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ITTRCDUCTION

Hon-gonvulsive elesctriecal stimilation applied to the hesad has
been used in the treatment of barbiturate poisoning since 19h9 by
Roble {1-li), Pinch and Geoghegan (%) and Alexander (6). These psyehi-
trists observed that the period of apmea following classiecal eon-
vulsive electro-shock therapy could be sbolished by applicetion of &
short period of non-convulsive stimulation. This period of apnea
could be prevented even when the patient had been heavily premedi-
cated with pentothal sodium. From this observation Robie (1) con~
cluded that non-comvalsive stimilation applied to the head might be
of value in the many cases of accidental barbiturate poisoning. After
empirically treating many cases of barbiturate poisoning by electrical
stimilatlon, Roble (1-h) and Pineh and Geoghegan (5) concluded that

his form of stimlation was as effective as any of the commonly used
chemical analeptics, and that it had the unusual advantage that the
intensity {or dosage) could be regilated at will by the physieian,

These authors attributed the mechanism by whish alact;;‘ical stimie
lation augmented respiration to stimlation of cortical (1,h, and %)
and diensephalic struetures (2), probably on the basis that {a) there
is lmown to be some cortical regulation of respiration and (b) since
electrically induced convulgions are produced by direct passage of
electrical current through the brain, the respiratory augmentation re-
sulting from non-convulsive stimilation must likewise result from stime
alation of the cortex and/or diencephalon direotly. In addition Robie (2)
and Pinch and Geoghsgan (5) stated that electrical stimulation of the
brain increased the rate of barbiturate exeretion. They presented no
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evidence which could support this statement » and pugpested no mechanigm
by which it could be sccumplished.

Their hyrothesis as to the mechanism by which non-convulsive elaot-
rieal stimulation sugments respiration is at varisnce with pmiaua neuro-
physiological experimente which have revealed that the predominant ine
fluente of cortical and diencephalie stimulation on respiration ig inhib-
itory (7 and 8). One would expect that if this form of electrical stime
ulation acted upon a cortical area which controls respiration, the applicw
ation of the therapeutic slectredes would have to be carefully localised
to produce the desired results. This is not the case, for respiratory
stimlation can be obtained from electrodes nlaced on mogt any part of
the crantum (k, 5, and §). One mechanimm that the proponents of elsctrical
stimlation failed to take into consideration was the well-known infivence
of mociceptive stimulation on respiration,

The evaluation of the therapeutic effect of any analeptiec therapy is
fraught with methodological and statistical difficulties. In order o
have a gtatistically valid study ome is limited to working with experiw
montel animals where large numbers and ecommlete control can be approached.
But elinical application of this data is subject o prejudicial axparience,
and one is usually working on patients who have had an unknown amount of
an unlmown dmg at an wnknown time. Desplie these factors and without any
eritical comparative studies, Robie (L-l) has recommended iranscranial
electrical stimul:tion as the treatment of cholce in barbiturate poisoning.

Since so little factual lmowledge is kmown about this form of therapy
which is being used increasingly, the following study was undertaken in
an atterpt to analyue experimentally the mode of action and %o deternine
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the effectiveness of olectrical stimiletion as a respiratory stimlaent

in bvarbiturate poisoning.

METHODS

General. The results are based upon a study of the reactions of
€9 dogs. Pentobarbital sodium was chogen as the standard barbiturate
becanse it is commonly used end short scting. 4 Reiter Electro-stimilator,
Model CW L7 provided the stimlstion. Kymographic recordings of respir-
ation were made using an oxygen-filled spirometer equipped with a carbon
dioxide absorber comnscted to a tracheal cammuls. A few experiments were
done with the dogs breathing alr and records obtained with a Collins
Respirometor, Blcod pressure was recorded with a Bercury manometer oconw
nected to the femoral artery. In those experiments where it was conside
ered necessary to control the placement of cranial electrodes earefully,
the head was fixed in a head-holder, the temporalls misecles reflected,
and the stimulstion carried out tb.rough the bone.

Some phasss of the study required svecial methods adapted to eash
particuler phase. These speeial methods will he deseribed in eonjanction
with the results of each p;zase.

Qutput of Reiter Elsctro-stimulator, iedel CF L7: It was found nec-

essary % determine the output of our own Reiter Electro-stimulator since

& adequate deseription of neither the instrument nor its output could
be obtained from the wanufacturer or any other source. The following
description supplementing Figure 1 may be applicable only to the instyu-
mont which has been at our disposal.

The cutput of the insirument may be varied in three ways by controlling
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Oscillopgrams of the output ¢f s Reiter
Electrostimilator, Model CWh7. The
upper set of recordings was made on a
faster moving £ilm than the lower set.
For all rsecords the average current
through a 10 X load was L.0 mA,
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surrent intensity, pulse form, and modulstion. The intensity control is
contimuous and permits adjustment of average current threugh the electrodes
over the range from O to 20 mlllimpez;w.

Cne of three pulse forms may be utilized by adjusting a three-position
selector switeh. In positions "1% and *2* the instrument generates a
poorly filtered unidirectional current which is interrupted by a motorw
driven switch forming pulses of roughly rectangular form at a frequenay
of 31-33 eps. The duty cyele can be varled by altering the duration of
contact of the switch points. Our machine was seb for a du‘by. cyele of
spproximetely L6-L7 per cent. There is superimposed on the pulses a
ripple whose frequency for cur machine varies between L8 and 100 cps. The
amplitude of the ripple varies between 22 por cent and L1 per cent of the
maximum palse awplitude in pesition "1* and between 27 per cent and 50
per cent of the maximum pulse amplitude in position "2®, Pogition "3
provides an e¢ssentially unfiltered, Mlly-rectified, unidirsetionsal current
whieh likewise is interrupted by the mechanical switch so as to produce
:gulaeé at approximately thirty cyeles per second with a duty cyele of
roughly 50 per cent.

The tion celled modulation controls the rate at which the switeh
cam rotates. Since the cam rotates st a frequency which is alighly greater
than 30 por second, a boat frequency phenomenon develops from the supere
imposition of the 60 eyele ripple from the power line. The output appears
te consish of a rhytimic resetting of the time of cceurrence of pulses s
one group of pulses gradually undergoing foreshortening frou their orige
inal point of onset at the same time that a new group of pulses grows
during the off-periods of the initial group., Adjustment of the modulation
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control varies the frequency of the modulation rhythm for all three pulse
forms between the extreme of 2 cps. and I eps.

Two linds of stimulating electrodes were uged, the standerd eloth-
coversd ome-inch disc Relter electrodes, and one-centimeter eloth-covered
silver-silver chleride non-polarizable elsetrodes. These made econtact
with the animal through a saline bridge.

RESULT3
AN ANALYSIS OF THE WECHANISM OF THE RESPIRATORY RESPONSE
Respiratory Respomses to Cranisl Stimulstion. The usual respirstory

response to stimulation of the type used here was an immediate lar;e ine
erease in respiratory mimite volume dus to an increase in both the rate
and depth of breathing. This lasted for 30 to 560 seconds and was followed
by a gradual deerease in both rate and amplitude, especially the latter.
After the initial inorease, respiratory mimute volume stabilised at &
lovel which was well above the resting level. If the direction of the
stimlating current was reversed during the period of relative stability,

a second bul shorter peried of augmented respirawry mirute volume cecurred.
4 pericd of hyperventilation apmea accmiamlly followed the cessation of
stimilation. lore frequently, however, resplratory mimute volume continued
at a elightly increased value for a pertod of one to five mimies. The
largest increases in respirstory minute volume were obtained from the
anterior part of the skull. The stimulation became less effsotive as the
stimulation site approached the lambdoidal crest. Part of the decroased
response seemed to be due to interference with respiration produced by
mseular activity in the shoulder girdle resulting from spread of ecurrent.



This descripiion iz illustrated by the recerds from a gingle dog pre-
sented in Flgure 2. It is of particular interest to note that the re-
sponse obtained in this dog was preatest from clestrode placensnts over
the frontal simises which were separated from the brain by a distance
of about one centimeter of air.

Respiratory Responses to Peripharal Stimulation. Electrical stime

ulatlion of parts of the body other than the cranium was also found te
produce an increased respiratory minute volume. Peripheral sites tested
included the ear, the nose, the hind-legs and the sclatic nerve. For
most dogs the greatest lmmediste response was obtained with stimdlation
through electrodes blaémi on each side of the nose. Ninasal nlacement
vas alwgys more effective than any of the eranial locations. Stimlation
through the hindlege prodused the greatest sustained inereasze in respire
atory mlmte volume, but developed much more slowly. Figure 3 illustrates
the type of responses obtained from peripheral stimilation. From thisg
figure one canuot compare the relative effectivensss of sach electrode
placement because the resting respiratory minute volume was different at
the time of each recording and diffevent current strengths were used as
are indicated on cach record,

Influence of Current Intensity, Pulse Shape, and Depth of Anssthesia

on Respiratory Response, For all sites of stimlstion the respirvatory

response was proportional to the average slectrode current except at
high eurrent values which at time inhibited respiration (See Fig. 4, bands



FIGURE 2

Respiratory and blood pressure changec pro-
duced by stimulation of various pointa on

the skull of one dog. A. Electrodes placed
bitemporally. B. Bi-ocoipital location.

Ce One electrode on the ocoipital vegion,

the other over the right tal sims.

D. Cne electrode over sach frontal simus.

RP = reverse polarity of stimulating electrodes.
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The shape of the pulse forn alsc influeonced the response. The
mumber ¥3% current was a wach more effeetive stimilent thean the number
*1% current, ss illustrated in the grephs of Flgure 5,

The effegtivensse of electrical stimlation on respiratory mimte
volume diminished ss the depth of anesthesia was inereased. When the
animal was Lightly anesthetiszed a very larpe inerease in resplratory
minute volume was obtained (to 62 times the re;e.t:!.ng rate in one experi-
ment ) whersas when the animal was very deeply amesthetized there was
often no respiratory or blood pressure vespomse. Thiz offect ig graphe
ically showm in Figure 6. 7

The form of "modulation® did net influence the resnoNse.

The Mechanism of the Roapiratory Response, It has been suggested

that the respiratory responses tc oranial stimlation in man are due %o
the direct transoranial activation of cortical or diencephalic structures
(1, 2, b, and 5}« The vesulis just deseribed raise the possibility that
such responses may be due sclely to the activation of general somatig
afferent fibers. These poseibilities have baen tested by determining
the effects of decercbration at the level of the superior collieulus,

Effects of Decerebration, In 10 dege under pentobarbital anestheais,

the respirvatory response to biterporal, bifrontal, and binesal ¢lectrical
stimilotion was recorded following creniotomy. The brain stem was then
sectionad at the level of the supsrior collieulus » and the brain anterioy
%o thls lovel was secoped out, Hemostasis was provided b;g G¢lfoam and
cotion packing, After allowing five mimites for reeovery, the anlmals

were re-stlmilated in the previcus locations. In mo esse did the decerehration
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diminigh the respiratory response to stimlation. However, bilateral
trigeminal neurotomy following the decerebration sbolished all respirae~
tory responses previcusly obtainable from stimalation of the hoad.
Effects of Trigeminal Neurotomy, Under pentobarbital anesthesia
the respiratory respomse to bitemporal, bifrontal, and binasal elestrical

stimulation was recorded following eraniotomy and ressetion of the oceip-
ital reglons of the ocerebrum. Trigeminal neurotomy was then performed
bllaterally using a fine scalpel after removal of sufficient tentorium
te permit adequate vﬂ.suammtion of the trigeminal nerve at its exit
from the pons. Care was taken not to disturb the brain stem or impair
cerebral venous drainage. Section of each trigeminel nerve provoked an
imediate large increase in respiratory minute volume similar to that
seen in Figure 2D. Pollowing this procedure, no response could be obiained
fram cranlal or nagal stimulation.

High spinal eord transection abolished the respiratory response pre-
vicusly eliecited by stimnlation of the hind legs.

These regsults are i1llustrated in Pigure 7. ‘

THE EFFECTIVENESS OF ELECTRICAL STTMILATION AS AN ANALEPTIC AGENT

The Effect of Ilectrical Stimulation on Waking Times of Animals

Anesthotised with Pentobarbital Sodium. It has been stated that this

form of stimulation actually ghoritens the veriod of depression induced
b7 the administration of barbiturates (1). To test the validity of this
statement a series of observations of 25 groups of two doge was carried
outs In a single experiment sach of the two dogs was given equal amounts
of pm*&oﬁarbital sodium per unit weight intravenously. Fifteen mimites
later stimulation of one dog was started and adjusted to produce am
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-obvious lncrease in respiratory rate. 3¢ .muletion was contimied until
elther of the dogs awakened. A few days later uging the same pair of
dogs the procedure wes reversed so that the previcusly wnstimilated animal
was stimulated and vice versa. One small series was done with an anss~
thetiging dose of 33 ng./lg. and contimious bitemporal stimulation through
the skin with standard Relter olectrodes. A second larger series was
done with an anesthetising dose of 26 mg./kg. In the second series bitesp-
oral stimlation, hindleg stimlation, eontinmucus stimlation, and intere
nittent stimlation were used in various combinations. Intermittent gbirwe
ulation consisted of five mimtes of stimilation interrupted by five mimtbes
of a0 stimlation,

It was soon found that waking time must be distingnished from arousal
time, Falrly soon after stimulation was started the animal would react
to high current imtensities by whining » making running movements, or even
turning to paw at the electrodes. Put as soon as the current was decrsased
the dog would fall back to sleep. For thisg reason, walking time was arbi-
trarily defined as that pericd required from the administration of the
anegthebic to the time that the animal mede a coordinated effort to get
on its feet.

The resulis of 51 observations on 11 dogs faill to indicate that stime
ulated doge awakensd earlier or later than control animsls. Tables 1, 2,
and 3 show the data, which suggest i‘hat’if there was any consistent dlffere
enge it was the stimulated dogs which showed the longer waling times.
Analyeis of the data indleated, however, that the variability between dogs
is so large }as o conceal even considersble differences between treatments.

The mean for troatments and between-treatment differences are sccompanied
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TAHLE 1

WAKING TIME IN ANTMALS ANESTHETIZED WITH 33.0 mg./kg.
PENTOPARPITAL SODIUM. CONTINUOUS RITEMPORAL STINMULATION
V5. NO STIMULATI

Waking time (Min.)

Dog Tastimlated Stimilated Difference
B s &89 i
e 180 280
180 298
Hoan ¢ 180 289 +109
D 257 270
L20 360
lean D 339 318 - 2k
lean of Dogs v \
+ 907 limits 235 % 152 361 £ 175
on estimate(l) (3 dogs) {3 dogs)
Differsmce
% 908 linitz +126 & 169 b2 £ 120
on estimatell) {Difference - means, & expts.) (mean differsnce »
2 dogs

(1) student's t method



TAHLE 2

i8

WARING TTME IN DOGS ANESTHETIZED WITH 26 mg./kg. PENTOBARBITAL SCDIUM

Walking Time (Min,) Stim, more gtim. Stim.
Dog Tnstimlated Stimlated than unstim, Diff. Site Type
B 128 1la * bitemp, cont.
152 ks - bitemp. intermit.
16§ %g:i * hindlg. mﬁt;mit
1 e ' hindlg. inte »
Yean B ’é’ Eg +3.7
¥ %ég %63 - \ bitamp., cont.
156 79 o hindlg., cont.
Hean P m:. m *7-5 -
¢ 170 28L & bitemp, intermit.
180 280 * hindlg., interwmit.
Yean ¢  I75 208 #107.0 |
H L20 383 - hindlg, cont.
27% 3!% + gi.nul. conte
2 + tomp, coni.
Mean H g!ﬁ, ‘%v.o +30.7
dJ 3715 120 . hindlg. cont,
349 Sgé * binasl. coat.
+ bit@lﬂp‘ a¢ont.
Hean J g%.& é!gaﬁ +974
K 150 157 vea hindlg. ocont.
134 bk - binasl, cont.
igo ;‘u‘é = bimt gonde
7
Mean ¥ TB0.3 1h2.3 8.0
L 250 21 - hindlg. econt.
%26 il%} - giml gonk,
- itemp, sont
Mean L 1'95,7 Eg.? : =39,0 .
Hean of doge
: 904 limlts 217 % 5) 246 & 87
on estimate (7 dogs) {7 deoga)
Difference
t 90% limits S 1
on estimate (mean difference, 7 dogs)




TARLE 3

EFFECT OF DIFFERENT ELECTRODE SITES ON WAKING TIME IN
DOCS ANESTHETIZED WITH 25 ng./kg. PENTOBARRITAL SODTIM

Waking Time (Hin,) Stim more
Dog Unstimulated Stimmlated than unstim. Diff.

HIIDLEG ELBCTRODE PLACEMENTS

B 162 173 +
¥ 158 179 -
e} 180 280 +
H L2o 383 -
J s 20 *
fL B B G
Ysang ﬁ-? mdi 11.6
GeDe 107 16
BITENMPORAL ELECTRODE PLACEMERTS
E 125 ua +
F 169 163 -
G iro 20, +
H 323 302 *
J 30l 385 *
K igo ll.éé -
L ‘ -
Means I?%.'? ﬂg.(} 30.3
BaDe 78 ] 120
BINASAL ELECTRODE PLACKMINTS
" 2 32 +
J 3Lo 506 +
K 15k ks -
L 186 %%% -
Hoans m,O o7 hi;-?
34D, 8l 175

19
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by an intervel within which the probabilify is 0.90 that the tyue mean
lies. Thas, fronm Table 1, the mean difference between stimilated and
unstimilated dogs is between 43 and +29% winutes if we consider the
differences betwoen the means for all gix experiments s or bebween -370
and +462 minutes if we consider only the two dogs on which we have paired
contrasts. We have purposely used 90 per cemt limits s thus ineurring a
10 per cent risk of mistakenly econcluding there is a difference when none
exists, in order to hold reascnably low the other risk of failing to
deteet & difference if one does exist. -

All of the ind:.oatnd differences in the tables have very wide inter-
vals of uncertainty, all of which include sero. Thus, it canbs said
that this experiment failed to detect any 5igni_.ﬂuln'§; differences between
treatments, either positive or negative. If such a difference aexista it
would require a much more sensitive experiment to detect 1%, The sensie
tivity of the experiment could be incressed by reducing the variation op
by greatly inereasing the number of dogs.

The caleulation of wakin: time in doge used more than onee, is come
plicated by a temporal or habitustion factor, for even when an interval
of seven days elapses between pemtobarbital aduinistrations, the animsls
develcp a definite tolerance to the drug, and waking time is gradually
shortenad, This is illmstrated by Pigure 8 for doge H, 4, K, and L.
However, this temporal factor is largely compensated by pairing the obsore
vations, that ig, two dogs started the series with stimnlation, and two
were started with no stimulation.

Additional observations were made on such variables as elsctrode
plagement and continulty of stimmlation. Data from Teble 2 has been



FIGURE 8

The development of tolerance te pento-
barbital sodium. Note that the waking
times gradually decresse from week to
week, Stippled columms indicate no
stimlation, Solid black columms indie
cate the animal was stimlated st the
sites indicated.
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rearranged in Table 3 so as to ensble easy comparison between the sffects
obiained from different stimulation sites. The variability of the data
is such that no significant difference appearsd between the effectivensss
of different sites of stimilation. There was, however, a qualitative
difference in the respiratory responses of the unstimilated as compared
to the stimulated animale. In the unetimilated animals the respiratory
rate remained constant or gradually increased until swakening. The re~
spiratory rate of the stimmlated animels gradually increased to a value
above that of the resting unanesthetized state and remained elevated until,
and often for soms time after, swakening, ‘

The Bffect of Electrical Stimulation in Dexbiturate Induced Apnoa,
Since elecirical stimslation becomes a less effective respiratory gtime
ulant with increasing depth of barbital depression, it was considered
desirvable to determine whether the electrical stimmlation would be effect-
ive in an animel that is depressed to the ;aoiﬁt. of apnea. Dogs were anss-
thetized with 33 mg./kg. of pentobarbital sodium intravenously and cone-
nected to the oxygen~filled spirometer and meroury mancmeter as before.
Pentobarbital sodium was added intravencusly from a burette at the rate
of about 20 mgs per minuie untdl the animal had been apneic for a period
of at 1‘9@31; one mimute. The pentobarbital was stopped, and electrical
stimlation started in the bivemporal location.

In a series of six unstimulated animals it was found that dogs could
remain apneic rdr a remarkably long time, ten minutes in ons cese, and
then resume respiration and recover ocomsletely. During the apneie pericds
the exygen consunmption remained quite comstant, and it was sssumed that
gasecus exchange was maintained Wy diffusion respiration. In all six of
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a series of gtimlated animals 1t was found that respiration sould be
started, and blood pressure increased by aprlying the stimulation duzing
this aspneic pericd. In several animals it was possible by glving more
nentobarbital o m«:%.ndm@ apnea and re-start respiration by slectrical
stimlation several times, until the lethal dose had been given. Figuare
9 illustrates this response pattern.

Lethal Dosage of Rarbiturate Required for Unstimlated Versus Stim-
ulated Dogs. Ome of the unanswered guestions concerns the ability of
eleotrical stimilation to provide proteciion against the otherwise lethal
effocts of a large dose of barbiturate. In order te determine if such
& protective effeoct exists, the minimum lethal dose of pentobarbital
sodiun administered by slow intravencus infusion was determined for a
group of six unstimulated and a group of six stimilated dogs. This proe
cedure was similar to the preceding one, but move rigorously controlled.
Exactly thirty mimutes elapsed from the time the animal was given the
initial anesthetising dose to the time the comtinuous infusion was started.
The infusion wag administered by a constant rate injector calibrated to
deliver 10 mg. pentobarbital sodium per mimite. Eleetricel stimulation
from bitemporal clectrode placements was begun forty seconds after the
start of the infusion and was adjusted tc mroduce a definite inersase in
respiratory minute volume., Stimulaticn and infusion were contimued until
the time of death as indicated by eardiac arrest.

The mean lethal dose for thu anstimilated dogs was 5.1 mg. /g, with
sbandard devistion 3.6 mg./kg. and for the stimulated dogs was 53.3 ng. kg,
with stendard deviation U9 mg./kg. The difference is estimated (90% limits)
at 0.8 = 4,5 and hence is considered not significantly different from serc.
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There was, however, a qualitative difference in the course of the blood
pressure and resciratory minute volums tracings between the two groups

as shown in Figure 10, The stimulated snimals maintained their regpira-
tory minute volume and blood pressure fairly well until they received
the eritical dose, after wiich there was a comparatively abrupt drop to
zerc. On the other hand, the respiratory mimnte volume in the unstime
ulated dogs very soon dropped to zero and remained there during a gradual
drop in blood pressure until the time of death.

Through the inhalation of pure oxygen in the foregoing exneriments
the animals were deprived of the usual anoxie chemoreflex drive to respire
ation. In consideration of the possibility that t-is may have aliered
the respense te barbiturate and stimmlation, additional observations /
were made on seven animals breathing air. The lethal dose for four une ,
stimlated air-breathing snimals was 59.1 mg./kg. with standard deviation
6.5 mg./kg. and for three stimlsted animals breathing air was 53.3 mg./ks.
with standard deviation 1.5 mg./kz. giving 2 non-significant difference
of 6.8 2 6. (907 limits). Both controls and stimulated animals were,
however, betler able while breathing air to maintain blood pressure and
respiratory mlmte volume until the eritical dose was reached. The ree
gponse of the air-breathing unstimalated dogs very closely resemblad that
of the oxygen~breathing stimulated dogs.

ELICTROBNCEPHALOGRAPIIC CHANCLS OCCURRING DURING
PERTPHERAL ELECTRICAL STDMILATION

A series of experiments were undertaken to determine if prolonged
electrical stimulation produced any gross changes of the slectrosncephaloe
gravhic pattern in dogs anesthetized with rentobarbital sodium.
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In a preliminary operation, six steinless steel screws s insulated
with polyethylene tubing except at the tips, wore screwed into the cale
varium of each of four dogs in the frontal, varletal, and oceipital aross
bilaterally. The screw tips extended to, but not through, the dura. The
screw heads protruded through the skin so that recording electrodes could
be sasily elipped to them. Elsctrocencephalograms were recorded with a
Grass IT1-D electroencephalograph.

At least a week after implantation of the serew electrodes s two
animals were anesthetized with 26 mg./lkg. of pentcbarbital sodium intra-
venously, and shortly thereafter control LEGs wers recorded. Ome of the
animals was then subjected to contimious sleetrical stimilation until it
becane arcused to the point where it could no longer be left on the table.
It was then placed on the floor and observed until 1t awakened. Becsuse
of sixty cycle elestrical interference il was impossible to record the
BEG during stimilation. Por this reason the stimulation was interrupted
every 15 minutes for an EBC on cach animal. As before » the waking time
wag defined as that period of time from the administration of the anesthe-
tic until the animsl first made a ecordinated effort to get to its feet. |
- The following week the previously unstimalated animal received gtimlation,
while the other did not. Only sufficient stimulation was sdministered to
produce a definite inerease in the respiratory mimute volume o gross
inspection. This generally required from 2.0-5.0 mA at the mumber »3n
pesition,

The EZCG pattern from dogs receiving prolonged stimdation through the
binasal or bitemporal electrode positions was not aignificantly different
from the control patterns. However, prolonged stimulation through the
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hindlegs always resulted in a low voltage fast pattern, most marked fyom
the frontal cleetrodes, which graduslly developed after an hour or wore

of stimilation st the mild stimulus intenpities. During a period of mo
stimilation, the pattern would revert to the usual anesthetised type over
a period varying from three seconds to several minutes, depending on th
depth of anesthesia and the intengity of the preceding stimulation. Them,
often a very short period of stimilation, as 1ittle as 15 seconds, would
be suffiecient to reproduce the low voltage fast metivity. This low voltage
fast asctivity was of about the same rate es the normal waling activity,

but of somewhat higher ampliltude. Gemerslly more spontanecus motor active
ity occurred during the periods of low voliage fast activity, but often

the fast activity would cecur ia the absence of any overt movements,

Very rapid panting was usually, but not always seen during the low-volbtage
fast activity. If instead of using mild stimulation, the currvenmt intensity
was adjusted to produce severe tonie comtractions (3«12 mA at mumber #3v
position), the duration of stimlation required to firet produce the low
voltage activity was shortened in cach animal, There was considerable
difference in the EEG of each dog, bubt cach one maintained its own char«
acteristic pattern from week to wealk.

The usual physical pattern of swakening from pentobarbital anesthesia
was one of progressively inereasing activity until the dog was walking
around and apparently normal. However, the two dogs (¥ and J) with long
waking times slept for a long perioed of time following a brief period of
awskening. During this par:"mé of sleep thay gave the clinieal appesrance
of being extremely fatigued, but EEG records taken at this time gave no
evidence of true depression, but only of light sleep. They could be
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aroused from this sleep fairly easily by shalting, but upon ceasation of
this sbimmlation, would soon return to sleep.

Representative EEG tracings are given in Pigure 1l.

DESCRIPTICR OF A CASE OF PHENOBARBITAL POISONING TREATED WITH
ELECTRICAL STIMULATION VIA LEG ELECTRCDE PLACEMENTS

This 30 year old white female entored the Raiser Permanente Hospital,
Vancouver, Washington, May 7, 1954 in deep coma. It was later found that
ghe had ingested 5.0 grams of phencbarbital sbout six hours before admiseion.
It was known that she was an epileptic whose seizures had been controlled
over the past four years with dilantin and phencbarbital and who had
attempted suicide on one previous cccasion.

Physicel examination at admission: Pulse 110, respiration 16, bleood
pressure 50 systolie, 30 diastolie, and temperature 96.0°. All reflexes
were abgent with the possible exception of the light r-ﬂw.

Course: She was trested with Metrasol (R), Coramine (R}, caffeine
and sodium benmoate, and Bensedrine (7)., Blood pressure was maintained
with shﬁczk blocks and econtimuoug intravenous drip of Levophed (R). She
received adequate amounts of penieillin and chloromycetin. Despite these
meagures the patient did not rouse, her temperature began to rise, and
she was placed in an oxygen tent on the fourth day as her eondition con-
timued to deteriorate. |

The author saw her at 7330 p.m. on the fourth day. Except for a
sluggish corneal reflex she was areflexic, would not respond to noxious
stimli, and woist rales were audible over both lung fields., Her temp=
erature was 102.4°, respiratory rate 30, respiratory amplitude very
shallow, skin cold and pale, and blood pressure 100 systolic, 60 diastolic.
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One standard Relter ‘alaswad& was applied to the medial aspect of
the middle part of each lower leég and the instrument set to deliver the
numbsr "3* current. The current was gradually imragsad until a definite
respiratory response was ebtained at about 5,0 mi., This rOSPONse Cone
sisted of a slight inoroase in respiratory rate to 36 per mimute and
estimated fourfold increase in amplitude. There was & consomitant rise
in blood pressure of 20 mm. of mercury, and there was considerable miscue
lar activity in the reglon between the two elestrodes. The intravenous
drip of Levophed was discontimmed after this blood pressure rise was obe
tained., One half hour after stimmlation was started one of the attending
physicians thought he eould elicit a knee Jerk, thought that the cormeal
reflex had improved, and found that a gag reflex had appeared. The ine
croase in respiratory mimute volums was sc pronounced that it was foared
she might develop a respiratory alkalosis. About 45 mimites after the
start of stimlation her skin was warm and moist. At the end of an hour
of continuous stimulation when 2o further improvement seemed fortheoming,
it was decided to try the bitemporal stimulation te see 1f it would pro-
duce a &iffemnt response. From this location no improvement of response
was obtained, but it was found very easy to inhibhit respiration if the
current was groater than 3.0 mA at the mumbey 719 pogition, At the end
of two and one-half hours of contimuous stimilation her temperature had
dropped from 102.L* to 98.8°, she was breathing easily and deeply, her
blood pressure was 110 systolic, 50 diastclie, and her lungs were com~
pletely free of rales. Stimulation was discontimued at 11:00 Deme after
three and ono~half hours total stimulation, Ons-half hour following dig-
contimiation of electrical stimulation her blood pressure had fallen to
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80 systclic, 50 diastolic and the comtimious drip of Levophed wag re-
started and mainteined twelve hours longer, Ctherwise, from the time
of the institubion of electrical stimilation her Tecovery was progressive,
and three days later she was able to it up in bed and take water by
mouthe

Comment: This case is of interest as the first in which eleetrical
stimlation was found to be effective as a respiratory stimalant in man
when the electrodes were elsewhere than on the head. The chief benefit
of elscirical stimulstion in this case wes probably through its supportiva
action on respiratory exchange. The improvement in the respiratory and
olrenlatory status was probably the cause of the disappearance of the
milnonary edesa. Positive pressure breathing night have_ done as well.
The increase in blood pressure may have been due %o the nexions stimla-
tion, Lo better omygemation, or both, Her fall in tempsrature of 3.6°
was probably due te the sweating that was seen after L5 mimutes of stimue
lation, It was felt thaet the peripheral stimulation on the leges was wmore
sffective than eranlal stimulation sinee it is less likely to produce
respiratory inhibition. Stimulation of this patient was not maintalned
longer than it was because of our findings on dogs that if the respiraticn
and blood pressure are adequate, stimulation does not actually shorten
the waking time.

DIBCUSSIOH
In view of the evidenoe that decerebration does not alter the regpir-
atory response obtained from transcranisl elsctrical stimlation, but
section of gensory nerves to the stimilated ares abollghes the response,
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there remains nco doubt that respiratory sugmentation resulting from elec-
trical stimslation in barbitalised dogs is a reflex mechanism dependent
on the exeltation of peneral somatic afferent fibers. Previous sugcestions
(1, 2, iy and 5) that central nervous system structures were directly
invelved in this respiratory response were probably based on the fact
that alierations of respiration may be produced by sloetrical excitation
of selected prrilons of the cerebral cortex (7), diencevhalon and mesenw
cephalon (8), It is possible that failure to eonmsider other mechanisms
has boen eonditionsd by the fact that this form of therapy was first
introduced, and has since been largely used, by psyohiatrists who are
acsustomsd to spply electro-shock therapy to regions about the head (1-6,
10 & 11). The present study offers no clue as to the relative importance
of the various modalities of sensory stimulation in the production of
this reflex respiratory response. It might be argwed that the relatively
high potengy of stimulation in the trigeminal area is evidence of the
importance of noeicepiive or pain-initiating stimmli, because of the 2ane
with which pain may be initlated from various face struetures. lowever,
other modalities of sensation are also transmitted over trigeminal fibers.
Thus, the role played by proprioceptive, tactile, and other afferents canno®
at present be evaluated, Since many of the effective procedures utilized
in varbiturate poisoning (contimuous forced ambulation, tactile, thermal,
and auditory stimlation, ete.) also imvolve vigorous afferent excitation
it might have been predicted that electrical stimilation would operate
through similar mechanisms,

Pecause of the reflex nature of the respirstory response elicited
by this form of electrical stimmlation, i% nna highly probable that the
peculiarities of the current gemerated by the Reiter instrument are not



an essential feature in the production of the response. This conclusion
is gupported by the cbservation that the respomses obtained using the
different pulse forms generated by the instrument vary only in a quanti-
tative way. lNo differences whatscever were detectable whem the selector
was switched firom position 1® to position "2*. The difference noted
between pogition ®1¥ 'anﬁ 9 consisted of an exuggeration of the response
with position ¥3%, By proper adjustment of intensity, results obtained
by using either pesition could be duplicated with the selector in the
alternate position. Farthermore, variations in the fanotion called
rmodulation® did not affect reaspiration but produced only alterations

in the frequency of muscular activity in the electrode regions. Ve cone
clude, therefore, that any form of electrical stimlation capable of
initiating a massive barrage of impulses in semsory nerve fibers would
serve as well as the instrument used in this st-udé' for the stimmlation
of reapiration.

The hypothesis that elsclrieal stimmlation will asbbreviste the peried
of central nervous system depression resuliing from barbiturate adminisira.
tion to dogs and thus lead to a more rapid awakening could not be son: =
The studies on waking times in doge anesthetised with pentobarbital sodium
failed to indicate that electrical stimlation shortened the walking time.
Eleotrical stimulation failed ta'giva any protection after an otherwise
lethal dose of barbituralte. It ls true that the massive afferent barrage
dogs bring about behavioral changes wihich are best interpreted as arousal
or veturn toward consciousness. However, while effective concentrations

of the barbiturete persist in tissue flulds, the cessation of the afferent /mitoa
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resulls in & reburn to the depressed contition. Failure to find a signif-
icant differenceé between waking times for stimlated and ungtirmlated

dogs further argues agalmst the possibiliiy that the electrical sti =
tion influences the rate of excretion or metabolic destruction of the
barbiturate.

These conclusions are in comtradiction to those derived from the
study of human vesponses to eleetrical sﬁwﬁaﬁion during barbiturate-
induced depression (15, 11). This apparent discrepancy may be explained
in several ways. The most obvicus explanatiom is that in these .nxparim
ments a very rigorous standard for the time of awakening was chosen; the
dog had to be sufficlently coordimated te get to its feet. Physicians
resusciiating patients usually consider the patient awake when he first
opens his eyes or can say a fow werds. This is not a good criterion of
awakening because guite 2 time elapses between the period when the patient
can talk and when he can stand unassisted. Furthermore, many patients
have relapsed into coma and died after brief periods of arousal. Another
explanation 1g that manmy of the human cases studied have been individuals
subjected to aduinigtration of Pentothal (R) in the course of non-comvalsive
slectro~shock therapy. It is well-known that Pentothal (R) is very short
acting. Perhaps afferent stimalation arouses the patient for a period of
time sufficlent te permit reduction of thiobarbiturate concentrations to
an ipeffective level and/or to prevent these individusls from making the
usual transition from heavy sedation to mturalvalsop. In the experimenis
reported here the longer lasting effeot of penmtobarbital sodium msy have
bean responsible for our ability to arouse the amimals incompletely with
a subsequent return to a depressed state. Another group of human cases
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gonsists of individuals who have bean gubjected to excessive amounts of
barbiturates and receive electrical stimulation after 2 prolonged period
of coma. BSuch cases may very well derive their bemefit from the effscts
of the stimulsation on the respiratory and cireulatory systems rather than
from any influsnce on thelr susceptibility to the CNS depressant proper
ties of the drug. In addition the improvement in function of the circulaw-
tory system might result in a more rapid elimimation of those barbiturates
exereted through the kidney. 'f‘}'):e animels used in this study, on the othey
hand, wexre anesthetised for rahtivelyv short periods, with quantities of
drags which were not severely depressing to respiration or ecirculation
and therefore would not show the heneflcial effests of improvement in
their ciroulatory and respiratory statuse. ‘

The date eomperning the inability of eleetrical stimulation to proe

tect agdinst lethal effects of large douses of barbiturates must also be

viewed in the light of the s!m‘t time-span of these experiments. In the
acute situation dealv with here, seecndary depressing influences result-
ing from gstagnant or anoxic anoxis did not ember into the pileture in &
gignificant way. These animals may be regarded as having died specifically
from the effects of the pentobarbital sodlum alons., Indeed, the uniforwity
of the lethal dose under all conditiona of the experiments raises the
possibility that the lethal effect was exerted through interference with
the action of a critical ensmyme system, perhaps in cardiac mscle. If
such were the case, elecirical stimulation could ot be expected to exert
any protective action againgt the lethal offect of the drug.,

Attention should be called o the method utilised in the measurement
of lethal dose. This method is similar to that utilized by Bliss and
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Allmark {9) in the blo-assay of digitalis. To the author's knowledge,
this is the first time this technique has been used for the study of
central mervous aystem depressanty.

Although many workers have described the electroencephalographie
changes induced by barbiturates (1L-20), and others have demonstrated
the influence of short duration afferent stimuli thereon (21-40), the
electrooncevhalograshic studies recorted in this paper are of value he-
cause they deal with the effeets of prolomged intensive afferent stimula-
tion during barbiturate depressien.

It was found that prolomged stimulstion through the hindlege resulted
in a pattern of low voltage fast activity which persisted for & few sece
onds to several minutes af‘be;’r cessation of stimulation, depending on the
depth of anssthesle and the duration and intensity of the preceding gtime
- uwlus. However, prolonged transeranial or binasal stimulation did not
produce this low voltage fast activity. It is diffiecult to explain this
discrepancy, for Gellhorn {(31) has shown that for short periods of stime
lation, nocleeptive stimull are slightly more effective in producing
arcusal than are proprioceptive stimmli. Little in the way of an explane
ation for ihe different effects of varying the stimulation sites can be
obtained from anatomical studies of the dis‘trihution of trigeminal and
ascending spinal tracte (L1, Li2). Reflection upon the type of respira-
tory responses slicited from the different stimmlation sites may give a
hint as to the explanation of this diserepancy. It will be recalled that
the respiratory respomse to binasal or bitemporal etimilation, although
immediately very large, guickly deelimed to a level only slightly greater
than the resting respiratory minute velume, whereas hindleg stimlation
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msaltg@i in a progressively increasing respiratory wimute volume. If
it is assumed that the binasal and bitemporal stimmlation is predominantly
noclesptive, whereas ths hindleg stimulation is primarily proprioceptive;
the discrepancy can be resolved by assuming that adaptation occocurs more
readily to moelceptive than %o propriocceptive silmlation. Unfortunately
there ls litile evidence to support this concept of differentisl adapt-
ation. A second explanstion is that both types of respiratory response
result from noolceptive stimalation, but the binasal and bibemporal stim-
uwlation produces primarily superficial pain, whereas the hindleg stima-
lation causes deep pain from tendon and miacle reeeptors s the latter
undergoing less adaptation and aceommodation. A ¢ ird explanation, almost
as termmous as the others, is that the hindleg stimulation may affect a
mich larger area of the brain stem than trigeminal stimulation. This :is
partly supported by Berry et al (3h) who found that seiatic stimalation
produced very widespread execitation of the medulla,

By what mechanism does this afferent stimmlation alter the EEG pattern?
Magoun and others (L3-55) have investigated an extralesmiscal sensory system
in the anterior brain stem which is essential for the production and maine
tenance of behavioral arousal and conseciousness. This system, usually
referred to as the reticular mtivatmg system, appears to he dependent
upon afferent sensory input, for the maintenance of its activity (L3-L6, 52)
and is highly susceptible to a variety of depressant influences such as
anesthesla, anoxla, ete., abt levels which have no apparent influence on
activity conducted over the classicel lemmiscal systems of the brain. It
is entirely possible that repetitive intensive stimull such as those used
in these ewperiments, may activate this reticilar syatem sufficiently to
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overcome the barbiturate indueed depresslon and pro&co an EEQ grousal
pattern,

Additional evidence supporting this concept resulis from Kabat's (8)
gtimlation studies of the anterior brein stem which revealed respiratory
responses somewhat similar to those from hindleg stimulation, elieited
fron structures now commonly ineluded in the title "reticular activating
systen .

Tt is true that an EEG arousal pattern can be preduced by afferent
stimalation in animals with lesions of the retieular astivating system,
but as Lindsley et al (Lb) pointed out, this pattern is usually abolished
irmediately on cessation of stimilation. They emphasized that although
this stimolation did produce an BBEG arousal pattern, it did mot result in
behavioral arousal. |

Sineo in our experiments the arousal pattern was not always accom~
panied by behavioral arcusal of the dogs, we may have to eonclude that
gometimes the arousal patiern after prolonred sﬁimlaiion is not dependent
apon vebleoular formation activity. It might be argued that when the
arousal pattern lasted for only a few seconds after the end of stimulation
it was being mediated primarily via the lemmiscal mf:.cm, whereas in those
cases where the pattern persisted for several mimutes, the reticular
sctivating system vas exerting ite influence as well. This may explain
the observation that very early in sach experiment, a few seconds of
activation pattern would be present following stimmlalion, whereas later
when the barbiturate effects were wearing off with presumably less de-
presgion of the reticular activating system, the activation would persist

much longer.
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CLINICAT, TMPLICATIONS

It is felt thaet the results of this study shed comsiderable light
upon the utilisation of electrical stimulation in the therapy of aecute
barbiturate poisoning. It seems most probable that the bemeficial effects
of this therapy are attributable to the reflex effects on cardiovascular
and resplratory functions induced by the exeitation of afferent nerve
fivers., The failure of elestrical stimulation to abtweviate the period
of barbiturate depression, its fallure to combat the lethal effects of
hubmmw, and the resulis of the utilimation of peripheral stimulation
in the one human case reported all point in this direetion. The opinion
has beon expressed that other forms of analepiic therapy exert their
beneficial action in largs part 1ndirectly through cardlovascular and
respiratory stimilotion (12, 13). Undoubtedly the inoreased respiratory
movemonts produced by elsetrical stimulation will counteract the temdemcy
to pulmonary atelectasis so often seen with barbiturate depression as
ghown by Swank and Smedal (56). The pulmonary atelectasis alone will
asparently give rise to hyperthermia without a pnoumonitis being necess-
arily present, although it is a frequent complicating and terminal event.

The use of slectrical stimilation offers certain advantages not
shared by other forms of analsptlc therapy. The principal advantage lies
in the esase and precision of control which is afforded the physician by
virtue of his ability to grade dosage acourately and rapidly. Furthermore,
peripheral electrical stim:lation takes advantage of normal phyeiologloal
mechanisms, and no dangerous side-effecis have yet been seen such as
charactorize the actions of some of the chemical ansleptics. This therapy
has not been sritically compared with other commonly used forms of ireat-
memt, and there is no evidence to indieate that it should be used to the
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exclusion of them: However, as geen in the case described herein, it
proved to be quire effective when the intensive use of cther analeptics
had failed. That this form of stimulation is useful in the treatment of
sther formo of divug induced depression ig shown by its effectiveness in
arcusing patients from deep hypoglycemic coma (57).

From the results of this study it would seem preferable to apply
e¢lectriecal stimlation in barbiturate poiscning peripherally rather than
$rans~cranially. The poasibility of producing respiratory irregularities,
respiratory inhibition and gmfauud convulsions is reduced by using
peripheral stimilstion. Furthermore, prolonged electrical stimulation
gpplied cranially may astually be detrimental Yo the psychiatrie status
of the individual; since it is commonly held {6) that excessive nonecone
vulsive slectro-shock therapy may precipitate states of mental depression.

It ‘shazzl& be obvicus that there are certain conditions and situations
which must be pguardsd apainet in the utilization of this form of therapy.
Care should be taken %o prevent occclusion of the alrway or aspiration of
buccal contents as & result of the sugmented ventilation. Consideration
should be given to the possibility of developing respiratory alkaleosis
through the maintenanece of pulmomary ventilation ;t‘u- in excess of the
metabolic requirements. As was pointed out above,; there is no peason for
believing that one can dispense complotely with other forms of supportive
therapy. Attention should therefore be given to improving the general
status of the patient with rational measures used in conjunction with
peripheral slectiical stimulatlon.

It cannot be too strongly emphasized thal the evidence offers no
support for the idea that electrical stimnlation will shorten the duration
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of action of the barbiturates. The fundamental reason for the disappear=
ance of barbiturate depression is the reduction of the barbiturate con~
cantration by metabolie detoxication or renal exerstion. HKleetrieal
stimlation cannot directly in{luence the rate at which these pkcaessaa
ogeurs It will, however, help the organism to maintain the proper cardice
vaseular and vespiratory conditlens which form the necessary foundabtion

for those processes.

SUNMARY

1. The snaleptic action of electrical stimmlation has been studied
in 69 dogs amesthetised with pentobarbital sodium,

2+« Augmemtation of respiratory minute volume was found te be depeond-
ent upon the astivation of sensory nerves. It was found that direct
electrical stimulation of the cortex or diencephalon was not a factor in
this respiratory augmentation. Peripheral stimalation was found to be
as effective as eranial stimalation, |

3. A distinction was made hetween bohavioral arcusal and ewakening.
Faldng time was not shortenegd by any form of electiricel stimulation although
teuporary arousal could be produced. Eleetrical stimmlation did not proe
tect against the lethal effects of barbiturate administration,

L. The B20 changes resulting from prolonged hindleg stimmlation conw
sisted of the appearance of low vollage fast activity which persisted a
variable time after stopping stimlation. The low voltage fast astivity
was not always accompaunied by behavioral arcusal. Prolonged bitemporal
and bimassl stimilstion did not produce this pattern. These findings are
digcussed in regard to the retienlar sctivabing system of Magoun,
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