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Amplitude Titration



Who actual was the first to do amplitude titration?



Accornero, Convul  Ther , 1988

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

“

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

“O.K. Go!”

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



Shepley & McGregor, Br Med J , 1939

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

• Voltage can be varied by means 
of a tapped auto -transformer 
between 50 and 150 V. 

• Time of the stimulation is limited 
by means of an electrical time 
switch adjustable between 0.1 
and 0.5 s.



Friedman & Wilcox, J Nerv  Ment Dis , 1942

Friedman -Wilcox -Reiter (FWR) 
technique

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

• If a 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.



In the beginning, ECT had current amplitude control. 
We lost it.



Pulse Waveform



Friedman, Am J Psychiatr , 1942

In 154 trials, 68% gave convulsive thresholds at 

50 mA or less.



Friedman, Am J Psychiatr , 1942

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



Friedman, Am J Psychiatr , 1942

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 A.1, A.2, and C.2.



Friedman, Am J Psychiatr , 1942

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.



Temporal pattern of pulses > shape of pulses



Friedman, J Nerv  Ment Dis , 1949

• N=536 (21,154 convulsive reactions), 
hospitalized schizophrenic and 
affective psychoses

• 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 –1.5 s

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



Epstein and Wender, Confin  Neurol , 1956

• N = 806
• 436 received sine -wave ECT 

(Offner/Medcraft)
• 370 treated with Reiter apparatus
• Recovery rates for various 

psychoses were roughly the same 
with the two methods

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

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



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



Lovelace, Muscle Nerve , 1995



Lapicque , J Physiol  Pathol  Générale , 1907



Liberson, Dig Neur  Psychiat , 1944

As might be reasonably assumed, the 
excitabilities involved in electrically 
induced convulsions are the rapid ones, 
characterized by a chronaxie below 1 ms.

“



Liberson & Wilcox, Dig Neur  Psychiat , 1945

The threshold energy required 
was distinctly less, and memory 
scores were significantly higher 
with the BST than with the FWRT.

“



Hofmann et al., Front Neuroeng , 2011

The modification of the pulse shapes 
resulted in an improvement of up to 50% 
for both the activation of resting neurons 
and the entrainment of bursting neurons.
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PROTECT ( PRecision  Optimally Targeted ECT)
Feature 1: novel waveforms



Pulse Pattern



Liberson, Res Publ  Assoc Res Nerv  Ment Dis , 1953



Liberson, Res Publ  Assoc Res Nerv  Ment Dis , 1953



Where does this

come from?



PROTECT ( PRecision  Optimally Targeted ECT)
Feature 2: programmable waveforms



Strauss & MacPhail, Lancet , 1946

Steep wave electroplexity

• The convulsions are less violent and 
sooner over

• Recovery from the fit is more tranquil and 
more rapid

• Monophasic current appears to produce 
slightly less confusion and makes for a 
quieter recovery

• Diphasic current, because of its large 
peak -to -peak swing, guarantees a major 
reaction in subjects who are agitated and 
very restless



Electrode Configuration



Friedman & Wilcox, J Nerv  Ment Dis , 1942

… from the practical standpoint, unilateral 
temple –vertex electrode placements gave 
optimal convulsive reactions…

Admittedly a number of other leads were 
just as effective though not nearly as 
practical. 

For example, pharyngeal –vertex , the bi -
occipital , the shoulder –vertex (using a large 
negative pole on the shoulder or back) 
electrode placements have been tried in a 
number of cases and found to be quite 
effective…

“



Epstein, Dis Nerv  Syst , 1955

An indifferent, cuff -shaped electrode is 
applied to the right forearm.

The active electrode to certain areas of the 
skull and conducting the current through 
the medulla and brain stim. 

By conducting the current through the 
region of the vertex, the motor strip is 
stimulated, along with the thalamic nuclei, 
and a convulsion is rapidly induced with 
very small amounts of current.



Friedman, Confin  Neurol , 1952, 1953

• Naso -pharyngeal biparietal ( bioccipital ) 
stimulation

• Fronto –bioccipital  (ethmoid –mastoid): 
useful in chronic addiction to sedatives or 
alcohol

• Biparieto –bioccipital : useful for acute 
psychosis

• Still essentially two electrodes, but split 
into 4 leads

• Reiter CW47 stimulator, set to 5 mA and 
quickly raised to 20 mA and left at that 
level for 20 –30 s. If generalized tonus 
started, the current was lowered so that 
only a steady clonic  response was 
maintained. After 30 s, the current slowly 
reduced until respiration started.



Rozhnov , Kirghiz State Medical Institute Proceedings, Frunze , 1951



15 independently programmable
current sources

Multichannel Individualized Stimulation Therapy (MIST)



Subconvulsive  & 
Augmented Stimulation



Epstein, Dis Nerv  Syst , 1955

Used subconvulsive  stimulation applied to 
various frontal areas exclusively. We felt that 
non -convulsive method was effective in 
many cases but was not as efficient as the 
convulsive method. 

We also noticed that by “topping off” the 
non -convulsive treatments toward the end 
of a series with one or two convulsions, 
sudden dramatic recovery frequently 
ensued.

“



Epstein, Dis Nerv  Syst , 1955

Schizophrenics, and others for whom the 
prognosis is not so favorable, are given the 
combined treatment. 

This consists in first inducing a convulsion 
and utilizing the minute or two after the 
termination of the seizure, and while the 
patient is still comatose, to apply frontal 
subconvulsive  stimulations. We have had 
many social recoveries in schizophrenics 
through this combined method.



15 independently programmable
current sources

MIST has built - in tES !



ECT Time Machine

• Early ECT had amplitude control, 
waveform flexibility, even 
multielectrode configurations were 
experimented

• Along the way, we lost those ideas

• Tomorrow’s devices, like PROTECT 
and MIST, brings back good ideas, 
rediscovered and re -engineered with 
modern precision, safety, and 
computational design
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