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INTRODUCTION 

General anesthesia in t he horse oft en present s a problem 

to the veterinar y surgeon. He must f i nd an anes thetic agent 

which is adequate for t he operation to be performed, yet no t 

unduly endanger the life of the patient. It must not be pro -

hibitive in it s cost and its administration must not be par-

ticularly complex . 

Because of t hese reasons t here has been a constant search 

for an ideal anestheti c for t h e hors e. 

In 1948, Millenbrick (39) developed a techni que of 

general anesthesia using a co~bination of pentabarbital sodium, 

chloral hydrate, and magnesium sulfate, and found it to give 

g0od anesthesia wi th low toxici ty and a recovery period of 

abou t one hour. In 1950 (36) and agai n i n 1960 (30 ) thio-

penta l sodium injected i n travenously r apidly was fo und to be 

a good general anesthetic of short duration in t he horse. 

Anesthesia by i nhal ation of ether ftUles has been tried in 

numerous methods including a technique described by Reed et 

al. (44) which utili zes a s eries of four vaporizers to pro -

duce an adequate ether con centration . Hannson and Johannison 

(25 ) have experimented with bar biturate -nitrous oxide-succinyl-

choline anesthesia and concluded that it i s not a suit able 

anesthetic combina tion for the horse . Cycloprop ane in a 

closed- system has been used for general anesthesia in t h e 
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horse (9) . Fr ances and Parry (17) rep ort on the value of 

beta- naphthoxyethano l as a general anesthetic in the hor se . 

Recently , studies have been made on the combination of pro -

mazine, chloral hydrate, and ultra- short - a cting barbitra tes 

(19 ) and on the use of intravenous ether (18 ) i n producing 

general anesthesia for equine surgery. 

Ho wever , with the possible exception of the pentabarbital 

sodium chloral hydrate, and magnesium sulfate combination, 

none of these anesthethia 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 studies on v arious anest heti c agents, it 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) . 

Be cause the anesthetic depth could be varied according to the 

need, animals could be kept anesthetized for longer periods of 

time, allowing the surgeon to work in a mo r e relaxed manner 

and making it easier for both the surgeon and the patient . 

Inhalation anesthesia in the horse is not a new procedure , 

but until recently the only i nhalation methods u sed to any 

extent were open-drop chloroform and ether in various closed 

systems . In December of 1956 , Raventos (43) described the 
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action of Fluothane1 , a new volatile anesthetic. Since that 

time there have been reports of its u se in the horse (7, 11, 

14, 16, 28, 29, 31, 52) . 

The purpose of this study was to develop a technique for 

administering Fluothane to the horse and to show that Fluo-

thane is a safe and practical general anesthetic which may be 

used for various surgical procedures. 

1Imperial Chemical Ltd., England. . 
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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-1:1:1-

t r ifluorothane (OF3CHC1Br) and a structural formula : 

F Br 

F - 0 C - Cl 

F H 

Fluothane is a liquid with a specific gravity of 1 . 86 at 

20 degrees O. , and its boiling point is 50 .2 degrees C. at 

760 mm . Hg. Its vapor pressure at 20 degrees 0 . is 343 mm . 

Hg. It has a characteristic but not unpleasant odor which is 

difficult to define. Lilce most heavily fluorinated hydrocar-

bans, Fluothane is not inflammable and its vapors mixed with 

oxygen in proportions from 0.5 per cent to 50 per cent (v/v) 

are not explosive . Fluothane decomposes slowly with the for-

mation of volatile acids when exposed to light; it is stable 

if stored in amber colored bottles . Thymol in the proportion 

of 0 . 01 per cent w/w added to Fluothane s t a bilizes the anes-

thetic to the action of light . 

Fluothane is stable when in contact with soda lime . When 

··' I 

l 
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it s v apo r s mixed with 5 per cent carbon dioxide plus 95 per 

cen t oxygen saturated with water, were recirculated for 2 

hours i n a closed system containing soda lime kept at 50 

degrees C., taki ng care to repla ce tne ca r bon dioxide absorbed 

by further additions of this gas, there was only 0 . 02 per cent 

deco~position as i ndicated by the increase in the halide of 

the soda lime . It s decomposi tion has also been studied in 

experiments on anesthetized dogs using a c losed- circuit me t hod 

and found to be nil. These two sets of experiments sho1·1 t hat 

Fluothane is stable i n contact ·with soda l ime and t hat it i s 

possi ble to u se it in closed- circuit methods of anesthesi a 

without t he formation of toxi c decomposition products (43) . 

Ho·wev er , Hudon et ~l. (26 ) state that it is a stable compound 

out t heoretically, when exposed to air , mo i sture or light, i t 

may in time break down i nto various acid s of the halide group . 

The decomp osition products may aff ect certain metals , such as 

tin and alumi num . LiQuid Fluothane may a tta ck rubber, pr o-

ducing softening and swelling . The rubber revert s to normal 

when ·wi t hdra1m from t he Fluo t hane. Clinically, the decomposi -

tion products hav e no toxic effect s even though t h ey are 

theo r etically harmful . 

Fluothane should not be confused vnth Fluornar (tri fluoro -

ethyl- vinly ether), an infla!IlI!lable fluorinated ether rnth 

some rhat different properties (6). 

?.aventos ( 43) , using mice , computed the anesthetic 
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coefficient 50 (a .c. 50) and the lethal coefficient (l.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 l .c. 50 

to a .c. 50 for Fluothane 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 

exhibited a low margin of safety. 

There are also conflicting reports in the literature con-

cerning the analgesic properties of Fluothane. Ma cKay (38) 

reports poor postoperative analgesia in man, whereas Junkin 

et al . (32) have found it to be a good analgesi c, 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 s t udy (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, 'Z(, 28 , 50 , 51, 55) . Basi-

cally, they are similar, i n that they are usually of the 

closed type, either a circle absorber or a to-and- fro appar a -

tus. Most reports seem to favor the closed, circle type sys-

tem, primarily because of economics . That is, this system 

is used to conserve the Fluothane vapors. An additional 

advantage of a closed circuit is the conservation of body 
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heat (27). 

In general the basic constituent s of a clo s ed system 

apparatus consists of a source of oxygen {and occasionally 

nitrous oxi de ), a vaporizer , a carbon dioxide absorber, and a 

rebreathing bag. 

Vaporizers u sed are of several different types, r anging 

from unc alibrated to controlled percentage t yp es. Although 

calibrated v ap orizers offer some advantages they are not 

essential t o safe Fluothane anesthesia {29 ). Clinical asses s -

ment of depth of anesthesia is far more important and reli able 

than exact knowledge of vapor concentration (46). In man , 

nw:nerous vaporizers have been used in Fluothane anesthesia 

such as t h e trilene bottle (3), Toregger , Heidbrink, and 

McKesson v aporizers (6), t he Fluotec vaporizer (32 ), the 

~owbotham bottle (38), and the F.N . S . Fluothane vaporizer (13) . 
Mo st of the more recent literature on human Fluothane anes-

the sia indicate a trend to~ard u sing the controlled percentage 

t ype vaporizer . 

Carbon dioxide absorption i s necessar y i n any system in 

which rebrea thing occurs for more t han a few minutes . Thi s 

may be accomplished either by soda lime or baralyme. Soda 

lime is a mixture of 90 per cent calcium hydroxid e 1dth 5 per 

cent sodium hydroxide with silicates to prevent powdering. 

Bar a l yme is 80 per cent calcium hydroxide vdth 20 per cent 

ba riw:n hydroxide (28 ) . Baralyme is less caus tic and produce s 
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less heat than soda lime (34) . Stephen et al . (48), in a test 

of toxicity, could find no evidence of decomposition of Fluo-

thane even after 14 days of constant vapor contact with bara-

lyme which was heated periodic'ally to 50 degrees C. during the 

exposure . Raventos (43) in his experiments shows that Fluo-

thane is 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 

is depleted. 

Rebreathing bags adequate for the size of the horse 

anesthetized are used in the closed circuit anesthesia. 

The most common methods of inducing 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 et al . (31) has used a mixture of pento -

barb1 tal 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 barbiturate has been given rapidly to 

the standing animal and the subject sinks into light anesthesia 
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within 15 seconds (27 ). 

Fluothane is potent enough to i nduce anesthesi a in the 

horse when used alone (14, 16, 52). This may be rdth (16) or 

without (14, 52) preanesthetic sedatives. When Fluothane is 

used for induction, a close-fitting f a ce mask is applied to 

the horse and then connected to the anesthetic machine. Anes-

the s i a i s then begun . Fisher and Jennings (16) re~ort that 

Fluothane alone may produce anesthesia in five to six minutes. 

Excitement and struggling are negli gible during this period. 

They further state tha t the advantage of inducing with Fluo-

thane i s that r apid reversibility is possible throughout all 

stages of anesthesia. Sims (46) believes that i nduction and 

maintenan ce of ane s thesia with Fluothane alone in the dog, is 

in most cases preferable since i n this Hay all t he advantage s 

of the drug are preserved . 

The concentration of Fluothane necessary for induction 

has been reported as approxima tely two per cent by Vasco ( 52). 

Tavernor ( 51) states t hat initially, Fluothane may be supplied 

from t he vaporizer at about 1.5 per cent, then t he concentra-

tion should be i ncreased slowly to about five per cent in 

order to bring t he concentra tion to a suitable level to main-

t ain anesthesia. The percentage of Fluothane n ece ssar y for 

inducing Fluothane anest hesi a i n man is reported as two per 

cent by some investigators (32 , 38, 54) . Others report t hree 

per 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 this 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 et al. (30) state that the value of the preanes-

thetic sedation used in this rapid induction technique cannot 

be overemphasized since it reduces or abolishes induction 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 f ail 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 

anesthesia in humans, it 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 little 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) fo ur 

horses were given atropine sulfate intravenously at a level of 

0.1 g . per 100 pounds of body weight over a 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 

ro se on an average of only 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 tho se dogs given intravenous atropine 

(0 . 053 mg . per Kg.) prior to induction, there was a greater 

decrease in heart rate and blood pressure th~ in nonatropin-

ized 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 al. (6) in a study on 120 human subjects 

found that atropine will tend to minimize the initia l induc-

t ion hypotension, but it is probably of value mainly in the 

older age group . Atropine was found to rapidly abolish 

bradycardia and hypotension in man when administered during 

Fluothane anesthesia (5, 42) . 

Campbell and Lawson (4) have described t he signs of 

anesthesia commonly seen in general anesthesia of the hors e . 

In Fluothane anesthesia in the horse, t he state of anesthesia 

is conveniently assessed by observation of the respirator y 

r ate and the eye reflexes . As anesthe sia lightens t he respir-

atory rate increases , and t he palpebral reflex and nyst agmus 

reappear s . Once nystagmus appear s the anesthesia further 

lightens very rapidly (51). Slo;dng of the heart r ate is also 

an indication of increased anesthetic depth (29) . 

In the dog, one i nvestigator (49 ) found that the decrease 

in blood pressure was so consistent that t he degre e of hypo-

l 
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ten sion could be considered a measure of the depth of anes-

the s i a . Other s tudi es (46, 47) report the anesthetic depth 

can be judged by the amount of moi sture on the tongue and t he 

relaxa tion of the anus. 

Deepening anesthesia in man is related to t he respirator y 

and car diovascular system (48). Signs , in general, a re t he 

same as ether, except t h ey occur mor e quickly . One of t he 

most important single signs i s related to respiration . With 

deepening anesthesia, t he i nterco s t al muscles are paralyzed 

an d the level of anesthesia can be followed a ccura tely by the 

char a cter of re spirations (1) . Hudon et al. (26) found tha t 

t he pupils remain small and do not dilate progressively as 

they do during deep anesthesia with ether . Given et al . (21) --
noted tha t the u sua l predominance of t h e intensity of the 

fir s t heart sound over that of the second frequently may be 

reversed during anesthesia produced by Fluothane , the i nten-

s i ty of the second sound becoming greater relative to the 

first sound . They concluded , however, that in preliminary 

attemp t s to employ the changes i n heart sounds during Fluo-

thane anesthesia as a guide to anesthe tic depth have been 

unsuc cessful . 

Fluothane anesthesi a depresses the ca rdiovascular system 

and may produce some ca rdiac irregularities . Pulse r a tes of 

a ho r se under Fluothane is reported by Jones et al . (31) to 

be relatively constant between 55 and 70 beats per ~inut e 
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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 

receiving atropine as a preanesthetic. Various arrhythmias 

and cardiac 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 a 30 minute period. During the 

period between these exacerbations a pronounced bradycardia 

was noticed. Also in this 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 ons et to 

an average of 68 (66 to 74). This occurred over a period of 
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six minutes and did not seem to be coordinated with changes 

in heart rate. 

In hU!D.an medicine there is also a reduced pulse r ate in 

Fluothane anesthesia reported (6, 16). In two other studies 

(20, 38) the effect on pulse rate was found to be not consist-

ent. 

Hudon et al. (26) report a 20 per cent decrease i n blood 

pressure of man when anesthetized with Fluothane . This hypo-

tension is related to the depth of anesthesia and is found to 

be reduced in intensity as anesthesia 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 

r eported by other authors (5, 6, 20 , 42). Other workers (3) 

report that hypotension is to be expected during Fluothane 

anesthesia. They further state that the difficulty presented 

by hypotension induced by Fluothane may be overcome, but 

peripheral circula tory depression is a most serious impediment 

to unconditiona l 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 m:n . of 

Hg. He also states that extreme variation in blood pressure 

was the most striking and troublesome complication of Flue-

t hane anesthesia . Chang et al . (6) report that in severe 

hypotension episodes in which there appeared to be a cardiac 
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standstill, inflation of the lungs with 100 per cent oxygen 

rapidly 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. 

This predominance increases the movement of the pacemaker and 

contributed to the occurrence of a nodal rhythm. Depression 

of the sine-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, if present, 

corrected . . These irregularities were present in 14 per cent 

of the patients anesthetized with Fluothane in this study. 

Clinical arrhythmias were reported in eight 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 cardi a c 

surgical procedures. Gain and Paletz (20) found cardia c 

irregularities in six of 22 ca ses and classed them as follows: 

two isolated ventricular extra systole s , one pulsus bigiminus, 

i 
j 
l 

l 
' 
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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 t h e 

anesthesia . In one study (48) all arrhythmias (12 of 30 

cases) reverted spontaneously with lightening the plane of 

anesthesia or vnth improved ventilation . In this report, 

preoperative arrhythmias did not become more serious under 

Fluothane anesthesia. In still another study (5) on this 

matter, cardiac arrhythmia s did not appear to be more frequent 

than vnth 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 is also seen in the dog and 

monkey (49). There is also a report (23) in the literature 

of a net increase in pulse pressure when induction was accom-

plished slowly i n the dog. 

The effect of Fluothane on the cardiovascula r sys tem of 

the laboratory animal has also been s tudied. Raven tos (43) 

finds a decrease in the heart r ate 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 

ro se again to about 120-140 beats per minute shortly after the 

beginning of i nhalation of maintenance concentrations. In a 

study (23) in dogs t he heart r ate decreased about ten per cent 

during induction . ~lectrocardiographic 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 associated 

with deep levels of anesthesia 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 -

ographic tracings, Raventos (43) observed no irregularities 

either during induction or maintenance, although he noted a 

decrease in voltage of the whole QRST complex but no irregu-

larities when apnea was produced . Under surgical 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 its 

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 with the onset of the third stage of 

anesthesia . 

1 



19 

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 is 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 blocker s . 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 cardiovascular effects were due primarily to myocardial 

depression and that the circulatory depression could not be 

due to ganglionic blockage . Studies (23, 35) on dogs anes-

thetized vdth 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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thi s 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 is a re spirator y depr essant also . Jones et al. 

(31) and 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-

the sia was satisfactory . I n eight horses he observed respira-

tion throughout the anesthetic period and found a r ange in 

re spiratory rate from O to 14 per mi nute . Vasko reports t he 

r espiratory rate to be five to six per minute in s urgical 

anesthesia . Fi sher (14 ) finds a depression of the ventilation 

rate in horses under Fluothane anesthesia , and associates 

plasma pH and plasma carbon dioxide changes with this lower 

ventilation rate. Short periods of apnea in the horse are 

reported by Taverner (51) . He also reports some brea th hold-

ing if the concentration of Fluothane is too high when it is 

being used for induction. These periods of apnea were easily 

controlled by artificial respiration . Breath holding was a lso 

observed in dogs and monkeys during i nduc tion (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 re spiratory reflexes were not abolished . 
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One author (8) reports t hat the respiratory 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. Ca r son et al . (5) state that Fluothane is a potent 

respiratory depressant, particularly in deeper planes of anes -

thesia and that "While this is undesirable, it i s not an 

insurmountable drawback. 

Chang et al. ( 6) report that when a~esthesia became light 

in man, breathing became faster and shallower causing a pro-

gressive decrease in tidal and minute volumes. Stephen et al. 

(48) felt that the decrease in minute volume in surgical 

planes of anesthesia was due to depression of the respiratory 

cen~er . 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 volu:ne was 

depressed to a significant degree during both light and deep 

planes . The reason given for the fact that minute volume did 

not fall vdth tidal volume wa s a result of the large increase 

in re spiratory rate. Another study in man (21) found depres -

sion of the tidal volume of respirations to as low as 50 cc . 

to 100 cc. 1·d th the concurrent onset of tachypn ea to occur 

i·d th considerable regularity . 

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

than respiratory r a te. lflinute volume 1·ras decreased 15 per 
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cent in light 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 

Fl uothane was easily reversible and normal respiratory 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 resuscitated 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 respirations 

in the dogs and monkeys is slowed with increasing depth of 

anesthesia (49). There is a diminution in tidal volume asso -

ciated with the slowing 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, 

I 
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but in deep planes the rate was decreased almost 40 per cent . 

I n cases of overdose of Fluothane , respiratory arrest i s 

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 dioxide of various 

species , including the horse, under Fluothane anesthesi a was 

conducted by Fisher (14) . He observed that Fluothane anes-

thesia produced a fall in ventilation rate. A lowering of the 

pulmonary ventilation caused carbon dioxide retention and a 

raising of plasma carbon dioxide content . It was observed 

that in prolonged periods of anesthe sia there was often a 

stabilization 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-

thesia are consi stent with carbon dioxide retention and a 

re spiratory acido sis . 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 extra buffering capacity or buffering r egulating 

mechanism which has previously been inhibited by the anes -

thesia came into action after recovery. 

In a study (23) of plasma pH and plasma ca rbon 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 anesthesia on asthmat-

ics reported in the hu:nan literature. Carson et al. (5) say 

they have been impressed clinically with the ease with which 

Fluothane is tolerated by the asthmatic. Ausherman and Adan 

(1) anesthetized eight knovm asthmatics v~th Fluothane. None 

exhibited strider or spasm of the larynx or bronchi. Patients 

with emphysema accompanied by venous hypertension seemed to 

improve temporarily while under anesthesia 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). In one study in dogs, the author (47) 
noted an improvement in the pulse and respiration of almost 

all poor risk cas es as soon as they are fully anesthetized 

wl th 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 unpremedi cated 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 t hat 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 vri th Fluo-

thane is 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 et al. (49) found a lack of 

salivary secretions in dogs and monkeys. Singleton (47) 

ob served a suppression of salivary, bronchial, and gastric 

secretions . Sims (46) states that excessive mucus and saliva-

tion are absent so that no premedication is required in t hat 

regard . In cattle, however , Fisher and Jennings (16) found 

there i s no inhibition of salivation during Fluothane anes-

thesia . 

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 includ-

ing bone pinning and laryngeal ventriculectomy. However, Hall 

(24) states that while Pluothane anesthesia usually provides 

good muscular relaxation, it was sometimes impossible to pr o-

duce completely satisfactory relaxation of the abdominal 

musculature while the patient is breathing spontane ously. 

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 upper 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 arrhythmia by using 

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 relaxation to a troublesome degree 

has been reported in nine vaginal deliveries under Fluothane . 
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A decrease in concentration of Fluothane seemed t o correct 

t his (38) . Another author (10) has found the Fluothane to 

have a definite inhibitory effect on the contractility of t he 

uterus with complete or almost complete obliteration of t he 

contractions. 

Considerable relaxation , to the point that t h e use of 

muscle r e laxant s i s a l most superfluous excep t for intra-

thoracic surgery in dogs is report ed (46, 47) . Lumb (37) 
found muscle relaxation to be adequate for all maj or abdominal 

and thoracic canine surgery. 

Succinylcholine chlori de has been found to be well suit ed 

to anesthesia with Fluothane (1, 5, 6, 26, 32, 38, 48) . Most 

of these same authors also report tha t the use of curare i s 

not r ecommended for Fluothane anesthesi a . In do gs succinyl-

ch oline chloride exerts its usual action when used with Fluo-

thane, but in some dog s , admini stration of d- tubocurarine 

chloride was associated with a !)r ofound hypotens i on, wher eas 

in other ani mal s little if any disturbance of t he blood pres-

sure occurred (49) . 

One of the report ed advantages of Fluothane anesthesia 

i s its smo oth and r apid r ecovery . The recovery time varied 

from 15 to 330 minutes in one study (31 ) t o 30 to 45 minutes 

i n ano t her ( 51) . Vasko (52 ) allowed recovery to take place 

in a darkened stall and reports an average r ecover y time of 

50 minute s . Others (16, 51) advi s e 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 al. (48) report recovery from anes-

thesia t o be rapid and remarkably free of excitement, even 

after prolonged administration. Protective reflexes and move-

ment on demand was present rd thin five minutes . Full orienta-

tion as t o 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 with infrequent 

excitement, nausea and vomiting. Chang et al. (6) found that 

increasing the duration of anesthesia was associated vdth an 

increase in recovery time. 

When Fluothane is used in canine and feline surgery, 

recovery is quick and there are no unpleasant after-effects 

(4la, 46, 47) . Raventos (43) reports that recovery from anes-

thesia with Fluothane was equally fast and free from excite-

ment in all animal species studied. All animals were com-

pletely recovered in about ten to 20 minutes even from periods 

of anesthesia lasting five to six hours. 

I 
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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 vdth Fluothane 

they felt less depressed the next day (26) . Stephen et al . 

(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 anesthesia is 

important . Jones reports 30 to 4o c c . per hour of surgical 

anesthesia in one study (28) and 4.4 ml. per 100 ~ounds of 

body weight per hour of anesthesia in another project (31) . 

He also found that the amount used for short procedures was 

significantly greater than that required for longer O?erations 

in horses . Thi s study also sta tes 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 hors es averaging 916 pounds anestheti zed i·d th 

Fluothane for an average of 79 minutes , 35.6 cc . was required 

for maintenance . Fisher and Jennings (16) in 17 hors es used 

37 cc . per 500 Kg. animal per hour for maintenance and six cc . 

per minute per 500 Kg. anima l for induction. 

Th e average amount used in a report (46) of operations 

don e on 71 dogs and 43 ca t s was 7 . 5 ml. for dogs and 2 . 5 ml. 

for ca t s . Thi s r eport a l s o s t a t es that for very short opera-

tions 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 mi ght be expected in a highly halogenated 

compound like Fluothane. However, with relatively prolonged 

exposure of animals to chloroform or Fluothane under similar 

circumstances, the degree to which the liver i;vas spared with 

exposure to Fluothane when compared to chloroform was remar k-

able {49) . I n rep eated ~ne sthesia in r a ts using Fluothane, 

no gross or hi s tological changes in their livers, kidneys , and 

brains (33 ). Bromsulphalein retention follovdng Fluothane 

anesthesia in dogs was almost identica l to that follo~nng 

ether anesthesia (54). 
Carson et al . (5) found that liver function tests per-

formed on 14 human patients indica te that as long as hypoxia 

i s avoided Fluothane does not damage hepatic function suf-

ficiently to be r ecognized by present methods of measurement . 

In assessing t he influence of Fluothane on liver metabolism, 

Stephen et al. {48) found less di sturbance in blood sugar 

level s t han most conventional anesthetic drugs . Other 

reports {3, 54) i ndicate no clinical evi dence of po stoper ative 

hepatic disturbanc e . Lit tle and Barbour {35) in a study of 

hepa tic function alterations produced by anesthetics found 

t hat hepatic functions were not affected more fo llowi ng anes -

t hesia produced by Fluotbane t han follo i·dng anesthesia pro-

duced by either cyclopropane or ether. Following Fluotbane 

ane s thesia cholesterol esterifi cation was normal , alkaline 

I 
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phosphatase activity was n ormal, 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 cycloprop ane or ether con-

centration. Using thymol turbidity test s Virture et al . ( 54 ) 

found no deleterious effects of Fluothane on the liver. 

Virture and Payne (53) also report on a patient that 

died on the eleventh day postoperatively after Fluothane anes-

thesia in which death was believed to be due to acute yellow 

atrophy of the liver and a cute pancreatitis. The clinical 

course was similar to that of chloroform poisoning except tha t 

the downhill course did not begin until the sixth day post-

operatively . 

· No signs of any pathological condition of the kidneys 

(albumin , casts, or abnormal specific gravity) were found in 

eight cases averaging 4 1/2 hours of Fluothane anesthesia 

(26 ) . In another report (54) t he kidney function of patients 

as measured by urea clearance tests and other possible meta-

bolic changes as measured by bloo d volumes seem minimal . I n 

a s tudy on dogs, Bla ckmore et al . (2 ) found that t he re is a 

correlati on between the car diovascul ar and r enal re sp onses to 

Fluothane and that in sufficient concentrati on Fluothane has 

significant but reversible action on renal a ctivity. In rat s 

there was no alteration of renal function 'When tested by t he 

water diure s i s and pheno l red excretion tests (43 ). The onl y 
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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 , 

a l though few have been listed by Jones et al . (31) as , dif-

ficult transition from induction to inhalation anest hesia in 

occasional h orses; tachycardia and arrhythmias during surgi-

cal stimulation of the inadequately anesthetized horse or 

during depletion of the carbon dioxide absorbent ; occasional 

overdosing with Fluothane with marked respiratory 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 

In this study, 49 horses were anesthetized v~th Fluothane 

a total of 56 times. Forty- four of these horses were anes-

thetized one t ime only, three were anesthetized twice 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 

1). 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 the s e 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, Ame s , 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 cy sts and/or growths, two neurectomies, and five 

procedures of the cervical area . Forty- 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 ave r age 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 eight minutes to three hours, and 13 

minutes for duration; and, eight minutes to 92 minutes for 

recovery time. 

The majority of cases studied were clinical 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 studies were 

conducted under actual clinical conditions with the best 

interest of the patient always being the primary considera-

ti on . 

Euthanasia 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 euthanasia 

was successful . In the third horse, a four year old, 1000 

pound gelding, it was impossible to euthanize this horse using 

Fluothane . 

None of the three horses received preanesthetic 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 . 

Ob servations made during euthanasia are reported in the 

results of thi s paper. 

Forty- four of the horses studied were premedicated rdth 

I 
J 
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a promazine hydrochloride tranquilizer 1 prior to anesthesia . 

Thirteen cases did not receive any of this preanesthetic. 

When it was used the dose of this tranquilizer was two to four 

mg . :per 10 pounds body weight. It was administered intra-

venously in the jugular vein 30 to 60 minutes before induction . 

The effect of this tranqui l ization prior to anesthesia on 

induction time, amount of Fluothane used, and recovery time 

was studied and reported . 

The anesthetic apparatus used in this s tudy was a machine 

constructed for large animal anesthesia . 2 (See Fig . 1 and 2 .) 

The cachine was used as a closed system utilizing a rebreath-

ing bag and a carbon dioxide absorber. 

The operating principle of this machine i s no different 

than any other closed system apparatus . Oxygen is supplied to 

the system from an oxygen cylinder by way of a preset regu-

l a tor (50 pounds per square inch pressure ) (Fi g . 3) id th a 

flow meter (Fig. 4) . The flow meter i s 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 

vaporizer and enter the system directly . In the majority of 

cases the vaporizer used was a bubble type , ether vaporizer 

(Fig . 5) in which 100 to 125 cc. of liquid Fluothane are 

1sparine, Wyeth Co., Philadelphia 1 , Penn . 
2National Cylinder Gas Co., Chicago , Illinoi s . 
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placed when the machine is made ready for use. I t is not 

calibrated , but has a series of settings r anging between on 

and off (Fig . 6). 

If the oxygen is directed through the vaporizer, it is 

first conducted t hrough a small metal tube to the bottom of 

the vaporizer. Here t he tube ends in a porous disc which 

causes the oxygen to be bubbled through the liquid Fluothane 

as several small bubbles , and thereby brings about the vapori -

zation of the anesthetic. The anesthetic vapors t hen pass 

i nto the system. 

A Fluotec1 vaporizer was used in anesthetizing 5 horses 

l ate in this study (Fig . 5) . The Fluotec vaporizer i s a con-

trolled percentage vaporizer manufactur ed specifically for 

the use of Fluothane . This vaporizer is calibrated to del iver 

from 1 per cent to 10 per cent Fluothane vapor volume by 

volume . The calibrations are at 1 per cen t i ntervals . This 

vaporizer has an automatic temperature compensation value, so 

that the percentage bei ng delivered is a ccu.rate over a tem-

per ature range fro~ 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 sufficiently large to hold in excess 

1cyprane Ltd., England . 

' 
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of 16 pounds. The average amount of baralyme used in this 

project was 10 to 12 pound s . The baralyme contains an indica-

tor which cause s it to change from its original pink color to 

a blue color when its carbon dioxide absorbing capacity is 

saturated . 

The inhala tion and exhalation tubes carry the anesthetic 

vapors to t he face mask and the expiratory vapors away from 

the mask a re s i x feet long and made of flexible industrial 

tubing having an internal diameter of 2.5 inches . The di stal 

ends of these tube s are connected to a Y shaped yoke which has 

two unidirectional valves. One va lve allows the vapors to 

flow to t h e horse (inhalation) and ·the other allows the vapors 

to f low f rom the horse (exhal ation) (Fig. 7). This yoke i s i n 

turn connected to the face mask . The face mask i s made of 

very durable plastic vdth a rubber diaphragm on one end having 

a s lit- like opening. The other end has a fitting which con-

nects to the yoke (Fi g. 8) . 
During inhalation, anestheti c vapors are drawn from the 

machine, through the tubing and valves, and into hi s r espira-

tory system. Upon expiration the r espi ratory gases, includ-

ing the anes thetic vapor , are forced through the baralyme 

where t he carbon dioxi de i s 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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pro~azine hydrochloride, succinylcholine chloride, 1 and Fluo -

thane; pro~azine hydrochloride, thiamylal sodium, 2 and Fluo-

thane; promazine hydrochloride and Fluothane; thiamylal sodium 

and Fluothane; and Fluothane a lone. 

The actual method of induction was also varied. i•lhen 

succinylcholine chloride rras used, its function was to act as 

a casting agent (4o) . The calcula ted dose of 5 mg. per 100 

pounds of body 1'Ieight ·was inject ed into the jugular vein of 

the horse and t he horse was allowed to fall to the grou."fl.d . 

One of the rear legs was secured in the flexed po si ti on vrl th 

the aid of a side line. The face mask was then plac ed over 

the animal ' s nose and connected the mask to the anesthetic 

machine . 

The same procedure was followed vi'.aen induction was 

accomplished utilizing thiamylal 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 technique described by Jones et al . 

(30) . Fluotha:ne alone (with or 1'rithout premedication with 

tranquilizers) ·was also used to induce anesthesia . In some 

1sucostrin, Squibb and Sons, 1{eu York, N. Y. 

2surital sodium, Parke , Davis, and Co . , Detroit 32, 
Michigan . 

I 
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cases the horse was restrained on a tilting, large animal 

surgery table and in others anesthesia ·was induced while the 

horse was standing over a casting area . In tho se horses 

restrained 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 t he horse 

to allow him to become accustomed to it. When he would stand 

quietly, the mask was connected to the anesthetic machine and 

vaporizati on was begun . After inhaling the anesthetic fumes 

for two or three minute s the hor se 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 

anesthesia was being attained . 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 indi cated by the signs of anesthesia . 

There were no signs of anesthesi a which were character-
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istic for all cases . Those signs used in this study were the 

eye reflexes, the anal reflex, respiration rate, and degree of 

tail and limb relaxation. The signs were not consi stent for 

each individual animal, and a composite of all signs were 

necessary to indicate the plane of anesthesia. 

~'Tnen induction was complete the time required for the 

induction process was recorded on the anesthesia record. I n -

duction time was considered as the tine elapsing betueen the 

moment the anesthetic apparatus was connected to the face mask 

and the time at lmich a stage of surgical anesthesia was 

reached. 

Once anesthesia had been induced, the majority of horses 

were maintained by using a tight fitting ma.sic although an 

endotracheal tube was used in a few cases. Both methods were 

quite satisfactory. 

Throughout the maintenance period , periodic vaporizations 

were required to maintain surgical anesthesia . Also during 

this period, various observations and measurements were made 

and recorded. 

On a few occasions, the author was both t he anesthesiolo -

gist and the surgeon. While this did not allow for the most 

accurate observations and recordings, it ·was, however, a good 

test to see if a veterinarian, alone in the field, could 

incorporate this anesthetic technique into his practice. 

Throughout the anesthetic period the pulse rate ·was 

I 
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monitored by using a stethosco~e over the heart area . The 

rate was recorded as was any change in character of the heart 

beat -which was noted. If for some reas on, such as surgical 

drapes being over the chest area, it was not possible to use 

the stethoscope, the pulse rate was determined by digital 

palpation of the external maxillary artery. Such monitoring 

of the pulse rate and heart sounds was done every five or ten 

minutes during anesthesia . 

In seven horses, the heart rate and electrocardiogram 
1 were visually moriitored by using a oscilloscope monitor . In 

these cases the heart was also checked periodically ~~th the 

stethoscope . 

Electrocardiogram tracings were made on a total of nine 

anesthetic periods of four experimental horses. The standard 

limb leads were u sed (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 vari ou s speeds; the most often used 

speed being 10 mm . per second. 

Seven of the electrocardiagrams were made u sing a six 

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

1sanborn model 760 monitoring system , Sanborn Co . , 
~fal tham, Massachusetts. 

2sanborn 350 series , Sanborn Co. 
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made on a single channel, portable maccine. 1 

Venous and arterial blood pressures of four anesthetized 

horses wer e recorded during the anesthetic period . The method 

of recording these blood pressures was as follows. Permanent 

catheters were placed into the jugular vein and car otid 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 diameter 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 t he 

valve (Fig. 11). The opposite end of it lee to physiological 
2 pressure transducers (Fig. 12). The tube from the carotid 

artery led to a transducer with a pressure range from minus 

4oo to plus 4oo mm. of Hg., while the tube from the jugular 

vein led to a transducer having a range of minus 4o to plus 4o 

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 bas e line would equal 100 mm. Hg 

1sanborn 100 series, Sanborn Co. 
2sanborn model 267B. 
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for the arteria l pressure and 20 mm . of Sg for venou s pressure . 

Blood pr essure could t hen be r ead directly from the recording 

machine. 

In six horses , bloo d samp l es were dram1 at various times 

during anesthesia to s tudy t h e effect of Fluothane on t he 

blood cell s . Samples were dra·,m from the jugular vein u si ng 

a 16 gauge , one inch needle , and were collected in oxalated 

blood tub es . They were usually taken prior to i nduction and 

a t different times during the anesthetic period. 

The samples were t aken to the clinical laboratory 'Where 

hemoglobin determination , a total erythrocyte count, a tot al 

leucocyte count, and a differential leucocyte count was made . 

Blood gas determinations were conduc ted i n three other 

experimental horses . Arterial and venous blood samples were 

drawn from per manent polyvinyl cathe t ers , insert ed in t he 

carotid artery and jugular vein, a t various times during 

anes thesia of these h orses. Determinations of the carbon 

di oxi de , oxygen, and other gases (predominantly nitrogen) were 

t hen run ac cording to t he method of Peters and Van Sl yke ( 4lb) . 

The concentrations of these gase s are reported as volumes per 

cent . 

Respira tory rates were r ecorded every five or ten minutes 

i n the anesthetized horses to observe t he effect of Fluothane 

anesthesia on the r ate of respiration . A respiratory r ate of 

the horse ·was also taken prior to anes thesia and recorded . 
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This prerate was taken after premedication if any was used . 

If any re spiratory 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 t he anes-

thetized horse . This tubing was connected to a Sanborn model 

267B physiological 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 a r eas . 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 a 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 

consider ed as the time from when the horse was disconnected 

from the anesthetic apparatus until the horse would rise with-

out assi stance . Observations were made on the effect of the 

different recovery ar eas on the recovery time. The effect of 

preanesthetic tranqui l ization and duration of the anesthetic 

period on recovery was also studied . 

In a few cases the anesthetic system was cleared of the 

Fluothane fumes at the end of the surgical procedure by flush -

• I 
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ing the re breathing bag with pure or1gen seven or eig."1.t times . 

The horse was then allowed to breath pure 0J....7gen for five to 

ten minutes . The effect of this procedure on the time required 

for recovery was noted. 

Because Fluothane is a rather expensive drug t he amount 

of this anesthetic required for t:h.e anesthesi a period is 

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 at tem?t 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 pro cedure 

1·fas recorded . 

The anesthetic periods ~ere placed into groups according 

to t he duration of anesthesia , and the aver age amounts used 

by each of the groups rras 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 i s also a comparison made of the amount of Fluo -

thane used in horses vrhicil were premedicated with tranquili z-

ers and those receiving no premedication . This comparison was 

made in horses anesthetized for similar periods of time in 

order to ~ini~ize t h e effect of the dur~ti on of anesthesi a on 

the a:nount used . 



46 

RESULTS 

Induction 

Induction of anesthesia presented no particular difficul-

tie s in t hi s study. All of t he various methods u sed proved 

to be satisfactory . 

The average induction time in all cas es in which induc-

tion time was recorded was 4 . 09 minutes. The range of all 

cases was from one minute to 14 minutes . Th e ether vaporizer 

bottle proved to give a more rapid induction t han did the 

Fluotec vaporizer. The average time when u sing the ether 

bot t le was 3 . 72 oi nutes for 50 cases , ·whereas the average ti 1:1e 

for the Fluotec vaporizer was 8. 75 minutes in five cases . 

Tni s difference in i nduction time ·was probably due to the fact 

t hat a higher vapor concentration could be produced by passing 

a rapid flow of oxygen (in excess of 14 liters per mi nute) 

t hrough the l i quid Fluothane in t he ether bottl e . Th i s vapor 

concentration could be further i ncreased by having t he vapor-

izer warmed and by having an adequate amount of Fl uothane in 

the bottle. That i s , t he more fluid there ·was in the bottl e 

t he t aller was the column of Fluothane through which t he 

oxygen passes . 

There was an age difference noted in the induction time. 

~·lhen the cases were grouped into three classes , one year old 



and younger , one year old and older , and ponies , thi s dif-

ference can be seen . Thirteen horses one year old and 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 six ponies was 

3 . 92 minutes . The reason for thi s difference is undoubtedly 

due, in a large way , to t he difference i n s ize of the horses 

in the t \·ro age groups . No significance can be dr avr.a from t he 

induction time of the six ponies but it was thought best by 

the author to class them separately , rather than to i n clude 

t hem in the two age groups . 

The effect of preanesthetic tranquilizers on induction 

·was a l so studied . Again t h e horses were place d into t1·ro age 

groups with the division between t he groups being one year of 

age . I n eig_h.t animals one year old and younger i·lhich received 

tranquilizers prior to anesthesia , the average induction time 

..,ras 2 . 81 ::iinutes . I n five horses of the same age group i·1hich 

di d not receive tranquilizers , the average induction time was 

2 .60 mi nutes . From this, one might assume that pr eanesthetic 

tranquilizers produce an increase in i nduction time , ho"rrever, 

in the older age group , t he opposite was found . I n 17 horses 

of t his age grou9 which received tranq_uilizers t he aver age 

induction time was j . 65 minutes . In five horses older than 

one year which •,1ere no t :? r emedicated with tranquilizer s , t he 

aver age ~·ras 4 . 40 r:iinutes . This is what one would logically 
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expect. Tha t is, it would be reasonable to assume that pre-

medication with tranquilizing drugs would tend to shorten t he 

induction time . The results obtained in the younger age group 

can not be overlooked, however. 

The one definite advantage to using tranqui lizers 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 succinylcholine chloride as a casting agent . To say 

that suc cinylcholine chloride is 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, anesthesia i s 

actually being induced by Fluothane. 

The dose of succinylcholine chloride used was five mg . 

per 100 pounds of body weight and was injected in the jugular 

vein . Within a few seconds the horse would go dovm and the 

anestheti c 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 sodiu:n 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 sodium was 

generally just to the point of nystag;:nus of the eye with very 

little muscle 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 wai c~ induction was 

accomplished by u s ing thiamylal sodium was 2 .67 minutes . 

Sixteen horses receiving succinylcholine chloride in the 

induction process averaged 3 . 13 minutes induction time. Both 

groups received premedica tion vdth promazine hydrochloride 

tranquilizers . 

No induction excitement which is sometimes attributed to 

barbituate anesthesia was noted in this study . 

The fact that Fluothane i s a potent anesthetic 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 wher eas in other cases, 
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anesthesia was induced while t he hor se was standing . 

Inha l a tion of the Fluothane vapors by the horse di d not 

appear to produce any irritation to the respirator y mucous 

membranes nor did the odor of t he fumes app ear 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 

thi s method an ample supply of manpower was needed t o steady 

the horse . It was not that the horse objected to inhaling t h e 

anesthetic gases, but rather when the horse became unsteady on 

his feet, it was sometimes r ather difficult to keep him from 

moving away from the anesthetic machine . The horse would 

often object more to the restraint than to the anesthetic. 

The average induction time in horses in which induction 

was completed with Fluothane a lone was longer t han in t hos e 

h orses in which either thiamyl al sodium or succinylcholine 

chloride was used. Thirteen horses in this group averaged 4 .1 

minutes for induction of anesthesia to be completed . The 

groups recei ving thiamylal sodi U!ll or succinylcholin e ch loride 

averaged 2 .67 minutes and 3 . 13 minutes respectively. 

In no ins tance was induction of anesthesia accompanied 

by an excitement s tage or serious compli cations . In three 

cases there was some breath holding during induction which 

will be discussed later . The nearest thing to an excitement 

stage observed was an occasional extension of the limbs seen 
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in three horses. In these cas es the horse would extend the 

leg s and hold them rigid early in the induction process . As 

the level of anest hesia deepened t he limbs would gradually 

r elax and they could soon be easily flexed and manipulated . 

This ph enomena may be similar to t h e 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 rn th 40 mg . 

of succinylcholine chloride. These running move~ents las ted 

approximately 30 seconds . 

The f act tha t i nduction i s accompli shed r apidly and that 

·there i s no excitement s tage associated Y1ith induction are 

important advantages to thi s type of anesthesia. 

The per cent concentration of Fluothane used for induc-

tion was eight to ten per cent in five hor ses in whi ch t h e 

Fluotec vaporizer was u sed . 

Signs of Anesthesia 

This was the author ' s first experience with inhal a tion 

anes the s i a in the horse, and it i s a technique no t previous l y 

pr acticed at the Stange Memoria l Clinic, therefore the signs 

of anesthesia for this type of anesthetic had to be learned 
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as the project progressed . 

There was no one sign of anesthesia which could accurate-

ly indicate the stage of anesthesia found in this study, nor 

were there any groups of signs of anesthesia which would be 

correct for every horse anesthetized with Fluothane. The 

method of determining the stage of anesthesia was as follov~ . 

While the horse was receiving the initial Fluothane vapors the 

eye was watched closely for nystagmus and for the degree of 

reaction of the corneal and palpebral reflexes . When nystag-

mus began , the anus was checked to determine the degree of 

anal sphincter relaxation and to observe the degree of re-

sponse the sphincter would make to palpation . The tail and 

limbs were manipulated to determine the amount of muscle 

relaxation present . When it was seen that the eye had passed 

through nystagmus, the anal sphincter was relaxed, the anal, 

corneal, and palpabral reflexes were weak or absent , and the 

limbs could be easily flexed, it was assumed the horse was in 

or near a plane of surgical anesthesia, and the va?orizer was 

turned off . Also, at thi s time, the respiratory r ate was 

taken and r ecorded . The animal was observed for two or three 

minutes and if nystagmus began to return, or the horse made a 

movement, or if for any reason the plane of anesthesia was 

thought to be light, more Fluothane vapor was admitted to the 

system . 

Once it was established that a surgical plane of anes-

I 
11 
I 
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thesia was rea ched , the most important sign of anesthesia then 

was the respirat ory rate . At surgical anesthesia the respira-

tory rate will r emain fairly constant and if the plane of 

anesthesi2. is deepened the rate will usually decrease, whereas 

if the plane becomes lighter, the respiratory rate will in-

crease. Therefore, by watching the re spiratory rate, one is 

able to maint2.in a fairly constant level of surgical anesthe-

sia . The other signs of anesthesia must be observed also and 

used to evaluate the plane of anesthesia , but it appears that 

the rate of respirations is the most constant and reli2.ble 

guide to surgical anesthesia when using Fluothane. 

All the signs of anesthesia mentioned above were not 

present in each individual animal . Nystagmus and anal relaxa-

tion were often present , but not in all cases . The degree of 

reaction to corneal and palpebral stimulation varied consid-

erably. A composite of all signs was necessary to i ndicate 

the degree of anesthesia. 

Maintenance 

The oxygen flow during maintenance of anesthesia was 

usually kept at two liters per minut e . Although a t h eoreti-

cally clo s ed system was used it was necessary to add oxygen at 

this rate to keep the rebreathing bag properly inflated. 

There were certain unavoidable leaks at various fittings and 
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connections within t he anesthetic apparatus which would permit 

a constant loss of gases from the system . In one respec t , 

this slight leakage is beneficia l. That is, by constantl y 

adding pure oxygen into the s ystem, it dilutes the anesthetic 

vapors and makes it virtua lly i mpossible to get an increase 

in concentration of the anesthetic gas which could lead to 

overdose . On the other hand, thi s constant dilution of the 

vapors requires that new Fluothane fumes be periodically 

vap orized into the system to maintain an even plane of surgi -

cal anesthesia. This in turn requires t hat more Fluothane be 

us ed than if t here were no leaks in t he system . 

During maintenance of anesthesia, the rebreathing bag was 

kept at a level which would not i nterfere with normal respira-

tions in any way . If the bag was too full it would cause a 

resistance to expiration which may lead to an anesthetic build 

up in the lungs of the horse. If the rebreathing bag were 

allowed to become too empty , there would not be sufficient air 

for the horse to inhale and the horse would become anoxic . 

The volume of gases in the rebreathing bag was regulated by 

i ncreasing or decreasing the flow of oxygen into t he system. 

When the signs indica t ed tha t the plane of anesthesi a was 

becoming li ght (increased respiratory rate, return of nystag-

mus, increased anal r efl ex) more ~luothane vapor was ad~itted 

to the system by opening the v ap orizer valve to the full on 

position and a llovdng it to remain open for 30 to 60 seconds . 
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Rarely was it necessary to leave this valve open for any 

longer period of time. 

Early in the study, before the author was familiar ~dth 

the signs of ~luothane anesthesia in the horse, the plane of 

anesthesia would occasionally become light enough to allow the 

horse to make a movement. These movements were never of a 

violent nature. In these cases the vaporizer valve would be 

left open for as long as a minute and a half . As proficiency 

in the technique was increased, the stage of anesthesia could 

be determined accurately enough so these movements were no 

longer allowed to occur. 

It was necessary to keep the fluid level of the vaporizer 

at an adequate level to insure vaporization of the Fluothane. 

In this study 100 to 125 cc. of Fluothane was placed in the 

vaporizer bottle prior to anesthesia. The level ·was not 

allowed to become less than approximately 60 to 70 cc. during 

the anesthetic period. If the level of Fluothane did become 

less than this amount it was difficult to produce an adequate 

vapor concentration for anesthesia due to the short column 

of fluid through which the oxygen was passed. 

Fluothane in bottles which had been opened for some time 

or which had been used in several (four or five) anesthetic 

periods appeared to lose some of its anesthetic potency . Be-

cause of the high cost of the drug the discarding of Fluothane 

which had been u s ed i n a few anesth e si a s was not economically 
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practical . Therefore, t he practice of always combi ni ng some 

of the 11 u sed11 Fluothane with some from a newly or recently 

opened bottle was u s ed . For routine procedures , a total 

volume of 100 cc. u sually proved adequate. Of this total, 

approximately 60 cc. would be t he older liquid and 40 cc . 

would be t he newer Fluothane. The advantage of thi s practice 

1·ias t hat t he pote!lcy of the fresh Fluothane was available 

while the older Fluothane furnished volume to provide for 

proper vaporization. In this way wasting of Fluothane was 

minimized. No adverse effects were observed u sing this com-

bination which would indicate any concentration of toxic 

products . 

No accurate records were kept on the length of time t hat 

the baralyrne absor ber could be used. It was routinely changed 

when some of the baralyme crystals in the top portion of the 

cylinder became blue i n color. Not all the crystals were blue 

in color; many were a faded pink color. It was noted that 

there · were very few blue crystals beneath the top layer of 

crystal s . Deeper i n t he absorber most of the crystals were 

still pink i n color . It was felt, however, that a difference 

in efficiency of carbon dioxide absorption could be detected 

·.men the top layer of crystals began to assume a faded pink 

color . ~ais difference was associated with an i ncr ease in the 

r espiratory rate of the anestheti zed horse . 

-



57 

Cardiovascular Effects of Pluothane Anesthesia 

The pulse rate in the horses anesthetized in this study 

was found t o average about 36 to 44 for racing horses, 48 to 

56 for n onracing animals over one year of age, and 54 to 60 

in nonracing animals one year old and younger . 

During induction and early in maintenance the se pulse 

rates were usually increased . 

In one case the pulse r ate became accelerated when the 

rebreathing bag was allowed to become defla ted and the horse 

became hypoventilated. 

In another instance the heart rate became quite irregular 

during maintenance of anesthesia . This condition was greatly 

improved by flushing the anesthetic system with pure oxygen 

and allowing the horse to breath pure oxygen for five minutes . 

A t hird heart sound was observed in two anesthetized 

horses . These third sounds were not noted in the preanes-

thetic examination of these animals . In one of these cases 

this extra sound was noted on the first day postoperative but 

could not be detected on t he second day postoperative . 

Electrocardiogram irregularities during Fluothane anes-

thesia were not ob served duri ng the anesthe tic periods in 

which electrocardiograms were made . In three of t he tracings 

an occasional extra systole ( Fig . 19 and 20) was noted prior 

to anesthesia and during induction. These extra systoles were 
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no longer seen after the horse was in a plane of surgical 

anesthesia except in one cas e in which the extra systoles 

persisted during the first 30 minutes of anesthesia. They 

were no longer noted after this time during the remainder of 

the anesthetic period. In two of the tracings the rhythm of 

the heart was shovm to be somewhat irregular prior to and 

during the early stages of anesthesia. Shortly after surgical 

anesthesia was reached, the rhythm became regular. After 

about 50 minutes of anesthesia the rhythm began to become 

a little irregular again. These two tracings were made in the 

same horse during different anesthetic periods. 

The electrocardiogram tracings show that the heart rate 

is accelerated early in the induction process, but as induc-

tion is completed the rate slows and becomes quite regular 

during maintenance. 

Even in the only fatality of this study, the electro-

cardiogram remained quite regular during the re spiratory 

arrest before death. 

It was found that Fluothane anesthesia causes a decrease 

in the arterial blood pressure of the horse. The greatest 

amount of hypotension was seen at the end of the induction 

period. In the horses studied there was an average fall of 

50 mm. Hg during this period. The pressure fell from an aver-

age preinduction pres sure of 106 mm. Hg (range, 50 to 62 mm. 

Hg). After induction the arterial blood pressure rose slowly 

.! 

l 
I 
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during maintenance. The amount it raised depended on the 

anesthetic concentration . 

The response of venous blood pressure to Fluothane anes-

thesia did not appear to be very great in this study . In two 

instances it was decreased slightly during anesthesia and in 

one instance it remained nearly the same . 

Because of the limited number of anesthetized horses 

(four) in which blood pressure studies were conducted it was 

decided to discuss each one individually and to present a 

graph depicting the blood pressure changes which took place 

(Figs. 21, 22, 23, 24). 

From the results obtained from the hemogram studies of 

six horses, it appears that Fluothane does not produce any 

s-ignificant changes in the number of blood cells in the circu-

lating blood during anesthesia . The results of these studies 

are presented in Table 4. 

In a limited study on the effects of Fluothane anesthesia 

on blood gases it was found that there was an overall increase 

in both arterial and venous blood oxygen during anesthesia in 

all three case s . The result s on carbon dioxide levels were 

not consistent. In one horse both arterial and venous carbon 

dioxide levels were increased and in one horse both levels 

were decreased. A third horse had an arterial carbon dioxide 

level which remained nearly the same while the venous level 

increased slightly (Table 5). 
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Effect of Fluothane on Respiration 

Fluothane anesthesia generally causes a decreas e in 

respiratory rate in the horse. In this study the respiratory 

rate was decreased in 24 horses, increased in eight horses and 

remained at the same level in five horses. The tendency to-

ward a decrease in respiration was seen more in horses older 

than one year than in horses one year old and less . In the 

older age group 19 increased, three decreased, and four re -

mained the same. In the younger horses five increased, five 

decreased, and two remained the same. 

The average respiratory rate during Fluothane anesthesia 

appears to vary according to age and the purpose for which the 

horse is used. In racing animals the rate was from six to ten 

per minute during surgical anesthesia, while in nonracing 

animals the average rate was from 12 to 16 per minute. In 

horses less than one year old the average was from 16 to 22 

per minute. All horses in this lower age group were of the 

nonracing type. 

Breath holding was observed in three horses. The first 

time this was noted, it was attributed to pain stimuli due to 

the surgery in an inadequately anesthetized horse. The second 

time this occurred it was during induction and the caus e was 

not known . On the third occasion, also during induction, it 

was thought that perhaps it was a reflex act in a light plane 
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of anesthesia . Therefore, the plane of anesthesia was deep -

ened and respiration became much more regula r , a l though breath 

holding did occur spasmodically during maintenance . This same 

horse was anesthetized three times with the occurrence of 

breath holding each time . In these instances of breath hold -

ing , the pattern was quite regular. Respi rations woul d cease 

fo r 30 or 40 seconds and then the horse would respire normally 

a few seconds and then hold his breath again for another 30 or 

40 seconds . Tracings of thi s can be seen i n the ill ustr ati ons 

(Fig . 25) . 

Respi r atory arr est was produc ed duri ng anesthesia i n one 

ani mal . I n this case the original anesthetic period was over 

an d the hors e was in the early recovery period when i t was 

decided to take some radiographs of this horse necessitating 

anesthesia again . Induction was begun again i n the usua l 

manner . Within three minutes re spira tions grew progressively 

weaker and ceased . The animal was disconnected from the 

anesthetic machine and artificial re sp iration began . The 

horse r esponded immediately and was breathing spontaneously 

within two minut es . It i s felt tha t the concentration used 

i n induction of thi s partially anesthetized horse was too 

great and produced the respiratory arres t . 

I n ano ther instance respirat ions became very s low and 

shallow so on after induction . The anesthe tic system was 

flushed with oxygen and the hors e was a llowed to breathe pure 
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oxygen. Within five minutes the horse was breathing normally 

again. 

By these two cases just mentioned it can be seen that 

respirations respond very rapidly to changes in concentration 

of Fluothane. This response is well illustrated by the anes-

thesia record of a four year old Thoroughbred gelding shovm in 

the illustrations (Table 6). 

An interesting occurrence noted in one of the respiratory 

tracings was the appearance of two different respiratory rates, 

one following the other in a regular pattern. One of the 

rates was 24 per minute and the other was 12 per minute (Fig. 

26). 

Only one known horse suffering from severe chronic pul-

monary alveolar emphasema (heaves) was anesthetized with 

Fluothane. This horse exhibited very labored respirations 

and a very persistent cough prior to anesthesia. It was 

obvious that the condition was of long standing duration. 

Under anesthesia a definite improvement in respiration 

was noted. Respiratory movements were much easier and the 

horse ceased to cough. Perhap s this could be similar to the 

beneficial response seen in human asthmatics under Fluothane 

anesthesia. 

I 
' 
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Mus cle ~elaxation 

Fluothane anest hesia produced adequate muscle relaxation 

for all of the surgica l procedures performed in this study . 

It gave goo d relaxation for the orth opedic surgery and for t he 

repair of luxated joints. In the splenectomies done under 

Fluothane anesthesia there was good relaxation of the abdomi-

nal musculature. The same was true for the umbilical hernias 

and crypt orchid castrations. 

This muscle relaxing property of Fluothane was quite 

beneficial in the one dystocia of the study . This was a pony 

mare which had been in labor for seven hours prior to anes-

t hesi a . Fluothane anesthe sia cau sed a cessation of straining 

and uterine contractions so that an embryotomy of a hydoceph-

alis foal could be performed with r elative ease . 

Other Clinical Observations 

Excessive secretions i n these h orses under Fluothane 

anesthesia were not observed in t hi s study . The only fluids 

noted in t he face mask at the end of the operation were fro m 

condensation of t he respiratory vapors . 

An occasional horse would perspire r a ther profusely dur-

ing anesthesia . Generally , thi s was noted early i n t he anes-

t hetic period and could be associated with casting and pre-
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induction struggling . In one instance, the sweating was 

believed to be due to painful stimulation in an inadequately 

anesthetized animal. There were, however, two horses in ·which 

this profuse sweating could not be accounted for by mere 

observation alone. 

No cases were eliminated from this study because of ill-

ness or poor physical condition, and in no instances was there 

any evidence of anesthetic shock. 

The effect of Fluothane on the amount of hemorrage at 

the surgical sight was observed and it did not appear clini-

cally to increase or decrease in any appreciable amount. 

In those horses which were anesthetized more than one 

time, no adverse effects due to the Fluothane were observed 

clinically. In the two horses that were anesthetized three 

times and in one which was anesthetized twice, there was no 

evidence of cardiac disfunction that could be observed elec-

trocardiographically. None of the horses, under Fluothane 

anesthesia for more than one time, went off feed or exhibited 

any signs of clinical illness. One pregnant mare was anes -

thetized twice with no ill effects. 

This project did not include a study of the effects of 

Fluothane on pregnant mares. There was however, one known 

pregnant mare which was anesthetized on two different occa-

sions that later gave birth to a live, healthy foal. This 

mare was anesthetized in the fourth and seventh month of 

-, 
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pregnancy . In both instances, t he mare received premedication 

with promazine hydrochloride and induction by succinylcholine 

chloride . 

Amount Used 

The amount of Fluothane used for anesthesia was also 

studied in this project. ~frlen calculated as the amount used 

per hour of anesthesia it was noted that as the length of 

anesthetic period became greater the amount of Fluothane used 

per hour became less (Table 7) . On this basis, t h ose periods 

of less than 30 minutes of anesthesia required the greatest 

amount of anesthesia in that it required 62.4 cc . of Fluothane 

p.er hour. Results of the other time groups were as follows. 

Procedures of 30 to 60 minutes duration required 34 . 2 cc. per 

hour, procedures of 60 to 90 minutes u se d 30 . 5 cc. per hour, 

and procedures of 120 to 150 minutes used an average of 28.3 

cc . per hour . One case of 165 minutes duration used 27 . 1 cc. 

per hour, and in another case l asting 193 minutes, 28 . 3 cc. 

per hour was used . Becau se the greatest amount per hour was 

used in the shortest procedures, it can be seen tha t the 

largest amount of Fluothane was used for induction. There-

after only slight amount s are needed for maintenance of anes-

thesia. 

Horses which received preanesthetic tranqui lizers used 
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less Fluothane on the aver age than did the horses which were 

not tranquilized. In horses anesthetized for 30 to 60 minute s 

11 pretranquilized horses required an aver age of 32 . 7 cc . per 

hour, while six hors e s not receiving tranquilizers required 

36.7 cc. per hour. In a group anesthetized for 60 to 120 

minutes, 11 ·which were premedicated needed 28. 2 cc. per hour, 

and the four which received no premedication used 37 . 5 cc . per 

hour . 

Recovery 

The time required for recovery from anesthesia was 

recorded for most cases . It is considered as the time elaps-

ing from when the animal was disconnected from the anesthetic 

machine until the horse would stand . In the 47 hor ses in 

which recovery time was recorded t he aver age time was 29 . 3 

minutes with t he range being from eight minutes to 92 minutes. 

The length of r ecovery time appear s to increase with an 

increase in duration of t he anesthetic period. In 19 ho r ses 

anesthetized fr om 30 to 60 mi nutes the average recovery time 

was 23 .3 minutes . I n 12 horses under Fluothane anesthesia for 

60 to 90 minutes the r ecovery time was 29 . 4 minutes . While 

in 11 horses anesthetized for longer than 90 minutes the 

average r ecovery time was 38 . 0 mi nutes . 

Another factor influencing the recovery time was the 

I • 

J 
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preanesthetic administration of tranquilizing drugs. From 

this study it would appear that they increase recovery time 

by about ten minutes. I n horses anesthetized for 30 to 60 

minutes , t he 12 animals receiving preanesthetic tranquilizers 

had a recovery time of 28 . 1 minutes, whereas six ani:!D.als which 

did not receive tranquilizers had an average recovery time of 

18. 0 minutes . A similar trend is seen in horses anesthetized 

for 60 to 120 minutes. Fifteen were premedicated with tran-

quilizers and three were not . Those which were tranquilized 

recovered in 34.8 minutes, while those not tranquilized recov-

ered in 23 .3 minutes . 

mien the anesthetic system was flushed with pure oxygen, 

and the horse was allowed to breathe pure oxygen for five to 

te.n minutes, no difference in the recovery time was seen. 

Of the three areas in which recovery took place , a turf 

area, a box stall, and on rubber mats in the surgery room , the 

most suitable was found to be the darkened, well bedded stall. 

The stall was free from external stimulation and the horse was 

allowed to regain consciousness and stand at his own will. 

When horses recovered on the rubber mats or on the turf area, 

nearby activity would often cause the horse to attempt to rise 

before he was fully conscious. Therefore, these horses had to 

be attended until they were awake and ready to stand . 

No struggling was observed during recovery. The horse 

would generally roll to its sternum and remain in this posi -
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tion for a few minute s and then rise to its feet . In an 

occasiona l racing horse t he anima l would attempt to s tand very 

soon after anesthesia and would have to be restrained f r om 

doing so until he was able to stand . I f t h es e horses were not 

prevented from trying to r i se on t h eir first and second 

attempt s , t hey would usually fall back down . 

No postoperative complications were noted following 

Fluothane ane s thes ia . The horse would usually be eating and 

apparently feeling well the day following surgery . There did 

not appear to be any postanesthetic depression associated with 

Fluothane . They were much brighter postoperatively t han two 

horses which were anesthetized with ch loroform using this same 

apparatus . 

I n those few instances in which the anesthesiologist and 

surgeon were one in t h e same person , it was possible to suc-

cessfully direct the anesthesia and perform the surgery at t he 

same time . After induction and during surgery the surgeon 

would have to periodi cally give instructions to an assistant 

who would manipulate the controls of the anestheti c machine 

according to instructions . It i s felt that with some practice 

a person could become a c customed to ob serving the anesthetic 

machine and t he signs of anesthesia while doing surgery to t he 

point t hat a satisfactory plane of anesthesia could be main -

t ai n ed . 

It i s further felt that the Fluotec vaporizer, whi ch can 
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deliver a constant percentage of Fluothane concentra tion would 

lend itself well to such a technique. 

Fluotec Vaporizer 

The Fluotec vaporizer performed well in five cases in 

which it was used. Induction was a little slower with thi s 

vaporizer than with the ether vaporizer, probably because a 

higher concentra tion of Fluothane vapors could be produced by 

running both the oxygen flow and ether vaporizer at full 

capacity . 

Once induction was completed, the Fluotec unit required 

much les s attention during maintenance . The desired concen -

tration could be set on the Fluotec control whereas periodic 

vaporizations were necessary vtlth the ether bottle as the 

plane became light. 

Th e Fluotec vaporizer could therefore maintain the plane 

of anesth esia at a more cons t ant level. 

Fatality 

There was one f atality during anesthesi a in t h e project. 

The horse was a 12 year old , 775 pound , experimental gelding. 

This animal was suffering from a r ather severe cas e of lamin-

i tis and was not in the best physical condition. The proce-
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dure being performed was the insertion of permanent polyvinyl 

catheters into the carotid artery and jugular vein. The horse 

received 300 mg. of Sparine tranquilizer about 60 minutes 

prior to induction. Induction was as follows. The horse was 

led into the surgery room and stood beside a large animal 

surgery table which was in the vertical position . The horse 

was then secured to the table by ropes around the legs, 

thorax, and abdomen. The table was rotated to the horizontal 

position. Much struggling occurred at this t1~e. More strug-

gling of t he horse occurred while the surgical sight was being 

prepared and t he electrocardiogram electrodes were being 

attached to the limbs. At 1:37 induction with Fluothane was 

begun . Five minutes later (1: 42) induction was considered 

complete. The palpebral reflex was gone and the tail was 

limp. The anal reflex was strong and the corneal reflex was 

fair. Nystagmus had never been observed. At 1:45 the respir-

atory rate was 22 and the pulse rate was 60 per minute. At 

1:50 the respiratory rate was 26 and the pulse was 62 . The 

horse did not appear to be in a very deep plane of anesthesia 

and more Fluothane vapors were admitted to the system for one 

minute. At the end of this minute of vaporization, the eye 

was in nystagmus, but the ana l reflex was still strong. At 

1:55 respirations suddenly ceased. The signs of anesthesia 

had just been checked and it was deter~ined that the plane of 

anesthesia was light. The author was about to add raore Fluo-
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thane v apo rs to the system . The anesthesia machine was 

immediatel y removed from the horse and artificial re spiration 

was begun with no result s . The pulse rate at 2:00 was 70 per 

minute. The anesthetic system was flushed with oxygen and 

connected to the horse again and attem~ts were ma.de to resus-

citate the horse by forcing respirations with the rebreathing 

bag, but again there was no response. In a final attempt to 

stimulate respirations , a tracheal catheter was passed and 

efforts were ma.de to inflate the lungs . All efforts failed 

and the horse was pronounced dead a t 2:08. 

The electrocardiogram showed the heart to remain quite 

regular until it stopped. 

Later examination of t h e anes thetic machine revealed that 

th~ inhalation and exhalation tubes were reverse d. In one 

of the euthanasia. studies these tubes were purposely reversed 

during anesthesia for 30 minutes. No detrimental effects were 

noted in this instance . 

Post-mortem examination of thi s horse did not reveal any 

gross pat h ologic lesions . The right s ide of the heart may 

have been slightly dilated and the left side was in rigid con-

traction. A few Ga.strophilus §.£.· l a rva were found in the 

stomach. 

Death was attributed to respiratory collapse. 
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Euthanasi a Studies 

~1. 

Thi s was an eight month old filly weighing app roxi mat ely 

325 pounds, which was destroyed because of malformed legs. 

This horse received no premedication and induction was 

comp leted using Fluothane alone. 

Seven minutes following induction, the oxygen flow was 

increased to 14 liters per minute and the vaporizer valve was 

turned to full capacity for a few minutes. Both valves were 

turned off and the animal was allowed to breathe this mixture. 

This process was repeated until the horse di ed . During t h e 

last five minutes of t he euthanasia process, the pony took 

only four or five shallow breaths but t he heart remained 

fairly regular throughout this time period. The total amount 

used was 54 cc. of Fluothane. 

Case g 

This animal was a t wo year old Shetland pony . No pre-

medica tion ~as given and t he induction process included 35 mg . 

of succinylcholine chloride . 

After induction, the pony was maintained at a plane of 

surgical anesthesia for 15 minutes . Then the inhalation and 

exhalation tubes were reversed, so ·that the inhalation t ube 

now was connected to the absorber canister. This was done to 

observe the effect such a change would have on the animal . 

I 
\, 
I 
i 
I 
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In the fatality of this s tudy , the tubes were inadvertently 

reversed such as they were in this euthanasi a study, and t here 

was s ome specula tion t hat thi s may have been a contributing 

factor to t he death of the horse. However, in thi s pony, 

anesthesia was maintained with the inhalation and exhalation 

tubes reversed ~dth n o obvious effect on the anima l . 

The tubes were then put back to t h e normal position and 

t he oxygen flow meter set on 14 liters and the vaporizer valve 

on full op en . After running ten to 15 minutes of vaporiza tion 

in this manner, re spir ations were shallow and slow, but it did 

not appear that it was going to cause death . The fluid leve l 

in the vap orizer bottle was getting r a ther low so both the 

oxygen and the vaporizer were shut off and the author left the 

~oom to get more Fluothane . Upon return, in less t han three 

minutes, the pony was found dead. 

This illustrates an i mportant point . Even though ther e 

are no more anesthetic vapors being added to the sys tem, th ere 

may be a sufficient concentration of anes thetic a lready pres-

ent which may cause death when there is not a constant supply 

of oxygen added . 

Case L 
Euthanasi a was unsuccessful in the third horse . This 

1000 pound , four year old also received n o premedication and 

was given succinylcholine chlori de . 

The h orse was maintained at a level of surgical anesthe-



sia for two hours and 14 minutes . Then the attempted 

euthanasia was began by increasing t he anesthetic concentra-

ti on . In about ten minutes the respirations were weak and 

down to three per minute, but t he vap orizer bottle became 

empty and within 11 minutes the respirations were back to a 

normal r ate . More Fluothane was added and the euthanasia 

process was started again. Respirations were again slowed , 

but they could not be completely stopped . After 20 minutes 

of vaporization without success it was decided to discontinue 

t he attempted euthanasia . 

It was interesting t o note that when electrical euthana-

sia was tried it also met with some problems. This horse 

recei ved two , five second periods of 110 volts and survived . 

The third period of 20 seconds of 110 volts did produce death. 
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SUMMARY AND CONCLUSIONS 

Fluothane proved to be a good general anesthetic in the 

horse when u s ed according to the technique described in this 

study . 

Induction of ane s thesia did not present any particular 

problems in any of the methods u sed . The method which was 

found to be the most conveni ent to us e was the method in which 

succinylcholine chloride was employed as a casting agent and 

anesthesia was induced ·with Fluothane . When thiamylal sodium 

was u sed for induction , it produced a ligh t plane of ane s t he -

sia which brought about a decreas e in induction time. Fluo-

t hane proved to be sufficiently potent to induce anesthesia 

¥d~hout t he aid of other drugs. 

Both the method of incorporating thiamylal sodium in t he 

induction process and the method of us ing Fluothane a lone ·Nere 

sati s factory methods of i nducing anesthe s i a . 

The average i nduction time of all cases studied was 4. 09 

minutes . Induction time was much shorter in horses in which 

the ether bottle v aporizer was used then in tho s e in which 

the Fluotec v ap ori zer was used . The method of induction which 

gave the shortest induction time was i nduction by thiamylal 

sodi um which had an average time of 2 .67 minutes. The method 

using suc cinylcholine chlori de i n the i nduction proces s had 

an average of 3 . 13 minutes . The average time when induction 
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was by Fluothane alone was 4.10 minutes . There was a dif-

ference in induction time seen in horses less than one year 

of age and horses older than one year. Induction time in the 

older horses averaged 4 . 06 minutes and was 2.73 minutes in 

the younger horses. This difference is felt to be largely 

due to the difference in the size of the animals in the two 

groups. 

Preanesthetic tranquilization gave varying results in 

the induction time. It produced a slight increase in induc-

tion time of horses one year old or younger, and a decrease 

in the induction time of horses older than one year . The fact 

that tranquilized h orses were easier to handle during induc-

tion was an advantage of preanesthetic tranquilization. 

Excitement was negligible during induction of anesthesia . 

Three horses exhibited extension of the limbs and one had 

slight running movements during early induction. These con-

ditions 1-rere of very short duration and ceased as the plane 

of anesthesia became deeper. 

The signs of anesthesia used to indicate the stage of 

anesthesia in this study were nystagmus, corneal and palpebral 

reflexes, degree of anal sphincter relaxation, anal reflex, 

respiratory rate, and relaxation of the tail and limbs. 

Once a maintenance plane of anesthesia was reached, the 

most important sign of anesthesia was found to be the respira-

tory rate . The respiratory rate would usually increase as the 
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p l ane of anesthesia becarae lighter, and would decrease when 

t he plane deepened. 

Not all the s igns of anesthesia mentioned were present 

in a ll the anima l s studied, and no one sign was found to 

accurately i ndicate the anesthetic plane i n all cases . A 

composite of all signs was found necessa:::-y to determine the 

plane of anesthesia . 

Maintenance of anesthesia was achieved by allowing t he 

horse to rebreathe the anest heti c vap ors pres ent in t h e 

system from induction. New anesthetic fume s were periodically 

vaporized into the sys tem when the signs of anesthesia indi -

cated a higher concentr ation wa s necessary to keep the horse 

at a plane of surgical anes the sia. When the Fluotec vaporizer 

was used the controls were set on a percentage tha t maintained 

a good level of anesthesia and r emained at that setting 

throughout the anesthetic period. 

Oxygen was usually added to t he system at a rate of two 

l iters per minute. This r a t e was necessary to keep t he volume 

of air in t h e r ebrea t hing bag at an adequate level . Certain 

unavoidabl e leaks were present in the sys tem, which necessi -

t a te d the constant addition of oxygen . This constant a ddition 

of oxygen in turn required periodic vapori zations to keep t he 

Fluothane con centration high enough to maintain surgica l anes-

thesia . This dilution of the anestheti c vapors was t h ought 

to be benefici a l in that it prevented any occurrence of an 
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unwanted anesthetic build up but did require t hat more Fluo-

thane be used than if t h ere was no such dilution. 

The rebreathing bag was kept a t a level of inflation 

which did not interfere with re spiration. 

The carbon dioxide absorber was changed when t he normal 

pink color of the top layers of crystals turned to a blue 

color. 

The pulse rate of racing horses anesthetized with Fluo-

t hane was observed to be from 36 to 44 p er minute . In non-

racing ho~ses older t han one year this rate averaged 48 to 56 

per minute , and 54 to 60 in nonracing horses younger than one 

year . 

In nearly all ins t ances t he pulse r ate was accelerated 

during induction and early maintenance . 

The pulse became quite irregular in one horpe during 

anesthesi a . This irregularity was r api dly improved by flush-

ing the anesthetic system with oxygen and allo wing the horse 

to breathe pure oxygen f or a few minutes. 

Third heart sounds were observed in two anesthetized 

horses. 

Electrocardiograms of ni ne hors es under Fl uo t hane anes-

t hesi a showed no irregularitie s . In three cases an occasi onal 

extrasystole was noted. These extra.systoles were not t hought 

to be s i gni ficant by the author. Wilen they were noted , it was 

during preinduction and early in anesthesi a. As t he plane of 

l 
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anesthesia was increased they were no longer seen . 

I n one horse which was anesthetized twice , t he electro-

cardiogram showed the pulse rate to be somewhat irregular 

during induction and early maintenance . During maintenance 

the rate became regular about 50 minutes after which it began 

to be a little irregular again . 

Fluothane causes a decrease in arterial blood pr essure 

in the horses in which blood pressure was studied . The 

greatest hypotension was seen at the end of induction . After 

this time the blood pressure gradually increased toward a 

normal level . 

There was little change observed in the venous pressure 

i n the anesthetized horse . 

Blood cell numbers were not significantly altered by 

Fluothane anesthesia . 

Both arterial and venous oxygen levels were increased in 

three horses in which blood gas determinations were run . 

However , the blood levels of carbon dioxide were not found to 

be consistent . Because the study of the phase of Fluothane 

anesthesia was s o limited it is difficult to cake any con-

c lusions on these findings . 

The respiratory rate was found to respond r apidl y to 

changes in ? luothane concentration. This rate was generally 

decreased during surgical anesthesia . There was, however, a 

t endency for the rate to be increased in younger subjects 
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during anesthesia . The average rate of the anesthetized rac-

ing horse was six to ten per minute . Respiratory rates for 

nonracing horses were higher . In nonracing horses older than 

one year it was from 12 to 16 per minute, and in tho s e animals 

less than one year old the rates were from 16 to 22 per minute . 

Breath holding was noted in three horses . In one in-

stance it was associated with pain due to an inadequate level 

of anesthesia. In the other two it was thought to be due to 

a reflex act in light stages of anesthesia. The breath hold-

ing in these cases was pretty well controlled by increasing 

the depth of anesthesia . 

One case of respiratory arrest was seen excluding the 

fatality of this series . It was corrected by disconnecting 

the horse from the anesthetic apparatus and applying artifi -

ci al respiration. In another case the re s?irations became 

very slow and weak . I mprovement 1-n the rate and character of 

respirations was noted after giving the horse two minutes of 

pure oxygen . 

Respirations were noted to be improved during Fluothane 

anesthesia i n a horse suffering from severe chronic pulmonar y 

alveolar emphasema . 

The muscle relaxing property of Fluothane •,vas found to 

be quite good. The mu scle relaxa tion in Fluothane anesthe-

tized horses was satisfactory for all surgical procedures 

a ttemp ted in the project . 
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There was no evidence of excess re spiratory or gastric 

secretions observed in this study nor was there any anes thetic 

shoclc. There were two horses i n which profuse perspiring 

could not be accounted for . 

Hemorrhage at the surgical sight was not noted to in-

crease or decrease under the effects of Fluothane . 

One pregnant mare was anesthetized twice in this study . 

This mare later gave birth to a live and normal foal . 

The area which proved to be the most satisfactory for 

recove r y was a quiet, well bedded, box stall which was as free 

from external stimuli as possible . 

The average recovery time from Fluothane anesthesia was 

29 . 3 minutes with a range of from eight minutes to 92 mi nutes . 

An increase in recovery time was associated with an increase 

in the duration of t he anesthetic period . Preanestheti c 

tranquilizers also were found to increase the time of recovery. 

No beneficial decrease in recovery time was ob served when 

the anesthetic system was flushed with pure oxygen and the 

horse allowed to breath pure oxygen for five or ten minutes at 

the end of the surgical procedure. 

I n those cases in which the surgeon and the anesthesiolo -

gist were the same person satisfactory results were obtained . 

From thi s it i s felt tha t one man can develop a technique in 

which he can direct the anesthesia and perform the surgery at 

the same time . The Fluotec vaporizer worked uell in these 
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cases . 

The controlled percentage Fluotec vapo rizer performed 

well when it was used . I nduction was slower with the vapori -

zer but maintenance of anesthesia was much easier . The vapor-

izer control could be set at the desired level and left there 

during the procedure. It is the belief of this author that 

t h e Fluotec vaporizer shows much promise to becoming a v a lua -

ble asset in thi s type of anesthesia . 

There was one fatality in this study . This was a 12 year 

old gelding anestnetized for the placement of permanent cath e-

ters in the carotid and jugula r vessels. Although the signs 

of anesthesia indicated the horse to be in a light plane of 

anesthesia , respirations suddenly ceased 21 minutes after in-

duction . All efforts to revive the horse failed . Post -mortem 

examination f ailed to reveal any gross pathological lesions . 

Death was attributed to respiratory collapse . 

Two horses were euthanized by overdo sing r~th Fluothane . 

Dea th was also due to respirator y collapse . The heart re-

mained relatively normal for five to six minutes after respir-

ations had stopped. In another horse in which euthanasi a was 

attempted by this same method, death could not be produced by 

Fluothane in thi s anesthetic appar a tus . 

From these studies it i s the belief of thi s author that 

Fluothane is a potent drug capable of producing safe and 

practical general anesthesia in the horse . 





Table 1. Case studies 

No . Wt. Breed Age Sex Clin. Exp. Premed. Induction Induction Anes. Amount Recovery 
I time period used (min.) 

(min.) (min.) (cc.) 

1 4.50 Grade 4 mo. M x 1.50 mg. 2.5 mg. 
Sparine Sucostrin 

2 4.50 Am. saddle 6 mo. s x 1.50 mg. Fluothane 4 1/2 8.5 35 

3 700 Palamino 1 yr. s x 
Sparine 
2.50 mg. .35 mg. 1 24 15 28 
Sparine Sucostrin 

4 Standard bred 8 yr. M x 2.50 mg. 2 g. 5 .32 27 
Sparine Surital 

5 1000 Through bred 6 yr. M x 2.50 mg. 2 g. 9 60 
Sparine Surital co 

-t:-6 97.5 Throughbred . .5 yr . G x JOO mg. 2 g. 2 26 18 
Sparine Surital 

7 800 Grade 9 yr. M x 250 mg. 40 mg. 90 25 25 
Sparine Sucostrin 

8 101.5 Through bred 7 yr. G x 2.50 mg. 2 g. .3 1/2 .59 34 .35 
Sparine Surital 

9 1000 Through bred 4 yr. s x .3.50 mg . 2 g. 1 1/2 82 30 .37 
Sparine Surital 

10 400 1/4 .5 mo. M x 12.5 mg • Fluothane .3 1/2 .35 22 .38 

11 1100 Through bred 4 yr. G x 
Sparine 
3.50 mg. 2 g. 1 1/2 68 32 
Sparine Surital 

12 .300 1/4 5 mo • s x 100 mg. Fluothane 1 1/2 31 12 16 
Sparine 

2 1/2 13 11.50 Through bred 4 yr. G x JOO mg. .3 g. 98 46 92 
Sparine Surital 

14 9.50 Through bred .3 yr. M x None 40 mg. .3 51 .32 24 
Sucostrin 

~ '. 't -- -· --····: -·-· -· ··--------- - --- - _, - - ---- -::. - -----



Table 1. (Continued) 

No. Wt. Breed Age Sex Clin. Exp. Premed. Induction Induction Anes. Amount Recovery 
I time period used (min.) 

(min.) (min.) (cc.) 

15 9.50 Throughbred 4 yr. s x None 40 mg. 3 92 46 14 
Sucostrin 

17 700 Standard.bred 1 yr. s x 200 mg. 3 1/2 52 15 35 
Sparine Fluothane 

18 9.50 Through bred 6 yr. M x 2.50 mg. 45 mg. 4 61 43 10 
Sparine Sucostrin 

19 5.50 Belgian 6 mo. s x None Fluothane 2 71 36 31 

20 7.50 Grade s x 300 mg. Fluothane 3 1/2 138 64 24 
Sparine co 

21 475 Appaloosa 10 mo. s None Fluothane 2 1/2 48 29 8 Vl x 

22 1050 1/4 6 yr. G x None 40 mg. 3 1/2 79 61 25 
Sucostrin 

23 800 Grade 4 yr. M x 400 mg. Fluothane 3 117 57 40 

24 775 Grade 12 yr. G 
Sparine 

x 300 mg. Fluothane 5 

25 1100 1/4 4 yr. s x 
Spa.rine 
250 mg. Fluothane 6 8 31 17 

26 650 Shetland 3 yr. s x 
Sparine 
150 mg. Fluothane 5 27 18 28 
Sparine 

36 27 900 Am. saddle 5 yr. M x 250 mg. 40 mg. 3 24 15 
Sparine Sucostrin 

28 800 Arabian 4 yr. M x 1.50 mg. 40 mg. 3 50 20 1.5 
Sparine Sucostrin 

29 700 Palamino (1/4) 2 yr. M x 250 mg . 35 mg. 2 16 22 7.5 
Sparine Sucostrin 



Table l. (Continued ) 

No. Wt. Breed Age Sex Clin. Exp. Premed. Induction Induction Anes . Amount Recovery 
I time peri od used (min . ) 

(min. ) (min . ) (cc . ) 

30 350 Grade 5 mo. s x None 20 mg . 2 1/2 .51 32 25 
Sucostrin 

31 500 Grade l yr . s x 250 mg . Fluothane 3 1/2 138 57 23 

1 /4 
Sparine 

5 1/2 33 800 1 yr. s x 200 mg . 40 mg. 49 41 18 
Sparine Sucostrin 

34 800 Grade 4 yr. M x 400 mg. Fluothane 6 193 91 45 
Sparine 

6 l/2a 35 500 Grade 1 yr . s x 200 mg . Fluothane 93 62 37 
Sparine 

7a 
(X) 

36 450 Shetland 1 yr. s x 200 mg. Fluothane 96 47 42 0\ 

1/4 
Sparine 

2 1/2 37 625 1 yr . M x 200 mg. 30 mg . 54 14 27 
Sparine Sucostrin 

38 500 Grade 1 yr . s x 150 mg. 30 mg . 14a 1.57 71 38 
Spar ine SUcostrin 

40 450 Shetland 4 yr. M x 1.50 mg. Fluothane 4 1/2 60 20 45 

41 450 Shetland 1 yr . s x 
Sparine 

7 l/2a 1.50 mg. Fluothane 124 67 41 

1/4 
Spar ine 

7 1/2 42 825 12 yr . s x None 40 mg. 60 43 
Sucostrin 

43 1000 Thr ough bred .5 yr. s x 2.50 mg . 40 mg. 7 80 39 27 
Spar ine Sucostrin 

44 400 P. O. A. 2 yr . M x 12.5 mg. Fluothane 3 1/ 2 47 26 20 
Sparine 

aFluotec vaporizer . 



Table 1. (Continued) 

No . Wt. Breed Age Sex .Clin. Exp . Premed. Induction Induction Anes. Amount Recovery 
I time period used (min. ) 

(min.) (min . ) (cc.) 

45 450 Shetland 8 yr. G x 150 mg. 25 mg. J 62 30 18 
Sparine Sucostrin 

46 900 1/4 M x 250 mg. 

47 1100 Throughbr ed 4 yr . s x 
Sparine 
JOO mg . 50 mg . J 70 8 
Sparine Sucostrin 

48 725 1/4 1 yr. s x None 30 mg . 8 39 JO 20 
Sucostrin 

49 800 Grade 3 yr. s x 275 mg. 35 mg. J 66 35 70 
Sparine Sucostrin CX> 

-.J 
50 850 Grade 4 yr . G x 300 mg . 45 mg. 2 1/2 115 50 22 

Sparine Sucostrin 
51 850 1/4 3 yr. M x 250 mg . 4-0 mg. 3 71 26 25 

Sparine Sucost rin 
52 100 Grade 17 day s x None Fluothane 2 29 14 16 

5J 600 1/4 1 yr. s x 175 mg. JO mg. 2 1/2 25 lJ 8 
Sparine Sucostrin 

54 700 Appaloosa 2 yr. s x 250 mg. JO mg. 3 1/2 57 J7 59 
Sparine Sucostrin 

55 800 1/4 12 yr. s x 300 mg . Fluothane 6 1/2 J9 Jl 8 
Sparine 

56 900 Grade 8 yr. M x None 2 g. 3 35 25 14 
Surital 

57 800 1/4 2 yr. s x 250 mg. 4-0 mg. 3 1/2 )4 29 30 
Sparine Sucostrin 4a 58 1/4 1 yr. M x None Fluothane 72 
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Table 2. Surgical procedures during Fluothane anesthesia 

Removal of abnormal growths 

Removal of joint chips 

Umbilical hernia r epair 

Canulating carotid and jugular vessels 

Splenectomy 

Removal of fractµred proximal seasmoid 

Cryptorchid castration 

Neurectomy 

Cataract r emoval 

Reduction of luxated joint 

Removal of fractured small metatarsal 

Resection of annular ligament 

Simple castration 

Embryotomy 

Removal of cystic calculus 

Others 

8 

7 

6 

5 
4 

3 

3 

2 

2 

2 

1 

1 

1 

1 

1 

2 
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Table 3 . I nduction 

Tranquilizer + Succinylcholine + Fluothane 

Tranquilizer + thiamlyl Na + Fluothane 

Tranquili zer + Fluothane 

Succinylcholine + Fluothane 

Thi a:nlyl Na + Fluothane 

Fluothane alone 

= 
= 
= 
= 
= 
= 

17 

7 

19 

8 
1 

4 
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Table 4 . Hemogram results 

Pre or early Midway i n Near end of 
anesthesia anes thesia anesthesia 

Hemoglobin 
No. 7 9.96 9 . 58 9 .22 
No. 10 9 . 96 10. 74 10 . 74 
No. 14 15.37 16 . 82 15 . 81 
No. 21 11 . 15 10 . 74 11. 56 
No. 53 10. 74 12.37 

Erythro cytes 
No. 7 5,220 , 000 5,770,000 6,400,000 
No. 10 8, 300 , 000 9,820 , 000 10,230, 000 
No. 14 9,870,000 9 , 200,000 10,010,000 
No . 15 11, 590,000 11,030, 000 9 ,880 ,000 
No. 21 8,150 ,000 8,450,000 7,200 , 000 
No. 53 7 ,890 ,000 8,670,000 

Leucocytes 
No . 7 9 , 450 9,950 9 , 850 
No . 10 34, 900 32 , 950 48, 940 
No . 14 14,100 9 ,050 11, 750 
No . 15 20,450 15,050 26 , 500 
No . 21 10 , 300 10 , 750 10,350 
No . 53 8,700 8, 750 

Lym:phocytes 
4,200 No . 7 4,000 2,500 

No . 14 6 , 200 3,200 4,200 
No . 21 4, 300 3,500 3 , 300 
No. 53 4 , 300 3,800 

Mature neutrophils 
No. 7 3,000 3 , 100 4 ,800 
No . 14 3, 400 2,800 3,900 
No. 21 3,600 4, 500 5 , 700 
No . 53 3,300 200 

I mmature neutrophils 
2 ,400 No. 7 1,800 1, 000 

No . 14 3,800 3,000 3 , 200 
No . 21 2,200 2 , 600 1, 300 
No . 53 4 , 300 3, 800 
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Table 5. Blo od gas determi nati ons 

Arterial (vol . tf} Venous (vol. ~~ 
C02 02 N2 002 02 N2 

Case 34 

48 rain . of anes . 54. 5 15. 5 2 . 4 57 .1 10 . 6 0 . 7 

73 min. of anes . 51.9 16 . 9 1.9 54. 2 14. 5 1.0 

111 mi n . of anes . 49 . 3 19 . 4 2 . 4 so .a 15.8 0 . 2 

134 min. of an es . 51.1 17 . 1 0 . 5 50 . 3 16 . 4 1. 2 

Case 38 

Preinduction 48 . 5 10 . 7 51. 1 7 . 7 

47 mi n . of anes. 49.5 12 . 8 49 .3 12. l 

97 mi n . of anes . 48 . 8 14. 2 53 . 2 12 .8 

137 min . of anes . 48.8 14. 5 52 . 7 11. 6 

Case 41 

Pr einduc tion 53 . 7 11.8 1.0 

25 min . of anes . 54 . 8 13 . 0 2 . 2 56 .6 11 . l 2 . 7 

55 min . of anes . 51.6 19 . 8 2. 7 57 . 6 14. 2 2 . 9 

85 min . of anes. 56 . 1 16 . 4 2. 9 57 . 2 16 . 9 1. 5 

115 min . of anes . 56.3 15 . 0 2 . 7 58 . 1 13 . 8 2 .7 

24 hr . postoperative 37 . 3 17 . 4 2 . 2 39 . 9 13 . 3 2 . 9 
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Table 6 . Amount of Fluothane used and recovery time according 
to the duration of anesthesi a 

Duration of anesthesia Amount used 
{per hour) 

Recover y time 

Less t han 30 minut es 62 . 4 cc . {4 )a 32 . 6 min . (5) 

30 to 60 minutes 34. 2 cc . (16) 23 . 3 min . (19) 

60 to 90 minutes 30 . 5 cc . (11) 29 . 4 min . (12) 

90 to 120 minute s 30.3 cc . (6) 41. 2 min . (6) 

120 to 150 minutes 28 . 3 cc. (3) 29 . 3 min . (3) 

150 to 180 minute s 27.1 cc . (1) 38 . 0 mi n . (1) 

More than 180 minutes 28.3 cc. {l) 45 . 0 min . {l) 

aNW!lber i n parent!1esis indicates cases recorded . 



93 

Table 7 . Effect of change in Fluothane concentration on 
res:;>i~atory r a te 

Case : Thoroughbred 

Weight : 1150 lbs . 

Sex : Gelding 

Time ResP . 

Pr e 15 
Pre 11 
10 :00 
10 : 10 4 
10 : 15 8 

10 : 20 12 
10 : 25 10 

10 : 30 6 
10 : 40 11 
10:42 

10 : 45 3 
10 : 50 6 
10:53 14 
10 : 55 
11 :00 5 

11 :05 8 
11 : 10 12 
11 :13 
11 :15 4 
11 : 25 8 

11 : 38 

Surgery : Removal of fractured sesmoid 

Premed . : 300 mg . Sparine 

Induction : 

Pulse 

36 
44 

48 
44 

4o 
48 

46 
44 

44 
46 
42 

44 

46 
4o 

45 
42 

3 grams Surita l 

Commen t 

No pre::ied . 
After 300 mg . Sparine 
I nduction 

~Je reflexes returning 

30 se c . vaporization 
Nystagmus returning (30 

sec . va~orization) 
No Nystagmus 
Nystagous returning 
30 sec . vaporiza tion 

Strong Nystag:;:i.us 
15 s ec . vapo ri zation 
Nystag:nus gone 

Nyst agmus returning 
Strong Nystagrau s 
15 se c . vaporization 

Machine off- procedure over 



Fig . 1. Total anesthetic machine with Fluotec vaporizer 
mounted on the oxygen cart 

Fig. 2 . Anesthetic machine with ether bottle vaporizer 
and separate oxygen cart 
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Fig. 3. Oxygen regulating valve 

Fig . 4 . Oxygen flow meter 
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Fig . 5. Vaporizers used with the anesthetic machine . On 
the left is the Fluotec vaporizer and on the 
right is the ether bot tle vaporizer 

Fig . 6. The top on the ether bottle vaporizer showing 
the control valve and the various settings · 
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Fig. 7. The yoke which connects the inhalation and 
exhalation tube s to the face mask . Note 
the one way valves 

Fig. 8 . The face mask 



toi: 



Fig. 9 . Horse with electrocardiogram leads. Recording 
equipment is in the background. 

Fig . 10. Six channel direct recording machine 



/ 
/ 

103 

I 
/ 



Fig. 11. The valves and catheters which were used to 
record blood pressure. 

Fig. 12 . Pressure transducers used in recording blood 
pressure and respiratory r a te 
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Figs. 13 through 18 are tracings of electrocardiogram, venous blood pressure , 
arterial blood pressure and respiratory rate of a horse during Fluothane 
anesthesia . The top line represents respiratory rate, the second line is the 
electrocardiogram, the third line is venous blood pressure, and the bottom 
line is arterial blood pressure. 

Fig. 13 . (1) This is a preinduction 
tracing. Respirations are 16 
per minute; heart rate is 48 and 
irregular; venous blood pressure 
is 19 mm . of Hg.; arterial blood 
pressure is 111 mm. of Hg 

Fig . 14. (2) Four minutes after 
induction was begun; 
respirations are 18 per 
minute; heart rate is 78 
per minute (the rise in 
the tracing is due to 
movement by the horse); 
venous blood pressure 
is 20 mm . Hg; arterial 
blood pressure is 104 
mm .. Hg 
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Fig . 15. (3) Eight minutes after 
induction was begu.."1.. 
Respi rations are 12 per 
minute; heart rate is 66 per 
minute; venous pressure is 
14 mm . of Hg; arterial 
pressure is 82 mm. of Hg 

Fig . 16 . {4 ) Eleven minutes after 
induction was begun , induc-
tion is complete . Respira-
tions are 14 per minute; 
heart rate is 50 per minute; 
venous pressure is 20 mm. Hg; 
arterial pressure is 62 mm . 
Hg 
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Fig . 17. (5) Twenty-one minutes 
after induction was begun. 
Respirations are 16 per 
minute; heart rate is 51 
per minute; venous pressure 
is 20 mm. Hg; arterial 
pressure is 76 mm . Hg 

Fig. 18. (6) Thirty-one minutes 
after induction was begun. 
Respirations are 14 per 
minute; heart rate is 48 
per minute; venous pressure 
is 21 mm . Hg; arterial 
pressure is 96 mm. Hg 
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Fig . 19 . Electrocardiogram of an anesthetized horse 
showing an extra systole at the arrow 

, 

Fig . 20 . Another example of an extra systole (encircled 
area) of an anesthetized horse 
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Fig . 21. This shows the blood pressure r esponse in a 
horse which i s receiving a constant concentration 
of Fluothane . The arterial pressure drops rapi dly 
during induction and then increases during main-
tenance . There is a slight decrease in pressure 
when the concentration is raised from two per 
cent to three per cent, but the trend of in-
creasing pressure continues . 

Venous pressure decreases slightly with 
induction and then remains only slightly below 
the preinduction level during maintenance . 
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Fig . 22 . The usua l r apid fall i n arterial blood pressure 
is seen in thi s horse followed by a gradual 
increase . The concentra tion of Fluothane i s 
increased from three per cent to four per cent , 
and the re sp onse i s a f all in pressure. Anes-
thesia was not conducted long enough for a 
re sponse to the increase to five per cent to 
be seen . 

·A very r apid i ncrease in arteri al blood 
pressure is noted when the horse was no longer 
receiving Fluothane . In only eight minutes 
t here was an increase of 32 mm . Hg during which 
time the ho r se was breat hing atmospheric air 
only . 

Venous blood pressure increased slightly 
during early induction and then fell near the 
end of induction. Thereafter it appeared to 
parallel t he changes in arterial pressure . 
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~ig . 23 . The hor se shows a blood pressure response 
which wa s s i milar to other s in the study 
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:51ig. 24 . In this case the ether vaporizer was used . The X' s a t the bottom 
of the graph indica te the times when t he vaporizer was on for a 
few seconds . 

100, 

The blood pressure curve is not different from others i n 
this s eries, except that it r i s es to above the prei nduction 
level near the end of anesthesia . 
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Fig . 25 . The bottom line of the tracing is a recording 
of respirations . The recording shows a ~egular 
rate of breath holdi ng observed during Fluothane 
anesthesia in a horse . The recording machine 
was running at one mm . per second. Each small 
squar e is one Ill.'ll. 

?ig . 26 . A ~ecording of respiratory rate (bottom line) . 
Note the t wo different rates of respirati on . 
The recording was ~a.de at o~e mm . per se cond . 
Each small square is one mm. 
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