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As A PART of a continuing inquiry!-* into When dogs were re-evaluated in the ligh't"; ’_:e)trts :;:1 -
the possibility of developing electrical of these findings, it was found that there: pa etr b“
anesthesia into a safe clinical tool, 6 ma- was more specificity in the need for DC plus. r‘:]aassomaa%.‘
caque monkeys were subjected to electrical a “spike” than was found in the monkey.] functio;
current and the resulting anesthesia evalu- However, some dogs could be anesthetized] 2 lied
ated for adequacy and safety. Anesthesia with almost any current or application pat- :g;e apc
was considered satisfactory if there was no tern. - PE-
response’ to opening the peritoneum and
exerting traction on the renal pedicle. Meas- METHOD :
urements were made of heart rhythm and :
rate, blood pressure, pO., pCOs, and pH, . Each monkey was strapped toTap operat -
and determinations of serum glutamic oxala- 18 table as shown in figure 1. Using 1 per
cetic transaminase (SGOT), and serum cre- cent hdoca}ne without epinephrine for anes-
atinine were made before and after anes- thesia, a rerqoral artery was exposed and
thesia. , cannulated with a nylon catheter connected
. . . to-a Sanborn strain gauge and a Sanbomn
In studies on dogs, it had been ascertained  recorder. Blood pressure was recorded con- .
that anesthesia produced by the application tinuously. Baseline arterial blood gas sam- * =
of direct current (DC) plus a square wave ples for pO., pCO., and pH were drawn at ¢
of alternating current (AC) or DC origin anaerobically. Venous blood was drawn for Fra
was both effective and safe, and the current paseline SGOT content, blood glucose, cre- Fra.
patterns were thought to be reasonably spe- atinine, hematocrit, and white blood count. MI
cific. In the macaque, these and several other The current was then applied. - Wa.
wave patterns were tried—as well as many x I
different application patterns, electrode At the time electrical anesthesia was es- in f
tvpes, electrode compositions, wave dura- tablished and after 1 hour of electrical anes- -S‘
tions, and wave frequencies. It appeared that thesia, arterial and venous blood samples 195
the nature of the current pattern was rela- were drawn. The current was then shut off 195
tively unimportant; anesthesia could be pro- and the animal’s wakening observed. The
duced by several current and application monkey was considered to be awake whet * -
patterns. What was important was the mon- it bit anything offered to it. Blood samples sear
. .key’s response to current, and the steps nec- were drawn !5 hour after the animal was mec
essary to offset a violent response. awake and the same group of tests performed * .
Ane
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RESULTS
with every electrical application, even

eath and effectively pertormed a Valsalva
daneuver As a result cyanosis, bradycardia,
" pnea. and extensor spasm accompanied at-

-qempts at anesthesia. Wakening was slow,
§ fatigue severe, and convulsmns common.

B rhemical studies reflected these changes.
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Intubation of the trachea with a nasotracheal

tube inserted while the animal was awake
1 and ventilation with air during the induction

prevented these abnormalities.
The table shows the mean results of the

1 biochemical studies done on 6 macaque mon-
:’4 kevs which were anesthetized with several
‘patterns of current and application with a

nasotracheal tube in place. An assumption
was made that the breath-holding could be
a function of the particular types of current
applied. As a result. several different types
were applied in an effort to achieve anes-

- ~Smith et al.- - 2’_!@_

the51a wﬂ:hout this undesxrable effect Lﬁg :

Satisfactory anesthesia could be estab-
Ixshed only if the trachea was intubated and
pulmonary ventilation carried out. The
breath-holding response to current apparent-
ly is a species peculiarity.

A Model 100-A generator,” producing a
sinusoidal wave pattern with a range of fre-
quency varying from 300 to 3060 cycles per
second (cps) and functioning with a fixed
amperage output (= 2 per cent), was found
to be the best instrument for use on monkeys.
Induction was less “rough™ than that pro-
duced by other generators, but it did lead to
Valsalva and cardiac slowing. Intubation of
the trachea definitely improved its efficiency.
At 1500 cps, fine subcutaneous electrodes
produced burns when this instrument was
employed. Similar burns were produced in
the guinea pig and dog, as well as in mon-
keys.

DISCUSSION

The following observations are based on
the findings in this study of electrical anes-
thesia on the macaque monkey.

*Electronic Medical Instrument Company, Ft. Col-
lins. Colorado.
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2T - ANESTHESIA and ANALGESTA.. . .

1. There is no necessity. in producing elec-
trical anesthesia in the macaque monkey,
for direct current plus a square wave of DC
or AC origin. The stimulating “spike” may
be a square wave of any origin or a sinusoi-
dal wave. and may be used with or without
direct current. Van Harreveld and associ-
ites’™ original concept, that the effect of
=lectrical anesthesia is consequent to rapid.
repetitive stimuli of sufficient strength, ap-
nears to be correct. at least in the macaque.

- 2. When direct current is not employed,
subcutaneous needles or stainless steel safety
pins can be used for electrodes.

Constant voltaze does not produce as
smooth an induction as does constant amp-

R

4. A motor-driven potentiometer for con-
trolled zpeed and smoothness of input is a
necessity.

Current Researches

Vot. 44, No. 3* Mav-JuNE, 1

Fig. 1. Monkey is su-*
pine on slightly troughed -

up. with head immobilized ;
by 34 inch plywoed “col.
lar” fastened to table base

by wing nuts and !4 inch-
bolts. Elbows cannot be-
bent because of padded .
cylinder tied to table. Cyl- -
inders are hinged length-3
wise to expedite placing 4
around upper limb. Lower =
extremities are immobil-7]
ized by strapping thighs to
table and tving feet to-
distal end of table.

5. Hizh frequencies, over 1000 cps, offer
no advantage over those of 500 to 1000 cps, |
except toward a smoother induction. How-
ever. burns are noted when fine subcutane-
ous needies are employed. ‘

5. Narrow waves appear to cause less dis-
comfort than the broader ones, but require
more voltage to produce a given peak amp-

zraze.

A nasotracheal tube prevents most of
the physiological and biochemical disturb-
ances, -

Another observation arose from this study.-
A test animal was subjected to electrical
anesthesia using the rectal-brow electrode
placement pattern. When anesthesia had
heen achieved, a shielded pickup electrode-
working through a recorder was applied to:
a series of transverse sites on the long axis:
of the body. The electrode applied to the_

table, 5 to 7 degrees head- §-

P
Glucose
/'——_—_

4 Blood pr
T cnmm———

Pulse _
Creatinin
a———————

SGOT
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i ' MONKEYS: INTUBATION WITH NASOTRACHEAL TUBE NO. 20 -

/ \ - T

_ | | End EN + | End EN
Resting | EN effected | EN 4 1 hour 12 hour | < 24 hours

— R |

20: 110 I 87 | 96 | 94 i

S——— - 1 i

5CO: 365 | 47 336 | 35 %

— ] ~ i = Il -- H

oH | 7485 | 7.135 7.487 | 7.5 :

) I— : :

Glucose | 125 | 180 145 105 s
| Blood pressure | 178/100 205/120 75/100 165/90

Pulse | 218 248 228 | 234

Creatinine | 1.1 | l | | 3.0
SGOT P75 i ; i L 73.0

MONKEYS: INTUBATION WITH NASOTRACHEAL TUBE NO. 20
AND VENTILATED WITH AIR

p0: 109 | 98 118 | 98 !

pCO: 34.8 37 35 | 348 |

pH 7.46 7.22 7.392 | 7.46 i

Glucose | 94 | 160 103 | 88 }

Blood pressure | 170/105 | 190/130 | 170/100 | 170/100
" Pulse {250 | 275 230 | 236 |

Creatinine ! 0.9 | | T 1.5
SGOT | 68.0 | ! % L 750

g

led pickup electrode ]
rrder was applied to’
ites on the long axis’
trode applied to the*

EN = Anesthesia produced by curren
pificant change in pCO,; this has been interpreted as
Rapid disappearance of acidosis when anesthesia is achieved supports this concept.

£ < TRICH  UNSULSLISFULLY

t application. Note fall in pH consequent to induction. without sig-
metabolic acidosis consequent to muscle activity.
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*skin picked up a certain ;mall amount of

current. When the needle was inserted into
the subcutaneous area, a greater voltage was
recorded.

The needle electrode was inserted into
subcutaneous tissue, muscle, vein, aorta, ver-
tebra, intervertebral space, subdural space,
and viscera (kidney, liver, brain), and the
pickup was exactly the same at a given
transverse level. The voltage picked up var-
ied according to the site on the long axis of
the body: but at any one site, it was con-
stant. Thus. we have evidence that the body
acts as a mass conductor, and there is no
obstacle posed to the passage of current by
bone and other tissues.

SUMMARY

Intubation of the trachea and ventilation
with air during induction allow electrical
anesthesia to be achieved easily in the
macaque. Physiological and biochemical
studies under these circumstances showed no
deleterious effects in the macaque subjected
to anesthesia produced by electrical current.
The current can be applied in almost any
“spike” form, provided the stimulus is rapid,
rhythmic, repetitive, and of sufficient in-
tensity.

Generic and Trade Names of Drugs
Lidocaine—Xylocaine
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Life is short

Art is long

The occasion instant
~Judgment difficult

Experiments perilous—Socrates

1. Smith. R H.. Goodwin, C.. Fowler. E.. Smith |=

Y T

= | JHELYPRESSIN
A thesized: st-
_.vasopressin, one
“polvpeptide horrr
-potamus. This L
=diuretic hormone
- tuitary of huma-
=bits. and rats or
| -amino acid, lysir
<8 of the peptide.
‘7these hormones :
"2 of a phenylal
_ tyrosine.

Under pharms
~ that PLV-2 exh
- action, compara’
« pressin when me
7 pressure in the -
~fect was 2.4 tirr
*"active pressor ¢

}- hibits diuresis o

F__as lysine vasop-
Flysine vasopress
* studies® with re:
* tracting intestir
" constrictor activ
- fects, no essent:.
- Mmined between

¢ In man3 PLV-2

+-effective as a v
t weaker as an ar
Zlysine vasopres:
% -cat hearts have
Z active than lys!

*Section of Anest:

' This study was s
HE.08776-01. H:
preparations of 1



	00618 STUDY E-7
	00619
	00620
	00621
	00622

