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Stuptes of partially fluorinated ethers by Krantz and colleagues (1,
2) suggested that trifluoroethylvinyl ether (Fluoromar®) might be aZ
useful anesthetic agent. Its chemical relationship to other anesthetics:
ethers is shown in figure 1. This paper reports observations madeg
during 300 administrations of trifluoroethylvinyl ether to surgicaly,
patients.

CrixicAL MATERIAL

Details of the operations performed, the duration of anesthesia,3
and the age, sex, and physical status of the patients are given in tablesS
1,9, and 3. All anesthetic techniques applicable to dicthyl and divinyl%
ethers were used in this study. The experience of the anesthetistsd
ranged from medical students to senior consultants.
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Dicthyl ether CH;—CH—0—CH,—CH;
Divinyl cther (Vinethene®) CH,=CH-—0—CH=CH,
Ethylvinyl ether (Vinamar®) CH,—CH—0—CH=CH.

Trifluorocthylvinyl ether (Fluoromar®) CFy—CHr—0—CH=CH:
" Fia.1. The formulas of trifluoroethylvinyl and other ethers.
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The data for comparative studies were taken from records of 614
administrations of diethyl ether and 115 administrations of diviny
cther from all the administrations of these drugs at the Universitys
Hospital during 1954, As with trifluoroethylvinyl ether, these tme_s—%
thetics were given by personnel with varying degrees of experience,’
and a large variety of operations were included. Q
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Induction.—It was apparent almost at once that trifluorocthylviny!
ether was unsatisfactory for administration by the open drop methods

Inductions were slow in 20 per cent of the cases, in contrast to 4 pe
cent for divinyl ether given by the same technique. This is probably
«Q
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attributable to the higher boiling point of trifluoroethylvinyl ether, 5
42,7 C. compared to 28.4 C. for divinyl ether. g
Trifluoroethylviny! ether, however, could be easily introduced into 5
a closed, or semiclosed system following nitrous oxide-oxygen. Prob-g
sbly because of its low solubility in water, 0.4 ce. per cent development =
of anesthesia was prompt.
Maintenance—Again probably as the result of its low water solu-Z
bility, trifluoroethylvinyl ether appeared to require considerable care 2
and attention in order to achieve maintenance of a constant plane of &
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anesthesia. Changes in depth of anesthesia occurred with extraordi-»
: H
TABLE 1 g

NATURE oF OPERATIONS 3

General Surgery 45 8
Upper abdominal 7 3

Hermias 3 g

Surface operations 35 2
Gynecology 173 g
Abdominal operations 69 [}

Perineal operations, major 29 2

Perineal operations, minor 75 5

Urology 20 2
Abdominal operations 2 3
Endoscopy, major . 4 B
Endoscopy, minor . 14 =
Orthopedica 29 S
Major operations 25 3

Minor operations 4 g
Otolaryngology 8 X
Major operations 4 @

Minor operations 4 S

Dental Extractions 23 §
Obstetrics 2 S

Total 300 &

3

nary rapidity. This flexibility was useful if anesthesia had becomeg

inadequate, but was also occasionally embarrassing since apnea con]dg
readily be reached. In the latter instance, if administration of theS
drug were discontinued, spontancous respiration was usnally re-estab-S
lished quickly (fig. 2). 2

Signs of Anesthesia—The signs and stages of anesthesia, described2
by Guedel were frequently inapplicable to trifluoroethylvinyl ether.g
Especially after an opiate as preoperative medication, respiratory %
paralysis might appear (Guedel: plane 3) before complete cessation ofS
eyeball movement (Guedel: plane 1). The pharyngeal reflexes were
not always obtunded before the onset of respiratory paralysis, and it
was not unusual to hear laryngeal stridor or have a patient cough wheny,
other signs suggested deep surgical anesthesia. S
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TABLE 2 o

DURATION OF ANESTHESIA g

Number of 2

Duration of Anesthesia Patients 2
Under 15 minutes 38 2
15~30 minutes 74 =
31-60 minutes 52 S
61-120 minutes 57 >
121~180 minutes - 55 =
181 minutes and over 24 =
a

o

N

®

Electroencephalographic Changes—Patterns of electroencephalo-!
graphie changes similar to those described for diethyl ether (3) counld =
usually be observed with trifluoroethylvinyl ether, but once surglcalo
anesthesia was established, some difficulty was encountered in usmgm
the tmcmg as a means of assessing the depth of anesthesia. Observa-3
tion in 12 subjects showed that surgical anesthesia oceurred at levels 3 3
2-3 and that levels 45 generally indicated deep anesthesia. Apneum
occurred between levels 5-7; in one subjeet spontaneous resplratlon:
persisted in the absence of electrical activity, while in others the re-2
spiratory exchange became inadequate at level 5.

Blood Levels.—Arterial blood trifluoroethylvinyl ether levels wereS
determined on 22 subjeets (table 4) and, as would be expected, progres- 3
sive depression of the nervous system accompanied increasing blood‘?
concentrations of the drug.

Respiration.—The effects of trifluoroethylvinyl ether on respiratory &
tidal volume and respiratory rate will be the subject of a separateoa
communication, and only the more important findings of this study willg
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be mentioned. ®
Trifluoroethylvinyl ether appeared to be a profound respiratory 8
depressant in deeper planes of anesthesia. In patients who were not§
' 2

TABLE 3 S

DerAns or PATIENTS §

Number of 3

tients 3

Age =

Under 5 yeara 14 S

5-10 years 22 S

11-20 years 26 1

21-40 years 109 °

41-60 years 106 =3

61-80 years 22 g

81 years and over 1 Q

Sex 8

Female 240 S

Male 60 o

3

Physical Status »

One 194 S

Two 87 N

Three 19 §
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Fi1a. 2. Conti pi try traci howing easo with which anesthesia can be deepened
or lightened with trifluoroethylvinyl ether. At (A) the Heidbrink vaporizer was sot at 7, and ®
at (B) the vaporizer was removed from the circuit. The system wns not flushed with oxygen g
during the period of this observation. Average blood pressure at (A) was 150/77, and at @
(B) 100/60. Abscissn shows time intervals of one minute and ordinate showa ventilation &

of 500 ce. s
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TABLE 4 8

- o

ArTERIAL BLoop TRIPLUGROETHYLVINYL Erier Levers ® 2

S

N

Blood Trifluoroethylvinyl Ether Level (mg. %) 2

Depth of Ancsthenia Number of 2
PEa of Readings N Standard Ra §
verage Deviation nge =)

o

Surgical Ancathesint g
Plane 1 12 14.6 £ 0.77 2.65 108-200 S
Plane 2 17 20.4 + 1.35 5.57 12.1-31L5 §
Plane 3 19 28.5 & 1.08 4.69 187-347 o
Plane 4 7 38.7 = 2.88 7.62 33.0-50.0 3

N <

Apneat 6 49.3 £ 1.62 6.56 40.3-61.0 <
Q

o

* Atropine only as preoperative medication.
{ Thirteen readings where it was impossible to decide the exact depth of nnesthesia are>
included in two columns, e.g., o blood level obtained at the junction of plane 3 and 4 would be<
included above in both planes. z
1 Four of these cases had minimal respimtory excursions in plane 4 of surgical anesthesia.s.
Spontaneous apnea was not allowed to occur, but the gas concentration of 'mﬂuomethylvinylw
ether was maintained for five minutes with controlled respiration. §
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moq

given an opiate as preoperative medication trifluoroethylvinyl ether 3
frequently caused tachypnea. The respiratory rate increased with the ]
duration and depth of anesthesia, but once tachypnea was established m
the rate could be quickly reduced by the intravenous injection of 10-20 3 =
mg. meperidine. Tidal volume was markedly depressed at high respira- 3
tory rates and acidosis followed prolonged tachypnea. g
Cardiovascular System.—In one quarter of the cases in this series 5
there was evidence of a depressant effect of trifluoroethylvinyl ether on m
the cardiovasecular system followmg prolonged or deep anesthesif. In o
six instanees the decrease in systolic blood pressure exceeded 40 mm. 3
of Hg for a period of more than five minutes (maximum fall 140/100:
to 60/25). The effect of the depth of anesthesia on the mean blood“
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BLOOD FLUOROMAR LEVELS MGM/IDDm PLANES OF SURGICAL ANESTHESIR &
F1a. 8. Relationship of mean arterial blood pressure to trifinorocthylvinyl ether eontent of o
arterial blood and depth of nnesthesia as judged clinieally. q
=]
pressure is shown in figure 3, where changes from the preoperntxve§

rendmg are correlated with arterial blood levels of trifluorocethylvinyl &
ether in 17 patients and with the clinical estimation of the depth of 8
anesthesia in 27 cases.

Continuous electrocardiographic studies (with 3 limb leads) were&
completed on 11 patients for penods varying from 25 to 185 mumtes”<
and with depths of anesthesia varying from electroencepha]ogmphlcm
levels 2to 7. A normal tracing was found in 4 cases and 3 patients had &
tachycardia during deep anesthesia. A transient displacement of the>
pacemaker, as shown by P wave changes or A-V nodal rhythm, oc-;‘
curred in three cases during light anesthesia, but returned to normal2
when anesthesia was deepened. The only marked abnormality was a®
temporary inversion of the T wave in lead II in one patient during®
very deep anesthesia,
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Muscular Relazation—Relaxation of jaw muscles appeared to be
more difficult to attain than relaxation of the abdominal wall

Recovery—Recovery from anesthesia occurred rapidly. Quanti-
tative data supporting this belief was found in one patient whose blood
trifinoroethylvinyl ether concentration decreased from 22.4 to 4.9 mg.
per cent within eight minutes of removal of the face mask. Anesthesia
had lasted 25 minutes. Recovery from electroencephalographic level 5 =

to level 1-2 was observed in four minutes after 30 minutes of anesthesia -

and from level 5-6 to level 2 in eight minutes after 180 minutes of
anesthesia. In only five of the 280 cases was complete return of the ;
mental faculties delayed for more than 30 minutes after the end of
anesthesia, .

Analgesia—According to data supplied by the mnnufnctnrer, the =
lower limit of flammability of tnﬂuoroethylvmyl ether is 4 per cent in ¢
oxygen and in 75 per cent N.O in oxygen.. Sadove, Balagot and Linde 3
(4) reported that trifluoroethylvinyl ether was nnn]gesxc in inspired 3 g
gas concentrations of 1.2-2.0 vol. per cent. It was decided therefore 3
to add trifluoroethylvinyl ether to nitrous oxide-oxygen or to thiopental- 5
nitrous oxide-oxygen when an explosive hazard existed and deep anes-
thesia was not required. In 9 consecentive cases the range of trifluoro-
cthylvinyl ether in the inspired air was from 0.3 to 2.4 vol. per cent.
The clinical impression was gained that the volatile hqmd stabilized
anesthesia and permitted a smoother course. This is of course difficult s
to measure. Trlﬂuoroethylwnyl ether cannot be used for more than X
8-10 minutes in the usaal trichloroethylene inhaler. The heat of vapor-
ization of the former is such that cooling of the inhaler prevents con-
tinued volatilization of the liquid.

Compatability with Soda Lime.—Unlike trichloroethylene, trifluoro-
ethylvinyl ether can be administered in closed systems. There is no
chemieal reaction involving the drug and any of the earbon dioxide
absorbents.
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Discussiox
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The useful aspects of trifluoroethylvinyl ether include: (1) rela-
tively low flammability, (2) ecompatibility with soda lime, (3) minimal ¢
incidence of cardiac arrhythmis, even with a challenging dose of epi-
nephrine (5). (4) minimal blood solubility permitting rapid induction' 2
and recovery, (5) good analgesia, and (6) high degree of pntlent
acceptability. g

On the debit side can be listed: (1) low volatility, reducing its value €
in open drop techniques, (2) respiratory depression and respiratory 2
acidosis in deeper planes of anesthesia, (3) tachypnea unless an opiate 2
is used for preoperative medlcahon, and (4) occasional difficulty with J
jaw relaxation. E

It is impossible to predict the ultimate place of tlns substance in
anesthesiology. In our clinical practice it is being used in low concen- X
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trations in n the presence of explosive hazards and for procedures which
require only first or upper second plane anesthesia. It thus has found?
application in dental surgery, orthopedics, and certain types of gyneco-
logical, urologic and general surgery. If some of the clinical impres-
sions outlined in this and other papers can be substantiated, trifluoro-
cthylvinvyl ether may prove to be a useful anesthetic agent.

Sumatary
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Observations during 300 administrations of trifluoroethylvinyl etherm
have been reported. The advantages and disadvantages of trifluoro-})
ethylvinyl ether as an anesthetic nfrent have been compared with those<
of diethyl ether and divinyl ether. From the clinical impressions 1t°
appears that trifluoroethylvinyl ether deserves further study as aZ
useful anesthetic agent.
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AUSTRIAN-GERMAN-SWISS SOCIETIES OF
ANAESTHESIOLOGISTS MEETING

The next joint meeting of the Austrian, German and Swiss
Societies of Anaesthesiologists will be held in Vienna, June 13-15,
1957. The main topies will ke ‘‘Postoperative Treatment.”” There
will also be other scientific papers.

To assure accommodations participants are requested to contact
Dr. K. Steinbereithner, I. Chirurgische Universitais-Klinik, Wien
IX., Alserstrasse 4, before January 15, 1957. Applications for
papers should also be made to the same address, not later than
February 28, 1957. All members of the American Society of Anes-
thesiologists are invited to attend.
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