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Preface

This book is a compilation of scientific papers presented at the Seventh Interna-
tional Symposium on Intracranial Pressure and Brain Injury, held in Ann Arbor,
Michigan, USA, June 20-23, 1988. The symposium explored both clinical and
basic science aspects of intracranial pressure dynamics and their clinical applica-
tion. Neuroscientists including neurologists, neurosurgeons, neuroanesthesiolo-
gists, neuroradiologists, neurochemists, biophysicists and physiologists contrib-
uted to the state-of-the-art presentations and discussions.

Open exchange of ideas characterized this meeting as it did the initial meeting
in Hanover, Germany in 1972 and subsequently at tri-annual meetings in Lund,
Sweden; Groningen, Holland; Williamsburg, Virginia; Tokyo, Japan; and Glas-
gow, Scotland. The next Intracranial Pressure Symposium, to be held in Rotter-
dam, Holland, in 1991, will continue this tradition.

The papers in this book have been grouped for the reader’s convenience.
Clinical and basic science papers focus on the same subject, consequently they
appear together. Subjects include monitoring; biophysics; CSF dynamics and
hydrocephalus; control of intracranial pressure; trauma, hemorrhage, and in-
flammation; free radicals; cerebral perfusion and metabolism; and brain edema.

The science of intracranial pressure and its relevance to human illness con-
tinues to provide fascination for investigators throughout the world. This book
reflects the research of many of them and, hopefully, will stimulate new and
innovative inquiries.

Ann Arbor J.T. Hoff
A.L. Betz

X111



Contents

Session 1: Monitoring
Chairmen: G.M. Teasdale, C.P. McGraw, A. Marmarou, and M.R. Gaab

Measuring ICP in Patients — Its Value Now and in the F uture"
JD. Miller . . . . . . . . ... e

Physical Characteristics of Various Methods for Measuring ICP
M.R. Gaab, H.E. Heissler, and K. Ehrhardt . . . . . . . . . . . . ..

An Approach to Noninvasive Analysis of Intracramal Pressure (ICP)

Using an Ultrasonic Probe

H. Kuchiwaki, J. Itoh, H. Ishiguri, K. Andoh, Y. Ogura, N. Sakuma,

and T. Takishita . . . . . . . . . . . . . . . ... ...

Clinical Evaluation of the Catheter Tipped Camino Transducer Inserted
via a Subdural Screw
I.R. Chambers, A.D. Mendelow, J. Sinar, and P. Modha . . . . . . . . .

Clinical and Laboratory Evaluation of the Camino Intracranial Pressure
Monitoring System
JR.S. Leggate, I.R. Piper, I. Robertson, A. Lawson, and J.D. Miller . . . .

Clinical Experience with a Fiber Optic Brain Parenchymal Pressure Manitor

T.G. Luerssen, P.F. Shields, H.R. Vos, and L.F. Marshall . . . . . . . -

Test of a Non-invasive PVI Measure with a Fiber-optic Pressure Monitoring
Device in Head Injured Patients /
A. Wachi and A. Marmarou . . N e

Differential Intracranial Pressure Recordings in Patients

with Dual Ipsilateral Monitors

W.C. Broaddus, G.A. Pendleton, J.B. Delashaw, R.V. Short, N.F. Kassell,
M.S. Grady,and JA.Jane . . . . . . . . . . . . . .. . ... ...

A New Fiberoptic Monitoring Device: Development of the Ventricular Bolt
R.S. Bray, R.G. Chodroff, R K. Narayan, and R.G. Grossman . . . . . .

Development of a Fully Implantable Epidural Pressure (EDP) Sensor
T. Ohta, H. Miyake, M. Yamashita, S. Tsuzawa, H. Tanabe, 1. Sakaguchi,
and S. Yokoyama . . . . . . . . . . ..o

Evaluation of a Fibre- -optic System for Monitoring Ventricular Pressure
D.J. Price, P.T. van Hille, and J. Mason . . . . . . . . . . . . .i (ooe

© 16

22

27

31

35

38

41

45

48



Clinical Evaluation of a Fiberoptic Device for Measuring PVI
A. Wachi and A. Marmarou . . . . . . . . . . . - ¥

Microprocessor-driven ICP Fiber Optic Monitor

A. Martinez-Coll, M. Dujovny, C. Wasserman, and A. Perlin. . . . . .. 58
Microprocessor-driven ICP Monitor: Instrumentation

A. Perlin, M. Dujovny, A. Martinez-Coll, and JI. Ausman . . . . . . . . 61
Comparison of Intracranial Pressure Transducers

A.P. Rosiello, E.L. McCleary, and P.R. Cooper . . . . . . . . . . .. 64
Intraparenchymal Brain Pressure — Clinical Evaluation

T. Bergenheim, E. Bélfors, and L. Rabow . . . . . . . . . . . .. .. 66
Lumbar Pressure Monitoring with a New Fiberoptic Catheter

HG.Bolander . . . . . . . . . . . . . . . . ... ... 0.... 69
Evaluation of Continuous Lumbar Subarachnoid Pressure Monitoring

O. Hirai, H. Handa, H. Kikuchi, M. Ishikawa, and Y. Kinuta . . . . . ST |

Intracranial Pressure Monitoring After Elective Surgery: A Study
of 514 Consecutive Patients
S. Constantini, S. Cotev, Z.H. Rappaport, S. Pomeranz, and M.N. Shalit . 75

Intracranial, Compliance Monitoring with Computerized ICP Waveform

Analysis in 55 Comatose Patients

Z.L. Gokaslan, R.K. Narayan C.S. Robertson, R.S. Bray, C.F. Contant,

and R.G. Grossman . . . - s 5. A9

Software for Neurosurgery Intensive Care
M. Czosnyka, P. Wollk-Laniewski, P. Darwaj, M. Duda, L. Batorski,
and W. Zaworski . . . . . . . . .. . B - 7

The Best Dichotomous Parameters for Predicting Mortality
and a Good Outcome Following 48 Hours of ICP Monitoring
C.P. McGraw, D.G. Changaris, J.E.S. Parker, and R.A. Greenberg . . . . 88

Neon-invasive Monitoring of ICP in Infants
W.C.G. Plandsoen, D.A. de Jong, C.JJ. Avezaat, JH.M. van Eijndhoven,
M.C.B. Loonen, and PG.H. Mulder . . . . . . . . . . . . . . .. . 91

The Human Factor in the Accuracy of Intracranial Pressure (ICP)
Monitoring Using Extradurally Placed Microtransducers
W. Poon, JR. South, and C. Poon . . . . . . . . .. P 95

Rate of Infection and Cost Containment in Intracranial Pressure Recording
N. Stocchetti, T. Serioli, M. Mergom M.G. Menozzi, P. Paini, _
and P. Zuccoli . . . .. . . . . .. ... .. . SR ot (LT 98

i

Continuous Monitoring of Middle Cerebral Arterial Blood Velocity

and Cerebral Perfusion Pressure

T. Lundar, K.-F. Lindegaard, and H. Nornes . . . . . . . . . ... . . . 101

Analysis of Frequency Spectrum of the Intracranial Pulse Wave
in Cerebral Vasospasm
E.R. Cardoso and D. Bose . . . . . . . . . . (0

XVI



Intracranial Volume and Pressure Load Tolerance Evaluated by Continuous
Measurement of Doppler Flow Velocity in Intracranial Vessels in Cats
S. Nakatani, K. Ozaki, K. Hara, and H. Mogami . . . s e e e e .

Simultaneous Monitoring of ICP and Transcranial Doppler Sonogram
on the Middle Cerebral Artery - o
S. Nakatani, K. Ozaki, K. Hara, and H. Mogami .

Effect of Jugular Bulb Catheterization on Intracranial Pressure
M.G. Goetting and G. Preston . . . . . . ... . . . . . .. ...

Jugular Bulb Catheterization in Children
M.G. Goetting and G. Preston . . . . . . . . . . . . . . . ...,

Transcardiac Method of Jugular Bulb Catheterization
M.G. Goetting and G. Preston . . . . .

Dynamic Pressure Volume Index via ICP Waveform Analysis
Z. Gokaslan, R.S. Bray, A.M. Sherwood, C.S. Robertson, R.K. Narayan
C.F. Contant, and R.G. Grossman . . . . . . . . . . . . .. .

Single Pulse Pressure Wave Analysis by Fast Founer Transformation
L. Christensen and S.E. Borgesen . . . . T

A Minicomputer System for Analysis and stplay of ICP Related Data
‘K. Hara, S. Nakatani, K. Ozak1 and H. Mogami . . . . . . . . . . ..

Modified Auditory Bramstem Respenses (MABR) in Patients
with Intracranial Lesions
JL. Stone, R.F. Ghaly, K.S. Subramanian, and P. Roccaforte

Detection of the Site of V-P Shunt Malfunction Using

a Telemetric IVP Sensor

T. Ohta, M. Yamashita, H. Miyake, S. Tsuzawa, H. Tanabe, M. Shlguma
K. Osaka, I. Sakaguchi, and S. Yokoyama . . . . . . . . .

Relationship of Intracranial Pressure Changes to CT Changes in Children
S.S. Kasoff, A.S. Mednick, D. Leslie, M, Tenner, P. Sane, J. Manglardl
and TA. Lansen . . . . . . . : PRITRI

Noninvasive Measurement of Intracranial Pressure (ICP) as a Screening
Method for Evaluation of Hydrocephalus in Newborn and Infants
B._Valjak e e e e e R N

Correlations Between CT Features and ICP in Patients
with Intracranial Lesions
M. Hara, C. Kadowaki, T. Shlogax M. Numoto, and K. Takeuchi

EEG Spectrum Changes After the Bolus Injection of Thiopental
S. Kadoyama, K. Sugiura, H. Takizawa, M. Baba, T. Tachizawa,
K. Kunimoto, and K. Mochimaru . .

Session II: Biophysics Session
Chairmen: H.D. Portnoy and J. Rowan

Can Waveform Analysis of ICP Separate Vascular from Non-Vascular Causes
on Intracranial Hypertension?
LR. Piper, N.M. Dearden, and JD. Miller . . . . . . . . . . . . . ..

113

116

119

121

124

129

132

135

137

142

145

147



The Origin of CSF Pulse Waves
CM. Zeeand K. Shapiro . . . . . . . . . . .. . ... .. .. 164

Significance of Cortical Venous Pulse Pressure and Superior Sagittal Sinus
Pulse Pressure on ICP-Pulse Pressure
Y. Ueda, H. Nagai, K. Kamiya,and M. Mase . . . . . . . . . . . .. 166

Mathematical Modelling of the Contribution of Arterial Volumetric Pulsation
to the Intracranial Pulse Wave ‘

P.A. Klassen, E.R. Cardoso, and E. Shwedyk . . . . . . . . . . . .. 16%
Single Pulse Spectral Analysis of Intracranial Pressures -

C.A. Branch, M. Chopp, and H.D. Portnoy . . . . . . . . . . . . .. 172
Fourier Analysis of Intracranial Pressures During Experimental Intracranial
Hypertension

C.A. Branch, M. Chopp, and H.D. Portnoy . . . . . . . . . S 175

Analysis of the Power Spectrum of the Pulse Pressure Wave During Induced
Intracranial Hypertension in Humans
S.E. Borgesen and L. Christensen . . . . . . . . . . . . . ... ... 181

CSF Pulse Waves in a Model of Progressive Hydrocephalus:
An Effect Not a Cause of Ventricular Enlargement :
CM. Zeeand K. Shapiro . . . . . . . . . . . . . ... ... c.o. . 184

Normal Pressure Hydrocephalus: A Retrospective Study on Clinico- .
Radiological Data, CSF Dynamics and CSF Pulse Waveform Morphology
C. Anile, G. Maira, A. Mangiola,and GF. Rossi . . . . ... . . . . . . 186

Application of Advanced Forms of Intracranial Pressure Analysis
in Craniosynostosis
L. Batorski, M. Czosnyka, P. Wollk-Laniewski, and W. Zaworski . . . . . 189

CSF Pulse Waveform Morphology as an Indicator of Intracranial System
Impedance: An Experimental Study
C. Anile, A. Mangiola, F. Andreasi, C.A. Branch, and H.D. Portnoy . . . 193

Transmission Characteristics of Pulse Waves in the Intracranial Cavity

of Dogs During Normal Intracranial Condition, Intracranial Hypertension,
Hypercapnia, and Hydrocephalus

Y. Kasuga, H. Nagai, and Y. Hasegawa . . . . . . . . . . . ... .. 196

Cerebral Pulse Amplitude in a Canine Model of “Slit” Ventricle Syndrome
JS. Nicholsand FH. Sklar . . . . . . . . . . . . ... ...... 201

Intracranial and Venous Pressures, Part I: Intracranial Pulse Wave Changes
During Hemodynamic Maneuvers in Humans
E.R. Cardoso and D. Piatek . . . . . . . . . . . ... .. ..... 203

Intracranial and Venous Pressures, Part II: Extracranial Source of B-Waves
B. Unger and E.R. Cardoso . . . . . . . . . . .. ... .. .... 206

B-Waves in Healthy Persons
D. Mautner, U. Dirnagl, R. Haberl, P. Schmiedek, C. Garner, A. Vlllnnger,
and K.M. Einhdupl . . . . . . . . . . ... ..o 209

XVIII



Correlation Between B-Waves and Intracranial Pressure — Volume
Relationships

U. Dirnagl, C. Garner, R. Haberl, D. Mautner, P. Schmiedek,

and K.M. Einhdupl . . . . . . . . . . . . . .o 00000 o0

Respiratory and Cardiovascular Oscillations During B-Waves
M. Hashimoto, S. Higashi, Y. Kogure, H. Fujii, K. Tokuda, H. Ito,
and S. Yamamoto . . . . . . . . R

The Role of Vasomotor Center and Adrenergic Pathway in B-Waves
S. Higashi, S. Yamamoto, M. Hashimoto, H. Fujii, H. Ito, Y. Kogure,
and K. Tokuda . . . . . . . . . . . . .. .. 000

Intracranial Pressure Pulse Wave Form and Its dp/dt Analysis

of Plateau Waves

M. Hashimoto, S. Higashi, Y. Kogure, H. Fujii, K. Tokuda, H. Ito,

and S. Yamamoto . . . . . . . . . . . . . ..o

The Roles of the Mutual Interaction Between the Locus Coeruleus Complex
and the Chorioceptive Pontine Area in the Plateau Wave
M. Maeda, M. Miyazaki, and SeIshiy o & =« o BN sme s w WY

Role of the Medulla Oblongata in Plateau Wave Devclopmcnt in Dogs
M. Hayashi, H. Ishii, Y. Handa, H. Kobayashi, and H. Kawano . . . . .

Electroencephalographic Changes During Plateau Waves—Plateau Waves
Induced by Electrical Stimulation of the Brain Stem

Y. Kogure, H. Fujii, S. Higashi, M. Hashimoto, K. Tokuda, H. Ito,

and'S. Yamamoto . . . . . . . . . L L Lo e e e e e

Changes of Evoked Potentials During Pressure Waves
Y. Handa, M. Hayashi, S. Hirose, N. Shirasaki, H. Kobayashi,
and H. Kawano . . . . . . . . . . . . . . . ... ...

Comparative Study with Expenmental and Clinical Plateau Waves Relating
to Sleep
K. Shima, H. Ueno, H. Chigasaki, and S. Ishii . . . . . . . . . . . ..

Failure in Aborting Plateau Waves by a Temporary Increase -
in Cerebral Perfusion Pressure
M. Matsuda and J. Handa . . . . . . . . . . R P

The Plateau Wave is Not Solely an Intracranial Phenomenon
J. Vajda, I. Nyary, and E. Pasztor . . . . . . . . . . . . ... ...

Slow Oscillation of Compliance and Pressure Rate in the Naturally Closed
Cranio-Spinal System
K. Lewer Allenand EA.Bunt . . . . . . . . . . ... ... ....

Remarks on Amplitude-Pressure Characteristic Phenomenon
M. Czosnyka, P. Wollk-Laniewski, L. Batorski, W. Zaworski, and C. Nita

Non-Provocative Assessment of Intracranial Volume — Pressure Relationships
A.P. Rosiello, E.L. McCleary, and P.R. Cooper . . . . . . . . . . ..

The Viscoelasticity of Normal and Hydrocephalic Brain Tissue
CM. Zeeand K. Shapiro . . . . . . .. ... ... ...... .



Intracranial Elastance: Spline Interpolation vs Exponential Function
M.R. Gaab and H.E. Heissler . .,. . . . . . . . . . . .. ... .. 267

Brain Tissue Elasticity and CSF Elastance
E.K. Walsh and A. Schettini . . . . . . . . . . . . . ... ... .. 271

High Frequency Ventilation vs Conventional Mechanical Ventilation:
Their Influence on Cerebral Elastance
R. Garcia-Sola, J.J. Rubio, F. Gilsanz, P. Mateos, M.A. Gonzalez,

and C. Hernandez . . . . . . . . . . . . .. ... 275
Brain Elasticity Changes in a Caning Model of Pseudotumor Cerebri .

JS. Nicholsand FH. Sklar . . . . . . . . . . . .. ... ... .. 278
Cerebral Elasticity and Ventrt Size, Part I: Normalization

of Ventricles Following Shunting ™~—~_

M.R. Del Bigio and E.R. Cardoso . . . . . e e o o o @i 281

Cerebral Elasticity and Ventricular Size, Part II: Age- Related Development )
of Extracerebral Fluid Collections T

E.R. Cardoso, M.R. Del Bigio, and G. Schroeder . . . . . . . . .. .. 284
Intracranial Pressure Changes from a Temporal Lobe Mass in Cats
Jimmy D. Miller, H.R. Holaday, and D.F. Peeler . . . . . . . . . . .. 288

Increase in ICP Produced by Electrical Stimulation of the Brain Stem
Reticular Formation in Cats with Spinalization and Vagotomy
M. Maeda and S. Matsuura . . . . . . . . . . . . ... 292

Computer Simulation of Intracranial Pressure Using Electrical R-C Circuit
M. Kimura, N. Tamaki, S. Kose, T. Takamori, an”' S. Matsumoto . . . . 295

Session III: CSF Dynamlc&and Hydrocephalus
Chairmen: M. Pollay, F. Gjerris, C.J. J Avezaat, and T. Tsubokawa
Exchange vs Cotransport of Na and Cl Across the Barriers Interfacing

Cerebrospinal Fluid and Brain with Blood
C.E. Johanson, V.A. Murphy, D. Bairamian, and M.H. Epstein . . . . . 303

Omeprazole, an Inhibitor of H*-K*-ATPase, Markedly Reduces
CSF Formation in the Rabbit

C. Owman, M. Lindvall-Axelsson, and B. Winbladh . . . . . . . . . . 312
Glucocorticoid Effects on Choroid Plexus Function

M. Lindvall-Axelsson, P. Hedner, and C. Owman . . . . . . T e s iiwts 316
4

Sex Steroids and Transport Functions in the Rabbit Chorotd Plexus
C. Owman and M. Lindvall-Axelsson .7. . . . . . . . . . . ... .. 321

Axonal Coexnstence of Certain Transmitter Peptides in the Choroid Plexus
~ C. Nilsson, R. Ekman, M. Lindvall-Axelsson, and C. Owman . . . . . . 324

Effect of Sympathetic Denervation on the Cerebral Fluid Formation Rate
in Increased Intracranial Pressure
H. Sakamoto and S. Nishimura . . . . . . . . . . . . . . ... .. ' 32‘_)

XX



