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Anatomy of obsessive-compulsive disorder (OCD)

Stein et al. Nature Reviews Disease Primers (2019)



Lifespan view on disease

Stein et al. Nature Reviews Disease Primers (2019)
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contributes to the 
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(due to the endless 
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by the power of 
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‘shapes’ the brain

But with treatments 
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the brain



Münte et al. 2002 Nature Rev Neurosci 
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Changing behavior

 >> Exposure Therapy with Response Prevention to break the OCD cycle



Boosting brain plasticity

 > using repetitive Transcranial Magnetic Stimulation (rTMS)

Ysbrand van der Werf



25 yr journey in OCD

• From task-based fMRI in OCD (& anxiety) to disease model (PhD project 1999-2005)

• Experimental single session rTMS-fMRI study in OCD (VENI project 2008-2014)

• Proof-of-concept TIPICCO randomized controlled trial (VIDI project 2018-2023)

• Prediction rTMS response in OCD 

• Analyses on dosing and targeting

• TETRO trial (cost-effectiveness RCT 2021-2027)

• From biotypes to personalized targeting (VICI project 2025-2030)
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OCD patients (n=43):

High-frequency rTMS vs. sham

(= stimulation of control)

Controls (n=38):

Low-frequency rTMS vs. sham

(= inhibition of control)

de Wit et al. Psychological Medicine (2015)

Stella de Wit

VENI project 2008-2014 van den Heuvel

Proof of concept

Single session rTMS-fMRI study

to understand the role of the DLPFC in emotion regulation problems in OCD



Neuronavigation

Task-fMRI-based targeting

for dorsolateral PFC (DLPFC) rTMS target e.g. emotion regulation task of planning task

for pre-SMA rTMS target e.g. Stop-Signal task

de Wit et al. 2015 Psychol Med Fitzsimmons et al, 2025 Biol Psychiatry Cash et al, 2021 Biol Psychiatry 



TMS-EEG labs

TMS-EEG Labs Amsterdam UMC / VUmc - van den Heuvel & van der Werf 

neuronavigation-screen

TMS coil

stimulator

neuronavigation-camera



day 1

fMRI during 

emotion regulation paradigm

day 2

       20 min rTMS fMRI during

(1 Hz, 10 Hz or sham) emotion regulation paradigm

using neuronavigation 

SPM:

Single subject analysis

reappraise > attend

stimulation coordinates

a.s.a.p.

repeated measures analyses day 1 versus day 2, 1st level 2nd level group analysis

Proof of concept

de Wit et al. Psychological Medicine (2015)

Single session rTMS-fMRI study



rTMS to boost exposure therapy

oa.vandenheuvel@amsterdamumc.nl



rTMS to boost exposure therapy

Proof-of-concept RCT in 61 patients

(10 Hz DLPFC, 10 Hz pre-SMA, vertex)

Multi-center cost-effectiveness RCT in 250 patients

(1 Hz pre-SMA, sham)

Sophie Fitzsimmons, MD PhD
postdoc

Tjardo Postma, MD
AIOS / PhD student

VIDI project 2018-2023 van den Heuvel VeZo grant Zorginstituut NL



Stein et al. 2019; van den Heuvel et al. 2005; de Wit et al. 2012

Van den Heuvel et al 2005, Arch Gen Psych

↓DLPFC activation in OCD

de Wit et al 2012, Am J Psych

↑ preSMA activity
(compensatory) in 
OCD & siblings



• 3-arm single-blind RCT 

• clinicaltrials.gov (NCT03667807)

• 3 treatment protocols:

• Treatment:

• 8 wk (2x/week)

• 16 x 20-min rTMS + 45 min 
exposure & response prevention

• Neuronavigation based on 
individual functional MRI at 
baseline

(3000 pulses at 100% RMT, 30 10-s trains, 30s intertrial interval, 20 mins total – based on de Wit et al 2015)

10 Hz rTMS L DLPFC

100% RMT

N=19

10 Hz rTMS pre-SMA

100% RMT

N=23

10 Hz rTMS vertex

60% RMT 

N=19

(‘control’ condition)

Sophie Fitzsimmons

Fitzsimmons et al, Biological Psychiatry (2025)



Task-fMRI-based targeting: 

Tower of London task (for DLPFC target)

Stop Signal task (for pre-SMA target)

vertex (coordinate 0, -34, 72)

Inter-individual variation
using personalized task-based fMRI informed neuronavigation

Fitzsimmons et al, Biological Psychiatry (2025)



Fitzsimmons et al, Biol Psychiatry (2025)

Postma et al, Biol Psychiatry (2025)

Houben et al, Biol Psych CNNI (2025)



Results

symptom change (YBOCS) over time

• Significant reduction in OCD 

symptoms over time (p<0.001) in 

this treatment-resistant sample

• 57,4% response 

(>35% reduction on YBOCS)

• No difference between groups

Fitzsimmons et al, Biological Psychiatry (2025)
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Results
pre-post rTMS - fMRI during tasks

>> After DLPFC rTMS: more 

reduction in planning-related

activity after rTMS

associated with better clinical

response 

Fitzsimmons et al, Biological Psychiatry (2025)

>> After pre-SMA rTMS:

Reduction in error-related activity is 

associated with better clinical response



Results

pre-post rTMS - fMRI during inhibition

Bayesian ROI-based analysis, Chen et al 2021

>> After vertex rTMS:

Increase in inhibition-

related activation (in IFG 

and parietal cortex) is 

associated with better

clinical response

Fitzsimmons et al, Biological Psychiatry (2025)



Prediction
rTMS response, based on baseline fMRI - during planning

and inhibitory control

>> more planning- and inhibition related activity pre-treatment predicts better

treatment response (driven by effects in the vertex rTMS condition)

Tjardo Postma

Masterc l as s Neurowetenschappen

Postma et al, Biological Psychiatry (2025)

• During planning 

• ↑  activation = ↑ response to vertex rTMS + ERP

• During response inhibition

• ↑ activation = ↑ response to vertex rTMS + ERP

• During error processing

• ↓ activation = ↑ response to vertex rTMS + ERP

• ↑ activation = ↑ response to preSMA rTMS + ERP



Prediction
rTMS response predicted by baseline fMRI

during symptom provocation

Houben et al. Biol Psych CNNI (2025)

Variable B SE B p

Left dmPFC 19.71 14.84 0.19

Right dmPFC -12.78 11.71 0.28

Left amygdala -5.86 7.83 0.46

Right amygdala 17.71 8.13 0.03
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>> right amygdala activation during symptom

provocation at baseline predicts better treatment 

response (in all groups)

Milan Houben



Summary TIPICCO trial

• rTMS target specific effects on the brain (during executive and inhibitory control)

(Fitzsimmons et al. 2025 Biol Psych)

• Variation in treatment response explained by pre-treatment task-fMRI-based activations

• During executive and inhibitory control (Postma et al. 2025 Biol Psych)

• During symptom provocation (Houben et al. 2025 Biol Psych CNNI)

• Variation in treatment response explained by pre-treatment resting state fMRI connectivity

between stimulated target and normative network (Coomans et al, under review)

• rTMS-induced E-fields show that we probably under-dosed, mostly at deeper targets such as 

pre-SMA (Woerdman et al, under review)



https://www.tetro-ocd.nl

1500 pulses of 1 Hz sham-rTMS 

L pre-SMA N=75

N=83

1500 pulses of 1 Hz rTMS  

L pre-SMA N=150

N=167

Placebo-controlled multi-center RCT

250 OCD patients with insufficient response to ERP (with/without medication)

Focus on the added value of 1 Hz pre-SMA rTMS versus sham as adjuvant to intensive ERP

4 sessions/week, for 5-7 weeks

Every rTMS session followed by 90 minutes guided ERP

VeZo grant Zorginstituut NL

(PI: van den Heuvel)

Study period: 2021-2027

Tjardo Postma

https://www.tetro-ocd.nl/
https://www.tetro-ocd.nl/
https://www.tetro-ocd.nl/
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VeZo grant Zorginstituut NL

(PI: van den Heuvel)

Study period: 2021-2027

n = 205 now

Goal: n =250

end 2026

https://www.tetro-ocd.nl/
https://www.tetro-ocd.nl/
https://www.tetro-ocd.nl/


VICI project 2025-2030 van den Heuvel



Fitzsimmons et al. Biological Psychiatry (2024)



Treatment-induced plasticity

VICI project 2025-2030 van den Heuvel

Wianne 
Schipper



What is best target?
And how to best position the coil?

Personalized targeting

oa.vandenheuvel@amsterdamumc.nl



‘The’ OCD brain doesn’t exist

Compensatory effects

Neurodevelopmental effects

Onset and chronicity effects

Symptom profile dependent

Medication effects

Stein et al. Nature Reviews Disease Primers (2019)



Shephard et al. Molecular Psychiatry (2021)

Biotype-based targeting > n-of-1 designs!



MEGA-OCD consortium

NIMH R01MH138569-02, 2024-2029

➢Multi-modal MRI-based biotypes of OCD

input for VICI grant



Personalized coil positioning

Cash et al. Biological Psychiatry (2021)

but… which anti-correlations for OCD (instead of sgACC) most relevant? amygdala? STN?



Take home message

➢ rTMS might potentiate the response to CBT / ERP

➢ Unclear yet what the cost-effectiveness is of current rTMS protocols

➢ Unclear yet what the optimal target is (and this might be biotype-dependent)

➢ Multiple potential options to deal with inter-individual variation in brain anatomy

(but the methods warrant future prospective studies)

➢ Due to chronic disease vulnerability, risk of relapse remains
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