The Effects of Halothane on Peripheral and Central
Vasomotor Control Mechanisms of the Dog
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This report presents additional data supporting
the conclusion from a previous publication that in
the dog, haloth p its hyp effect
by peripheral rather than central actions. Cardio-
vascular responses evoked by reflex vagal stimula-
tion and by direct medullary stimulation were
used to test the effects of halothane. Two types
of cross-circulation design were employed. Halo-
thane was delivered to the head or to the body
of the ient animal. Haloth given to the
head of the recipient caused little or no reduction
of the P H , when halo-
thane was delivered to the recipient’s body only,

ked reduction of resp was ob-
served. It is concluded that there is no sig-
pificant centrally mediated depression of cardio-
vascular function during halothane anesthesia.

WE HAVE DEMONSTRATED! that halothane
caused a striking depression of vascular reflex
responsiveness by perpiheral actions at a time
when no central depression was evident.
Using the major vessel occlusion (MVO) tech-
nique, halothane in high concentrations (3-10
per cent) administered to the cephalad portion
of the circulation (above the diaphragm) for
a short period of time (1-2 minutes), did not
affect the vascular reflex responsiveness of the
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caudad portion of the animal. Such a finding
is surprising in view of the obvious central
nervous system depressant actions of general
anesthetics. The present study was under-
taken to explore further whether halothane has
any effect on central vasomotor control mecha-
nisms. Using cross-circulation preparations,
halothane was administered either to the vas-
cular isolated head or to the remaining portion
of the animal. This preparation permitted the
administration of halothane in low concentra-
tions for long periods of time. Results of these
experiments confirm and extend our previous
findings, and indicate that the central vaso-
motor control mechanisms are not affected by
halothane.

Methods

Thirteen pairs of mongrel dogs of either sex
were used. Each donor animal weighed be-
tween 16 and 24 kg., and each recipient be-
tween 11 and 16 kg. In each experiment, the
donor animal was at least 2 kg. heavier than
the recipient.

Two types of basal anesthesia were used.
In six experiments the donor and recipient
animals were given a hypnotic dose of sodium
thiopental (25-30 mg./kg., iv.). After tra-
cheal intubation the lungs were ventilated with
70 per cent nitrous oxide in oxygen, with a
nonrebreathing system using a Harvard res-
piratory pump (Model 607). The animals
then were immobilized with a slow intravenous
infusion of succinylcholine HCI (0.1 mg./min-
ute). In the remaining seven experiments, the
basal anesthetic was sodium pentobarbital, 30
mg./kg., iv.; nho succinylcholine was given.
The trachea of each animal was intubated and
the animal ventilated weith 100 per cent oxy-
gen. Ventilation was adjusted to maintain
essentially the same Paco. (generally 30-35
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mm. Hg) in both donor and recipient animals.
Either Pago, was determined by the Astrup
technique (Astrup AMEI) or the end-tidal
Pgo, Was monitored continuously with an infra~
red detector (Beckman LB-1). The animals
were given intravenous infusions of 5 per cent
dextrose in saline, administered at a rate of
50-75 ml/hour. Blood loss was replaced with
6 per cent destran in saline or with dog's
blood.

Cross-circulation was carried out in one of
two ways, described below.

“Type 1 Cross” PREPARATIONS

In eight experiments in which central vagal
stimulation was employed, the vagi of the re-
cipient animals were isolated in the lower
neck, and the central end of one severed nerve
was placed on a Palmer bipolar electrode and
bathed in mineral oil at 38° C. The stimulus
was derived from 2 Grass Stimulator (Model
S4) through a stimulus isolation unit. The
cervical muscles were either cut or compressed
with a tourniquet. All vascular and neural
pathways in the neck were interrupted except
the common carotid arteries, the vertebral ar-
teries, the external jugular veins, the vessels

“L.vertebrel a.

Sept.-Oct. 1965
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cross” preparations.
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within the spinal column and the spinal cord.
The chest was then opened through a midline
sternotomy and the brachiocephalic trunk iso-
lated. Both common carotid and the right
vertebral arteries were identified and pre-
served. All branches of the right subclavian
artery other than the right vertebral (omocer-
vical, costocervical, internal mammary and
axillary) were identified and ligated. The left
vertebral artery was isolated and ligated after
cross circulation had been established. The
donor animal's neck and chest were opened in
the midline and the left external jugular vein
and left subclavian artery were isolated. Cross
circulation was effected by connecting the
proximal end of the donor’s left subclavian
artery to the distal end of the recipient’s bra-
chiocephalic trunk and by connecting the distal
ends of both of the recipient’s external jugular
veins to the proximal end of the donor’s left
external jugular vein (fig. 1). Tygon tubing
was used for the vascular connections, and
heparin (50 mg., i.v.) was used as the anti-
coagulant. Thus, after cross-circulation had
been established, the recipient’s head was per-
fused through both common carotid arteries
and the right vertebral artery.
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“Type Il Cross” PREPARATIONS
In five experiments in which direct stimula-
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stereotaxic instrument, and after an occipital
craniotomy, the medullary pressor area was

stimulated using a bipolar coaxial electrode.
The stimulus was derived from a Grass S-4

imulator via a stimulus isolation unit. Re-
producible pressor responses were elicited by
stimulating areas 3-5 mm. rostral to the obex,
2-3 mm. lateral to the midline and 1-2 mm.
below the dorsal surface.

In both cross-circulated preparations the
recipient’s fernoral arterial pressure (recipient
bedy pressure) and the donor’s femoral ar-
terial pressure (recipient head pressure) were
measured by Statham 23 AC transducers and
recorded on a Grass Model 7 polygraph. In
some experiments the recipient’s heart rate was
measured by a Grass tachograph triggered by
the pulse wave.

Halothane was added to the nitrous oxide—
oxygen mixture when the latter was used as
the basal anesthetic, or to oxygen when pento-
barbital was the basal anesthetic. Halothane
was vaporized either in a calibrated Copper
Kettle or in a calibrated Fluotec vaporizer.
In three experiments the end-tidal concentra-
tions of halothane for both animals were mea-

tion of the medullary vasomotor center was
carried out, cross-circulation was established
using a method previously described,® with
modifications. Briefly, all cervieal structures
of the recipient animal were ligated or divided
except the common carotid artery, external
jugular veins and vascular elements of the
spinal column. The vertebral arteries were
ligated as they emerged from the transverse
foramina of the second cervical vertebra.®
Cross-circulation was accomplished by anasto-
mosing the corresponding carotid arteries and
jugular veins of the recipient and donor, using
Payr’s cannulae. No anticoagulant was used.
The head of the recipient was placed in a

° In one experiment the anterior spinal artery
of the recipient animal was ligated intradurally
after a partial laminectomy of C.. The results
from this experiment were identical with the
others. ‘This was done to rule out the (i)ossibiliky
that when halothane was given to the donor, the
concentration of halothane reaching the recipi-
ent’s medulla might be lowered by blood of the
anterior spinal artery of the recipient, which con-
tained no anesthetic.

TanLe 1. Effect of Halothane on Arterial Pressure and Pressor Response to Central Vagal
Stimulation of the Recipient in “Type I Cross™ Experiments

Bods Arterial Pressure (mm. Hg) Pressor Regnonso of Bedy to,Ccntral Vasal
Basal Per Cent
Esp. | Anesthesia | pro1Siian After Halothane After Halothane
€| Con- Recov-| o o1 Recovery
trol ery ntrol ecovery
> 10 ¥ 10
162 123 45 [1700100]  +60 +i5 +18 | +60010)
162 120 88 (155000 +35 +25 o | +30(200
5 155 120 108 1520300 55 5 +25 4550200
X 125 % 20t 1226 | 470 +65 5 | +70(5)
. 160 135 100 1350107 450 0 +15 | +50010)
Hit | N:0-0: X 140 7 45 12aEo| 470 +65 +35 | 4700207
Hi5 | ital 145 80 40 l30@sy| H5 +30 +15 | H0(5)
Hi9 ¥ i 125 65 40 1145(18) 0 +25 +15 [ +i0(18)
MeanzSE| 18 101204 160116 +53:4.8) 13257 (1740
MPDESE] 4.9 | —47 25,954 —B8 480+ —10£1.2%%| —364.5%4
To head
H2s | N:0-0: 2, 175 175 120 |130¢ +55 +50 +55 | +35(200)
H30 | N:0-0: 172 1 125 1650130 430 +32 430 [ +30013)
H32 | N:0-0: X 5 180 130 153200 475 +80 +i5 [ +75(20)
N:0-0: X 135 175 175 |175(200] 460 +65 +55 | +65020)
H3t | NO-G: 110 115 8 10010
Hi | N:0-0: 125 138 65 (1250200 +15
45 |P ital 155 115 10200(  +65
Hid [P i X 145 115 65 [140018)] +65
Mean=SE[ 149 | 72105 (102:£14.4 +60:£5.0
MPDISE| £85 | -277 |—i7x10.0"

. MPD = mean paired differences (from control values). #**P < 0.001; **P < 0.005; *P < 0.05 (Student’s ¢ testa). Numbers
in parentheses indicate minutes to the time the recovery readings were made. tIn this experiment arterial pressure declinad rapidly
between 6 and 8 minutes. Halothane was discontinued and cardiac massage performed for 30 see. Recovery was complete.
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Fic. 2. (Upper) comparison of the effects of
halothane on the arterial pressure of the body
of the recipient animal when the same concentra-
tion of halothane was administered to the head
and then to the body, or vice versa; (lower)
comparison of the effects of halothane on the
magnitude of the pressor response of the recipi-
ent’s body to central vagal stimulation when halo-
thane was administered as above. These data
are from eight “Type 1 cross” experiments; all
values are mean = S.E.

sured by gas chromatography. After 1 per
cent halothane had been given to the recipient
for 30 minutes, the end-tidal concentration was
0.70-0.75 per cent; that in the donor was al-
ways less than 0.0015 per cent. The reverse
was found when the same concentration was
given the donor for the same period of time.
In four esperiments in which pentobarbital
basal anesthesia was used,} the end-tidal halo-
thane concentrations in the animal receiving
the anesthetic were monitored continuously by
means of an infrared detector (Beckman) to
determine whether the anatomical differences
in the two animals of a crossed pair, ie., in
effect a2 “two-headed” donor and a “headless”
recipient had an effect on the end-tidal halo-
thane concentrations. End-tidal concentrations
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of halothane were found to have the same time
course (within 0.05 per cent) whether deliv-
ered to donor or recipient.

Results

PERIPHERAL AND CENTRAL EFFECTS OF
HALOTHANE ON ARTERIAL PRESSURE

The data from “Type 1” and “Type II” cross
experiments are presented separately because
of differences in experimental design. “Type
1 cross” preparations underwent thoracotomy
whereas “Type II cross” preparations did not,
hence the degree of surgical trauma was less
in the latter. While most “Type I cross”
preparations were under nitrous oxide-oxygen
basal anesthesia and immobilized with suc-
cinylcholine, “Type II cross” preparations all
were anesthetized with pentobarbital. “Type
1 cross’ preparations received halothane in in-
spired concentrations varying from 0.5-3 per
cent, while “Type 11 cross” preparations all re-
ceived 1 per cent halothane.

“Type I Cross” Experiments

When halothane (0.5-3 per cent) was de-
livered to the recipient animal, it was distrib-
uted only to the body of the animal and not
to the head. Thus, changes in the arterial
pressure during halothane administration re-
sulted from peripheral actions of this agent.
Under these conditions the arterial pressure of
the recipient (body pressure) began to fall
within 30 seconds, and continued to decline
throughout the ten minutes of administration.
As can be seen in Table 1, the mean body
pressure decreased, on the average, 47 and
88 mm. Hg after two and ten minutes of halo-
thane administration, respectively, from a con-
trol value of 148 mm. Hg. After discontinu-
ation of halothane, the body pressure recov-
ered to control values within 25 minutes.

When the same concentration of halothane
was delivered to the donor, and thus reached
the head but not the body of the recipient,
changes in arterial pressure in the recipient’s
body would suggest a central action of halo-
thane. Under these conditions, body pressure
did not change after two minutes of halothane
a After five minutes there was

. .

ration

1 The basal anesthesia was changed from ni-
trous oxide—oxygen to pentobarbital to facilitate
the determination of halothane concentrations by
infrared analysis.

a small decrease, and after ten minutes mean
body pressure fell an average of 47 mm. Hg
from a control value of 149 mm. Hg (table 1).
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After ten minutes the donor’s arterial pressure
(recipient’s head pressure) had decreased an
average of 45 mm. Hg (range 27-55) from a
control of 107 mm. Hg (range 75-137). After
discontinuation of halothane, both the donor'’s
and the recipient’s arterial pressure returned
to control levels within 20 minutes.

Figure 2 is a comparison of changes in
body pressure occurring after halothane had
been administered to the head and to the
body. After ten minutes of halothane admin-
istered to the recipient (body), body pres-
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sure fell to a much lower level than when
halothane in the same concentration was ad-
ministered to the donor (head of the recipi-
ent). In fact, after two minutes of halothane
delivered to the body, body pressure had de-
creased as much as it had after ten minutes
of halothane administered to the head.

When halothane was delivered to the repipi-
ent’s head, it was often noted that the bedy
pressure rose initially, and in three animals
(H 32, H 34, and H 44) this rise persisted for
as long as two minutes (fig. 3). In spite of
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Fic. 3. Effects of halothane on arterial pressure, heart rate and pressor response to central
vagal stimulation in a “Type I cross” experiment. Top trace, recipient’s heart rate, mid trace,

recipient’s body pressure; lower trace, donor’s head pressure.
end of the recipient’s cut right vnfus nerve was stimulated for 15 seconds.
body. Note the marked fall in body arterial pressure and

halothane administered to the

At each signal the central
Upper panels:

heart rate and the decrease in magnitude of the pressor and heart rate changes to central

vagal stimulation after only two minutes of halothane.
Note the rise in body arterial pressure followed by a smaller fall. The

istered to the head.

Lower panels: halothane admin-

pressor and heart rate responses to central vagal stimulation are essentially unchanged after

ten minutes. Time signal: 1 and 5 seconds.
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the presence of halothane in the circulation
to the head, this rise may have been a baro-
static response to the decrease in the head
pressure. This could occur, since the carotid
sinus of the recipient was included in the cir-
culation to the head. To test this hypothesis,
in one experiment (H 44) in which halothane
administered to the head had elevated the
body pressure during the first two minutes
(Bg. 3), halothane administration was re-
peated, but this time the donor’s arterial pres-
sure was not allowed to fall. This was accom-
plished by manipulating an adjustable occlu-
sive clamp placed on the descending aorta of
the donor. Under these conditions, with the
perfusion pressure to the head maintained

006 M 44 F Aecepent 1304
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constant, the early rise in the body pressure
no longer occurred (fig. 4). After two min-
utes the body pressure just began to fall

“Type II Cross” Experiments

In this group of five experiments, 1 per cent
halothane was administered. \When halothane
was delivered to the recipient animal, thus
reaching only its body, body pressure began
to fall within 30 seconds, as in the “Type 1
cross” experiments. However, at the end of
ten minutes of administration, the average de-
crease was only 40 mm. Hg, compared with
a decrease of 88 mm. Hg in “Type I cross”
preparations. Control arterial pressures of the
two groups were similar (table 2).

Baby
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HEART
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Booy
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WEAD &
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CONTROL 2' E"
¥ Prazgure held conslont

Fic. 4.

Same cross-preparation as in figure 2.
and pulsatile head pressures were recorded alternately.
peated while the head pressure was held constant.

' RECOVERY

BRecords as in figure 2, except that mean
Halothane administration was re-
nges were essentially the same as

in figure 2, except that rise in body pressure for the first two minutes was no longer present.
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TapLg 2. Effect of Halothane on Arterial Pressure and Pressor Responses to Medullary
Stimulation of the Recipient in “Type II Cross” Experiments

: Pressor Response of Body to Medullary
Body Arterial Pressure (mm. Hg) S iation (mm. H)
Exp. Basal _ P=r°Cent -
Anesthesin | g o0 After Halothane After Halothane
Con- Recov-
rol ety | Control Recovery
2 100 2 10
To body|
150 1 15 130 10 (1sA8) 60 +10 +15 [ $30016)
H51 1 135 120 95 1250157 +50 +40 +25 +15(5%)
H52 1 140 105 80 |13025)] 475 +i5 +15 | +50(25)
H55 1 180 5 15 1750120 +50 +20 +15 +50(10)
156 1 145 125 15 150007 +70 +i5 +35 | 47005)
MeanzSE| 110 h126£7.3 11092109 T61£5.1[ 3846 | 421510
MPDZSE|280 |-2351.0%%) —10£52% 23T —1025.9%%
To head
H50 1 150 145 Mo |u505)| 455 +50 +15
H51 1 135 155 135 135(200)| 460 +60 +50
H52 1 150 160 135 1500 +73 +75 +73
55 1 180 2 170 180(147)|  +65 +60 +55
1 130 140 135 135014)  +70 +70 +55
MeanS.E. 147468 +6523.5 +634d | +303.
MPD=SE| —2438 izl | -9x28*

MPD = mean paired differences (from

control values). $¥*P < 0.001; *+P < 0.005; *P <0.05 (Student’s ¢ teats). Numbers

in parentheses indicate minutes to the time the recovery readings were made.

However, when halothane was delivered to
the donor, thus reaching only the head of the
recipient, the latter's body pressure remained
essentially at control level after ten minutes
of halothane. An initial rise persisting for two
minutes or more was seen in four of the five
experiments. The donor’s arterial pressure
(head perfusion pressure) averaged 120 mm.
Hg (range 75-190) under control conditions
and decreased on an average of 21 mm. Hg
(range 10—40) after ten minutes of halothane
administration. Generally, the donor’s arterial
pressure was higher than that of the animals
of “Type 1 cross” preparation, and decreased
less during halothane inhalation.

PERIPHERAL AND CENTRAL EFFECTS OF
HALOTHANE ON PREssoR RESPONSES
70 CENTRAL VAGAL STIMULATION

The pressor response to central vagal stimu-
Jation was studied in eight “Type I cross™ ex-
periments. The central end of a cut vagus
nerve of the recipient animal was stimulated
electrically for 10-15 seconds to evoke a re-
producible pressor response. This was re-
peated every two to three minutes throughout
the experiment.

When halothane was administered to the
recipient, i.e., to only its body, the magnitude
of the evoked pressor response was reduced

within two minutes. This response continued
to decrease with time and by ten minutes it
was reduced to about a third of the control
value. On the other hand, when halothane
was administered to the donor, i.e., to the head
of the recipient, reflex response was unchanged
or increased after two and five minutes, and
was essentially unchanged after ten minutes
(table 1 and fig. 3).

The reduction in reflex responsiveness when
halothane was delivered to the body was not
related to the concomitant fall in the recipi-
ent’s body pressure. As shown in figure 2 and
table 1, halothane administered to the head
for ten minutes decreased body pressure by 47
mm. Hg but caused no change in the reflex
response. However, halothane administered to
the body for only two minutes also decreased
the body pressure by 47 mm. Hg. Here the
reflex response definitely was reduced. Main-
tenance of reflex responsiveness throughout the
ten-minute period of halothane administration
only to the head, as contrasted with the pro-
gressive reduction of this response when halo-
thane was administered to the body, is illus-
trated in figure 2. In four of the eight experi-
ments, the period of halothane administration
to the head was extended to 20-30 minutes.
The pressor response to central vagal stimula-
tion remained unchanged.
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PerpEERAL AND CENTRAL EFFECTS OF
HALOTHANE ON PrESSOR RESPONSES
T0 MEDULLARY VASOMOTOR
AREA STIMULATION

In each of the five “Type II Cross™ experi-
ments, the medullary vasomotor area of the
recipient animal was stimulated electrically for
6-10 seconds to evoke a reproducible pressor
response. The duration and stimulus intensity
were chosen to evoke a reproducible and sub-
maximal pressor response. Tachycardia of
varying degrees always accompanied the pres-
sor response to medullary stimulation. The
stimulus was repeated every two to three min-
utes throughout the experiment.

When halothane was administered to the
recipient for ten minutes, there was a progres-
sive reduction of both pressor response and
tachycardia (table 2 and fig. 5). After ten
minutes the pressor response was only 21 mm.
Hg (control response, 61 mm. Hg). The mag-
nitude and time of reduction were in the same
range as with central vagal stimulation in the
“Type 1 cross” experiments. Recovery of the
pressor response to control levels took place
within 25 minutes. This was similar to the
recovery patterns seen in “Type I cross”
experiments.

When halothane was administered to the
donor (or head of the recipient), the response
to medullary stimulation remained unchanged
after two minutes, and was reduced slightly
after ten minutes (table 2 and fig. 5). The
average pressor response, after ten minutes of
halothane administration, was 56 mm. Hg;
control response, 65 mm. Hg. This decrease
was much less than that seen when halothane
was delivered to the body for the same period.

Discussion

Although two types of basal anesthesia were
employed (nitrous oxide-oxygen or pentobar-
bital), both animals of any crossed pair re-
ceived the same basal anesthetic. The results
were not dependent upon the basal anesthetic
used. Halothane concentrations varied from
0.5 to 3 per cent, but the same inspired con-
centration always was administered alterna-
tively to the head and the body in a given ex-
periment. To reduce trauma, minimize blood
Ioss and maintain the stability of the prepara-
tions, absolute vascular isolation of the head
was not attempted. Spinal extradural sinuses
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were not ligated, and rather than dividing the
posterior cervical muscles, they were com-
pressed with a tourniquet. The modified pro-
cedure was deemed adequate because the
small amount of halothane reaching the body
from the head, or vice versa, would be elimi-
nated rapidly via the lungs. In fact, only trace
amounts of halothane (less than 0.0015 per
cent) could be detected in the Jungs of the
animal not receiving halothane, compared
with 500 times this concentration (0.75 per
cent) in the lungs of the animal receiving it.

Delivery of halothane to the donor involved
the distribution of halothane in a “two-headed
dog,” whereas delivery to the recipient in-
volved that to a “headless dog.” Therefore, it
was necessary to ascertain whether this ana-
tomical difference could influence the arterial
concentration of halothane significantly. Con-
tinuous monitoring of end-tidal concentration
of halothane of the animal receiving the anes-
thetic demonstrated that the halothane con-
centration in the lungs and its time course
were the same whether it was inhaled by the
donor (“two heads”) or the recipient {“head-
less”) of a crossed pair. This made it possible
to make quantitative comparisons of the ef-
fects of halothane on the vascular responses of
the recipient’s body when it was delivered to
cither the body or the head.

Halothane administered to the vascularly
isolated head, had little or no effect on the
reflex responses to central vagal stimulation
or the response to direct stimulation of the
medullary pressor area. It could be argued
that, since the response to central vagal stimu-
Jation may be maximal, a reduction in reflex
responsiveness might not be revealed. How-
ever, direct medullary stimulation which elic-
ited only submaximal control responses was
equally unaffected. These results confirm the
findings of our previous report? that the cen-
tral vasomotor control mechanisms are not af-
fected significantly by halothane. A periph-
eral site of action appears more likely, since
when halothane was delivered to the body
alone, responses obtained with both types
of stimulation were reduced markedly and
promptly. While these data exclude halo-
thane’s central actions and place its vasomotor
effects at the periphery, the particular periph-
eral sites involved were not investigated in
the present study.
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Fic. 5. Effects of halothane on arterial pressure, heart rate and pressor response to medul-

lary pressor area stimulation in a “Type 1l cross” experiment. Records

as in figure 2. At

cach signal the medullary pressor area of the recipient animal was stimulated for six seconds.
Em i

U;:fer panels: halothane as
and heart rate resp to

ileis't'emd to the body. Note d in bod

K pressor
after only two minutes of alothane. Lower

panels: halothane administered to u’w head. N
and the pressor response is unchanged at two, and only slightly

ote that the body gnssurc remains the same
ecreased at ten, minutes.

Artifacts in tachograph recardings are due to fluctuations of arterial pressure waves from

which the tachograph was triggered.

Some comments are necessary in regard to
the effect of halothane on arterial blood pres-
sure per se. In the “Type I cross” experi-
ments, when halothane was administered to
the donor (the head of the recipient), the re-
cipient’s body pressure decreased after five to
seven minutes. This did not occur in the
“Type II cross” experiments. This difference
could be explained, to a large extent, by the
physiologic states of the animals. In the “Type
I cross” preparations, both donor and recipient
had undergone thoracotomy and extensive dis-
section, and central cardiovascular compensa-

tory mechanisms may have been functioning
above normal. It has been shown by Biscoe
and Millar 7 that carotid sinus baroreceptors
are sensitized by halothane. Thus, with high
existing vasomotor center activity, an increased
firing of sinus nerves could result in the ob-
served decrease in body pressure. On the
other hand, in the “Type II cross” prepara-
tions, where the dissection and blood loss had
been minimized, the animals were in better
condition. A similar increase in sinus nerve
firing would not be expected to affect the re-
cipient’s vasomotor center activity as much
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as in the “Type I cross” prepamations. The
finding that in the “Type II cross” experiments
halothane delivered to the head did not cause
a fall in the body arterial pressure strongly
suggests that halothane does not have a sig-
nificant central depressant action.

Central vasomotor depression during halo-
thane anesthesin bas been questioned by
Beaton,® and by Millar and Biscoe.¢ On the
contrary, Price et al.*¢ while demonstrating
various peripheral sites of halothane’s cardio-
vascular depressant actions, also considered
“central autonomic paresis” an important cause
of cardiovascular depression. Their conclusion
implicating a central site of action for halo-
thane was based upon data obtained from two
types of experiments. In the “cephalic bypass™
preparations, Price ct al® perfused the head
of the dog with blood containing halothane,
via a pump-oxygenator, and found a decrease
in arterial pressure in the body and also de-
creases in heart rate, myocardial contractile
force and carotid occlusion response. How-
ever, these authors stated that the perfusion
system was not very efficient in the removal of
halothane, so that recovery was not obtained in
the majority of their animals. Furthermore,
the observed decrease in the response to carotid
occlusion could have been the result of an in-
creased sinus nerve firing rate induced by halo-
thane 7 and not that of central depression. Price
et al.8 also found that halothane depressed the
pressor response to medullary stimulation when
the anesthetic was injected directly into the
area to be stimulated. With this method, the
concentration of halothane around the cells
stimulated cannot be assessed. In the experi-
ments reported here, when anesthetic concen-
trations of halothane were inhaled by the
donor animal and distributed to the medullary
area of the recipient, pressor response to direct
central stimulation was not depressed.

The finding that halothane, in anesthetic
concentrations, depresses cardiovascular func-
tion by peripheral rather than central action
is not unique to this agent. Preliminary data
from this laboratory indicate that two other
general anesthetic agents, thiopental and chlo-
roform, also have little or no action on central
vasomotor mechanisms, while markedly de-
pressing cardiovascular function by their pe-
riphernl action. By contrast, it has been

\WANG, EPSTEIN, MARKEE, AND BARTELSTONE

Anesthesiology
Sept.~Oct. 1968

shown in previous reports from our labora-
tories 210 that cyclopropane markedly de-
presses the medullary vasomotor center and
reflex responses. However, cyclopropane does
not produce hypotension, whereas halothane
does. It is interesting that a normotensive
state is preserved in the presence of an agent
shown to depress the central vasomotor mecha-
nisms while hypotension occurs with an agent
sparing the vasomotor center function. Thus,
it is the peripheral rather than central action
of anesthetics that has a significant influence
on circulatory status. Alterations in cardio-
vascular function, therefore, may not be re-
lated directly to the degree of central nervous
system depression occurring during general
anesthesia. From our studies involving four
agents, it would appear that cardiovascular
changes during anesthesia depend primarily
on the specific action of the general anesthetic
agent at peripheral sites.
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