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Abstract: 

We study the effects of general anaesthesia on central nervous system using 
EEG, ECG and other physiological signals. For this purpose we are developing new 
methods to analyze EEG and evoked potentials. This should give us important 
information about the mode of action of anaesthetic agents and new methods to 
monitor and protect brain during anaesthesia. 



Introduction 

With the induction and maintenance of general anaesthesia the 
anaesthesiologist has a privilege to manipulate and study the mechanisms of 
consciousness in human subjects. Some of the functions of brain, such as long term 
memory, are suppressed while others, including parts of sensory processing and short- 
term memory remain active. We have studied these phenomena over ten years with 
EEG, evoked potentials, and other physiological signals, using several different 
anaesthetic agents. 

In this project we characterize further the spontaneous and induced brain 
activity during general anaesthesia. We hope to differentiate between the effects of 
anaesthetics on the cerebral cortex, subcortical brain structures and autonomic nervous 
system. As a result, new methods to monitor and evaluate brain function in the 
operating theater and in the intensive care unit will be developed. 

Silent EEG and silent cerebral cortex: 

Dead or alive, reversible or irreversible, conscious or unconscious ? 
Flat EEG, i.e. very low amplitude or no detectable spontaneous EEG can be 

seen in patients for several reasons: 
1) Patient is dead or in vegetative state and cortex is irreversibly damaged. 
2) Deep anaesthesia. Increasing concentration of anaesthetics suppresses EEG 

gradually or, depending on the anaesthetic, abruptly. In the latter case EEG is first 
suppressed for periods of seconds, then with deepening anaesthesia, continuously. 
This is fully reversible. We have studied this in patients and animals: pigs, rabbits, 
and dog. 

3) Ischaemia. After diffuse ischaemic brain damage EEG can be absent for up to 3 
hours and the patient can fully recover, or over ten hours, and the patient may still 
partially recover. We are studying this in porcine model. 

4) Hypothermia. With deepening hypothermia the EEG amplitude decreases until it 
is unrecordable. This is reversible. We are studying this in porcine model. 

5) Postictal suppression. After generalized epileptic seimre the EEG becomes flat 
for tens or seconds. This is reversible, normal EEG can be resumed in hours or 
days. We are studying this during electroconvulsive therapy, ECT. 

We have studied EEG burst suppression, Le., flat EEG interrupted by high 
amplitude bursts over 14 years. We have shown, among other things, essential 
differences in this pattern with different anaesthetics. We have shown that it correlates 
with instantaneous heart rate, suggesting simultaneous inhibition of cortical activity 
and heart rate via vagus nerve. We have shown that with sevoflurane, early 
components of somatosensory evoked potentials are enhanced tenfold and not 
diminished as claimed in the literature. This is also seen during postictal suppression. 
Thus the generators of these cortical SEP components can be studied in deep 
anaesthesia. Similarly, pain evoked potentials are enhanced and we have demonstrated 
new late components in the pain response in propofol anaesthesia: bursts and spindles. 
We have also shown that during EEG suppression minor stimuli, photic, auditory, 
electric or even minor touch can evoke bursts. The essential feature of a stimulus 



evoking burst is novelty, i.e. rninor new stimuli can produce burst, but regularly 
repeating do not. This suggests memory, lasting tens of seconds, at a level aof 
anaesthesia much deeper than used in routine surgery. Hence, novelty detection and 
memory, essentiai features of cognitive evoked potentiais like P3a and MisMatch 
Negativity, can be demonstrated and studied in deep anaesthesia. 

In this project we intend to continue these Studies with severai approaches 
1) Voluntary test subjects undergoing routine surgery, in generai anaesthesia 
with sevoflurane, isoflurane, propofol and barbiturates. We have experience fiom 
Tampere, Helsinki, and Oulu of recording EEG burst suppression Fom over 500 
patients. At present, recordings are done continuously, several patients per week, in 
Helsinki and Oulu. 
2) In the new Neuro Intensive Care Unit of Oulu University hospital we are 
recording EEG and evoked potentials fiom patients undergoing anaesthesia for 
treatment of status epilepticus. 
3) In 2000 we shall start to record EEG and evoked potentials systematically 
fiom every patients during ECT, electroconvulsive therapy in Oulu Different 
general anaesthetics used for therapy will be evaluated. 
4) In the porcine model of Dr Tatu Juvonen, head of the Thoracic surgery in 
Oulu University Hospital, we have studied EEG during heart surgery. We have 
developed a new system of quantification based on duration and amplitude of burst, 
and this has proven valuable in detection of neural damage. In addition to surface 
EEG we shall recording fiom hippocampi and can correlate these with microdialysis 
of glutamate, lactate, pH, and 02. 
5) During EEG suppression cortical neurons are silent and blood circulation 
decreases, during bursts neurons are active and blood circulation increases strongly. 
We expect these fluctuations to be visible in fMRI. Furthermore, we expect that 
pathological tissue such as tumor or epileptic tissue will not react in the same way, 
and therefore correlating fMRI recorded simultaneously with EEG suppression 
burst in deep anaesthesia should reveai pathological tissue and brain activity. 

Rapid rise in concentration of volatile anaesthetic and epileptic phenomena 

In 1992 Yli-Hankala et al. showed that rapid rise in the concentration of 
isoflurane caused a hyperdynamic cardiovascular response, i.e. rise in heart rate and 
blood pressure. Recently (Anesthesiology, Dec 1999) we have shown a similar 
response at induction of anaesthesia with sevoflurane correlated with epileptic EEG- 
patterns, e.g. polyspikes and periodic epileptiform discharges (PED), in both adults 
and children. The correlated heart rate and blood pressure rise suggest clinically 
important epileptiform activity. These suggest that rapid change, particularly increase 
in the concentration of volatile anaesthestics, causes imbalance of excitaton and 
inhibition, resulting in brain activity which is seen both in cortical activity and 
autonomic activity. We intend to study this in more detail to work out it's focal vs. 
generalized character and clinical importance to make a basis for eventual restrictions 
to the use of this popular anaesthetic. 

We have developed further the technique of rapid rise in anaesthetic 
concentration and proceeded to multichannel recording with electrical, photic and 
auditory stimulation during the procedure. These should give information about the 
neural events related to rapid increase in anaesthetics, which is clinically important 



and has little been studied so far. 
1) Studying the effects of sevoflurane anaesthesia induction. In order to answer 
the question, what is really the significance of epileptiform seizure activity we shall to 
multichannel EEG recordings with simultaneous ECG, blood pressure and gas 
concentration recordings. The topography and origin of the epileptic spikes is studied. 
In particular, focal seizure activity is searched for, and signs of threatening motor 
seizure. 
2) Studying abrupt increase of sevoflurane, isoflurane and desflurane. The 
purpose is to study whether any signs of epileptic activity or other clues are seen in 
EEG which could explain the rise in heart rate and blood pressure 

Mechanism of anaesthesia at cellular level 

The effects of the anaesthetic agents can be surmised to originate at the single 
cell level. Several lines of investigations point to the fact that the main effects are on 
the ligand-gated ion channels responsible for the synaptic transmission rather than on 
voltage-gated channels or the membrane lipid components (reviewed in Franks NP & 
Lieb WR,1994, Nature 367:607-613). There exist - however - some doubt on this kind 
of singular hypothesis, mainly because of the recent findings on the epileptogenic 
effects of some anaesthetics at the macroscopic level. If we suppose that the 
probability of the neuronsis constantly being defined by a balance of excitatory and 
inhibitory inputs, these will necessarily include also voltage-gated channels, at least in 
a modulatory role. This hypothesis will be further investigated in conjunction with the 
other projects of the consortium. 

Evaluation of the depth of anaesthesia 

Our consortium has worked in CO-operation with DATEX-OHMEDA 
Division 1 Instrumentarium Corp. in a project supported by TEKES to develop 
measures of the depth of anaesthesia. Several approaches have been studied, but the 
problem of depth of anaesthesia has several aspects which are problems of basic 
neuroscience research rather than commercial development. We intend to approach 
these questions, such as variablility of EEG as a sign of too light anaesthesia, in this 
project. Basic research should provide new approches to commercial applications. 

Equipment 

EEG is recorded with NERVUS (Iceland) digital EEG recorder or 
NEUROSCAN - 32 or 64 channel system. Evoked potentials are recorded with 
Nicolet Viking or MEDELEC Synergy. 

Signal analysis 

EEG 

The signal analysis is based on a library of programs developed in the 
Department of Clinical neurophysiology, Oulu University Hospital. The core is 



EEGview, programmed with visula Basic and Assembler by Kalervo Suominen. 
Montaging, filtering, averaging and statistical analysis systems have been developed 
using MatLab. CURRY prograrn is used for source analysis. 

For burst suppression analysis, adaptive segmentation has been developed by 
Mika Särkela. Frequency analysis of bursts is performed with FFT and 
autoregeressive modelling with a prograrn by Miika Koskinen. 

Phase coupling between different parts of the brain is done to evaluate 
hct ional  couplig in different stages. The method is developed by Miika Koskinen 
and Tapio Seppänen. 

Evoked potentials 

Somatosensory, auditory and photic stimuli induce bursts during EEG 
suppression in isoflurane and sevoflurane anaesthesia. Painful electrical stimuli 
produce bursts more often than painless. This can be used in monitoring 
somatopsensory pathways during anaesthesia. The similarities of cognitive evoked 
potentials and evoked bursts suggests that some features of cognitive evoked 
potentials (event related potentials, ERP) such as adaptiation can be studied during 
anaesthesia. 

In propofol anaesthesia only painful stimuli produce bursts, which resemble 
the K-complexes of sleep: a large negative wave, a slow wave bursts with overlying 
10 Hz ripples, and a 15 Hz spindle. 

The primary cortical component of somatosensory evoked potential is 
enhanced in sevoflurane anaesthesia, the N20 wave of median nerve SEP reaching 
amplitudes of up to 20 pV. This can be used in identification and analysis of SEP 
components and even new generators may be detected as with tibial nerve SEP. 

Heart rate 

Heart rate varies and the source of variation is important for analysis of depth 
of anaesthesia. Beat-to-beat variation is analyzed in EEGview program. Rapid 
increase in sevoflurane at induction of anaesthesia causes strong increase in heart rate, 
which interincdividually correlates with epileptiform EEG but the increase in heart 
rate starts well before epileptic spikes are seen in EEG. Onset of suppression 
correlates with steady decrease in heart rate. Bursts are associated with increases in 
heart rate which is caused by end of vagal inhibition at burst onset. Respiratory sinus 
arrhythmia is occaasionally controlled by a significantly nonlinear control system, 
which renders it useless in evaluating depth of anaesthesia. 
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