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*The first [11] concentrated mainlv on the personalities 
and facilities involved in electrosleep and electroanesthe
sia research.

SUMMARY: Electrosteep and electroanesthesia 
have been widely accepted in clinical and sur
gical practice in the USSR for over ten years.

. ‘ .. G espe
cially electrosleep, have begun to gain favor 
in Austria, Vest Germany, and other Western 
countries. Both approaches are generally re
garded with skepticism or extreme caution in 
the U.S., although some active theoretical re
search in this area is being conducted. The 
authors will attempt to review Soviet, Euro
pean, their own, and U.S. clinical and theore
tical experience with these controversial elec- 
troneural techniques,with emphasis on electro
sleep.
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It is hoped that the discussions which follow will shed more 
light on this provocative and controversial area, which up to now 
has had only incomplete (and often inaccurate) press coverage in the 
United States. The authors invite the comments of interested readers, 
and will gladly answer any questions to the best of their knowledge.

X

fundamentals of electrosleep therapy and associated equipment; 3) 
Soviet and Free-World research and clinical experience with electro
sleep and electroanesthesia; and 4) new applications and parameters 
of electrosleep and electroanesthesia. In addition to these subjects, 
a table summarizing Soviet-Bloc clinical experience is provided in 
an appendix preceding the bibliography.

"Electrosleep" and "electroanesthesia" in Soviet practice in
clude a broad range of electroneural techniques used alone or in com
bination with other conventional approaches in an extremely wide 
variety of surgical, neurological, and quasi-neurological situations. 
The scale of the Soviet effort (which is only partially reflected in the 
bibliography) is self-evident and should merit closer attention in 
Western countries, especially the U.S. The authenticity of the large 
mass of Soviet information published in a wide variety of media, 
while open to academic interpretation, would appear to be assured 
by the fact that this provocative area of Soviet medicine is state con
trolled (as are all sciences in the USSR), and that no publication of 
data for international dissemination would be allowed unless the 
validity of the material was confirmed.

Although electrosleep and electroanesthesia techniques are not 
in clinical use and are generally regarded with skepticism or extreme 
caution in the United States, some theoretical research in this area 
is being conducted on a fairly limited scale. These approaches 
appear to be gaining popularity more rapidly in Western European 
countries, especially Austria and West Germany. In 1966, an Inter
national Society for Electrosleep and Electroanesthesia was formed 
in Graz, Austria; it is comprised of officers and members represent
ing a large number of countries including the USSR and the United 
States. Recent research conducted by the Institute has provided some 
confirmation of the promising results achieved by the Soviets; West 
Germany is actively developing both electroneural therapy and electro- 
sleep techniques. In the latter field, clinical application is now 
made possible by the series production of electrosleep generators 
by the West-German electronics industry.
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Fig. 1. Electrosleep pulse parameters
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A therapeutic electrosleep effect may be obtained from any 
pulse generator having an output voltage form close to that shown in 
Fig. 1 [64].

•There is no firmly established rule in respect to polarity, 
but the above-mentioned arrangement appears to be more fre- 

-quent.

This voltage is applied to the patient's head, with negative 
electrodes placed on the closed eyelids and positive electrodes lo
cated in the occipital areas (behind the ears). * A pulse duration of

, /•

The term "electrosleep, " originally introduced by the Russians 
( elektroson ). is unfortunate in that it implies that the equipment is 
designed to put a patient to sleep. Although this might be the case 
(under certain circumstances), the techniques of using low-frequency, 
low-intensity pulsed electrical currents for treatment of various ail
ments are not necessarily aimed at producing what might be called 
"electronic sleep. " Electrosleep has a much broader purpose and 
includes numerous applications in clinical practice, initiated in the 
USSR some 20 years ago and recently being developed in European 
countries. The following article presents some examples of the elec
tronic circuitry used for electrosleep therapy.
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The first circuits for electrosleep treatment, published in the 
Soviet literature some 10 years ago, were elementary circuits cap
able of producing bell-shaped pulses (see Fig, 2) [28, 67].

The first vacuum-tube operated electrosleep generators were 
manufactured in limited quantities by the experimental workshop of 
the Soviet State Institute of Physiotherapy [66]. The generators were 
designed for treatment of four patients at a time, with four independ
ent outputs and provision for individual adjustment of current and 
frequency.

-w
(b)

one millisecond is generally preferred. However, lower values are 
also being used, and a provision for varying pulse width therefore 
appears to be desirable in a versatile circuit design.

4
r
¥

Fig. 2. First Soviet electrosleep circuits. 
Both circuits produce 1—3-msec pulses with 
maximum amplitude of about 40 v; pulse-fre
quency is 50 and 100 Hz in both cases

~40 V 
■»
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Fig. 3. Circuit of EMA electrosleep generator
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Subsequently, an electrosleep generator was developed for 
simultaneous treatment of two to seven patients with frequency ad
justment common for all outputs. An individual portable electro
sleep generator was designed in 1955 and has been in lot production 
since 1958 at the EMA factory. The basic circuit of this generator 
is shown in Fig. 3.

4*1

The circuit is designed to produce unipolar rectangular pulses 
with a pulse rise time not exceeding 100 psec. Frequency can be ad
justed from 2 to 130 Hz. Pulse duration is frequency-dependent and 
decreases from 2 to 0. 4 msec with a frequency increase from 2 to 
130 Hz. The maximum output voltage is about 20 v across a 5-kohm 
load. Provision has been made (R j 7) for superimposing an adjustable 
d-c component over the output voltage. The magnitude of the d-c 
voltage across the output potentiometer (R 19) can be varied up to 
20% of the pulse amplitude (the d-c component was found by some 
authors to be advantageous for certain medical cases). The circuit 
consists of a free-running multivibrator, a limiter, and a cathode- 
follower output. Pulse frequency is changed by a step switch in the 
multivibrator grid circuit, with a provision for fine adjustment by 
means of a potentiometer (R21). The first tube operates as a multi
vibrator. The left half of the second tube is a limiter and pulse 
shaper. The right part of the same tube operates as a cathode fol-

—
Output

Tn
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Parameters were changed only slightly to adapt the circuit for 
operation with U.S. 12AU7A tubes, the characteristics of which are 
close to those of tubes used in the Soviet circuit. Two basic com
ponent changes proved to be necessary because of an apparent error 
in the Soviet version: the resistance of potentiometer R21 was

To verify the operation of this device, the writer constructed 
an electrosleep generator based on the circuit shown in Fig. 3, but 
made certain modifications by changing the voltage stabilizer and 
including meters for measuring rectified voltage and total current, 
and eliminating potentiometer R20 and the associated switch 
(these components were originally provided for determining the 
patient's equivalent resistance and appeared to be of no practical 
use in the verification experiment). A circuit diagram showing the 
variations introduced by the writer and an external view of the gen
erator constructed are shown in Figs. 5 and 6, respectively.

Fig. 4. Location of elec
trosleep electrodes on the 
patient’s head

lower. Potentiometer R 19 is used to adjust the current in the out
put circuit. To avoid possible overloads which may occur as a re
sult of operational irregularities in the circuit (e. g., component 
failure), the output circuit is doubly protected by a neon bulb connected 
in parallel to potentiometer R j 9 and by an electromagnetic relay P. 
In the event of an overload actuation of the relay breaks the plate cir
cuit and is indicated by a neon bulb located on the front panel. The 
electrode configuration is shown in Fig. 4.
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Copper electrodes are used, imbedded in a rubber mask and 
covered with removable foam-rubber cushions which are wetted with 

■ a weak saline solution for better conductivity.

19- 
must therefore be much higher than 330 ohm. 

It was found experimentally that this resistor must have a value on 
the order of 5 kohm to be able to bias off the d-c voltage across the 
output potentiometer so that "clean" output pulses (without a d-c 
component) will be obtained.

It was found that, y/ith these changes, the circuit operates in 
accordance with the“’Soviet claims. An oscillogram of the output 
voltage, taken at a frequency of 12 Hz, is shown in Fig. 7.

Soviet work on the development of individual portable electro
sleep generators is apparently being continued, with particular 
attention to the development of transistorized devices [11]. West 
German firms, using the Soviet clinical and technological experience, 
have also begun to manufacture portable solid-state electrosleep 
generators. An external view of the "Dormed" generator produced 
by Robert Bosch Elektronik und Photokino GMBH is shown in Fig. 8. 
The output voltage of this device is of the same shape and magnitude 
as in the EMA circuit; however, some improvements have been in
troduced, e. g., a built-in timer which is mechanically connected 
with the output potentiometer. This linkage has a two-fold purpose: 
a) it prevents the generator from being turned on unless the output 
potentiometer is in the "0" position; and b) it provides a smooth de
crease in output voltage to the zero level during the last 10 minutes 
of treatment time as preset by a timer. This eliminates any abrupt 
disconnection of the output voltage and thus avoids waking up a sleep
ing patient. The pulse frequency is adjusted in steps; fixed frequen
cies of 12, 25, 50, 100, and 200 Hz are available. The circuit con
figuration of the Dormed, which operates on four ordinary flashlight 
batteries, could not be obtained. The general view of the electrodes 
and their location on the patient's head are shown in Fig. 9.

given as 470 ohm in the original source; however, it became obvious 
that at this value the potentiometer could not provide any frequency 
control when connected in series with 510 kohm (R 7) and 100 kohm 
(R8). It was determined experimentally that to obtain a sufficiently 
wide frequency adjustment the value of this potentiometer should be 
250 kohm. Another error was noted in the value given for R j 6 
(330 ohm). The voltage drop across the combination of R j 6 and R 
must be high enough to override the d-c voltage drop across R 
and the value of R , 6
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Fig. 7. Output pulse shape of electrosleep 
generator reworked for US components
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'.Fig. 9. Location of electrosleep elec
trodes used by Robert Bosch Elektronik
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The writer would like to express his appreciation to Mrs. N. 
Appleby, Mr. V. Seemann, and Mr. V. Podpaly of ATD for their 
assistance in the preparation of diagrams and photographs and in 
conducting the necessary measurements.

In using electrosleep, a doctor must observe the following 
ground rules:

A: ■

3. Mild tranquilizers may be administered before the treat
ment, if the patient is nervous about undergoing electrosleep treat
ment.

Large-scale clinical use of electrosleep in the Soviet Union is 
described elsewhere in this issue and also in [11]. Recently, elec
trosleep therapy has come into use in Europe, particularly in West 
Germany, where electrosleep equipment has been made available to 
clinics by Robert Bosch Elektronik in the form of a portable, tran
sistorized set the size of an average radio receiver [64], The deci
sion of individual doctors to use or not to use electrosleep methods 
for a given patient depends basically on the Soviet clinical experience 
described in their open literature, as well as on consultations with 
the International Institute of Electrosleep in Graz, Austria, headed 
by Dr. Wageneder, who spent several years in the USSR studying 
the use of electrosleep therapy in various Soviet clinics. It is not 
known to this writer whether or not any attempts have been made in 
Germany to evaluate the results of electrosleep therapy used alone, 
but it is accepted and is being used in combination with other forms 
of physical therapy. First results, especially in the treatment of 
insomnia and hypertonic ailments, appear to be encouraging, as re
ported by Dr. J. Brand, the chief doctor of the Richard Croon Haus, 
an institute for physical therapy in Bad Homburg [20],

1. Treatment must be proceeded by a brief lecture given to the 
patient on the method itself and what he may experience during the 
treatment.

2. The patient must be in a comfortable position, in a darkened 
and quiet room. Shoes and any uncomfortable clothing should be re
moved.
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4. The attending technician must be sure that the electrodes 
are applied correctly and that their contacts with the eyelids and in 
the occipital area are firm.

8. Recommended current intensities are of the order of
0. 03 mamp for 12 Hz and 0. 4 mamp for 200 Hz (according to R. Bosch 
Elektronik).

5. Although electrosleep generators are equipped with accu
rate output meters and instructions are supplied by the manufactur
ers as to the recommended current intensity for each pulse frequency 
used, these instructions should not be considered as universal rules; 
current adjustment must be made individually for each patient in 
accordance with his tolerance threshold, in order to avoid any un
pleasant sensation [vibration in temples, "visual" flying sparks]. 
It is generally recommended that the current be increased very 
slowly from the zero position of the output potentiometer until the 
patient begins to feel the effect of current passage (light tickling be
hind the ears, fibrillation effect manifested as "appearance" of 
bluish-colored "venetian blinds" or dots). This threshold should not 
be exceeded and, at the same time, the meter reading must be within 
the recommended range. It is known from Soviet data that various 
pulse frequencies are recommended for various ailments; the 12-Hz 
frequency appears to be optimum for producing sleep which continues 
after the electrosleep generator is turned off when the prescribed ex
posure time has elapsed.

6. Treatments must be administered daily. The total number 
of treatments in a series should not exceed 12—15; a series may 
then be repeated after a pause of 3 — 6 months, if necessary. The 
length of daily exposures should be increased gradually from 20 min
utes to 1—2 hours and then decreased, in a sequence such as the 
following: 20 - 20 - 25 - 30 - 30 - 35 - 35 - 40 - 50 - 60 - 60 - 50 - 
40 - 30 - 20 minutes. [Exposures over 1 hour were seldom used in 
the cases known to the writer. ]

7. Soviet authors recommend night treatments for insomnia; 
such treatment usually results in a continuous night's sleep which is 
not interrupted after the current is turned off.
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The basic facts related to both the theoretical and practical 
aspects of the electrosleep method are reviewed. Documentation 
based on Soviet and East European clinical experience is given. *

Experiments with a Dormed set which was acquired by Dr. 
Brand's clinic in the summer of 1967 were concerned with estab
lishing of optimum frequency and current intensity in each individual 
case, as well as monitoring of possible side effects. As a general 
rule, during the first four to six treatments no actual sleep took 
place but a sensation of relaxation occurred which was reported to 
be very pleasant and entirely comparable to that produced by a tran
quilizer. When the length of exposure was increased to 40 minutes 
(in accordance with the schedule indicated above), actual sleep 
occurred which continued at first for 1—2 hours after the current 
was turned off but gradually increased to 5 — 6 hours. No side effects 
were observed with exposures which did not exceed 1 hour; longer 
exposures prolonged the duration of nocturnal sleep but caused some 
feeling of discomfort after awakening (pressure in the forehead area 
lasting for several hours). One experiment with 2 hours' exposure 
caused some morning dizziness and occasional uncertainty in walk
ing which persisted for several hours [the possibility of this symptom 
during the initial stages of treatment is mentioned by Rosenzweig 
and Barisic of the Neurological Clinic in Zagreb, Yugoslavia - see 
Appendix]. These unpleasant effects disappeared when the maximum 
exposure time was reduced and the 1-hour limit was maintained. 
The pulse frequency of 12 Hz was found to be optimal in the given 
case (i. e., the shortest time was required to achieve normal sleep); 
current intensity was adjusted below the threshold of "visual" appear
ance of fibrillation. The respective current intensity was slightly 
below or equal to 0. 03 mamp. Currently, Dr. Brand has continued 
to evaluate electrosleep treatment in daily practice at his clinic in 
Bad Homburg.

A report on electrosleep therapy [64] was recently prepared 
by Robert Bosch Elektronik und Photokino GMBH, one of the first
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West German firms to begin lot production of electrosleep genera
tors (the "Dormed") for use in clinical practice. In the introduction 
to this report, the mechanics of the natural stages of sleep are pre
sented, with an electrophysiological analysis based on EEG studies.

Extensive studies by German scientists [1,15,16,17, 21, 22, 30, 
32, 34, 41, 51, 59, 60, 61, 63] are cited as sources of information on 
normal and abnormal sleep and on the action of electrosleep as sub
stantiated by EEG studies. The idea of correcting abnormal sleep 
by electrical influence is credited to Hess [16], who in his experi
ments with cats applied point electrodes to various points in the 
medial thalamus area of the brain, particularly in the ventral half 
of the massa intermedia. Voltage was of the order of 1 v, 
applied in the form of d-c pulses with a duration of 12 msec and a 
frequency of 3 — 8 Hz. This procedure was repeated for 30 seconds 
each minute and successfully reproduced normal sleep. Hess' 
findings were confirmed by Monnie, Koella, and Akert, who refer 
to EEG monitoring of electrically induced sleep. They describe the 
appearance of slow 4-Hz waves and characteristic 13—14-Hz waves 
which are typical of the normal sleep process. Rossi and Zatloni, 
in their electrosleep experiments, noted the appearance of signs of 
normal sleep, such as rapid eye movements, muscle hypotony, and 
decreased blood pressure. Nagelschmidt used 100-Hz rectangular 
pulses in his experiments with animals. He found absolutely no ab
normal phenomena after discontinuation of the current; the behavior 
of the test animals was fully normal, and no changes were noted in 
eating and drinking habits. Electrical potentials were applied di
rectly to the brain in these experiments, but it was suggested that 
external application of current would eventually serve the same pur
pose if passage of electrical current of about 400 q amp through the 
patient's skull could be achieved; the equivalent resistance of the 
path in question was estimated at 5 kohm. A related concern was 
the possible harmful effect on the CNS of passage of current through 
the "wrong" brain areas. The first German experiments involving 
application of external electrodes are credited to Wageneder, Schuy, 
and Genser [60] [Dr. Wageneder is Director of the International 
Electrosleep Institute in Graz, Austria]. They undertook a series 
of experiments with dogs with the electrodes placed over the eyelids 
and in the neck area. Stereotactic operations were performed to 
prove that only the desired cerebral areas were subjected to the 
passage of electrical current originating at the external electrodes.
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A Czech scientist, Koypsin, is said to be working currently on an 
electrical model to reflect geometric and biologic factors of the 
skin, skull, subarachnoid area, and the appropriate cerebral areas 
[R. Bosch Elektronik will publish this work in a future issue of 
their magazine Hochfrequenz-Therapie ]•

It was found that the propagation of current follows primarily 
through the reticular formation and the cortical association areas. 
The sensory cortex areas remain generally unaffected; ’a fact which 
explains the absence of any convulsive reactions. The first German 
attempts at quantitative evaluation of electrosleep applied to humans 
were performed in 1964 by Holzapfel [17], who conducted four series 
of experiments with 14 persons who underwent a total of 165 treat
ments. All of the patients suffered from insomnia and anxiety. 
Depth of sleep and action of electrosleep current were evaluated on 
the basis of EEG's made before and after the treatment; other sub
jective observations involved facial expression, degree of relaxation.

Heppner [15] measured potentials in the thalamus of three pa
tients during stereotactical thalatomy for relief from Parkinsonism. 
He used rectangular pulses applied via eye and neck electrodes. As 
their conscious participation was required during the operation, the 
patients were drowsy but a low pulse current was maintained so that 
they were not forced into deeper sleep. On the basis of a study of 
rheoencephalographic and hemodynamic conditions during electro
sleep, Wageneder, Jenker, and Hafner [59] came to the conclusion 
that "electrosleep, as related to cerebral hemodynamics, is similar 
to normal sleep. " Rheoencephalograms, related rheoencephalo- 
graphic-amplitude variations, and a diagrammatic presentation of 
rheoencephalographic amplitudes were photographed and included in 
their documentation.

Research was undertaken by Jung, Liberson, and Akert to 
assure that undesirable side effects do not occur during electrosleep 
treatment. According to Jung [21], the hippocampus has a tendency 
to "discharge" itself under the influence of minimal electrical irri
tation. Systematic studies by Liberson and Akert [30] showed that 
the irritation threshold for electrical after-discharge in the hippocam
pus is very low. These discharges have a tendency to follow the 
mechanics of a chain reaction and spread over the entire limbic sys
tem.
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Since the Soviets developed electrosleep and electroanethesia 
more than 20 years ago, they have accumulated an enormous amount

Clinical experience in Germany has only begun; however, the 
electrosleep method has had a long and apparently successful medi
cal history in the USSR, as is seen in the appendix, where a tabula
tion of Soviet and East European results is given. Practically no 
negative effects of electrosleep treatment have been reported; only 
one German and one Soviet case involved undesirable side effects. 
Both cases were concerned with abnormally nervous patients who 
developed pronounced cardiac arrythmia which necessitated discon
tinuation of treatments. In this connection, Bosch's report discusses 
the general apprehension of most patients concerning any sort of 
electrical equipment; transistorized sets are therefore preferred be
cause of the absence of any line cords which create the impression 
of a direct connection of the head electrodes to a power line [these 
fears are, of course, absolutely groundless, since all circuits are 
transformer-operated and extreme precautions are taken to make 
any overload of the patient's circuit practically impossible]. It is 
recommended that before treatment each patient be given a brief 
lecture on the nature of the electrosleep method and on the basic sen
sations and effects which he may experience (relaxation of muscles, 
heaviness of extremities, drowsiness, eventual sleep, etc.).

and respiratory activity. Results were as follows: no influence, 
17.4%; no influence during current passage but sleep immediately 
afterwards, 0. 6%; drowsiness during current passage, 16%; normal 
sleep during current passage, 66%. All patients experienced pleas
ant effects and improvement of their nocturnal sleep after the com
pletion of treatment. Heppner [15], who conducted electrosleep ex
periments on himself, also stated that the effect was extremely 
pleasant and relaxing, even in the absence of actual sleep; in con
currence with Wagender, Jenker, and Hafner [5 9], he noted a general 
misconception in regard to the electrosleep method; not all persons 
undergoing treatment necessarily fall asleep; some of them only re
lax. The influence of the treatments is nonetheless very beneficial 
and can be recommended for practically everyone as a means of re
laxation after any physical and/or mental stress situation.

V. Soviet and Western Theoretical Research and Clinical Practice
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The fact that some controversy exists even in the Soviet Union 
over the mechanisms of electrosleep and electroanesthesia effects 
.has not served to increase credibility. However, this Soviet con-

Despite the magnitude of Soviet efforts in this area, literature 
on electrosleep and electroanesthesia has at best been fragmentary 
and generally disappointing until only quite recently. Until 1964, the 
general tone of Soviet publications on this subject was that these 
approaches were effective in the absence of good corroborative data; 
while detailed descriptions of electrosleep and electroanesthesia 
hardware were common, statistical, experimental, and clinical data 
were lacking, as was information on the use of controls or efforts 
to rule out the possibility of a "placebo" effect of electrosleep. 
Hence, many Western countries, especially the United States, could 
only rightfully conclude that these electroneural approaches were, at 
best, highly questionable.

Skepticism or extreme caution with regard to electrosleep and 
electroanesthesia are still generally prevalent in the United States. 
The reasons for this are probably numerous but the most obvious one 
has been a lack of readily available, high-quality translated Utera- 
ture on the subject; even at present, translations of the many recent 
and comprehensive Soviet articles and monographs on electrosleep 
and electroanesthesia tend to be either abridged (often omitting the 
most informative material), of generally poor quality, or not widely 
available to the U.S. biomedical community.

Other probable reasons for U.S. skepticism of this subject are 
the traditional abuse of electrical devices by unqualified individuals, 
the recent "scientology" scandal which involved the use of electrical 
current generators, the controversy over shock therapy, the nega
tive American Medical Association posture relative to the general 
use of electrical currents for therapeutic purposes, and finally, the 
often incomplete and inaccurate coverage of electrosleep and electro
anesthesia in the American press.

of theoretical and practical experience. As Banshchikov pointed 
out [5], more than 450 works on this subject have already been pub
lished. As stressed in the first FSB article on this subject [11], 
there are hundreds of medical facilities throughout the USSR admin
istering electrosleep therapy to thousands of patients with an extra
ordinary range of ailments.
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troversy should not be interpreted as skepticism on their part about 
the effectiveness of these methods, but rather as an element of their 
systematic search for methods of increasing the efficacy of electro
sleep and electroanesthesia through a better understanding of how 
these inputs concretely affect the organism.

The most outstanding paradox in the current Soviet position on 
electrosleep and electroanesthesia is that these methods are being 
widely practiced in the face of outspoken uncertainty as to the mech
anisms of their effects. Banshchikov [5] summarized this situation 
as being characterized by two schools of opinion. One school holds 
that electrosleep and electroanesthesia have a direct effect on the 
central nervous system; the other holds that these inputs have a re
flexive, suggestive, hypnogenic, or generally secondary effect on 
the CNS. Both schools apparently have ample foundations upon 
which to base effective arguments of their cases, in the absence of 
any concrete method of resolving this complicated problem.

This section will primarily attempt to review and clarify some 
trends in Soviet research on electrosleep and electroanesthesia, with 
emphasis on the former. The apparently limited amount of U.S. re
search in this area will be reviewed briefly. Western-European de
velopments in electrosleep are treated in preceding sections.

The bulk of Soviet theoretical research directed toward the 
resolution of this controversy seems to entail the electrophysiological 
verification (or disproval) of electrosleep and electroanesthesia 
effects. Again, Banshchikov [3], a leading theoretician and active 
proponent of the idea that electrosleep has a direct CNS effect, con
ducted EEG studies on 25 neurological patients and 5 healthy control 
subjects to assess the effects of electrosleep currents (100 Hz; 0. 05 
to 0.1 mamp; 1-msec pulse duration; 15—60-min application). The 
familiar "Al'var" 15-channel electroencephalograph was used to 
monitor the subjects who were also exposed to various frequencies 
of photic stimuli during treatment. Based on his control data, he 
decisively concluded that reactions to electrosleep currents were 
definitely due to the current parameters themselves and were not the 
result of artifacts such as electrode pressure on the eye or reflex 
responses.
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In another study [6], the same author compared the effects of 
local electrical analgesia (probably Leduc-type currents), various 
other galvanic inputs, and electrosleep on 31 patients and 5 healthy 
control subjects. On the basis of 163 EEG records, he stated that 
he was able to demonstrate that only electrosleep had a direct effect 
on the CNS, and concluded that this study once again served to sup
port the hypothesis that electrosleep directly affects the CNS.

In general, Ivanov-Muromskiy is extremely optimistic about 
the prospects of electrosleep and electroanesthesia; at the U.S. con
ference [65] he indicated that the perfection of contact, and most

Another eminent and extremely productive researcher on the 
physiological mechanisms of electrosleep and electroanesthesia, 
K. A. Ivanov-Muromskiy, summarized over a decade of his research 
in this area in an extremely comprehensive and informative mono
graph [18], While the results of his laboratory and clinical studies 
tend to support the "direct effect" hypothesis, he regards this prob
lem as unresolved. His attitude was apparent at a recent U.S. con
ference [65]. In an abstract of his report [19], he expressed the 
opinion that the accumulation of new data tended to complicate the 
construction of a plausible hypothesis explaining the mechanisms of 
sleep and sleeplike conditions and that the basic Pavlovian theory of 
sleep must be supplemented on the basis of new data accumulated 
over the last decade. He is apparently concentrating on the neuro- 
cybernetic aspects of electrosleep and electroanesthesia and is sub
jecting his data to computer analysis in order to construct analog 
models of electrosleep and electroanesthesia phenomena. This so
phisticated approach to studying the physiological mechanisms in
volved has led him to the preliminary conclusion that electroanesthe
sia is a very complex "systemic" reaction of the living organism and 
is associated with a "three-stage" parabiotic process in cerebral 
structures [18] (similar to drug and hypnosis effects). His laboratory 
studies have indicated that enhancement of alpha-wave activity indi
cates the complicity of the "diencephalothalamic" system and inhibi
tion of the reticular formation. Relative to the "trigger" mechanisms 
of electrosleep, he feels that the lability of cortical neurons is re
duced as a result of decreased impulsation from extero- and intero- 
ceptors during current passage. The inhibition of the cortical com
ponents of the analyzer systems results in a "break-off" of the 
ascending part of the reticular formation of the brainstem. Since 
the cortex cannot be activated, sleep develops.
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interesting, noncontact (to be discussed in a subsequent section) 
techniques, as well as of hybrid approaches to electrosleep and 
electroanesthesia inputs, is to be expected [19],

He again stated that deep sleep was seldom observed in animals 
and that the observed inhibition was superficial and fluctuating. EEG 
records tended to verify this observation, and rapid fluctuations be
tween slow and fast waves were noted.

Robiner [40], another prominent figure in this area, has done 
experimental and clinical work on the problem of electrosleep 
mechanisms. He experimented on humans (280 sessions of electro
sleep) and on 6 rabbits and 7 dogs with implanted electrodes (454 
electrosleep sessions). Cytological analyses of the animals were 
conducted. He noted that sleep was seldom observed in animal ex
periments (a phenomenon encountered quite often by other Soviet re
searchers), and that there was considerable variation in his clinical 
findings. However, he claimed that it made no difference whether 
electrosleep currents were administered via implanted or skin elec
trodes, that this indicated a receptor complicity in the electrosleep 
effect, and that his data tended to support the position that electro
sleep directly affects the CNS.

At the same conference [65], Robiner stated that the question 
of whether electrosleep has a direct or indirect effect on the CNS was 
extremely important. [39] In further discussion of the results of his 
human and animal research, he stated that changes in the so-called 
"spontaneous" activity of the brain were evident during the first ex
posure to electrosleep and that these changes became more distinct 
in subsequent sessions. (Other Soviet researchers have also noted 
that animals, and especially humans, appear to adapt to electrosleep 
currents and that there is apparently a conditioning phenomenon 
associated with electrosleep effects. This might strengthen the 
position of the proponents of an indirect electrosleep effect; condi
tioning might indicate that a suggestive factor is indeed involved in 
the electrosleep effect.) Changes observed during electrosleep were 
said to be similar to those seen during the onset of natural sleep. 
In general, he noted that both patients and control subjects tended 
not to sleep until the fourth, fifth, or sixth exposure to electrosleep.
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Another active researcher, L. Ya. Babichev, has treated 
more than 800 children and adults with electrosleep over a period of 
many years [37, 38]. He tends to believe that the chief mechanism 
of electrosleep current is its rhythmicity [38]. At the conference 
[65], he conclusively stated that he considered electrosleep therapy 
to be rhythm therapy [38] and that electrosleep effects could be ex
plained by A. A. Ukhtomskiy's rhythm-assimilation theory. (This 
might suggest that he also believes that other types of rhythmic 
stimuli could be as effective as electrosleep.) In further clarifying 
his position, he stated that the application of a "rhythmic system of

In another report [53], this same researcher stated that the 
physiological basis for selecting various electrosleep input parame
ters was imperfectly understood. In a clinical study, she examined 
patients with neurological and psychological disorders. These sub
jects were treated with 5 — 6- and 70 — 90-Hz currents and EEG 
monitored. Her data were then statistically processed (Student T- 
criterion). She found that 5 — 6-Hz currents were most effective in 
patients with psychological disorders but that they were ineffective 
for organic neurological profiles. She therefore found that electro
sleep parameters had a selective effect on specific patient profiles 
and concluded that the functional condition of diencephalic structures 
had a definite bearing on the therapeutic effectiveness of electrosleep.

Titayeva et al, [54] studied changes in the "electrocerebro- 
grams" of nine rabbits exposed to electrosleep currents (0. 5 to 
2. 0 mamp; 3 — 5 Hz; 0. 02-msec pulse duration; 10—15-min exposure). 
On the basis of her preliminary findings, she felt that electrosleep 
currents directly affected the central nervous system and that sub
cortical elements were primarily involved in this effect. She stressed 
that her research was incomplete and that she planned to study the 
effects of electrosleep on other structures of the brain.

Andreyeva [2], using an "Al'var" electroencephalograph,  
studied data from 30 patients suffering from cardiac pains and neuras
thenia who were exposed to 5 — 60-Hz currents. She found that 
negative effects of electrosleep were more apparent in the 40—60 Hz 
range while frequencies in the lower range were more effective. She 
hypothesized that the higher frequencies must be a "superstrong" 
irritant in the presence of lowered physiological lability. The data 
were cited as being indirect evidence that electrosleep directly 
affects the CNS.
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stimuli" is the best "training" for the nervous system, and that the 
application of a weak current to cerebral cells is an original "elec
tromassage" leading to inhibition and sleep. He feels that cells are 
regularly polarized by current pulses and that tissue metabolism is 
subsequently normalized. He did not clarify his position in the con
troversy over the direct or indirect effects of electrosleep, but on 
the basis of his statements he would appear to have a position inter
mediate between the two schools of thought.

Rabichev's methods of treating patients (especially children) 
with electrosleep should be mentioned. He apparently conducts 
sessions at the same time each day (2 p. m.). Standard rubber 
masks containing imbedded electrodes are placed over the eyes and 
against the back of the head. The current is switched on, gently

In reviewing the results of his clinical practice [37], Babichev 
described the results of treating 153 juvenile stuttering patients. He 
claimed that after electrosleep therapy, 28 recovered completely, 
46 improved considerably, 59 showed lessened frequency of speech 
spasms, and 20 showed only slight improvement. Of 116 enuresis 
profiles, 45 recovered completely, 42 improved, and 29 showed no 
improvement. Of 25 other neurological profiles, 9 recovered com
pletely, 9 improved significantly, 6 improved slightly, and only 1 
showed no change. It is interesting that Rabichev has recorded no 
adverse effects of his electrosleep therapy, nor does he mention 
any problems of patient apprehension of the treatment. He remarked 
that when treating asthma profiles, electrosleep is combined with 
air-ion therapy.

Rabichev and others have used electrosleep to treat an extra
ordinary range of disorders; Rabichev [38] stated that electrosleep 
was extremely effective in the treatment of "neurasthenia, asthenic 
and reactive states, obsessional neuroses, encephalopathies, cere
bral sclerosis, hypertonia, rheumatism, eczema, stuttering, noc
turnal enuresis, and other neurogenic diseases. " In 1966, he stated 
that he had treated 430 children over a period of ten years. [37] 
Although he has not described his current parameters (1—5 Hz) in 
detail, it would seem likely that very low current levels are used. 
He stressed that electrosleep therapy is always combined with the 
administration of medicines and psycho- or physiotherapeutic meas
ures, depending-upon the disorder. Electrosleep alone is said to be 
ineffective.
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He concluded that electrosleep can be practiced under any 
therapeutic conditions and that it can be administered by a well- 
trained nurse. He feels that this mode of therapy is modern, humane, 
widely accessible, and should be introduced into a larger number of 
medical facilities to treat neuropsychic and neurosomatic disorders.

G. V. Sergeyev [44,45,46] is one of the leading proponents of 
electrosleep therapy in the USSR. In his recent and extremely in
formative monograph (which has only been partially translated) [44], 
he stated that electrosleep therapy has been fully justified by Soviet 
clinical practice. In his own practice, he has concentrated on the 
treatment of hypertonia patients; clinical practice has served as a 
foundation for his theoretical research on the mechanisms of elec
trosleep. While he is convinced that electrosleep normalizes natural 
sleep patterns, has a hypotonic effect on most hypertonia profiles, 
and generally restores the work capacity of patients, he believes 
that the mechanism of action of electrosleep is far from being con
cretely understood and that it is extremely complex, affecting the 
CNS functional hierarchy.

Sergeyev has treated and analyzed the therapeutic results of 
literally hundreds of patients with various hypertonia profiles and 
has included that electrosleep therapy is not indicated for highly 
excitable patients. In one such study [45] he analyzed 350 patients 
(including healthy control subjects) who had received electrosleep 
therapy (80—100 Hz; 0.2 — 0. 3-msec pulse duration; 15—18-mamp 
pulse amplitude). Sessions took place between 11 a. m. and 1 p. m. 
daily, lasted from 30 min to 2 hr, and numbered 17 — 20 per course 
of treatment. EEG findings tended to corroborate a definite elec
trosleep effect (normalization after treatment). His tabular data 
indicated that of the 350 patients, 211 improved significantly, 118 im
proved moderately, and 21 showed no change. His control data indi- 

■ cated that suggestion was not an important factor in the electrosleep

increased until the patient feels a "knocking" sensation, and then 
decreased below perception threshold. The duration of the electro
sleep sessions is 15 — 20 min initially, 60 — 90 min at the middle 
period of therapy, and 40 — 60 min towards the end of the course. 
He stated that sleep often occurs during the very first session but 
that it does not occur at all in excitable patients. If treatment is 
judged ineffective, it is discontinued after 12—15 sessions. A nor
mal course of treatment consists of 15 — 25 sessions.



ST

- 26 -

effect and that it was generally secondary to electrosleep effects. 
However, he apparently feels that electrosleep should be studied in 
more detail to elucidate its physiological mechanisms.

Roytenburd [42] studied 370 ambulatory and bedridden patients 
with obliterative vascular diseases of the extremities since 1957, 
His patients received 20—40 daily sessions of electrosleep (100 to 
120 Hz with a 25 — 30% d-c component; 0. 8—1. 2-msec rectangular 
pulse duration; 0. 3 — 0. 8 mamp; 1. 5-hr exposure).

Vish [58] reported the use of combined psychotherapy and elec
trosleep therapy for ambulatory patients. He studied 480 subjects 
with various disorders between 1955 and 1965. Each patient received

In another study [41], Sergeyev EEG monitored 215 patients 
with various hypertonia profiles in an attempt to clarify techniques 
for selecting electrosleep input parameters as a function of the 
type of CNS condition. He concluded that individual nervous system 
variations necessitate the careful selection of electrosleep input 
parameters for the therapy of hypertonia patients.

His tabular data showed that of 370 patients, 193 improved 
significantly, 138 improved slightly, 44 showed no change, and the 
condition of only 3 patients continued to deteriorate. By far the best 
and most stable results of electrosleep therapy were noted in patients 
with obliterative arteriosclerosis.

Kazarnovskaya [23] reported on the effects of electrosleep 
therapy on 181 patients with endarteriosis and atherosclerosis. Vas
cular reactions were studied before and after therapy with capillaro- 
scopy and oscillography. The patients were treated daily with elec
trosleep currents (100 Hz with a d-c component; 0. 5—1. 2-msec 
pulse duration; 0. 05001. 2 mamp; 1. 5-hr average exposure duration). 
He found that capillaroscopic data showed a 63% improvement for 
endarteriosis patients while for atherosclerosis patients, improve
ment was noted in 51% of the cases. Oscillograph data for both pro
files showed a 51—54% improvement after electrosleep. These 
studies indicated that vascular normalization is to be expected in 
the majority of cases after electrosleep therapy but that the onset of 
normalization depends upon the disease profile. This author felt 
that more research on electrosleep therapy for patients in this 
category was needed.
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In another study [56] she treated 40 patients with various forms 
of neurodermatitis and eczema using the same methods mentioned 
above. Of this number, she noted complete recovery in 23, signifi
cant improvement in 13, slight improvement in 3, and only 1 patient 
showed no improvement. Her interesting EEG findings indicated 
that patients with a predominance of slow waves responded best to 
electrosleep therapy while the opposite was true of patients with 
fast rhythms, whom she described as hard to treat. Sergeyev [44, 
45,46] and others also found this to be true.

12 — 20 daily electrosleep sessions; two psychotherapy sessions 
usually preceded an electrosleep session. Of the 480 patients, his 
tabular data showed that 358 improved dramatically, 110 showed 
some improvement, only 1 showed no definite improvement, and the 
remaining 11 patients could not be judged. He felt that electrosleep 
was most effective for treating patients with neuroses and reactive 
conditions. In general, he was most outspoken in his praise of elec
trosleep as a therapeutic tool.

Turayeva [55] used electrosleep to treat 66 patients with vari
ous dermatological disorders. Patients received daily therapy from 
an ES-1P generator (1—20 Hz; 0.1—0. 8 mamp; rectangular pulses). 
Conventional therapeutic procedures were maintained during electro
sleep therapy which consisted of 20—25 treatments. Turayeva found 
that sleep did not occur until after 3 or 5 sessions but that of the 66 
patients, 16 completely recovered, 24 showed significant improve
ment, 24 showed moderate improvement, and only 2 patients did not 
show any sign of improvement. Based on these findings, she suggested 
that electrosleep should find more application in dermatological treat
ment facilities.

Finally, Skripkin [48] combined hypnosis with electrosleep to 
treat 220 neurodermatitis patients. Current parameters were; 5 to 
90 Hz; 0. 2 — 0. 3-msec rectangular pulse duration; pulse amplitude 
8 — 38 mamp for men and 4—20 mamp for women. . While this author 
did not describe his clinical findings in detail, he stated that a com
bination of hypnosis and electrosleep therapy was more effective 
than either approach alone. The report contained many photographs 
of the clinical conditions and equipment used for electrosleep 
therapy.



- 28 -

Kuzin [28, 29] is presently one of the leading electroanesthesia 
researchers and practioners in the Soviet Union; this is apparent in 
his attendance at both domestic [4] and international [69] conferences. 
He recently published an extremely informative monograph (only 
partially translated) on the subject [28].

Though obviously convinced that electroanesthesia is a signifi
cant clinical breakthrough, Kuzin has always been cautious enough 
in his publications to cite some of the undesirable side effects of 
this method; these include labored respiration, increased arterial 
pressure, occasional laryngospasm, hyperkinesia, and tachycardia. 
Most of these phenomena can be avoided through the use of sedatives 
and muscle relaxants; others, such as unpleasant electrode sensa
tions caused by the higher current levels (and higher frequencies) 
used in this approach are still problematical.

Kuzin has also pointed out that hyperglycemia, which seems 
to be a characteristic side effect of electroanesthesia, precludes its 
application to diabetics [28].

Our review of some of the electrosleep research being con
ducted in the USSR represents only a fraction of the total effort or 
indeed, of the literature available on the subject.

While this review has primarily concentrated on electrosleep, 
some remarks about the stronger but closely allied technique of 
electroanesthesia are appropriate. The research of some of the 
more prominent Soviet figures involved in the initiation and develop
ment of electroanesthesia will be discussed in both this section and 
the next.

The use of interference currents (often called "criss-cross" 
currents) is promising in this connection, in that electrode sensa
tions and hemodynamic effects are apparently modified. This 
approach will be discussed in a review of Kuzin's book in the next 
section.

Despite some shortcomings, Kuzin is convinced that electro
anesthesia is an extremely promising electroneural approach. He 
cites as its advantages the rapid effect, absence of toxic aftereffects 
(encountered in the use of respiratory anesthetics), rapid emergence



- 29 -

from electronarcosis upon discontinuation of current flow, simplicity 
of administration, and compactness of equipment. In this connection, 
Kuzin [28],- Deryabina [9,10], Pocta [35] and others have cited its 
prospective usefulness during natural or man-made disasters.

Together with Deryabina [10], he again studied apes and dogs 
exposed to rectangular pulses (0,24 msec pulse duration; 100, 700, 
and 980 Hz) and interference currents (200 Hz) and concluded that 
the 700-Hz rectangular pulse frequency was most effective when 
electrodes were in a bitemporal position. Interference currents 
were also found to be effective in this study. Cytological analyses 
revealed neuron and glial reactions, as well as changes in the brain 
stem.

Deryabina and Gutkin [9] also considered some negative effects 
of these electroanesthesia parameters, used on 100 dogs and 10 apes. 
They noted that vascular and dystrophic, changes in nerve cells were 
widespread but were primarily concentrated in the brainstem and 
diencephalic structures. They concluded that the most undesirable 
effects of electroanesthesia could be avoided by medication before 
and during electroanesthesia.

The first FSB article on this subject [11] demonstrated that 
Soviet efforts to better understand the physiological mechanisms of 
electroanesthesia are comparable to those in the area of electro
sleep. Many studies on the mechanisms of action of electrosleep 
have involved morphological and cytological examinations of the 
neural structures of animals exposed to these currents. Thus, Gut
kin [13] studied 90 dogs and 9 primates over a 2-yr period. He used 
rectangular pulses (100, 700, and 980 Hz), interference currents 
(220-Hz differential, or resultant "beat" frequency in the brain), 
and other current combinations. He noted vascular, neuronal, and 
glial changes which were most evident in optic nerves (site of elec
trodes), diencephalic, and hypothalamic structures. These changes 
were said to be independent of variations in electrode position or 
current parameters. He concluded that these observations indicated 
a spontaneous effect of electroanesthesia currents, especially on 
diencephalic structures. Changes in other brain structures were 
attributed to the effects of these currents on the brainstem.
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Some research on electroanesthesia is also being conducted in 
Eastern European countries; a Polish study is reported elsewhere in 
this issue (p. 148). Theoretical and clinical research is also being 
conducted in Bulgaria and Czechoslovakia.

In an early Czechoslovakian report, Servit et al. [47] felt that 
the excitation factor (spasmodic reactions) hindered the clinical ap
plication of electroanesthesia. In attempts to control this reaction, 
he used evipan and chloralhydrate. These drugs, used in combina
tion with intermittent d-c currents, tended to prolong narcosis.

This random review of the Soviet-Bloc open-source literature 
indicates that while electroanesthesia has already found wide clinical 
application (especially in the USSR), much theoretical research is 
still being conducted in an effort to perfect its clinical application 
through a better knowledge of its physiological mechanisms.

s-e
Since Servit1 s report, new parameters and drugs have tended 

to improve prospects for the clinical use of electroanesthesia. 
Pocta [35] recently concluded that electroanesthesia had no adverse 
effects on autonomic nervous regulation and, like Kuzin and Derya
bina, discussed its possible broad application during disasters.

He concluded that a galvanic current (1—3 mamp) was effective 
in causing narcosis ("galvanonarcosis") in lower vertebrates. The 
same parameters affected higher vertebrates only when drugs were 
used.

Thus, Kuzin [28] acknowledged that electroanesthesia mechan
isms were as yet imperfectly understood. Concrete electroanesthe
sia parameters which cause complete narcosis throughout an entire 
surgical procedure have not yet been revealed; the depth of narcosis 
cannot be ascertained from EEG data; and finally, understanding of 
ihe mechanisms of electroanesthesia acting on the central nervous 
system is "as yet, very approximate. " He recommended that cur
rent and future research concentrate on the following' 1) a search 
for reliable input parameters for electroanesthesia; 2) the develop
ment of histochemical and microelectrode techniques for analyzing 
electrosleep mechanisms; and 3) study of changes in the physical 
and chemical constants of nerve cells during electroanesthesia.



- 31 -

This review of the literature has not included a consideration 
of U.S. research efforts in the field of electrosleep and electroanes
thesia. However, it seems appropriate to at least review the frag
mentary material on hand in the hope that some response from 
specialists in the American community may be elicited.

Although electrosleep and electroanesthesia have not as yet 
found their way into U.S. clinical practice, a limited amount of 
theoretical research is apparently being conducted. The bulk of 
this seems to be devoted to elucidating the mechanisms of the effects 
of electroanesthesia. In that sense, at least, there is a similarity 
between U.S. and Soviet research.

The majority of Soviet researchers who have pioneered in the 
development of electroanesthesia generally feel that while most in
vestigators have noted at least some negative side effects of this 
approach, the majority of these are transient and rapidly reversible, 
and that many disappear at the onset of narcosis [9, 10, 28, 29]. It is 
generally felt that the introduction of new electroanesthesia tech
niques (interference currents, new drugs, improved methods of 
drug administration, etc.) will tend to eliminate the undesirable 
side effects. Finally, most Soviet-Bloc investigators are of the 
opinion that in addition to its presently widespread clinical applica
tions, electrosleep will be of value in times of disaster.

That the Soviets in particular are actively pursuing methods 
of enhancing and controlling human CNS functions should be apparent 
to any observer of the open-source literature. The implications of 
steadily improving electrophysiological techniques for the perfection 
of electrosleep and electroanesthesia techniques are obvious; Soviet 
publication of electrophysiological literature is extremely prolific 
and behaviorally oriented and Soviet research has obviously placed 
a high premium on studies of human higher nervous activity. Based 
on a random sampling of recent EEG studies of sleep alone [33, 57] 
and the availability of computer facilities specifically designed to 
analyze electrophysiological data (a new "Neuron-1" computer was 
recently installed at the Institute of Biophysics) [70], it seems rea
sonable to assume that the Soviets will neither abandon nor diminish 
their efforts to perfect electrosleep and electroanesthesia techniques.
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Despite apparent uncertainties as to the mechanisms of the 
effects of electroanesthesia and electrosleep in the Soviet biomedical 
community, their faith in the basic clinical effectiveness of the 
parameters in use, especially in electrosleep, is reflected by their 
active search for new drugs and inputs to further improve their 

.clinical practice. The majority of the leading Soviet proponents of

U.S. participation in the Graz conference was apparently 
fruitful in that at least some of the work being done in the USSR and 
Western European countries in this area become known to American 
researchers. It is hoped that more U.S. electrophysiologists, bio
physicists, and neurologists will be motivated to investigate electro
sleep and electroanesthesia phenomena.

The only available and up-to-date picture of the U.S. position 
on electrosleep and electroanesthesia is presented in the program 
of the recent international conference in Graz, Austria [6 9], There, 
Knutson et al. [24] reported on the effects of various electrode posi
tions on the EEG's of dogs during electroanesthesia. Wilson et al. 
[62] reported on a study of the behavioral patterns of primates dur
ing electroanesthesia. Sances et al. [43] summarized the results 
of studies on the effects of various electroanesthesia currents on the 
visual pathways of primates. Molnar [31] reported on the effects of 
electroanesthesia on the respiration of lower vertebrates, Barboriak 
[7] reported on the metabolic aspects of electroanesthesia and Krae
mer [27] described the effects of electroanesthesia on fetal EKG's. 
The only monograph on either approach appears to have been pub
lished by Smith [49] in 196 3. He was apparently able to verify some 
of the findings of the Soviet initiators of electroanesthesia in studies 
conducted on mammals.

U.S. literature on electrosleep is extremely sparse. From 
the Graz conference [6 9] it is apparent that research on the mechan
isms of electrosleep is being conducted by Straus [52], Forster [12], 
and Snyder et al. [50], A report by Henschel [14] concerned the 
effects of electrotherapeutic sleep on ventilation in normal men and 
patients with chronic lung diseases. This is the only U.S. study on 
human subjects in our collection.
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Thus, in an attempt to further refine electrosleep input param
eters, Kondrashenko [25] et al. proposed a method which involves 
recording brain biopotentials of individual subjects on magnetic tape. 
This method allegedly makes possible the subsequent reproduction 
and amplification of taped biocurrents by means of demodulation and 
low-frequency amplification. The author feels that a more "physio
logical" type of sleep is to be expected.

electrosleep, while convinced of its effectiveness, are not entirely 
satisfied with accepted approaches to administering electrosleep 
therapy; it is interesting to note the efforts of several researchers 
to improve upon existing electrosleep techniques or to introduce en
tirely new applications of electrosleep into the clinic and even the 
classroom (hypnopedia). While the latter concept may strike the 
reader as overenthusiastic, it does not really reflect the balance of 
sincere and original efforts being made to overcome some of the 
more obvious clinical shortcomings of electrosleep, such as the 
apprehension many patients have of receiving electrical current 
treatment, or the lack of effectiveness of electrosleep in some pa
tient profiles.

The second phase of the study involved the reimposition of 
recorded currents. In all, 18 subjects with neurosis and 4 healthy 
subjects underwent 196 sessions of "inhibitory" treatment and 28 
"excitatory" sessions under uniform conditions and at the same time 
of day. Patients were exposed to both their own current readouts 
and to those of other patients.

To test this theory, he first monitored 6 healthy subjects and 
22 patients with various neuroses. Records from 16 subjects were 
taken during deep drug-induced sleep (5—8 ml of 5% sodium amytal). 
Electrode placement (forehead-occiput) was identical for recording 
and reimposing currents.

As a control, potentials were recorded from 12 subjects who 
had received 2—4 ml of 20% caffeine. The readouts from these pa
tients were "stimulatory" or "first order" waves.

As expected, slow waves were characteristic of the EEG's re
corded from this series of subjects. These waves were called "in
hibitory" or "second order" waves.
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These observations are interesting and reflect the concern of 
many other leading Soviet clinicians about the selection of optimum 
electrosleep input parameters. It is unfortunate that Kondrashenko 
was not more specific in describing his current parameters.

As a control, a typical patient was not told; 1) whether he 
was receiving his own current parameters; 2) whether he was re
ceiving the current readout of another patient; or 3) whether he was 
receiving an inhibitory or stimulatory readout. During all sessions, 
patients were monitored with an oxyhemograph as an indirect index 
of the depth and quality of CNS inhibition or stimulation.

Kondrashenko came to the following preliminary conclusions: 
1) This approach worked well. Of the 22 subjects who received in
hibitory currents, 17 were observed to sleep. Of the 196 inhibitory 
sessions, 164 resulted in relatively deep sleep; respiration was 
slower and more rhythmic and blood 02 saturation stabilized at 91 
to 92% (during drug-induced sleep, this value was 85 — 86%, while 
during conventional electrosleep it was 97 — 98%). 2) Of the 26 stim
ulatory sessions, not one instance of sleep was noted. Respiration 
was faster, deeper, and less rhythmic, while 02 saturation was 
labile, fluctuating between 95 and 97%. 3) The control measures 
taken by the authors worked well and subjective impressions of the 
unknown current parameters tended to be accurate; subjects felt 
relaxed during inhibitory input and agitated during stimulatory input.
4) A typically effective inhibitory current input caused "pleasant" 
sensations of slight giddiness, noise inside the head, a feeling of 
general laxity, and general restfulness (on rare occasions, however, 
an already sleeping subject was awakened by a jolting sensation).
5) Despite the fact that the selection of current input parameters by 
subjects was controlled, it was interesting that in the majority of 
cases they selected their own current parameters. 6) Based on 
respiratory movements, pulse, and the general appearance of the 
subjects, the inhibitory current inputs used in this study were judged 
to be effective in causing a more physiological type of sleep. After
a typical session, subjects felt refreshed and rested. No complica
tions were noted during any session.

In another report, Kozhekorova et al. [26] clinically tested the 
following modifications of electrosleep in attempts to increase its 
therapeutic effectiveness: 1) So-called "super-electrosleep;" a
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In general, this team found that these four variations were 
effective in decreasing the number of therapeutic sessions required 
from 22 — 25 to 16—18 per course of treatment.

In a preliminary report, Putan [36] examined the feasibility of 
using interference (so-called criss-cross) electrosleep currents for 
certain hard-to-treat hypertonia profiles. He had observed that 
conventional electrosleep did not have a sufficiently strong hypoten
sive effect on IIB profiles.

He selected current parameters which were below the percep
tion threshold of patients using two electrosleep generators as fol
lows: 4000 and 3900 Hz (the differential between these two frequen
cies presumably creates a 100-Hz "beat" frequency); sinusoidal 
pulses; 2. 0 — 6. 0 mamp. The generators were started in phase 
(both at 4000 Hz) whereupon one generator was smoothly adjusted to 
3900 Hz. Electrodes were in an eye socket-occiput position.

method combining conventional electrosleep with the transcerebral 
electrophoresis of medications indicated for the disease (iodine, 
calcium, bromide, magnesium, vitamin B j, etc.). More than 200 
patients received this type of treatment, which was found to be more 
effective than electrosleep alone, especially when two or more con
current diseases were involved. 2) "Segmental electrosleep, " a 
method combining conventional (cerebral) electrosleep inputs with 
other local body inputs from the same generator terminals. Medi
cation is also indicated for this procedure and includes calcium, 
novocain, or atropine, depending upon the disease. This approach 
was successfully tested on patients with bronchial asthma, gastric 
ulcer, and enuresis. 3) Use of larger triangular electrodes to in
crease the conductivity of electrosleep current input. 4) Use of 
"alternating frequencies," as in Kondrashenko's study [25], Input 
current parameters were modulated to conform to the natural CNS 
activity of the patient. Kozhekorova characterized the normal 
rhythms of an awakened individual as having a frequency of 16 — 23 Hz, 
while those for a normal sleeping individual were 1—3 Hz. She there
fore modulated the electrosleep pulse frequency over a period of 8 
to 10 min from’ 20 to 3 Hz, where it remained for the rest of the 
session (usually 10—20 min). Again, this approach was found to be 
more effective than conventional electrosleep.
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This method apparently worked well on the IIB patients 
studied. A typical sensation was said to be a not unpleasant giddi
ness during therapy.

This approach involves the use of a pulsed UHF field to induce 
cortical inhibition. Ivanov-Muromskiy's initial efforts in 1956 were 
stimulated by the CNS-oriented research of Pbesman, Klimkova- 
Deutschova, and others on the biological effects of electromagnetic 
radiation, which led him to hypothesize that certain UHF parameters 
might have sufficiently selective CNS inhibitory effects to find clini
cal application.

Perhaps the most novel approach to the clinical application of 
electrosleep was described by Ivanov-Muromskiy in his recent com
prehensive monograph on the subject [18]. Concerned by the common 
and predictable apprehension that many patients experience when be
ing connected to electrosleep electrodes, he has endeavored since 
1956 to develop a contactless method of electrosleep which he calls 
"radiosleep. "

Putan noted improvement in all patients treated with interfer
ence currents; there was a decreased incidence or complete disap
pearance of headaches and cardiac pains, improvement of natural 
sleep patterns, and most important, a hypotensive effect. It is in
teresting that Putan noted no subsequent deterioration in the condition 
of patients after his treatment was terminated.

After conducting feasibility studies on animals to rule out the 
danger of possible deleterious side effects of UHF, Ivanov-Murom
skiy tested his approach in clinical practice. Patients lay unimpeded 
on a bed between two bitemporal electrodes which were 4 — 6 cm 
away from the head. They were exposed for 10—15 min to an "oligo
thermal", pulsed UHF field of unspecified parameters. Ivanov- 
Muromskiy claimed that patients usually fell asleep after 7 min, 
that the sleep was deep and refreshing, and that radiosleep was 
effective in cases where morphine and other sedatives were ineffec
tive.

Later, in 1962, he continued this research on animals (rabbits 
and dogs) in an attempt to further verify the inhibitory effects of 
pulsed (up to 1000 Hz) UHF fields using a "UHF-300" generator. 
Tests were conducted in shielded cages with electrodes placed 4 to 
.6 cm away from the head. Exposure duration was 10 — 30 min.
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This is the most interesting sleep induction approach encount
ered in the literature and the only one involving the use of UHF to 
come to the attention of the authors. It is interesting to note that 
some of the very few parameters mentioned by Ivanov-Muromskiy 
(10 — 400-Hz pulse frequency) fall within the range of current frequen
cies commonly used in conventional electrosleep therapy.

At a frequency of 200—400 Hz, twitching movements of the 
body were noted; at 10 Hz, the animals were observed to grind their 
teeth and make other mandibular movements. He was unable, how
ever, to find any evidence of inhibition (or sleep) in this series and 
therefore discontinued laboratory experiments.

That Ivanov-Muromskiy is highly respected as a leading figure 
in the field of electrosleep and electroanesthesia is reflected by his 
many articles and monographs, and his frequent attendance at both 
national [4] and international [65] conferences. It will therefore be 
most interesting to follow the course of his future research, espe
cially as it relates to radiosleep.

A final, rather ambitious application of electrosleep was en
countered in a review of the Soviet literature on s leep-learning 
("hypnopedia"). * While purely speculative on the part of a very few 
Soviet individuals who suggested it, it was proposed that electrosleep

This discrepancy between Ivanov-Muromskiy1 s laboratory and 
clinical findings apparently has not discouraged him from perfecting 
radiosleep (differences between the responses of higher and lower 
vertebrates to many factors, including electrosleep, electroanesthe
sia, and UHF have often been observed). Pleased with his clinical 
findings and firm in the belief that certain pulsed UHF fields are 
"superstrong" stimuli which cause cortical inhibition, he is apparently 
continuing his research.

In his closing remarks on the subject, he stated that the De- 
partment of Physics at Kishinev Medical School had constructed a 
radiosleep generator consisting of a pulse modulated UHF generator, 
infrared source, blue lamp, and buzzer. The device is apparently 
still undergoing verification tests.

* Sleep learning in the USSR.
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might find application in sleep-learning programs. In an unsigned 
article [69] published in a popular-science magazine, a "radio
engineer" named L. Kupriyanovich diagrammatically proposed an 
EEG-electrosleep system for regulating the depth of sleep during 
hypnopedia lessons. His diagram showed an electrosleep generator, 
flashing light, human subject with attached electrodes, an EEG, 
filters, tape recorder, and loudspeaker. Kupriyanovich admitted 
that this complex (and extremely uncomfortable-looking) approach 
was not being actively investigated in the USSR; he was, however, 
of the opinion that the idea deserved attention in view of the difficulties 
of ascertaining optimum sleep levels for effective lesson input.

In one other article [8], a Bulgarian team discussed this prob
lem in more detail. Their theoretical discussion offered speculation 
on the automatic bio,electrical (EEG) regulation of sleep. In enumer
ating some of the current problems encountered in conventional elec
trosleep therapy, the authors propose that sleep would be enhanced 
if input termination were based on cortical feedback. Relative to 
hypnopedia, they stated that a common shortcoming of this new edu
cational approach was the fact that subjects either slept too deeply 
or did not fall asleep fast enough. They suggested that bioelectrical 
feedback to an electrosleep generator might provide an answer to 
these problems, and proposed the following general systems:

1) To stabilize a prolonged period of light sleep for hypnopedia, 
brain biopotentials would be recorded from two electrodes and fed 
into two filters, Fj and F2. These filters would selectively pass 
frequencies corresponding to alpha, delta, and theta rhythms: Fj 
would pass frequencies between 4 and 7 Hz, while F2 would pass 
frequencies up to 4 Hz. In a waking state, frequencies greater than 
7 Hz would preclude the operation of both filters, which would de
activate the hypnopedia lesson circuit. When a subject fell asleep, 
his biopotential frequency would decrease, and via F , voltage would 
be channeled to control circuit I }. From I a command signal 
would activate the lesson plan (tape recorder). If, on Hie other hand, 
a subject fell into deep sleep, i. e., his biopotential frequency was 
lower than 4 Hz, F2 would be activated and voltage would be led to 
a second control unit, I2, connected to a buzzer. An attenuated 
tone would then be fed to the loudspeaker to decrease the depth of 
sleep. Simultaneously, Ij output would cease and the tape recorder 
would be switched off until the proper level of sleep was once again 
established.
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In a review of the history of electronarcosis in the USSR, 
basic parameters used by Soviet researchers are mentioned and it 
is concluded that the best results could be achieved with unipolar 
rectangular current pulses with a frequency of 100 Hz and pulse dura
tion of 0. 3 — 0. 5 msec. Several Soviet authors have recommended 
a combination of a pulsed current and a superimposed d-c component.

2) For electrosleep therapy, pulses are administered to the 
patient via a generator. When light sleep is established, the fre
quency of biopotentials decreases below 7 Hz; therefore, via an ampli
fier, V, and filter Fj (mentioned above), a control circuit would 
gently switch off the generator via an attenuator. At the amplifier 
output an Fo filter would assure gradual modulation of the generator 
to avoid awakening the patient. Should awakening occur and the bio
potential frequency exceed 7 Hz, Fj would not accept signals and 
the generator would be gradually reactivated until light sleep was 
reestablished. A combination of these two systems could also be 
used for hypnopedia.

A significant work on the use' of electronarcosis in surgery 
was recently published by M. 1. Kuzin, N. M. Liventsev, V. D. 
Zhukovskiy, and V. I. Sachkov [28]. In the foreword. Professor 
B. V. Petrovskiy (recipient of the Lenin Prize and of the title "dis
tinguished scientist"), notes the advantages of electronarcosis, a 
nontoxic anesthetic which, however, cannot be used on a larger scale 
because of such side effects as generalized muscle spasm, disturb
ance of breathing, rise in blood pressure, and palpitations. These 
symptoms cannot be entirely alleviated by the use of drugs in com
bination with electronarcosis. This book reflects several years of 
teamwork by workers at the Surgical Clinic imeni N. N. Burdenko 
and at the Department of Physics of the Moscow Medical Institute 
imeni V. V. Sechenov on a new, improved method of electronarcosis 
based on the action of interference currents.

This Bulgarian team did not indicate whether concrete research 
on this provocative aspect of electrosleep control was being pursued 
either in their own country or in the USSR. In view of the present 
theoretical uncertainties about the mechanisms of electrosleep which 
are shared by both Soviet and Western investigators, it seems 
reasonable to assume that feedback-controlled electrosleep is pres
ently only of hypothetical interest, especially as it relates to the 
equally controversial and still experimental area of sleep learning.
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The device contains two identical oscillators with independent 
amplifiers and outputs. Oscillator 1 may be tuned to produce 0 to 
1000-Hz frequency variations in the patient's circuit (a frequency of 
100 — 300 Hz was used in most of the clinical experiments). In each 
channel, 6N85 tubes are used as oscillators and cathode followers
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There is considerable diversity of opinions on the current intensity 
required; suggested values range from 40—60 mamp (Glazov) to 
100—140 mamp (Kalendarov). The new method makes use of two 
superimposed high-frequency currents in the 4—5 kHz range which 
produce low-frequency (0—1000 Hz) pulse currents in the brain. One 
of the advantages of this method, in addition to its greater efficiency, 
is that the skin is subjected only to high-frequency currents, which 
do not produce the pain and irritation typical of the intense low-fre
quency currents used in earlier methods of electronarcosis. Since 
the imported equipment available was found to be unsatisfactory, 
the authors designed their own apparatus; its circuit is shown in 
Fig. 10.
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Fig. 10. Basic circuit of electronarcosis de
vice using interference currents
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Fig. 11.

‘Position of occipital electrodesFig. 12.
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Position of temple electrodes

1
I -a

IC-
•c 'S

which drive output pentodes of the 6P3S type. Output voltage is ad
justed by a potentiometer (R23). Measuring bridge circuits are pro
vided for each individual output. [A similar set was developed in 
1964 by K. A. Ivanov-Muromskiy et al. at the Department of Biocy
bernetics of the Ukrainian Academy of Sciences, under the trade 
name "Shtorm"]. The location of the electrodes is shown in Figs. 11 
and 12.
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The book contains an extensive description of experiments 
■with animals and humans, including excerpts from the laboratory 
records and descriptions of the subjective impressions of the scien
tists who tried electronarcosis on themselves. The results of using 
the interference method were apparently very encouraging, since it 
has been introduced in the Clinic of Surgery of the Moscow Medical 
Institute imeni I. M. Sechenov where it has already been used in 70 
surgical cases. Patients included persons from 18 to 70 years of 
age suffering from emphysema, coronary cardiosclerosis, cirrhosis 
of the liver, etc. Data are given on types of surgery involved, pa
tients* reactions, and additional means used in several cases to 
assist the action of electronarcosis. The basic specific advantages 
of the interference method of electronarcosis are seen in more 
stable hemodynamics and in the absence of pain in the electrode 
area; general advantages include the immediate attainment of anal
gesic effects, rapid termination of narcosis without unpleasant toxic 
aftereffects, and the simplicity of the equipment involved. In spite 
of this, however, the authors do not recommend that electronarcosis 
be considered an "ideal" method, since clinical experience is still 
in an early stage and a number of problems must still be resolved.

Crossed interconnection of electrodes was used; the right 
temple electrode and the left occipital electrode are connected to 
the first generator, and the left temple electrode and right occipital 
electrode receive their current from the second generator. The 
creation of low -frequency interference currents inside the brain is 
illustrated by Fig. 13.

Fig. 13. Obtaining 
low-frequency inter
ference current for 
electronarcosis

V  

i w /
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Among these are the obtaining of precise knowledge of current para
meters required for complete narcosis during an entire operation, 
and correlation between the depth of narcosis and EEG parameters.

From the foregoing discussions, little doubt should remain 
that electroanesthesia, and especially electrosleep, are firmly en
trenched in Soviet medicine as widely accepted electroneural modes. 
Though still in the formative stages of development, even by Soviet 
admission, the experimental and clinical experience with electro
sleep and electroanesthesia already accumulated by the Soviet bio
medical community is enormous and this trend shows no signs of 
abating.

The evolution of electrosleep and other electroneural approaches 
is already underway in Austria, West Germany, and other Western 
countries whose individual and collective ingenuity will.undoubtedly 
lead to new advances in this area. It seems likely, therefore, that 
the volume of both Soviet and Western literature on this subject will 
increase and that "electrosleep" and "electroanesthesia" will join 
the ranks of other accepted biomedical terms.

Basic-research problems include development of a better under
standing of the influence of electric current on the CNS, study of the 
mechanism of electronarcosis using histochemical methods, improve
ment of microelectrode techniques, and investigation of changes in 
the physicochemical constants of nerve cells. In conclusion, further 
research on electronarcosis is urged in view of its particular import
ance during wartime, when anesthetic services may be easily dis
rupted by destruction of the narcotics industry and by disorganization 
of the transportation system.

Some of the literature cited in this report indicates that the 
Soviets continue to make steady gains in electrophysiology. A large 
amount of research is being devoted to elucidating the mechanisms 
of electrosleep and electroaneshtesia using sophisticated EEG and 
other electrophysiological techniques. A breakthrough by the Soviets 
in this area would tend to render the subject of controlled electro
sleep and electroanesthesia a more’practical one.
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