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EFFECT OF ARFONAD® ON ANESTHETIC REQUIREMENTS
DURING CYCLOPROPANE ANESTHESIA

J. WeLpoN BEeLLviLpi, ML.D., axp JoserH F. Artusio, Ju., M.D.

CoxTroLLED hypotension has wide usage in the anesthetic management
of surgical patients. Arfonad® (d-3, 4-[1,3-dibenzyl-2"-ketoimidazo-
lido]-1, 2-trimethylene thiophanium d-camphor sulfonate) has been
used extensively for the production of controlled hypotension in our
clinic. Clinically, we and others (1) were of the impression that
Arfonad redueed the amount of anesthetic agent required to maintain
surgical anesthesia during the period of induced hypotension.

To determine whether this clinical impression of decreased require-
ment of anesthetie agent was true, we undertook a study of this prob-
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Fia. 1. The servo loop.

lem by a controlled experiment. Electroencephalographic records can
be used to judge the depth of anesthesia (2, 3). Therefore, continuous
electroencephalograms were obtained on patients during cyclopropane
anesthesia in order to determine if, following the administration of
Arfonad, any change in pattern could be observed. A more sensitive
indicator of anesthetic requirements, a servo (automatic) anesthetic
administrator coupled with a recording potentiometer, was then in-
corporated into our recording system.

This article was read before the Eighth Postgraduate Assembly of the New York State
Society of Anesthesiologists in December, 1954, and aceepted for publieation June 17, 1955.

Dr. Bellville and Dr. Artusio are in the Department of Anesthesiology of the New York Hos-
pital and Cornell Univernity Medical College, New York, New York.
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The servo loop first used in anesthesia by Bickford in 1950 (4)
consists of a patient, an electroencephalographic recorder, a servo
regulator and a means of delivering the anesthetic agent. Feedback
exists through each ecomponent to complete the loop, as indicated in
figure 1. This is the essence of a homeostatic system.

MEeTrHOD

Observations were made on 10 normotensive female patients under-
going radical or simple hysterectomy. Premedication consisted of 0.4
mg. of atropine alone or with an appropriate dose of an opiate or
barbiturate. Induction was accomplished using cyclopropane-oxygen

Fra. 2. Heidbrink cabinet Kinet-o-meter with anesthesia servo mechanism.

in a Heidbrink circle carbon dioxide absorber system. A cuffed endo-
tracheal tube was passed to maintain a closed system. Fronto-occipital
electroencephalographic needle scalp leads and electrocardiographic
limb leads were attached for recording purposes. Recordings were
made with a Grass III D electroencephalograph. Cyclopropane anes-
thesia was decpened until electroencephalographic pattern IV (3),
which corresponds to the third plane of surgical anesthesia, was ob-
served and at that time the servo machine was incorporated into the
system. Simultancously the eyclopropane gas flow was recorded by the
recording potentiometer which registered the position of the eyclopro-
pane gas flow valve and thus had been previously calibrated to read
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cyclopropane gas flow. After at least twenty minutes the system had
come to anesthetic equilibrium.

Arfonad was then given by rapid single intravenous doses of from
0.1 to 0.2 mg. per kg. in order to determine its effect on cyclopropane
gas flow. This dose usually dropped the blood pressure to 60 to 80
mm. of mercury systolic. During this time the patients were placed
supine with the pelvis the highest point, the feet and head lowered
in order to attempt to preclude hypostatic cerebral ischemia and to

CYCLOPROPANE GAS FLOW (cc PER MIN.)
(INTERMITTENT ARFONAD)
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Fia. 3. Cyclopropane gas flow record during challenge with Arfonad.
Time progresses from bottom to top.

provides a bloodless operative field. Subsequent similar doses of Arfo-
nad were administered when the blood pressure recovered to a systolic
of 100 to 110 mm. of mercury. In order to test the sensitivity of the
servo system after discontinnance of Arfonad, at which time the blood
pressure always had returned to pre-Arfonad levels, 25 mg. of thio-
pental sodinm was rapidly administered intravenously. All blood pres-
sures were obtained by sphygmomanometic technique. Blood loss was
estimated and blood was continuously replaced during the operation to
maintain normovolemia. ’
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The servo mechanism used in this study with cyclopropane and
Arfonad continuously varies the gas flow by means of a two-phase servo
motor in response to the electroencephalographic pattern and main-
tains a constant level of anesthesia as interpreted by the electro-
encephalographic recording (fig. 2). The servo motor is driven by a
servo amplifier, which consists of a discriminator, integrator, balanced
modulator and push-pull power amplifier (3). It must be noted, how-
ever, that a servo loop is not a calibrated system and will correet con-
tinuously and indiscriminately for all types of disturbances.

CYCLOPROPANE GAS FLOW (cc PER MIN.)
(INTERMITTENT PENTOTHAL )
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Fla. 4. Cyclopropane gas flow record during test with thiopental sodium.
Time progresses from bottom to top.

ResuLts

A total of 55 challenges with arfonad were made in the 10 cases.
In not a single one of these challenges were we able to detect any
inerease or decrease in the cyclopropane required to maintain electro-
encephalographic pattern IV. Furthermore, Arfonad given in repeated
doses over a period of time also did not change the anesthetic re-
quirements. The electroencephalographic pattern remained stable dur-
ing all of these challenges.

Figure 3 shows a typical gas flow record prior to and during the
injection of Arfonad. It shows that the eyelopropane gas flow remained
unchanged in spite of hypotension produced by Arfonad. Prior to
Arfonad administration, the constant level of anesthesia was main-
tained with a gas flow of 50 cc. of cyclopropane per minute. This gas
flow continued unchanged during single and repeated doses of Arfonad.
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Figure 4 shows the effect of 25 and 50 mg. of thiopental sodium
administered intravenously to the same patient. The cyclopropane
gas flow in both instances was reduced automatically by the servo
mechanism. Each system tested in this way indicated a decrease in
eyclopropane gas flow following the administration of 25 mg. of thio-
pental sodium intravenously.

DiscussioN

In order to determine the anesthetic potentiating effect of agents
given to patients who are anesthetized it is necessary to measure and
control the level of anesthesia-by more accurate means than the sub-
jeetive impressions of the anesthesiologist. Thus the anesthetic level
was measured by the electroencephalogram and maintained constant
by the servo mechanism.

To control the level of anesthesia by a serve mechanism the follow-
ing conditions must be fulfilled: (1) The level of anesthesia must be
measurable, (2) the required changes in administered anesthetic must
be controlled by some physical means, and (3) both measurement and
regulation must be rapid enough to make the system feasible.

For our purposes the anesthetie level is taken to mean the eleetro-
encephalographic patterns which accompany different concentrations
of arterial blood cyclopropane. Possati, Faulconer, Bickford and
Hunter reported that an almost straight line correlation existed be-
tween the changes in electroencephalographic pattern and the arterial
blood eyelopropane concentration (3). Cyelopropane is a potent, rapid
acting agent (6) und experiments performed during the development of
the servo machine confirmed the impression that the agent could be
automatically controlled.

A flow of about 50 ce. of eyclopropane per minute was usually re-
quired to maintain a constant level of anesthesia in these patients.
This constant flow of 50 cc. of cyclopropane per minute represents
the amount of gas necessary to maintain anesthetic equilibrium by
making up for that gas which diffuses through the skin, rubber con-
nections, and also that amount absorbed from the plasma by less satu-
rated tissues.

The effect of several anesthetic agents on the central nervous sys-
tem as measured by the electroencephalogram is additive. Anoxia and
carbon dioxide accumulation also will produce a deeper electro-
encephalographic pattern when superimposed on a constant level of
anesthesia (7, 8). :

Cyclopropane was the sole anesthetic agent. Adequate gas ex-
change was maintained at all times by assisted respiration to preclude
hypoxia and hypercapnia. The 10 degree head-down position was em-
ployed in an attempt to guard against cerebral hypoxia at hypotensive
levels. Arfonad was the only secondary agent introduced into this
system.
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If Arfonad had an anesthetic action, it should produce a deeper
electroencephalographic pattern and the servo mechanism in turn
would feed less anesthetic agent to maintain electroencephalographic
pattern IV. From our results Arfonad had no effect on the servo
cyclopropane gas flow or on the electroencephalographic pattern.
Therefore, Arfonad has no appreciable central anesthetic action.

SumMMary

Patients in the 10 degree head-down position showed no appreciable
decrease in cyclopropane requirements during rapidly induced hypo-
tension with Arfonad. '

A method by which servo anesthesia can be used to assay possible
anesthetic potentiating effects of simultancously administered agents

has been presented.
REFERENCES

1. Nicholson, M. J.; Sarnoff, 8. J., and Crehan, J. P.: Intr Use of Thiopt
Derivative (Ar!onnd RO 2-2222) for Production of Flexible and Rapidly Reversible
Hypotension During Surgery, Anesthesiology 14: 215 (May) 1953.

. Rubin, M. A., and Freeman, H.: Brain Potential Changes in Man During Cyclopropane
Anesthesia, J. Neurophysiol, 3: 33 (Jan.) 1940.

. Possati, 8.; Faulconer, A., Jr.; Bickford, R. G., and Hunter, R. C.: Electroencephalo-
graphic Patterns During Anesthesia with Cyclopropane: Correlation with Concentra-
tions of Cyclopropane in Arterial Blood, Anesth. & Analg. 32: 130 (March-April)
1953,

. Bickford, R. G.: Automatic Electrocncephalographic Control of General Anesthesia,
Electroencephalog. & Clin. Neurophysiol, 2: 93 (Feb.) 1850.

. Bellville, J. W.; Artusio, J. F., Jr., and Bulmer, M. W.: Continuous Servo Motor Integra-
tion of Eleetrical Activity of Brain and Its Application to Control of Cyeclopropane
Anesthesia, Electroencephalog. & Clin, Neurophysiol. 8: 317 (May) 1954,

. Kety, 8. 8.: Physiological and Physieal Factors Governing Uptake of Ancsthetic Gases
by Body, Anesthesiology 11: 517 (8ept.) 1950.

7. Clowes, G. H., Jr.; Kretchmer, H. F.; McBurney, R. W,, and Simcone, F. A.: Eleetro-
encephalogram in Evaluation of Effects of Anesthetic Agents and Carbon Dioxide
Accumulation During Burgery, Ann. Surgery 138: 558 (Oct.) 1953.

8. Bugar, O., and Gerard, R. W.: Anoxia and Brain Potentinls, J. Neurophysiol. 1: 558
(Feb.) 1938,

©

I3

-

2]

=)

220z 1990300 G0 uo 3senb Aq ypd'11000-000£0956 L-2¥S0000/ | L LELTILYE/2/ L) HPA-80IE/ABOjOISBLISUE/WOD JIELDIBA|IS ZESE//:d\Y WOl papeojumo]



