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Physiologic _effects of electroanesthesia 

Diffuse transmnial doctrical currents 
can produce unresponsiveness in experi
mental animals sufficient to permit major 
operations. A variety of frequencies, currents, 
and waveforms have been used for electro
anesthesia.13 The method has also been used 
for surgical anesthesia in human subjects, 
particularly in the Soviet U nion.1• 4• 

9 
,
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However, the reports concerned with the ef
fects of electrical anesthesia on the nervous, 
cardiovascular, and respiratory systems have 
been at variance. 5

• 
13 Several hypotheses have 

been proposed for the mechanism of electro
anesthesia, including block of neural trans
mission in the thalamus, in the reticular 
formation, or in the cerebral .cortex. The ob
servations reported in this paper are part of 
an investigation into the mechanism and 
physiologic effects of electrical anesthesia. 

MATERIALS AND METHODS 

Squirrel monkeys (Saimiri sciureus) and 
stump-tail macaque monkeys (Macaca speci
osa) were used. The methods for producing 
electroanesthesia and for performing the ex
periments reported have been published2• 6• 

8
• 

11 , 12 , 14• 15 but will be reviewed briefly. In 
the macaque monkey unresponsiveness was 
produced by 100 Hz rectangular waveforms 
of 2.5 msec. duration and biased 7 Ma. 
above the zero direct current level and ap
plied between naison and inion. In most an-
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imals current levels of 7 Ma. DC and 7 Ma. 
AR ( averaged rectangular) current pro
duced unresponsiveness. In the squirrel mon
keys DC current levels of 2.5 Ma. were used 
in conjunction with 2.5 to 3.5 Ma. AR cur
rents. 

For somatosensory-evoked potentials, bi
polar juxtaposed Formvar insulated elec
trodes 1.0 mm. apart on the tip were chron
ically implanted in the medial lemniscus 
(ML), nucleus ventralis posterior lateralis 
of the thalamus (VPL), and postcentral gy
rus of 20 macaque monkeys. Electrodes 
were also chronically implanted in the mesen
cephalic reticular formation and in frontal 
cortex. Responses evoked by direct or trans
cutaneous electrical stimulation of the sciatic 
nerve were recorded from the implanted 
electrodes before, during, and after electro
anesthesia. When the sciatic nerve was stim
ulated directly, barbiturates were used to 
permit mobilization and stimulation of the 
nerve prior to electroanesthesia. However, 
with transcutaneous stimulation, barbiturates 
were not necessary, since it has been shown 
in human subjects that threshold transcu
taneous stimulating pulses for evoked soma
tosensory responses are not painful. 7 A com
posite waveform, made up of ongoing ac
tivity, applied potentials, and the evoked po
tentials picked up by the electrodes was 
amplified and fed into a difference amplifier. 
Balancing techniques were required because 
the amplitude of the potential produced by 
the electroanesthesia currents was several 
hundred times larger at the recording elec
trode than were the evoked potentials. Pulses 
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180 degrees out of phase with the applied 
currents were added to the electroanesthesia 
currents at the difference amplifier. The out
put from the amplifier was fed into an 
averaging computer. Usually about 400 
sweeps were required to retrieve the evoked 
potential from background noise. 

For visual-evoked potentials, bipolar elec
trodes were chronically implanted in the 
optic tract, lateral genicdlate body, optic 
radiation, and in calcarine cortex of 18 
squirrel monkeys. For auditory-evoked po
tentials, electrodes were chronically implant
ed in the medial geniculate nucleus and in 
the posterior portion of the superior temporal 
gyrus in 2 squirrel and 2 macaque monkeys. 
Recording techniques were the same as those 
used for somatosensory evoked potentials. 
For recruiting responses, electrod,es were 
chronically implanted in the nuclei center 
median and ventralis anterior of the thal
amus and in frontal cortex in 4 squirrel and 
4 macaque monkeys. To check the recording 
system a test pulse producing a potential of 
50 µ.v at the recording electrodes was ap
plied across the nasion-inion electrodes. The 
amplitude and configuration of the test pulse 
remained approximately the same at all 
levels of applied transcranial currents, indi
cating that the recording system was not af
fected. Measurements of pH, pCO2, and 
free fatty acids were made in 6 squirrel mon
keys. Under light ether anesthesia without 
intubation a Teflon catheter was introduced 
into the aorta. When the animals began to 
recover from ether anesthesia, the electrical 
currents were applied to the nasion-inion 
electrodes. Blood samples were taken prior 
to the application of the transcranial cur
rents, after 10 minutes, and after 30 minutes 
of electroanesthesia. The pH and pCO2 de
terminations were made with a Copenhagen 
radiometer. The Dole-Meinertz method was 
used to measure the free fatty acid concen
tration. 

Impedance determinations were made 
with the four-electrode method. Platinum
platinum blacked electrodes were chronically 
implanted in the cortex, white matter, and 
thalamus. Electrode alignment and inter-
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electrode distance were determined in part 
by roentgenograms taken in the AP, lateral, 
and oblique projections immediately after 
the animal was killed. To determine changes 
in impedance, the duty cycle of the rectan
gular pulse was kept at 1 to 4, and measure
ments were made at various frequencies be
tween 20 and 2,000 Hz. The maximum cur
rent levels were twice those necessary for un
responsiveness. 

The cerebral cortex was examined by 
electron microscopy in 10 squirrel monkeys. 
Six screw-capped plastic wells were implant
ed in parasagittal planes with three on either 
side of the midline. Cortical specimens were 
taken before the application of electrical cur
rent, with DC only, with both DC and AR, 
and after the currents had been discontin
ued. The well selected for the control biopsy 
was rotated succesively to minimize the pos
sibility of error introduced by regional cyto
architectural differences. Immediately prior 
to each biopsy the dura was opened and the 
specimen was removed and fixed in a 2 per 
cent acrolein-1.5 percent glutaraldehyde so
lution. After washing, the specimen was 
placed in a 20 percent osmic acid solution, 
embedded, and cut. Sections from the su
perior, middle, and inferior portion of each 
block were studied. The number of synaptic 
vesicles within 0.3 µ. of the synaptic cleft 
were counted in 150 terminals from each 
block. Curves were plotted showing the dis~ 
tribution of synaptic vesicles per terminal 
within a range of 2 standard errors for the 
control specimens and for those obtained at 
various levels of applied current. 

Six monkeys were taught to press a lever 
to obtain a food pellet. When this task had 
been learned the timing problem was pre
sented. The programming instrument was 
set so that a lever press delivered a food 
pellet after a 60 second interval. The animal 
was not rewarded if the lever was pressed 
before 60 seconds had elapsed. At 60 seconds 
the instrument was reset. The animals were 
given thirty trials a day with this problem. 
After each daily session the monkeys were 
given either 30 minutes of electrical anes
thesia, an anesthetic dose of barbiturate, or 
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nothing-dependi~g upon the group to 
which they had been assigned. 

RESULTS. 

As the level of the applied currents was 
raised, the amplituc:le of the cortical somato
sensory potential progressively diminished. At 
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current values associated with unresponsive
ness, the cortical-evoked potential could no 
longer be obtained and the cortical response 
to stiml,llation of VPL was abolished.7

• 11 The 
amplitude ·of the evoked potential recorded 
from VPL, r however, was diminished by 
about 50 per 2ent, while that recorded from 
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Fig. 1. Recordings from a squirrel monkey evoked by electronic stimulation of the optic tract. 

Responses from the optic radiation are on the left and from primary visual cortex on the right. 
The numerals indicate the level of applied current. · 
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Fig. 2. Recordings from a macaque monkey evoked by auditory stimulation. Responses from 
the niedial geniculate are ·on the left and from primary auditory cortex on the right. The 
numerals indicate the level of applied current. 
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medial lemniscus was not significantly af
fected. 

The visual-evoked potentials recorded 
from the optic tract also progressively de
creased in amplitude as the applied current 
level was increased and at full current values 
could no longer be recorded. Depth stimu
lation was necessary to evaluate the effects 

of the applied currents upon the evoked po
tentials recorded from the lateral geniculate 
body and the calcarine cortex. The potentials 
recorded from LG with electronic stimula
tion of the optic tract were only moderately 
decreased in amplitude as the currents were 
applied, while those recorded from the cal
carine cortex were abolished at full current 
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Fig. 3. Impedance determinations expressed as the percentage of variation from control values 
at different frequencies and intensities of applied current. 
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values (Fig. 1). The amplitude of the au
ditory-evoked potentials recorded from the 
medial geniculate was somewhat reduced at 
full current values, while · the responses . re
corded ·from the auditory cortex were abol
ished (Fig. 2). With 6 per second stimula
tion of CM, recruiting responses were re
corded from VA and from electrodes placed 
in frontal cortex. At full current levels, re- •· 
cruiting responses could no longer be record
ed from the cortex but were still present at 
VA although the amplitude was reduced. 
The somatosensory-, auditory-, and visual
evoked potentials and recruiting responses 
returned to control values within 5 minutes 
after the applied currents had been removed. 

The values for arterial pCO2, pH, and 
free fatty acid concentration are given in 
Table I. Although the initial values were 
measured in the specimens taken while the 
animals were under light ether anesthesia, 
it is evident that substantial changes were 
not produced by the application of the elec
troanesthesia currents. 

Specific impedance values for the cerebral 
cortex, white matter, and thalamus were 
between 200 ar:d 450 ohm-cm. Changes in 
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these values as a function of the applied cur
rent level were within the estimated 5. per
cent system-measuring error (Fig. 3). Signifi
cant changes were observed in the distribu
tion of ·vesicles near the synaptic cleft. At 
applied current levels which produced un
responsi~eness, the number of terminals with 
the average number of vesicles increased 
( Fig. 4). The distribution of synaptic vesicles 
returned to control values within less than 5 
minutes after the currents were stopped. The 
solution of the time interval discrimination 

Table I. Changes in pC02, pH, and plasma 
'free fatty acids in squirrel monkeys during 
light ether anesthesia and electroanesthesia 

Mean standard error 

I 
Electroanesthesia 

Initial value 10 min. 30 min. 

pCO, 
(mm. 
Hg) 34.1±2.47 1.04 ± 0.41 4.9 ± 1.7 

pH 7.49 ± 0.12 -0.09 ± 0.03 0.06 ± 0.02 
Free fatty 

acid 
(mEq./ 
L.) 309 ± 59 -40 ± 23 26 ± 28 
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fig. 5. Distribution of lever presses by squirrel monkeys as time interval discrimination task 
was learned. By day 2 the highest percentage of responses was at the end of the 60 sec·ond 
interval. 
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problem was not impaired by electroanesthe
sia as compared with untreated animals 
(Fig. 5). 

COMMENT 

The findings indicate that evoked somato
sensory,' visual, and auditory potentials as 
well as recruiting responses are more pro
foundly affected by the electroanesthesia 
currents at cortical than at subcortical levels. 
The parallel disappearance of responsiveness 
and of cortical-evoked responses suggests that 
electroanesthesia is largely a cortical phe
nomenon. Although the currents appear to 
act at the cortical level, the mechanism is 
not clear. Since pulses of relatively high fre
quency are used for electroanesthesia, it ap
pears likely that synaptic mechanisms may 
be affected. This explanation is supported by 
theoretical considerations3 and by the 
changes in the observed number of synaptic 
vesicles near the cleft during the applica
tion of currents. Spreading depression does 
not appear to be a likely explanation for 
electroanesthesia, since the recovery time for 
evoked potentials is short and the impedance 
values do not change significantly. The ob
servations to date have not shown adverse 
metabolic effects. Arterial pCO2 and pH 
values do not change appreciably from those 
determined under very light ether anesthesia. 
In addifr::-n, the free fatty acid concentra
tion, which reflects blood catecholamine 
levels, is not significantly altered. The stabil
ity of the impedance values during electro
anesthesia suggests that hypoxia doe, not 
occur. 

Conceivably, the currents used for ele:-:
trical anesthesia in animals may only affect 
the response to pain rather than to pain per
ception. However, the disappearance of cor
tical recruiting responses and of somatosen
sory, visual, and auditory potentials suggests 
that cortical processing of afferent impulses 
is markedly affected. Animals given electro
anesthesia repeatedly and without premedi
cation or supplemental agents do not strug
gle or attempt to escape when the electrodes 
are applied, as would be expected if the pre
vious experiences had been unpleasant. 
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The observations reported suggest that 
electrical anesthesia in animals is reversible 
and safe. The cerebral cortex appears to be 
more greatly affected than subcortical struc
tures. However, additional physiologic, mor
phologic, and chemical studies must be done 
before the safety of the method can be con
sidered proved. 
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