
Cortical changes during deep anaesthesia

   Adress for correspondence: Bogdan Pavel, MD, PhD
Physiology and Fundamental
Neurosciences Division, “Carol Davila”
University of Medicine and Pharmacy
8 Eroii Sanitari Blvd
050474, Bucharest, Romania
E-mail: pavelbogdan2009@gmail.com

Romanian Journal of Anaesthesia and Intensive Care 2015 Vol 22 No 2, 83-88

ORIGINAL  PAPER

Changes of cortical connectivity during deep anaesthesia

Bogdan Pavel1, Camelia Alexandra Acatrinei1, Fabien Menardy2, Carmen Mihaela Denise Zahiu1, Daniela Popa2,
Ana-Maria Zagrean1, Leon Zagrean1

1 “Carol Davila” University of Medicine and Pharmacy, Division of Physiology and Fundamental Neurosciences, Bucharest, Romania
2 Institut de Biologie de l’Ecole Normale Supérieure, Paris, France

Abstract
Background and Aims. The aim of this study was to evaluate the frontal intracortical connectivity

during deep anaesthesia (burst-suppression).
Methods. Experiments were carried out on 5 adult Sprague Dawley rats. The anaesthesia was induced

and maintained with isoflurane. Following the induction of anaesthesia, rats were placed in a stereotactic
instrument. A hole was drilled in the skull over the frontal cortex and electrodes were inserted in order to
record the local field potentials. Rats were maintained in deep level anaesthesia (burst-suppression). The
cortical connectivity was assessed by computing the coherence spectra. The frontal intracortical connectivity
was calculated during burst, suppression (non-burst) and slow wave anaesthesia periods.

Results. The global cortical connectivity (0.5-100 Hz) was 0.61 ± 0.078 during the burst periods
compared to 0.55 ± 0.032 (p < 0.05) during the suppression periods and 0.55 ± 0.015 (p < 0.05) during slow
wave anaesthesia.

Conclusions. The global cortical connectivity increased during the burst periods compared to the
suppression periods and slow wave anaesthesia. This increase in the cortical synchronization might be due
to the subcortical origin of the bursts.
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Introduction
The cortical connectivity analyses the level of

communication between cortical areas. Various
methods of evaluation such as electroencephalogram
(EEG), electrocorticogram (ECoG), local field poten-
tials (LFP), cerebral blood flow (fMRI, functional
MRI) and cerebral oxygen use (PET, Positron Emission
Tomography) are utilized to estimate the cortical
connectivity, which increases with the similarity

between the signals recorded in different cortical areas
[1-4]. In order to evaluate the functional cortical
connectivity, mathematical algorithms based on the
analysis of the statistical correlation between signals
from different cortical areas are used: the correlation
coefficient, cross approximate entropy (XAppEn), and
the magnitude square coherence (mscohere) [5, 6].

There is a correlation between the depth of anaes-
thesia and the EEG pattern. Thus, theta and delta slow
waves are characteristic of anaesthesia performed for
surgical procedures, whereas a specific pattern of the
EEG consisting of bursts of activity on a suppressed
background, called “burst-suppression” (BS), can be
noticed during profound anaesthesia [7]. A decrease
of cortical connectivity is observed during loss of
consciousness conditions such as sleep, traumatic brain
injury and anaesthesia [8-10]. Thus, slow-wave sleep
leads to decreased cortical connectivity, whereas sleep
deprivation leads to loss of cortical connectivity in the
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frontal cortex [11, 12]. The frontal-parietal cortical
connectivity decreases during slow-wave anaesthesia
performed with isoflurane, sevoflurane and propofol
[13] and an increase in depth of anaesthesia leads to a
decrease in cortical connectivity.

However, the cortical connectivity during BS is
difficult to analyse through electrophysiology methods
because the connectivity during the suppression periods
cannot be correctly estimated. Thus, by evaluating the
connectivity between two periods of suppression (seen
as isoelectric line on the EEG recording) based merely
on the similarity of the electrical signals, the connec-
tivity would be equal to one. Nevertheless, this result
is inconsistent with the imagistic studies which have
revealed that cortical connectivity decreases during
BS [14-16].

The aim of this study was to analyse the cortical
connectivity during slow-wave anaesthesia, as well as
BS pattern profound anaesthesia, by recording the
cortical local field potentials.

Results
The local field potentials recorded during profound

anaesthesia (characterized by burst-suppression
activity) revealed high amplitude waves (400-800 µV)
during the burst periods and low amplitude waves
during the suppression periods (50-100 µV) (figure 1).
Furthermore, high frequency waves were noticed only
at the beginning of long bursts (duration of 2 seconds
or more) compared to shorter bursts (duration of 1
second) (figure 2).

Following the analysis of the frontal intracortical
local field potentials, an increase in the cortical connec-
tivity during the burst periods (0.61 ± 0.078) compared
to the suppression periods (0.55 ± 0.032) was noticed

Material and method
Experiments were carried out in Sprague Dawley

rats, weighing between 250 and 300 g, with water and
food ad libitum. This study was conducted with the
approval of the local Committee for Animal Research
of “Carol Davila” University of Medicine and Phar-
macy (Bucharest, Romania) and of the Institute de
Biologie de l’Ecole Normale Supérieure – IBENS
(Paris, France) and in accordance with the European
Communities Council Directive 86/609/EEC on the
protection of animals used for scientific purposes. In
order to minimize the number of animals, while obtaining
the appropriate data for statistical analysis, we analysed
4 different epochs of recordings from each rat, for the
5 rats used.

Anaesthetic protocol
The anaesthesia was induced in the animal induction

chamber using 2% isoflurane, with a delivery rate 0.8
l/min for 5 minutes, using an anaesthesia apparatus
(Classical T3 Vaporizer, SurgiVet, USA). The rat was
subsequently placed in the stereotaxic instrument
(Kopf: model 942, Kopf, USA) and coupled to the
facemask of the anaesthesia apparatus in an open
circuit. The anaesthesia was maintained using 2.5%
isoflurane in air (FiO2 = 0.21), with spontaneous res-
piration. The respiratory frequency and the amplitude
of the respiratory movements were monitored during
anaesthesia.

Surgical technique
The hair of the cervical region was removed and

the scalp was infiltrated with 0.2 ml 0.5% bupivacaine.
Five minutes afterwards, a median line incision of 1.5

cm was performed and the scalp was carefully
dissected and removed, using an electrocautery to
maintain haemostasis. A bone window was made in
the area of the frontal cortex using an electric mill and
the dura mater was subsequently removed.

Electrode placement
Sixteen linear electrodes (electrodes

NeuroNexusTechnologies, Ann Arbor, MI, USA) were
used in order to register the cortical local field potentials.
These were placed in the frontal lobe using a
stereotaxic instrument (3 mm anterior to the bregma
and 3 mm to the left side of the medial line, at 1 mm
depth), in the area corresponding to the motor cortex.
The electrodes were subsequently coupled to the
acquisition system (setup TDT, Tucker-Davis Tech-
nologies, Alachua, FL, USA). 10-minute recordings at
various anaesthetic depths (ranging from slow-wave
to burst-suppression of different depths) were per-
formed, by varying the isoflurane concentration.

Data analyses and statistics
The recordings obtained were exported as .mat files.

The cortical connectivity was evaluated using the
mscohere MATLAB function, which calculates the
functional connectivity between superficial and deep
cortical layers using epochs of 3 seconds selected from
the slow-wave, suppression and burst recordings. In
order to analyse the cortical connectivity during the
slow-wave anaesthesia, one recording was selected
for each rat. 4 epochs of 3 seconds corresponding to
these specific recordings were analysed and the
resulted values were subsequently averaged. For the
analysis of cortical connectivity during profound
anaesthesia (bursting frequency of 9 bursts/min), 4
epochs of suppression and the following bursts were
selected for each rat. Data were presented as mean
value +/- standard deviation. The mean values were
compared using the one way ANOVA test with Dunnet
T3 posthoc test and the SPSS 20.0 statistical program.
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Fig. 1. Local field potentials during burst and non-burst activity, showing slow wave oscillation during non-burst activity

Fig. 2. Burst aspects according with its length. The first burst lasts almost 4 seconds and presents high frequency waves at the
beginning followed by slow waves. The second burst is short (almost 1 second) and presents slow waves

Fig. 3. Coherence between superficial and deep layers of the
frontal cortex during profound anaesthesia (burst suppression)

and slow waves anaesthesia. Error bars represent standard
deviation. Star indicates statistical significance (p < 0.05)

(p < 0.05). Furthermore, the cortical connectivity during
the slow-wave activity was 0.55 ± 0.015 (p < 0.05)
(figure 3).

Discussion
The burst-suppression pattern is noticed in various

states of cortical suppression such as general
anaesthesia, traumatic brain injury, following
resuscitated cardio-respiratory arrest or Ohtahara
syndrome [17-19]. Nevertheless, this phenomenon is
not thoroughly understood and two theories have
attempted to explain it. On one hand, the metabolic
theory of Brown et al. suggests that the BS pattern is
a consequence of the decreased cerebral metabolism,
the link between the cerebral metabolism and the
electrical activity being made through the ATP-
dependent potassium channel [20]. On the other hand,
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Amzica et al. suggest that this phenomenon is caused
by variations in the calcium ion concentration at the
synaptic level [21]. Burst-suppression is also a cortical
phenomenon modulated by internal and external
subcortical stimuli [22, 23]. The increase in cortical
connectivity during the burst compared to the non-burst
periods (seen as suppression on the EEG or ECoG
recording) noticed in this study may be the consequence
of a subcortical stimulus that induces synchronization
of the electrical activity at the cortical level. The
magnitude squared coherence values range from 0 to
1, perfect cortical synchronization leading to coherence
equal to 1. In our study, the coherence between the
frontal superficial and profound LFP is equal to 0.7.
This situation can be explained by the different modu-
lation of the subcortical excitation by the cortical layers.

The intracortical electrical activity is similar during
the slow-wave and non-burst periods as far as the
frequency of the waves is concerned (the amplitude
remains however, different). Nevertheless, this
similarity cannot explain why the values of the cortical
connectivity between these two states are nearly equal.
Further investigation is needed in order to explain these
observations.

These changes in cortical connectivity are noticed
under basal conditions, without external stimulation.
In a recently published study, we noticed that nocicep-
tive stimulation during anaesthesia leads to an increase
in frontal-parietal cortical connectivity during the slow-
wave periods [24]. As far as the BS periods are con-
cerned, it is known that the number of bursts of activity
determined by the intra-anaesthetic stimulation increases
with the depth of anaesthesia [22, 23]. Nevertheless,
no study evaluates the effect of nociceptive stimulation
on cortical connectivity during these burst suppression
periods, further studies being required.

The cortical local field potentials recorded during
profound anaesthesia (depth of anaesthesia equal to 9
bursts/min) revealed an electrical activity characterized
by waves of 50-100 µV amplitude during the so-called
suppression period. Similar observations were made
by Amzica et al. in recordings in the hippocampus,
during profound anaesthesia (characterized by burst-
suppression activity) induced by isoflurane [25].
Furthermore, the frequency of the waves decreases
as the depth of anaesthesia is increased (from 15 Hz
during BS to 3 Hz during the so called isoelectric line).
These changes were also noticed during the anaesthesia
induced by propofol or etomidate [26, 27].

These electrical phenomena have different aspects
on EEG/ ECoG recordings compared to local field
potentials because the local field potentials can record
the dendro-somatic synaptic currents for 50-350 µm
around the recording electrode [28]. By contrast,
synchronous activity of 108 pyramidal neurons is

required for a 6 cm2 surface around an electrode in
order to obtain an EEG recording [29].

Understanding the BS phenomenon at the level of
synaptic currents could lead to a deeper understanding
of the correlations between electrophysiological
aspects and clinical observations. For instance, it is
known that in neonates with hypoxic brain injuries there
is a correlation between the BS activity and cortical
reactivity during the BS state and the neurological
outcomes [30-32].

We noticed a different aspect of the burst mor-
phology, according to the length of the burst. Thus, the
bursts of 2 seconds include high frequency waves at
the beginning of the burst, followed by low frequency
waves. These changes are in accordance with the
ECoG recordings performed in our laboratory (unpub-
lished results).

Conclusions
Our data showed that the intracortical connectivity

increased during the burst periods compared to the
non-burst or slow-wave periods. This increase in
cortical synchronization can be explained through the
subcortical origin of the bursts.

Furthermore, a different morphology of the bursts
was noticed depending on the length of the bursts. The
short bursts are composed of small frequency waves,
while the long bursts are composed of high frequency
followed by slow frequency waves. Further studies
are required in order to explain this difference in the
burst morphology.
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Modificări ale conectivităţii corticale
în timpul anesteziei profunde

Rezumat

Obiectiv. În acest studiu ne-am propus să evaluăm
conectivitatea frontală intracorticală în timpul anesteziei
profunde (burst suppression).

Metoda. Experimentele s-au desfăşurat pe şobolani
adulţi Sprague Dawlei, în număr de 5. Anestezia a fost
indusă şi menţinută cu izofluran. După inducţia
anesteziei şobolanul a fost plasat într-un stereotax şi
s-a efectuat o gaură de trepan deasupra cortexului
frontal prin care au fost introduşi electrozii pentru
înregistrarea potenţialelor de câmp. Şobolanii au fost
menţinuţi în anestezie profundă (burst suppression).
Pentru evaluarea conectivităţii corticale am folosit
coerenţa spectrală. Conectivitatea frontală intracor-
ticală a fost calculată în timpul perioadelor de burst, a
perioadelor de „supresie” (non-burst) şi în timpul anes-
teziei cu unde lente.

Rezultate. Conectivitatea corticală globală (0,5-
100 Hz) a fost de 0,61 ± 0,078 în timpul perioadelor de
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burst în comparaţie cu 0,55 ± 0,032 în timpul perioadelor
de „supresie” (p < 0,05) şi 0,55 ± 0,015 (p < 0,05) în
timpul anesteziei cu unde lente.

Concluzii. Conectivitatea corticală a crescut în
timpul perioadelor de burst în comparaţie cu perioadele

de non-burst şi a anesteziei cu unde lente. Această
creştere a sincronizării corticale ar putea fi explicată
prin originea subcorticală a burst-urilor.

Cuvinte cheie: conectivitate corticală, anestezie,
burst suppression


