Balancing Efficacy and Cognition with
Optimized Waveforms and Personalized Targeting

/Zhi-De . PhD

Director, Computational Neurostimulation Research Program
Experimental Therapeutics & Pathophysiology Branch
National Institute of Mental Health, NIH



Faculty Conflict of Interest Disclosure CINP 2026

CONGRESS

June 26-29 - Glasgow

| have the following potential conflict(s) of interest to report:

Type of affiliation / financial interest

Name of commercial companies

Receipt of grants/research supports

National Institute of Mental Health (NIMH) Intramural Research Program

Receipt of honoraria or consultation fees | None
Participation in a company sponsored None
speaker’s bureau

Stock shareholder None
Spouse/partner None

Other support (please specify)

Co-inventor on patents and patent applications owned by NIH, Columbia
University, MIT, University of New Mexico, and NEVA Electromagnetics




‘ electrical stimulus ‘ @ ‘

pulse generator scalp electrodes electric field in brain generalized changes in brain
tonic-clonic seizure activity/connectivity



Remission rate

30%

14%

rTMS dTMS

Kellner, Psychiatric Times, 2015
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ECT
(psychotic dep)

the most effective treatment for

severe major depressive disorder,
catatonia, mania, suicidal ideation,
or any condition where “there is a

need for rapid, definitive response.”
(FDA 201D



33%

treatment
resistant

16.2 million
depressed adults .

N US

67% remitted

after multiple rounds
antidepressant &
psychotherapy

Data extrapolated from STAR*D report & Wilkinson et al., Psychiatr Serv, 2018



ECT was a brilliant cure,

but we lost the patient.
~ Ernest Hemingway
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Enrollment

Follow-up Allocation

Analysis

Assessed for eligibility (N=179)

Excluded (N =106)
BN - Not meeting inclusion criteria (n=82)
- Other reasons (n=24)

\ 4
Randomized (N=73)
[

.

Received MST (N = 35) \

Lost to follow-up

- Discontinued intervention (N=5)
- Other side effects (n=2)
- Unknown (n =3)

- Lost at 2 months (N=7)

- Lost at 6 months (N=10)

Analyzed (N = 38) Analyzed (N = 35) \

Received ECT (N=38)

Lost to follow-up

- Discontinued intervention (N =12)
- Felt treatment was ineffective (n=1)
- No further treatment needed due to improvement (n = 3)
- Terminated due to confusion/cognitive impairement (n=1)

- Worsening of psychiatric condition (n=1)
- Other side effects (n=1)
- Unknown (n =4)

- Lost at 2 months (N =11)

- Lost at 6 months (N=5)

Deng et al., JAMA Psychiatry, 2024
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MST remission rate 22.5%

Non-inferiority RUL-UB ECT
margin 15% remission rate 27.8%

0% 5% 10% 15% 20% 25% 30% 35%

W MST falls within the pre-set margin

40%

239 double-blinded patients:
120 ECT vs 119 MST

ldentical 48% suicidality remission

severe worsening on the
Autobiographical Memory Test
17.3% ECT vs. 2.7% MST

Blumberger et al., Lancet Psychiatry, 2026
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Deng et al.,, JAMA Psychiatry, 2024



P Physical
Bl Mood related | Memory Headache**
B Cognitive 1

Confused* ‘ Nausea**

Active Dry mouth

Enjoy lunch Muscle pain***

Enjoy breakfast Other aches and pains
*p<.05 *p<Ol 7 p<.00l1

Deng et al., JAMA Psychiatry, 2024
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Linear response
(n =46, 68.7%)
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Family history of psychosis, affective disorder

/2%
55%

30%
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Conventional ECT titration

increase pulse train duration iIncrease pulse train frequency

Time
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Deng et al., J Neural Eng, 2011; Lee at al., Eur Psychiatry, 2016
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Convulsive Therap,
10(2):93-123 © 1994 Ravei Press, Lid., New York

Physical Properties and Quantification of the
ECT Stimulus: L Basic Principles For constant-current stimulation, we suggest

*tHarold A. Sackeim, Ph.D., ZJames Long, B.A., *Bruce Luber, Ph.D., t h a t, | N g e N e 'a | C | | N | Ca | p Fa Ct | Ce, t h e a N g e Of

*tJames R. Moeller, Ph.D., §{Isak Prohovnik, Ph.D., *+D. P. Devanand, M.D.,
and *tMitchell S. Nobler, M.D.

the threshold for seizure elicitation may be

*Departments of Bivlogical Psychiatry and §Brain Imaging, New York State Psychiatric
Institute, New York; fDepartment of Psychiatry, College of Physicians and Surgeons, Columbia
University, New York, and the tJames Long Company, Bedford Hills, New York, U.S.A.

as wide as .

Summary: The physical propertics of the electroconvulsive therapy (HCT) stimulus
markedly affect both efficacy and side effects. We review basic principles in charac-
terizing these physical properties and in quantifying the ECT stimulus. The topics
discussed include the application of Ohm’s law, alternative composite units of ECT
dosage (energy and charge), the use of constant-current, constant-voltage, and con-
stant-energy principles in ECT devices, the nature of current shunting in ECT and the
determinants of impedance, the relations between impedance and seizure threshold, the
seizure-eliciting efficiency of alternative stimulus waveforms and of stimulus param-
eter configurations, and the role of reactive components (capacitance and inductance)
in the ECT circuit. New findings are also presented regarding several of these issues.
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Global ECT-MR
Research

Collaboration
(GEMRIC)

Leif Oltedal, MD/PhD
Univ of Bergen

Miklos Argyelan, MD
Hillside Hospital

hris Abbott, MD
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ECT #1: ST titration
ECT #2-6: 6 xST

ECT #7: ST retitration
ECT #8-End: 6 x ST

RUL 600 mA RUL 600 mA

RUL 700 mA RUL 700 mA

Response?

Deng et al

., Mol Psychiatry, 2023
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E-field

Clinical effects

Optimal

trade-off

Insufficient

Balanced
Dosing

Excessive

Abbott et al., Neuropsychopharmacology, 2024



Conventional ECT titration

increase pulse train duration increase pulse train frequency

111

E-field informed ECT

Time

International Patent Application, WO 2024/148196 Al, filed Jul. 11, 2024
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Qi et al.,, BMC Med, 2023
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Dmochowski et al., J Neural Eng, 2011; Sadleir et al

., Front Psychiatry, 2012; Guler et al., J Neural Eng, 2016



People who are really serious
about software should

make their own hardware.
~ Alan Kay, American computer scientist




PROTOTYPING

ASSEMBLY

BOXING/
TESTING

USER INTERFACE
PROGRAMMING/
DOCUMENTATION

INVENTION
EE%E@EURE’ PRECLINICAL
TESTING



15 independently programmable
current sources
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Bilateral Right unilateral Bifrontal

Sine wave Standard pulse Brief pulse Ultrabrief pulse

1.5ms 0.5-Tms <0.5ms




cathodic

Modification of the pulse shapes
3 resulted in an
% for both the activation
£ of resting neurons and the
entrainment of bursting neurons.
(Hoffman et al., 2011)
anodic [

O 1 2 3 4 5 o /
Time (ms)

Mclntyre & Grill, Ann Biomed Eng, 2000; Mcintyre & Grill, J Neurophysiol, 2002
Hoffman et al., Front Neuroeng, 2011; Stieger et al., J Neural Eng, 2022



Normalized amplitude

|
—

Normalized amplitude

50
Time (ms)

60

70

80

90

100

200

400 600

800

1000

30 40 50
Time (ms)



W Deng, Kim, Dold, Pritchard, Schor, Lisanby, “Systems and
methods for individualized stimulation
therapy,” International Patent Application,
PCT/US2025/27755, filed May 5, 2025.

A Deng, Pritchard, Kim, Dold, Schor, Lisanby, “Systems and
methods for individualized stimulation
therapy,” International Patent Application, WO
2024/215761 Al, filed Apr. 10, 2024. Entered national
stage in both US and Europe in Oct. 2025.
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fNIRS imaging to measure MEG to measure memory, TMS-EEG to measure Facial expression analysis
postictal cortical decision making, and cortical excitability to study emotion
spreading depression hippocampal function changes

(collab w/Z. Rosenthal
UPenn)




DURATION

Early ictal Mid ictal ate icta Post ictal

200 mA 400 mA 600 mA
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