Phenomenology and functional significance of the Vertex Potential
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Introduction Vertex Potentials do not reflect a purely sensory brain process (Novembre et al, 2018) Do Vertex Potentials reflect the cortical consequence of the activation of the
o ) g . extralemniscal system?
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Living in rapidly changing enwronments .has shaped animal brains toward h'Qh sen§|t|V|ty to V(I)D anpdo:ﬁotof Srisatlé%rjswgo rei;ﬁﬁig = 26-ch EEG 0 There is strong empirical evidence that the VP does not primarily reflect the canonical “lemniscal” pathways -
sudden sensory events - often signalling threats or affordances demanding swift motor the EEG response to abrupt sensory -20 B which transmit high-fidelity sensory information from one modality to its corresponding primary sensory cortex, via
reactions. Unsurprisingly, such events elicit one of the largest and most widespread St_imu:i while pfr_ticipar;ts r;eﬁsrmedrta " o = ‘core’ cells in specific thalamic “relay” nuclei.
. . . simplie iIsometric motior task, exert- — ] - P
electrocortical responses recordable from the scalp: the Vertex Potential (VP). ing a constant force (left panel). > . ) Instead, there is accumulating evidence that the VP reflects the cortical consequence of the activation of the
5 0 = 0 o extralemniscal system - which carries supramodal sensory information from ‘matrix’ cells in non-specific thalamic
The abrupt stimuli elicited a multipo- T, 5 nuclei across the brain.
The VP is often assumed to mostly reflect sensory and unimodal brain processes. lar pattern of force modulation W 19 L . g _ _ _
H | studi h . v d trated that the VP i 1 | | highly similar to the VP in shape e rce --.01 Indeed, the VP and the electrophysiological responses of non-specific thalamic nuclei share several properties:
owever, several studies nave convincingly aemonstrate a € IS ( ) argely com- and timecourse (right panel). Crucially, : — EEG - both consist of longer latency responses elicited by several sensory modalities (Jones, 2001)
posed of supramoda| neural activity, and (2) tighﬂy cou p|ed to the preparation of swift trial-by-trial VP amplitude reliably pre- . ~— 204 - , , , , - both are effectively activated by abrupt changes of sensory input and relatively insensitive to absolute stimulus features (e.g. Albe-
behavi | dicted the force modulations (peak R h 0 01 02 03 04 05 Fessard & Kruger, 1962, Peschanski et al, 1981)
enhaviourail responses. value = ~5), which also habituated [Som_atolsensory Ti - both habituate when stimuli are repeated at short inter-stimulus interval (e.g. Peschanski et al, 1981)
with stimulus repetition. L Stiliatol 1 ime (s) ) - auditory-evoked VP in rats is unaffected by lesioning the primary auditory cortex, while general anaesthetic abolish both the VP and
responses in non-specific thalamus (Simpson & Knight, 1993)
On the basis of this evidence, we hypothesised that the VP reflects a transient and wide- A basic physiological mechanism couples the Vertex Potential with the motor system We therefore hvbothesise that the VP reflects a oh e cortical d tos tvoicall
spread cortical modulation reflecting the activity of non-specific sensory systems, RN b € ‘herelore nypolnesise hal he YL retiec’s a pnenomenon Simiar o e coruca' cown-up staies lypica
We are testing this hypothesis in ongoing experiments entailing the simultaneous recording observed in sleep (Massimini et al, 2003) and mediated by the extralemniscal pathways and related arousal
( . A . agm . . A
. “e - - e, systems. The consequent reset of the ongoing brain state might facilitate rapid behavioural reactions to
of EEG and intracranial data in rodents and monkeys. Ve(;text P(c‘)stentlals fl"et Slenzso';';’eztoozza)br“ t changes of stimulus intensity in humans and potentially threatening stimuli.
roaents (oomervali et al, y . . \ J
experimental design
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VP magnitude is known to be largely determined by stimulus inten- = . o _— Simultaneous EEG and intracranial recordings in monkeys (preliminary results)
: . . . . differential intensity absolute intensity
sity. We dissociated two aspects: the degree of intensity change L6 =3au =5 au T his h hesi h hl - N
4 _ _ .. . _ N Y | (differential intensity) and the absolute intensity at which the | T o o test this hypothesis more thoroughly, we
Brain potentials elicited by sudden stimuli of different modalities are all largely con- change took place (experimental design, right). @ , o recorded simultaneous EEG and intracranial |
tributed by the supramodal Vertex Potential (Mouraux & lannetti 2009) . . - . L : = rise time signals in two monkeys while delivering abrupt | 3 >
VP magnitude was highly sensitive to differential intensity, and a3 =10ms auditory, somatosensory and visual stimull = %
insensitive to the absolute intensity (although a small effect on 9 ) ’ ' 3 @)
SOMATOSENSORY SOMATOSENSORY latency was present). This observation was invariant to the stimu- E _— On the riaht h th d . E =
AUDITORY NON- NOC|CEPT|VE NOCICEPTIVE VISUAL SUPRAMODAL ICs lus modality, showing that the sensitivity to differential intensity was | = 1 n the right we show the averaged waverorms g a
= , from a single monkey for the three sensory o )
supramodal. c 0 .
Auditory _ _ | _ _ o = 20 0 10 20 modalities. 2 <
_ 100% o ¥Ve als_o repllcatteld trr:ls resul_t |rl;_ra':sl, suggestlngdthat this SenSItI\:Ity time after fast rise (milliseconds) Note the similarity of the waveforms and scalp L >
S G o environmental changes is highly conserved across mammals. | ) topographies across all modalities. %
[ S —_
oo og . . . . . . >
§8 gé ( 114ms  20sms  328ms 10 || | ) tude of the supramodal VP component using | S LL
® < 10! : : \ 4 v =10 | LFPs recorded in a pre-motor area at different | = 8
el 7 B =2 \ electrode depths. £ =
Amplitude (W 5 10 || 8 3 | ! If the VP is the cortical output of the extralem- | © <
plitude (W) C |3 = | | - - - L =
B | o £ 0 ‘ E———Ss niscal system. it should be strongly predicted | “ o
N ' ' . . o E E 5 level 1 E s ‘-‘_ = ovel 1 by LFPs at more superficial cortical layers, 7p
EEG response elicited by sudden auditory, tactile, noxious and visual stimuli in humans. Black waveforms show o | level 2 o | 4 e level 2 even in this non-sensory area. <
group-level averages, coloured waveforms show single-participant averages. Topographies show the response > | W 10; | level 3 w10+ | = level 3 = N
e . . " T ‘ ‘ ()
scalp c!|§tr|but|on at the negative and positive peaks. Note the similarity between the responses across all four i - A i ‘ A | , Additionally, we can explore the single-unit T <
modalities. 02 0 02 04 06 02 0 02 04 06 activity for evidence of cortical down-up states, | = =
time (s - ’ = 7
These brain responses were then decomposed using probabilistic independent component analysis and the result- > 5) & < similar to those found in slow-wave sleep g S
ing independent components (ICs) were classified according to their contribution to the response in each modality. _ LS e 80 . (Massimini et al, 2003). O
Radar plots on the right show, for each participant, the proportion of total variance explained in each modality by = m = This result would demonstrate that the VP m
supramodal ICs (i.e. ICs which contributed similarly to all four modalities). *07'50’ < qu > -0 m
© | © —%
This was the first quantitative demonstration that the EEG response elicited by sudden sensory stimuli was = 7 | -80 =
largely comprised of supramodal neural activity - which we refer to as the Vertex Potential. N|= 0O ‘ a O ‘ \ > ay
- % | Al level 1 % }
CU O | ) level 2 O \ . . g
r _ _ . _ _ —| 80 R - evel3| || S 50 | level 3 Conclusion & Future Directions
Vertex Potentials are highly sensitive to behavioural-relevance (lannetti et al, 2008) = | ol | = | | | | We have shown that, despite its common interpretation as a purely-sensory unimodal response,
Another important VP feature is its dra- S - - -0.1 0 timg-(ls) 0.2 0.3 -0.1 0 tir?\él(s) 0.2 0.3 the Vertex Potential elicited by sudden sensory stimuli is largely comprised of supramodal
matic modulation by stimulus surprise. P (pain) (pain) \ )\ , neural activity, likely related to the preparation for urgent behaviours.
< l l l ()
i itivi > 10 ! ! ! : : : ey
-rrehpIZa?cier\rg];S’:E:Zcir%i?u:eelic:;?[mgr:ﬁg?}gdafg = 10 ! ! ! 87 Highly similar VPs can be elicited by both increases (onsets) and decreases (offsets) of sensory intensity. We are now testing the hypothesis that this supramodal neural activity is the
] ] ! ) S of . . e uate when the stimulus is repeated at a short and predictable inter-stimulus interval and (4) are both tightly coupled g
neatly dissociates afferent input and @2 i i i 5 o the motor system non-specific thalamus.
surprise. E— 51 i | : O |
Plots to the right show the VP elicited bya | © 10| | | | - . auditory . — somatosensory ——— We also plan to explore this hypothesis with high-resolution fMRI of the thalamus & cortex.
triplet of stimuli delivered at 1Hz (S1-S2- S1 (auditory) S2 (auditory) S3 (pain)
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Several other changes of stimulus features result in VP dishabituation, including: % 20 AR R Emmneil CIDk. 20, J Nevesl SE288S2e. [ tilcasiie s
- an increase, but not decrease, of the S3 intensity compared to S1 and S2 (Ronga et al, 2013) 05 0 0.5 1 -05 0 0.5 1-05 0 0.5 1 -05 0 0.5 1
-a displacemen_t of S3 .Iocatio.n towar.ds the core of the body.(Mo_ayedi et al, 20_16) time (s) time (s) time (s) time (s) Funding r
- randomly varying the inter-stimulus interval such that the stimuli are less predictable (Wang et al, 2010) \ J issedeet
Altogether these results suggest that more surprising and therefore more behaviourally-relevant stimuli Together with previous experiments. these results demonstrate that the VP is primarily sensitive to abrupt "g rc
elicit VPs of larger magnitude surprising and therefore behaviourally-relevant, changes in the sensory environment. PRECLE
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