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Summary We recorded visual evoked potentials to flash stimuli in moderately_gegp
anaestheaia when EEG showed burst iuppression pattern. Flash VEPs could be
consistently recorded in all 8 test subjects during bursts but not during.suppressions.
We conclirde that during isoflurane-induced EEG suppression visual evoked
potentials to flash stimuli are also suppressed. This effect should be taken account of
in evoked potential testing during anaesthesia.
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Burst suppression (BRS) is a well known EEG pattern readily produced
by anaesthetics such as isoflurane, enflurane, propofol, and barbiturates.
Suppression is not, however synonymous with isoelectric EEG. Zaret
(1985) has shown that alpha coma pattem is seen during suppression
due to cortical damage. High amplitude spindles can also be seen during
propofol-induced suppression (Jiintti et al. t993). During isoflurane-
induced suppression low amplitude mixed frequency activity is seen.

The purpose of this study was to see whether visual evoked potentials to
flash stimuli can be recorded at this anaesthesia level and whether they
are affected by the EEG suppression.

Patients and methods

Patients

Eight women aged 20 to 45 that underwent gynaecological operations
were monitored. A11 were otherwise healthy. All gave written informed
consent to the study, which had been approved by the ethics committee
of Tampere University Hospital.

Recording

We recorded the EEG using a Nihon Kohden Neurofax 2t EEG
recording system, the output of which was connected to a BIOPAC
SYSTEMS MP100 data collection system. The signals were fed to a

Macintosh Portable lap-top computer. The EEG signals were recorded
at a sampling frequency of 200 Hz. 16 channels were recorded (for
montage used, see Fig.l). Time constant was set at 1 sec at the beginning
of the recording (prior to intubation), and changed to 5 sec immediately
after intubation. The high frequency filter setting was 500 Hz throughout
the recording. Simultaneous paper- and computer recordings were
obtained. VEP responses were obtained by using a standard stroboscope
lamp (Nihon Kohden ) as the stimulus source, the trigger output for the
stimulus was recorded on one channel on the computer file. The click
sound caused by the lamp was minimal, at the level of background noise,
but ear plugs were used on the patients to further minimise the sound and
thus prevent possible aural stimulation during the photo stimulation.
Anaesthesia was induced by mask, isoflurane was used in the induction
and maintenance of the anaesthesia. Immediately after intubation,
anaesthesia was deepened to the burst-suppression level, which was
reached typically in 10 minutes, and maintained for at least 20 minutes.
The end iidal isoflurane concentration at this anaesthesia level varied
between 1.6 and 2.0 7o . The EEG-and F-VEP was recorded before
anaesthesia, during induction, and thereafter on a continuous basis
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throughout the burst-suppression stage. The patients' eyes were closed
during photo stimulation. In a pilot study we observed evidence of flash
induced burst activity. This effect was confirmed in a Later study, in
which stimulation by LED-goggles at a high repetition rate ( over 10 Hz)
produced consistent flash induced bursting (Hartikainen et aI. 1996). As
we wanted to study the VEP generation mechanism during spontaneous
burst activity and during suppression, we chose a stimulation method
least likely to produce spontaneous bursting. Therefore we used a

discharge-type flash stimulator (Nihon Kohden, colour temperature 6800
oK, intensity 1.5 cdm-2) and a slow stimulation rate. Flash stimuli were
given at a random rate at approximately 10 second intervals with 3

minute breaks every 1.5 minutes. The Flash-VEP's were averaged from
the EEG recording off-line after the recordings were completed by using
the flash-trigger signals as a marker. The average number of responses
summed for a F-VEP was 20. Only those responses were summed which
occurred either 1 second prior to onset of burst activity (i.e. during
suppression), or after 1 second from the activation of burst activity. This
was done in order to assure that the response was a pure suppression or
burst response.

Results

Fig. 1 shows a section of the EEG recording for Patient I during burst-
suppression. Similar levels of anaesthesia were maintained for all other
patients.

Fig. 2 shows the F-VEP responses for all eight patients during
suppression, before the onset of BRS, and during burst activity. The
response prior to BRS was obtained during the five minute period one
minute before the first appearance of suppression activity. No F-VEP
activity could be recorded during suppression, the faint response visible
in some recordings is due to ERG activity. A similar but larger amplitude
response was obtained by averaging from Fpz-Al. During bursts, on the
other hand, a F-VEP response was obtained that appeared very similar to
the F-VEP immediately before the first suppression.The latencies and
amplitudes for the first major positivity prior to the onset of BRS and
during bursts are shown in Table 1. No flash-induced burst activity was
evident during these recordings.

Figures 7 and2
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Discussion

The decrease of significant EEG activity during suppression may
reflect inhibition of cortical activity. Two features of srippression have
been recently described that suggest inhibition: at suppression onset the
scalp recorded EEG drops to a positive level (J?intti et aJ. t993), and
positivity has been correlated with inhibition during the P300 waves, for
instance (Roberts et al. 1994). On the other hand, heart rate drops slightly
at burst onset and it has been suggested that this is due to vagally
mediated inhibition (Yli-Hankala et al. 1990). We have hypothesised that
suppression reflects an inhibitory, non-linear mechanism on cortical
activity, the purpose of which is to inhibit or decrease the chaotic activity
of the intoxicated brain to avoid excessive energy consumption (Jiintti
and Yli-Hankala 1990).

The results of this study suggest that cortical flash induced visual
evoked potentials are also inhibited during suppression. Recently,
Steriade et al. (1994) recorded from cortical and thalamic cells of cat
during burst suppression. About 957o of cortical cells entered burst
suppression, while only 60-7070 of thalamic cells were completely silent
during flat periods of EEG activity. There was also persistence of light-
evoked activity in a dLG cell during flat EEG episodes. The suppression
of flash VEP's therefore is probably related to inhibition of cortical cells
of the lateral geniculate. The role of the thalamus, which is instrumental
in the control of the amplitude of the VEP, should also be considered, in
particularly as there appears to be thalamic activity during the
suppression stage (Steriade et aI.1994).

The flash induced burst activity observed in a pilot study indicated that
the effect is strongest for flash repetition rates of 10 to 20 Hz
(Hartikainen et a1., 1996). Stimuti between 15 and 20Hz are also known
to be effective in provoking epileptic discharges, thus raising the
possibility of a link between visually evoked bursts and epileptic
discharges. It is not clear whether flash induced bursting occurs as a
result of a non-specific activation, or whetter it is a specific responses to
the stimulus, although this latter possibility appears more likely.

This study indicated that a F-VEP response could be recorded during
the bursts in burst-suppression EEG, and furthefinore, this VEP was
remarkably similar to the F-VEP prior to the onset of burst-suppression.
Evoked potentials have been investigated extensively during anaesthesia
in an attempt at obtaining suitable methods for monitoring anaesthesia
depths as a function of these responses(Bruzier 1970; Chi and Fie1d 1986;
Sebel et al. 1986). VEP's have not been regarded as suitable for this
purpose as they are relatively labile, no strong relationship between
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anaesthesia depth and VEP has been conclusively demonstrated
(Raudzens 1982). One factor ignored in these reports, however, is the
effect of burst suppression. Evoked potential monitoring is usually
carried out by summation techniques, i.e. the raw EEG is not monitored
during the study. Hence if the patient is rendered to a depth of
anaesthesia sufficient to invoke burst-suppression, it is clear that during
part of the evoked potential monitoring, EEG activity, and evoked
potentials, will be suppressed. lhus the net effect is to grossly reduce the
overall amplitude of the VEP if summation is carried out during the
suppression stage. Reports on the correlation of VEP amplitudes and
latencies include anaesthesia levels where burst-suppression activity is
very likely to occur, and it is at these 1evels where the greatest variation
in obtained responses also seem to take place. This is clearly
understandable in view of the effects of BRS mentioned. This should be
taken into consideration in future studies of evoked potentials during
anaesthesia.
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Table 1

Before burst BRS

Latency, ms (t s.d )
Amplitude, trtV (+ s.d.)

t66.9 + t6
9.5+5

163.5 + 27
13.5 + 4
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Figure captions

Fig. L. The EEG of patient 1 during the burst-suppression stage.
Positivity up.

Fig. 2. The F-VEP responses of all eight patients shown during
suppression, prior to the burts-suppression stage, and during burst
activity. Recording montage was Oz-A1. First major positivity is
indicated by arrow. The F-VEP response before and during bursts was
averaged from consecutive odd and even stimuli, twenty responses were
averaged for each summation. The two response curves are shown
superpositioned.
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Table captions

Table L. The latency and amplitude of first prominent positive peak
before the onset of burst-suppression, and during bursts. Amplitude is
measured from negative peak preceding first major positivity.
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