroid plexus and fi-
broblasts have greater adherence to shunt components, and in-
growth of these tissues frequently occlude the shunt lumen. The
commonly used diagnostic shunt tap may be modified to perform
endoscopic intraluminal shunt recanalization.

A laboratory model was developed to simulate proximal catheter
occlusion, and the feasibility of endoscopic recanalization was ex-
plored. Twenty-four ventricular catheters were placed in fibroblast
gel cultures and implanted in the dorsal subcutaneous tissue of 10
laboratory rats. After 1, 2, and 4 weeks, intraluminal dissection
was performed using 0.5mm endoscopes and specially developed
needle bipolar electrocautery. Distal occlusion with a Fogarty/PTCA
balloon allowed forceful irrigation, facilitating the dissection and
protecting the distal shunt mechanism from coagulation debris.
Thermocouples were placed in the agar and tissues to measure
temperature and define safety parameters. Microscopic analysis
for structural damage of shunts was performed

The experimental design reproduced anatomical features of proxi-
mal shunt occlusion, and the shunt lumen was recanalized under
direct visualization confirming shunt patency. Eartier laboratory stud-
ies from our institution confirmed the feasibility of intraluminal la-
ser dissection of shunts during a diagnostic shunt tap.

Once refined, this minimally invasive therapeutic shunt tap may be
considered in certain patients with proximal shunt malfunctions
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14. The Influence of Electric Fields on a Model Epileptic
Focus

Duc H. Duong, MD, Taeun Chang,
Steven J. Schiff, MD, PhD (Washington, DC)

Electric fields are well known to influence the synchrony of neu-
ronal populations. Whether electric fields can modify the activity of
an epileptic focus has to our knowledge never been explored. In
this report, we examine the effect of pulsed dc electric fields on the
frequency of spontaneous bursting in a model epileptic focus. We
employ the high potassium hippocampal slice, which generates
spontaneous burst firing activity similar to interictal spikes in the
CAB. Electric fields were generated from platinum subdural elec-
trodes placed in the perfusion bath. We performed 378 experimen-
tal trials on 10 slices from 10 rats and examined the effect of field
polarity, current intensity and stimulation duration on firing frequency.
The average interburst interval did not correlate significantly with
polarity (one-way ANOVA, p = 0.96). Average interburst interval
showed a significant correlation with stimulus duration at 200 and
400 ms when the slices were placed horizontally with the CA3
oriented towards the positive electrode (p = 0.030 and 0.004, re-
spectively). As a function of current, there was significant average
interval changes for currents of 4, 6 and 8 ma (p = 0.024, < 0.001
and < 0.001, respectively). Multipie regression analysis showed
average interval correlated positively with both stimulus duration
and current (R2 = 0.66 with p < 0.0001 and R2 = 0.064 with p =
0.0028, respectively). We conclude that the CA3 burst firing activ-
ity in high potassium can be altered by electric fields. These find-
ings may be applicable to human focal epilepsy.
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15. CDK-4 Amplifications and MTS-1 Deletions Are Not a
Common Feature in an Unselected Panel of Pediatric
Brain Tumors

Joseph Petronio, MD, C. David James, PhD,
Ju He, MD, Jim Allen, PhD (Atlanta, GA)

Recent work demonstrates that mutations and deletions of Mul-
tiple Tumors Suppressor-1 (MTS-1), a proto-oncogene located on
chromosome 9p21, occur in a very large percentage of melano-
mas, astrocytomas, esophageal cancers and other tumors of
diverse origin. Unpublished work in our laboratory shows that al-
terations in either the MTS-1 gene product (p16), or its ligand,
cyclin-dependent kinase-4 (CDK-4) are found in nearly all glioma
cell lines derived from adult tumors that have been tested to date.
CDK-4gene amplifications are also found in approximately 14% of
primary glioblastomas and malignant astrocytomas, but are not
common in low-grade adult primary tumors. Accordingly, we have
begun screening primary pediatric brain tumors without regard to
level of malignancy or cell type in order to determine if the cyclin
dependent kinase-p16 pathway is involved in the development or
progression of these malignancies. Preliminary screening of ge-
nomic tumor DNA by polymerase chain reaction (PCR) arnplification
of all four MTS-1 coding exons reveals no homozygous MTS-1
deletions in a series of 12 tumors tested (including 3 pilocytic or
low-grade astrocytomas, 1 anaplastic astrocytoma, 1 glioblastoma,
1 neuroblastoma, 1 neuroectodermal carcinoma, 1 ependymoma,
1 neurofibroma, and 1 hamartorna). Using similar PCR amplifica-
tion techniques, we have been unable to detect any CDK-4 gene
amplifications. Hybridization analysis using a CDK-4 DNA probe
confirms that there are no highly amplified CDK-4 genes in any of
the tumors tested. Direct DNA sequencing, Northern hybridiza-
tion, and PCR-single strand conformation polymorphism
(PCR-SSCP) analyses, currently underway, will further define the
role of this p16-CDK-4system in the development of pediatric brain
tumors.
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16. Expression of Heme Oxygenase and Hsp72 mRNA in
Rat Brain After Focal Cerebral Ischemia

Leslie N. Sutton, MD, Ellen G. Shaver, MD,
Frank A. Welsh, PhD, Eric L. Zager, MD
(Philadelphia, PA)

Heat-shock proteins are induced during cerebral ischemia and may
be protective. Expression of the 72kDA heat-shock protein, hsp72
during ischemia has been documented to reduce infarct volume.
Other heat-shock proteins, such as heme oxygenase may be in-
duced during ischemia and confer protection. The objective of this
investigation was to evaluate the expression of heme oxygenase
mRNA as well as that of hsp72 after transient focal ischemia.

A blunted suture model was used to produce right MCA occlusion
in Wistar rats for 1 and 2h. After recovery for 2 and 24h, expres-
sion of heme oxygenase and hsp72 mRNA was detected using in
situ hybridization. Histology was evaluated by acid fuschin stain-
ing. Strong hsp72 mMRNA expression was detected in all animals in
the 2h recovery group. In contrast, after 24h recovery, hsp72 mRNA
expression was present only in MCA region of right cortex, while
heme oxygenase was induced in the basal ganglia, in the perim-
eter of an infarct zone.

This study demonstrates that heme oxygenase mRNA is expressed
after 24h in a different region of the brain than that of hsp72 mRNA.
This is the first study to demonstrate in vivo heme oxygenase mRNA
expression after cerebral ischemia. Heme oxygenase catalyzes
the initial step of heme metabolism in which heme is converted to
bilirubin, which may act as an oxidant to limit damage by free radi-
cals produced during ischemic conditions. Future studies of the
heme oxygenase pathway may resuit in a clinically useful method
of reducing infarct size after cerebral ischemia.
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17. Mutational Analysis of the p53 Tumor Suppressor
Gene in Pediatric Astrocytomas

Bruce 8. Chozick, MD, Arno H. Fried, MD
(Providence, Rl)

Multiple gene abnormalities occur in human astrocytomas. Inacti-
vation of the p53 tumor suppressor gene by mutation is linked to
the malignant progression of adult astrocytomas. However, the role
of p53 mutations in pediatric astrocytomas is not well-defined. In
order to assess the involvement of p53 inactivation in pediatric
astrocytomas, tissues from 12 juvenile pilocytic astrocytomas
(JPAs) and 4 diffuse, fibrillary astrocytomas (2 low-grade
astrocytomas, 1 anaplastic astrocytoma, and 1 glioblastoma
multiforme) were analyzed for the presence of mutations in exons
5, 7, and 8 of the p53 gene using single strand conformation poly-
morphism (SSCP) and sequence analysis of DNA amplified by the
polymerase chain reaction. In addition, p53 protein immunohis-
tochemistry using a monoclonal antibody (PAb 1801, Oncogene
Science) was performed on paraffin-embedded tissues to detect
p53 inactivation by binding of wild-type to mutant p53 proteins.
None of the JPAs demonstrated abnormalities on SSCP analysis,
DNA sequencing, or immunohistochemistry. Among the diffuse
astrocytomas, 1/2 low-grade tumors contained occasional cells with
p53 immunoreactivity, but neither tumor had a p53 mutation. How-
ever, strong p53 immunoreactivity was found in the anaplastic
astrocytoma corresponding with a SSCP shift in exon 8 due to a
frame-shift mutation in codon 273. p53 abnormalities were not
detected in the glioblastoma multiforme. These data indicate that
p53 inactivation does not contribute to JPA tumorigenesis. On the
other hand, loss of p53 function by mutation is associated with the
progression of some pediatric fibrillary astrocytomas, suggesting
that the molecular pathways of tumorigenesis in adult and pediat-
ric fibrillary astrocytomas are not necessarily mutually exclusive.
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18. The Back of the Head: A Novel Approach To
Lambdoid Synostosis

Richard S. Polin, MD, Mark E. Shaffrey, MD,
Christopher Bogaev, MD, John A. Jane, MD, PhD
(Charlottesville, VA)

True lambdoid synostosis appears to be an uncommon condition.
On the other hand, positional flattening is commonly seen. Neither
the indications for surgery nor the proper technique have been
established. Our criteria for intervention are simple. In the pres-
ence of true radiographic synostosis we recommend surgery. With
positionai flattening, judgment made in concert with the parents as
to the magnitude of the cosmetic deformity determines whether or
not we will intervene. Although we have published previous de-
scriptions of the technique, we feel the present methods, which
are applicable for any situation in which the posterior part of the
head is flat and a round projection is desired, provides optimum
results.

The patient is positioned prone and a biparietal scalp incision made
leaving periosteum with bone. Bilateral parasaggital strips are
formed and the remaining bone over the saggital suture carefully
freed. After large parietal-occipital flaps are removed, a posterior
osteotomy over the suture at the posterior fontanelie is made and
using bone obtained from the strip craniectomies, the midline bone
is expanded as a “natural bridge” and held in place using a single,
long curved microplate. The parietal-occipital bone flaps are then
sutured in place to conform to the new bone shape using barrel-
stave osteotomies to round the lateral occipital region. Case re-
ports and post-operative results are demonstrated.
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19. Determinism, Control, and Anti-control in a Model
Epileptic Focus

Steven J. Schiff, MD, PhD, Duc H. Duong,
Taeun Chang, Kristin Jerger, Mark L. Spano,
William L. Ditto (Washington, DC)

Following the recent theoretical prediction that chaotic physical sys-
tems might be readily controllable, there has been successful ap-
plication of this technique to physical and biological (cardiac) sys-
tems. One of the hallmarks of the human epileptic brain are interictal
spikes. The high potassium /n vitro hippocampal brain slice prepa-
ration exhibits population burst-firing activity that shares many physi-
ological similarities with interictal spikes. We sought to determine
whether such in vitro neuronal bursting activity was controllable.

Transverse slices 400 um thick were prepared from the hippocam-
pus of 125-150 gm female Sprague-Dawley rats, and placed in an
interface perfusion chamber at 32-35°C. Following the introduc-
tion of 8.5 mM KCl in the perfusate, trials were conducted of com-
binations of chaos control, periodic pacing, and the inverse of chaos
control which we term - anti-control.

Ninety-one experimental trials were performed on 22 slices from 9
rats. Good control of this neuronal circuit was achieved in 14/52
chaos control trials, 8/19 trials using periodic pulses, and in 5/21
attempts at anti-control.

This is the second successful report of control of a chaotic biologi-
cal system, and the first attempt in brain. Anti-control offers the
ability to break up periodic behavior. Such techniques may be ap-
plicable to human epileptic foci.

Supported by NIH 1-R29-MH50006-01.
(Portions of this study are in press in Nature).
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20. Management of Postoperative Pain in Pediatric
Patients

David F. Jimenez, MD, Rick Boyer, MD,
Constance Barone, MD, Jo Anne Kirk, BN
(Columbia, MO)

A significant amount of pain and discomfort can be associated
with complex surgical procedures {(craniofacial, spinal, etc.). Ap-
propriate pain control is paramount in this patient group during the
early postoperative period. A protocol using a continuous intrave-
nous infusion of Dilaudid® at a rate of 0.001-0.003mg/kg/hr was
instituted in 29 patients during the first 24 hour postop period. There
were 18 males and 11 females. The mean age was 6.5 years (2.9
months-16 years). Twenty patients underwent craniofacial surgi-
cal procedures, 5 patients had spinal procedures, 3 patients had
tethered cord release and 1 patient had a craniotomy for brain
tumor. Using a pediatric pain scale, parental and physician obser-
vations, all patients were found to have adequate and sufficient
levels of analgesia and comfort. There were no complications as-
sociated with this pain control regiment. The use of intravenous
Dilaudid drip in the pediatric populations appears to be an effec-
tive, safe and consistent way of obtaining and maintaining analge-
sia during the early postop period in pediatric patients.
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414/437-1900

Active



Brown, Jeffrey Alan, MD
Med. Coll. of Ohio

Dept. of Neuro.

Toledo, OH 43699-0008
419/381-3547

Active

Bruce, Derek A., MD
1935 Motor St.
Dallas, TX 75235-7794
214/640-6660

Active

Buchheit, William A., MD
Temple Univ. Health Ctr.
3401 N. Broad St.
Philadelphia, PA 19140
215/707-4068

Active

Cahan, Leslie D., MD
1505 N. Edgemont St.
Neuro./Rm. #4141

Los Angeles, CA 90027
213/667-4703

Active

Canady, Alexa lrene, MD
Children’s Hosp. of Michigan
3901 Beaubien

Detroit, Ml 48201
313/833-4490

Active

Carmel, Peter W., MD
UMDNJ/Div. of Neuro.

90 Bergen St., Suite #7300
Newark, NJ 07103-2757
212/305-5208

Active

Chadduck, William M., MD
Childrens National Med. Ctr.
111 MichiganAve., N.W.
Washington, DC 20010
202/745-3020

Active

Chapman, Paul H., MD
Massachusetts Gen. Hosp.
Fruit St.

Boston, MA 02114
617/726-3887

Active

Cheek, William R., MD
Clinical Care Center, #350
6621 Fannin MC 3-3435
Houston, TX 77030
713/770-3950

Active

Choux, Maurice, MD
Hopital Des Enfants

De La Timone, Cedex 5
Marseille, 13385
France

International

Cogen, Philip Harry, MD, PhD
Univ. of Chicago/Neuro.

5841 S. Maryland, MC-3-26
Chicago, IL. 60637
312/702-2123

Active

Cohen, Alan R., MD

Case Western Reserve Univ,
11100 EuclidAve.
Cleveland, OH 44106
Active

Coulon, Richard A., Jr. MD
Qchsner Clinic/Neuro.
1514 Jefferson Hwy.

New Orleans, LA 70121
504/838-4033

Active

Crone, Kerry R., MD
Children’s Hosp. Med. Ctr.
Elland and BethesdaAves.
Cincinnati, OH 45229
513/559-4726

Active
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Dagi, T. Forcht, MD

993 F. Johnson Ferry Rd.
Atlanta, GA 30342
404/256-2633

Active

Davidson, Robin 1., MD

Univ. Massachusetts Med. Ctr.
55 LakeAve., N./Neuro.
Worcester, MA 01655
508/856-3079

Active

Davis, Dudley H., MD
Mayo Clinic/Neuro.
200 First St., SW.
Rochester, MN 55905
507/284-4871

Active

Di Rocco, Concezio, MD
Univ. Cattolica/Neurochirurgia
Largo Gemelli 8

Rome, 00168

ftaly

396/301-5449

International

Dorsen, Michael, MD
2905 San Gabriel, #310
Austin, TX 78705
512/474-8765

Active

Drake, James M., MD
Hospital for Sick Children
555 University Ave., #1518-C
Toronto, ON M5G 1X8
Canada

416/813-6125

Active

Duhaime, Ann-Christine, MD
Child. Hosp. of Philadelphia
34th & Civic Ctr, Bivd./Neuro.
Philadelphia, PA 19104
215/590-2780

Active



Duncan, Charles Cecil, MD

Yale Univ. Sch. of Med./Neuro.

P.O. Box 208039

New Haven, CT 06520-0839
203/785-2805

Active

Edwards, Michael S. B., MD
UCSF/Div. of Ped. Neuro.
533 ParnassusAve., U-126
San Francisco, CA 94143
415/476-1087

Active

Eisenberg, Howard M., MD
Div. of Neuro.

22 S. Greene St,,

Rm. $12D-10

Baltimore, MD 21201
410/328-3514

Active

Epstein, Mel H., MD
110 Lockwood St.
Suite #346
Providence, Rl 02903
401/444-8701

Active

Erasmus, Mark D., MD
522 Lomas Bivd., N.E.
Albuguerque, NM 87102
505/247-4253

Active

Faillace, Walter J., MD
University Med. Ctr.
653 W. Eighth St.
Jacksonville, FL 32209
904/549-3950

Active

Fell, David A., MD
Neurological Surgery Inc.
6767 S.Yale

Tulsa, OK 74136-3302
918/492-7587

Active

Fischer, Edwin G., MD
110 Francis St.

Suite #3B

Boston, MA 02215
617/632-9795

Active

Flannery, Ann Marie, MD
Medical College of Georgia
1120 15th St./Neuro.
Augusta, GA 30912-4010
404/721-3071

Active

Foltz, Eidon L., MD

UCH Medical Center

P.O. Box 14091

Orange, CA 92613-4091
714/634-5775

Active

Freed, Michael H., MD
825 Washington St.
Suite #100

Norwood, MA 02062
617/769-4640

Active

Fried, Arno H., MD

New York Med. Coll./Neuro.

Munger Pavilion
Valhalla, NY 10595
914/285-8392
Active

Gahm, Norman H., MD
100 RetreatAve.

Suite #705

Hartford, CT 06106
203/278-0070

Active

Galicich, Joseph H., MD
Memorial Hospital

1275 YorkAve.

New York, NY 10021
212/639-7056

Active
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Gallo, Anthony E., Jr. MD
4855 SR 105-S
Grayland, WA 98547
206/268-0957

Active

Gamache, Francis W,, Jr. MD
New York Hosp./Neuro.

525 E. 68th St., Rm, St-627
New York, NY 10021
212/746-2388

Active

George, Richard E., Jr. MD
Medical Office Plaza

3502 9th St., Suite #240
Lubbock, TX 79415
806/743-3083

Active

Godersky, John C., MD
2841 De Barr Rd., Suite #34
Anchorage, AK 99508
907/258-6999

Active

Goodrich, James T,, MD
Dept. of Neuro./Montefiore
111 E. 210th St.

Bronx, NY 10467
718/920-4196

Active

Goumnerova, Liliana C., MD
Children’s Hospital-Bader 3
300 Longwood Ave.

Boston, MA 02115
617/735-6364

Active

Greene, Clarence S., Jr. MD
101 The City Dr., S., #313
Orange, CA 92668-3201
213/426-4121

Active



Guido, Laurance J., MD
174 Hubbell Ln.
Fairfield, CT 06430
203/255-8790

Active

Gutierrez, Francisco A., MD
707 N. Fairbanks Ct.

Suite #199

Chicago, IL 60611
312/726-6330

Active

Haase, Jens, MD

Aalborg Sygehus/Neurochir.
Reberbansgade,

Post Boks 561

Aalborg, 9100

Denmark

Active

Hahn, Joseph F., MD
Cleveland Clinic

9500 EuclidAve., S80
Cleveland, OH 44195
216/444-5802

Active

Hahn, Yoon Sun, MD

Loyola Univ./Pediatric Neuro.
2160 S. First/Bldg. 54, #261
Maywood, IL. 60153
708/216-3485

Active

Haines, Stephen J., MD
Box 96 Mayo

420 Delaware St.,, S.E.
Minneapolis, MN 55455
612/624-6666

Active

Hammargren, Lonnie L., MD
3196 S. Maryland Pkwy.

Las Vegas, NV 89109
702/735-7272

Active

Hammock, Mary Kathryn, MD
8650 Sudiey Rd.

Suite #200

Manassas, VA 22110
703/551-2225

Active

Handler, Michael H., MD
1010 E. 19th St

Suite #605, Tammen Hall
Denver, CO 80218
303/864-6015

Active

Hanigan, William C., MD PhD
214 N.E. Glen OakAve.

Suite #500

Peoria, IL 61603
309/676-0766

Active

Harwood-Nash, Derek C., MD
Hosp. for Sick Children
Neuro. Radiologist

Toronto, ON M5G 1X8
Canada

416/813-6025

Associate

Hawkins, John C., Il MD
1871 Montgomery P1.
Jacksonville, FL 32205
904/388-6516

Active

Heafner, Michael D., MD
1010 Edgehili Rd., N.
Charlotte, NC 28207
704/376-1605

Active

Heffez, Dan S., MD
Chicago Inst. of Neuro,
428 W. Deming P,
Chicago, IL 60614
312/883-8585

Active
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Hellbusch, Leslie C., MD
8905 Douglas Ct.
Omaha, NE 68114
402/390-8177

Active

Hemmy, David C., MD
20611 Watertown Rd.
Suite J

Waukesha, WI 53186
414/798-9897

Active

Hendee, Robert W., Jr. MD
4710 Lookout Mtn. Cove
Austin, TX 78731

Active

Hendrick, E. Bruce, MD
63 LeggettAve.
Etobicoke, ON M3P 1X3
Canada

416/244-3507

Lifetime

Hoffman, Harold J., MD
Hospital for Sick Children
555 UniversityAve., #1504
Toronto, ON M5G 1X8
Canada

416/813-6426

Active

Holbrook, Thomas J., Jr. MD
3330 Medical Park Rd.

Suite #310

Columbia, SC 29203
803/256-7112

Active

Holienberg, Robert D., MD
McMaster Univ. Med. Ctr,
Dept. of Surgery/Rm. #4U4
Hamilton, ON L8N 3Z5
Canada

416/521-2100

Active



Hudgins, Roger, MD
5455 Meridan Mark Rd.
Suite #540

Atlanta, GA 30342
404/255-6509

Active

Humphreys, Robin P, MD
Hospital for Sick Children
555 UniversityAve., #1504
Toronto, ON M5G 1X8
Canada

416/813-6427

Active

James, Hector E., MD
7930 Frost St.

Suite #304

San Diego, CA 92123
619/560-4791

Active

Jane, John A, MD PhD
Univ. of Virginia
Neurosurgery/Hospital
Box 212

Charlottesville, VA 22908
804/924-9753

Active

Johnson, Dennis L., MD
400 Roseland
Hummelstown, PA 17036
Active

Johnson, John K., MD
Greenville Neuro. Group
27 Memorial Medical Dr.
Greenville, SC 29605
803/295-3600

Active

Johnson, Martin, MD
2800 N. Vancouver
Suite #106

Portland, OR 97227
503/287-2646

Active

Johnson, Mary M., MD
5555 Peachtree Dunwoody
Suite #337

Atlanta, GA 30342
404/256-4510

Active

Joseph, Allen S., MD
7777 Hennessy Blvd.
Suite #10000

Baton Rouge, LA 70808
504/769-2200

Active

Kalsbeck, John E., MD
Riley Children’s Hosp.

702 Barnhilf Dr.

Indianapolis, IN 46202-5200
317/274-8910

Active

Kaney, Paul M., MD

53 N. Mascher St.
Philadelphia, PA 19106
215/427-5196

Active

Kasoff, Samuel S., MD

New York Med. College/Neuro.
Munger Pavillion Rm. #329
Valhalla, NY 10595
914/285-8392

Active

Kaufman, Bruce A., MD
St. Louis Children’s Hosp.
1 Children’s PI./Neuro.
St, Louis, MO 63110
314/454-2812

Active

Kelly, David L., Jr. MD
Bowman Gray Sch. of Med.
Medical Center Blvd./Neuro.
Winston-Salem, NC
27157-1029

910/716-4049

Active

122

Klein, David M., MD

690 Fearrington Post
Pittsboro, NC 27312
Active

Knierim, David S., MD
Director Pediatric Neuro.
L.oma Linda Univ Childrens
Hosp

Loma Linda, CA 92354
Active

Kosnik, Edward J., MD
Chatham Viliage Prof. Bldg.
931 Chatham Ln.
Columbus, OH 43221
614/457-4880

Active

Kril, Merv, MD

158 Qakdale St.
Redwood City, CA 94062
415/299-2290

Active

Laurent, John P., MD
Clinical Care Ctr.,, MC 3-3435
6621 Fannin, Suite #950
Houston, TX 77030
713/770-3950

Active

Laws, Edward R., Jr. MD
Univ. of Virginia/Neuro.

Health Sciences Ctr., Box 212

Charlottesville, VA 22909
804/924-2650
Active

Lipow, Kenneth |., MD
267 Grant St.
Bridgeport, CT 06610
203/384-3805

Active



Loeser, John D., MD

Pain Center

Univ, of Washington RC-95
Seattle, WA 98195
206/548-4429

Active

Loffman, Morris D., MD
15211 Vanowen St.
Suite #102

Van Nuys, CA 91405
818/782-5111

Active

Longo-Cordero, Rafael, MD
Calle Rochester 911
University Gardens

Rio Piedras, PR 00927
Active

Louis, Kenneth M., MD
3000 E. FletcherAve.
Suite #340

Tampa, FL 33613-4645
813/977-3776

Active

L.uerssen, Thomas G., MD

James Whitcomb Riley Hosp.

One Children’s Square
Indianapolis, IN 46202
317/274-8852

Active

Magid, Gail A., MD
1661 Soquel Dr., F
Santa Cruz, CA 95065
408/476-8900

Active

Magram, Gary, MD
4106 Kennett Pike
Greenville, DE 19807
302/651-5981

Active

Manwaring, Kim Herberi, MD
Phoenix Children’s Hosp.
909 E. Brill St.

Phoenix, AZ 85006
602/239-4880

Active

Mapstone, Timothy B., MD
Div. of Neuro./CHOA

1600 7thAve., S,
Birmingham, AL 35233
205/939-9653

Active

Marlin, Arthur E., MD
Methodist Plaza

4499 Medical Dr., Suite #397
SanAntonio, TX 78229
210/615-1218

Active

Mawk, John R., MD

2222 N.W. Lovejoy

Suite #512

Portland, OR 97210-5103
503/725-1777

Active

McCallum, Jack E., MD
1522 Cooper St.

Fort Worth, TX 76104
817/336-1300

Active

McComb, J. Gordon, MD
1300 N. Vermont Ave.
Suite #906

Los Angeles, CA 90027
213/663-8128

Active

McLanahan, C. Scott, MD
Charlotte Neuro.Assoc.
1010 Edgehill Rd., N.
Charlotte, NC 28207
704/376-1605

Active
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McLaurin, Robert L., MD
250 William Howard Taft Rd.
Suite #210

Cincinnati, OH 45219-2664
513/221-0400

Active

McLone, David Gordon, MD PhD
Children's Mem. Hosp.

2300 Children’s Plaza, Box 28
Chicago, IL 60614
312/880-4373

Active

Meacham, William F., MD
Neuro. Assoc./4230 Harding Rd.
709 Medical Plaza, E.

Nashville, TN 37205
615/383-3342

Active

Mealey, John, Jr. MD
Indiana Univ. Med. Ctr.

545 Barnhill, Emerson #139
Indianapolis, IN 46202
317/274-8549

Lifetime

Menezes, Arnold H., MD
Univ. of lowa Hosp.
Dept. of Neuro.

lowa City, 1A 52242
319/356-2768

Active

Meyer, Glenn A, MD
9200 W, WisconsinAve.
Milwaukee, Wi 53226
414/454-5404

Active

Michelsen, W. Jost, MD
Montefiore Med. Ctr.
111 E. 210th St./Neuro.
Bronx, NY 10467-2430
718/920-4196

Active



Milhorat, Thomas H., MD
State Univ, of NY/HSC-
Brooklyn

Box 1189, 450 Clarkson Ave.
Brooklyn, NY 11203-2098
718/270-2111

Active

Miller, Clinton F., MD
330 Borthwick Ave.
Suite #108
Portsmouth, NH 03801
603/433-4666

Active

Moiel, Richard H., MD
3656 Ella Lee Ln.
Houston, TX 77027-4105
713/797-1160

Lifetime

Montes, Jose L., MD
Montreal Children's Hosp.
2300 Tupper St./Rm. C-811
Montreal, PQ H3H 1P3
Canada

514/934-4492

Active

Montoya, German, MD
1801 CookAve.
Orlando, FL 32806
407/425-7470

Active

Morrison, Glenn, MD
3200 S.W. 680 Ct.
Suite #301

Miami, FL. 33155
305/662-8386

Active

Moyes, Peter D., MD
2210 W. 40th

Apt. #303

Vancouver, BC V6M 1W6
Canada

604/266-4881

Active

Muakkassa, Kamel F.,, MD
130 W, Exchange St.
Akron, OH 44302
216/376-1902

Active

Muhlbauer, Michael S., MD
930 Madison Ave.

Suite #600

Memphis, TN 38103
901/522-7761

Active

Murtagh, Frederick, MD
Univ. of Pennsylvania Hosp.
3400 Spruce St.
Philadelphia, PA 19104
215/662-3490

Lifetime

Myles, Terence, MD

1820 Richmond Rd., S.W.
Calgary, AB T2T 5C7
Canada

403/229-7805

Active

Nadell, Joseph M., MD
Children's Hospital

200 Henry ClayAve,
New Orleans, LA 70118
504/899-0575

Active

Nagib, Mahmoud G., MD
305 Piper Bldg.
800 E. 28th St.

Minneapolis, MN 55407-3799

612/871-7278
Active

Nagle, Richard C., MD
3000 Colby

Suite #101

Berkeley, CA 94705
510/843-0261

Active
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Nazar, Gregory, MD
5008 Long Knife Run
Louisville, KY 40207
Active

Nijensohn, Daniel E., MD
340 Capitol Ave.
Bridgeport, CT 06606
203/336-3303

Active

Nirmel, Krishna, MD

10 Union St.

Natick, MA 01760-4710
508/650-1022

Active

O’Brien, Mark Stephen, MD
1900 Century Bivd.

Suite #4

Atlanta, GA 30345
404/321-9234

Active

Oakes, W. Jerry, MD
Children’s Hosp. of Alabama
Suite #400

Birmingham, AL. 35233
205/939-6914

Active

Page, Larry Keith, MD
1501 N.W. Ninth Ave.
Miami, FL. 33136
305/547-6946

Active

Pang, Dachling, MD
Univ. of California, Davis
2516 Stockton Blvd,
Sacramento, CA 95817
916/734-3658

Active



Parent, Andrew D., MD
Univ. of Miss. Med. Ctr.
2500 N. State St.
Jackson, MS 39216
601/984-5702

Active

Park, Tae Sung, MD

St. Louis Childrens Hospital
1 Children’s Pl., Rm. 1546
St. Louis, MO 63110
314/454-2810

Active

Penix, Jerry 0., MD
607 Medical Tower
Norfolk, VA 23507
804/622-5325
Active

Piatt, Joseph H., MD
3181 8.W. Sam Jackson
Park Rd.

Div. of Neuro. (L-472)
Portland, OR 97201-3098
503/494-8070

Active

Pittman, Hal Watson, MD
Barrow Neurological Inst.
2910 N. 3rd Ave.
Phoenix, AZ 85013
602/285-3468

Active

Portnoy, Harold D., MD
1431 Woodward Ave.
Bloomfield Hills, MI 48302
313/334-2568

Active

Pudenz, Robert H., MD

574 Garfield Ave.

South Pasadena, CA 91030
Active

Raffel, Corey, MD

1300 N. Vermont Ave.
Suite #906

Los Angeles, CA 90027
213/663-8128

Active

Raimondi, Anthony J., MD
Villa Monteleone

37020 Gargagnago
Verona, 37100

italy

Active

Reigel, Donald H., MD
320 E. North Ave.

7th Fl., South Tower
Pittsburgh, PA 15212
412/359-4765

Active

Rekate, Harold Louis, MD
Barrow Neurological Inst,
2910 N. 3rd Ave.
Phoenix, AZ 85013
602/285-3632

Active

Reynolds, Arden F,, Jr. MD
Magan Medical Clinic

420 W. Rowland St.
Covina, CA 91723
818/331-6411

Active

Roberts, Theodore S., MD
Univ. of Washington/Neuro.
RI-20, P.O. 102487
Seattle, WA 98195
206/526-2544

Active

Robinson, Walker L., MD
Univ. of Maryland Hosp.
22 S. Greene St./Neuro.
Baltimore, MD 21201
410/328-5714

Active

125

Rosenblum, Bruce R., MD
29 Route 34 N.

Suite #103

Colts Neck, NJ 07722
908/462-4401

Active

Rosenthal, Alan, MD

Long Island Neuro. Assoc.
410 Lakeville Rd.

New Hyde Park, NY 11042
516/354-3401

Active

Rothman, Allen S., MD
1160 Fifth Ave.

Suite #106

New York, NY 10029
212/289-5451

Active

Sanford, Robert A., MD
Semmes-Murphy Clinic

930 MadisonAve., Suite #600
Memphis, TN 38103
901/622-7700

Active

Sato, Osamu, MD
Dept. of Neuro.
Bo-Sei Dai Isehara
Kanagawa, 259-11
Japan
Interational

Saunders, Richard, MD
Dartmouth-Hitchcock Med. Ctr.
1 Medical Ctr. Dr./Neuro.
Lebanon, NH 03756
603/650-8730

Active

Scarff, Timothy B., MD

33 S.W. Upper Riverdale Rd.
Suite #25

Riverdale, GA 30274
404/997-0600

Active



Schut, Luis, MD

Children's Hosp. Philadelphia
34th and Civic Ctr. Bivd.
Philadelphia, PA 19104
215/590-2780

Active

Scott, R. Michael, MD
Children’s Hosp./Bader 3
300 LongwoodAve./Neuro.
Boston, MA 02115
617/735-6011

Active

Seljeskog, Edward L., MD
2805 Fifth St., S.

Suite #110

Rapid City, SD 57701-7306
605/341-2424

Active

Selker, Robert G., MD
Western Pennsylvania Hosp.
4800 Friendship Ave./Neuro.
Pittsburgh, PA 15224
412/578-4400

Active

Shallat, Ronald F., MD
3000 Colby St.

Suite #101

Berkeley, CA 94705
510/843-0261

Active

Shapiro, Kenneth N,, MD
1935 Motor St.
Dallas, TX 75235-7794
214/640-6660

Active

Shillito, John, Jr. MD
300 LongwoodAve.
Dept. of Neuro.
Boston, MA 02115
617/735-6012

Active

Simmons, James C., MD
190 Grove Park Rd.
Memphis, TN 38117
901/522-7700

Lifetime

Sklar, Frederick H., MD
1935 Motor St.
Dallas, TX 75235-7794
214/640-6660

Active

Smith, Harold P., MD

300 20th Ave., N., #506
Nashville, TN 37203-2115
615/329-7840

Active

St. Louis, Phillip G., MD
1801 CookAve.
Orlando, FL 32806-2913
407/425-7470

Active

Stein, Sherman Charles, MD
Dept. of Surgery

3 Cooper Plaza, Suite #411
Camden, NJ 08103
609/342-2701

Active

Steinbok, Paul, MD

B.C. Children's Hosp.

| C 4480 Oak St.
Vancouver, BC V6H 3V4
Canada

604/875-2094

Active

Storrs, Bruce B., MD

Med. Univ. of South Carolina
171AshleyAve., 428-CSB
Charleston, SC 29425-2272
803/792-2422

Active
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Stringer, Douglas L., MD
2011 HarrisonAve.
Panama City, FL. 32405
904/769-3261

Active

Stringer, Merle Preston, MD
2011 Harrison Ave.

Panama City, FL. 32405
904/769-3261

Active

Sukoff, Michael, MD
801 N. Tustin

Suite #406

Santa Ana, CA 92705
714/834-1303

Active

Susen, Anthony F., MD
504 Remora Circle
Fripp Island, SC 29920
412/682-5900

Lifetime

Sutton, Leslie N., MD
Child. Hosp. of Philadelphia
34th & Civic Center Blvd.
Philadelphia, PA 19104
215/590-2780

Active

Taekman, Michael S., MD
3000 Colby

Suite #101

Berkeley, CA 94705
510/843-0261

Active

Tew, John M., Jr. MD
Mayfield Neuro. Inst.
506 Oak St.
Cincinnati, OH 45219
513/569-5251

Active



Tomita, Tadanori, MD
Children’s Mem. Hosp.
2300 Children’s Plaza
Chicago, IL 60614
312/880-4373

Active

Tulipan, Noel, MD
8533 McCrory Ln.
Nashville, TN 37221
615/322-7417
Active

Turner, Michael S., MD
1801 N. Senate Blvd.
Suite #5635
Indianapolis, IN 46202
317/926-5411

Active

Uscinski, Ronald H., MD
3301 Woodburn Rd., #209
Annandale, VA 22003
301/654-6688

Active

Venes, Joan L., MD
27517 Via Montoya

San Juan Capistrano, CA
92675

Active

Ventureyra, Enrique C., MD
401 Smyth Rd.

Ottawa, ON K1H 8L1
Canada

613/737-2316

Active

Vries, John Kenric, MD
Univ. of Pittsburgh

217 Victoria Bldg.
Pittsburgh, PA 15261
412/624-1650

Active

Wald, Steven L., MD
10 Grove Ln.
Shelbure, VT 05482
802/656-8226

Active

Waldman, John B., MD
Albany Med. Coll.

Div. of Neuro., A-61
Albany, NY 12208
518/445-5088

Active

Walker, Marion L., MD
Primary Children’s Med. Ctr.
100 N. Medical Dr.

Salt Lake City, UT 84113~
1100

801/588-3400

Active

Walsh, John Willson, MD
6411 Fannin, Box 61
Houston, TX 77030
713/793-6445

Active

Waltz, Thomas A., MD
Scripps Clinic

10666 N. Torrey Pines
La Jolla, CA 92037
619/554-8920

Active

Ward, John D., MD
Virginia Commonwealth
Univ,

Neuro., MCV Station, Box
631

Richmond, VA 23298
804/786-9165

Active

Weiss, Martin H., MD
LAC/USC Med. Ctr., Box
786

1200 N, State St.

Los Angeles, CA 90033
213/226-7421

Active
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Wernick, Shelley, MD
2350 W. Villard Ave.
Room #101
Milwaukee, Wi 53209
414/462-9697

Active

White, Robert Joseph, MD
PhD

MetroHealth Med. Ctr.

2500 MetroHealth Dr.
Cleveland, OH 44109-1998
216/459-4383

Active

Willman, Philip J. A., MD
3006 S. Alameda St.
Corpus Christi, TX 78404
512/883-1731

Active

Winfield, Jeffrey A., MD PhD
750 E. Adams St.

Syracuse, NY 13210
315/464-4470

Active

Winston, Ken R., MD
1950 Ogden, B467
Denver, CO 80218
303/861-3995

Active

Woodward, Meredith V., MD
110 N. Valeria St.

Suite #401

Fresno, CA 93701
209/264-6800

Active

Yamada, Shokei, MD
Loma Linda Univ. Sch. of
Med.

Rm. #2539/Neuro.

Loma Linda, CA 92350
714/824-4417

Active



Zakalik, Karol, MD Zanetti, Paul Henry, MD
Wm. Beaumont Hosp. 3006 S. Alameda St.
3535 W. 13 Mile Rd., Suite 504 Corpus Christi, TX 78404
Royal Oak, Ml 48073 512/883-1731
313/551-3020 Active

Active

Zampella, Edward J., MD
10 Parrott Mill Rd.

P.O. Box 808

Chatham, NJ 07928
201/635-2597

Active
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Zavala, L. Manuel, MD
Neuro. Office/fSCYMC
7518. BascomAve.
San Jose, CA 95128
408/299-5762

Active






