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 Physiology of neural activity
« Comparisons of fNIRS and fMRI
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Physiology of neural activity
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Aspects of Neural Activity

« Synaptic transmission
— Local field potential (LFP)
— Input to the neuron
« Action potentials (spikes)
— Output signals
— Permit communications between neurons

2015/3/26 Lesson 5, Chia-Feng Lu http://www.ym.edu.tw/~cflu




Neurovascular Coupling

ATP is essential for neural activity

— Restoration of ionic gradients

— neurotransmitter recycling
+ Glycolysis ——r— T
_ya sr?w/all amount of ATP o | | :onmml L;mmwm
» Oxidative glucose metabolism (90% in brain)
— alarge amount of ATP
» Cerebral metabolism depends on a
constant supply glucose and oxygen

vasoactive chemical
agents, metabolites
(e.g.. K+, KO, adencsine)

I

r Cerebral
Blood Flow

Neuroovascular coupling, scholarpedia.
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Neurovascular Coupling

« Multiple mechanisms...

— Astrocytes links neurotransmitter activity
(glutamate cycling) to vascular responses.

« Requirement of metabolic nutrients

« Elimination of waste products
— CO2 and excessive heat
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Neurovascular Coupling

« A continuous supply of energy
substrates is maintained by CBF

» Neural activity
— Blood perfusion via capillaries 1
— regional cerebral blood flow (rCBF) 1

— regional cerebral blood oxygenation
(rCBO) t

« Changes in rCBF or rCBO can be
used to map brain activity
— Functional neuroimaging

Brain vascular system: glucose and oxygen

Zlokovic & Apuzzo, 1998.
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CBF and O2 Comsumption Mismatch

» During neural activity...

— The fractional increases in CBF and glucose
comsumption are similar in magnitude.

— Oxygen comsumption increases much less than
CBF.
« = Anetincrease of oxygen in the blood
and tissue.

CBF (% of baseling)

»

CMRO2: cerebral metabolic rate of oxygen
Ances et al., JCBFM 2001. o
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BOLD fMRI

» Blood-oxygenation level dependent (BOLD)
« BOLD fMRI detects the alterations in

— The level of deoxygenated hemoglobin
— Cerebral blood volume v O o,

(2) Newrow: ascular {4) Detection by

Stimubus 1 § coupling = MRiscanner
— 3= - Ba=2o2l) -
d )
‘ i i
in b A
: i

- Excitatory activity - Metabolic signal - Blood flow - Magnetic eld
and inhibitory activity unknown - Blood strength
Anaesthetic mfluence - Anaesthetic oxygenation - TR, repetition
influence level me
- Blood volume - TE, echo time
Arthurs et a|~/ 2002 - Haematocrit Spin or gradient
echo EPI
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Coupling Properties

 Use of vascular responses to infer neural activity
— Time: lack of temporal information in vascular response
— Space: focal activation of neurons < local vascular response?
— Amplitude: linear relationship?

CBF
response

Neural
response

Q 5 10
Time (s)
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Coupling Properties: Time

» CBF vs. neural activation
— Delayed by 1 ~2s
— Peaks 4 ~ 6 s after the neural response
« Fast modulation of neural activity
is unlikey to be reflected in the Neura

response
vascular response.

response

¢ slow reaction of smooth muscle cells
¢ slow diffusion and uptake of neurovascular mediators
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Coupling Properties: Space

 Spatial resolution of the vascular response

 Vascular point spread function (PSF)
— 1~5mm
— Depends on imaging conditions: monitoring tech., magnetic field,
pulse sequence, species, and brain regions.

« Gray matter,
— densest network of capillaries, intervessel distance of ~ 25 pm

2015/3/26 Lesson 5, Chia-Feng Lu http://www.ym.edu.tw/~cflu 12




Coupling Properties: Amplitude

» Ingeneral, amplitude coupling appears to be largely linear.
— For stimulus durations larger than 4 s

 Various nonlinearities have been noted
— neural responses below a certain amplitude may not evoke a CBF response

— neural responses may saturate, while vascular responses continue to
increase
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Alteration Factors

« Disease
— the chemical mediators
— the dynamics of the vascular system

— hypertension, diabetes, and AD alter Ionic channels on vascular smooth
muscle

« Aging

— change the vascular system

— increasing tortuosity or reducing elasticity of the blood vessels
e Pharmacology

— Diazoxide is used as a vasodilator >large vascular responses with little or no
change in neural activity.

— Hypercapnia (the concentration of CO2in the blood 1) - vasodilation.
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fNIRSEAfMRILEE
Comparisons of fNIRS and fMRI
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Metabolic and hemodynamic changes

«  Mismatch between CBF

| neuronal activity + |

and 02 Comsuptlon l/ \Nneurovascular coupling
. . ) l O,metabolism (CMRQ,) +] [ cerebral blood flow +++ ]
e Brain activation
— Elevated oxy-Hb \l/ \[/
— Decrease deoxy-Hb oxyHb - oxyHb +++
deoxyHb + deoxyHh

PICE
OXYrD ++

deoxyHb -
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Neuroimaging — Methods, pp.53.
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Hemoglobin

Oxygenated Hemoglobin
« Diamagnetic

Q « Doesn't distort surrounding magnetic field
« Nosignal loss in BOLD signal

Deoxygenated Hemoglobin
« Paramagnetic

Q « Distorts surrounding magnetic field
« Signal loss in BOLD signal !!!

fMRI slides from http://culhamlab.ssc.uwo.ca/fmri4newbies/Tutorials.html
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fMRI BOLD signal

« t=0s, asteady state in which there is an given amount of
oxygenated and deoxygenated hemoglobin.

« t=1s, anincreased of deoxygenated hemoglobin due to the
oxygen demands of neuronal activation.

e t=6s, anincreased of blood supply and oxygenated hemoglobin
"flush away" the deoxygenated ones.

t=0s | Signal= 100 t=1s | Signal=99 | t=6s [Signal =103

i N~

Matthijs Vink, 2007.
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Hemoglobin and BOLD

« The deoxy-Hb in concentration is the major factor determining
the time course of the BOLD signal.
« Correlations with BOLD
— deoxy-Hb (R=0.98, P<10-20) 4 Subject D
— oxy-Hb (R=0.71) :
— total Hb (R=0.53)
+ Correlations with CBF
— total Hb (R=0.91, P<10-19)

s [l
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mk [l
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MNormalized Change (AU)
L eb oo
n

A Concentration (UM

_ oxy-Hb (R=0.83, P<10-5)

Time (s)

Huppert el al., 2006.

2015/3/26 Lesson 5, Chia-Feng Lu http://www.ym.edu.tw/~cflu

0 2 4 6 8 10121416 18

19

Quatitative Comparisons

« Simultaneous fNIRS and fMRI measurements in
— Motor task
— Working memory task
— Multiple cognitive task
— Visual stimulus
« Coverage
— Frontal/prefrontal cortex
— Sensorimotor cortex
— Parietal cortex
— Visual cortex
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Spatial Localization of fNIRS Scalp-Brain Distance

A chamel B ¥ « A standard brain (colin27).
¥ « Smaller distance in frontal regions and larger in parietal regions.
£  Larger distances > lower BOLD-NIRS correlations
e ~ 0
3 M MR 34 Mean distance is 16.8 mm
st local ] ® ® R>0.4 & 1 I S 04
::r:elati;n . Fr— 5 ® E ;' E
c Local best correlating yoxel (LBCV) 3 oo 8 02l
.| Channel marker 20 T é g
z. = _; > § 001 E 00Loxy-Hb <10
Projectionto brain surface -~ » ;: N § 0.001 g ::o::-:bp : ?0 .
i s & 20 a0 1 S E 0.2}
. C::?I[e?gl 2011 0 14 1.8 2 =
Find the best local correlation with r>0.1 v : Scalp-brain distance (mm) Scalp-brain distance (mm)
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Activation maps Resting state network

finger

€ line working
tappin

Go . .
oGo orientation memory

« Defined by GLM + Covering the frontal, temporal, and occipital cortices

RENS
« Similar patterns . « Highly correlate voxels (HCV) mainly distribute in brain tissue
between NIRS and p<0.05 R ——— Sasai et al., 2012.
fM RI K ;'._ Ch Anatomical lecation oxy-Hib brain Stoall (%) Slin (%) rvabae of 100th deoxy-Hb brain Sioull (%) Skin (%) rvafue of 100th
Fegel? of channel tissue (X) ranied voxel tissue (X) caniked voxel
L . f . | t Frontal Sup Medis L 92 3 2 032 83 8 3 -030
. Frontal_Sup_R g5 3 2 0.41 a3 4 3 -037
ess Interior resolution oxy-Hb Frontal Sup_L W 4 3 040 W 4 2 =040
i ntal Mid 1 2 a1 7 3 _
in the NIRS data p<0.05 FomlMA oL 70 s n 025 » : » Tom
Frontaliod_Tri_R s 10 1 025 55 10 35 024
Frontal Inf_Ovb_L n a 54 [ ¥3] 51 L} a1 =026
Temporal_Mid_R o 3 3 041 0 H H -034
Tempocal_Mid_L a 5 1 0.35 85 7 H -031
MRl Oecipial Mid_R 95 2 E] (T) 88 5 7 —-041
Mid_Ant_L o 1 2 0.45 85 E 7 -035
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Cuietal., 2011. P Cuaine.l @ 5 3 0.4 81 10 ] —038
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Resting state network

oxyHb deoxyHb BOLD oxyHb deoxyHb BOLD  oxyHb deoxyHb BOLD
P Y =

Sasai et al., 2012.
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THE END

alvin4016 @ym.edu.tw
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