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Wnex a new anesthetic drug becomes available the question is immedi-
afely asked, “What is the degree of tdkicity to the patient?”’ The
statement has been made that halogenated derivatives of hydrocarhons
have been notorious for deleferious effect upon certain tissues, particu-
larly the liver (1). It has also been stated that in the saturated series,
toxicity inercases as the degree of halogenation increases (1). It has
been noted that substitution of ¢hlorine by fluorine in the chloroform
moleenle tends fo diminish the toxicily of the agent (2). With the
advent of Fluothane (1, 1, 1, trifluoro-2, 2-hromochlorethane) therefore
the question, *What does this do to the liver?” would seem to be of
paramount importance. Of the 8 atoms in the Fluothane molecule, 5
are halogens. Three of these, however, are fluorine atoms. Before
one could feel safe in administering Fluothane to human subjeets, it
seemed necessary {o learn whether or not this agent was toxie to the
liver of animals. An answer to the following question was also sought
with the use of dogs: ““Does Fluothane sensitize the heart to injection of
epinephrine as chloroform is known to do (3)1”

Later, measurements of variations in bloed constituents were made
during administration of Fluothane to surgical patients.

ANIMAL EXPERIMENTS

Procedure A.—To obinin a concept of the relative effects of ether
and Fluothane on the liver, one dog was anesthetized with ether and
oxygen for {wo hours. Amnother dog was anesthetized for two hours
with Fluothane in 50 per cent each of nitrous oxide and oxygen.
TEndotracheal tubes were inserted in each case and the cuffs were
inflated. The depth of anesthesia was maintained in a plane adequate
for surgical anesthesin; that is, the lateral canthus reflex was obtunded.

‘ontrol Bromsulphalein retention values were measured before anes-
thesin was induced and on suceeeding days after exposure to anesthesia
until the values had returned to normal. Thirty minute periods for
dye excretion were used as they were deemed to he more rigorous
than the frequently used forty-five minute periods (4). After Brom-
sulphalein values hiad returned to normal, erossover experiments were
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done using the same animals. The one which originally received ether
now received Fluothane and vice versa.
Procedure B—After an interval of a week, procedure A was re-
peated using the same animals but reversing the order in which the
agents were administered.

TABLE 1

Brossvrriareis ReTextioN 1y DoGs AFTER ANESTHESIA wWiTH

Curororonrst, ETHER AND FLUOTHANE

- Per Cent RSP Retention at 30 minutes
Procedure A':ﬂ:,':‘“' Day» Postexposure
Control - -~
1 2 3 N 5
Two Hour Exposure
Dog 1 Ether 9 18 8
A Fluothane 10 16 7
Dog 2 Fluothane 9 18 10
Ether 8 19 7
Two Hour Exposure
Dogl Fluothane 11 17 4
B Ether 9 15 7
Dog 2 Ether 9 24 9
Fluothane 7 17 5
Four Hour Exposure
Dog 3 Fluothane 7 31 12 [}
c Ether 8 27 4
Dog 4 Ether 5 40 19 9
Fluothane 9 19 17 6
Four Hour Exposure
Dog 2 Fluothane* 7 31 14 12
D Ether 9 32 22 16 7
Dog 6 Ether ¢ | 19 1 4
Fluothane* 7 34 24 14 10
Dog 7 Chloroform 8 39 3o 22 17 9
Fluothane* 7 29 19 1 7
Ether 6 23 14 1 6
Dog 8 Fluothane® 7 30 21 14 10
Ether 8 28 19 16 9
E Chloroform 1 49 29 19 14 8
Dog 9 Ether 8 25 17 11 4
Chloroform 7 36 20 13 11 9
Fluothane® 7 29 18 12 7

alveolar oxygen.

* Dogs receiving Fluothane were fasted two days before nnesthesin and had only 12 per cent

alveolar oxygen.

Dogs receiving ether and chloroform fasted only overnight and had 45 per cent
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Procedure C.—In order to increase the stress on the animals, pro-
cedure A was repeated with additional dogs except that the exposure
time was prolonged to four hours of anesthesia in cach case.

Procedure D.—To further increase the stress on the animals re-
ceiving Fluothane, procedure C was repeated with the additional con-
ditions that the animals receiving Fluothane were fasted for two days
before exposure and received only enough oxygen to maintain the
alveolar oxygen partial pressure at 76 mm. of mercury. (Atmos-
pherice pressure in Denver is 630 mm. of mercury.) One of the ani-
mals used was dog 2 which had been used previously in procedure A.

Procedure E—~To obtain comparable information on the exposure
of animals to ether, Fluothane and chloroform, and to rule out un-
known possibilities which coneeivably could affeet results, a Latin-
square design experiment was utilized in which each of three dogs was
exposed to each of the three anesthetic agents in order of succession
as follows:

Firnt Second Third Expasure
Dog 7 Chloroform Fluothane Ether
Dog 8 Fluothane Ether Chloroform
Dog 9 Ether Chloroform Fluothane

Nearly the same conditions were employed as in procedure I; namely,
control Bromsulphalein determinations before anesthesia and repeated
determinations daily postanesthesin were made until the values had
returned to normal. Several days were allowed to clapse before ex-
posure to the next anesthetic agent. A two day fast was allowed
before exposure of the animals to the anesthetic agent and the animals
receiving Fluothane were maintained with an alveolar partial pressure
of approximately 285 mmi. of mereury. They received ether and oxy-
gen or chloroform and oxygen through aun open T-tube counceted to a
cuffed endotracheal tube. Iach period of anesthetic exposure was
four hours. Venous pII and alveolar oxygen values were determined
at frequent intervals and at the termination of each exposure.

Procedure F.—Four dogs were given intravenous injections of
epinephrine according to the technique of Meek, Hathaway and Orth
(3). Electrocardiographic tracings were obtained. The animals were
then anesthetized with Fluothane and identical doses of epinephrine
again injected.

Procedure G.—Autopsics were performed after sacrificing the dogs
with overdoses of nemhutal, Fluothane, or chloroform.

RESULTS WITH ANIMALS

Procedures 4, B, C, and D of table 1 indieates that Bromsulphalein
retention following ether anesthesia was almost identical to that follow-
ing Fluothane anesthesia, The order of administration of these drugs
produced no effect.
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Procedure E of table 1 presents data from the Latin-square ex-
periment. The use of ether and Fluothane was obviously followed
by strikingly similar results. The data were placed in a three way
one-per-cell analysis-of-variance design. It is clear from table 2 that
dogs-by-agents interaction term was significant, each at the 5 per cent
level. Calculations using Satterthwaite’s approximation (5) showed
that results with chloroform were significantly different from those
using either Fluothane or ether, with a 0.03 level of confidence. The
order of administration and the individual dog did not affect the results.

pH values of blood taken during and at the end of these anesthetic
exposures ranged from 7.3 to 7.45.

In procedure F, of the 4 dogs receiving epinephrine while anes-
thetized with Fluothane, 2 went into ventricular fibrillation and a third
showed ventricular tachyeardia.

In procedure G, at autopsy, no outstanding organie changes were
found. The liver of animal 7, killed with Fluothane, showed slight

TABLE 2

STATISTICAL ANALYSIS oF LaTin-Squane Exreriuexts Ustxa Dogs
REecEIVING FrvoTtuane, ETHER AND CHLOROFORM

Sum ot as. | Men F »
Dogs 126.389 2 63.195 - 3.17 na,
Agents 624.889 2 312,445 6.71* 03
Days 2,566.528 3 855.500
Dogs X Agents 0977 4 19944 3.96 05
Dogs X Days 17.389 6 2.898
Agents X Days 08.889 6 16.482 3.27 05
Agents X Dogs X Days 60.445 12 5.037
Total 3,574.306 5

“12df.

vacuolization which was predominantly periportal (not central). This
vacuolization is ecommon in dogs obtained from the pound who have
undergone no experimental procedure. There was no evidence of fatty
alteration. No central necrosis was found in any of the animals.

OsservaTiONs AND METHODS wiTH SURGICAL PaTIENTS

When evidence had been obtained that Fluothane did not affect the
livers of dogs as did chloroform, when a report (6) appeared concern-
ing anesthetization of 500 persons with Fluothane, and when a reliable
instrument for accurately delivering small concentrations of Fluothane
became available, measurements were made with surgical patients re-
cciving Fluothane for production of anesthesia. These patients were
chosen on the basis of their being scheduled for surgery at least two
days preoperatively so that control determinations of Bromsulphalein
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. TABLE 3

OreraTions PerForsED UsiNG FLUOTHANE ANESTHESIA

Patient Sex ey (hmahty Surxical Procedure ':::;}I.:.'g ')'
1 ¥ 52 105 Moore prosthesis 300
2 r 53 150 Excision ovarian tumor 200
3 F 30 1149 Thyroidectomy 245
4 F a8 142 Cholecysteetomy, colostomy 265
5 M 66 166 Prostatectomy 210
[ M 55 133 Gastrectomy 315
7 )y 39 145 Vaginul hysterectomy 205
8 M 7 35 Hemicolectomy, colostomy 330
] F G8 125 Vaginal hysterectomy 200

10 M 57 126 Excision hladder tumor 150
11 M il 140 Polypectomies, colostomics 380
12 M 63 148 Prostatectomy 230

retention (4), blood volume (7, 8), bleeding time (9) and clotting time
(10) could be made. Blood glucose (11) and blood urea (12) values
as well as some urea clearance (13) determinations were done. The
type of surgieal procedures performed will be seen in table 3.
Twelve patients were anesthetized with a flow of 500 ce. of nitrous
oxide and 500 ce. of oxygen using a semiclosed circle system, with ad-
dition of known amounts of Fluothane using concentrations of ahout
2 per cent for induction. This proportion of nitrous oxide and oxygen
had been found (14) to afford adequate oxygenation. The flow of
Tluothane was diminished as anesthesin progressed. Endotracheal
intubation was performed using no relaxing agents other than Fluo-
thane. After one lour of anesthesia without surgery, obser rations

TABLE 4
PuysiotoGicat, VARIATIONs UsiNG FLUOTHANE IN TWELVE PATIENTS

0 5 Firat
T I Themi. One Hour r, N
> ¥ e ostoperative
bn) F Day
Stan. Stand- Stand. Sunt. Other
Aver. | @B | Aver | 55 Aver- | 5 Aver- | &
age L:r'nr age P.:,rlor age l.:;r'or age Lr(;rlnr
Mean Mean Mean Mean
Blood glucose (ing. per cent) o4 2051 044 3.15 128 B 5.81 094 C 597
Iood urea (mg. per cent) 22 337 | 21 346 20 3.18 20 2.57
Hematocrit {per cent) 45 1.44 43 0.88
Total blood volume (cc.) 4,691 | 263 4,765 pard
Bleeding time (seconds; 151 15.8 149 1.6 | 140 13.1
Coagulation time (seconds) 019 263 458 240 465 311
Bromnulphalein retention
(per cent in 30 minutes) 8 098 10 280 13 240 |8 (Fourth day
Urea clearance (ml. per in & patients.
minute} 68 | 10 72 114 Earlierinthe
other 7)

* 6 patients not receiving intrmvenous glucose
16 patienta
Critical ratio A — 13 = 5,13

B =-C=431
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were again made to determine the effect of the agent alone on the
subject. Bromsulphalein, bleod urea, blood glucose, bleeding and
clotting times were measured. The next day, the values were again
determined and Bromsulphalein retention was followed until values
returned to normal,

Blood samples for thymol turbidity tests (15) and serum trans-
aminase values (16) were obtained from 10 other patients. Control
samples were drawn the day prior to surgery. Samples of thymol
turbidity tests were again drawn the fifth postoperative day on 6 pa-
tients. Samples for transaminase determinations were obtained from
10 patients at cight to twelve hours following surgery, and at daily
intervals for three to nine days after surgery.

TABLE 6

Tryson Termntty VaLves Beronre axp Arter FLuoriase
ANESTHESIA IN 5 PATIENTS

Preoperative 5-Day Postopemntive
Patient Value Val
1 3.0 20
2 4.5 4.0
3 2.5 3.0
4 1.5 2.0
5 3.0 20

ResuLts wiTH PaTIENTS

Table 4 indicates that blood glucese was significantly inereased
during an hour of Fluothane anesthesia and that it had returned to
normal by the next morning in those patients who were not receiving
infusions containing glucose. Urea, blood volume, bleeding and clot-
ting time and urea clearance were essentinlly unchanged. BSP re-
tention was moderately elevated and returned to normal within a
reasonable time. The effect of surgery on the time for return to
normal could not be ascertained.

Table 5 presents data on serum glutamic oxaloacetic transaminase
(SGOT) and serum glutamie pyravie transaminase (SGPT) values.
A rise of SGOT values in patient 9 is unexplained, but this did not
occur until the fifth day postoperatively. The other values all fall
well within the expeeted range for surgery using other anesthetic
agents. Thymol turbidity figures showed no abnormal values on the
fifth day postoperatively (table 6).

Discussion

Conditions were deliberately chosen for the animal experiments
which would tend to accentuate any ill effect that Fluothane might
have on the liver. It has been shown (17, 18) that fasting and a low
concentration of oxygen each produce deleterious effects on the liver of
dogs receiving chloroform anesthesia, consequently a combination of
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these conditions was used for these experiments. Since the results
were equivalent to those obtained from dogs with ether anesthesia,
one sees evidence that Fluothane does not easily injure the liver.
Chloroform produced significantly greater retention of BSP than did
either ether or Fluothane.

The immediate severe reactions to epinephrine in dogs anesthetized
with Fluothane made it unnecessary to use many animals for this pro-
cedure. The drug showed a definite sensitization of the myocardium
of the dog to epinephrine.

While Bromsulphalein retention does not measure all phases of
liver activity, the results obtained both with dogs and patients signify
that this function was no more severely disturbed by Fluothane than
by ether anesthesia. Although the blood glucose of patients rose
consistently during Fluothane anesthesia, it did not rise to as great
an extent as would be expeeted using ether anesthesia (1). Kidney
function of patients as measured by urca clearance tests and other
possible metabolic changes as measured by blood urea, bleeding and
clotting times and blood volumes were seemingly minimal. Thymol
turbidity tests showed no deleterious effects of Fluothane on the liver,

The range of glutamic oxaloacetie serum transaminase values in
a few other conditions involving the liver has been published (19, 20,
21). Generally accepted normal values (Sigma-Frankel units) are
as follows: SGOT, 8 to 40, and SGPT 5 to 35. Values of borderline
significance 40 to 50 (SGOT), and 35 to 45 (SGPT). Table 4 would
indicate that anesthesin with Fluothane lasting 41 to 174 minutes did
not result in any overt hepatic necrosis as judged by the serum trans-
aminase tests. Table 5 presents data on the thymol turbidity tests
which revealed no hepatoxic effect of Fluothane.

Clinieally our observations on Fluothane have been in general ac-
cord with those of others who have had larger series of patients (6,
22). We observed an casy induction with 2 per cent Fluothane; we
observed that respiration could be controlled quite easily with a few
manipulations of the breathing bag; we observed that hypotension was
easily produced with a mild overdose of the drug; we observed that
relaxation adequate for orotracheal intubation could be produced; we
observed that diminution of laryngeal and pharyngeal reflexes oc-
curred easily, and we observed a rapid recovery from the effects of the
anesthetic with minimal postoperative vomiting. As mentioned by
others, Fluothane is an extremely potent agent. It is not safe to use
unless an apparatus for producing controlled low concentrations is
at hand. Our standard machines (Heidbrink, Foregger) could not be
calibrated to deliver safe and consistent concentrations of Fluothane.

Suatsary

Crossover experiments in 6 dogs stressed by moderate hypoxia and
a two day fast indicated that Bromsulphalein retention after four
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hours of Fluothane anesthesia was mo greater than that following
ether anesthesia in the same dogs unstressed by fasting or hypoxia.
Obscrvations with 3 dogs in experiments of Latin-square design
indicated that Bromsulphalein retention was significantly greater in
dogs given chloroform than in dogs given cther under the same con-
ditions or in dogs given Fluothane under mildly hypoxic conditions.
Two of 4 dogs given intravenous epinephrine during Fluothane
anesthesin had ventricular fibrillation; a third showed ventricular

tachycardia.
Twelve patients given Fluothane with 500 cc. per minute each of

nitrous oxide and oxygen for an hour before surgery showed a con-
sistent rise of blood glucose. Blood urea, blood volume, bleeding and
clotting times remained at conirol levels. Urea clearance funetion
did not scem to be affected. BSP retention increased moderately and
returned to control levels within a few days.

Thymol turbidity tests on five other patients showed no abnormality
on the fifth post-Fluothane day. Serum transaminase values at eight
fo twelve hours postanesthesia and on several succeeding days were
normal in 10 other patients who had Fluothane anesthesia which lasted

from 41 to 174 minutes.

Tho authors wish to acknowledge the assistanee in the statistical evaluations by Dr.
William Sawrey and the technical assistance of Miss Dorothy Marco. This study was aided
by grants from the Imperial Chemical Industries, Ltd., Manchester, England, and from the
Continuing Research Fund of the University of Colorado Medical Faculty.
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