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o What is Mindfulness

® Magnetic Resonance Imaging
o Bases, Mechanisms, Functional in cognitive tasks and at rest
o Functional Brain Connectivity

o Neural Networks involved in Mindfulness

e Neuroplastic effects of meditation on:
o Healthy Adults and Children
o Adolescents with a history of major depression
o Patients with schizophrenia and drug-resistant auditory hallucinations
e Neural Flocks and Neurophenomenology
Isomorphism: Patterned Process and Consciousness
Auditory Hallucinations and the Patterned Process
Mental Mirror or the Consciousnesscope
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What is Mindfulness?

e |t is the ability to consciously pay attention to the present moment.

e |t involves observing our thoughts, emotions, bodily sensations, and environment
with acceptance and without judgment.

e |t allows us to distance ourselves from automatic thought patterns and respond with

greater awareness.
e |t promotes calm, mental clarity, self-awareness, and emotional well-being.

Bishop et al. (2004, 232)

What is Mindfulness?

e Brief exercise to identify a state of mindfulness

Bishop et al. (2004, 232)



https://paperpile.com/c/nQtrZ2/zGIo0/?locator=232&noauthor=1
https://paperpile.com/c/nQtrZ2/zGIo0/?locator=232&noauthor=1
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Mechanisms of Mindfulness

e Intention

e Attentional control

e Specific attitude towards experiences marked by acceptance and non-judgment or
kindness.

(Shapiro et al., 2006)

The Distracted or Un-mindful Mind

e In contrast to much of our daily experience where:

e functioning on autopilot (Bargh & Chartrand 1999)
e Immersed in thoughts different from what is happening in
the current moment (Killingsworth & Gilbert 2010)

® or suppressing unwanted experiences (Kang et al. 2013)




The Distracted or Un-mindful Mind

e It has been shown that:

o Our minds wander approximately 47% of the time and that
a distracted mind predicts subsequent unhappiness
(Killingsworth and Gilbert 2010).

e On the other hand, the ability to be present in each

moment is associated with greater well-being in daily life

(Brown & Ryan 2003).

The Distracted or
Un-mindful Mind
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Mindfulness and the Brain

100 billion stars 100 billion neurons

+ Each neuron > 5000 synapses with
other neurons

Magnetic Resonance Imaging (MRI) modalities for
Neuroscientific study

Structural MRI Diffusion tensor imaging Magnetic Resonance Spectroscopy
¢ Brain anatomy *  White matter connectivity «  Metbolite concentration

*  White/Gray matter *  Tracts and fiber - Neurochemistry

¢ Pathology

o || tactatonipids

10
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Magnetic Resonance Imaging (MRI) modalities for
Neuroscientific study

Arterial Spin labelling Functional Magnetic Resonance Imaging
* Activation patterns

*  Cognitive tasks

*  Functional connectivity

* Blood flow

Figure 1. Schematic description of a perfusion weighted
image (AM) obtained by subtraction of the labeled images
from the control images.
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MRI basic principles
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Mechanism of Functional Magnetic Resonance Imaging (FMRI)

A Electrophysiology

{aHbl 0 BOLD FMRI
- BOLD:
Vascular response f \ Blood oxygen level
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Moon et al., Cerebral Cortex, 2021
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Functional Magnetic Resonance Imaging
(MRI) in cognitive tasks

Foxand Raichle 2007
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Functional Magnetic Resonance Imaging
(MRI) at rest

®  Asociacion o dependencia estadistica entre dos o mas series temporales BOLD
anatémicamente distintas

— Left motor
—Right motor]

inferior temporal gyrus
—PCC \O
Superior parietal region [\ %+

i
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Friston 1994, Friston et all. 1996.
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Seed based analysis

Motor cortex
Based on hypotheses.

based on an a priori definition of seed
regions (regions of interest).
measure of the temporal correlation
between this signal and the passage of
time
a) all other voxels
b) other seed regions

o
~
°

% BOLD change
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Fox & Raichle, 2007
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Independent Component Analysis (ICA)
Data-driven:
There is no a priori definition of seed
regions. B, s

analyzes the entire BOLD signal:
decompose into independent

components
and associated spatial maps

% BOLD Fluctuations

Raichle, 2011
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Taxonomy of functional brain networks

Default Mode Network

VR P LR B2 e X L A%
N>y St y oY o] ey Wyl
Occipital Pericentral Dorsal Lateral Midcingulo- Medial
Network (ON)  Network (PN) Frontoparietal Frontoparietal Insular Frontoparietal
visual Somatomotor Network (D-FPN)  Network (L-FPN) ~ Network (M-CIN) - Network (M-FPN)
Attention Control Salience Default

Uddin et al., 2019
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Sampaio-Baptista et al. 2017
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Re-organization of Networks in Amputee Patients
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Makin et al. 2015
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Raichle, 2011
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Anticorrelated Brain Netwroks
Central
Excecutive Default Mode
Network Network
Time (seconds)
Fox et al. 2005
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Brain networks involved in
Mindfulness

Triple network model

Consists in:

e Default Mode Network (DMN)

o Salient Feature Network (SN)

e Central Executive Network
(CEN)

Fox et al., 2005, Buckner et al., 2008, Christoff et al., 2009,
Menén et al. 201 I, Hellyer et al., 2014.

Triple networks. Default-mode network, in blue; Salience network, in
green, Central executive network, in red;

25
PCC/Pcu
Associated with mental wandering and lack of
attention to the present moment. Disabled during
tasks that require attention
Key regions include
Pr /posterior cing e cortex (PCC)
inferior parietal lobe
medial prefrontal cortex (MPFC)
Formations of the hippocampus
temporal cortex
Raichle et al., 2001; Gusnard and Raichle, 2001; Kelley
et al., 2002; Northoff et al., 2006; Saxonz et al., 2010
26
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Salience Netwrok (SN)

Involved in stimulus-driven attention and
the detection of salient features.

It is a switch between: internally focused
attention mediated by the DMN and
externally focused attention mediated by

the CEN

Composed of: insula, mediodorsal-cingulate
regions, Amygdala, Temporal poles

Seeley et al., 2007; Corbetta et al., 2008

™ Ay

27
Central Executive Network(CEN)
Engaged in sustained externally PPC FEF
focused and goal-directed ‘1\7(
attention. 58 b SV DLPFC
Composed by: v Y W&
omp y: ‘ \.;\\( - ,V
Dorsomedial and lateral prefrontal Sl PPC S
cortices
] . . DMPFC
posterior parietal cortices DLFPC
Frontal eye field »
o -
Seeley et al., 2007 gV R
caslie
28
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Mechanistic model of mindfulness that
involves triple networks.

During an active meditation practice:

CEN:
Maintains attention on the object of focus
breathing, sensations, thoughts, etc.

DMN:
when the mind moves away from the object of attention

SN:
when the participant realizes that his mind
Ramble

Resumption of CEN:
Divert attention back to the object of the practice.

Hasenkamp et al., 2012

29

Neuroplastic Effects in Adult Meditators

30
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Experienced Meditators

A) b) STATE B) 044

EN seed oy é ' = * ] *
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Functional
Connectivty

a) TRAIT HCrsBase < EMrsBase

b) STATE EMrsBase < EMMed

Bauer et al., HBM 2019

Toward a brain network science of

mindfulness

Changes in rs-FC
®  Reduced within-DMN connectivity

Default Mode
Network

O across intervention designs, trait designs, and long-term

meditator designs Salience

®  Increase DMN-CEN connectivity Network

O Interventions and active meditation T
®  DMN-CEN more anticorrelated

O More mindful individuals

O likely a nonlinear phenomenon related to expertise
[ ]

Central Executive
letwork

O between rostral anterior cingulate cortex region and
amygdala & insula

Treves etal. 2023 Toward a brain network science of mindfulness in Ostafin,

Robinson, Meier (Eds), The Handbook of Mindfulness and Self-Regulation: Cognitive

Neuroscience, Social Personality, Clinical, and Applied Perspectives: 2+ Edition
Treves et al. 2023, Rahrig et al,, 2022, Sezer et al., 2022
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Neuroplastic Effects in Healthy Children

33
The Participants
e 99 6th grado (12-13 aiios de edad)
o 70% niiias
e  47.5% Nivel Socioeconémico bajo
0 10% were Latinos, 32.5% AfroAmericanos,
52.5% Caucascicos, and 5% otros.
34
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Randomized Controlled Trial

99 6th estudiantes
at BCCS

J Lec

\
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(Scratch Programming)
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Perceived Stress Scale

Tabla 1. EEP-10 v calificacién.

Durante el ultimo mes: Nunca | Casi | Devezen | Amenudo| Muya
nunca| cuando menudo

1. ¢Con qué frecuencia ha estado afectado 0 1 2 3 4
por algo que ha ocurrido inesperadamente?

2. ¢Con qué frecuencia se ha sentido 0 1 2 3 4
incapaz de controlar las cosas importantes

en su vida?

3. ¢Con qué frecuencia se ha sentido| 0 1 2 3 4
nervioso o estresado?

4. ¢Con qué frecuencia ha estado seguro 4 3 2 1 0

sobre su capacidad para manejar sus
problemas personales?

5. ¢Con qué frecuencia ha sentido que las| 4 3 2 1 0
cosas le van bien?

6. ¢Con qué frecuencia ha sentido que no| 0 1 2 3 4
podia afrontar todas las cosas que tenia que

hacer?

7. ¢Con qué frecuencia ha podido controlar 4 3 2 1] 0
las dificultades de su vida?

8. ¢Con qué frecuencia se ha sentido que 4 3 2 1 0
tenia todo bajo control?

9. ¢Con qué frecuencia ha estado enfadado| 0 1 2 3 4

porque las cosas que le han ocurrido
estaban fuera de su control?

10, ¢Con qué frecuencia ha sertido que las| 0 1 2 3 4
dificultades se acumulan tanto que no
puede superarlas?

Fuente: autores.

37

Sustained attention

The Sustained Response Attention Task (SART)

It is an attention task that requires participants to retain the behavioral response to a single, infrequent target (-

5%) (number 3) presented in a context of frequent non-targets (0-2, 4-9).

G
%;
4
- o o o - - = = =

38
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Sustained attention

A "

Groups

-e- coding
-4 mindfulness

Go accuracy Z-score

Pre Post

Mindfulness > coding

39
Amygdala and Perceived Stress
A fear > neutral B
g )
@
2
Right Amygdala parameter estimates
Bauer et al., Behav Neurosci 2019
40
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Emotional Regulation

o Simple perceptual task

o Participants see three images on the screen and are
asked to select which of the two images in the bottom
row is identical to the top image.

41

Neutral faces

42
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Fearful Faces

43
Perceived Stress and Affect Scale
PSS = Perceived Stress Scale
NA = Negative Affect
L 2 PA = Positive Affect

20
e
o 15
* Ewp
°
[ coding
g 10 .mlndlulness
Q
@
« 5
[
»n

0 H
PSS PSS NA NA PA PA
Pre Post Pre Post Pre Post
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Amygdala Activation to fearful faces
A fear > neutral B
% 20
£
‘g ol Group
g N
g-zo
p-value
0.05 mm—— 0.01 Pre Post Change form

45
Correlation between Activity Changes and Stress
A fear > neutral B
20 o A
° .
58 -
70 & coding
n.? § B e mindiuiness
I
-10
0 1 2
Pre-to-Post Change in
Right Amygdala Reactivity to Feraful Faces
p-value
0.05 I 0.02
46
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Default Neural Network

0.5

Pre-to-Post Change in
parameter estimates

-0.5

I

RO and Emolional Valence

coding mindfulness

47

Control over the Amygdala

fear > neutral
A B

Right Amygdala - Right DLPFC

p-value
0.05 I—— 0.004

connectivity z-scores

rDLPFC = MNI (40, 30, 34)

group
@ controls
A mindfuiness

Pre Post

48
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Neuroplastic Effects in Adolescents with
Major Depression

49

Research on depression has consistently shown: Rumination, DMN
’

* Elevated connectivity within the midline Default - connectivity and depression
Mode Network (DMN) centers (MPFC and PCC) in

depressed adolescents, adults, and young people with
a family risk of Major Depressive Disorder (MDD).

* This may reflect and facilitate persistent reflective
tendencies.

* DMN hyperconnectivity correlates with depression
* Self-referential processing and increased focus on
negative emotional states. Scatter of RRS with SCC correlation with PCC (SCC

defined by two-sample t-test)

y=0.0068x-0.0911

* Rumination has been linked to DMN
hyperconnectivity in young people at risk for MDD
and in currently depressed individuals

g
8
3
3
5
<
S
k|
2
5
3

o

* Correlating it with subjective rumination scores Rumination Score (RRS)

Zhou et al 2020, Bergman et al, 201 |

50
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Hyperactivity in rumination and depression.

&
9
@ X

Hui-XiaZhou et al 2020

Meta-analytical results showing regions with significant increases in the rumination condition compared to distraction/control condition

51

A SgACC seed

(2]

¢ MDD+anx
56 Aanx

Depression symptom severity (Mood
and Feeling Questionnaire)

40 005 01 015 02 02 03 035 04 045 05

247 —I 5.97 sgACC-MPFC functional connectivity
tvalue

Higher DMN functional connectivity is associated with more severe depression symptoms at
baseline. A) We used a 8mm spherical seed in the sgACC. B) Functional connectivity between the
sgACC seed and the MPFC positively correlated with symptom severity. C) Scatterplot illustrates the
correlation between baseline MFQ and baseline sgACC-MPFC functional connectivity.
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Restlessness
Learning to meditate is not easy! Impatience, irritation
and rage

Motivation

AQ Falling asleep @

Doubt

Am | doing this right?

worry Trying too hard
53
Meditation reinforced by Neurofeedback
A) Resting State Pre
B) ROI extraction
{
C) rt-fMR
7
Subject view
(#)feedback (1) feedback g:
1
ol © EiR
€. Increased Descreased
| | PDA PDA
!
D) Resting State Post
54
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Participant View Researcher View

Great job! Now, you'll get to continue your

Mental Noting with some feedback based on o gk
your brain to help your practice. :
16
In this run, you'll see 2 circles and a white
ball in the middle. When the white ball o8|
moves up towards the top circle, this
corresponds to the Noting practice. or
If the ball gets into either of the circles, it will
move back to the center. ol
Try to keep the ball moving up towards the 18
top circle! How many times can you get to 24
the top? n L L L L L
0o 20 a0 e 8 100 120

55
Real-time fMRI neurofeedback-induced DMN network modulation in
A Pre Post Post vs. Pre
506 mm— 191 506 mm— 1901
B o 3 °f 0z 04 0 08 1

H 005 i

s, n EEODE . .

55 5 N

E2¥ S

3o g2 . .

EHI £t T

®° oz 58 02 .

03 H .
5 a2
targat brain state during last neurofeedback run)
#MDD+anx 4 anx
One session of mbNF reduced DMN functional connectivity. A) A t-test revealed that after mbNF, there was
reduced connectivity between sgACC seed and midline DMN regions.. C) Reduced sgACC-MPFC connectivity
was associated with better neurofeedback performance.
56
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Neuroplastic effects in patients with
schizophrenia and treatment-resistant
auditory hallucinations

57
Schizophrenia

Schizophrenia is a serious mental disorder.
It is characterized by significant alterations in perception,
thoughts, mood and behavior.
Experiencing positive symptoms such as hallucinations and/or
delusions.
Negative symptoms such as dullness of affect, apathy, anhedonia,
etc.
Many cognitive symptoms with alterations in verbal fluency,
memory, reasoning, problem solving, processing speed, etc.
Lifelong treatment.
Treatment resistance

58
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Default mode network (DMN) and auditory
cortex

A Controls Relatives Patients

AH Scores.

Bauer et al, (in preparation)

Whitfield-Gabrieli et al 2009
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Default Mode Netwrok (DMN)

08
08 . .
07 . '
? 06 1+ g
b= 05 » : =
8 04 8
c 03{* £
S o §
0 1
D o B B M 0 10 0 3 40 5
Psychopathology Psychopathology
Whitfield-Gabrieli et al 2009
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Real-time fMRI neurofeedback-induced DMN modulation in
schizophrenia

A DLPFC N
e H
gs H
g
ADMN B o
RS-post NG
> PCC, = Acc £
RS-pre Bo
g< ;
8 H
3 i
@ =
3 T T T T T T

Zscore RSpre RSpost RSpre RS:post RS-pre RS-post
23— 5 MPFC-PCC MPFC-rDLPFC MPFC-ACC

B 1DLPFC @
2 =
'§3 < | 1
3
SMC @ ! —
RS-post o0 29 . ' — :
> B ACC s : =
o o -
Su f ] i
21 - o
T T T T T T
Zscore RSpre RS-post RS-pre RS-post RS-pre RS-post
25— 8 MPFC-PCC MPFC-DLPFC MPFC-ACC

Regiones que muestran un cambio significativo en la conectividad funcional en estado de reposo (rsFC).
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Real-time fMRI neurofeedback-induced DMN modulation in

schizophrenia
)
g
@ Significant reduction (pre-publication) of AH auditory hallucinations
% (AAH score) with a reduction (pre-publication) in STG-MPFC
< connectivity (ASTG/MPFC) for the resting state after network
= neurofeedback in default mode in real time.
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Thanks for your attention
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