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Abstract

Background: General anaesthetics affect loss of consciousness by disrupting information-passing and integration within

thalamo-cortical (TC) networks. Feedback cortical connections that carry internally generated signals such as expecta-

tion and attention appear more sensitive to anaesthesia than feedforward signals. However, direct evidence for this

effect in non-primary cortex is lacking. In addition, direct comparisons between TC core and matrix, and between

cortico-cortical (CC) feedforward and feedback responses have not been reported.

Methods: We investigated the disruption of synaptic responses by isoflurane of four distinct afferent pathways to non-

primary neocortex. We independently activated TC core and matrix and reciprocal CC (feedforward and feedback)

pathways using optogenetic techniques, and compared the relative sensitivity of synaptic responses to isoflurane.

Results: Under control conditions, activation of axon terminals of all pathways evoked postsynaptic currents (recorded

extracellularly) and postsynaptic potentials in pyramidal neurones. CC feedback responses were substantially more

sensitive to isoflurane (0 to 0.53 mM) compared with TC core, TC matrix, or CC feedforward pathways.

Conclusion: Differential sensitivity of CC feedback synaptic responses to isoflurane in a clinically relevant range suggests

a role for disruption of these afferents in the hypnotic effects of anaesthetic agents.
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Editor’s key points

� Modulation by general anaesthetics of neural pathways

connecting the cerebral cortex and thalamus are likely

critical for consciousness.

� The effects of isoflurane on synaptic transmission were

investigated in mouse brain slices using optogenetic

techniques to activate afferent pathways to non-

primary cortex.

� Greater sensitivity of cortico-cortical than thalamo-

cortical feedback synaptic responses to isoflurane

suggests a role for disruption of these afferents in the

hypnotic effects of volatile anaesthetics.
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The mechanisms of general anaesthetic-induced loss of con-

sciousness (LOC) have profound clinical relevance, and are

relevant as well for expanding and unifying basic theories of

consciousness.1,2 Central to these theories is the sharing of

information between nodes in the cortico-thalamic

network3e5 carried by thalamo-cortical (TC) and cortico-

cortical (CC) feedback and feedforward pathways.6,7 Studies

examining the effects of anaesthetics on the contents of

consciousness have focused on this information exchange in

particular.8 However, the degree to which anaesthetics selec-

tively modulate these pathways, especially in non-primary

cortical areas that are critical for consciousness and particu-

larly sensitive to anaesthetics,9,10 remains unclear.
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Previous noninvasive studies suggest that CC connectivity

(especially feedback connectivity) is suppressed by anaes-

thetics.11e14 Synaptic responses to intracortical stimulation in

primary auditory cortex (A1) slices are suppressed to a greater

extent than are responses to stimulation of TC afferents from

primary auditory thalamus.15 Less is known about anaesthetic

effects on projections of non-primary thalamic nuclei, which

are the source of both modulatory (‘matrix’) and information-

bearing (‘core’) efferents16 to non-primary cortex. These nuclei

receive little direct sensory input but facilitate information

transfer between cortical areas via recurrent cortico-

thalamocortical loops and may contribute to maintaining

awareness.17e19 Also unknown is whether CC feedforward

afferents, which connect directly different levels of the cortical

hierarchy, are as robust to anaesthetic effects as primary

thalamic feedforward afferents. Here, we activated four

distinct afferent thalamo-cortical and cortico-cortical path-

ways optogenetically and compared the effects of isoflurane

on synaptic responses of each in non-primary cortex.
Methods

Expression of channel rhodopsin and brain slice
preparation

Synaptic pathways were activated optogenetically after

expressing excitatory opsins in nerve terminals of specific

afferent fibres (Fig. 1a; see Supplementary Methods for addi-

tional details). To obtain ChR2 expression in both TC matrix

and core projections to non-primary cortex, injections were

made in posterior thalamus (Po; Fig. 1b, top), a non-primary

thalamic nucleus that contains a combination of matrix and

core cells, distinguished here by the laminar distribution of

their axon terminals in layers 1 and 4 (L1 and L4; Fig. 1C, top),

respectively.16 After injections in Po, brain slice recordings

were made in the medial parietal association area (mPtA). To

examine reciprocal CC connections, injections were made in

either a secondary visual area (V2MM) to label feedforward

afferents (Fig. 1b, middle row) or anterior cingulate cortex (Cg)

to label feedback afferents (Fig. 1b, bottom row), and re-

cordings were made in Cg (Fig. 1c, middle row) or V2MM

(Fig. 1c, bottom row), respectively. Acute coronal brain slices

(500 mm thick) were prepared from mPtA, Cg or V2MM ipsi-

lateral to viral injections (see Supplementary Materials for

additional details). Responses to afferent stimulation were

recorded using a multichannel electrode that spanned the

cortical column under control, isoflurane (0e0.53 mM; 1e2

different concentrations, delivered in aqueous phase), and

recovery conditions, as described.20 In a subset of slices,

intracellular recordings were made from cortical pyramidal

neurones using whole-cell patch clamp to compare excitatory

postsynaptic potentials (EPSPs) with extracellular responses,

as described.21
Optogenetic stimulation of afferent axon terminals

Synaptic responses were evoked using light stimulation of TC

or CC axon terminals expressing ChR2, restricted to the

cortical layer with the highest expression of yellow fluorescent

protein (YFP). Brief (0.5e2.0ms) light pulses were delivered at a

range of 1e10 different light intensities (1.5e15mW) randomly

interleaved with an inter-stimulus interval between 20 s and 2

min, directed over the cortical column containing the

recording array. Synaptic responses were evoked using light
stimulation of axon terminals expressing ChR2 via a fibreoptic

cable (250 mm diameter; ThorLabs, Newton, NJ, USA) coupled

to a TTL-triggered LED (473 nm; Luxeon Star, Lethbridge, AB,

Canada) or a patterned illumination device (Polygon400;

Mightex, Pleasanton, CA, USA). For animals injected in non-

primary thalamus, the light was positioned in mPtA over

either L1 (to activate TC matrix afferents) or L4 (to activate TC

core afferents). For animals injected in Cg, the light was

positioned in V2MM over L1 to activate feedback CC terminals.

For animals injected in V2MM, the light was positioned in Cg

over L2/3 to activate feedforward CC terminals.
Data analysis

Local field potentials (LFPs) were isolated by applying a band-

pass filter at 1e300 Hz (expanded to 1e1000 Hz for latency

calculations to avoid signal distortion) and averaged across

trials of the same light stimulus intensity. Current source

density (CSD)22 was calculated using the spline inverse CSD

method23 applied to LFPs across 16 channels, such that nega-

tive values represent current sinks (i.e. inward trans-

membrane currents). Using the channel with the earliest

current sink onset, percent block was calculated by dividing

the difference in sink amplitude between control and iso-

flurane conditions by the control sink amplitude. Experiments

in which at least partial recovery was not observed were

excluded. Intracellular recordings were bandpass filtered at

0.1e2000 Hz and averaged across trials. Latency, amplitude,

and half-widths were calculated for both CSD and intracellular

recordings for comparison.
Linear mixed-effects model

To evaluate the effect of isoflurane on sink magnitude in each

of four afferent pathways, data were fit to a linear mixed-

effects model.24 The use of a linear mixed-effects model al-

lows for principled analysis of hierarchical data by including

both random and fixed effects in statistical models, such that

non-independence among or within samples and experi-

mental groups is considered. Ourmodel included the response

variable ‘percent block by isoflurane’, fixed effects of afferent

pathway (TC core, TC matrix, CC feedforward, or CC feedback)

and isoflurane concentration (0 to 0.53 mM), and random ef-

fect of slice (experiment) with random slope. To exclude the

possibility that observed effects were simply caused by

degradation of responses over time, we included several

‘sham’ experiments (0 mM isoflurane) for each pathway and

allowed for random intercepts in the model. A likelihood ratio

test was used to compare a model with an interaction term

between fixed effects of afferent pathway and concentration

of isoflurane to a model with no such interaction; the model

was significantly improved by including the interaction (c2(3)¼
12.21, P¼0.0067). After choosing this model, coefficient esti-

mates were generated for comparison of slopes between

afferent pathways using t-tests with Sattherthwaite’s method

for degrees of freedom.
Results

Synaptic responses under control conditions

For each afferent pathway, synaptic responses were elicited by

directing light over the cortical layer with the highest density of

YFP-labelled axon terminals (Fig. 1c). We distinguished TC core

vs matrix projections by activating thalamic terminals in



Fig 1. Optogenetic activation of four independent afferent pathways in neocortex. (a) A schematic showing projection patterns of four

distinct afferent pathways: TC matrix (pink), TC core (blue), CC feedforward (green), and CC feedback (gold). Vertical dashed lines show

coronal planes of section for brain slices in (c). (b) A viral vector containing ChR2 and YFP reporter was injected into the Po (top), V2MM

(V2MM; middle), or Cg (bottom). Colour scheme of injection is representative of pathway shown in (a). Note that TC core (blue) and TC

matrix (pink) cells are interspersed in Po, as reflected by the checkered pattern in the schematic. (C) Atlas (left) and fluorescence (right)

images of recording area. Shaded coloured regions in atlas images represent ChR2 and YFP reporter expressed in axon terminals after

injections shown in (b), in mPtA (top), Cg (middle), and V2MM (bottom). Only the terminal regions optically stimulated in this report are

shaded. Coloured boxes in the atlas images represent the approximate recording area shown in fluorescence images. Layer boundaries are

delineated with dotted lines in fluorescence images. The tips of the multichannel recording array are visible on the left-hand side of the

fluorescence images in the top and bottom panels. TC, thalamo-cortical; CC, cortico-cortical; Po, posterior thalamus; V2MM, secondary

visual area; Cg, anterior cingulate cortex; mPtA, medial parietal association area; WM, white matter.51

490 - Murphy et al.



Isoflurane blocks non-primary feedback responses - 491
cortical L4 and L1, respectively (Fig. 1c, top row). CC feedforward

projections terminated in the superficial layers, with heaviest

labelling in L2/3 (Fig. 1c, middle row). CC feedback projections

terminated in all layers, though labelling density was highest in

L1 (Fig. 1c, bottom row), as reported.25,26 For all afferent path-

ways, stimuli elicited short-latency (Table 1), putatively

monosynaptic current sinks and excitatory postsynaptic po-

tentials (EPSPs) (Fig. 2). The shortest latency current sinks were

in L1 and L4 for TC matrix and core projections, respectively,

and in L2/3 and L1 for CC feedforward and feedback projections,

respectively. Durations of CC feedback synaptic responses were

significantly longer than CC feedforward responses, and TC

matrix longer than TC core (Table 1), consistent with a postu-

lated modulatory roles of the former. Similar to previous re-

sults,27 TC core afferents, but not CC feedforward or feedback

afferents, exhibited short-term synaptic depression (Fig. 2b,

Table 1). Short-term synaptic depression was also observed in

TCmatrix responses (Fig. 2b, Table 1), as has been found in non-

primary thalamic inputs to L1 of prefrontal cortex28 and L4 of

secondary somatosensory cortex.29

We also recorded intracellular correlates of synaptic re-

sponses under control conditions to ensure that extracellular

recordings were associated with EPSPs of typical latency and

shape. For each stimulus pathway, intracellular recordings

from L2/3 and L5 pyramidal cells showed monosynaptic EPSPs

after each of four light pulses delivered at 10 Hz (Fig. 2c). La-

tencies from intracellular recordings were comparable with

corresponding parameters from CSD traces. Half-widths of

EPSPs were notably longer than those of CSD current sinks

(Table 1), as expected from the effect of membrane capaci-

tance on the voltage signal.
Effect of isoflurane on monosynaptic current sink
amplitude is pathway-specific

We investigated the anaesthetic sensitivity of the four syn-

aptic pathways by applying isoflurane to brain slices, as

described.20 After eliciting synaptic responses to light stimu-

lation under control conditions, isoflurane was applied at 0.0

to 0.53 mM, followed by recovery in regular artificial cerebro-

spinal fluid (CSF). Sink amplitudes were compared across drug

conditions. We observed a striking difference in sensitivity of

CC feedback responses compared with the other three path-

ways (Fig. 3). Current sinks elicited by activation of feedback

CC terminals were substantially smaller in the presence of

isoflurane compared with control and recovery periods,
Table 1 Properties of postsynaptic responses. Values are presented a
were calculated using the CSD signal from the channel that showe
stimulus. Half-widths are width of current sink or EPSP signal at half
signal were made within TC* and within CCy groups using a standard
than TC core responses (*F1,41¼19.82, P<0.0001) and CC feedback hal
CC, cortico-cortical; CSD, current source density; EPSP, excitatory po

Latency

TC core CSD (n¼16) 4.67 (1.8
Intracellular (n¼7) 3.57 (1.0

TC matrix CSD (n¼23) 5.11 (1.6
Intracellular (n¼10) 4.63 (1.8

CC feedforward CSD (n¼8) 3.02 (1.0
Intracellular (n¼4) 3.63 (0.7

CC feedback CSD (n¼21) 4.15 (1.9
Intracellular (n¼4) 3.69 (2.2
whereas the amplitudes of CC feedforward and both TCmatrix

and core responses were largely unaffected. No significant

effect of isoflurane on half-widths or latencies was observed

for any pathway (Table 1).

The effect of isoflurane on sink magnitude was compared

across slices, pathways, and isoflurane concentrations using

a linear mixed-effects model (Fig. 4). Responses from all

pathways were reduced to some extent by isoflurane, but CC

feedback responses were reduced to the greatest extent

(Table 2). Pairwise comparisons of effects on all afferent

pathways showed a significantly greater effect of isoflurane

on CC feedback synaptic responses compared with TC ma-

trix and CC feedforward pathways (Table 2), where CC

feedback responses were suppressed by 14.9% (standard

deviation [SD]¼2.5%) by 0.1 mM isoflurane (P¼8.1�10�8).

There was no significant difference in the effect of iso-

flurane between the TC matrix and TC core pathways

(P¼0.41).
Discussion

We found that CC feedback synaptic responses in non-primary

cerebral cortex were suppressed by isoflurane more than TC

matrix, TC core, and CC feedforward responses, com-

plementing our previous study in primary auditory cortex15

and indirect evidence from noninvasive electrophysiology

and imaging studies.12e14 In predictive processing theories of

brain function, feedback signals carry internally generated

predictions about sensory observations, and feedforward sig-

nals carry information about mismatches between those

predictions and observations. Conscious perception is the

process of adjusting generative model parameters to explain

away the sensory signals.6,7 It is within this context that

anaesthetic suppression of CC feedback signals could act to

disrupt awareness.8

The molecular mechanisms underlying differential sensi-

tivity to isoflurane are of considerable practical interest. An-

aesthetics have been shown to suppress synaptic

transmission presynaptically via altering calcium influx, syn-

aptic machinery, and vesicle release,30e32 with greater sensi-

tivity of glutamatergic compared with gamma aminobutyric

acid (GABA)ergic synapses.33,34 CC and TC synapses differ at

themolecular and ultrastuctural level,35 whichmay contribute

to their differential sensitivity to anaesthetics. Future
s mean (standard deviation). Parameters from extracellular data
d the earliest onset of the inward-going current after the light
themaximum amplitude. Comparisons of half-widths of the CSD
one-way analysis of variance; TC matrix responses were longer

f-widths were longer than CC feedforward (yF1,34¼7.70, P¼0.009).
stsynaptic potential; TC, thalamo-cortical.

(ms) Half-width (ms) Paired pulse ratio

5) 8.27 (3.06)* 0.64 (0.23)
1) 30.00 (15.90) 0.62 (0.22)
9) 12.13 (2.62)* 0.72 (0.19)
7) 26.10 (14.27) 0.61 (0.16)
1) 7.81 (1.31)y 1.17 (0.37)
8) 32.75 (16.46) 1.04 (0.13)
7) 9.42 (1.77)y 0.90 (0.31)
9) 27.49 (14.31) 1.04 (0.22)



Fig 2. Synaptic responses evoked under control conditions. (a) Representative examples of responses after a single light pulse (473 nm,

black dashed line) used to activate ChR2-expressing axon terminals of four afferent pathways to cortex (left to right): TC core, TC matrix,

CC feedforward, and CC feedback. CSD colour plots are shown, where current sinks (inward-going transmembrane current) are blue (scale:

e2.0 to 2.0 mA mm�3 for TC matrix and CC feedforward, e1.0 to 1.0 mA mm�3 for TC core and CC feedback) and layer boundaries are shown

with horizontal dotted lines. (b) CSD signals evoked as in (a), but with a train of four light pulses (blue tick marks) delivered at 10 Hz.

Signals shown were isolated from the channel exhibiting the earliest current sink in (a). Horizontal scale bars: 100 ms. Vertical scale bar

represents 1.0 mA mm�3 for TC matrix and CC feedforward traces, and 2.0 mA mm�3 for TC core and CC feedback traces. (c) Whole-cell

current-clamp recordings from four cortical pyramidal cells demonstrating intracellular analogues of CSDs shown in (b) (not neces-

sarily from same experiment); excitatory postsynaptic potentials were evoked by a train of four light pulses at 10 Hz. Horizontal scale bar:

100 ms. Vertical scale bar represents 0.5 mV for TC matrix, TC core, and CC feedforward traces, and 2.0 mV for CC feedback traces. TC,

thalamo-cortical; CC, cortico-cortical; CSD, current source density.
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experiments could test the sensitivity of these molecular tar-

gets to isoflurane in isolation.

The relative insensitivity of TC matrix responses to iso-

flurane observed here is surprising. TC matrix afferents over-

lap with CC feedback terminal fields,26 and may facilitate

conscious sensory processing.36,37 Indeed, activity in TC ma-

trix cells is high during wakefulness and low during non-rapid

eye movement (REM) sleep, and activation of matrix thalamic

nuclei during sleep promotes rapid awakening in mice and

during anaesthesia promotes EEG desynchronisation,38 sug-

gesting a role for these cells in recovery of consciousness after

sleep and anaesthesia.17,39 Our findings are incongruent with

the conclusions drawn by Liu and colleagues40 regarding the

effects of propofol anaesthesia on functional TC connectivity

in human volunteers, which found that functional connec-

tivity between non-specific (i.e. non-primary) thalamic nuclei
and a number of non-primary cortical areas is more sensitive

to propofol anaesthesia compared with specific thalamic

connectivity. Although useful for identifying distinct effects

on correlated activity among brain areas, functional connec-

tivity measures cannot distinguish directionality or indirect

effects. It is possible that the effects of propofol on TC con-

nectivity observed40 reflect a decrease in synaptic efficacy at

cortico-thalamic synapses or indirect effects on connectivity

amongst cortical areas, rather than direct effects on the

thalamo-cortical connections we investigated here.

Raz and colleagues15 showed that in primary auditory

cortex, synaptic responses to electrical stimulation of either L1

or of feedback projections from V2 were preferentially sup-

pressed by isoflurane compared with stimulation of core TC

afferents. Because of their overlapping terminal fields, stim-

ulation of L1 could engage both CC feedback and TC matrix



Fig 3. Current sinks evoked in each of four afferent pathways across control, isoflurane, and recovery. (a) CSD colour plots comparing

evoked synaptic responses across control (a, left column), 0.2 mM isoflurane (a, middle column), and recovery (a, right column) for

representative examples of each of four afferent pathways to cortex, from top to bottom row: TC core, TC matrix, CC feedforward, and CC

feedback; colour scale: e2.0 to 2.0 mA mm�3 for TC core and CC feedback, e1.0 to 1.0 mA mm�3 for CC feedforward, and e5.0 to 5.0 mA mm�3

for TC matrix. (b) Signal from the channel with the earliest sink were used to compare synaptic effects across control (solid), 0.2 mM

isoflurane (dotted), and recovery (dashed). Shaded regions, which are coloured using colour scheme in Fig. 1, indicate ±1 standard devi-

ation among trials. TC, thalamo-cortical; CC, cortico-cortical; CSD, current source density.
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afferents simultaneously, whereas activation of V2/A1 pro-

jections alone would be exclusively CC feedback; still, the

authors found that isoflurane suppressed L1 and V2/A1 re-

sponses comparably. In this study, we used optogenetics to

activate each afferent pathway independently. We note that

the block by isoflurane of L1 or V2/A1 responses reported by

Raz and colleagues15 is comparable with the block of CC

feedback responses alone that we find here (13.5% decrease

in sink amplitude for 0.1 mM isoflurane15 compared with

14.9% decrease in sink amplitude for 0.1 mM isoflurane here),

raising the possibility that sensitivity or density of TC matrix

afferents varies with cortical region. Thus, the functional roles

of TC matrix inputs may also vary at different levels of the
cortical hierarchy, taking on a modulatory role in primary

sensory cortex, but acting as driving inputs in higher order

areas.28,29

Our work demonstrates the sensitivity of CC feedback

connectivity to anaesthetics, and the relative insensitivity of

thalamic and cortical feedforward connectivity. Although

brain slice preparations are ideally suited to answer specific

questions about pharmacological sensitivity of specific groups

of synapses, these preparations have several limitations that

are relevant to investigation of mechanisms of anaesthesia

and features of conscious sensory perception. For example,

spontaneous cortical activity is very sensitive to anaesthetic

agents,9 but spontaneous activity is already suppressed in



Fig 4. CC feedback cortical afferents are preferentially suppressed under isoflurane. Results from individual experiments (individual

markers) and model fits (i.e. percent block as a function of concentration of isoflurane; solid lines) with 95% confidence interval (shaded)

are shown. Responses evoked by stimulation of CC feedback afferents to cortical layer 1 (gold) are suppressed to a greater extent under

isoflurane than CC feedforward (green) and both TC matrix (pink) and core (blue) pathways, especially at and above a concentration

corresponding to ~0.9% isoflurane, the concentration at which loss of consciousness occurs in mice. TC, thalamo-cortical; CC, cortico-

cortical.
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brain slice preparations even under control conditions, likely

because of the absence of neuromodulators and long-range

excitatory connections.41 These limitations require experi-

ments in vivo to determine the extent that neuromodulators,

long-range connections and suppression of ongoing activity

contribute to LOC under anaesthesia.

Our results present an intriguing question: why is activity

in higher-order cortical areas especially sensitive to anaes-

thetics9,10 even though synaptic responses of their driving

inputs, non-primary TC and feedforward CC afferents are
Table 2 Comparison of effect of isoflurane on synaptic responses of
isoflurane on each pathway with reference to no slope (shown as %
comparison of effects slopes between any two pathways, represented
isoflurane on CC feedback responses is significantly greater than CC
cortical; CI, confidence interval; TC, thalamo-cortical.

Effect on distinct pathways (% block per 0.1 mM isoflurane)
Pathway Estimate

TC core e7.03
CC feedforward e4.17
TC matrix e5.65
CC feedback e14.9

Pairwise comparison of slopes
Comparison Estimate

CC feedbackeTC core e7.90
CC feedbackeCC feedforward e10.8
CC feedbackeTC matrix e9.29
TC coreeTC matrix e1.38
TC coreeCC feedforward e2.85
CC feedforwardeTC matrix 1.47
insensitive? This may relate to two distinguishing features of

the dynamic brain: activity and connectivity. Our experimental

approach of optogenetically activating synaptic terminals in

cortical target areas directly tests the effect of isoflurane on

connectivity by eliminating the prerequisite for activity of

afferent pathways. However, these two features of neural

networks are not entirely dissociable. Most anaesthetics (other

than ketamine) suppress spiking activity and raise spike

thresholds,42e47 and changes in excitability also contribute to

changes in connectivity.48 Hentschke and colleagues20 showed
four distinct afferent pathways to cortex. Slopes of the effect of
block per 0.1 mM isoflurane) are shown, followed by pairwise
as the difference between individual slopes. Note that the effect

feedforward and both TC core and matrix responses. CC, cortico-

95% CI P-value

[e12.2, e2.25] 0.0059
[e9.89, 0.91] 0.14
[e9.88, e1.18] 0.0076
[e20.0, e10.1] 3.09�10�8

95% CI P-value

[e14.9, e1.35] 0.023
[e17.4, e3.49] 0.0045
[e15.9, e3.42] 0.0040
[e7.67, 4.71] 0.64
[e11.4, 4.42] 0.45
[e5.69, 8.27] 0.67
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that despite preservation of early TC responses, evoked

recurrent activity in brain slices was not sustained in the

presence of isoflurane. The distinction between activity and

connectivity may also help explain the diversity of results

among EEG studies of changes in connectivity under anaes-

thesia. For example, whereas some investigations have shown

preferential suppression of long-range intracortical connec-

tivity,11,12,14 others have shown increases.49,50 It is possible

that the latter scenario arises in spite of decreases in synaptic

strength when activity becomes synchronised and thus

strongly coordinated between regions.

Questions remain as well regarding the relevance of CC

feedback connections to consciousness. Studies of the neural

basis of consciousness, and investigations of mechanisms of

LOC under anaesthesia such as this study, are correlative in

nature. Feedback connections are relevant for sensory pro-

cessing and are particularly sensitive to anaesthetics, but it is

unlikely that suppression of feedback inputs alone is respon-

sible for LOC. Demonstrating the contribution of differential

sensitivity of feedback connections to anaesthetic LOC will

require causal manipulations in vivo that can explicitly link

activity and connectivity within cortico-thalamic networks to

distinct features of consciousness. How sensitivity of distinct

synaptic inputs, as we observe here, synergistically interacts

with intrinsic and network-level changes observed during

anaesthesia in the intact brain will help elucidate the spatio-

temporal relationships within thalamo-cortical networks that

subserve consciousness.
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