


Cerebral Blood Flow 
in Acute Head ItyUry 

The Regulation of Cerebral Blood Flow and Metabolism 
During the Acute Phase of Head Injury) 

and Its Significance for Therapy 

Georg Emil Cold 

Acta Neurochirurgica 
Supplementum 49 

Springer-Verlag Wien New York 



Georg Emil Cold, M.D. 
Department of Neuroanesthesiology, Arhus Kommunehospital, Arhus, Denmark 

With 16 Figures 

Product Liability: The publisher can give no guarantee for information about drug dosage and application thereof contained in this book. In every individual 
case the respective user must check its accuracy by consulting other pharmaceutical literature. 

This work is subject to copyright 

All rights are reserved, whether the whole or part of the material is concerned, specifically those of translation, reprinting, re-use of illustrations, broadcasting, 
reproduction by photocopying machine or similar means, and storage in data banks. 

© 1990 by Springer-VerlagjWien 

Softcover reprmt of the hardcover 1 st edition 1990 

Printed on acid-free paper 

Library of Congress Cataloging-in-Publication Data. Cold, G. E. (Georg Emil), 1938- . Cerebral blood flow in acute head injury: the regulation of cerebral 
blood flow and metabolism during the acute phase of head injury, and its significance for therapy j Georg Emil Cold. p. cm. - (Acta neurochirurgica. Supplementum, 
ISSN 0065-1419; 49). Includes bibliographical references. ISBN-13:978-3-7091-9103-3 1. Brain damage. 2. Cerebral circulation. 3. 
Brain - Metabolism. I. Title. II. Series. [DNLM: 1. Brain - blood supply. 2. Cerebrovascular Circulation. 3. Head Injuries - metabolism. 4. Head Inju­
ries-physiopathology. WI AC8661 no. 49 j WL 302 C688c]. RC387.5.C64 1990. 61 7.4'8 1044-dc20. 90-10379. 

ISSN 0065-1419 

ISBN-13 :978-3-7091-91 03-3 e-ISBN-13:978-3-7091-9101-9 
DOl: 10.1007/978-3-7091-9101-9 



Preface 

The present studies were carried out at the Department of Neurosurgery G, Arhus University Hospital 1970-
1973; at the Department of Anesthesiology, Hvidovre University Hospital, Copenhagen, 1976-1977; and finally 
at the Department of Neurosurgery GS, Arhus University Hospital, 1986-1987. Accordingly, I want to thank 
the chiefs of these departments, Professor Richard Malmros, Professor Peter Rasmussen, and Jens Buhl in Arhus, 
and Professor Henning Ruben in Copenhagen. 

I am deeply indebted to my collaborators in these clinical studies. For help during the first studies, lowe 
special thanks to Hans Hvid Hansen M.D., Head of the Department of Nuclear Medicine, Finn Hlgeh0j Jensen 
B.Sc., and Erna Enevoldsen M.D. Regarding the studies performed in Copenhagen, I am indebted to Mogens 
Stig Christensen M.D. and Kare Schmidt M.D. Dr. E. Spencer provided valuable assistance with regard to the 
linguistic formulation of the review. 

Furthermore, I am indebted to my colleagues anaesthesiologists Erland Hansen M.D. and J0rgen Kaalund 
Jensen, who encouraged me to continue the clinical studies. Finally, I want to express my gratitude to my wife 
Ida Cold and my sons Jakob and Christian for their patience and understanding during two decades. 

Georg Emil Cold 



This review is based on the following previously published papers: 

I Cold GE, Jensen FT, Malmros R (1977) The cerebrovascular CO2 reactivity during the acute phase of 
brain injury. Acta Anaesthesiol Scand 21: 222-231. 

II Cold GE, Jensen FT, Malmros R (1977) The effects of PaC02 reduction on regional cerebral blood flow 
in the acute phase of brain injury. Acta Anaesthesiol Scand 21: 359-367. 

III Cold GE (1978) Cerebral metabolic rate of oxygen (CMR02) in the acute phase of brain injury. Acta 
Anaesthesiol Scand 22: 249-256. 

IV Cold GE, Jensen FT (1978) Cerebral autoregulation in unconscious patients with brain injury. Acta 
Anaesthesiol Scand 22: 270-280. 

V Cold GE, Jensen FT (1980) Cerebral blood flow in the acute phase after head injury. Part I: Correlation 
to age of the patients, clinical outcome and localization of the injured region. Acta Anaesthesiol Scand 
24: 245-251. 

VI Cold GE, Christensen MS, Schmidt K (1981) Effect of two levels of induced hypocapnia on cerebral 
autoregulation in the acute phase of head injury coma. Acta Anaesthesiol Scand 25: 397-401. 

VII Cold GE (1986) The relationship between cerebral metabolic rate of oxygen and cerebral blood flow in 
the acute phase of head injury. Acta Anaesthesiol Scand 30: 453-457. 

VIII Cold GE (1989) Does acute hyperventilation provoke cerebral oligaemia in comatose patients after acute 
head injury? Acta Neurochir (Wien) 96: 100-106. 

IX Cold GE (1989) Measurements of CO2 reactivity and barbiturate reactivity in patients with severe head 
injury. Acta Neurochir (Wien) 98: 153-163. 



Contents 

Abbreviations VIII 

Introduction ................................................................................................. . 

1. Measurement and Cerebral Blood Flow (CBF) and Oxygen Consumption, and the Regulation of 
Cerebral Circulation ...................................................................................... 2 
Experimental Studies of Cerebral Blood Flow .......................................................... 2 
Measurement of Cerebral Blood Flow (Human Studies) ................................................ 3 
Human Studies of Cerebral Metabolic Rate of Oxygen (CMR02) .......•..................•.........• 5 
Hypothermia .............................................................................................. 6 
CO2 Reactivity and Adaptation to Prolonged Hyperventilation ........................................ 7 
The Use of Prolonged Continuous Hyperventilation. Pro et contra .................................... 9 
Cerebral Autoregulation (CA) ........................................................................... 11 

2. Ischaemic Thresholds and Development of Ischaemia .................................................. 14 

3. The Effect of Barbiturate and Mannitol on CBF and Metabolism..................................... 16 
Barbiturate: Experimental Studies ....................................................................... 16 
Human Investigations .................................................................................... 18 
Mannitol .................................................................................................. 18 
Mannitol and Blood-Brain Barrier (BBB) ............................................................... 19 

4. Experimental Studies of Head Injury .................................................................... 21 

5. Human Studies of Head Injury .......................................................................... 24 
ICP Recordings in Patients with Head Injury ........................................................... 24 
Biochemical Studies of CSF .............................................................................. 25 

6. The Author's Own Studies ............................................................................... 27 
CBF and CMR02 in the Acute Phase of Head Injury (Own Studies) .................................. 27 
Presentation of the Study and the Investigational Methods Used ...................................... 27 
Repeated Studies of CBF ................................................................................ 28 
Studies of CMR02 ............•............•.....................•...........•.....••...........••....•.• 29 
Studies of Relationship Between CMR02 and CBF .................................................... 30 
Repeated Studies of Cerebral Autoregulation ........................................................... 30 
Studies of Cerebral Autoregulation During Two Levels of PaC02 ••••••••••••••••••••••.•••••.•••••••• 31 
Studies of CO2 Reactivity ................................................................................ 32 
Studies of Barbiturate- and CO2 Reactivities ............................................................ 35 
Summary of the Nine Studies ............................................................................ 36 
Discussion of the Results................................................................................. 37 
Summary Concerning Dynamic Changes in Cerebral Circulation and Metabolism.................... 41 
Therapeutic Considerations .............................................................................. 42 
Future Studies of Cerebral Circulation and Metabolism in the Acute Phase of Head Injury. . . . . . . . . . 43 

Summary..... .... ..... .......... ... ........... .... ..... ............. ... ...... .... .......... .......... ........ 44 

References .................................................................................................... 48 

Listed in Current Contents 



Abbreviations 

AVD02 

BBB 
BI 
CA 
CBF 
CBV 
CMR02 

CPP 
CVP 
CVR 
CPH 
CSF 
GCS 
HI 
ICP 
IH 
MABP 
MCAO 
MR 

Arterio-venous difference of oxygen 
Blood-brain barrier 
Brain injury 
Cerebral autoregulation 
Cerebral blood flow 
Cerebral blood volume 
Cerebral metabolic rate of oxygen 
Cerebral perfusion pressure 
Central venous pressure 
Cerebral vascular resistance 
Controlled prolonged hyperventilation 
Cerebrospinal fluid 
Glasgow coma score 
Head injury 
Intracranial pressure 
Intracranial hypertension 
Mean arterial blood pressure 
Middle cerebral artery occlusion 
Magnetic resonance 


