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GENERAL INFORMATION

REGISTRATION DESK LOCATION AND HOURS:

October 5-8, 2004, Dresden
Kempinski Hotel Taschenbergpalais
Lobby
Tuesday, October 5
Wednesday, October 6
Thursday, October 7

HOTEL INFORMATION
October 5-8, 2004

Kempinski Hotel Taschenbergpalais
Taschenberg 3

D-01067 Dresden

Germany

10:00 am - 7:00 pm
7:30 am - 6:00 pm
7:30 am - 6:00 pm

Phone: 011-49-35149120

FAX:

011-49-351 49 1281«
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PROGRAM SUMMARY

TUESDAY, OCTOBER §

EVENT TIME
Bus transportation to 10:30 am
Dresden

Arrival at Kempinski 1:30 pm
Taschenbergpalais

Registration 10:00 am
Lobby

Scientific Session 2:30 pm
Opening Reception 715 pm

PROGRAM FOR SPOUSES

Afternoon Tea 2:30 pm

LOCATION

Departing from
Four Seasons Lobby
Hotel

— 7:00 pm Taschenbergpalais

— 6:45 pm Kurflrstensaal A

—10:15 pm Bel Etage

Bel Etage



PROGRAM SUMMARY

WEDNESDAY, OCTOBER 6

EVENT TIME
Registration 7:30am - 6:00 pm
Business Breakfast 7:30 am - 8:30 am
Meeting

For American Academy Members Only
Business Breakfast 7:30am - 8:30am
Meeting

For German Academy Members Only

Guest/Spouse Breakfast 7:30 am - 10:30 am
Scientific Session 8:30 am -12:30 pm

Snack Buffet 5:00 pm - 6:30 pm

PROGRAM FOR SPOUSES

Guided bus tour to 8:30am - 1:00 pm
Meissen & Meissen
Porcelain Factory

Walking tour through 2:00 pm - 4:00 pm
the heart of Dresden

Golf 1:30 pm

Tennis 1:30 pm

OFFSITE EVENT

Semper Opera 7:00 pm - 9:45pm

Performance of
Beethoven's “Fidelio”

10

LOCATION
Hotel Lobby

Kurfurstensaal B

Bel Etage

Bel Etage
Kurfurstensaal A

Bel Etage

Departure from
hotel lobby

Departure from
hotel lobby

Elbflorence course

Tennis Club "Blau Weif}
Dresden e.V."

within walking distance
(2-5 minutes)
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PROGRAM SUMMARY

THURSDAY, OCTOBER 7

- 6:00 pm

— 8:30 am

- 8:30 am

EVENT TIME
Registration 7:30 am
Business Breakfast 7:30 am
Meeling
For American Academy Members
Only
Business Breakfast 7:30 am
Meeting

For German Academy Members Only

Guest/Spouse Breakfast 7:30 am

Scientific Session 8:30 am
PROGRAM FOR SPOUSES
Guided tour of Old 9:45 am
Masters Gallery of Arts

Or

Guided tour of Museum 10:00 am
of the Green Vauit Treasury

Presidential Address 12:15 pm

Bus tour to the baroque  2:00 pm
hunting lodge, “Schloss

Moritzburg”

Golf 1:30 pm
Tennis 1:30 pm
DINNER

Cocktail Reception 7:00 pm

Black Tie Dinner and 7:30 pm
Dance

1

—10:30 am

— 1:00 pm

-11:30 am

-11:30 am

-~ 1:00 pm

- 500 pm

~ 7:30 pm

LOCATION
Hotel Lobby

Kurfurstensaal B

Bel Etage

Bel Etage

Kurfarstensaal A

Departure from
hotel lobby

Kurfurstensaal A/B

Departure from
hotel lobby

Elbflorence course

Tennis Club “Blau Weif}
Dresden e.V."

Residence Castle
Residence Castle
(within walking
distance, 2-5 minutes)



PROGRAM SUMMARY

FRIDAY, OCTOBER 8
EVENT

Breakfast for members,
guests, and spouses

TIME

6:30 —10:30 am
(on your own )

12

LOCATION

Bel Etage
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SOCIAL ACTIVITIES FOR SPOUSES

Tuesday, October 5
2:30 pm
7:15pm - 10:15 pm

Wednesday, October 6
7:30am - 10:30 am
8:30am- 1:.00 pm

1:30 pm

2.00pm- 4:30 pm

5:00pm- 6:30 pm
7.00pm- 9:45pm
Thursday, October 7

7:30am - 10:30 am

9:45am- 11:30 am
or

10:.00am - 11:30 am

12215pm- 1:00 pm
1:30 pm
2:.00pm- 5:00 pm
7:00pm-~ 7:30 pm
7:30 pm

Friday, October 8
(on your own)

Afternoon tea at the Bel Etage
Opening reception at the Bel Etage

Guest/spouse breakfast at the Bel Etage

*Guided bus tour to the 1000-year-old town of
Meissen (includes a guided tour of the renowned
Meissen Porcelain Factory).

Departs from the hotel lobby.

*Golf at Elbflorence Course or Tennis at Tennis Club
“Blau Weill Dresden e.V.”

*Guided walking tour through the historical heart of
Dresden, including Royat Palace, the Zwinger, and
the Cathedral. Departs from the hotel lobby.

Snack buffet at the Bel Etage

*Semper Opera Performance of Beethoven’s
“Fidelio”

GuesVspouse breakfast al the Bel Elage

*Guided walking tour of the Old Masters Gallery of
Arts

*Guided walking tour of the Museum of the Green
Vault Treasury. Departs from the hotel lobby.
Presidential Address Kurfurstensaal A/B8

*Golf at Elbflorence Course or Tennis at Tennis Club
“Blau Weil} Dresden e.V."

*Guided bus tour to the baroque hunting lodge,
“Schloss Moritzburg™, 18™ century residence of King
August the Strong during hunting season.

Departs from the hotel lobby.

Cocktail reception at the Residence Castle (within
walking distance)

Black Tie Dinner and Dance at the Residence Castle

Breakfast for all members, guests, spouses at the Bel
Etage

* Activities require prior registration.
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SCIENTIFIC PROGRAM
Joint Meeting of the American Academy of Neurological Surgery,
the German Academy of Neurosurgery and the German Society of
Neurosurgery, Dresden, Germany

October 5-8, 2004
TUESDAY, OCTOBER 5 DRESDEN
2:30-2:45 pm Reflections on Joint Meetings between the

American Academy of Neurological Surgery
and German Neurosurgeons.

Rudolf Fahlbusch

2:45-4:30 pm Scientific Paper Presentations,
Moderators: James Rutka, Hans-Peter
Richter

2:45-3:00 pm Cortical and Striatal Migration of

Endogenous Adult Stem Cells from the
Sub-ventricular Zone and Posterior Peri-
ventricular Region in Response to Stroke.
Robert J Dempsey, KA Sailor

3:00-3:15 pm Genetic Variants of Matrix
Metalloproteinase Genes and their inhibitors in
Patients with Intracranial Aneurysms.
Dietmar Krex, IR Kénig, A Ziegler,
HK Schackert, G Schackert

3:15-3:30 pm Downregulation of Potassium Channels
after Subarachnoid Hemorrhage: a
Possible Mechanism for Cerebral
Vasospasm.
BS Jahromi, Y Aihara,
GW Weyer, E Nikitina, M Agbaje-Williams, D
Ryan, R Yassari, Robert Loch Macdonald

3:30-3:45 pm Prospective Evaluation of Surgical
Microscope Based Indocyanine Green Video
Angiography in Aneurysm Surgery.
Andreas Raabe, P Nakaji, J Beck,
J Kamerman, V Seifert, RF Spetzler

ST o T o T o B T B B o B B A B B B
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TUESDAY, OCTOBER 5 (continued)

3:45-4:00 pm

4:00-4:15 pm

4:15-4:30 pm

4:30-4:45 pm

4:45-6:45 pm

4:45-5:00 pm

5:00-5:15 pm

Multivariate Analysis of a Consecutive
Prospective Series of Carotid
Endarterectomies.

Robert E Harbaugh, A Agarwal, V Chinchilli

A Phase lla, Muiticenter, Double-blind,
Placebo-controlled, Randomized Study

to Assess the Safety and Tolerability of the
Selective Endothelin A (ETA) Receptor
Antagonist Clazosentan (AVX-034343) for
the Prevention of Cerebral Vasospasm,
Following Severe Aneurysmal Subarachnoid
Hemorrhage (aSAH).

Bernhard Meyer for the Axovan Study Group

Endovascular Management of Intracrania!
Aneurysms: An Experience of 1321
Aneurysms in 1101 Patients: Single Center
Experience.

Robert H Rosenwasser, E Veznedaroglu,
S Whang

Beverage Break

Scientific Paper Presentations,
Moderators: Gabriele Schackert, Steve
Papadopoulos

Susceptibility of Murine Neural Stem
Celis and Tumor Cells to Respond to
Regenerative Signals of Axolotl Tissue.
Matthias Kirsch, E Schnapp, E Tanaka,
G Schackert, HK Schackert

Local Delivery of a Fragment of Human
Endostatin Combined with Systemic
Administration of BCNU Prolongs Survival in
a Rodent Experimental Glioma Model.
Alessandro Olivi, FG Legnani, G Pradilla,
BM Tyler, F Chillemi, F DiMeco
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TUESDAY, OCTOBER 5 (continued)

5:15-5:30 pm

5:30-5:45 pm

5:45-6:00 pm

6:00-6:15 pm

6:15-6:30 pm

6:30-6:45 pm

Expression of Hypoxia-inducible
Carbonic Anhydrases in Brain Tumors.
Martin Proescholdt, C Mayer, M Merril,
A Brawanski

Anti-EGFR Monoclonal Antibody
Cetuximab Augments Radialion and
Chemotherapeutic Effects in Glioblastoma
Multiforme in vitro and in vivo.

JL Eller, SL Longo, MM Kyle, D Bassano,
DJ Hicklin, Gregory W Canute

Multicentric Phase lll Study, Fluorescence-
guided Resection of Malignant Gliomas with
5-ALA: Preliminary Resulls on Interim
Analysis of 270 Assessable Patients.
Walter Stummer, T Meinel, the ALA-Glioma
Study Group, U Pichimeier, OD Wiestler,
FE Zanella, HJ Reulen

Is Gross Total Resection Sufficient
Treatment for Posterior Fossa
Ependymomas?

L Rogers, J Pueschel, Robert Spetzler,

W Shapiro, S Coons, T Thomas, B Speiser

Management of Optic Nerve Sheath
Meningiomas.
U Schick, Werner Hassler

The Role of Endogencus Growth
Hormone-Releasing Hormone (GHRH) in
Acromegaly.

William F Chandler, EV Dimaraki, AL
Barkan, MB Brown, V Padmanabhan,
SY Kim, R Taussig

16
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WEDNESDAY, OCTOBER 6

8:30-9:15 am

9:15-10:30 am

9:15-9:30 am

9:30-9:45 am

9:45-10:00 am

10:00-10:15 am

10:15-10:30 am

10:30-10:45 am

10:45-12:30 pm

10:45-11:00 am

DRESDEN

Point - Counterpoint Debate
Intraoperative MRI, Gimmick or Godsend?
Robert Spetzler and Rudolf Fahlbusch

Scientific Paper Presentations
Moderators: William Couldwell, Johannes
Schramm

Selection of the Optimal Entry Zone to the
Brain Stem for Removal of Intraaxial
Cavernous Angiomas.

Helmut Bertalan

Transgenic Arteriovenous Fistula in the Rat:
an Experimental Mode! of Gene Therapy for
Brain Arteriovenous Malformations.

Michael T Lawion, CL Stewart, AA Wulfstat,
N Derugin, T Hashimoto, WL Young

Role of EphB4 Signaling in the Regulation of
Vascular Morphogenesis and Vascular
Permeability in Malignant Glioma.

Peter Vajkoczy, R Erber, U Eichelsbacher,

V Powajbo, P Knyazev, A Ullrich

Gamma Knife Radiosurgery in the
Management of Glomus Tumors—A
Volumetric Study of 17 cases.

Gene H Barnett, A Varma, JH Suh, J Ross

Intraoperative Functional MRI. First Results
and Technical Considerations.

Thomas Gasser, D Stolke, R Fahlbusch,

C Nimsky

Beverage Break

Scientific Paper Presentations
Moderators: James Rutka, Dietmar Stolke

Sirolimus-Eluting Stents in the Canine
Cerebral Vasculature: Assessment of
Safety Profile and Vessel Response.

Elad | Levy, RA Hanel, AS Boulos, FO Tio,
AM Paciorek, KS Kagan-Hallet,

MD Fronckowiak, LR Guterman, LN Hopkins
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WEDNESDAY, OCTOBER 6 {continued)

11:00-11:15 am

11:15-11:30 am

11:30-11:45 am

11:45-12:00 noon

12:00-12:15 pm

12:15-12:30 pm

Brain Tumor Surgery in the Vicinily of
Short-Term Memory Representation—
Results of Neuronavigation using MRI
Images.

Veit Braun, A Albrecht, A Wunderlich,
H-P Richter

Fiber Tract Deformation as Visualized

with Sequential Acquisitions of 3D-Ultra-
Sound (3DUS) During Intracranial Surgery.
Volker A Coenen, T Krings, J Weidemann,
FJ Hans, P Reinacher, JM Gilsbach,

V Rohde

German Society First Prize Award -
{Wilhelm Toénnis Preistrager) Mechanical
Response of a Cervical Spine Motion
Segment on Removing a Local Autograft.
Tobias Pitzen, CJ Kempf, TR Oxland,

WI Steudel,

American Academy Honorable Mention
Award

Selective Ablation of Vanilloid Receptor

1 Positive Nociceptive Neurons for
Elimination of Hyperalgesia and Neuropathic
Pain.

Russell R Lonser, GC Tender, S Walbridge,
Z Olah, L Karai, M ladarola, EH Oldfield

German Academy First Prize Award
Identification of Brain Tissue Necrosis by
MRI: Validation by Histomorphometry.
Michael Stoffel, C Blau, H Reinl, J Breidt,
K Gersonde, A Baethmann, N Plesnila

American Academy First Prize Award
Achieving a Multidimensional Brain
Computer Interface in Humans Using
Electrocorticographic Signal.

Eric Leuthardt, G Schalk, JR Wolpaw,
JG Ojemann, DW Moran

18
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THURSDAY, OCTOBER 7

8:30-9:15 am

9:15-10:45 am

9:15-9:30 am

9:30-9:45 am

9:45-10:00 am

10:00-10:15 am

10:15-10:30 am

10:30-11:00 am

DRESDEN

Point - Counterpoint

The Fate of the Academic Neurosurgeon,
Viewpoints from the United States:

Peter Black, and Germany: Hans-Peter
Richter

Scientific Paper Presentations
Moderators: Steve Papadopoulos,
Hansdetlef Wassman

Clinical Qutcome Following
Transforaminal Lumbar Interbody Fusion
(TLIF): One Year Follow-up of Prospective
Data. Richard G Fessler

Application of Image-Guided Spinal
Navigation to Decompression and Internal
Fixation of the Upper Cervical Spine.

lain H Kalfas

Laboratory Testing of an implantable
Microsensor System for Intraoperative 3D-
Computer Animation of Vertebral Body
Motion in Cervical Spinal Surgery.

Olaf Siiss, T Kombos, S Schénherr,

S Mularski, B Kithn, M Brock

Transthoracic Discectomy without
Interbody Fusion,

D Edwards, A Cohen-Gadol,
William E Krauss

Treatment of Spinal Cord Injury via

Topical Perfusion with an ATP Solution.
Christopher B Shields, YP Zhang, S Chien,
Y Han, LBE Shields, M Li, B Chiang,

DA Burke

Beverage Break

19



THURSDAY, OCTOBER 7 (continued)

11:00 am -1:00 pm

11:00-11:15 am

11:15-11:30 am

11:30-11:45 am

11:45-12:00 noon

12:00-12:15 pm

12:15-1:00 pm

1:00 pm

Meeting Adjournment

Scientific Paper Presentations
Moderators: Joachim Gilsbach, James Rutka

“IOMaster 7D" - a New Device for Virtual
Neurcendoscopy.

Christos Trantakis, J Meixensberger,

G Straup, E Nowalius,D Lindner,

HK Cakmak, H Maap, C Nagel, U Kithnapfel

Fedor Krause, The Krause Operations,
and Krause's Impact on American
Neurosurgeons.

Peter W Carmel, M Buchfelder

Diffusion Tensor Imaging for 3-D Fiber
Tract Visualization in Navigated Glioma
Surgery.

Christopher Nimsky, O Ganslandt,

AG Sorensen, R Fahlbusch

Changes of the Astrocytic Matrix and
Reappearance of Radial Glia in
Hippocampi of Patients Suffering From
Temporal Lobe Epilepsy.

Thomas M Freiman, J Eismann,

M Frotscher, J Zentner

Surgical Treatment of Hemispheric
Intractable Epilepsy in Childhood With
Functional Hemispherectomy or Peri-Insutar
Hemispherectomy.

Ealk Oppel, V Zountsas, HW Pannek

Presidential Address:
Volker Sonntag, fo be introduced by Bill
Chandler

Concluding Remarks: Rudolf Fahlbusch,
Voalker Sonntaq, Dietmar Stolke

20
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TUESDAY PROGRAM

TUESDAY, OCTOBER 5 2:45-3:00 pm

Cortical and Striatal Migration of Endogenous Adult Stem Cells from the
Sub-Ventricular Zone and Posterior Peri-ventricular Region in Response to
Stroke.

Robert Dempsey, KA Sailor
University of Wisconsin

The proliferation of endogenous adull stem cells represents a potential therapy
for repair after a stroke. Adult neurogenesis is a phenomenon that occurs in the
subventricular zone (SVZ) at the lining of the lateral ventricles and in the dentate
gyrus {DG) of the hippocampus, and has been shown to be stimulated by various
interventions including stroke. Migration of these cells is necessary for them (o
repopulate a region of stroke damage. Normally the adult stem cells located in
the SVZ are only seen migrating anteriorly to the olfactory bulbs where they
differentiate into olfactory interneurons. After 1 hour of focal cerebral ischemia in
rals, and at 2, 4, 6 and 8 days of reperfusion, we observed these cells also
migrating laterally, extending their axons in their path of migration toward the
infarct, into the striatum. These cells were labeled with the immature migrating
neuronal marker doublecortin (DCX) and the exlent of the migration was
correlated with the amount of injury to the striatum. In addition to this, we have
observed cells in the posterior peri-ventricular region (pPV), a posierior
extension of the SVZ, migrating direclly to the ipsilateral cortex. By imaging
these regions at two-day time intervals we were able to observe an abrupt
increase in proliferation in the ipsilateral pPV at day 2 after ischemia, with
localized migration along the corpus callosum. By days 8 and 12, we observed
DCX positive cells that had migrated laterally into the ischemic penumbra with
their axons extending into the ischemic core. This study demonstrates that there
is an endogenous response to injury by these cells. By understanding the factors
that attract such cells, future therapies may enhance this migration for possible
restoration of function to the damaged region of the brain.
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TUESDAY, OCTOBER 5 3:00-3:15 pm

Genetic variants of matrix metalloproteinase genes and their inhibitors in
patients with intracranial aneurysms

Dietmar Krex', IR Koénig®, A Ziegler®, HK Schackert?, G Schackert!

'Department of Neurosurgery and “Department of Surgical Research, University
Hospital Carl Gustav Carus, University of Technology, Dresden, and “Institule of
Medical Biometry and Statistics (1.R.K., A.Z.), University at Liibeck, Germany

Objective: There are several lines of evidence that remodelling of the
extracellular matrix is a crucial event in the pathogenesis of cerebral aneurysms.
Matrix-metalloproteinases (MMPs) are the most important degrading enzymes in
the extracellular matrix. Their activity is predominantly controlled by tissue
inhibitors of metalloproteinases (TIMPs). To investigate the possible impact of
genetic variants within the genes encoding TIMP-1, -2, and -3, and MMP-2, -3, -
9, and -14, respeclively, we conducted a case-control study.

Methods: The entire coding regions and parts of the promoter sequences of the
referring genes were investigated using the automated laser fluorescence
(A.L.F.) technique. Genotypes and allele frequencies were determined in a
primary study sample comprising 44 well defined aneurysm patients and 40
controls. Those being in Hardy-Weinberg disequilibrium were analyzed in
another sample of 40 cases and 40 controls, respectively. Qdds ratios (ORs) and
exact 95% confidence intervals (Cls) were calculated to compare allele
frequencies and genotype frequencies using the Cochrane-Armitage trend test.

Results: A total of 38 single nucleotide polymorphism (SNPs) were identified; 3,
4, and 2 in TIMP-1, -2, and -3 genes, and 10, 4, 11, and 4 in MMP-2, -3, -9, and -
14 genes, respeclively. SNPs -621C>T, -596A>C, -261G>A of the TIMP-2 gene
were new identified polymorphisms. Deviations from Hardy-Weinberg equilibrium
were particularly found for MMP-2 and MMP-9 SNPs, however, there were no
significant differences in genotype and allele frequencies in those or between
any of the other groups.

Conclusions: Our analysis of the entire coding region of three TIMPs and four
MMPs, which are main contributors to extracellular matrix remodelling in vessel
walls, failed to show an association of genetic polymorphisms with an intracranial
aneurysm. However, deviations from Hardy Weinberg equilibrium found for
MMP-2, and MMP-9, but also for MMP-3, and TIMP-1 SNPs suggest that there
might be additional more distantly located genetic variants of functional impact,
which are the subject of ongoing studies.

22
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TUESDAY, OCTOBER 5 3:15-3:30 pm

Downregulation Of Potassium Channels After Subarachnoid Hemorrhage:
A Possible Mechanism For Cerebral Vasospasm

Robert Loch Macdonald, BS Jahromi, Y Aihara, G Weyer, E Nikitina, M Agbaje-
Williams,

Cerebral vasospasm remains a significant adverse prognostic factor for outcome
after subarachnoid hemorrhage (SAH) and is a significant cause of morbidity and
mortality in such patients. The pathogenesis remains ill-defined but it is clear that
the narrowing is primarily due to abnormally sustained contraction of arterial
smooth muscle cells. Cerebrovascular arterial consiriclion is regulated by
membrane potential which in turn is determined by potassium conductance.
These studies examined expression of the major potassium channels by real
time polymerase chain reaction and Western blofting and their function using
whole cell and perforated patch clamp electrophysiology in normal dog basilar
artery smooth muscle cells and in these cells obtained during vasospasm 7 days
after SAH.

There were no significant changes in messenger ribonucleic acid and protein of
the large-conductance, calcium-activated potassium channel (BK, alpha and
beta subunits). There was significant downregulation of Kv2 class of voltage-
gated potassium channels. Furthermore, of the iwo dominant potassium
conductances in cerebrovascular smooth muscle cells, BK currents were
unaffected by SAH whilst Kv2 class currents were nearly halved after SAH.
Immunohistochemistry confirmed localization of Kv 2 (Kv2.1, 2.2) class channels
to normal dog basilar smooth muscle and showed that immunoreactivity was
reduced after SAH. Vasospastic myocytes were depolarized and showed
decreased contribution of potassium conductance towards maintenance of
membrane potential. Pharmacological block of Kv but not BK channels in control
myocytes mimicked the depolarization observed in vasospastic myocytes and
contracted basilar artery rings.

We propose that decreased Kv channel function contributes to the pathogenesis
of cerebral vasospasm after SAH.
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TUESDAY, OCTOBER 5 3:30-3:45 pm

Prospective evaluation of surgical microscope based indocyanine green
video angicgraphy in aneurysm surgery

Andreas Raabe, P Nakaji, J Beck, J Kamerman, V Seifert, RF Spetzler'

Department of Neurosurgery, Neurccenter, Johann Wolfgang Goethe University
Frankfurt am Main, Frankfurt am Main, Germany and 'Division of Neurological
Surgery, Barrow Neurological Institute, St. Joseph'’s Hospital and Medical
Center, Phoenix, Arizona

Objective: We report about the final results of a prospective trial comparing a
new technique of surgical microscope based indocyanine green video
angiography ({CGA) with intraoperative or postoperative DSA.

Method: ICGA was performed during aneurysm surgery using a newly
developed setup with the Zeiss microscope (Zeiss, Oberkochen, Germany). A
microscope integrated light source containing infrared excitation light illuminates
the operating field. After intravencus injection of the indocyanine dye (25 mg),
intravascular fluorescence of ICG from within vessels is imaged by a microscope
video camera. Patency of parent, branching and perforating arteries and clip
occlusion of the aneurysm as found by ICGA were compared to intraoperative or
postoperative DSA findings. The study is expected to close in May after inclusion
of 100 patients.

Results: After including 80% of cases, 153 ICGA procedures were performed.
The results of ICGA were concordant with postoperative DSA in 36 of 38 cases.
One case of mild stenosis and one case of a 4 mm residual aneurysm were
missed by ICGA. Compared with intraoperative DSA, the results of ICGA were
concordant in 36 of 41 cases. In 4 cases a mild stenosis and in one case a
severe stenosis was missed by ICGA. All false negative ICG findings were
inconsequential. ICGA led to clip intraoperative clip correction in 7% of cases.
None of the cases had clip correction after intraoperative or postoperative DSA
when performed afier ICGA. The final results will be reported at the meeting.

Conclusions: Microscope based ICGA is simple and provides real-time
information about the patency of arterial and vencus vessels of all relevant
diameters and about the aneurysm sac. ICGA may fill the gap between
intraoperalive DSA and intraoperative Doppler. It may be used as an alternative
to intraoperative DSA in many cases.
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TUESDAY, OCTOBER § 3:45-4:00 pm

Multivariate Analysis of a Consecutive Prospective Series of Carotid
Endarterectomies

Robert E. Harbaugh, A Agarwal, V Chinchilli

Departments of Neurosurgery and Health Evaluation Sciences, Pennsylvania
State University

Objective: We performed a mullivariate analysis to determine predictors of
adverse clinical outcomes following carotid endarterectomy (CEA). Numerous
variables, including gender, age, medical comorbidities, contralateral internal
carotid artery occlusion, choice of anesthelic, presentation and resident or faculty
surgeon were evaluated in regard o the incidence of neurological and non-
neurological perioperative complications.

Methods: A prospeclive series of nearly 1200 CEAs were analyzed. All
patients were operated upon under the direction of one neurosurgeon (REH).
Clinical outcomes measures evaluated were any stroke, death or myocardial
infarction within 30 days of operation. All patients were followed to a clinical
endpoint and/or six weeks postoperatively. All outcomes were adjudicated by
third party observers.

Results: The ipsilateral stroke rate within 30 days of CEA was 2.25%. None of
the commonly cited risk factors such as advanced age, medical co-morbidities or
conitralateral carotid occlusion were associated with a significantly (P<0.05)
increased risk of perioperalive morbidity or mortality. The use of regional
anesthesia was associated with a significantly decreased risk of non-neurological
perioperative complications. Other details of the multivariate analysis will be
presented.

Conclusion: CEA using regional anesthesia can be performed in patients with
advanced age, diabetes mellitus, atherosclerotic coronary vascular disease and
contralateral ICA occlusion with acceptably low perioperative morbidity.

Key words: carotid endarterectomy, high risk patients, Multivariate analysis,
outcomes analysis, perioperative complications, regional anesthesia
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TUESDAY, OCTOBER 5 4:00-4:15 pm

A phase lla, multicenter, double-blind, placebo-controlled, Randomized
study to assess the safety and tolerability of the selective endothelin A
(ETA) receptor antagonist clazosentan {AXV-034343) for the prevention of
cerebral vasospasm, following severe aneurysmal subarachnoid
hemorrhage (aSAH)

Bernhard Mever for the Axovan Study Group
Department of Neurosurgery, University of Bonn, Germany

Objective: To assess whether the endothelin A (ETA) receplor antagonist
clazosentan can reduce the incidence and severity of angiographic vasospasm
on Day 9 post rupture (primary endpoint) in a selected high-risk population of
patients with aSAH (Fisher Grade = 3 / Hunt&Hess Grade Ill to IV} compared to
placebo.

Methods: The study was divided into a double-blind Part A (randomized
continuous iv. Infusion of clazosentan 0.2 mg/kgh versus placebo starting within
48h post aSAH up to Day 14 post rupture) and an open-label Part B (clazosentan
0.4 mg/kg/h for 12 h followed by 0.2 mg/kg/h up to Day 14 for palients with
persistent vasospasm as documented by DSA on Day 9). The primary endpoint
was determined in comparison to baseline-DSA via central evaluation, secondary
variables included daily blood flow velocities by TCD, incidence of infarcts on CT
and outcome according to NIH-SS/mGCS score on Day 14.

34 patients were recruited over a 7-month pericd in 5 centers (safety population:
16 clazosentan, 18 placebo, analyzed post-hoc according to ITT). 32 patients
remained in the intent-to-treat A (ITT-A) and per protocol (PP) population (15
clazosentan, 17 placebo), 19 patients entered Part B and were analyzed
according to ITT (ITT-B; 7 clazosentan, 12 post-placebo). Two-sided Fisher's
exact test was used to compare the incidence of vasospasm. Differences in
severity of vasospasm were tested with the Wilcoxon test.

Results: The ITT-A population showed a significant reduction in the occurrence
and severity of angiographic vasospasm in the clazosentan group (p=0.008,
relative risk reduction: 55%; from 88.2% to 40.0% and odds ratio of 0.089). Even
after conservalive analysis (i.e., counting deaths and cerebral vasospasms
during Part B of the study as treatment failures in the ITT post-hoc population),
there was slill a trend towards a lower incidence (p=0.052) and severily
(p=0.061) of vasospasm (relative risk reduction of 37%; from 88.9% to 56.3%).

A lower incidence of new infarcts was observed in patients randomized to
clazosentan group (15.4% vs. 43.8%) and TCD measurements yielded lower
median Lindegaard indices for patients randomized to clazosentan suggesting a
milder form of vasospasm.

Conclusions: Clazosentan showed a statistically significant reduction in the
frequency and severity of vasospasm compared with placebo. When subsequent
analysis incorporating imputation rules for missing data was performed there was
still a statistical trend in favor of patients treated with clazosentan. The
incidence/severity of adverse events observed with clazosentan was comparable
fo placebo.
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TUESDAY, OCTOBER 5 4:15-4:30 pm

Endovascular Management of Intracranial Aneurysms: An Experience of
1321 Aneurysms in 1101 Patients: Single Center Experience

Robert H Rosenwasser, E Veznedarogiu, S Whang

Department of Neurological Surgery, Thomas Jefferson University, Jefferson
Hospital for Neuroscience, Philadelphia, PA

Introduction/Purpose: Endovascular management of intracranial aneurysms
has become an option in certain patient populations based on age, neurclogic
condition, and anatomical location.

Clinical Materials/Methods: At TJUH from July 1994 through December, 2003,
2294 patients were treated for intracranial aneurysms. Age range was 9 — 89
years. QOut of this group, 1192 patients (52%) underwent transcranial surgery
and 1101 patients (48%) underwent Endovascular treatment. Eight hundred and
sixty-nine patients (78%) presented with SAH. Patient selection for endosacular
occlusion was based on physiologic age, Neurclogic grade, and anatomy.
Patients were treated under general anesthesia with neurophysiclogic monitoring
and full heparinization.

Results: A technical failure rate of 16% was noted and 175 patients underwent
transcranial surgery when the lesion could not be endovasculary treated. The
rate of intraprocedural rupture was 1.4%. The rate of embolic events were 2.9%
acutely (intraprocedural) and 5.9% delayed. Mortality related {o the procedure
was 2.5%. The complete occlusion rate was 64% in the first 5 years and was
205 in the last 4 years. To date 4.7% of patients have required retreatment due
to recurrence and longer followup is demonstrating that this number is
increasing. Thirty-six percent were G1,2 and had a good/fair outcome (GOS),
64% were G3, 4; 87% good/fair; 6% fair; 7% dead; G4; 28% fair, 52% poor, 20%
dead. No patient was treated as a G5.

Conclusions: Endosacular occlusion of intracranial aneurysms is a reasonable
alternate to microsurgical intervention, particularly in elderly patients and patients
in poor neurological grade. Incomplete occlusion and durability remain
problematic.
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TUESDAY, OCTOBER 5 4:45-5:00 pm

Susceptibility of murine neural stem celis and tumor cells to respond to
regenerative signals of axolotl tissue.

Matthias Kirsch', E Schnapp®, E Tanaka®, G Schackert', HK Schackert®

1Neurosur"gery, Carl Gustav Carus Universititsklinikum, Depariment of Surgical
Research”, Technische Universitdt Dresden and
3Max-Planck-Institute for Cell Biologie and Genetics, Dresden

Objective: Regeneration of the nervous system in humans and other vertebrates
is not sufficient to allow functional recovery. In contrast, urodele and axolotl
amphibians are able to regrow organs, such as the limbs and the tail including
the peripheral nerves and spinal cord representing central nervous system
tissue. Several reports indicate that axolotl do not reject foreign tissue. In-vitro
fusion of axolotl with murine cells were successful. The purpose of this study was
to evaluate the ability of regenerative axolotl tissue to recruit transplanted
vertebrate (mouse) cells to follow the regenerative process.

Methods: Cross-species xenotransplantation was evaluated, both the
transplantation of murine neural progenitor cell precursors and of murine brain
tumor cells into the regenerating tail of an axolotl and the transplantation of
axolotl cell spheroids, spinal cord, or regenerating tail tissue into the chronic
cranial window of nude mice.

Results: Temperature-adapted cells and tissues were transplanted. The
regenerating axolotl blastema was invaded by murine neural progenitor cells
which remained within the growth cone. Three days post.implantation, no living
murine cells were observed. In the cranial window of mice, axolotl spinal cord
and blastema pieces, as well as spheroids from cultured myotubes were
implanted. None of the transplants showed invasion of single cells into the
surrounding parenchyma. A steadily increasing number of cells were cbserved
that underwent apoptotic cell death. On day four post-implantation, no viable
axolotl cells remained in the murine environment. However, in vitro confrontation
studies using spheroids and blastema tissue, revealed a shift of the vertebrate
cells to a regenerative phenotype.

Conclusion: Xenotransplantation of axolotl cells into nude mice and murine
pluripotent neural progenitor cells into the axoltol blastema did not induce a
regenerating phenotype. In vitro experiments confronting tumor tissue and
blastema revealed a phenotypic change revealing an increase of precursor
markers. Similar responses were cbserved after transplantation of murine neural
precursor cells into the normal and the regenerating axoloti tail.
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TUESDAY, OCTOBER 5 5:00-5:15 pm

Local delivery of a fragment of human endostatin combined with systemic
administration of BCNU prolongs survival in a rodent experimental glioma
model

Alessandro Olivi, FG Legnani, G Pradilla, BM Tyler, F Chillemi, and F Di Meco

Introduction: Endostatin is an anti-angiogenic agent currently tested for
several solid malignancies. A fragment of endostatin (43 amino acids), easily
synthesized with high stability and water solubility was incorporated into
controlled-release polymers and tested to determine its efficacy when combined
with conventional chemotherapy for treatment of experimental gliomas.

Methods: Cytotoxicity of the endostatin fragment against 9L gliosarcoma, and
F98 glioma was determined in vitro. The fragment was incorporated into
polyanhydride-poly-[bis-(carboxiphenoxy-propane)-sebacic-acid] (pCPP:SA) at
different loading concentrations and its pharmacokinetics were analyzed in
vitro. The rat comea micropocket assay was used to evaluate the anti-
angiogenic activity of the fragment/polymer formulations. Systemic toxicity and
efficacy of locally delivered endostatin fragment/polymers combined with
systemic BCNU were determined in Fischer 344 rats(n=64) using the intracranial
9L gliosarcoma model.

Results: Endostatin fragment showed significant cytotoxicity in vitro against 9L
and F98. Comparable sustained release was seen by day 19 in all polymer
formulations. Comeas implanted with 40% endostatin fragment/pCPP-SA
polymers had a mean angiogenesis index of 4.520.7 when compared to 8.5%1.3
in controls (p=0.01). Survival was prolonged in animals treated with the
combination of intracranial 40% endostatin fragment/pCPP:SA polymers and
systemic BCNU (mean survival of 120 days) when compared to controls (mean
survival 11 days, p<0.001, with 33% long term survivors).

Conclusions: Controlled release polymers can effectively deliver a biologically
active fragment of endostatin in a sustained fashion. This novel endostatin
fragment inhibits angiogenesis in vitro and in vivo, and exhibits a synergistic
effect when combined with systemicaliy delivered with BCNU in the intracranial
9L gliosarcoma model.
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TUESDAY, OCTOBER 5 5:15-5:30 pm
Expression of hypoxia - inducible carbonic anhydrases in brain tumors
Martin Proescholdt, C Mayer, M Merrill, A Brawanski

Department of Neurosurgery, Klinikum der Universitat Regensburg,

Objective: Malignant Gliomas are the most frequent intrinsic brain tumors in
adults. Metabolically, these tumors display a distinct pattern: First, they show a
high glucose utilization rate combined with significant levels of lactate production,
probably due to aerobic glykolysis. Surprisingly, the intracellular pH of malignant
brain tumors has been found to be significantly more alkaline compared to
normal brain, whereas the extracellular space displays an acidic pH as
demonstrated by in vivo studies using pH microelectrodes. Secondly, malignant
gliomas display large areas of intratumoral hypoxia as shown in vivo by
polarographic measurements as well as by PET studies using "®F-misonidazole
as hypoxia specific tracer. Carbonic anhydrase (CA) IX and Xl are
transmembrane isoenzymes which are induced by tlissue hypoxia. They
participate in the regulation of pH homeostasis by catalyzing the reversible
hydration of carbon dioxide. We hypothesize, that CA IX and Xl may be
overexpressed in malignant brain tumors due to intratumoral hypoxia. Induction
of these enzymes in brain tumors might contribute to an aggressive phenotype
by improved acid clearance. The aim of our study was to investigate, whether
brain tumors of different histology and grade of malignancy express elevated
levels of CA IX and XIl compared to normal brain.

Methods: We analyzed 112 fresh frozen tissue samples from primary and
metastatic brain tumors for CA I1X and Xl expression by immunohistochemistry.
8 brain tissue samples obtained from patients who died from extracerebral
disease were used as normal brain control. The staining was semiquantitatively
graded by three independent investigators blinded to the underlying histology. To
confirm the immunostaining results, Western Blot analysis was performed from
total protein extract of the tumor tissue. The CA IX and XIl mRNA expression
was invesligated by in situ hybridization. To correlate CA IX and Xll with tissue
hypoxia, immunohistochemical staining for hypoxia inducible factor (HIF-1 ) was
performed on adjacent sections.

Results: While normal brain tissue showed minimal CA IX and XIl expression,
we found a profound upregulation of both enzymes in the brain tumor tissue both
by immunohistochemistry and Western blot. The levels of CA IX and Xil
induction correlated with the grade of malignancy. CA IX and XIl mRNA levels
were elevated particularly around areas of micronecrosis. Accordingly, the
highest levels of CA IX and XII protein expression was found to be in perinecrotic
pseudopallisading cells indicating hypoxic induction. Also, comparison of CA I1X
and Xl staining and HIF-1 staining revealed a similar microanatomical
distribution, confirming hypoxia as the main factor of induction.
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Conclusion: The results demonstrate that CA IX and Xll are upregulated in
intrinsic and metastatic brain tumors compared o normal brain tissue. Hypoxia
seems to be the major mechanism of induction highlighting the importance of
hypoxia as a pathogenetic factor in brain tumors, This may contribute to maintain
the pH gradient with alkaline intracellular and acidic exiracellular pH observed in
brain tumors. Since powerful inhibitors of carbonic anhydrases are clinically
available, CA IX and Xil may be an important target for future treatment of brain
tumors.
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TUESDAY, OCTOBER 5 §:30-5:45 pm

Anti-EGFR monoclonal antibody Cetuximab augments radiation and
chemotherapeutic effects in glioblastoma multiforme in vitro and in vivo.

Greqory W Canute, JL Eller, SL Longo, MM Kyle, D Bassano, DJ. Hicklin*

Department of Neurosurgery, SUNY Upstate Medical University, Syracuse, New
York 13210. *ImClone Systems Incorporated, New York, New York 10014

Objective: We previously demonstrated that anti-EGFR monoclonal antibody
Cetuximab was effeclive against EGFR-amplified glioblastoma multiforme (GBM)
cells in vitro and in vivo. This work examines the combination of Cetuximab with
radiation or chemotherapy.

Methods: Cells were implanted intracranially to verify whether Cetuximab
crosses the blood brain barrier. To determine the efficacy of Cetuximab on
increasing tumor burden, mice with different size flank GBM were used. Finally,
mice with flank GBM were exposed to Cetuximab alone, or in combination with
radiation. EGFR-amplified GBM lines were also exposed to Cetuximab and
chemotherapeutic agents in vitro.

Results: Cetuximab treated-mice had a significant increase in median survival
when compared to sham-treated mice for both intracranial and flank tumor
models. The inhibition of tumor growth obtained with Cetuximab in mice with
flank GBM was inversely proportional to tumor size at the beginning of treatment.
Tumor cells undergeing apoptlosis was greater upon exposure to Cetuximab and
radiation than with either treatment alone. The combination of Cetuximab and
radiation treatment increased median survival in mice with flank GBM compared
to either treatment alone. The combination of Cetuximab and chemotherapeutic
agents increased cytotoxicity in vitro when compared to either treatment alone.

Conclusions: The effectiveness of Cetuximab as a solo agent is dependent
upon tumor burden. Cetuximab was effective when administered systemically
for mice harboring intracranial GBM. Cetuximab plus radiation was more
effeclive against EGFR-amplified GBM than either treaiment alone. Cetuximab
in combination with chemotherapeutic agents had an additive effect in vitro.
These results confirm EGFR blockade as a potential chemotherapeutic treatment
against human GBM.
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TUESDAY, OCTOBER 5 5:45-6:00 pm

Multicentric phase lll study on fluorescence-guided resection of malignant
gliomas with 5-ALA: Preliminary results on interim analysis of 270 patients

Walter_Stummer', T Meinel*?, ALA- Glioma Study Group®, U Pichimeier®,
Waller_Stummer
OD Wiestler’, FE Zanella®, HJ Reulen®

1Neurochirurgische Klinik, Heinrich-Heine Universitat Diisseldorf, 2Clinstud,
clinical research institute Hamburg, 3Ludwig-Maximilians-Universitat Minchen,
dmedac Gesellschaft fiir medizinische Spezialpraparate mbH, S5institut fir
Neuropathologie, Universitétsklinikum Bonn, 6lnstitut fiir Neuroradiologie,
Klinikum der J.-W. Goethe Universitét Frankfurt

Objective: 5-Aminolevulinic acid (5-ALA) leads to the accumulation of
fluorescent porphyrins in malignant gliomas, a phenomenon under investigation
for the enhancement of tumor resection. In order to determine patient benefit in
terms of resection radicality, progression-free survival and morbidity, a pivotal
two-armed, randomized, group-sequential, blinded-observer trial was designed
together with the sponsor Medac. This paper gives preliminary results of the
interim analysis on the first 270 patients in the full analysis set (intent-to-treat
principle population).

Methods: Patients with suspecied malignant gliomas bearing the potential for
complete resection of contrast-enhancing tumor were randomized to receive
either 20 mg 5-ALA/kg body weight for fluorescence-guided resection (ALA-
group) or nothing for conventional microsurgery (white light group). Surgery was
performed using identical microscopes (Zeiss OPMI Neuro Fl) available to each
participating center. Primary study aim was to determine the number of patients
without contrast-enhancing tumor on early postoperative MRl and progression
free survival at six months.

Results: Postoperalive MRI was devoid of residual, contrast-enhancing tumor in
65 % of patients in the ALA group compared to 36 % in the white light group (p <
0.001). Preliminary Kaplan-Meier analyses revealed prolonged progression-free
survival in ALA patients (p < 0.01 compared fo white light) with cumulative 6-
months progression-free survival rates of 41% and 21%, respectively. Median
survival was significantlly prolonged in patients devoid of contrast-enhancing
tumor (16 vs. 12 months, p <0.001). Postoperative neurological status and
Kamolsky Index did not differ between ALA or white light patients.

Conclusions: Fluorescence-guided resections using 5-ALA allow a larger
number of complete reseclions without endangering patients. Complete
resections have a direct impact on overall survival.

*ALA-Glioma Study Group: F. Oppel, A. Brune (Krankenanstalten Gilead
gGmbH, Bielefeld), W. Lanksch, C. Woiciechowsky (Virchow-Kiinikum der HU
Berlin), M. Brock, J. Vesper (Universitétskiinikum Benjamin Franklin, Berlin), J.-
C. Tonn, C. Goetz (Universitdtskiinikum Miinchen), J.M. Gilsbach, L. Mayfrank
(Med. Einrichrungen der RWTH, Aachen), V. Seifert, K. Franz, A. Bink (J.W.
Goethe Universitétsklinikum, Frankfurt a. M.), G. Schackert, T. Pinzer
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{Universitatskiinikum Carl Gustav Carus an der TU, Dresden), W. Hassler, A.
Bani (Klinikum Duisbug gGmbH, Duisburg), H.-J. Meisel, B.C. Kern
{Bergmannstrost Krankenhaus, Halle), H.M. Mehdom, A. Nabavi
(Universitétsklinikum Kiel), A. Brawanski, O.W. Ullrich (Klinikumn der Universitét
Regensburg), D.K. Béker, M. Winking (Universitélsklinikum Giessen), F. Weber,
U. Langenbach (Klinikum Saarbriicken), M. Weslphal, U. Kahler
(Universitatsklinikum Hamburg-Eppendorf), H. Amold, U. Knopp (Med.
Universitét zu Libeck), T. Grumme, T. Stretz (Zentralklinikum Augsburg), D.
Stolke, H. Wiedemayer (Universitétsklinikum Essen), B. Turowski
(Universitétsklinikum Disseldorf), T. Pietsch ((Unviersitétskiinikum Bonn)
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TUESDAY, OCTOBER 5 6:00-6:15 pm

Is Gross Total Resection Sufficient Treatment for Posterior Fossa
Ependymomas?

Robert Spetzler®® , L Rogers?; J Pueschel®; W Shapira®; S Coons®®;
T Thomas?; B Speiser™'?

a) GammaWest Radiation Therapy, Salt Lake City, UT, USA; b) Barrow
Neurological Institute, Phoenix, AZ, USA: Divisions of ¢) Neuro-Oncology, d)
Neurological Surgery, e) Neuropathology, and f) Radiation Oncology; g)
Foundation for Cancer Research and Education/Arizona Oncology Services,
Phoenix, AZ, USA

This work is supported by grants from Barrow Neurological Institute and from the
Foundation for Cancer Research and Education.

All newly diagnosed intracranial ependymoma patients (n=45) treated at our
institution from 1983 to 2002 were identified to determine whether gross total
resection (GTR) alone serves as definitive treatment and to evaluate the role of
radiation therapy (RT) after either GTR or subtotal resection (STR). Patients
with supratentorial primaries, subependymomas, or neuraxis dissemination were
excluded. GTR was accomplished in 32 (71%) and STR in 13 (29%). RT was
delivered to 25 patients: 13 after GTR and 12 after STR. RT fields were
craniospinal followed by a posterior fossa boost in 6, and posterior fossa or local
only in 19. With a median follow-up of 66 months, the median local control (LC)
was 73.5 months with GTR alone, but has not yet been reached for GTR+RT
patients. Median LC after STR+RT was 79.6 months. Ten-year actuarial LC
(10y-LC) was 100% for GTR+RT, 50% for GTR alone, and 36% STR+RT,
representing significant differences between GTR+RT and GTR alone (p=0.018)
and between GTR+RT versus STR+RT (p=0.003). There was no significant
difference in 10y-LC between GTR alone and STR+RT (p=0.370). The 10-year
overall survival rate of GTR+RT was 83%, 67% for GTR alone, and 43% for
STR+RT. RT, tumor grade, and resection extent were significant predictors of
LC. GTR should be the intent of surgery when feasible with acceptable
morbidity. Even after GTR confirmed with postoperative imaging, adjuvant RT
significantly improved LC. We recommend postopera
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TUESDAY, OCTOBER 5 6:15-6:30 pm

Mangement of optic nerve sheath meningiomas

Werner Hassler, U Schick

Neurosurgery, Wedau Kliniken, Duisburg, Germany

Objective: The management of optic nerve sheath meningiomas (ONSM)
remains controversial, but includes surgery, radiotherapy and plain observation.
We introduce a new classification scheme and derive treatment modalities from
the different types and subtypes.

Methods and Results: A retrospective analysis was performed on 73 patients
with optic nerve sheath meningiomas who underwent surgery between 1991 and
2002. The follow-up period ranged from between 6 to 144 months (mean 45.4
mo). Our classification system differentiates between intraorbital (type 1), intra-
canalicular or intrafissural {(type 2), and intraorbital and intracranial (type 3) types
of ONSMs. 32 tumors demonstrated extension through the optic canal (type 2a).
29 further tumors reached the chiasm (type 3a) or contralateral side (type 3b).
Intraorbital flat tumors (type 1a) should be radiated with visual decline. Type 1b
tumors with a large intraorbital mass should be observed, radiated with visual
decline, and operated on without useful vision. Only type 1c tumors with
exophytic tumor growth should undergo excision. Type 2 tumors are amenable to
decompression to save vision and type 3 tumors are amenable to resection of
the intracranial part. The intraorbital part should be radiated. The visual acuity
was not significantly influenced by surgery. Visual acuity became worse with
longer duration of preoperative symptoms and longer follow-up period. Location
in the optic canal was another negative factor. Radiotherapy could preserve
vision in 5 out of 10 cases.

Conclusions: Loss of vision in optic nerve sheath meningiomas is a question of
time. The role of radiotherapy has to be reevaluated and offered to adults once
mild vision loss develops in intracrbital ONSMs. Surgery with decompression of
the optic canal and intracranial tumor resection is favored for tumors with
intracanalicular and intracranial extension.
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TUESDAY, OCTOBER 5 6:30-6:45 pm

The Role of Endogenous Growth Hormone-Releasing Hormone (GHRH) in
Acromegaly

William F Chandler, EV Dimaraki, AL Barkan, MB Brown, V Padmanabhan,
SY Kim, R Taussig

There is indirect evidence suggesting hypothalamic control of GH secretion in
acromegaly. To examine whether GH secretion in acromegaly is dependent on
GHRH, we studied 8 patienis with classic untreated acromegaly due to a GH
producing pituitary tumor. All patients were admitted to the General Clinical
Research Center and underwent an intravenous infusion of normal saline for 24
hours and GHRH-antagonist at 50 g/kg/h for 7 days. GH was measured every
10 min for 24h during the normal saline infusion and on the last day of the
GHRH- antagonist infusion. A group of 9 different patients with untreated
acromegaly served as the control group and underwent blood sampling for GH
every 10 min for two consecutive 24h periods to assess the day-to-day variability
of GH secretion. All 8 study patients underwent transsphenoidal surgery and
RNA was extracted from the each tissue specimen and tested for gsp mutations.
In 6 of 8 experimental subjects 24h mean GH decreased by 5.8-30.0 % during
GHRH-antagonist infusion and in 3 of 8 subjects the decline of the 24h mean GH
was greater than twice the average Coefficient of Variation in the control group.
The probability of this magnitude of change to occur in 3/8 subjects by chance is
0.0058. Although 3 of 8 subjects were found to have gsp mutations {2 at site
R201, 1 at site R227), no relationship was noted between the presence of gsp
mutation and GH suppression with GHRH- antagonist.

We conclude that in a subset of patients with acromegaly due to a pituitary
adenoma, GH secretion is under partial control by GHRH.
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WEDNESDAY, OCTOBER 6 9:15-9:30 am

Selection of the optimal entry zone to the brain stem for removal of
intraaxial cavernous angiomas

Helmui Bertalanffy
Philipps Universitat Marburg, Baldingerstrae, 35033 Marburg

Objective: Cavernous malformations located within the brainstem show a
substantially higher propensity for bleeding than those in other locations. Since
radiosurgery appears to be inappropriate for prevention of bleeding,
microsurgical removal of brainstem cavemnomas is the favored therapeutic
option. To completely remove an intraaxial cavernoma without additional
morbidily, however, an individually tailored specific entry zone to the brainstem is
required, particularly in those cases, in which the lesion is not visible on the
surface of the brainstem.

Patients and Methods: During the past 7 years we have treated surgically 56
individuals who harboured - with one excepfion — a symptomatic brainstem
cavernoma. Fourteen of the lesions were located in the midbrain, 36 in the pons
and 6 in the medulla. The patient’s records, pre- and postoperative images and
surgical video tapes were analysed. To obtain an optimal surgical window and
viewing trajectory to the brainstem, we carefully selected the surgical approach
in each single case. Intraoperalive electrophysiological monitoring was used in
all, neuronavigation in the majority of patients.

Resuits: The surgical approaches included the pterional/orbitozygomatic, the
subtemporal transtentorial, the retrosigmoid, the suboccipital lateral
franscondylar, the supracerebellar infratentorial and the suboccipital median
telovelomedullary roules. The lesion itself or the bulging hematoma with
xanthochromic coloration was seen in 30 cases, while an apparenlly normal
brainstem was found in 26 cases. In the latier, the brainstem was incised at a
site where the shortest distance to the lesion was suspected and confirmed by
neuronavigation. The exacl site, however, was slightly modified when direct
electrical stimulation dictated a different safe entry zone to the brainstem.
Postoperalively, 9 patients (16 %) showed transient additional neurological
deficits whereas 6 individuals (11 %) experienced permanent neurological
morbidity, of whom four are completely independent. One patient died from a
disease unrelated to the cavernous malformation. The remaining patients of this
series were either in the same neurological condition or improved.

Conclusions: A carefully planned and individually tailored approach was
essential to obtain a specific exposure of the brainstem which depended upon
the size and exact location of the lesion. The optimal entry zone to the brainstem
was based on precise anatomical criteria, on the local vascular pattern, on
electrophysiological mapping and neuronavigation. In combination with modern
neuroanesthesia and advanced microsurgical techniques, excellent results have
been achieved with this method.
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WEDNESDAY, OCTOBER 6 9:30-9:45 am

The Transgenic Arteriovenous Fistula in the Rat: An Experimental Model of
Gene Therapy for Brain Arteriovenous Malformations

Michael T. Lawton,* CL Stewart,* AA Wulfstat,” N Derugin,” T Hashimoto,
WL Young,"*

‘Department of Neurological Surgery, +Department of Anesthesia and
Perioperative Care

ADepartment of Neurology, Center for Cerebrovascular Research, University of
California, San Francisco

Objective: To introduce the transgenic arteriovenous fistula (AVF) model in the
rat, constructed by interposing mouse aorta in a fistula between the common
carotid artery and external jugular vein in a nude rat; to describe the model's
technical feasibility, long-term patency, and expression of reporter genes.

Methods: Carotidjugular fistulas were surgically created in 112 rats. In 25
immuncdeficient nude rats, wild-type mouse thoracic aorta (TAo) was interposed
in the fistula; in 10 immunocompetent rats, TAo was interposed; in 19 nude rats,
transgenic TAo with reporter genes for beta-galactosidase (lac-Z) or green
fluorescent protein (GFP) was interposed; in 18 nude rats, wild-type mouse
ascending acrta (AAo) was interposed; and in 40 rats, a simple fistula was
constructed without an interposition graft. Host tolerance and graft viability were
determined by histopathology and immunchistochemistry for CD31 (mouse
endothelial cell marker), endothelial nitric oxide synthase (eNOS), smooth
muscle aclin, fibroneclin, beta-galactosidase, and GFP.

Results: The transgenic AVF was technically feasible and immunclogically
tolerated in nude rats, but not in immunocompetent rats. The overall
angiographic patency rate was 41% with TAo grafts and 56% with AAo grafts,
both lower than the 98% patency rate in fistulas with a single anastomosis and
no interposition graft. Mouse endothelium survived on the graft for 3 months
according to CD31 staining, but longer survival by transgenic smooth muscle
cells resulted in continued expression of lac-Z for 6 months and GFP for 4
months. Endothelium and smooth muscle in the fistula were functional, with
normal expression of eNOS, and smooth muscle actin and fibronectin,
respectively.

Conclusion: The transgenic arteriovenous fistula model enhances other
carotid-jugular fistula models by integrating transgenic tissue, thereby creating
an experimental system for investigating the molecular biology of and gene
iherapies for arteriovenous malformations.
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WEDNESDAY, OCTOBER 6 9:45-10:00 am

A role for EphB4 signaling in the regulation of vascular morphogenesis
and vascular permeability in malignant glioma

Peter Vajkoczy', R Erber', U Eichelsbacher, V Powajbo', P Knyazev?, A Ullrich?

1Department of Neurosurgery, University Hospital Mannheim: 2Max-Planck-
Institute for Biochemistry, Marlinsried

Objective: Several endothelial-specific receptor tyrosine kinases (RTKs) and
their ligands have been implicated in glioma angiogenesis. Recently, members of
the Eph-group of RTKs (Ephs) and their ligands (ephrins) have been suggested
to be involved in developmental angiogenesis and embryonal vascular
differentiation. The role of ephrin/Eph signaling in adult angiogenesis, however,
has remained unknown so far. The objective of the present study was to assess
the role of ephrin/Eph signaling for glioma biology.

Methods: Expression of ephrins and Ephs was assessed in glioma cell lines,
human glioma xenografts as well as low- and high-grade human astrocytoma
using c-DNA-array analysis, RT-PCR and in-situ hybridization. To further study
the role of EphB4 signaling for glioma angiogenesis we used Phoenix E cells
producing (i) ecotropic retroviral constructs for EphB4-WT, (i) EphB4-DN, i.e. a
truncated dominant-negative mutant form of EphB4 lacking the kinase domain,
and (iii) Phoenix E cells producing an empty vector (mock). Phoenix E cells were
co-implanted with glioma cells into flanks or the dorsal skinfold chamber
preparation of nude mice. Glioma angiogenesis and glioma growth were
assessed by immunochistochemistry and intravital multi-fluorescence
videomicroscopy.

Results: Expression of several ephrins (EphrinA1, EphrinB1, EphrinB2) and
Ephs (EphA2, EphA5, EphB2, EphB3, EphB4) could be detected in human
gliomas. Compared to normal brain, expression of EphB4, EphB3 and EphrinB2
mRNA was increased in glioma, whereas expression of EphA5 and EphA2
mRNA was reduced in glioma. Interestingly, expression of ephrins and Ephs in
glioma xenografts was detected on both blood vessels and tumor cells. In situ
hybridization of human astrocytoma specimens further demonstrated that, while
ephrinB2 was homogeneously expressed by tumor cells and tumor blood
vessels, EphB4 mRNA was predominantly expressed by perinecrotic tumor cells
and tumor blood vessels. Based on these results we next set out to study the
role of EphB4 signaling for glioma angicgenesis in detail. /n vivo manipulation of
endothelial EphB4 signaling with EphB4-WT and EphB4-DN constructs did not
affect initial sprouting tumor angiogenesis, but markedly altered the vascular
phenotype of the tumors. Compared to mock tumors, both EphB4 WT- and
EphB4-DN tumors were characterized by a rather circumferential than branching
vessel growth, resulting in extremely large (>200pm) tumor vessels, and by a
significant reduction in tumor vessel permeability.
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Conclusion: The results demonsirate that CA IX and Xil are upregulated in
intrinsic and metastatic brain tumors compared to normal brain tissue. Hypoxia
seems to be the major mechanism of induction highlighting the importance of
hypoxia as a pathogenetic factor in brain tumors. This may contribute to maintain
the pH gradient with alkaline intracellular and acidic extracellular pH observed in
brain tumors. Since powerful inhibitors of carbonic anhydrases are clinically
available, CA IX and XII may be an important target for future treatment of brain
tumors.
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WEDNESDAY, OCTOBER 6 10:00-10:15 am

Gamma Knife Radiosurgery in the management of glomus tumors - a
volumetric study of 17 Cases

Gene H Barneit, A Varma, JH Suh, J Ross

Twenty patients with glomus jugulare tumors underwent Gamma Knife
radiosurgery (GKRS) at the Cleveland Clinic during a 6-year period from 1997 o
2002. Three patients with follow up of less than 10 months were excluded.
Clinical and radiological data from 17 pafients were retrospectively analyzed.
MRI tumor volumes at treatment and follow-up were assessed.

There were 15 women and 2 men, with an average age of 63.1 years (range 22
to 87). Follow up was 10 to 79 months (average 44.5 months). Six patients had
undergone previous surgical resection of the same tumor, two had multiple
tumors and one had a functional chemodectoma. Symptoms were tinnitus
(n=12), hearing loss (n=12), lower cranial nerve paresis (n=6) and otalgia (n=5).
Tumor margins received 13 to 18 Gy (average = 15 Gy, median = 15 Gy) at 48%
fo 63% (average = 53%, median = 50%) isodose line. Eight patients clinically
improved, 2 patients worsened and 7 patients were unchanged. One patient
experienced transient hearing impairment. Tinnitus and otalgia responded most
favorably to GKRS. Initial tumor volumes ranged from 0.4 to 26.1 cm3. Tumor
volume showed a transient increase in 7 patients though ultimately decreased in
8 patients (4 clinically improved, 3 unchanged & 1 worse), increased in 4 patients
(2 clinically unchanged, 1 improved, 1 worse) and was unchanged in 5 patients
(3 clinically improved and 2 unchanged).

GKRS is a safe, effective treatment for glomus jugulare tumors, particularly in
elderly patients and patients with serious medical conditions.
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WEDNESDAY, OCTOBER 6 10:15-10:30 am
Intraoperative Functional MRI. First results and technical considerations.

Thomas Gasser', D Stolke', R Fahlbusch?, C Nimsky?
' Department of Neurosurgery, University of Essen, 2 Department of
Neurasurgery, University of Erlangen

Objective: The preservation of eloquent cortex during a neurosurgical
intervention is essential for the functional outcome.

Functional MRI represents an established concept to map functional units.
However, fMRI paradigms are generally active in nature, limiting the method to
awake and cooperalive patients and to the preoperative period. However, a
novel passive fMRI paradigm for localization analysis of the sensorimotor cortex
allows functional analysis of neurologically impaired or anaesthetized patients.
The paradigm is based on peripheral electrical nerve stimulation during echo-
planar image acquisition. Preceding studies have already established clinical
applications of this fMRI-paradigm.

The present prospective siudy evaluates the feasibility of true intraoperative fMRI
utilizing this paradigm in anaesthelized patients undergoing brain tumour
resection. The study focused as well on the technical setup and the
intraoperative management.

Methods: In 3 anaesthetized patients with centrally localized lesions
intraoperative fMRI scans were acquired at 3 distinct stages of the surgical
procedure employing an intraoperative 1.5 Tesla MR scanner. The data were
analyzed statistically and co-registered with the Talairach space. Additionally the
data were validated by electrophysiology.

Results: Utilizing this passive fMRI paradigm, the sensorimotor cortex could be
identified intraoperatively in 2 of the 3 patients. We cobserved a significant
change in signal intensity in the course of the operation and detected regularly
an inverled BOLD-signal response, which may be caused by an inhibition of
cerebrovascular autoregulation under total intravenous anaesthesia (TIVA).
Susceptibility artefacts influenced image quality marginally.

Conclusion: We could demonstrate the feasibility of this method to identify the
sensorimotor cortex in anesthetized patients in the surgical setup. Further
studies will have to evaluate the BOLD-signal characteristics under anaesthesia
and the clinical impact of intraoperative fMRI.
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WEDNESDAY, OCTOBER 6 10:45-11:00 am

Sirolimus-eluting Stents in the Canine Cerebral Vasculature: Assessment
of Safety Profile and Vessel Response

Elad I. Levy, RA Hanel, AS Boulos, FO Tio, AM Paciorek, KS Kagan-Hallet,
MD Fronckowiak, LR Guterman, L.N Hopkins

Department of Neurosurgery and Toshiba Stroke Research Center (EIL, RAH,
ASB, AMP, MDF, LRG, LNH), University at Buffalo, State University of New
York, Buffalo, New York; and The Biomedical Research Foundation of South
Texas, Inc. (FOT, KSK), San Antonio, Texas

Purpose: The treatment of intracranial atherosclerosis with bare-metal stents
results in excessive restenosis rates. Neurotoxicity effects and vessel injury
following implantation of drug-eluting stents are unknown in the
cerebrovasculature. To assess the safety and vascular effects of sirolimus-
coated stents, we conducled a prospeclive comparison study of drug-eluting and
bare metal stent implantation in the canine basilar artery.

Method: Sixteen mongrel dogs were randomized to receive either bare metal
1.5- x 8-mm (6-cell) stents or sirolimus-eluting stents of the same dimensions.
Serial peripheral blood samples were obtained during the first week after stent
implantation to determine the time-dependent serum sirolimus concentration.
Angiograms were performed 30 days post-implantation to assess the effects of
stent placement on the basilar artery and brainstem perforators. Stent and
basilar arlery explantation was performed immediately after angiography.
Histological and computer-assisted morphometric analyses of specimens
obtained were performed.

Results: No sirolimus was detected in peripheral blood samples obtained later
than 24 hours post-treatment. On follow-up angiography, no evidence of parent
vessel damage or pseudoaneurysm formation was seen. Explanted vessels and
brainstem sections showed no evidence of neurotoxicity. No significant
differences were found in the time to endothelialization of bare-metal and
sirolimus-coated stents. Smooth-muscle cell proliferation was lower in animals
receiving sirolimus-coated stents (p = 0.003). Additionally, intimal fibrin density
was increased in the group treated with sirolimus-coated stents (p < 0.0001).
Histological evidence of an inflammatory response indicated a trend toward a
reduced response in the sirolimus group.

Conclusion: These findings suggest that sirolimus-coated stents may inhibit in-

stent stenosis. Further studies with longer-term follow-up are required to assess
the restenosis rates of sirolimus-coated stents implanted in intracranial vessels.
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WEDNESDAY, OCTOBER 6 11:00-11:15 am

Brain tumour surgery in the vicinity of short-term memory representation —
results of neuronavigation using fMRI images.

Veit Braun', A Albrecht!, A Wunderlich?, H-P Richter'

' University of Ulm, Department of Neurosurgery, Ludwig-Heilmeyer-Str. 2,
89312 Guenzburg, Germany, ? University of Ulm, Department of Radiology,
Robert-Koch-Str. 8, 89070 Ulm, Germany

Objective: Functional informations cencerning the surrounding brain are
mandatory for a good clinical outcome in brain tumour surgery. The value of
fMRI to detect the motorcortex and the Broca area is widely accepled today. If an
appropriate paradigm is used, short-term memory areas can be visualized as
well. Obviously these informations must be integrated into cranial
neurcnavigation for an appropriate intraoperative use. We report our first
experiences with the direct integration of short-term memory fMRI into cranial
neuronavigation,

Method:. From January 2001 to March 2002 14 patients were operated on for
intracranial tumours with short-term memory fMRI imaging, using the .iwo-back-
paradigm*. Both pre- and postoperatively, the short-term memory of all patients
was tested additionally by a standardized test battery including 16 different
verbal and visuo-spatial items. FMRI was repeated postoperatively as well.

Results: In all 14 patients the general level of working memory capacity was
preserved after surgery and we found an improvement in verbal short-term
memory items. In contrast, the visuo-spatial performance kept unchanged or
deteriorated slightly and the alertness slightly worsened as well.

Conclusion: Functional fMRI basing on a short-term memory paradigm is able
to improve the outcome after surgery for cortical and subcortical brain tumours
localized in the frontal and precentral area. The so-called two-back paradigm
mainly serves for verbal memory tasks. For visuo-spatial items, we are going to
design a new paradigm. Unfortunately it has to be mentioned, that irradiation
may deteriorate this capacity as well.
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WEDNESDAY, OCTOBER 6 11:15-11:30 am

Fiber tract deformation as visualized with sequential acquisitions of 3D-
ultrasound (3DUS) during intracranial surgery

Volker A Coenen, T Krings, J Weidemann, FJ Hans, P Reinacher, JM Gilsbach,
V Rohde

Department of Neurosurgery, University Hospital Aachen

Objective: We present a technique that intraoperatively allows displaying brain
shift and its effects on fibre tracts that preoperatively were studied with diffusion-
weighted imaging (DWI). With DWI the pyramidal tract and the optic radiation
can be displayed among other fiber tracts. Intraoperative 3D - ultrasound
(3DUS) has the ability to directly compare ultrasound and MRI (or DWI)
anatomy. 3DUS cannot directly visualize fiber tracts in the white substance of the
brain. However, it is possible to estimate a fiber tract’s position by defining an
environment of ultrasound landmarks on the basis of the US — DWI comparison.

Methods: In three patients intracranial lesions (1 malignant glioma, 1
metastasis, 1 cavernoma) with contact to either the corticospinal or the
geniculostriate tracts were removed microneurosurgically. Preoperatively,
difiusion weighted magnetic resonance imaging (DW!) was obtained to visualize
the fiber tract at risk. DWI data were fused with the anatomical T1-weighted
magnetic resonance (MR) image. A single rack 3D - ultrasound (3DUS)
neuronavigation system, which displays simultaneously the MR image and the
corresponding ultrasound image was used intra-operatively for 1) navigation 2)
definition of fixed and shiftable ultrasound-landmarks in vicinity to the fiber tract
3) sequential image update at different steps of resection resulting in time
dependent brain deformation data. Using a standard personal computer
equipped with Windows®-based image software, the brain shift-associated fiber
tract deformation was assessed by sequential landmark registration. After
surgery, DWI was obtained to direclly confirm the predicted fiber tract
deformation.

Results: The lesions were removed without any morbidity. The comparison of
3DUS with DWI and T1-weighted MR} allowed to define fixed and shiftable
landmarks close o the respective fiber tract. Postoperative DWI confirmed, that
the actual fiber tract position corresponded to the sonographically predicted fiber
tract position at the end of surgery.

Conclusion: By definition and sequential intraoperative registration of
ultrasound landmarks in vicinity to a fiber tract, brain shift associated deformation
of the sonographically not visible tract can be correctly assessed. This approach
appears to be helpful to identify and avoid eloquent brain during intracranial
surgery.
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WEDNESDAY, OCTOBER 6 11:30-11:45 am
German Society First Prize Award (Wilhelm Tonnis Preistrdger)

Mechanical Response of a Cervical Spine Motion Segment on Removing a
Local Autograft

Tobias Pitzen’, CJ Kempf', TR Oxland?, Wi Steude!'

'Neurochirurgische Klinik, Universititskliniken des Saarlandes, 66421 Homburg/
Saar

“Division of Orthopaedic Engineering Research, Departments of Orthopaedics
and Mechanical Engineering, University of British Columbia, Vancouver, Canada

Objective: There is evidence, that filling a cervical spine fusion cage with either
bone substlitute or autologous bone graft from the iliac crest is beneficial with
respect to speed and rate of the bony fusion. However, both bone substitutes
and the iliac crest autograft have specific disadvantages. Using a local autograft
from the cervical spine vertebral bodies to fill a cervical spine fusion cage might
be an alternative. However, removing the local autograft from the vertebral
bodies of the cervical spine could result in reduced strength of the spinal
segment, thus again leading to severe complications. Therefore, mechanical
testing of such a procedure should be performed before the method is to be used
in clinical practice.

The objective of the study was to investigate, if removing a local autograft from
the cervical spine vertebral bodies significantly reduces compression strength of
a cervical spine segment.

Methods: 14 human cervical spine segments (C4-C5 and C6-C7) were used.
According to bone mineral density they were assigned to either control or test
group. Each specimen underwent anterior discectomy and insertion of a titanium
cage (Rabea, Signus Medizintechnik, Alzenau). Within the specimen, assigned
to the test group, a cylindrical bone dowel of 5 mm depth and 5 mm diameter
was removed from the anterior aspect of each vertebra. The specimens were
then loaded in flexion-compression. We looked at the force resulting in the first
failure, at the force resulting in 4 mm displacement of the construct and at the
correlation of these parameters to the bone density of the segment.

Results: Then mean force resulling in initial failure was 1149 N for the test and
1647 N for the control group (p = 0,252). The force resulting in 4 mm
displacement was 1064 N for the test and 1574 N for the control group (p =
0,155). There was a strong and significant correlation of these parameters
versus bone density for the control group, however, the correlation was
moderate and not significant within the test group.

Conclusion: Removing a cylindrical dowel of 5 x 5 mm from the anterior aspect
of the cervical spine vertebral bodies does result in a not significant reduction of
strength in flexion-compression.
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WEDNESDAY, OCTOBER 6 11:45-12:00 noon
American Academy Honorable Mention Award

Selective ablation of vanilloid receptor 1 positive nociceptive neurons for
elimination of hyperalgesia and neuropathic pain.

Russell R. Lonser', GC Tender'?, § Walbridge', Z Olah?, L Karai®, M ladarola®,
EH OQldfield

'Surgical Neurology Branch, National Institute of Neurological Disorders and
Stroke, National Institutes of Health, Bethesda, Maryland, and 2Department of
Neurosurgery, Louisiana State University New Orleans, Louisiana, and *Pain and
Neurosensory Mechanisms Branch, National Institute of Dental and Craniofacial
Research, National Institutes of Health, Bethesda, Maryland

Objectives.  Neuropathic pain is mediated by nociceptive neurons that
selectively express the vanilloid receptor 1 (VR1). Resiniferatoxin, an excitotoxic
VR1-agonist, destroys VR1-positive neurons. To determine if resiniferatoxin can
selectively ablate VR1-positive neurons and eliminate neuropathic pain without
affecting tactile sensation and motor function, we infused it unilaterally into
primate trigeminal ganglia.

Methods. We perfused resiniferatoxin (experimental=3) or vehicle (control=1)
into the right trigeminal ganglia of Rhesus primates and fested tactile and
hyperalgesic sensation in trigeminal-innervated territories (corneal application of
saline and capsaicin, respectively) at 1, 4 and 7 weeks postoperatively. Number
of blinks, eye wipes, and duration of squinting were recorded after application.
Neurogenic inflammation, mediated by VR1-positive neurons, was lested by
facial application of capsaicin cream. Immunohistochemical analyses were
performed after euthanization.

Results.  Consistent with elimination of hyperaigesia on the side of
resiniferatoxin-treated ganglia, there was a dramatic reduction in the number of
blinks (meantS.D.; 25.744.4 versus 106+20.8, and 112.8+19.7), eye wipes
(1.440.8 versus 19.3+5.0 and 16.744.5), and duration of squinting (1.4+0.7
seconds versus 11.411.6 and 14.8+1.7) in response to corneal application of
capsaicin, compared to the vehicle and untreated sides, respectively (p<0.01).
Tactile sensalion (mean blinks after saline application; 18.842.3, versus
18.0£2.6, and 18.443.3, respectively; p>0.05) and motor function (mastication)
remained intact. Neurogenic inflammation was blocked on the resiniferatoxin-
treated side. Animals showed no adverse clinical effects. Immunohistochemical
analysis revealed selective ablation (mean decrease, 79.3+2.8%; p<0.001) of
VR1-positive neurons in the resiniferatoxin-treated ganglia.

Conclusions. VR1-posilive nociceptive neurons can be safely and selectively
ablated by intraganglionic resiniferatoxin infusion, eliminating hyperalgesia and
neurogenic inflammation while maintaining intact tactile sensation and motor
function. Intraganglionic resiniferatoxin infusion could provide a new site-specific,
mechanism-based treatment approach for neuropathic pain.
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WEDNESDAY, OCTOBER 6 12:00-12:15 pm
German Academy First Prize Award

tdentification of Brain Tissue Necrosis by MRI: Validation by
Histomorphometry

Michael Stoffel?, C Blau®, H Reinl®, J Breidt®, K Gersonde®, A Baethmann?,
N Plesnila

'Dept. of Neurosurgery, Rheinische Friedrich-Wilhelms-University, Sigmund-
Freud-Str. 25, 53105 Bonn (Tel.:+49-228-287-6521, Fax:+49-228-287-4758,
mail: michael.stoffel@ukb.uni-bonn.de), %Institute for Surgical Research,
Klinikum GroRhademn, Ludwig-Maximilians-University, Marchioninistr. 15, 81366
Munich (Tel.:-+49-89-7095-4352, Fax: +49-89-7095-4353 mail:
plesnila@icf.med.uni-muenchen.de), *Fraunhofer Institut fiir Biomedizinische
Technik, Ensheimerstr. 48, 66386 St. Ingbert (Tel.:+49-6894-980-274, Fax:+49-
6894-980-400, mail: blauc@ibmt.fhg.de}), Germany

The volume of an experimental necrotic lesion of the cortex expands up to 400 %
of its initial size within the first 24 hrs after the insult. Lesion expansion, a
clinically well known phenomenon, is often accompanied by perifocal brain
edema and consequently difficult to image and to analyze by magnetic
resonance imaging (MRI). Therefore we aimed to validate a T2-weighted spin
echo sequence upon its ability to distinguish necrotic from edematous brain
tissue.

Male Sprague-Dawley rats (n=5 per group) were subjected to a cortical freezing
lesion leading to immediate tissue necrosis with subsequent perifocal vasogenic
brain edema. Immediately, 4, 12, and 24 hrs after the lesion the maximal area of
necrosis was quantified longitudinally by coronal T-weighted spin echo MRI-
scans. After the last scan, animals were sacrificed for direct comparison of the
lesion area obtained by MRI and histomorphometry. In parallel groups of
animals, lesion expansion was quantified by histology.

The acquired Tz-maps clearly distinguish the cortical necrosis from perifocal
edema and healthy brain. Focal freezing led to a cortical lesion of 5.24 *+ 0.36
mm? immediately after trauma (0 h; 100 %) which expanded progressively to a
maximum of 6.82 + 0.34 mm?® after 24 hrs (131 %; * p<0.01 vs. Oh). Lesion
expansion quantified by histology was almost identical (132 % within 24 hrs).
Histological assessment resulted in smaller absolute lesion areas compared to
MRI, most llkely due to shrinking during tissue processing (4.72 + 0.26 mm’ vs.
6.82 + 0.34 mm?, p<0.01).

The current study shows that necrotic brain tissue can be distinguished from
surrounding brain edema by Tz-mapping. The technique is sensitive enough to
detect small changes in necrosis expansion in vivo as validated by histology. The
presented {echnique may be a useful future tool for the non-invasive
identification of necrotic brain tissue following brain injury, e.g. from trauma or
ischemia.
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WEDNESDAY, OCTOBER 6 12:15-12:30 pm
American Academy First Prize Award

Achieving a Multidimensional brain computer interface in humans using
electrocorticographic signal

Eric C. Leuthardt, G Schalk, JR Wolpaw, JG Ojemann, DW Moran

Brain-computer interfaces (BCls) enable users to control devices with
electroencephalographic (EEG) activity from the scalp or with single-neuron
aclivity from within the brain. Both methods have disadvantages: EEG has
limited resolution and requires extensive training, while single-neuron recording
entails significant clinical risks and has limited stability. This research
demonstrates that electrocorticographic (ECoG) activity recorded from the
surface of the brain can enable users to control a computer cursor rapidly and
accurately. Previously, over brief training periods (several minutes), four patients
mastered control and achieved high success rates in one dimensional tasks. In
additional experiments, we found that ECoG signals at frequencies up to 180 Hz
accurately reflected the direction of two-dimensional joystick movements. These
fechniques derived to achieve one dimensional control were then used to
translate this to two dimensional contro! in one patient with success rates of 70-
94%. These results suggest that an ECoG-based BCI could provide people with
severe motor disabilities a non-muscular multidimensional communication and
control option that is more powerful than EEG-based BCls and is significantly
easier and safer than BCls that use electrodes penetrating the brain.
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THURSDAY, OCTOBER 7 9:15-9:30 am

Clinical outcome following Transforaminal Lumbar interbody Fusion (TLIF):
One year follow-up of prospective data.

Richard G. Fessler
Section of Neurosurgery, MC 3026, University of Chicago

METHODS: Two studies were completed using a prospective, non-randomized
design.

Study 1: 50 patients underwent either open TLIF or minimal access TLIF (MAST
TLIF). 25 patienis were in each group. All palienis receiving open TLIF were
performed by one surgeon, and all MAST TLIFs were performed by a second
surgeon. Surgeries were performed over the same period of ime. Data collected
included age, sex, levels operated, operalive time, blood loss, transfusions, pain
medications received, and length of stay. Resulls were analyzed using Wilcoxon
Signed Rank analysis and Student’s t-test analysis.

Study 2: 56 patients who were scheduled to undergo MAST TLIF were pre-
operatively administered VAS, Oswestry Disabilty Scale, and SF-36
questionnaires. Surgery was then performed and the same tests were re-
administered at 6 wks, 4 ¥2 months, and 1 year post-operatively. Data at 1 year
was compared to the pre-operative data using the Wilcoxon Signed rank analysis
for VAS scores and repeated measures ANOVA for the Oswestry Disability
Scores and SF-36 scores.

RESULTS: Study 1: Patient demographics, including age and levels operated
were not significantly different. More males were done through mast technique
than open. Operative time was not significantly different between the groups.
Patients undergoing MAST TLIF lost significantly less blood (200 v 1100 cc, p <
.002), required significantly fewer transfusions (0 v 33 %, p < .001), and took
significantly less pain medicine (130 v 180 MSO4 equivalents, p < .05). Length
of stay was less for MAST TLIF patients, bul did not reach statistical significance.

Study 2: Patients followed for 1 year after MAST TLIF experienced a 98 %
fusion rate. Visual analog scores decreased from 5.5 to 3.5 (p < .008).
Oswestry disability scores decreased from 45 to 30 (p < .0001), and SF-36
scores for physical functioning increased from 35 to 46 (p < .01).

DISCUSSION: The MAST TLIF technique for performing lumbar interbody fusion
and stabilization is a safe and effective procedure. In similar groups of patients it
can be performed in the same or less time than open procedures, while causing
less blood loss, fewer blood transfusions, and requiring less pain medicine and
possibly shorler hospital stays. Long term follow-up demonstrate significant
improvement in pain, disability, and overall satisfaction with life compared to pre-
operative values.



THURSDAY, OCTOBER 7 9:30-9:45 am

Application of Image-Guided Spinal Navigation to Decompression and
Internal Fixation of the Upper Cervical Spine

lain H. Kalfas
Cleveland Clinic Foundation

The techniques for decompression and internal fixation of the upper cervical
spine have evolved significantly. This has resulted from an improved
understanding of spinal biomechanics, improvements in spinal imaging, the
refinement of surgical exposure techniques as well as continued advances in the
design of internal fixation devices.

Despite these advances, the anatomic complexity of the upper cervical region
can present difficulties for even the most experienced spinal surgeons. In
particular, orientation to the pertinent neural, vascular and bony structures is
criical to optimizing the outcome of surgery. While intraoperative fluoroscopy
can help facilitate anatomic orientation, it has several technical limitations.

Computed tomography-based image-guided spinal navigational technology has
evolved over the past decade. Unlike, fluoroscopy, it provides the surgeon with
multiplanar images through the upper cervical region. These images can be
manipulated intraoperatively to provide enhanced orientation to the surgical
anatomy.

Forty patients underwent surgery for decompression and internal fixation of the
upper cervical spine using image-guided spinal navigation. Thirty-two patients
underwent posterior C1-2 screw fixation, 5 patients underwent transoral surgery
with posterior C1-2 screw fixation and 3 patients underwent anterior odontoid
screw fixation. Flucroscopy was also used on a limited basis during each case
to validate the navigational information.

Satisfactory screw placement was achieved in all patients. There were no

incidences of neural of vascular injury due screw placement. The technique of
using image-guided technology for upper cervical surgery will be reviewed.
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THURSDAY, OCTOBER 7 9:45-10:00 am

Laboratory testing of an implantable microsensor system for intraoperative
3D-computer animation of vertebral body motion in cervical spinal surgery

Olaf Suiss, T Kombos, S Schénherr*, S Mularski, B Kithn, M Brock

Neurochirurgische Klinik, Charité-Universitdtsmedizin Berlin, Campus Benjamin
Franklin® Institut fir Informatik, Freie Universitat Berlin

Objective: Degenerative diseases of the cervical spine may not only cause
neuroclogical deficits due to direct compression of the spinal cord or the spinal
nerves, but also alter its biomechanical function and statics. In such cases, the
aim of surgery is double: to decompress neural structures and to provide the
highest possible stability and the best possible preservation of function.
Regardless of the surgical technique used, intraoperative prediction of the
functional (neurological and biomechanical) results of surgery, might represent a
major progress.

Materials & Methods: Navigationsystems have been used in spinal surgery for
specific surgical planning, optimization of anatomical orientation and
improvement of surgical accuracy. In the present research project (sponsored
by the Deutsche Arthrose Hilfe e.V.), reference sensors of an electromagnetic
navigation system (ACCISS II™, Schaerer Mayfield Technologies) have been
miniaturized for direct implantation into one or more vertebral bodies with the aim
of providing precise additional spatial online information on the location of the
vertebral bodies and their orientation in space. In laboratory tests, up to three
microsensors were implanted into several cervical vertebrae of cadaver
specimens.

Results: Five different surgical techniques (ventral fusion, dorsal fixateur
implantation, ventrolateral plate osteosynthesis, foraminotomy, cage
implantation) were performed in a total of ten cervical spine models using
different segments (C1-3, C5/6, C6-T1). The isolated vertebral body movements
were registered and visualized online on the navigation screen.

Conclusion: The implanted reference sensors allow computer-animated, real-
time visualization of isolated movements of individual vertebral bodies or of
entire motion segments. This means that motion can be visualized immediately
during surgery without the need for additional intraoperative imaging procedures
such as fluoroscopy or computed tomography. These results indicate that
reliable information on the expected postoperative biomechanical outcome can
be obtained by continuous intraoperative three-dimensional animation.
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THURSDAY, OCTOBER 7 10:00-10:15 am
Transthoracic discectomy without interbody fusion

William E Krauss; D Edwards, A Cohen-Gadol,

Department of Neurologic Surgery, Mayo Medical School, Rochester, Minnesota

Object: Transthoracic discectomy is an established surgical procedure for the
treatment of thoracic disc disease. Most authors advocate interbody fusion
following transthoracic discectomy. The purpose of this study was to determine
if there were adverse consequences in forgoing interbody fusion following
transthoracic discectomy.

Methods and Results: From 1996 to 2002, the senior author performed
transthoracic discectomy without fusion on eighteen patients. There were eleven
women and seven men in this series. Their mean age was 54 years (SD=17,
range 28-84). Surgical indications were radiculopathy in 1 patient, myelopathy in
14 patients, and radiographic cord compression in 3 patients. We obtained
postoperative CT scans to evaluate the decompression in most patients. We
obtained followup data from clinic visits and telephone surveys. We obtained and
compared pre and postoperative radiographs to determine the incidence of
postoperative kyphosis at the operated level. Mean followup was 2.3 years. No
patients reported the new onset of axial spine pain postoperatively. Fourteen of
18 patients had significant improvement in neurological symptoms and signs.
The only three non-ambulatory patients regained ambulation. One 83 year-old
patient had a slight increase in gait difficulties postoperatively. There were three
major complications: 1 wound infection, 1 sympathetic pleural effusion requiring
pleurodesis, and 1 case of disabling postthoracotomy pain. No patients
developed a clinically significant kyphotic deformity.

Conclusions: These results indicate that interbody fusion may not be necessary
in all patients undergoing transthoracic discectomy.
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THURSDAY, OCTOBER 7 10:15-10:30 am

Treatment of Spinal Cord Injury via Topical Perfusion with an ATP Solution

Christopher B. Shields', YP Zhang', S Chien?, Y Han',

LBE Shields’, M Li°, B Chiang’. DA Burke'

1) Kentucky Spinal Cord Injury Research Center, Department of Neurological
Surgery, University of Louisville, Louisville, KY, USA 2) Depariment of Surgery,
University of Louisville, Louisville, KY, USA

ATP depletion damages ATP sensitive ion channels following spinal cord injury
(SCl), feading to membrane failure and cell death. These processes may be
reversed by the application of exogenous ATP. ATP solution, stabilized in a
lecithin suspension, has been shown to protect hepatic tissue and skin following
injury (unpublished data). Besides supporling metabolism, ATP may be trophic
in neurogenesis and cell survival by acting on its P2X and P2X receptor
subunits. We suggest that exogenous administration of ATP solution to the
spinal cord following SCI may prevent irreversible damage and improve
functional recovery.

Sixteen Sprague-Dawley rats received a 25 gm-cm SCI at T10 and were
assigned info one of two groups: 1) injury/vehicle {(control: n = 8) and 2)
injury/ATP enhanced solution containing 3000 pmol ATP/mI (n = 8). A perfusion
well was designed fo irrigate ATP solution to the injured spinal cord. Flow rate
was 5 mi/hour for 24 hours. Locomotion was tested weekly for 6 weeks after SCI
using the BBB score. At week 6, rats were fixed, and their spinal cords are being
assessed for lesion size and tissue preservation.

BBB scores were higher in rals irrigaled with the ATP enhanced solution
compared to the control group. Locomotor funclion was significantly better in the
ATP-treated groups at 2, 4, and 5 weeks (p < 0.05). Tissue sparing and lesion
size of the spinal cords will be analyzed after 6 weeks.

We conclude that topical application of exogenous ATP provides functional and
possibly anatomical neuroprotection following moderate SCI.
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THURSDAY, OCTOBER 7 11:00-11:15 am
“]JOMaster 7D" — a new device for virtual neuroendoscopy

Christos Trantakis', J Meixensberger', G StrauR?, E Nowatius®, D Lindner', HK
=R, LS S
Cakmak®, H MaaR®, C Nagel', U Kuhnapfel*

'Department of Neurosurgery, 2Department of ENT, University of Leipzig,
3zwonull Media GmbH, Leipzig, ‘Institut fir Angewandte Informatik, Research
Center Karlsruhe

Objective: To create a VR training system for neuroendoscopy. A new force
feedback device was intended to be developed and evaluated regarding the
suitability for the simulation of endoscopic ventriculocisternostomy.

Methods: A VR model for ventriculostomy was generated based on a MRI
dalaset. Software modules were used for segmentation (VESUV), modelling
(KisMo) and visualization (KISMET) and implemented on a WIN32 platform. Real
instruments (MINOP, Aesculap, Germany) were adapted to the simulator. The
system was evaluated in 79 procedures.

Results: The “IOMaster 7D" offers 7 degrees of freedom. Both the trocar and the
acling instruments are captured separately. The trocar’s position determines the
view of the camera, the access to the target, and the operaling range. An
elastodynamic hydrocephalic ventricular system with realistic proportions was
modeled. An interactive virtual preparation with force feedback was
implemented. The system provides for axial movement or rofation of the
instruments, cutting, grasping and realistic elastodynamic deformations of the
ventricle wall. First evaluations proved a reduction of the median failure rate and
a reduction of the median time to reach the targel. Analysis of the total distance
of instruments movement showed a reduction, too.

Conclusion: VR systems can simulate realistic and real time surgical
procedures and may open new perspectives for the neurosurgical training.
Integrating haptic information increases the quality. The definition of no touch
areas and targets and the possibility of registration of both kinelic parameters,
failure rate and the time course of the procedure provide objective criteria for the
appreciation of a learning effect.

58

T o T e T T o e T T o O T B A O O



L

THURSDAY, OCTOBER 7 11:15-11:30 am

Fedor Krause, The Krause Operations, and Krause's Impact on American
Neurosurgeons.

Peter W. Carmel’, M Buchfelder?

'Depariment of Neurological Surgery, UMDNJ-New Jersey Medical School,
’Department of Neurological Surgery, University of Erlangen-Nurnberg Germany

Fedor Krause (1856-1937), the pioneering German neurosurgeon, is widely
known and revered in Germany, but is poorly known among American
neurosurgeons. He is slightly better known for his innovative cranial
approaches; the "Krause operations”.

We have assessed Krause's impact on contemporaneous American
neurosurgeons by review of references in over 30 backs and monographs by
Cushing, Dandy, Eisberg, and Frazier. This informal “citation index” permitted
comparison with other contemporaneous authors.

Each of the four authors cited Krause frequently, not only from the English
translation of his book (1909-1911), but from his papers in German as well.
Indeed, Elsbergs’ “Surgical Diseases of the Spinal Cord" (1916) cites Krause
more often than any other author. Elsberg and Frazier credited Krause with
innovation of two further “Krause operations”; a form of osteoplastic
laminectomy, and mid-line cord myelotomy for pain.

This generation of neurosurgeons knew German, (the language of science), and
several had spent a Wanderjahre in Europe while training. These four American
neurosurgeons were clearly highly influenced by Krause's work. Why is he not
better known in America today? It may be related to the fact that subsequent
neurosurgical generations were less likely to read German, and after 1933, less
likely to travel to Germany. They only knew of Krause through his 1911 book,
which had been through many revisions in German (68 editions!) but not in
English.

We will review the career, surgical innovations, and impact of this unique

neurosurgical progenitor, with the hope of wider understanding of his
contributions.
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THURSDAY, OCTOBER 7 11:30-11:45 am

Diffusion tensor imaging for 3-D fiber tract visualization in navigated
glioma surgery

Christopher Nimsky, O Ganslandt, AG Sorensen, R Fahibusch

Department of Neurosurgery, University Erdangen-Nirnberg, Erlangen, Germany
(CN, OG, RF), Department of Radiology/Nuclear Magnetic Resonance Center,
Massachusetts General Hospital, Boston, USA (AGS)

Objective: To investigate the intraoperative displacement of major white matter
tracts during navigated glioma resection by comparing pre- and intraoperative
diffusion tensor imaging (DTI1) based fiber tracking.

Methods: In 37 patients undergoing glioma surgery pre- and intraoperative DT}
was performed with a 1.5 T magnelic resonance scanner applying an echo-
planar imaging sequence with 6 diffusion directions. For 3-D tractography we
implemented a knowledge-based multiple-ROI (region of interest) approach
applying user-defined seed regions in the color-encoded maps of fractional
anisotropy (FA). Tracking was initiated in both retrograde and orthograde
directions according to the direction of the principal eigenvector in each voxel of
the ROI. The tractography results were also assigned color applying the
convention used in color-encoded FA maps. In 15 patients DTI data were
integrated into the navigation setup.

Results: Pre- and intraoperative fiber tracking was technically feasible in all
cases. Fiber tract visualization gave a quick and intuitive overview of the
displaced course of white matter tracts in 3-D space. Comparing pre- and
intraoperative tractography depicted a marked shifling of major white matter
tracts during glioma removal. Maximum white malter tract shifting ranged from -8
o +15 mm (+2.7 £ 6.0 mm; mean t standard deviation); in 29.7% an inward, in
62.2% an outward shifting was detected. DTI based neuronavigation allowed
identification and preservation of deep seated eloquent brain areas.

Conclusion: Comparing pre- and intraoperative fiber tracking visualizes a
marked shifting and deformation of major white matter tracts due to tumor
removal. This brain shift of deep structures emphasizes the need for an
intraoperative update of navigation systems, when navigation is applied during
resection of deep-seated tumor portions near eloquent brain areas.

60

I'MM%}



THURSDAY, OCTOBER 7 11:45-12:00 noon

Changes of the astrocytic matrix and reappearance of radial glia in
hippocampi of patients suffering from temporal lobe epilepsy

Thomas M Freiman', J Eismann"?, M Frotscher?, J Zeniner'

'Department of Neurosurgery, ZInstitute for Anatomy and Cell Biology, Albert-
Ludwigs-University, D-79106 Freiburg im Breisgau

Objective: Temporal lobe epilepsy (TLE) is frequently associated with a
sclerosis of the hippocampus, also known as Ammon’s horn sclerosis (AHS).
These hippocampi show a significant neuron loss with astrogliosis. In the recent
literature most attention was paid to neuronal changes. However these
hippocampi show complex remodelling of synapses and neuronal layers, as a
widening of the usually very slim granule cell layer (GCL dispersion) which might
be influenced by the change of the glial matrix.

Methods: Hippocampal specimens were obtained from hippocampi of patients
treated for pharmaceutically intractable TLE (n=12) and from patients with
intracerebral fumours, who served as controls (n=3). The GCL dispersion and
the back-grown mossy fibres of the two groups were compared with
immunhistochemistry against glial fibrillary acid protein (GFAP) and Silver-
Impregnations. The astrocytes were reconstructed and the morphology was
evaluated by an optical analysis system (Neurolucida).

Results: Astrocytes proximal to the granule cell layer display a change of their
processes. The usually star-like shape of the processes changed into longer
processes projecling vertical through the dispersed GCL. Some radial gial cells
were observed projecting also vertical to GCL.

Conclusion: Hippocampi of patients with AHS demonstrate a change of the glial
scaffold and a new appearace of progenitor cells which project vertical through
the GCL along the embryonal sprouting direction of neurons in the hippocampus.
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THURSDAY, OCTOBER 7 12:00-12:15 pm

Surgical treatment of hemispheric intractable epilepsy in childhood with
functional hemispherectomy or peri-insular hemispherotomy.

Falk Oppel, V Zountsas, HW Pannek
Neurochirurgische Kiinik Krankenanstalten Gilead Bethel Bielefeld

Objective: To present the surgical and clinical results of the therapy of 71
hemispherical intractable epilepsies in children and juveniles, who were operated
on in Bethel Epilepsy Centre between May 1990 and August 2003, undergoing
either hemispherectomy or hemispherotomy.

Method: We analysed retrospectively these 71 cases. The age at the operation
ranged from 4 months to about 17 years (30% aged 3-14 years, 33% 1-3 years
and 29% infants). The indication for hemispherectomy was set in 44 cases with
congenital etiologies (25 hemimegalencephaly, 14 cortical dysplasia and 5
Sturge-Weber cases) as well as in 27 cases with acquired lesions (11
Rasmussen encephalilis, 13 porencephaly cases after MCA-infarct and 3 other
encephaloclastic lesions). By the functional hemispherectomy, the big central
region lissue resection was followed from the temporal (obectomy,
amygdalohippocampectomy, callosotomy and undercutting disconnection of
frontal and occipital lobes. By the hemispherotomy we achieved through smaller
craniotomies, shorter operating times and less blood loss, the disconnection of
the hemisphere from inside the lateral ventricle. The epilepsy outcome is
evaluated according to the Engels classification, with mean follow up of 6 years
and 4 months.

Results: 28 patients underwent functional hemispherectomy and 43 patients
peri-insular hemispherotomy. The advanlages of hemispherotomy are obvious in
the porencephalic and the atrophic lesions. The epilepsy outcome is 71 %
seizure free or almost seizure free and additionally 17% of cases benefited from
the operation (Engels lll). The rates of incomplete disconnection have been
reduced by the hemispherotomy. 7 % of cases needed a shunt implantation. The
mortality was 2,8 %.

Conclusion: The peri-insular hemispherotomy can be safely applied in all
etiologies of hemispheric intractable epilepsy and comparable to functional
hemispherectomy, has better surgical and clinical results. The early operation is
beneficial for the development of the children, taking full advantage of the brain
plasticity in this age.
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