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- Introduction -

• 4 participants with ultra-resistant SCZ underwent bilateral SNr DBS 
implantation
• 3 as part of a pilot study (35F 1/2020, 44F 1/2022, 39M 10/2022)
• 1 currently as part of an ongoing NIH U01 funded trial (36M 4/2024)

• All participants underwent serial evaluations with scales including the Brief 
Psychiatric Rating Scale (BPRS), and Scale for Assessment of Negative 
Symptoms (SANS)
• The U01 case underwent an expanded battery of scales including the Scale 

for Assessment of Positive Symptoms (SAPS), Auditory Vocal Hallucination 
Rating Scale (AVHRS), Clinical Assessment Interview for Negative 
Symptoms (CAINS)

• U01 case underwent evaluations during double blinded on and off phases 
(after initial optimization period)
• Initial unblinded “ON” optimization phase (12 weeks)
• 3x double-blinded “ON” and “OFF” phase (2 weeks each, 6 weeks total)
• Unblinded “ON” phase
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- Discussion -

• SNr DBS may represent a promising intervention in the high-need 
population of ultra-treatment resistant schizophrenia

• SNr modulation may have the capacity to improve positive symptoms, but also 
negative symptoms
• Are improvements in negative symptoms driven by improvement in positive 

symptoms? Connectivity of the SNr to other circuits i.e. reward pathways? 
This will require further investigation

• Is there relevance to the particular phenomenology which improved with 
stimulation in our U01 case (E.g. Schneiderian first rank symptoms)?

• Changes in symptoms and specific phenomenology with stimulation may aid in 
identification of additional networks key to disease phenotypes and may 
provide new insights into network dysfunction in schizophrenia

Antal, M., Beneduce, B.M., Regehr, W.G. 2014. The substantia 
nigra conveys target-dependent excitatory and inhibitory outputs 
from the basal ganglia to the thalamus. J Neurosci. 34(23): 8032-8042.
 Cascella, N., Butala, A.A., Mills, K., Kim, M.J., Salimpour, Y., … 
Anderson, W. 2021. Deep brain stimulation of the substantia nigra 
pars reticulata for treatment-resistant schizophrenia: A case report. 
Biol Psychiatr. 90(10): e57-e59.
 Purves-Tyson, T.D., Brown, A.M., Weissleder, C., Rothmond, 
D.A., Weickert, C.S. 2021. Reductions in midbrain GABAergic and 
dopamine neuron markers are linked in schizophrenia. Molecular 
Brain. 14(96).
 Sasaki, H., Kubota, M., Miyata, J., Murai, T. 2025. Left posterior 
superior temporal gyrus and its structural connectivity in 
schizophrenia. Psychiatr Res:Neuroimaging. 347(111947).
 Siskind, D., Siskind, V., Kisley, S. 2017. Clozapine response rates 
among people with treatment-resistant schizophrenia: Data from a 
systematic revies and meta-analysis. Can J Psychiatr. 62(11): 772-777.
 Zhou. 2016. “The substantia nigra pars reticulata” In Handbook 
of Behavioral Neuroscience. Vol 24. Elsevier.  Steiner, H. & Tseng, K.Y. 
(Eds.): 293-316.

1Department of Psychiatry and Behavioral Sciences,  Johns Hopkins University School of Medicine; 2Department of 
Neurology,  Johns Hopkins University School of Medicine; 3Department of Neurosurgery,  Johns Hopkins University 

School of Medicine; 4Whiting School of Engineering, Johns Hopkins University; 5 Icahn School of Medicine at Mount Sinai

• Schizophrenia affects approximately 24 million people worldwide, of these, 
12-20% may be considered “ultra-treatment resistant” in that symptoms 
persist despite adequate trials of clozapine as well as two or more other 
antipsychotics (Siskind et al. 2017)
• There is an urgent need for expanded treatment options in this population
• Deep brain stimulation (DBS) may leverage current advances in knowledge 

of underlying neurocircuitry to provide a potential treatment option in 
these extreme cases

• The substantia nigra pars reticulata (SNr) is a main (largely inhibitory) output 
of the basal ganglia (Antal et al. 2014), with GABAergic hypofunction in 
schizophrenia (Purves-Tyson et al. 2021)
• The SNr exerts inhibitory control over the thalamus, modulating key 

thalamocortical and striatothalamocortical circuits (Zhou 2016)
• One key circuit of interest is: SNr --| Medial dorsal nucleus of the thalamus 

→ Superior temporal gyrus (STG) → SNr, in which hyperactivity in the STG 
has been implicated in the production of auditory hallucinations (Sasaki et 
al. 2025)

• THEREFORE we hypothesized that normalization of SNr function by DBS 
would improve auditory hallucinations in ultra-treatment resistant 
schizophrenia

- Methods -

- Results -

Negative Symptoms
• Improvement on the SANS noted in some cases 

(DBS003 and U01001)
• Dramatic improvement noted in U01 case with 

stimulation
• Proportionately similar improvement (~50%) 

noted in DBS003

DBS Implantation
• All four participants underwent bilateral SNr 

implantation, U01 case shown below
• Third case (DBS005) underwent lead revision

Positive Symptoms
• Some participants with dramatic improvement of 

hallucinations, one with near-complete 
resolution of hallucinations

• Recurrence of hallucinations in DBS003 found to 
be related to battery failure after device 
interrogation, improved again after replacement 

• All participants exhibited at least some 
improvement in hallucinations on BPRS

• Improvement in hallucinations post-revision in 
DBS005 (data not shown)

U01 Positive & Negative Symptoms
• High burden of negative symptoms alleviated with 

stimulation on SANS, BPRS, and CAINS
• Improvement of positive symptoms with stimulation 

seen on AVHRS, BPRS, SAPS
• Some possible worsening of both positive and 

negative symptoms during blinded “OFF” phase
• Improvement of hallucinations on SAPS appears 

driven by Schneiderian first rank symptoms (SAPS 
FRS):
• Thought insertion (3.50 vs. 0.63, p < 0.001)
• Thought broadcasting (3.83 vs. 0.88, p < 0.001)
• Delusions of mind reading (2.67 vs. 0.13, p < 0.01)

• AVHRS:
• Number of voices (8.00 vs. 4.75, p < 0.001)
• Duration of voices (2.00 vs. 1.00, p < 0.001)
• Negativity of content (3.17 vs. 2.13, p < 0.001)
• Separate/simultaneous (3.00 vs. 2.38, p < 0.001)
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