What yesterday’s device teach about tomorrow’s therapy

/ni-De PhD

Senior Associate Scientist
Director, Computational Neurostimulation Research Program
Noninvasive Neuromodulation Unit
Experimental Therapeutics & Pathophysiology Branch
National Institute of Mental Health, NIH



w’i"—n >
|

_' aaa 0.

ECT Museum




CONTENTS.
vI -
Apparent Dcuthf ------------------------------- 39
(tite, Joss Of..co--" ST CLERERRRRER AN I y
jé}l)’}:(‘"l]lh: (See Loss of Voice.) s 39 BYoB o s nepsuninhtonit, CONTENTS \1
R 4 ¢  Inflammation of .... .................... (
R A R R R 0 « granulated and thickened 15, . .. . oo ovoorsssosses l
Back, R R P RT RIS RRRRRR £ . 41 « Dloeraiion ot ht, .. iERERTRT e = o LR ‘
Bruises and BPPaing. .o xc-vecnnrnaaie i oo il A 4] “  obstruction of the Iachryma-l' dmt ...............
Bowels, constipation Of .. -« .o ooveen 41 . RtATBOh: vy sl i ot | AR
L] inﬁanmultion A GRS 492 « opncity of find N1 TIEERR A EER R 1
B ian Ol B Dok e e e 42 “  Amaurosis ..yvyss (SRR, L5 EE LRI
S pmealwlo s sl e 43 Faceache
< lammation of ..o I I N
SRRl I T AR | \ BBy LS e
sl Coalis e B L 43 ; & ty[)h()}d ......................................
Vet e R O T ORI . 44 i er:;ptxve ......................................
AT T O AN G ‘ e é\f‘ﬁe ------------------------------
Bl A R i s S Tload: e - s e » A SRR g ¢
e e A i" b I"L(;(l)inlggo’f (1):{1 L{‘?nor‘r)hag(lg """"""""""""" o ahati
Change of]ife...........................: ......... 5 b % e ee Prolapeus of the Uterus.)
s Y RS s S R . SR gg?:::l Treatmant, S st S 0 :
Gt R S e SRR 0 A Gravel is i it e it Tl e ety R WD :
CRiIDlaing, s s 5y -G At C TR 4 Hoarsallaen ... ..+ fi il B R
Ol in Dok . oldRet e . 3 Hemb® s s .0 oviis s AR ot e
“ ‘“ bﬂ.ck O A R -._.“ Headache .'.....'.'. ------- e
GNP Lioht 5 R S e - iz ; A
Iy . . Dy e it N P ; Hernia . :
THE Goll Pact, .o+ 1 iR : : Hib Disease .. ... it
Cold in ‘the Head.i:\sinhsfas: e, bt Hysteria, ;... ... ot
EI EC - Contracted scles . .. ; , 4 e Inflammation ........
LCTROPATHIC GUIDE: Indige i
4

PREPARED WITH

PARTICULAR REFERENCE TO

HOME PRACTICE;

CONTAINING

HIZ\'T.\“ ON ‘THE CARE OF THE SICK, THE TREATMENT
OF DISEASE AND THE USE OF ELECTRICITY:

WIiTE

Full Directions Tor Treating over 100 Diseases




1973

1938 MECTA’s first ECT
Cerletti & Bini treated device was designed
first patient with bitemporal at OHSU

sine-wave ECT

|

1984
Somatics Thymatron System IV
cleared for marketing by FDA

2003 2019
MECTA introduced MECTA introduced
SpECTrum 5000Q Yigma

featuring ultrabrief pulse
and physiological
monitoring

¥ 1948 @y
Liberson introduced “Brief

| Stimulus Therapy”, which laid
the groundwork for modern
j brief pulse ECT. In his work, _
i he already described electrode e
placements resembling today's
right unilateral (vertex-temporal)
and bifrontal configurations.

W. T. Liberson
1904-1994

1974

d’Elia standardized
modern right
unilateral ECT

I

1980s-1990s

Studies have demonstrated that
brief pulse ECT results in less
memory impairment than sine-
wave ECT. Similarly, right unilateral
ECT is associated with fewer
cognitive side effects compared

to bitemporal ECT.

2013

Nahas completed feasibility
study of focal electrically
administered seizure therapy
(FEAST)




ORIGINAL STUDY

Controlling Stimulation Strength and Focality
in Electroconvulsive Therapy via Current Amplitude
and Electrode Size and Spacing
Comparison With Magnetic Seizure Therapy

Zhi-De Deng, . *f Sarah H. Lisanby, MD,*} and Angel V. Peterchev, PhD*§/)

Objectives: g
parameters o
cha cs could guide studi
aimed to determine the effe current amplitude and
and spacing on the ECT electric field chamcteristics, compare ECT focality
with magnetic seizure therapy (MST), and evaluate stimulus individualiza-
tion by current amplitude adjustment
Methods: Electroconvulsive therapy and double-cone-coil MST elec-
was simulated in a 5- sh\]l spherical hum'm head model. A range
ode diameters ( (1-25 cm), and current
amplitudes (0-900 mA) was explored. The head model parameters were
aried to examine the stimulu rent adjustment required to compen-
sate for interindividua differences.
Results: By reduci e
electric field can be more
current density. By appropriately
and current, the F d
imate those of M within 15%. Most electric field characteristics in
ive to he 1y variation than in MST, espe-
cially for close electrode spacing. Nevertheless, ECT current amplitude
adjustment of less than 70% can compensate for interindividual ana-
tomical variability
Conclusions: The

equipment. Current amplitude individualization can compensate for infer-
idual anatomical variability.

Key Words: el vl

electric field, focality, model

its broader 1ppllc1tm
technique have been introduced to 2
i sed on the theory that increased cality of |hc clcctncal
stimulus and the resultant seizure may be a means of reducing
adverse effects,
al, electrode
m\ES‘IIE ion.

phcemem i repreﬁentauve of the move tuw—sr:l more M:al elec-
sumption that by reducing
the spacing between the electrodes and placing them over the right
hemisphere, the direct stimulation and seizure intensity in the left
hemisphere can be reduced, thereby sparing verbal and memos
funct Indeed, with appropriately dosed electrical stimulus,

Individualized Low-Amplitude Seizure Therapy:
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5 ABSTRACT
An ECT system capable of focusing the electrical signals on
aspecific portion of the patient”s brain is provided. The ECT
system includes a means of applying unidirectional electri-
cal signals and asymmetric electrodes for focusing the
signals on the patient. A method of titrating an electro-
nvulsive therapy (ECT) system and a method of operating
an ECT system are also provided. The method includes
setting an initial current value, administering an ECT signa
10 the patient, determining if the seizure threshold has been
achieved, and repeating as necessary until the seizure thresh-
old is achieved

8 Claims, 7 Drawing Sheets
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Amplitude-determined seizure-threshold, electric field
modeling, and electroconvulsive therapy antidepressant and
cognitive outcomes

Christopher C. Abbott by Jeremy Miller', Danielle Farrar', Miklos Argyelan®*, Megan Lloyd', Taylor Squillaci’, Brian Kimbrell',
Sephira Ryman™®, Thomas R. Jones’, Joel Upston’, Davin K. Quinn’, Angel V. Peterchev 5789 Erik Erhardt'®, Abhishek Datta'’
Shawn M. MA:CI\mock"” and Zhi-De Deng(»%'?

© The Author(s) 2024

Electroconvulsive therapy (ECT) pulse amplitude, which dictates the induced electric field (E-field) magnitude in the brain, is
presently fixed at 800 or 900 milliamperes (mA) without clinical or scientific rationale. We have previously demonstrated that
increased E-field strength improves ECT's antidepressant effect but worsens cognitive outcomes. Amplitude-determined seizure
titration may reduce the E-field variability relative to fixed amplitude ECT. In this investigation, we assessed the relationships among
amplitude-determined seizure-threshold (ST), E-field magnitude, and clinical outcomes in older adults (age range 50 to 80 years)
with depression. Subjects received brain imaging, depression assessment, and neuropsychological assessment pre-, mid-, and post-
ECT. ST, was determined during the first treatment with a Soterix Medical 4x1 High Definition ECT Multi-channel Stimulation
Interface (Investigation Device Exemption: G200123). Subsequent treatments were completed with right unilateral electrode
placement (RUL) and 800 mA. We calculated Ey, defined as the 90th percentile of E-field magnitude in the whole brain for RUL
electrode placement. Twenty-nine subjects were included in the final analyses. Ey,i, per unit electrode current, Epy/l, Was
associated with ST,. 5T, was associated with antidepressant outcomes at the -ECT assessment and bitemporal electrode
placement switch. Ey,,i/l was associated with changes in category fluency with a large effect size. The relationship between ST, and
Epeain/! extends work from preclinical models and provides a validation step for ECT E-field modeling. ECT with vidualized
amplitude based on E-field modeling or 5T, has the potential to enhance neuroscience-based ECT parameter selection and improve
clinical outcomes.

Neuropsychopharmacology (2024) 49:640-648; https://doi.org/10.1038/541386-023-01780-4
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Convulsive Therapy
4(1):40-49 © 1988 Raven Press, Ltd., New York

An Eyewitness Account of the Discovery
of Electroshock

Ferdinando Accornero

Department of Nervous and Mental Diseases, University of Rome, Rome, Italy

Summary: The author was one of the pupils of U. Cerletti and his assistant
for almost 20 years. He worked with his master in the discovery of electro-
shock and in its first application in man in 1938. The author has thought it
useful to publish his own testimony for the purpose of making the truth about
the events known—the same truth that has often been questioned.

The first application of electroshock in human beings occurred in April 1938, in
a room of the Clinic for Mental and Nervous Diseases in Rome, then under the
direction of Professor Ugo Cerletti. Vittorio Challiol, an assistant in the clinic;
Mario Felici; and I, and the aide Spartaco Mazzanti, are the only eyewitnesses
still alive. Ugo Cerletti, Lucio Bini, and the nurse Ezio Capelletti are no longer
with us. )

"heard Bini say, “We gave 80 volts
for 1/10 of a second. The patient had
an absence.”

“We need to increase the current,”
said Prof. Cerletti, “let’s try another
setting.”

Bini set the device: “90 volts, 1/10 of a
second.”

"O.K. Gol”

Accornero, Convul Ther, 1988



FIG. 1.-—Instrument panel.

F16. 2.—Electrodes.

A Modification of the Bini patent
designed by “Solus” Electrical
Co.

AVoltage can be varied by means
of a tapped auto-transformer

between 50 and 150 V.

ATime of the stimulation is limited
by means of an electrical time
switch adjustable between O.1
and 0.5 s.

Shepley & McGregor, Br Med J, 1939



Friedman-Wilcox-Reiter (FWR)
technigue

A

A

The rheostat adjusted so that
15-20 mA of current was
delivered.

If @ convulsion was not induced,
the patient would be allowed to
rest for several minutes until
respirations were again regular.
The series would then be
repeated with an additional 5-
10 mA.
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Ficure 1.—Diagram of electrostimulation apparatus for delivering a variety of unidirec-

tional currents including, practically, a galvanic type. Hali-sine wave (our Type 1A) cur-

rent is delivered when switches (1) (2) and (3) are all ‘off’; galvanic (our pseudogalvanic)

current is delivered when these switches are all ‘on’. By appropriate shunting of the 3500 Q
resistance a much larger quantity of current is available.

Friedman & Wilcox, J Nerv Ment Dis, 1942



INn the beginning, ECT had current amplitude control.
We |ost it.



Pulse Waveform



Friedman, Am J Psychiatr, 1942
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IFic. 1.

(a) Modified galvanoscope tracing of type A. 1. wave form.

were used for this and the other galvanoscope tracings in this work.

(b) Oscillographic photograph illustrating the wave form characteristics. It is noted that these are
essentially half-sine waves at 60/sec, with time intervals of 1/120 sec, and free intervals of 1/120 sec, at

the base line,

In 154 trials, 68% gave convulsive thresholds at

50 mA or less.



Fic. 2.

Type A. 2. wave form. Tracing made by modified galvanoscope shows bursts of 1/20 sec.
intervals of 1/20 sec. and the grouping of the original 6o/sec. waves into 3 wave impulses. This
grouping occurs when a make commutator interrupts the type A. 1. waves at 10/sec.

INn 1735 trials, 83% achieved seizure threshold with
50 mA or less.

Friedman, Am J Psychiatr, 1942
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(a) Oscillographic photograph of type C. 1. wave form. Time interval is 1/60 sec. at the base
line. This wave form may be described as a slightly smoothed, rectified wave. The wave decadency is
slowed so that the current barely reaches zero before the next wave begins,

(b) Modified galvanoscope tracing of type C. 2. wave form. Impulse bursts lasting 1/20 sec. with
frec intervals of 1/20 sec. are apparent. Although the primary type C. 1. wave form measures 1/60
sec. on the base line as compared to 1/120 sec. of type A. 1., no difference in pattern is noted in the group-
ing of these waves into impulses lasting 1/20 sec.

Of 270 convulsive doses by type C.2. stimulation, 66% occurred at
50 mA or less. Subjectively, patients displayed practically the
same reaction with type Al A.2, and C.2.

Friedman, Am J Psychiatr, 1942



Fic. 4.

Galvanoscope tracing of type C. 3. stimulation. This type consists of the type C. 2. pattern further
interrupted by manipulation of the hand switch. Note that at times the switch may be turned on or off
before a 10/sec. commutator impulse has begun or has subsided.

In 587 convulsions, practically all occurred at 50 mA or less, 80%
at 1-25 mA. From the experiential data offered by patients who
had both type C.3 and some of the other types, the preference

was unanimous for type C.3.

Friedman, Am J Psychiatr, 1942



Temporal pattern of pulses > shape of pulses



UNIDIRECTIONAL ELECTRO-STIMULATED
CONVULSIVE THERAPY*

IL. Therapeutic Results in 536 Patients
EMERICK FRIEDMAN, M.D., M.S.

ALBANY, N. Y.

Convulsive therapy of psychoses by means of unidirectional electro-
stimulation (UEST) was described in previous papers (Friedman and
Wilcox; Friedman, 1942). It was shown that convulsions could be
produced at a fraction of the electrical dosage required by “standard”
techniques employing alternating current (Kalinowsky and Hoch).
Several other features of UEST were described in the original works:
(a) Wave form and impulse characteristics had an important effect on
convulsive dose. (b) Practically absolute minimum threshold levels
could be determined for each patient (instead of applying overwhelming
shock doses as done with standard techniques). (¢) UEST provided a
wide investigative field for work on electrode placement, prolonged
stimulation and more specific work with aneleptic and anticonvulsant
drugs. Although the efficient production of convulsions by UEST were
documented some time ago, very little follow-up or confirmatory work
hae heen renarted (Wileax: Practor and Goandwin: Warricd  Ar thie

AN=536 (21154 convulsive reactions),
hospitalized schizophrenic and
affective psychoses

A Average dose ranged from 30-50 mA,
for 0.4-0.6 s, with convulsions
obtained at as low as 15-20 mA for
0.5-15 s

A Confusion, disorientation and memory
defects were not found in this series.
This was believed to be a direct result
of low electrical dosage

Friedman, J Nerv Ment Dis, 1949



Alternating Current VS. Unidirectional Current

for Electroconvulsive Therapy — Comparative Studies *

By Joseph EPSTEIN and Louis WENDER

ECT as originally introduced, utilized the alternating current (AC)
as the stimulating agent. This was originated by Bini and Cerletti.
It consists of a sudden application of the current over a period of a
fraction of a second. With the treatment, a violent, uncontrollable
convulsion ensues instantly, and complications, such as fractures, may
occur within the first second or two of treatment, and there is nothing
that can be done in a mechanical manner to prevent this, Various
drugs can be given to soften the convulsion, but these carry along
inherent dangers to the respiratory mechanism. The violent con-
vulsive reaction resulting from AC method of treatment most likely
is an expression of excessive and therapeutically unnecessary over-
stimulation, and it may be due to the latter that other dangers and
complications are encountered. In the latter category we meet the
respiratory and cardiac difficulties, and also disturhing psychological
states, particularly confusion and forgetfulness.

A N = 806

A 436 received sine-wave ECT
(Offner/Medcraft)

A 370 treated with Reiter apparatus

A Recovery rates for various
osychoses were roughly the same
with the two methods

A FWR method may require 1 or 2
more treatments than SW ECT

A Complications very greatly reduced
with the FWR method (fractures,
confusion, memory defects)

Epstein and Wender, Confin Neurol, 1956



BRIEF STIMULUS THERAPY

PuysioLocicAL AND CLINICAL OBSERVATIONS *

W. T. LIBERSON, M. D.
Institute of Living, Hartford, Connecticut

INTRODUCTION

Electric convulsive therapy remains a
treatment of choice or of trial for a con-
siderable number of patients with so-called
functional mental disorders. The possibility
of brain damage produced by such treatment
is still a debatable question (Alpers and
Hughes(1, 2); Ebaugh et al(4); Globus
et al(8) ; Neubuerger et al(24)).

The understanding of the fundamental
mechanisms involved in this therapy is still
lacking. The following events should be
considered.

Direct and immediate action of the cur-
rent resulting in a profound change in the
circulation, oxidation, and excitability of
the brain ; the setting up of a self-sustaining
and self-propagating ‘“excitatory state”
(Rosenblueth and Cannon(28)) associated

with alartrical Aicrharoac in wida arane Af

treatments as a vivid reactivation of fear of
death; organic-like prolonged confusional
states (Kalinowsky and Hoch(13)), etc.

The major problem in research in con-
vulsive therapy is to determine which one
of these events has a therapeutic value. An
appropriate modification of the stimulative
technique will then permit the therapist to
reenforce its effect.

It has been shown that mere anoxic epi-
sodes do not have any definite effect on the
mental disease (Reitman and Frazer(26);
Sillman and Terrence(30)). Neither does
minor loss of consciousness with subconvul-
sive stimulation seem to have a full thera-
peutic action (Gottesfeld et al(10)). This
leads to the suggestion that convulsions ex-
pressing a hidden dramatic increase of the
excitatory state in the brain cells have
major therapeutic significance. Some authors

Liberson, Yale J Biol Med, 1945; Liberson, Am J Psychiatry, 1948




WLADIMIR THEODORE LIBERSON, MD, PuD

ROBERT E. LOVELACE, MD, FRCP

D:. Wladimir Theodore Liberson, clinician, re-
searcher, and educator, died September 3, 1994.
In his long and varied career Dr. Liberson made
major contributions to psychopharmacology, phys-
ical medicine and rehabilitation, and clinical neu-
rophysiology, including electroencephalography,
electromyography, and nerve conduction and
evoked potential testing.

Dr. Liberson was born in Kiev, Russia, on Au-
gust 2, 1904, and studied in Moscow and Lenin-
grad. In Leningrad (recently renamed St. Peters-
burg) he worked in the laboratories of the famous
physicist Herman von Helmholtz who described
the string galvanometer used in early electrophys-
iology. He received his medical degree in Paris in
1936 and trained under Professors Louis Lapicque
and Henri Laugier at the Sorbonne, and Georges
Bourguignon at the Salpétriere. He earned his
doctorate in physiology at the University of Mon-
tréal in 1951.

raphy and Electrodiagnosis (AAEE) (1963—1964)
(now the American Association of Electrodiagnos-
tic Medicine), the American Electroencephalo-
graphic Society (1958-1959), and also the Ameri-
can Society for Clinical Evoked Potentials (1992—
1993). He was very active in establishing the
American Electroencephalographic Society and is
considered one of the “founding fathers” of the
American Society for Clinical Evoked Potentials.
He was coeditor of the international journal, Elec-
tromyography and Clinical Neurophysiology, and
editor of the North American issue from its incep-
tion until his death. He also served as editor of the
AAEE’s newsletter Bulletin (1960—1970). Dr. Liber-
son prepared a special issue of the EMG Bulletin
commemorating 100 years of research in neuro-
myography with seminal papers reprinted. In the
words of Dr. Golseth, the first president of the
AAEE, “It was a monumental effort and 1 only
wish that every AAEE member could have a copy

Lovelace, Muscle Nerve, 1995
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Lapicque, J Physiol Pathol Générale, 1907
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£ s right be reasonably assumed, the
excitabilities involved in electrically

iInduced convulsions are the rapid ones,
characterized by a chronaxie below 1 ms.

It may be assumed that this technique applied to patients will permit the conduction

of electric convulsive therapy with more safety than with the classical method.

Liberson, Dig Neur Psychiat, 1944



Liberson & Wilcox, Dig Neur Psychiat, 1945



