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INTRODUCTION

General anesthesia in the horse often presents a problem
to the veterinary surgeon. He must find an anesthetic agent
which 1s adequate for the operation to be performed, yet not
unduly endanger the life of the patient. It must not be pro-
hibitive in its cost and its administration must not be par-
ticularly complex.

Because of these reasons there has been a constant search
for an ideal anesthetic for the horse.

In 1948, Millenbrick (39) developed a technigue of
general anesthesia using 2 combination of pentabarbltal sodium,
chloral hydrate, and magnesium sulfate, and found it to give
good anesthesia with low toxicity and a recovery period of
about one hour. In 1950 (36) and again in 1960 (30) thio-
pental sodium injected intravenously rapidly was found to Dbe
a good general anesthetic of short duration in the horse.
Anestheslia by inhalation of ether fumes has been tried in
numerous methods including a technique described by Reed et
2l. (44) which utilizes a series of four vaporizers to pro-
duce an adequate ether concentration. Hannson and Johannison
(25) have experimented with barbiturate-nitrous oxide-succinyl-
choline anesthesia and concluded that 1t 1s not a suitable
anesthetic combination for the horse. Cyclopropane in a

closed-system has been used for general anesthesia in the



horse (9). Frances and Parry (17) report on the value of
beta-naphthoxyethanol as a general anesthetic in the horse.
Recently, studies have been made on the combination of pro-
mazine, chloral hydrate, and ultra-short-acting barbitrates
(19) and on the use of intravenous ether (18) in producing
general anesthesia for equine surgery.

However, with the possible exception of the pentabarbital
sodium chloral hydrate, and magnesium sulfate combination,
none of these anesthethla techniques have come to be routinely
used by the practicing veterinarian, and it is apparent that
the search for the perfect equine general anesthetic must
continue.

In these studlies on various anesthetic agents, 1t became
apparent that inhalation anesthetics had certain advantages.
Among these advantages was that the depth of anesthesia could
be rather easily varied, respirations could be assisted if
necessary, and continuous oxygenation could be insured (55).
Because the anesthetic depth could be varied according to the
need, animals could be kept anesthetized for longer perlods of
time, allowing the surgeon to work in a more relaxed manner
and making 1t easler for both the surgeon and the patient.

Inhalation anesthesia in the horse 1s not a new procedure,
but until recently the only inhalation methods used to any
extent were open-drop chloroform and ether in various closed

systems. In December of 1956, Raventos (43) described the

T B L, [ R 1 e I A TRt e g B T Ll (oo e YL

s a ——




action of Fluothanel, a new volatile anesthetic. Since that
time there have been reports of its use in the horse (7, 11,
14, 16, 28, 29, 31, 52).

The purpose of thls study was to develop a technique for
adninistering Pluothane to the horse and to show that Fluo-
thane 1s a safe and practical general anesthetic which may be

used for various surgical procedures.

lImperial Chemical Ltd., Fngland.



REVIEW OF LITERATURE

The physical and chemical properties of Fluothane have

been well described (6, 23, 26, 37, 43, 47). It is halogen-

ated ethane, with a chemical formula of 2-bromo=-2-chloro-l:1:1-

trifluorothane (CFBCHCIBr) and a structural formula:

Fluothane is a liquid with a specific gravity of 1.86 at
20 degrees C., and its bolling point is 50.2 degrees C. at
760 mm. Hg. Its vapor pressure at 20 degrees C. is 343 mm.
Hg. It has a characteristic but not unpleasant odor which is
difficult to define. ILike most heavily fluorinated hydrocar-
bons, Fluothane 1s not inflammable and its vapors mixed with
oxygen in proportions from 0.5 per cent to 50 per cent (v/v)
are not explosive. TFluothane decomposes slowly with the for-
mation of volatile acids when exposed to light; 1t 1is stable
if stored in amber colored bottles. Thymol in the proportion
of 0.01 per cent w/w added to Fluothane stabilizes the anes-
thetic to the action of 1light.

Fluothane is stable when in contact with soda lime. When




its vapors mixed with 5 per cent carbon dioxide plus 95 per
cent oxygen saturated with water, were recirculated for 2
hours in a closed system containing soda lime kept at 50
degrees C., taking care to repvlace the carbon dioxlide absorbved
by further additions of this gas, there was only 0.02 per cent
decomposition as indicated by the increase in the halide of
the soda lime. Its decomposition has also been studied in
experiments on anesthetized dogs using a closed-circult method
and found to be nil. These two sets of experiments show that
Fluothane 1s stable in contact with soda lime and that it is
possible to use it in closed-circult methods of anesthesla
without the formation of toxic decomposition products (43).
However, Hudon et al. (26) state that it is a stable compound
but theoretically, when exposed to air, moisture or light, it
may in time break down into various acids of the halide group.
The decomposition products may affect certain metals, such as
tin and aluminum. ILigquid Fluothane may attack rubber, pro-
ducing softening and swelling. The rubber reverts to normal
whnen withdrawm from the Fluothane. Clinically, the decomposi-
tion products have no toxic effects even though they are
theoretically harmful.

Fluothane should not be confused with Fluomar (trifluoro-
ethyl-vinly ether), 2n inflammable fluorinated ether with
somevhat different properties (6).

Raventos (43), using mice, computed the anesthetic



coefficient 50 (a.c.50) and the lethal coefficient (1.c.50)

of Fluothane. Other common inhalation anesthetics were com-
puted by the same author. He found the a.c.50 for Fluothane
was lower than all others except trichlorethylene. The 1l.c.50
to a.c.50 for Pluothane was 3.3 as compared with 1.7 for ether
and 1.5 for chloroform. However, Krantz et al. (33) disagree
with these findings and report that the anesthetic indexes
determined in mice, dogs, and monkeys showed that Fluothane
exnibited a low margin of safety.

There are also conflicting reports in the literature con-
cerning the analgesic properties of Fluothane. MacKay (38)
reports poor postoperative analgesia in man, whereas Junkin
et al. (32) have found it to be a good analgesic, at least in
pediatric surgery. In dogs, Sims (46) also reports that in
a light plane of anesthesia, Fluothane is not a good analgesic.

One study (1) reports that lack of cutaneous anesthesia
seems to be one of the peculiarities of Fluothane.

Several types of apparatus have been used to administer
Fluothane to the horse (15, 16, 27, 28, 50, 51, 55). Basi-
cally, they are similar, in that they are usually of the
closed type, either a circle absorber or a to-and-fro appara-
tus. Most reports seem to favor the closed, circle type sys-
tem, primarily because of economlics. That is, this system
1s used to conserve the Fluothane.vapors. An additional

advantage of a closed circuit is the conservation of body



heat (27).

In general the basic constituents of a closed systenm
apparatus consists of a source of oxygen (2nd occasionally
nitrous oxide), a vaporizer, 2 carbon dioxide absorber, and a
rebreathing bag.

Vaporizers used are of several different types, ranging
from uncalibrated to controlled percentage types. Although
calibrated vaporizers offer some advantages they are not
essential to safe Fluothane anestheslia (29). Clinical assess-
ment of depth of anesthesia is far more important and reliable
than exact knowledge of vapor concentration (4€). In man,
numerous vaporizers have been used in Fluothane anesthesia
such as the trilene bottle (3), Toregger, Heldbrink, and
McKesson vaporizers (6), the Fluotec vaporizer (32), the
Rowbotham bottle (38), and the F.N.S. Fluothane vaporizer (13).
Most of the more recent literature on human Fluothane anes-
thesia indicate a trend toward using the controlled percentage
type vaporizer.

Carbon dioxide absorption 1s necessary in any system in
which rebreathing occurs for more than a few minutes. This
may be accomplished eilther by soda lime or baralyme. Soda
lime is a mixture of 90 per cent calcium hydroxide with 5 per
cent sodium hydroxide with silicates to prevent powdering.
Baralyme is 80 per cent calcium hydroxide with 20 per cent

barium hydroxide (28). Baralyme is less caustic and produces
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less heat than soda lime (34). Stephen et 2l. (48), in a test
of toxlcity, could find no evidence of decomposition of Fluo-
thane even after 14 days of constant vapor contact with bara-
lyme which was heated periodically to 50 degrees C. during the
exposure. Raventos (43) in his experiments shows that Fluo-
thane 1s stable in contact with soda lime and that it is
possible to use it in closed circuit methods of anesthesia
without the formation of toxic decomposition products.

Most preparations of either soda lime or baralyme contain
an indicator which changes color when the absorptive capacity
i1s depleted.

Rebreathing bags adequate for the size of the horse
anesthetized are used in the closed circuit anesthesia.

The most common methods of inducling anesthesia in the
horse, are by intravenous short acting barbiturates or by the
use of Fluothane alone. Rapid injection of short acting
barbiturates seems to be the most popular method (14, 16, 27,
28, 31, 51). Various products or combination of products have
been reported. Jones gt al. (31) has used a mixture of pento-
barbital sodium and thiopental sodium, thiolbarbitone sodium,
and thiamylyl sodiu. Fisher and Jennings (16), Tavernor (51),
and Jennings (27) report using a ten per cent solution of
thiopentone sodium.

The whole dose of barbituraté has been given rapldly to

the standing animal and the subject sinks into light anesthesia




within 15 seconds (27).

Fluothane is potent enough to induce anesthesiz in the
horse when used alone (14, 16, 52). This may be with (16) or
without (14, 52) preanesthetic sedatives. VWhen Fluothane is
used for induction, a close-fitting face mask 1s applied to
the horse and then connected to the anesthetic machine. Anes-
thesia 1s then begun. Fisher and Jennings (16) report that
Fluothane alone may produce anesthesla in five to six minutes.
Excitement and struggling are negligible during this perlod.
They further state that the advantage of inducing with Fluo-
thane 1s that rapid reversibility is possible throuszshout all
stages of anesthesia. Sims (46) belleves that induction and
maintenance of anesthesia with Fluothane alone in the dog, is
in most cases preferable since in this way all the advantages
of the drug are preserved.

The concentration of Fluothane necessary for induction
has been reported as approximately two per cent by Vasco (52).
Tavernor (51) states that initially, Fluothane may be supplied
from the vaporizer at about 1.5 per cent, then the concentra-
tlon should be increased slowly to about five per cent in
order to bring the concentration to a suitable level to main-
tain anesthesia. The percentage of FPluothane necessary for
induecing Fluothane anesthesia in man is reported as two per
cent by some 1nVest1gat6rs (32, 38, 54). Others report three

ver cent (13) and 3.5 per cent to 4.0 per cent (48). One
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study (1) used a concentration of 1.60 per cent to 1.0 per
cent because thls decreased the fall in blood pressure asso-
ciated with Fluothane induction. The concentration used for
induction in laboratory animals (dogs and monkeys) was 1.5 to
2.5 per cent in one study (49) and two to four per cent in
another (43).

Induction in man has been found to be smooth, rapid, and
free from coughing, secretions, and excitement (5, 26, 48).
Fluothane has been used alone or with the aid of short acting
barbituates (3, 6, 12, 31, 38). This drug is sufficiently
potent that anesthesia can be induced using the open drop
method in humans (32, 38, 48). Succinylcholine chloride has
been used in conjunction with thiopental sodium for induction
in one study (3).

In the horse a preanesthetic tranquilizer, usually of the
phenothiazine derivative type is generally administered prior
to induction (16, 27, 28, 31), especially if rapid injection
of barbituates is used in the induction process. Jones (28)
and Jones gt al. (30) state that the value of the preanes-
thetic sedation used in this rapid induction technique cannot
be overemphasized since 1t reduces or abolishes inductlion and
emergence excitement, facilitates the maintenance of an even
degree of anesthesia, reduces the amount of anesthetic
required, and increases the margin of safety. However, this

may not always be the case since some authors fall to use any
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preanesthetic of any kind (14, 16). Recovery has been reported
to be slowed by the use of preanesthetic sedatives (16, 51).

Regarding the subject of preanesthetics in Fluothane
anesthesla in humans, 1t is reported those used are not dif-
ferent from those currently being used with other general
anesthetics (26). Some of the more commonly used drugs are
Demerol, codeine, Benadryl, Phenergan, Larcjactil (3), opiates
and scopolamine (38), atropine (10), morphine (45), and
meperidine (5). One author (38) states that the type of
preoperative medication seems to have 1little effect on either
induction or maintenance of anesthesia.

Singleton (47) and Lumb (37) report the use of various
drugs as preanesthetics prior to using Fluothane. In another
study, Sims (46) states that there is no need for using pre-
anesthetics with Fluothane.

The use of atropine sulfate in horses as a preanesthetic
has also been reported (29, 31, 51, 52) to reduce secretions
and eliminate cardiac irregularities. In one study (52) four
horses were given atropine sulfate intravenously at a level of
0.1 g. per 100 pounds of body weight over 2 one minute period,
during Fluothane anesthesia. Within two minutes all four of
the horses had an increase in heart rate on an average of five
(four to seven) beats per minute. The peripheral pulse pressure
rose on an average of anly 1.5 mm. All arrythmias disappeared

and did not return during the rest of the anesthetic period.
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In another study on the effect of atropine in the dog, Hall
and Norris (23) found in those dogs given intravenous atropine
(0.053 mg. per Kg.) prior to induction, there was a greater
decrease in heart rate and blood pressure than in nonatropin-
1zed animals. Premedication with atropine in man is believed
by some (1, 32, 48) to be important because it tended to mini-
mize the incidence of bradycardia. Severinghaus and Cullen
(45) found circulatory depression to be less pronounced after
atropine. Chang et 2al. (6) in a study on 120 human subjécts
found that atropine will tend to minimize the initial induc-
tion hypotension, but it is probably of wvalue mainly in the
older age group. Atropine was found to rapidly abolish
bradycardia and hypotension in man when a2dministered during
Fluothane anesthesia (5, 42).

Campbell and Lawson (4) have described the signs of
anesthesia commonly seen in general anesthesia of the horse.
In Fluothane anesthesia in the horse, the state of anesthesla
is convenlently essessed by observation of the respiratory
rate and the eye reflexes. As anesthesia lightens the respir-
atory rate increases, and the palpebral reflex and nystagmus
reappears. Once nystagmus appears the anesthesia further
lightens very rapidly (51). Slowing of the heart rate is also
an indication of increased anesthetic depth (29).

In the dog, one investigator (49) found that the decrease

in blood pressure was so consistent that the degree of hypo-
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tension could be considered a measure of the depth of anes-
thesia. Other studies (46, 47) report the anesthetic depth
can be judged by the amount of moisture on the tongue and the
relaxation of the anus.

Deepening anesthesia in man is related to the respiratory
and cardiovascular system (48). Signs, in general, are the
same as ether, except they occur more quickly. One of the
most important single signs is related to respliration. With
deepening anestheslia, the intercostal muscles are paralyzed
and the level of anesthesia can be followed accurately by the
character of respirations (1). Hudon et al. (26) found that
the puplls remain small and do not dilate progressively as
they do during deep anesthesia with ether. Given et al. (21)
noted that the usual predominance of the intensity of the
first heart sound over that of the second frequently may be
reversed during anesthesia produced by Fluothane, the inten-
sity of the second sound becoming greater relative to the
first sound. They concluded, however, that in preliminary
attempts to employ the changes in heart sounds during Fluo-
thane anesthesia as a gulde to anesthetic depth have been
unsuccessful.

Fluothane anesthesla depresses the cardiovascular system

! and may produce some cardiac irregularities. Pulse rates of
a horse under Fluothané is reported by Jones et al. (31) to

be relatively constant between 55 and 70 beats per minute
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(mean 65, range 48 to 128). Vasko (52) reports a decrease in
pulse rate in four atropinized horses from 30 beats per minute
to an average of 18 beats per minute over a six minute period.
He also found a decrease from 28 beats per minute to 12 beats
per minute over a period of three minutes in eight horses not
recelving atropine as a preanesthetic. Various arrhythmias
and cardlac irregularities have been noted in the Fluothane
anesthetized horse. Vasko's study reports nodal rhythms,
ventricular tachycardia, and varying degrees of arrhythmia in
seven of 12 horses during a2 30 minute period. During the
period between these exacerbations a2 pronounced bradycardia
was noticed. Also in thls study a brief period of supra-
ventricular arrhythmia was observed in the early stages of
anesthesia. Another author (31) noted tachycardia and cardiac
arrhythmias are common during painful stimulation of an inade-
quately anesthetized horse.

Hypotension is often associated with Fluothane anesthesia.
A study of such hypotension was made by Vasko (52). In horses
pretreated with atropine, he found femoral artery pressures
decreased slowly from an average of 160 (155-163) to an aver-
age of 70 (69 to 72) over a six minute period, indicating a
marked degree of hypotension. In those horses receiving no
premedication of atropine, the femoral arterial pressure
dropped from an average of 150 (140 to 158) at the onset to

an average of 68 (66 to 74). This occurred over a perlod of
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six minutes and did not seem to be coordinated with changes
i in heart rate. |
s In human medicine there is also a2 reduced pulse rate in
| Pluothane anesthesia reported (6, 16). In two other studlies
(20, 38) the effect on pulse rate was found to be not consist-
ent.

Hudon et 2l. (26) report a 20 per cent decrease in blood

pressure of man when anesthetized with Fluothane. This hypo-

tension 1s related to the depth of anesthesia and is found to
be reduced in intensity as z2nesthesia is prolonged and there-
after the blood pressure remains only slightly below normal.
Upon recovery the blood pressure remains exactly as if the
patients had not been anesthetized. Similar findings are
reported by other authors (5, 6, 20, 42). Other workers (3)
report that hypotension is to be expected during Fluothane

anesthesla. They further state that the difficulty presented

by hypotension induced by Fluothane may be overcome, but
peripheral circulatory depression is a most serious impediment
to unconditional acceptance of Fluothane. MacKay (38) ob-
served hypotension in 56 of 203 cases. In some normally
hypertensive patients there was a drop as much as 60 mm. of
Hg. He also states that extreme variation in blood pressure
was the most striking and troublesome complication of Fluo-

thane anesthesia. Chang et al. (6) report that in severe
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hypotension episodes in which there appeared to be 2 cardlac
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standstill, inflation of the lungs with 100 per cent oxygen
rapldly restored both blood pressure and pulse within a minute.
Ausherman and Adan (1) find very little fall in blood pressure,
provided the Fluothane is introduced slowly. Pittinger et al.
(42) agree that hypotension does not appear to be sufficiently
severe to limit the general use of the drug.

Hudon et al. (26) also have reported on the cardiac
irregularities during Fluothane anesthesia of man. They state
that with Fluothane, vagal action on the heart predominates.
Thlis predominance increases the movement of the pacemaker and
contributed to the occurrence of a nodal rhythm. Depression
of the sino-auricular node may cause discharges from ectopic
centers. These arrhythmias occur during rapid induction and
during deep stages of anesthesia. They disappear if the con-
centration of Fluothane is decreased and hypoxia, 1f present,
corrected. .These irregularities were present in 14 per cent
of the patients anesthetized with Fluothane in this study.
Clinical arrhythmias were reported in elght per cent of the
patients in another study (1). Chang et al. (6) found irregu-
larities in 17 of 120 patients usually in the form of extra-
systoles. In MacKay's (38) study there were cardiac irregu-
larities in six of 203 cases, three of which were cardiac
surgical procedures. Gain and Paletz (20) found cardiac
irregularities in six of 22 cases and classed them as follows:

two isolated ventricular extrasystoles, one pulsus bigiminus,
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one ventricular tachycardia, one nodal rhythm, and one pecul-
iar sinus coupling. They further report that these irregu-
larities were not always rapidly reversed by lightening the
anesthesia. In one study (48) all arrhythmias (12 of 30
cases) reverted spontaneously with lightening the plane of
anesthesia or with improved ventilation. In this report,
preoperative arrhythmias did not become more serious under
Fluothane anesthesia. In still another study (5) on this
matter, cardiac arrhythmiazs did not appear to be more frequent
than with the other general anesthetic agents commonly used.

There are reports in the human literature of increased
venous pressure (6, 45) and of reduced pulse pressure (1).
This reduction in pulse pressure 1s also seen in the dog and
monkey (49). There 1s 2lso a report (23) in the literature
~ of 2 net increase in pulse pressure when induction was accon-
plished slowly in the dog.

The effect of Fluothane on the cardlovascular system of
the laboratory animal has also been studied. Raventos (43)
finds a decrease in the heart rate of all animals observed.
During the induction period in dogs, a reduction from 130-170
to 80-100 beats per minute was recorded, but the heart rate
rose again to about 120-140 beats per minute shortly after the
beginning of inhalation of maintenance concentrations. In a
study (23) in dogs the heart rate decreased about ten per cent

during induction. ZElectrocardiographic arrhythmias were
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uncommon with Fluothane administration in dogs and monkeys,
but nodal rhythms and ventricular arrhythmias were occasion-
ally seen (49). Usually these arrhythmias were assoclated
with deep levels of anesthesla and disappeared spontaneously
when Fluothane concentration was reduced. Hall and Norris
(23) found only one arrhythmia of any type in a total of 43
inductions in nine dogs. They also observed that no severe
arrhythmias occurred until long after respiratory arrest and
a dog with complete apnea and no blood pressure still exhib-
ited a normal electrocardiogram. Concerning the electrocardi-
ographlic tracings, Raventos (43) observed no irregularities
either during induction or maintenance, although he noted a2
decrease 1n voltage of the whole QRST complex but no irregu-
larities when apnea was produced. Under surglical anesthesia
the T-wave was strongly inverted (33).

Hypotension in laboratory animals was found to be roughly
proportional to the concentration of Fluothane vapors, the
largest fall occurring during induction and reached 1ts
maximum about 30 to 40 minutes after the beginning of anes-
thesia (43). Hall and Norris (23) noted that dogs did not
exhibit severe hypotensions. Singleton (47) agrees that the
hypotension effect of the drug is not a problem in canine
surgery. Stephen et al. (48) state that hypotension was
almost invariably seen wlth the oﬁset of the third stage of

anesthesia.
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Cardiac arrest in man under Fluothane anesthesia has been
reported (5, 6, 26, 48). These authors report a combined
total of six cases, none of which were fatal, and in only one
(5) instance was an overdose of Fluothane said to be the direct
cause.

The mode of action of Fluothane on the cardiovascular
system is not definitely known. There appear to be two schools
of thought, some believing this action is due to direct
myocardial depression, while others feel it i1s because of a
ganglionic blocking action. Gain and Paletz (20) state that
the bradycardia and hypotension appear to be the result of
direct myocardial depression and that it is rare to find such
profound circulatory collapse, as was seen in their studies,
in- young robust males with ganglionic blockers. In another
work (€6) it was found that an increase in the concentration
of Fluothane would cause myocardial depression, but the degree
of myocardial depression and depth of anesthesia did not seem
necessarily related. Severinghaus and Cullen (45) report that
the cardliovascular effects were due primarily to myocardial
depression and that the circulatory depression could not be
due to ganglionic blockage. Studies (23, 33) on dogs anes-
thetized with Fluothane suggest a ganglionic action rather
than a cardiotoxic or even a vasomotor center of action.

Stephen et al. (48) found that patients anesthetized with

Fluothane appear to be unusually sensitive to bleeding; in
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this way they resemble patients rendered hypotensive by
ganglionic blocking drugs. Raventos (43) states that in
laboratory animals the probable cause of hypotension is due
to sympathetic ganglionic block.

Fluothane 1s a respiratory depressant also. Jones gt 2al.
(31) 2nd Vasko (52) have reported on the respiratory rate of
horses anesthetized with Fluothane. Jones found this rate
to be about seven to nine per minute when the degree of anes-
thesia was satisfactory. In eight horses he observed respira-
tion throughout the anesthetic period and found a range in
respiratory rate from O to 14 per minute. Vasko reports the
respiratory rate to be five to six per minute in surglcal
anesthesia. Pisher (14) finds a depression of the ventilation
rate in horses under Fluothane anesthesia, and assocliates
plasma pH and plasma carbon dloxide changes with thls lower
ventilation rate. Short periods of apnea in the horse are
reported by Tavernor (51). He also reports some breath hold-
ing if the concentration of Fluothane 1s too high when 1t 1s
being used for induction. These periods of apnea were easlly
controlled by artificial respiration. Breath holding was also
observed in dogs and monkeys during induction (49).

The rate and depth of respirations are depressed in Fluo-
thane anesthesia of man (1, 6, 8, 26, 32, 38, 48). Hudon et
al. (26) found that while rate and.depth of respirations are

depressed, central respiratory reflexes were not abolished.
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One author (8) reports that the resplratory rate was signifi-
cantly elevated during both light and deep levels of anes-
thesia. The same author found the elevations of carbon
dioxide tensions were significant at the moderate and deep
levels. Carson gt al. (5) state that Fluothane is a potent
resplratory depressant, particularly in deeper planes of anes-
thesla and that while this is undesirable, 1t is not an
insurmountable drawback.

Chang et 21. (6) report that when anesthesia became light
in man, breathing became faster and shallower causing a pro-
gressive decrease in tidal and minute volumes. Stephen gt al.
(48) felt that the decrease in minute volume in surgical
planes of anesthesia was due to depression of the respiratory
center. There is one study (8), however, that reports no
significant change in respiratory minute volume during any
stage of anesthesia. They did find that tidal voluune was
depressed to a significant degree during both light and deep
planes. The reason given for the fact that minute volume did
not fall with tidal volume was a result of the large increzse
in respiratory rate. Another study in man (21) found depres-
slon of the tidal volume of respirations to as low as 50 cec.
fo 100 cc. with the concurrent onset of tachyonea to occur
with considerable regularity.

In dogs (23) tidal air is reported to be depressed more

than respiratory rate. Iidnute volume was decreased 15 per
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cent in 1light Fluothane anesthesia and up to 60 per cent in

deep anesthesia.

In laboratory animals (43), both the amplitude and
frequency of respiratory movements were decreased during
Fluothane anesthesia. The reduction in respiratory rate
was, as a rule, more than reduction in amplitude. This
study also declares that respiratory arrest produced by
Fluothane was easlily reversible and normal resplratory move-
ments were usually present after a few minutes of artificial
respiration. In a clinical study (37) in the dog, apnea
frequently developed, particularly on induction. This
apnea was reversed by emptying the system of anesthetic
agent and manually inflating the lungs with oxygen for a
short time. Hall and Norris (23) took five dogs to apnea and
then resuscltated them. However, Krantz et al. (33) report
that in their experiments they frequently encountered dif-
ficulties in resuscitating animals which were brought to
respiratory arrest with Fluothane. The rate of resplirations
in the dogs and monkeys 1s slowed with increasing depth of
anesthesia (49). There is a diminution in tidal volume asso-
ciated with the slowling of the rate. Progressive respiratory
depression occurs in the third stage of anesthesia. In
another study (23) on dogs the respiratory rate was reported

to be essentially unchanged under light Fluothane anesthesia,
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but in deep planes the rate was decreased almost 40 per cent.

In cases of overdose of Fluothane, respiratory arrest 1s
reported to precede cardiac failure by several minutes in both
man (48) and animals (30, 37, 47).

A study of plasma pH and plasma carbon dioxlde of various
species, including the horse, under Fluothane anesthesla was
conducted by Fisher (14). He observed that FPluothane anes-
thesia produced a fall in ventilation rate. A lowering of the
pulmonary ventilation caused carbon dioxide retention and a
ralsing of plasma carbon dioxide content. It was observed
that in prolonged periods of anesthecsia there was often a
stabllization of the plasma carbon dioxide content at a higher
concentration than normal and, towards the end of anesthesia,
a tendency for the carbon dioxide concentration to fall. The
changes taking place in the plasma pH during Fluothane anes-
thesla are consistent wlth carbon dioxide retention and a
respiratory acldosis. The plasma pH often returned to the
preanesthetic value before the plasma carbon dioxide content
returned to the control value. It was inferred from this that
perhaps some exXxtra buffering capacity or buffering regulating
mechanlism which has previously been inhibited by the anes-
thesla came into action after recovery.

In a study (23) of plasma pH and plasma carbon dioxide
in the dog in light Fluothane anesthesia the plasma pH was

7.31, and the plasma carbon dioxide was 44 per cent, whereas
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in deep Fluothane anesthesia the pH decreased to 7.16 and the
Plasma carbon dioxide increased to 52 per cent. It is inter-
esting to note the effect of Fluothane anestheslia on asthmat-
ics reported in the human literature. Carson gt al. (5) say
they have been impressed clinically with the ease with which
Fluothane 1s tolerated by the asthmatic. Ausherman and Adan
(1) anesthetized eight known asthmatics with Fluothane. None
exhibited stridor or spasm of the larynx or bronchi. Patients
with emphysema accompanied by venous hypertension seemed to
improve temporarily while under anesthesla and for some time
after (26). In another report (6) in one patient with pre-
operative bronchospasm, the bronchospasm disappeared after
five minutes of Fluothane and did not return for several hours
postoperatively.

Fluothane is also used in other types of poor risk
patients (5, 42, 48). 1In one study in dogs, the author (47)
noted an improvement in the pulse and respiration of almost
all poor risk cases as soon as they are fully anesthetized
wlth Fluothane.

The per cent of Fluothane concentration necessary for the
maintenance of anesthesia in the horse was not noted in this
review of literature. In dogs and monkeys it is reported to
be 0.5 per cent to 1.5 per cent (49). In another study (43)
dogs premedicated with morphine or thialbarbitone required

0.8 per cent while unpremedicated dogs required from 1.0 per
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cent to 1.2 per cent. Various authors used different concen-
trations to maintain anesthesia in man. One reporter used 0.4
per cent to 1.5 per cent (13) while another used 0.6 to 1.0
per cent (3). Another reports that two per cent was required
for almost all patients (32), and one invariably used only

one per cent (3).

A notable feature of maintaining anesthesia with Fluo-
thane 1s the lack of secretions. In man salivary and tracheo-
bronchial secretions are reported to be decreased or inhibited
(1, 5, 26, 32). One report (6) states there was no increase
in secretions noted. Stephen gt 2l. (49) found a lack of
salivary secretions in dogs and monkeys. Singleton (47)
observed a2 suppression of salivary, bronchial, and gastric
csecretions. Sims (46) states that excessive mucus and saliva-
tlon are absent so that no premedication is required in that
regard. In cattle, however, Fisher and Jennings (16) found
there i1s no inhibition of salivation during Fluothane anes-
thesla.

There appears to be reduced bleeding under Fluothane
anesthesia of man (1, 6, 26). This phenomena does not seem
to depend on hypotension because bleeding was minimal when the
blood pressure was near the preoperative level. A study on
dogs also reports reduced capillary seeping although venous
dilation is marked (47).

Some feel that Fluothane may have anti-shock activity
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(26). Even with profound hypotension, little evidence of
shock was seen by clinical observation. Perhaps a combination
of decreased oxygen consumption and lack of sympathetic over-
activity are responsible for the absence of clinical signs of
shock (45). This anti-shock activity was also noted in three
reports on dogs under Fluothane anesthesia (37, 46, 47).

Muscle relaxation in the horse under Fluothane anesthesia
has been reported as good (16, 31). Adequate muscle relaxa-
tion has been obtained for various types of operations incluéd-
ing bone pinning and laryngeal ventriculectomy. However, Hall
(24) states that while Pluothane anesthesia usually provides
good muscular relaxation, it was sometimes impossible to pro-
duce completely satisfactory relaxation of the abdominal
musculature while the patient i1s breathing spontaneously.
Therefore he recommends the use of relaxant or a regional
nerve block in these procedures. In human surgery, Fluothane
gives good muscular relaxation except in upver abdominal
operations where the relaxation is not always satisfactory.
Adequate relaxation for these procedures may be secured only
at a cost of marked hypotension or cardiac arrhythmla by usling
Fluothane alone (5, 26, 42). In a review of 47 cases requir-
ing pronounced relaxation, in only four was it necessary to
use a muscle relaxant (49).

Uterine musculature relaxatioﬁ to a troublesome degree

hacs been reported in nine vaginal deliveries under Fluothane.
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A decrezse in concentration of Fluothane seemed to correct
this (38). Another author (10) has found the Fluothane to
have a definite inhibitory effect on the contractility of the
uterus with complete or almost complete obliteration of the
contractions.

Considerable relaxation, to the point that the use of
muscle relaxants 1s almoest superfluous except for intra-
thoracic surgery in dogs 1s reported (46, 47). Iumb (37)
found muscle relaxation to be adequate for all major abdominal
and thoraclc canine surgery.

Suceinylcholine chloride has been found to be well suited
to anesthesia with Fluothane (1, 5, 6, 26, 32, 38, 48). Most
of these same authors also report that the use of curare 1s
not recommended for Fluothane anesthesia. In dogs succinyl-
choline chloride exerts its usual action when used with Fluo-
thane, but in some dogs, administration of d-tubocurarine
chloride was associated with a profound hypotension, whereas
in other animals little if any disturbance of the blood pres-
sure occurred (49).

One of the reported advantages of Fluothane anesthesia
i1s its smooth and rapid recovery. The recovery time varied
from 15 to 330 minutes in one study (31) to 30 to 45 minutes
in another (51). Vasko (52) allowed recovery to take place
in a darkened stall and reports an average recovery time of

50 minutes. Others (16, 51) advise hobbles or other forms of
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restraint until the horse is able to stand to prevent injury
to themselves.

Human patients receiving Fluothane usually awaken more
rapidly than comparable cases anesthetized by conventional
agents (5). Stephen et 2l. (48) report recovery from anes-
thesla to be rapid and remarkably free of excitement, even
after prolonged administration. Protective reflexes and move-
ment on demand was present within five minutes. Full orienta-
tion as to time, place, and person was present within ten to
20 minutes. Pittinger et al. (42) found that the patient
could answer questions coherently on an average of four
minutes after the end of the surgical procedure and it was
only an additional five minutes average time, until the pa-
tient was able to walk to a recovery room. Other reports (1,
26, 32) state rapid and complete recovery wlith infrequent
excitement, nausea and vomiting. Chang et a2l. (6) found that
increasing the duration of anesthesla was associlated with an
increase in recovery time.

When Fluothane is used in canine and feline surgery,
recovery is quick and there are no unpleasant after-effects
(41a, 46, 47). Raventos (43) reports that recovery from anes-
thesia with Fluothane was equally fast and free from exclite-
ment in all animal species studied. All animals were com-
pletely recovered in about ten to 20 minutes even from perlods

of anesthesia lasting five to six hours.
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Following recovery there is no postoperative mental
depression. In human patients who had been anesthetized
twice, once with pentothal-nitrous oxide-oxygen and once with
nitrous oxide-oxygen-Fluothane, stated that with Fluothane
they felt less depressed the next day (26). Stephen et z2l.
(48) also report that post-operative morbidity was minimal.

Because of the high cost of Fluothane it is desirable to
use it sparingly and the amount needed for anesthesla 1s
important. Jones reports 30 to 40 cc. per hour of surgical
anesthesia in one study (28) and 4.4 ml. per 100 pounds of
body weight per hour of anestheslia in another project (31).
He also found that the amount used for short procedures was
significantly greater than that required for longer operations
in horses. This study also states a highly significant dif-
ference existed between the amounts of Fluothane required for
horses under and over 700 pounds of body weight. In a study
(27) of 36 horses averaging 916 pounds anesthetized with
Fluothane for an average of 79 minutes, 35.6 cc. was required
for maintenance. Fisher and Jennings (16) in 17 horses used
37 cc. per 500 Kg. animal per hour for maintenance and six cc.
per minute per 500 Kg. animal for induction.

The average amount used in a report (46) of operations
done on 71 dogs and 43 cats was 7.5 ml. for dogs and 2.5 ml.
for cats. This report also states that for very short opera-

tlons in cats, one ml. of Fluothane on a cotton sponge in a
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bell jar or a closed mask is adequate.

Hepatotoxicity might be expected in a highly halogenated
compound like Fluothane. However, with relatively prolonged
exposure of animals to chloroform or Fluothane under similar
cilrcumstances, the degree to which the liver was spared with
exposure to Fluothane when compared to chloroform was remark-
able (49). In repeated znesthesia in rats using Fluothane,
no gross or histological changes in their livers, kldneys, and
brains (33). Bromsulphalein retention following Fluothane
anesthesla in dogs was almost identical to that following
ether anesthesia (54).

Carson et al. (5) found that liver function tests per-
formed on 14 human patients indicate that as long as hypoxia
is avolded PFPluothane does not damage hepatic function suf-
ficiently to be recognized by present methods of measurement.
In assessing the influence of Fluothane on liver metabolism,
Stephen et al. (48) found less disturbance in blood sugar
levels than most conventional anesthetic drugs. Other
revorts (3, 54) indicate no clinical evidence of postoperative
hepatic disturbance. ILittle and Barbour (35) in a study of
hepatic functlon alterations produced by anesthetics found
that hepatic functions were not affected more following anes-
thesiza produced by Fluothane than‘following anesthesia pro-
duced by either cyclopropane or ether. Following Fluothane

anesthesia cholesterol esterification was normal, alkaline
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phosphatase activity was normal, total serum bilirubin concen-
tration, normal, and cephalin-cholesterol flocculation deter-
minations were normal. Serum cholinesterase activity was
lowered, but not as much as with cyclopropane or ether con-
centration. Using thymol turbidity tests Virture et al. (54)
found no deleterious effects of Fluothane on the liver.

Virture and Payne (53) also report on a2 patlent that
died on the eleventh day postoperatively after Fluothane anes-
thesia in which death was belleved to be due to acute yellow
atrophy of the liver and acute pancreatitis. The clinical
course was similer to that of chloroform polsoning except that
the downnill course did not begin until the sixth day post-
operatively.

No signs of any pathological condition of the kidneys
(2lbumin, casts, or abnormal specific gravity) were found in
eight cases averaging 4 1/2 nours of Fluothane anesthesia
(26). In another revort (54) the kidney function of patients
as measured by urea clearance tests and other possible meta-
bollic changes as measured by blood volumes seem minimal. 1In
a study on dogs, Blackmore et 2l. (2) found that there is a
correlation between the cardiovascular and renal responses to
Fluothane and that in sufficient concentration Fluothane has
significant but reversible action on renal activity. 1In rats
there was no alteratlon of renal function when tested by the

water diuresis and phenol red excretion tests (43). The only
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kidney alteration found by one author (49) consisted of a
minimal and variable dilation of the proximal convoluted

tubules without evidence of necrosis or degenerative changes.

Complications of Fluothane anesthesia in the horse,
although few have been listed by Jones et 2l1. (31) as, dif-
ficult transition from induction to irhalation anesthesia in
occaslional horses; tachycardia and arrhythmias during surgi-
cal stimulation of the inadequately anesthetized horse or
during depletion of the carbon dioxide absorbent; occasionzl
overdosing with PFluothane with marked resviratory depression;
and temporary postanesthetic extensor dysfunction of one or
both hindlegs in occasional horses, probably due to prolonged

restraint in an abnormal position.
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METHODS AND MATERIALS

s In this study, 49 horses were anesthetized with Fluothane
a total of 56 times. Forty-four of these horses were anes-
thetlzed one time only, three were anesthetized twlice and two
were anesthetized a total of three times.

The 47 horses anesthetized represented several breeds
including Quarter Horse, Thoroughbred, Standardbred, American
Saddlehorse, Palamino, Appaloosa, Belgian, and Arabian. Also
included were Shetland ponies and one Poly of America (Table
1l). The ages of the horses were from 17 days to 12 years
with an average of 3 1/2 years. Of the cases studied, 19

were female and 27 uncastrated males, and 10 castrated males.

Thirty-eight of these were clinical cases at the Stange
Memorial Clinic, four were Iowa State University experimental
horses, and five were experimental horses from the National
Animal Disease Laboratory, Ames, Iowa. These horses were
anesthetized for various surgical procedures (Table 2), in-
cluding 16 abdominal procedures, 15 orthopedic operations,
five operations on the head or face area, seven removals of
superficial cysts and/or growths, two neurectomies, and five

procedures of the cervical area. TForty-six of the anesthetic

studies were conducted at the Stange Memorial Clinic and ten
studies were at the National Animal Disease Laboratory of Ames.

The average duration of anesthesia was 67 minutes and had
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an average recovery time of 29.3 minutes. The ranges for the
preceding averages were elght minutes to three hours, and 13
minutes for duration; and, eight minutes to 92 minutes for
recovery time.

The majority of cases studied were clinlical cases and
therefore when various phases of anesthesia were studied, no
uniform number of animals could be placed in separate groups
with equal numbers of control animals. These studles were
conducted under actual clinical conditions with the best
interest of the patient always being the primary considera-
tion.

Buthanasia was attempted in three horses using Fluothane.
In two of these horses, a three year old Shetland pony and an
eight month old Standardbred filly, this process of euthanasla
was successful. In the third horse, a four year old, 1000
pound gelding, it was impossible to euthanize thlis horse using
Fluothane.

None of the three horses received preanesthetlic tran-
quilization. In the eight month old filly, induction was
completed using Fluothane alone. In the other two, succinyl-
choline chloride was used in the induction process.

Observations made during euthanasia are reported in the
results of this paper.

Forty-four of the horses studied were premedicated with
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1 prior to anesthesia.

a promazine hydrochloride tranguilizer
Thirteen cases did not recelve any of this preanesthetic.
When 1t was used the dose of this tranquilizer was two to four
mg. ver 10 pounds body welght. It was administered intra-
venously in the Jjugular veln 30 to 60 minutes before induction.
The effect of this tranquilization prior to anesthesiza on
induction %time, amount of Fluothane used, and recovery time
was studied and reported.
The anesthetic apparatus used in this study was a machlne

2 (See Fig. 1 and 2.)

constructed for large animal anesthesla.
The machine was used as a closed system utilizing a rebreath-
ing bag and a2 carbon dioxide absorbor.

The operating principle of this machine 1s no different
than any other closed system apparatus. Oxygen 1s supplied to
the system from an oxygen cylinder by way of a preset regu-
lator (50 pounds per square inch pressure) (Fig. 3) with =
flow meter (Pig. 4). The flow meter is calibrated to give
from O to 14 liters of oxygen per minute. The oxygen may be
directed through the anesthetic vaporizer or it may bypass the
vaporlzer and enter the system directly. In the majority of

cases the vaporlizer used was a2 bubble type, ether vaporizer

(Pig. 5) in which 100 to 125 cec. of liquid Fluothane are

lsparine, Wyeth Co., Philadelohia 1, Penn.

2National Cylinder Ges Co., Chlcago, Illinois.
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Placed when the machine is made ready for use. It is not
callbrated, but has a2 series of settings ranging between on
and off (Fig. 6).

If the oxygen is directed through the vaporizer, it is
first conducted through a small metal tube to the boittom of
the vaporizer. Here the tube ends in a porous disc which
causes the oxygen to be bubbled through the ligquid Fluothane
as several small bubbles, and thereby brings about the vapori-
zatlon of the anesthetic. The anesthetic vapors then pass
into the system.

A Fluotecl

vaporlzer was used in anesthetizing 5 horses
late in this study (Fig. 5). The Fluotec vaporizer is a con-
trolled percentage vaporizer manufactured specifically for
the use of Fluothane. This vaporizer 1s calibrated to deliver
from 1 per cent to 10 per cent Fluothane vapor volume by
volume. The calibrations are at 1 per cent intervals. This
vaporizer has an automatic temperature compensation value, so
that the percentage being delivered is accurate over a tem-
perature range from 55 to 90 degrees F. (38). This then
theoretically allows for an accurate percentage concentration
to be delivered regardless of oxygen flow or temperature.

The carbon dioxide absorber used was baralyme and was

contained in a cylinder sufficliently large to hold in excess

ICyprane Ltd., England.

Tt m.
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of 16 pounds. The average amount of baralyme used in this
L project was 10 to 12 pounds. The baralyme contains an indica-
tor which causes 1t to change from its original pink color to
a blue color when its carbon dioxide absorbing capacity is
saturated.
I The inhalation and exhalation tubes carry the anesthetic
vapors to the face mask and the expiratory vapors away from
the mask are six feet long and made of flexible industrial
tubing having an internal diameter of 2.5 inches. The distal
ends of these tubes are connected to a Y shaped yoke which has
two unidirectional valves. One valve allows the vapors to
flow to the horse (inhalation) and the other allows the vapors
to flow from the horse (exhalation) (Fig. 7). This yoke is in
turn connected to the face mask. The face mask is made of
very durable plastic with a rubber diaphragm on one end having
a slit-like opening. The other end has a fitting which con-
nects to the yoke (Fig. 8).

During inhalation, anesthetic vapors are drawn from the
machine, through the tubing and valves, and into his respira-
tory system. Upon expiration the respiratory gases, includ-
ing the anesthetic vapor, are forced through the baralyme
where the carbon dioxide is absorbed and back into the system.

Induction of anesthesia was completed by using various

drugs and combination of drugs (Table 3). These included
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proxnazine hydrochloride, succinylcholine chloride,1

and Fluo-
thane; promazine hydrochloride, thiamylal sodium,2 and Fluo-
thane; promazine hydrochloride and Fluothane; thiamylal sodium
and Fluothane; and Fluothane alone.

The actual method of induction was also varied. TVhen
succinylcholine chloride was used, its function was to act as
a2 casting agent (40). The calculated dose of 5 mg. per 100
pounds of body welght was injected into the jugular vein of
the horse and the horse was allowed to fall to the ground.
One of the rear legs was secured in the flexed position with
the 2id of a side line. The face mask was then placed over
the animal's nose and connected the mask to the anesthetic
macaine.

The same procedure was followed when induction was
acconmplished utilizing thlamylal sodium. This drug was used
only in mature horses and the amount used was two grams in
each instance with the exception of one large Thoroughbred in
which case three grams were used. The drug was administered
by the rapid injection technlique described by Jones et zl.
(30). Pluothane zlone (with or without premedication with

tranquilizers) was also used to induce anesthesia. In some

1Sucostrin, Squibd and Sons, New York, N. Y.

23yrital sodium, Parke, Davis, and Co., Detroit 32,
Michigan.
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cases the horse was restrained on a tilting, large animal
surgery table and in others anesthesiza was induced while the
horse was standing over a casting area. In those horses
restralned on the operating table the mask was merely placed
on the horse's face and the anesthetic machine turned on.
However, when the horses were standing, it required four or
five men to hold the horse still while it was being anes-
thetized. The mask was first placed on the nose of the horse
to allow him to become accustomed to it. When he would stand
quietly, the mask was connected to the anesthetic machine and
vaporization was begun. After inhaling the anesthetic fumes
for two or three minutes the horse would begin to stagger and
the men would have to hold the horse up as long as possible.
Then they would allow him to sink to the floor.

The method of initiating Fluothane anesthesia regardless
of the type of induction was to run both the vaporizer and the
oxygen valve at full capacity (14 liters of oxygen per minute)
until the rebreathing bag was approximately half full. The
oxygen flow was then reduced to two liters per minute and
continued at this rate until it was evident that surgical
anesthesla was being attalned. At this time the vaporizer was
turned off. The animal was allowed to breath this mixture and
the stage of anesthesia was evaluated. More Fluothane was
then vaporized as indicated by the signs of anesthesia.

There were no signs of anesthesia which were character-
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1stic for all cases. Those signs used in this study were the
eye reflexes, the anal reflex, respiration rate, and degree of
tall and 1limb relaxation. The signs were not consistent for
each individual animal, and a composite of all signs were
necessary to indicate the plane of anesthesia.

Wnen induction was complete the time required for the
induction process was recorded on the anesthesiza record. In-
duction time was considered 2s the time elapsing between the
moment the anesthetic apparatus was connected to the face mask
and the time at which a stage of surgical anesthesla was
reached.

Once anesthesla had been induced, the majorlty of horses
were maintained by using a tight fitting mask althougn a2n
endotracheal tube was used in a few cases. Both methods were
auite satisfactory.

Throughout the maintenance period, perlodic vaporizations
were required to maintaln surgical anesthesia. Also during
this period, various observatlons and measurements were made
and recorded.

On a few occasions, the author was both the anesthesiolo-
glst and the surgeon. Vhile this did not allow for the most
accurate observations and recordings, it was, however, 2 good
test to see if 2 veterinarian, alone in the field, could
incorporate this anesthetic technique into his practice.

Throughout the anesthetic period the pulse rate was
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monitored by using a stethoscope over the heart area. The
rate was recorded as was any change in character of the hears

beat which was noted. If for some reason, such as surgical

drapes being over the chest area, it was not possible %o use
I the stethoscope, the pulse rate was determined by digital
ralpation of the external maxillary artery. Such monitoring
of the pulse rate and heart sounds was done every flve or ten
minutes during anesthesla.

In seven horses, the heart rate and electrocardiogran
were visually monltored by using a osecilloscope monitor.l In
these cases the heart was also checked periodically with the
stethoscope.

Electrocardiogram tracings were made on a2 total of nine
anesthetlc periods of four experimental horses. The standard
limb leads were used (Fig. 9). The area of the limbs on which
the plate electrodes were to be placed were clipped and
covered with an electrode paste. An electrode was placed on
each limb and secured in place by a one inch rubber strap.
The tracings were made at various speeds; the most often used
speed being 10 mm. per second.

Seven of the electrocardiagrams were made using a slx

channel, direct recording machine, (Flg. 10)2 and two were

1Sanborn model 760 monitoring system, Sanborn Co.,
Waltham, Massachusetts.

23anborn 350 series, Sanborn Co. P
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made on a single channel, portable machine.l

Venous and arterial blood pressures of four anesthetized
horses were recorded during the anesthetic period. The method
of recording these blood pressures was as follows. Permanent
catheters were placed into the Jugular vein and carotid artery
of experimental horses several days before the date of record-
ing. The catheters were made of polyvinyl plastic and were
approximately 12 inches long. They had an outside dizmeter of
0.088 inches and an inside diameter of 0.044 inches. On the
ends of the catheters which protruded from the vessels were
affixed an adapter and a valve. When the blood pressures were
to be recorded, another polyethylene tube was connected to the
valve (Flg. 11). The opposite end of 1t led to physiological
pressure transducer52 (Fig. 12). The tube from the carotid
artery led to a traznsducer with a2 pressure range from minus
400 to plus 400 mm. of Hg., while the tube from the jugular
vein led to 2 transducer having a range of minus 40 to plus 40
mm. of Hg. The plastic tubes were filled with a heparinized
saline solution. The transducers were connected to the six
channel direct recording machine mentioned earlier and the
pressures were recorded. This recording machine is electron-

ically calibrated so that the base line would equal 100 mm. Hg

lSanborn 100 series, Sanborn Co.

25anborn model 267B.
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for the arterial pressure and 20 mm. of Hg for venous pressure.

Blood pressure could then be read directly from the recording

machine.

In six horses, blood samples were drawn at various times
during anesthesia to study the effect of Fluothane on the
blocd cells., Samples were drawn from the Jugular vein using
a 16 gauge, one inch needle, and were collected in oxalated
blood tubes. They were usually taken prior to induction and
at different times during the anesthetic period.

The samples were taken to the clinical laboratory where
hemoglobin determination, a total erythrocyte count, a total
leucocyte count, and a differential leucocyte count was made.

Blood gas determinations were conducted in three other
experimental horses. Arterial and venous blood samples were
drawn from permanent polyvinyl catheters, inserted in the
carotid artery and Jugular veln, at varlous times during
anesthesia of these horses. Determinations of the carbon
dioxide, oxygen, and other gases (predominantly nitrogen) were
then run according to the method of Peters and Van Slyke (41b).
The concentrations of these gases are reported as volumes per
cent.

Resplratory rates were recorded every five or ten minutes
in the anesthetized horses to observe the effect of Fluothane
anesthesia on the rate of resplration. A respiratory rate of

the horse was also taken prior to anesthesia and recorded.
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This prerate was taken after premedication if any was used.
If any respiratory difficulty or abnormality occurred during
the anesthetic period it was noted on the anesthetic record.

Tracings of the respiratory rate were made in six horses
under Fluothane anesthesia. This was accomplished by insert-
ing a length of rubber tubing under the face mask of the anes-
thetized horse. This tubing was connected to a Sanborn model
267B physlological pressure transducer which in turn was con-
nected to the Sanborn 350 direct recording machine on which
the tracings were made.

Recovery of the anesthetized horse took place in three
different areas. Some were allowed to recover out-of=-doors
on a turf area. Others recovered on rubber mats in the
surgery room, while still others were moved to a2 box stall
and left to recover unattended. Those that recovered on the
turf area were always watched and attended by some person.

The recovery time of each animal was recorded. It was
considered as the time from when the horse was dlsconnected
from the anesthetic zpparatus until the horse would rise with-
out assistance. Observations were made on the effect of the
different recovery areas on the recovery time. The effect of
preanesthetic tranquilization and duration of the anesthetlc
period on recovery was also studled.

In a few cases the anesthetic system was cleared of the

Fluothane fumes at the end of the surgical procedure by flush-
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ing the rebreathing bag with pure oxygen seven or eight times.
The horse wags then allowed to breath pure oxygen for five to
ten minutes. The effect of this procedure on the time required
for recovery was noted.

Because Fluothane 1s a rather expensive drug the amount
of thls anesthetic requlred for the anesthesla perlod 1s
important. In this study records were kept on the amount of
Fluothane used in each case. This amount was determined by
subtracting the amount of Fluothane in the vaporizer at the
end of the anesthetic period from the amount in the vaporizer
prior to induction. No attempt was made to distinguish be-
tween the amount used for induction and the amount used for
maintenance but rather the sum used for the entire procedure
was recorded.

The anesthetic periods were placed into groups according
to the duration of anesthesia, and the zverzge amounts used
by eacn of the groups was compared. There were five time
groups. They were: 1. less than 30 minutes, 2. 30 to 60
minutes, 3. 60 to 90 minutes, 4. 90 to 120 minutes, and 5. 120

to 150 minutes.

There 1s also a comparison made of the amount of Fluo-
thane used in horses whicn were premedicated with tranquiliz-
ers and those recelving no premedication. This comparison was

made in horses anesthetized for similar periods of time in

Hh

order to minimize the effect of the duration of anesthesia on

the amount used.
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RESULTS
Induction

Induction of anesthesia presented no particular difficul-
ties in this study. All of the various methods used proved
to be satisfactory.

The average induction time in all cases in which induc-
tion time was recorded was 4.09 minutes. The range of all
cases was from one minute to 14 minutes. The ether vaporizer
bottle proved to give a more rapid induction thap did the
Fluotec vaporizer. The average time when using the ether
bottle was 3.72 minutes for 50 cases, whereas the average tine
for the Fluotec vaporizer was 8.75 minutes in five cases.

This difference in induction time weas probably due to the fact
that a higher vavor concentration could be produced by passing
a rapld flow of oxygen (in excess of 14 liters per minute)
through the liquid Fluothane in the ether bottle. This vapor
concentration could be further increased by having the vapor-
izer warmed and by having an zdequate amount of Fluothane in
the bottle. That is, the more fluid there was in the bottle
the taller was the column of Fluothane through which the
oxygen passes.

There was an age difference néted in the induction time.

nen the casec were grouved into three classes, one year old




47

and younger, one year old and older, and ponies, this dif-
ference can be seen. Thirteen horses one year old aand younger,
had an average induction time of 2.73 minutes. Thirty-one
horses older than one year had an average induction time of
4,06 minutes, and the average induction time of slx ponles was
3.92 minutes. The reason for this difference is undoubtedly
due, in a large way, to the difference in slze of the horses
in the two age groups. No significance can be drawn from the
induction time of the silx ponies but it was thought best by
the author to class them separately, rather than to include
then in the two age groups.

The effect of preanesthetic tranquilizers on induction
was also studlied. Again the horses were placed into two age
groups with the division between the groups being one year of
age. In eight animals one year o0ld and younger which received
tranquilizers prior to anesthesia, the average induction time
was 2.8l minutes. In five horses of the same age group which
did not receive tranquilizers, the average induction time was
2.60 minutes. From this, one might assume that preanesthetic
tranquilizers produce an lncrease in induction time, however,
in the older age group, the opposite was found. In 17 horses
of this age group which recelved trancullizers the average
induction time was 3.65 minutes. In five horses older than
one year wnich were not dremedicated with tranquilizers, the

average was 4.40 minutes. This is what one would logiczll
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expect. That i1s, it would be reasonable to assume that pre-
medication with tranquilizing drugs would tend to shorten the
induction time. The results obtained in the younger age group
can not be overlooked, however.

The one definite advantage to using tranquilizers prior
to induction was that the horses were much easier to handle
while preparing them for induction. It was almost a necessity
in those animals which were placed on the surgery table before
induction to use tranquilization.

The method of induction which was found to be the most
satisfactory and came to be the most used, was the method
using suceinylcholine chloride as a casting agent. To say
that succinylcholine chloride 1s used as an anesthetic induc-
ing agent is actually incorrect. This drug does not produce
anesthesia in any way. It merely acts to cause muscle paraly-
sis which in turn causes the horse to fall down and allows
the horse to be restrained while being anesthetized by Fluo-
thane. Therefore, in those instances in which succinylcholine
chloride was used in the induction process, anesthesla is
actually being induced by Fluothane.

The dose of succinylcholine chloride used was five mg.
per 100 pounds of body welght and was injected 1n the Jjugular
vein. Within a few seconds the horse would go down and the
anesthetic apparatus was connected'to the horse. In instances

in which temporary apnea was produced by the drug, the appara-
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tus was not connected to the horse until spontaneous respira-
tions began.

In those horses in which thiamylal sodium was used, an
actual light stage of anesthesia was produced by this drug.
The dose (two grams in 40 cc. of sterile water) was injected
as rapidly as possible into the jugular vein. The animal
would then sink to the ground and the same procedure which was
used with succinylcholine chloride was then followed.

The anesthesia produced by the thiamylal sodlum was
generally Just to the point of nystagmus of the eye with very
little nmuscle relaxation.

The induction time was less for this method of induction
than in the method using succinylcholine chloride. The
average induction time of six horses in which induction was
accomplished by using thiamylal sodium was 2.67 minutes.
Sixteen horses receiving succinylcholine chloride in the
induction process averaged 3.13 minutes induction time. Both
groups received premedication with promazine hydrochloride
tranquilizers.

No induction excitement which is sometimes attributed to
barbituate anesthesia was noted in this study.

The fact that Fluothane 1s a potent anesthetlc was
demonstrated by its being used alone for induction in 17
animals in this study. Some of these were anesthetized while

being restrained on the surgery table whereas in other cases,
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anesthesla was induced while the horse was standing.

Inhalation of the Fluothane vapors by the horse did not
appear to produce any irritation to the respiratory mucous
membranes nor did the odor of the fumes appear to be offensive
to them. In no instance did the horse exhibit any reluctance
to inhaling these fumes.

When anesthesia was induced in the standing animal using
this method an ample supply of manpower was needed to steady
the horse. It was not that the horse objected to inhaling the
anesthetic gases, but rather when the horse became unsteady on
his feet, it was sometimes rather difficult to keep him from
moving away from the anesthetic machine. The horse would
often object more to the restralnt than to the anesthetic.

The average induction time in horses in which induction
was completed with Fluothane alone was longer than in those
horses in which either thiamylal sodium or succinylcholine
chloride was used. Thirteen horses in this group averaged 4.1
minutes for induction of anesthesia to be completed. The
groups receiving thiamylal sodium or succinylcholine chloride
averaged 2.67 minutes and 3.13 minutes respectively.

In no instance was induction of anesthesia accompanied
by an excitement stage or serlous complications. 1In three
cases there was some breath holding during induction which
will be discussed later. The nearést thing to an excitement

stage observed was an occasional extension of the limbs seen




51

in three horses. In these cases the horse would extend the
legs and hold them rigid early in the induection process. As
the level of anesthesia deepened the limbs would gradually
relax and they could soon be easily flexed and manipulated.
This phenomena may be similar to the transient period of
generalized muscle rigidity reported by Chang et al. (6) dur-
ing Fluothane induction of human patients.

In one horse a short period of running movements with
the front legs was apparent. This was a mature horse which
was premedicated with 250 mg. of Sparine and cast with 40 mg.
of suceinylcholine chloride. These running movements lasted
approximately 30 seconds.

The fact that induction is accomplished rapidly and that
“there 1s no excitement stage associated with induction are
important advantages to this type of anesthesia.

The per cent concentration of Pluothane used for induc-
tion was eight to ten per cent in five horses in which the

Fluotec vaporizer was used.

Signs of Anesthesia

This was the author's first experience with inhalation
anestheslia in the horse, and 1t is a technique not previously
practiced at the Stange Memorial Clinic, therefore the signs

of anesthesia for this type of anesthetic had to be learned



as the project progressed.

There was no one sign of anesthesia which could accurate-
ly indicate the stage of anesthesia found <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>