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• Neuropacemaker

• First modern DBS Parkinsons disorder 19871

• Established treatment for movement

disorders (Parkinsons, essential tremor, dystonia)

• Psychiatric indications for DBS?

DEEP BRAIN STIMULATION -
DBS

1Benabid et al. Combined (thalamotomy and stimulation) stereotactic surgery of the VIM thalamic nucleus for bilateral Parkinson disease. Appl Neurophysiol. 1987



DBS SYSTEM



https://youtu.be/JdRCk9U_qYE?t=262

DBS SURGERY

https://youtu.be/JdRCk9U_qYE?t=262


• Surgical related

➢Hemorrhage ∼ 2%

➢ Infection ∼ 3%

• Stimulation induced

➢ Varies depending on target

➢Reversible

DBS –SIDE EFFECTS

Koh et al. Estimating the Risk of Deep Brain Stimulation in the Modern Era: 2008 to 2020. Oper Neurosurg. 2021
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• First study Mayberg et al. 2005

• Numerous open-label & smaller studies

• Several different brain targets under investigation
➢ Ventral capsule/ventral striatum (VC/VS) (1 positive, 1 

negative RCT)
➢ Subcallosal cingulate/SC25 (2 positive, 3 negative RCTs)
➢Medial forebrain bundle (MFB) (2 positive RCTs)

DBS FOR MDD –
CURRENT RESEARCH

Kisely,. A systematic review and meta-analysis of deep brain stimulation for depression. Depress Anxiety. 2018



• Various methodology in the RCTs making them hard to 
compare

• Longer sham periods favored positive outcome for DBS

• Heterogeneous disorder & patients

• Lack of predictors of response

DBS FOR MDD–
CURRENT RESEARCH

Kisely,. A systematic review and meta-analysis of deep brain stimulation for depression. Depress Anxiety. 2018



• RCTs with longer sham/active phase

• Network based approach to MDD

DBS FOR MDD –
FUTURE RESEARCH

Williams Precision psychiatry: a neural circuit taxonomy for depression and anxiety. Lancet Psychiatry. 2016



• Patient selection based on imaging (fMRI, sEEG, tractography, 
PET)?

• Target selection based on symptoms/imaging?

DBS FOR MDD –
FUTURE RESEARCH

Coenen et al. Tractography-assisted deep brain stimulation of the superolateral branch of the medial forebrain bundle (slMFB DBS) in major depression. Neuroimage Clin. 2018



DBS FOR MDD –
FUTURE RESEARCH

Sheth et al. Deep Brain Stimulation for Depression Informed by Intracranial Recordings. Biol Psychiatry. 2021



• Pilot-study start 2013

• Department of Psychiatry & Unit for DBS, Umeå University 
Hospital

• National intake

DBS FOR MDD –
UMEÅ EXPERIENCE



• Age: 18-65

• Severe and therapy-ressistant MDD diagnosed according to the criteria in 
DSM-IV

• Symptom >1 years

• The patient suffering from substantial incapacity because of his/hers symptoms

• HDRS-17 ≥ 20

• No significant improvemet of MDD symptoms from > 4 established
treatments:

➢ Pharmacotherapy

➢ Psychotherapy

➢ ECT

• No co-comittant substance abuse or severe psychiatric disorder that can impact
the evaluation

• No contraindications for surgery

DBS FOR MDD –
UMEÅ EXPERIENCE



• Target of ≥10 patients

• Operated 2013-2018:

➢ 5 patients

DBS FOR MDD –
UMEÅ EXPERIENCE
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• 1 patient only MFB target (+ bed nucleus of stria terminalis
(BNST) 2015)

• 2 patients MFB & BNST target

• 2 patients BNST only

DBS FOR MDD –
UMEÅ EXPERIENCE



DBS FOR MDD –
UMEÅ EXPERIENCE

Patient 
no.

MADRS 
PRE

MADRS 
1 YR DBS

MADRS %
reduction

Comorbidity

1
MFB 

(+BNST)
43 33 23%

Anorexia
nervosa

2
MFB/BNST

44 27 39%**

GAD

3
MFB/BNST

49 34 31%*

GAD

4
BNST

33 16 52%**

GAD

5
BNST

35 35 0%

Anorexia 
nervosa

MADRS: Montgomery Asberg depression rating scale, **responder decrease
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• First study Nuttin et al. 1999

• Numerous uncontrolled & smaller studies

• Several different brain targets under investigation
➢Nucleus accumbens/anterior limb of internal capsule (1 

positive blinded-RCT)
➢ BNST (2 positive blinded-RCT)

DBS FOR OCD –
CURRENT RESEARCH

Wu et al. Deep brain stimulation for refractory obsessive-compulsive disorder (OCD): emerging or established therapy? Mol Psychiatry. 2021

Visser-Vandewalle et al. Deep brain stimulation for obsessive-compulsive disorder: a crisis of access. Nature 2022
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41 % improvement in 17 patients 

with STN DBS, but only 3 months 

of active stimulation

LIMBIC STN & MFB

Is there any real diference in the actual location of these electrodes in the 
”limic STN” and ”MFB”, respectively ??? 



• Patient selection based on imaging?

• Larger RCT studies

• Long-term follow-up results

• Other outcome measures than Y-BOCS (e.g. quality of life)

• Qualitative studies

DBS FOR OCD –
FUTURE RESEARCH



• What is the effect of DBS in the BNST on OCD 
symptoms?

• What are the potential side-effects of DBS in the 
BNST?

• Which areas of the brain are affected by stimulation in 
the BNST?

• What is the mechanism of action of BNST DBS in OCD?

• What is the knowledge and attitudes towards DBS in 
OCD among psychiatrists, CBT psychotherapists and 
patients with OCD?

DBS FOR OCD –
UMEÅ EXPERIENCE



Inclusion criteria

• Diagnosis of OCD DSM-IV

• YBOCS ≥ 25

• Disease duration ≥ 5 years

• ≥ 3 different serotonergic antidepressants + antipsychotic

• CBT

Exclusion criteria

• Severe psychiatric comorbidity affecting consent or follow-up 

• Contraindications to surgery or anesthesia

DBS FOR OCD –
PILOT STUDY UMEÅ



Participants

• 11 participants completed 1-year follow-up

• 7 females, 4 males

• Mean age of onset OCD 17 ±14

• Mean age at surgery 38±14

• Mean YBOCS score 33±3.0 (range 29-38)

• Asperger syndrome, atypical autism, ADHD, Bipolar II

DBS FOR OCD –
PILOT STUDY UMEÅ



• Mean YBOCS score reduced from 33±3.0 (range 29-38) to 20±4.8 (range 14-27)

• Mean reduction of YBOCS 38% (range 10-60%) 

• 6/11 responders, 4/11 partial responders, 1/11 non-responder 

DBS FOR OCD –
PILOT STUDY UMEÅ
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• Mean MADRS score reduced from 29±4.5 (range 22-37) to 21±5.8 (range 9-32)

• Mean reduction of MADRS 27% (range 4-74%)

DBS FOR OCD –
PILOT STUDY UMEÅ
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Adverse events:

• 1 case unrelated trauma: skin infection & re-implantation 

• Anxiety & insomnia most common stimulation-induced side-
effect during programming sessions

• 2 cases of transient symptoms of hypomania

DBS FOR OCD –
PILOT STUDY UMEÅ
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• Mean YBOCS score reduced from 33±3.0 
(range 29-38) to 20±4.8 (range 14-27)

• Mean reduction of YBOCS 38% (range 10-
60%) 

• 6/11 responders, 4/11 partial responders, 
1/11 non-responder 

Image courtesy of prof. Patric Blomstedt



WHAT ARE WE STIMULATING?



PAPER II - RESULTS



PAPER II - RESULTS



PAPER II - RESULTS

X

X

X

X



• Similar individual fields of stimulation at 12- and 24-months 
follow-up

• Mainly involving anterior limb and genu of the internal 
capsule, BNST, fornix, anteromedial globus pallidus externa 
(GPe) and the anterior commissure

• Correlation between YBOCS reduction at 12-months in the 
ventral ALIC and anteromedial GPe

• Perhaps DBS in these regions may be considered to be 
stimulation of same target?

DBS FOR OCD –
PILOT STUDY UMEÅ







• Effects on cognition

• Effects on personality 

• Long-term data on Y-BOCS effects

DBS FOR OCD –
UMEÅ EXPERIENCE UNPUBLISHED



• 8/11 participants from the BNST DBS OCD pilot 

• 5 females, 3 males

• Neuropsychological assessment verbal & spatial memory, 
executive function & attention 

• Preoperatively & 12 months postoperatively

DBS FOR OCD UMEÅ –
EFFECTS ON COGNITION ONE YEAR 

AFTER SURGERY

Johanna Philipson, neuropsychologist & PhD student
Department of Clinical Sciences/Neurosciences



• Mean age at surgery 36±15 years

• Average 12±2 years of education

• Assessment of intelligence Wechscler Adult Intelligence Scale 
were in normal range at baseline

DBS FOR OCD UMEÅ –
EFFECTS ON COGNITION ONE YEAR 

AFTER SURGERY



• Claeson-Dahls test – Verbal learning & memory

• Brief visospatial memory test – Visual memory

• Digit forward and backward – Attention

• Delis-Kaplan Executive Function  - Executive function

• Trail Making Test - visual attention, behavioral regulation, 
task switching/cognitive flexibility

• Verbal fluency - Verbal fluency

• Stroop Color Word Interference test – inhibition/switching

• Dichotic listening task – auditory attention

DBS FOR OCD UMEÅ –
EFFECTS ON COGNITION ONE YEAR 

AFTER SURGERY



• Claeson-Dahls test – Verbal learning & memory

• Brief visospatial memory test – Visual memory (T-score baseline 

58.13±9.51, 12-months 46.75±3.85 p=0,027)

• Digit forward and backward – Attention

• Delis-Kaplan Executive Function  - Executive function

• Trail Making Test - visual attention, behavioral regulation, 
task switching/cognitive flexibility

• Verbal fluency - Verbal fluency

• Stroop Color Word Interference test – inhibition/switching 
(scaled score baseline 8.00±3.30, 12-months 10.00±2.45)

• Dichotic listening task – auditory attention

DBS FOR OCD UMEÅ –
EFFECTS ON COGNITION ONE YEAR 

AFTER SURGERY



Limitations

• Small sample size

• Open-label study

Conclusions

• BNST DBS generated few significant cognitive effects

DBS FOR OCD UMEÅ –
EFFECTS ON COGNITION ONE YEAR 

AFTER SURGERY



• 9/11 participants from the OCD BNST DBS pilot 

• Self-assessment questionnaire (DIP-Q) pre-operatively

& at 12-months post-operatively

• DIP-Q = DSM-IV & ICD-10 Personality Questionnaire

• 140 yes/no statements

• Divided into 10 personality traits (cluster A, B & C)

DBS FOR OCD UMEÅ –
EFFECTS ON PERSONALITY

Oscar Carlberg, medical student
Umeå University
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Limitations

• Small sample size

• Missing/ambiguous data

Results

• No significant effect on personality traits

DBS FOR OCD UMEÅ –
EFFECTS ON PERSONALITY
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• 11 studies with 155 patients
• 47% improvement after ≥ 36 months
• ½ responders, ¼ partial responders, ¼ non 

responders
• Most of the improvemnt is reached within 12-

14 months

DBS for OCD Umeå –
LONGTERM EFFECTS



• Statistical data on long-term (5-year) effects & side-effects from 
the DBS OCD-pilot study

• Qualiative study from the pilot-study

• Genetic study with participants from the pilot-study

• Mixed methodology study comparing participants in the DBS-
pilot with uncompleted referrals

• DBS RCT with 6 months sham-stimulation

• fMRI of the DBS RCT

DBS FOR OCD UMEÅ –
FUTURE PLANS



• BNST DBS is a promising therapy in severe therapy-refractory 
OCD

• Our results are in line with previous publications regarding 
effect and safety profile

• Filed of stimulation includes several of the ’’striatal’’ targets 
used in OCD – perhaps DBS in these regions might be 
considered stimulation of the same target?

• Lack of predictors for response for participant selection a 
critical issue

• DBS for psychiatric indications is a longterm commitment for 
both the patient and psychiatrist 

• Psychiatric DBS is very dependent on multidisciplinary 
collaboration and team-work

DBS FOR OCD UMEÅ –
CONCLUSIONS FROM 12 YEARS 

EXPERIENCE



• BNST DBS is a promising therapy in severe therapy-refractory 
OCD

• Our results are in line with previous publications regarding 
effect and safety profile

• Filed of stimulation includes several of the ’’striatal’’ targets 
used in OCD – perhaps DBS in these regions might be 
considered stimulation of the same target?

• Lack of predictors for response for participant selection a 
critical issue

• DBS for psychiatric indications is a long-term commitment for 
both the patient and psychiatrist! 

• Psychiatric DBS is very dependent on multidisciplinary 
collaboration and team-work!

DBS FOR OCD UMEÅ –
CONCLUSIONS FROM 12 YEARS 

EXPERIENCE



The Unit for Deep Brain Stimulation in Umeå

THANK YOU!

matilda.naesstrom@umu.se
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• Lack of access to optimal standard care for psychiatric 
patients?

• Lack of larger psychiatric DBS RCTs

• Issues with financing for DBS for patients outside our regional 
uptake

• DBS is seen as ‘’too expensive’’

• Lack of predictive factors for response to DBS

• Over-estimate how many patients qualify for DBS?

CHALLENGES FOR DBS FOR 
PSYCHIATRIC DISORDERS IN 

SWEDEN?

Where
are
the 

Patients?


