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JAMA Psychiatry | Original Investigation

Association of Drug Cues and Craving With Drug Use and Relapse
A Systematic Review and Meta-analysis

Nilofar Vafaie, MS; Hedy Kober, PhD

CONCLUSIONS AND RELEVANCE Findings from this systematic review and meta-analysis
suggest that drug cue and craving indicators play significant roles in drug use and relapse
outcomes and are an important mechanism underlying SUDs. Clinically, these results support
incorporating craving assessment across stages of treatment, as early as primary care.

JAMA Psychiatry. doi:10.1001/jamapsychiatry.2022.1240
Published online June 1, 2022.



Drug and Alcohol Dependence

Sevpeiles Volume 209, 1 April 2020, 107941
ELSEVIER

Full length article

Methamphetamine and Opioid Cue
Database (MOCD): Development and
Validation

Hamed Ekhtiari * O i, Rayus Kuplicki , Asheema Pruthi ® ®, Martin Paulus 2
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Drug > Neutral



Brain Response to Drug Cues (Cue Reactivity)
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P value: uncorrected 0.001, FDR corrected 0.002 -Ziﬁ ﬁ

(Ekhtiari, et al., 2021)






Non-Invasive Brain Stimulation (NIBS) Interventions

tUS (Ultrasound) TMS (Magnetic) tES (Electric)



Where to Target with Brain Stimulation Interventions?

tUS (Ultrasound) TMS (Magnetic) tES (Electric)



Where to Target with Brain Stimulation Interventions?

ARTICLES
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'.) Check for updates

Brain lesions disrupting addiction map to a
common human brain circuit

Juho Joutsa ©®'2317™ Khaled Moussawi©4>", Shan H. Siddiqi*>¢"7, Amir Abdolahi’, Willia
Alexander L. Cohen©3%2° Thomas J. Ross ©*, Harshawardhan U. Deshpande @4, Henry
Joel Bruss'", Elliot A. Stein©4, Nora D. Volkow ©7, Jordan H. Grafman'?'3'4, Edwin van Wi

Aaron D. Boes ©" and Michael D. Fox ©36&

Michael Fox
Harvard Medical School
USA

NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine



Overlap in Lesion Location across Patients with the Same Symptom
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Brain Lesions in People Who
Stopped Smoking (Remission) vs. Those Who Didn’t Quit



Brain Lesions in People Who
Stopped Smoking (Remission) vs. Those Who Didn’t Quit

Remission Not quitting

NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine



Brain Lesions in People Who
Stopped Smoking (Remission) vs. Those Who Didn’t Quit

Remission Not quitting

NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine



Different Lesion Locations across Patients with the Same Symptom

Unclear localization

N ENGL J MED 379;23 NEJM.ORG DECEMBER 6, 2018



Network-based Pathophysiology

A Lesions Causing the Same Symptom | B Map of Anatomical Connectivity | C Map of Functional Connectivity

N ENGL J MED 379;23 NEJM.ORG DECEMBER 6, 2018



Brain Lesions in People Who
Stopped Smoking (Remission) vs. Those Who Didn’t Quit

Remission Not quitting VLSM results

versus

NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine



Brain Lesions in People Who
Stopped Smoking (Remission) vs. Those Who Didn’t Quit

Remission Not quitting VLSM results

NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine



Replication of Results in Alcohol Use Disorder =~ MMPI Alcoholism Risk

MMPI alcoholism risk [N *
NBR unusual thoughts
NBR expressive deficit
MMPI hysteria
NBR amotivation
NBR comprehension deficit
NBR fatigability
NBR tension
NBR articulation deficit
NBR suspiciousness
MMPI depression
NBR inattention
NBR emotional withdrawal
NBR somatic
NBR poor planning
NBR conceptual disorganization
NBR memory deficit
Mini-Mental State Examination
NBR agitation
NBR blunted affect
NBR anxiety
MMPI hypochondriasis
NBR hostility
MMPI masculinity—femininity
NBR disinhibition

2.5
MMPI social introversion
: MMPI paranoia
NBR disorientation
" MMPI psychopathic deviate
NBR mood lability
NBR depression
MMPI hypomania
NBR insight/self-appraisal
NBR excitement
NBR guilt
MMPI schizophrenia

0

Nicotine addiction remission

-

Reduced alcoholism risk

Beck Depression Inventory depression
MMPI psychasthenia
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NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine




€he New lork Cimes f

natre.. ARTICLES
medlcme https://doi.org/10.1038/541591-022-01834-y

"‘) Check for updates

Brain lesions disrupting addiction map to a
common human brain circuit
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They Were Cigarette Smokers. Then a Stroke Vanquished ...

Jun 13, 2022 — Joutsa examined a second set of scans from smokers who had suffered strokes
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P value: uncorrected 0.001, FDR corrected 0.002 -Ziﬁ ﬁ

(Ekhtiari, et al., 2021)



{frontiers in ORIGINAL RESEARCH ARTICLE
published: 27 February 2014
PSYCHIA-I-RY doi: 10.3389/fpsyt.2014.00016

Cortico-amygdala coupling as a marker of early relapse
risk in cocaine-addicted individuals

Meredith J. McHugh'*, Catherine H. Demers’, Betty Jo Salmeron’, Michael D. Devous Sr.?, Elliot A. Stein *"
and Bryon Adinoff34"
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Deep TMS



Number of Cigarettes Smoked Per Week

Deep TMS Treatment Sessions

5 treatments 5 treatments 5 treatments 1 treatment 1 treatment 1 treatment

< 18 treatments

Each session typically takes 25-30 minutes and includes:

Provocation + 18 Minute + Brief
Administration TMS Protocol Counseling

\ 4

140 127 .. First FDA Approval in Addiction July 2020
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Deep TMS



Smoking (H4 coil)

Coil electrical field strength

Deep TMS 70 100



Smoking (H4 coil)

Brain Lesion Map

Coil electrical field strength

Deep TMS 70 100

NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine



Smoking (H4 coil)

Brain Lesion Map

Coil electrical field strength

70 100

Deep TMS

NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine



Smoking (H4 coil)

Brain Lesion Map

Coil electrical field strength

70 100

Deep TMS

NATURE MEDICINE | VOL 28 | JUNE 2022 | 1249-1255 | www.nature.com/naturemedicine



Lesion-based, Cue-reactivity,
Alcohol & Smoking Methamphetamine




Colleen A Hanlon
Wake Forest University
USA

Lesion-based, Cue-reactivity,
Alcohol & Smoking Methamphetamine




-

Michael Fox Colleen A Hanlon Hamed Ekhtiari
Harvard Medical School Wake Forest University University of Minnesota
USA USA USA

a. Lesion-based, b. Cue-reactivity, . Cue-reactivity, d. Cue-reactivity,
Alcohol & Smoking Alcohol Smoking Methamphetamine




Conventional TMS Colleen Hanlon MPFC Target



Non-Invasive Brain Stimulation (NIBS) Interventions

Deep TMS Conventional TMS tES (tDCS/tACS)



tES: Transcranial Electrical Stimulation
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International Journal of Neuropsychopharmacology (2014), 17, 1591-1598. © CINP 2014
doi:10.1017/51461145714000686

State dependent effect of transcranial
direct current stimulation (tDCS) on
methamphetamine craving

Left Cathode (-) Right Anode (+)

Alireza Shahbabaie'*?, Mehrshad Golesorkhi'?, Behnam Zamanian?, Mitra EbrahimpoorS,
Fatemeh Keshvari, Vahid Nejati*, Felipe Fregni’ and Hamed Ekhtiari'*>

-« tDCS » «— tDCS+Cue Exposure —3»
(10 min) (10 min)

10

Descriptive
statistics

Gender (men) 30/30
Age 29.90+1.04
Education (years) 11.90+0.39
Duration of meth abstinence (d) 73.33+9.64
Duration of meth dependence (months) 58+5.75
Marital status (married) 30/12
Number of subjects with a history of opium abuse 30/19
Number of subjects with a history of heroin abuse  30/2
Number of subjects with a history of crystalline 30/6
heroin abuse
Number of subjects with a history of alcohol abuse  30/17
Number of subjects with a history of hashish abuse  30/22
Number of subjects with a history of cocaine abuse  30/3
Number of subjects with a history of cigarette 30/29 -10 time
smoking

Percent Change in Craving (VAS)

Pre (0 min) During (10 min) Post (20 min)
Time



International Journal of Neuropsychopharmacology (2014), 17, 1591-1598. © CINP 2014
doi:10.1017/51461145714000686

State dependent effect of transcranial
direct current stimulation (tDCS) on
methamphetamine craving

Alireza Shahbabaie'*?, Mehrshad Golesorkhi'?, Behnam Zamanian?, Mitra EbrahimpoorS,

Fatemeh Keshvari, Vahid Nejati*, Felipe Fregni’ and Hamed Ekhtiari'*>

10
Descriptive
statistics
<
Gender (men) 30/30 = 5
Age 29.90+1.04 o0
Education (years) 11.90+0.39 >
Duration of meth abstinence (d) 73.33+9.64 ']
Duration of meth dependence (months) 58+5.75 -E 0
Marital status (married) 30/12 Qo
Number of subjects with a history of opium abuse 30/19 B
Number of subjects with a history of heroin abuse  30/2 8
Number of subjects with a history of crystalline 30/6 o
heroin abuse 5 -5
Number of subjects with a history of alcohol abuse  30/17 .
Number of subjects with a history of hashish abuse  30/22
Number of subjects with a history of cocaine abuse  30/3
Number of subjects with a history of cigarette 30/29 -10

smoking

Left Cathode (-) Right Anode (+)

A

tDCS » ¢— tDCS+Cue Exposure —3»
(10 min) (10 min)

« o - Sham-tDCS
N —@- Real-tDCS

time

During (10 min) Post (20 min)
Time



Left CathoW Anode (+)

Lesion Study Results

(Soleimani, et al., unpublished)



Transcranial Direct Current Stimulation to Modulate fMRI
Drug Cue Reactivity in Methamphetamine Users:A Randomized Clinical Trial

MAPPING

Hamed Ekhtiari, Ghazaleh Soleimani, Rayus Kuplicki, Hung-Wen Yeh,Yoon-Hee Cha, "2/ Martin Paulus
doi: https://doi.org/10.1101/2021.04.12.21255366
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Craving value in tDCS based on VAS

pre-fMRI(pre-tDCS) post-fMRI(pre-tDCS) pre-fMRI(post-tDCS) post-fMRI(post-tDCS)



Received: 19 June 2019 | Revised: 9 November 2019 Accepted: 10 December 2019
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Methodology for tDCS integration with fMRI

Zeinab Esmaeilpour ©® | A.Duke Shereen? | Peyman Ghobadi-Azbari® |
Abhishek Datta* | Adam J. Woods® | Marialronside®’ | Jacinta O'Shea® |
Ulrich Kirk’ | Marom Bikson® | Hamed Ekhtiari'®
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Transcranial Direct Current Stimulation to Modulate fMRI
Drug Cue Reactivity in Methamphetamine Users:A Randomized Clinical Trial

MAPPING

Hamed Ekhtiari, Ghazaleh Soleimani, Rayus Kuplicki, Hung-Wen Yeh,Yoon-Hee Cha, "2/ Martin Paulus
doi: https://doi.org/10.1101/2021.04.12.21255366
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How to Optimize Stimulation in the Individual Level?

rTMS Received FDA Approval for Depression in 2008




i - "
Review e

Using Brain Imaging to Improve Spatial Targeting
of Transcranial Magnetic Stimulation for
Depression

Robin F.H. Cash, Anne Weigand, Andrew Zalesky, Shan H. Siddiqi, Jonathan Downar,
Paul B. Fitzgerald, and Michael D. Fox

Target
@ 5cm average (Fox et al., 2012) (6)
@ 5.5cm average (Weigand et al., 2018) (7)
® Non-responders (Herbsman et al., 2009) (13)
@ Responders (Herbsman et al., 2009) (13)
(® TMS Target (Fitzgerald et al., 2009) (22)
® TMS Target (Rusjan et al., 2010) (47)
@ BA9 Definition (Rajkowska et al., 1995) (45)
@ BA46 Definition (Rajkowska et al., 1995) (45)
@ EEG F3 site (Herwig et al., 2003) (14)
- @ EEG F3 site (Okamotu et al., 2004) (158)
@ Beam F3 (Cash et al., 2019) (5)
@ Optimal FC Group Target #1 (Fox et al., 2012, N=98) (6)
‘@3 Optimal FC Group Target #2 (Fox et al., 2012, N=98) (6)
@ Optimal FC Group Target (Weigand et al., 2018, N=1000) (7)
@ Optimal FC Group Target (Cash et al., 2019, N=2000) (104)

-41
-33
-41
-46
-46
-50
-36
-44
-37
-43
-43
-44
-38
-42
41

Y

16
30
1174
23
45
30
39
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26
58
46
38
44
44
43

4

54
50
55
49
38
36
43
29
49
40
32
34
26
30
27



1 r=-55p<.005

Clinical improvement O
(% BDI change)

03 02 01 0.0 0.1 0.2
SGC FC map Subgenual connectivity [Fz(r)]

Biological Psychiatry November 15, 2021; 90:689-700



Stanford Neuromodulation Therapy (SNT): A
Double-Blind Randomized Controlled Trial

Eleanor J. Cole, Ph.D., Angela L. Phillips, Ph.D., Brandon S. Bentzley, M.D., Ph.D., Katy H. Stimpson, B.S.,

Romina Nejad, M.S., Fahim Barmak, M.D., Clive Veerapal, B.S., Naushaba Khan, B.S., Kirsten Cherian, Ph.D.,

Emily Felber, M.S., Randi Brown, M.S.,, Elizabeth Choi, M.S., Sinead King, Ph.D., Heather Pankow, B.S.,

James H. Bishop, Ph.D., Azeezat Azeez, Ph.D., John Coetzee, Ph.D., Rachel Rapier, B.S., Nicole Odenwald, M.A,,
David Carreon, M.D., Jessica Hawkins, B.A., Maureen Chang, B.S., Jennifer Keller, Ph.D., Kristin Raj, M.D.,

Charles DeBattista, M.D., Booil Jo, Ph.D., Flint M. Espil, Ph.D., Alan F. Schatzberg, M.D., Keith D. Sudheimer, Ph.D.,
Nolan R. Williams, M.D.

Am J Psychiatry 179:2, February 2022
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{frontiers in ORIGINAL RESEARCH ARTICLE
published: 27 February 2014
PSYCHIA-I-RY doi: 10.3389/fpsyt.2014.00016

Cortico-amygdala coupling as a marker of early relapse
risk in cocaine-addicted individuals

Meredith J. McHugh'*, Catherine H. Demers’, Betty Jo Salmeron’, Michael D. Devous Sr.?, Elliot A. Stein *"
and Bryon Adinoff34"
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a. Seed-to-whole brain PPl analysis by considering left medial amygdala as the seed region

———————————————————————————————————————————

Physiological term: seed time course
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t-value

Physiological term: seed time course |
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Psychological term: task variable ! A AT 4 Y

a. Seed-to-whole brain PPl analysis by considering left medial amygdala as the seed region
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b. MNI coordinate and cortical location of the voxel with maximum positive PPI strength

Frontopolar area




a. Seed-to-whole brain PPl analysis by considering left medial amygdala as the seed region
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Structural

Rest-state

MRI

z location

o

VAS (0-100)
(&)
o

b. Cue induced craving (VAS)
Wilcoxon, p = 0.00017

100 -

c. Correlation between VAS and PPI
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R=027,p=0.034
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al. Level 1: Location

Fixed coil Individualized Fixed coil
location (Fp2) coil location location (Fp1)

a2. MNI coordinate of targets

® Optimized- level 1
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al. Level 1: Location

Fixed coil Individualized Fixed coil

location (Fp2) coil location location (Fp1)

a2. MNI coordinate of targets

® Optimized- level 1
@ Fixed Fp2

o Fixed Fp1l
30.
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b1l. Level 2: Location + Orientation

Fixed coil

Individualized

Fixed coil

location (Fp2) + coil location + location (Fpl) +

orientation (AF8) orientation

orientation (AF7)

b2. EF strength around TMS targets

® Optimized- level 2
® Fixed Fp2
© Fixed Fpl
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level 2
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al. Level 1: Location

Fixed coil

Individualized Fixed coil

b1l. Level 2: Location + Orientation

Fixed coil

Individualized

location (Fp2) + coil location +

Fixed coil
location (Fp1) +

location (Fp2) coil location location (Fp1) orientation (AF8) orientation

orientation (AF7)

a2. MNI coordinate of targets

® Optimized- level 1
@ Fixed Fp2

b2. EF strength around TMS targets

® Optimized- level 2
® Fixed Fp2

o Fixed Fp1l
30.

© Fixed Fpl

2 T p=1.7 e-5%**
1.257
'§ e o S ° 0% ‘. E
Q °
S 0. “ .Fp2 o . § 11
2 o o S0P o =
rA0 ot Y € 0.75 -
Fpl d ° ;‘ > [
20 . o_ %% o -
s N P @ 05
70 o 40; W
Vi, ® S e 0 e : , ]
Cop: 60 N - n Q . T = i
Yo =~ s 2 *\oca’t\° s Fixed Fp2 Optimized Fixed Fp2 Optimized

level 2

level 2




al. Level 1: Location

Fixed coil

Individualized Fixed coil

location (Fp2) coil location location (Fp1)
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b1l. Level 2: Location + Orientation

Fixed coil
location (Fp2) + coil location +
orientation (AF8) orientation
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Fixed coil

b2. EF strength around TMS targets
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Proposed Pipeline for Individualization

a. Activate desired brain
regions with a task

e Tu
Be{f(])re 3’

Structural MRI
L

\ Task-ba:ed fMRI/

b. Find highly activated

subcortical areas

Functional
activity in
response to the
task

« |+
. S

Desired task paradigm

(e.g., drug cue reactivity)

c. Find cortico-subcortical circuit

that modulate behavior
A\Y’ Defining cortica@

subcortical seed

Physiological term: seed time series

Seed-to-whole
brain PPI

s
Psychological term: task

. [ -
PPl = seed time course x task

¥

d. Find maximum cortico-
subcortical connection

/eed -to-whole \
braln PPI results

+& Negative Positive

= |

Cortico-subcortical

PPl connectivity
inside the cortical mask

Behavior )

The most positive

e. Optimi

zation of the

stimulation parameter

Orie

é Location: based ch

maximal cortico-
subcortical PPI

ientation: based on

individualized target

Intensity: based on
harmonizing EF strength

across the population

maximal EF in

results with

¥

f. Comparing the simulation

one-size-fits-all

Simulation
results with
optimized
parameters

connectivity location L1 —
weach person PPI strength/

Simulation results with fixed
Fpl parameters _ pp)

medRyiv

THE PREPRINT SERVER FOR HEALTH SCIENCES

Optimizing Individual Targeting of Fronto-Amygdala Network with
Transcranial Magnetic Stimulation (TMS): Biophysical, Physiological and
Behavioral Variations in People with Methamphetamine Use Disorder

Ghazaleh Soleimani, Christine Conelea, Rayus Kuplicki, Alexander Opitz, Kelvin O Lim, Martin P. Paulus,

Hamed Ekhtiari
doi: https:/doi.org/10.1101/2023.04.02.23288047
This article is a preprint and has not been certified by peer review [what does this

mean?]. It reports new medical research that has yet to be evaluated and so
should not be used to guide clinical practice.
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DLPFC as a Target

Cue Reactivity Connectivity
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Cue Reactivity Connectivity

Top-Down Regulation

anIsod

aAnesanN

@ Frontoparietal network
(O Default mode network
@ Affective salience network

Fischer, et al., Biological Psychiatry: Cognitive Neuroscience and Neuroimaging May 2016; 1:262-270 www.sobp.org/BPCNNI



Frontoparietal Stimulation
With Transcranial Alternating Current Stimulation (tACS)

5.53 mvV
4.84 mV
3.11mv

1.38 mv

-0.35 mv

-2.07 mv

-3.80 mv

-5.53 mv



a. HD electrode

Anode over F3

Anode over F4

configuration

b. EF simulation c. EF transformation

in subject space

to the MINI space

v
d. Frontal seed definition
10 mm sphere around
the maximum EF




Drug Cue Reactivity Task-based Connectivity (PPI)
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Rol to Whole Brain Task-based Connectivity
(PPI)
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Electrode Placement for the Parietal Node

Projection of the active

clusters over the MNI cortex
1
AT ey {
{

Js

Frontal seeds based

on the highest EFs



Electrode Placement for the Parietal Node

Projection of the active EEG 10-10 electrode placement
clusters over the MNI cortex

Frontal seeds based

on the highest EFs




Rol to Rol Task-based fMRI Connectivity
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How structural and functional MRI can inform
dual-site tACS parameters: A case study in a
clinical population and its pragmatic implications

SCAN ME

a

Ghazaleh Soleimani ™ €, Rayus Kupliki , Jerzy Bodurka ?, Martin P. Paulus ? Hamed Ekhtiari * & =

Step 1: Determination of the first stimulation Step 2: Determination of the Step 3: Calculation of connectivity Step 4: Determination of

site and currently activated/connected regions  second stimulation site between seed and cluster balanced current intensity
a. Creation of d. Seed to whole- e. Mapping active g. Task/rest connectivity i. Placing electrodes over
head models brain connectivity clusters over the cortex selected regions
g
.,'\\-.‘

connectec

cluster I

b. 10 mm sphere ‘ c. fMRI data collection  f. Finding nearest electrode h. Correlation with behavior i-. CO.nSid.erir!g Sim“ar‘ EF

around max EF during drug cue reactivity locations in EEG cap . task rest distribution in both sites
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How to Optimize Stimulation in the Individual Level?
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Target engagement
Jmeasure
E A

' Target engagement
(level of target modulation)




Optimization _Target engagement

%’ ,/ measure

Target engagement
(level of target modulation)




Closed Loop tES fMRI

Closed-loop
tES-fMRI

Target engagement

% / measure

Target engagement
(level of target modulation)

Ideal value

(Soleimani, et al., under review)



Optimization phase (Trainingl and 2): 275 TRs

o I R
Total=32TRs (64sec) 15TRs=30sec = 15TRs=30sec ' 15TRs=30sec
___________ ,—”“ \\ -."‘. , ) _ti . . . M
e T et T prr R, o et =) s / ,,D , 1 Rezl ptl4m'e calc:lacttlog of ;C v;ntdh:)n e:etcuttru‘ve cotr-\tr.ol network (under F4
T lzs e lgs 1 an )-IS conducted and is fed back to the optimizer. .
set by the simplex SeC | set by the simplex sec = 2. The optimizer searches through the parameters based on the real-time
optimizer optimizer - 1 & FC to maximize its value.
Sliding window of 4 Sliding windowof |~ | © 3. The optimizer keep searching the parameters to maximize FC values in
functional functional | the optimized group, while the optimizer keep searching the
C°"“°;'£W (FC)  Fed back wﬂnegg"“v (FO)  Fed back parameters to minimize FC values in the non-optimized group.
=, C =Z20sec
" | Note. GLM: generalized linear model, TR: time repetition
6sec 6sec
Hemodynamic delay Hemodynamic delay

b

1 N
Online Closed-Loop Real-Time tES-fMRI for Brain Modulation: Feasibility,
Noise/Safety and Pilot Study

Beni Mulyana, Aki Tsuchiyagaito, Jared Smith, Masaya Misaki, Rayus Kuplicki, Ghazaleh
Ashkan Rashedi, Duke Shereen, Til Ole Bergman, Samuel Cheng, =% Martin Paulus, Jerzy

Hamed Ekhtiari
doi: https://doi.org/10.1101/2021.04.10.439268 SCAN ME




Closed-loop tES-fMRI System
(Finding individualized parameters)

/ Stimulator r “Actual brain state \ e ha
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‘ 2 Subject #1
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Closed-loop tES-fMRI System
(Finding individualized parameters)

/ Stimulator r “Actual brain state \

XUy R
@ c. Closed-loop
tES-fMRI
Optimization Online fMRI
T ) analysis
© Brain model

Desired brain state /

Individualized Parameters
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1. Offline carry-over effect
(Multi-sessions trials)
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Closed-loop tES-fMRI System
(Finding individualized parameters)

/ Stimulator r “Actual brain state \

Q(’VL c. Closed-loop
tES-fMRI
Optimization
analysis
rain model
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Individualized Parameters
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Published Trials with tES (86) or TMS (119) in Drug Addiction
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How Different Countries Are Being Involved?
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tES/TMS Trials for Addiction Medicine
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Neuroscience and Biobehavioral Reviews 104 (2019) 118-140

Contents lists available at ScienceDirect Neuroscience
& Biobehavioral

Reviews

Neuroscience and Biobehavioral Reviews

journal homepage: www.elsevier.com/locate/neubiorev

Review article

Transcranial electrical and magnetic stimulation (tES and TMS) for R)
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addiction medicine: A consensus paper on the present state of the science %
and the road ahead

Hamed Ekhtiari®*, Hosna Tavakoli”, Giovanni Addolorato™, Chris Baeken', Antonello Bonci®™,
Salvatore Campanella’, Luis Castelo-Branco®, Gaélle Challet-Bouju', Vincent P. Clark™",

Eric Claus"”, Pinhas N. Dannon®, Alessandra Del Felice™, Tess den Uyl’, Marco Diana®,
Massimo di Giannantonio’, John R. Fedota", Paul Fitzgerald’, Luigi Gallimberti",

Marie Grall-Bronnec!, Sarah C. Herremans', Martin J. Herrmann®, Asif Jamil’, Eman Khedr?,
Christos Kouimtsidis”, Karolina Kozak™, Evgeny KrupitskyD’E, Claus Lamm”,

William V. Lechner®, Graziella Madeo®, Nastaran Malmir®, Giovanni Martinotti',

William M. McDonald", Chiara Montemitro®', Ester M. Nakamura-Palacios', Mohammad Nasehi’,
Xavier Noél, Masoud Nosratabadi®, Martin Paulus®, Mauro Pettorruso', Basant Pradhan",
Samir K. Praharaj", Haley Rafferty", Gregory Sahlem", Betty jo Salmeron®, Anne Sauvaget”"’,
Renée S. Schluter®®, Carmen Sergiou®, Alireza Shahbabaie”, Christine Sheffer",

Primavera A. Spagnolo®, Vaughn R. Steele", Ti-fei Yuan', Josanne D.M. van Dongen®,

Vincent Van Waes", Ganesan Venkatasubramanian', Antonio Verdejo—GarciaW, Ilse Verveer®,
Justine W. Welsh'', Michael J. WesleyX, Katie Witkiewitz", Fateme Yavari’,

Mohammad-Reza Zarrindast’, Laurie Zawertailo™“, Xiaochu Zhang”, Yoon-Hee Cha®,

Tony P. George™“, Flavio Frohlich®, Anna E. Goudriaan®>"", Shirley Fecteau™,

Stacey B. Daughters™, Elliot A. Stein", Felipe Fregni®, Michael A. Nitsche’>"°, Abraham Zangen®,
Marom Bikson®, Colleen A. Hanlon"



Ekhtiari and Pal..l|US: ; P o
Neuroscience for Addiction Medicine:
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Future of Psychiatry with
MRI and Brain Stim?

100

“Looking good!”



Take Home Notes

 What is tES and TMS!




How Many FDA
Approvals We
Have for Non-
Invasive Brain
Stimulation in
Psychiatry?

MDD © OCD © Smoking Cessation @ Anxiety comorbid
with MDD

b Cortical Mapping Migraines with Aura



A visual and narrative timeline of US FDA milestones for Transcranial
Magnetic Stimulation (TMS) devices

How Many FDA

MDD

6 ocp

S.L. Cohen, M. Bikson, B.W. Badran et al.

Approvals We
Have for Brain
Stimulation in

Psychiatry?

b Cortical Mapping

Migraines with Aura

© Smoking Cessation 6 Anxiety comorbid

with MDD

Brain Stimulation 15 (2022) 73-75
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2009 @

2012 @

2013 ©@

2014 Q@

2015 @

2016 @

2017 Q@

2018 @

2019 @

2020 @

2021 @

MDD
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Nexstim eXimia NBS, System
sl

Nexstim NBS System 4 with NexSpeech

Deep TMS Cerena

SpringTMS ----- i

RAPIA? === m e e e e e e e e e e

Neurosoft TMS

NBT System for MRI-based coil positioning

Apollo TMS System -----cjeccccmccmcamccaaaaaaa}

BrainsWay Deep TMS for OCD
SpringTMS for prophylactic treatment

\

Mag Vita TMS w/ Theta Burst Stimulation using iTBS —

NBT 2 using iTBS
Horizon TMS with Navigation using iTBS

TMS Cobot TS MV for robotic coil positioning =-----&

SpringTMS for acure and prophylactic treatment in adolescents

NeuroStar Advanced with NeuroBurst using iTBS

Soterix Medical Neural Navigator for MRI-based coil positioning

Neural Navigator with CloudTMS

Cortical Mapping

Tonica Elektronik (MagVenture) MagVenture TMS
BrainsWay Deep TMS

BrainsWay Deep TMS

Migraines with Aura © OCD © Smoking Cessation l Anxiety comorbid

with MDD



Take Home Notes

* What is tES and TMS!

* Cue Induced Craving

* Growing Body of tES/TMS Studies in Addiction
* Brain Stimulation Targets for Addiction




a. Lesion-based, b. Cue-reactivity, . Cue-reactivity, d. Cue-reactivity,
Alcohol & Smoking Alcohol Smoking Methamphetamine




cl. DLPFC montage

d1. H4 coil

d2. H7 coil

d3. Figure8 coil
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Review
Converging Evidence for Frontopolar Cortex as a Target for Neuromodulation in Addiction Treatment

Ghazaleh Soleimani?, Ph.D., Juho Joutsa%3, M.D., Ph.D., Khaled Moussawi*, Shan H. Siddiqi>, M.D., Rayus
Kuplicki®, Ph.D., Marom Bikson’, Ph.D., Martin P. Paulus®, M.D., Ph.D., Michael D. Fox>, M.D., Ph.D., Colleen
A. Hanlon8, Ph.D., Hamed Ekhtiari'-®*, M.D., Ph.D.

! Department of Psychiatry and Behavioral Sciences, University of Minnesota, Minneapolis, MN, USA

Second Revision in

The American Journal of

Psychiatry



Take Home Notes

* What is NIBS!

* Cue Induced Craving

* Growing Body of NIBS in Addiction
* NIBS Targets for Addiction

* Large Interindividual Variability




Take Home Notes

* What is NIBS!

* Cue Induced Craving

* Growing Body of NIBS in Addiction

* NIBS Targets for Addiction

* Large Interindividual Variability

* sSMRI and fMRI to Inform the Stimulation Parameter
 Potentials for Individualized Interventions

 Future of Interventional/Precision Psychiatry

* Neuroscience-informed Patient Education
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BARI Posters Are Available in 22 Languages

Arabic Bulgarian Chinese Dutch
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Take Home Notes

* What is NIBS!

* Cue Induced Craving

* Growing Body of NIBS in Addiction

* NIBS Targets for Addiction

* Large Interindividual Variability

* SMRI and fMRI to Inform the Stimulation Parameter
 Potentials for International Collaboration

* Future of Interventional Psychiatry with MRI and NIBS
* Neuroscience-informed Patient Education

* Networking Activities INTAM and ISAM NIG
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