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DUmNC Tim ~NTINV'INO SF_~mCH for better anaesthetic agents, a new compound, 
difluoromethyl 1,1,2-trifluoro-2-chloroethyl ether (CF2H-O-CF2CFC1H), herein- 
after DFMTFCE, which had appeared to be valuable in preliminary testing, was 
offered to us for further study. The substance is a non-explosive eolourless liquid 
with a pleasing aromatic odor. Its molecular weight i.~ 184.5 and its boiling point 
is 56.5 ~ C. The vapour pressure at 25 ~ is 250 mm.Hg, and the speci~c gravity is 
1.51 nv ~~ --  1.309.6 to 1.3030. The compound is stable on storage, needing no dark 
bottles or stabfliTers. Our early experiments with dogs showed that smooth and 
rapid anaesthesia could be obtained. Cardiovascular and respiratory studies were 
then carried out on non-operated volunteers, and when these appeared to show 
satisfactory values, DFMTFCE was administered to a few patients undergoing 
surgical procedures. 

MAT~O_~LS ~ METHOVS 

Six unpremedieated fasting dogs were anaesthetized with open-drop technique 
using DFMTFCE of 09.95 per cent purity. Induction was smooth, rapid, and not 
accompanied by noticeable salivation. During sleep, respiration was regular and 
adequate. Subsequently, two dogs were anaesthetized with DFMTFCE on alter- 
nate days for an hour each time until each had been anaesthetized seven times. 
The trachea of each dog was intubated, and anaesthesia was maintained with 
DFMTFCE and oxygen with spontaneous respiration. Each animal was given 
epinephrine according to the technique of Meek, Hathaway, and Orth I before 
administration of the agent was stopped. At the termination of the seventh 
anesthetic period biopsy specimens of lung, heart, kidney, and liver were 
removed. 

In 16 dogs, glucose, 2 urea nitrogen, 8 aldolase, 4 isocitric dchydrogenase, 5 serum 
glutamie oxalic transaminase, e serum glutamie pyruvic transaminase, e,7 lactic acid 
dehydrogenase, s and lencine amino peptidase 9 were determined. After one hour 
of DFMTFCE, epinephrine was injected as above and the same studies were 
repeated. The enzyme determinations were repeated two days later. 
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Latin Square 
Four additional dogs were used to compare the effects of halothane, methox T- 

flurane, fluroxene, and DFMTFCE in a latir~ square project. Control BSF retention 
measurements were made, and blood was taken for the same enzyme studies 
mentioned previously. The order of administration of the drugs was as follows: 

Dog i Halothane Fluroxene Methoxyflurane DFMTFCE 
Dog 2 Fluroxene Methoxyflurane DFMTFCE Halothane 
Dog 3 Methoxyflurane DFMTFCE Halothane Fluroxene 
Dog 4 DFMTFCE Halothane Fluroxene Methoxyflurano 

Each animal was anaesthetized by the open-drop method and the trachea was 
intubated. No premeditation was used. Anaesthesia in each animal was main- 
tained with a surgical concentration of the respective agent for two hours using 
a circle absorption system with intermittent positive pressure ventilation so that 
each animal had a tidal volume of 30 ce./kg. 20 times per minute. Blood samples 
were taken for enzyme analysis at the end of each two-hour period, and a BSP 
retention test was done. BSP and enzyme tests were done again two days later. 
At least seven days elapsed between anaesthetics given to each dog. End tidal gas 
was analysed chromatographically for concentration of each agent. 

Volunteers 
Each of eight healthy volunteer subjects between 22 and 29 years of age was 

given atropine sulfate 0.4 rag./70 kg. intravenously. A short length of polyethylene 
160 tubing was introduced into the brachial artery by the Seldinger x~ technique. 
A polyethylene 60 tube was introduced into the antecubital vein either percu- 
taneously or via a 16-gauge thin-walled needle. Blood pressures were recorded 
via a P"3db transducer and recorded with a photographic oscillograph.* Arterial 
blood samples were withdrawn for determination of pH, glucose, urea nitrogen, 
aldolase, isocitric dehydrogenase, serum glutamic oxaloacetic transaminase, glu- 
tamic pyruvic transaminase, lencine aminopeptidase, and lactic acid dehydro- 
genase. ~-~ Several measurements were made of total volume and respiratory rate 
until a minimum steady state had been reached. Control tidal volume, respiratory 
rate, and exhaled air samples were then taken. Cardiac output  was measured, the 
cardiogreen dye being iniected simultaneously with taking the air samples. The 
subjects were then anaesthetized with DFMTFCE and oxygen using a closed 
circle absorption system. After moderately deep surgical anaesthesia had been 
attained, the trachea was intubated and a non-rebreathing system was used, 
maintaining the same tidal volume and minute volume that had been measured 
with spontaneous respiration. After 15 minutes of a steady state which was 
coincident with initial burst suppression by electroencephalogram (E.E.G.), 
cardiac output, pressures, and respiratory measurements were again determined. 
Blood samples were taken for the same studies as before. The subiect was then 
ventilated with room air and the agent continued at a stable E.E.G. level for 
another 15 minutes. Circulatory and respiratory data were again obtained, and 
blood samples were again withdrawn. The DFMTFCE was discontinued, the 
subjects were ventilated with oxygen and permitted to awaken. 

~ for Medicine, ~Vhite Plains, New York. 
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Surgical Patients 
Eleven patients having surgical procedures were given DFMTFCE as their 

anaesthetic agent. Each patient had received meperidine 100 rag./70 kg. and 
scopolamine 0.4 rag./70 kg. intramuscularly an hour prior to induction. Four were 
induced with thiopental, and seven were induced by mask using only oxygen 
and DFMTFCE. All were maintained in surgical anaesthesia using a semi-olosed 
system with 500 c.c. each of nitrous oxide and oxygen, plus sufficient DFMTFCE 
as necessary for analgesia. 

Surgical procedures were: debridement of humerus (1), eonization of uterus 
(4), dilatation and curettage (1), vaginal hysterectomy (3), abdominal tubal 
ligation (2). 

RESULTS 

Preliminary Experiences with Dogs 
Induction with DFMTFCE by the open-drop method was smooth and rapid, 

requiring about two minutes. Subsequent anaesthetizations required about the 
same period of time. The drug did not appear to be irritating, and its use was 
accompanied by very little salivation both during and after induction. Respiration 
following induction was smooth and regular. With deeper anaesthesia respiration 
was depressed in both volume and rate. Emergence was rapid, and righting 
reflexes were regained without vomiting. Ataxia was brieL During anaesthesia the 
animals were quiet and wall relaxed. Recovery appeared to be complete within 
a few minutes. 

Repeated Administrations to Dogs 
Each of the two dogs that were anaesthetized seven times with DFMTFCE 

gained weight during the two-week period. No nausea was evident following 
anaesthesia. Each animal regained its righting reflex within a few minutes after 
administration of the agent was stopped, and after an hour of anaesthesia: dog 1, 
4 • 0.76 rain.; dog 2, 3.3 • 0.30 rain. Both drank almost immediately on return 
to their runs. The report of the pathologist at the State Veterinary School was 
"normal canine tissue" on each specimen. 

Chemistry and Enzyme Studies in Dogs 
The enzyme studies before, at the end of, and two days following hour-long 

administration of DFMTFGE showed no significant changes (Table I). Nor was 
there any significant change in urea nitrogen data. Blood glucose was significantly 
elevated during the hour of anaesthesia, increasing from 88 to 101 (p < 0.01). 
Two days later the value was found to be 87 mg. per cent. 

EPINEPI-IBh-~E 

In three of 16 dogs that were anaesthetized with DFMTFCE, ventricular 
fibrillation occurred immediately after injection of epinephrine. 

Latin Square Experiments 
Determination of enzyme values during and after anaesthesia with animals 

that had each received DFMTFCE, halothane, fluroxene, and methoxyflurane 
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TABLE I 

BLOOD GLUCOSE, BUN, AND ENZYME VALUES AFTER ADMINISTRATION OF DFMTFCE 
TO 16 DOGS rOE ONE HOUR 

Normal 
values in our 

Control One hour later Two days later lab. 

1 Glucose 88.1-4-3.3 mg. % 101.2-4-3.2 mg. %* 87 75-130 
2 BUN 17.2-4-1.3 18.8-4-1.4 b 10-22 
3 AIdolase 2.1-4-.28 2.4-4-.29 2.2=1:.27 3--8 
4 ICD 29~3.0 28-4-2.8 24-4-2.7 50-275 
5 SGOT 51• 64-4-8.2 52~8.6 0-25 
6 SGPT 36-4-3.9 41-~3.4 424-9.7 0--35 
7 SGOT/SGPT 1.604-.16 1.56-t-.18 1.40-4-.16 >1.0  
8 LDH 116:1:8.0 111-4-9.4 125:t:7.8 100--350 
9 LAP 224 • 323 -4-75 261-4-38 70-230 

*p < o.ol 

showed no significant changes (Table II). Average end-tidal concentrations of 
the four agents during surgical anaesthesia in these non-premedicated dogs were: 
DFMTFCE 3.4 per cent, halothane 1.54 per cent, fluroxene 4.39. per cent, and 
methoxyflurane 0.16 per cent (Table III). 

Urea nitrogen values were essentially the same before and after anaesthesia of 
two hours with each of the agents. Glucose rose moderately with each agent 
(N.S. for methoxytlurane, p < 0.01 for the other three; see Table II). Two dogs 
had a measurable bromsulphathalein retention after iluroxene (65 each), one 
after methoxyilurane (75) and one after DFMTFCE (135), but all t~gures had 
returned below the minimal measurable value (2g) within two days. 

When the dogs were sufficiently deeply anaesthetized with DFMTFCE for the 
E.E.G. to demonstrate burst suppression, there frequently appeared spontaneous 
twitching motions. These could be elicited by striking the operating table or by 
making a sudden loud noise in the dog~s ear. Twitching occurred only when the 
animals were in fairly deep anaesthesia and might be considered to be a warning 
that considerable depth had been reached. The motions could be stopped either 
by lowering the concentration of the agent or by administering thiopental 
intravenously. 

Volunteer Sublects 
Induction with DFMTFCE and oxygen was smooth and rapid. No salivation 

and very little muscular motion of extremities occurred in spite of the fact that 
two of the subjects weighed 100 kg. each and no depressant medication had been 
given. The effects of the agent were similar to those seen with halothane. Blood 
pressure and cardiac output diminished on induction. Spontaneous respiration 
nearly ceased as anaesthesia became more profound. By pinching and using other 
stimuli short of incision it was possible to elicit responses similar to those 
expected with halothane, greater than those expected with nitrous oxide, and 
smaller than those expected with cyclopropane. Two subjects carried to ~burst 
suppression ~ exhibited brief spontaneous twitches that disappeared quickly on 
removal d the agent. 

Changes from oxygen to a/r were occasionally accompanied by mild hypoxaemia 
and an increase in cardiac output (Table IV). 
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TABLE III 

LATIN SQUARE: 4 DOGS 

Concentration of agents (%) 

1 hour 2 hours Average 

Halothane 1.68 1.39 4.54 
DFMTFCE 3.46 3.33 3.40 
Fluroxene 5.21 3.43 4.32 
Methoxyflurane 0.21 0.15 0.18 

TABLE IV 
RESPIRATORY AND CARDIOVASCULAR MEASUREMENTS OF 8 VOLUNTEER SUBJECTS 

WITS DFMTFCE 

Asleep with 
Control Asleep with oxygen compressed air 

Cardiac output (L./min.) 6.604-0.92 5.314-1.25 6.29.4-2.25 
Blood pressure (mg./Hg) 

systolic 120-1-5.4 804-4.7"** 79 4-2.4*** 
venous 84-1.7 84-1.7 74-1.3 

Pulse beats/rain. 72-4- 2.4 864- 4.8** 89 4-7.2* 
Po= mm./Hg 76.6-4- 2.5 406 4-19.6*** 65.7 4-6.9 
Poe= mm./Hg 35.94-1.3 44.4-4-2.6 47.04-3.0** 

Statistical significance compared to control values: 
*p < 0.05. 
**p < 0.01. 
***p < 0.001. 

Recovery periods differed markedly among the eight subjects. One ate, drank, 
and went to work on his regular eight-hour shift 75 minutes after administration 
of DFMTFCE was discontinued. Another took his wife to dinner 90 minutes 
postanaesthetically. Three subjects were nauseated for an hour. One was delirious 
for an hour. All but two responded to commands within 10 minutes after admini- 
stration was stopped. None remembered the induction as being unpleasant. 
Enzyme studies showed no abnormalities at the end of the procedure. All have 
been observed for at least six months since the measurements, and there have 
been no noticeable sequellae. Glucose rose in these subjects from an average 
19.3 to 131 rag. per cent (N.S.). Urea nitrogen values were not significantly 
changed (Table V). 

Surgical Patients 
In seven of the eleven subjects anaesthesia was induced using only DFMTFCE 

and oxygen. None reported feeling that it was unpleasant. Blood pressure was 
generally diminished following induction, dropping an average of 9.5 ram. Hg 
from the highest to the lowest systolic values. All pressures returned to control 
values when administration of the drug ceased. One patient who was carried to 
burst suppression (E.E.G.) demonstrated twitching in response to a loud noise. 
Relaxation was adequate for abdominal surgery. Ten of the eleven patients were 
awake by the time they had reached the recovery room. One vomited moderately. 
The patient who did not waken until after she had reached the recovery room 
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TABLE V 

BLOOD ANALYSES IN VOLUNTEER SUBJECTS RECEIVING DFMTFCE AS AN 
ANAESTHETIC AGENT 

239 

DFMTFCE DFMTFCE 
Awake with oxygen with air 

Glucose 123.04-9 131.0-4-8.4 138.0:1:7 
BUN 20.5• 20.9• 20.3• 
Aidolase 4 7 4 
ICD 186 191 189 
SGOT 9 8 8 
SGPT 6 6 5 
SGOT/SGPT I.  3 I.  6 I.  8 
LAD 255 231 212 
LAP 95 102 100 

No significant differences. 

was 65 years of age and had probably been carried in deeper anaesthesia than 
was necessary for the surgical procedure. Beginning 18 hours postoperatively she 
experienced protracted vomiting which lasted twelve hours. The patient who 
had undergone debridement of humerus sat up to eat supper 2g hours after 
surgery. 

D~scussioN 

DFMTFCE appeared to have excellent possibilities as an anaesthetic agent 
when it was first administered to dogs. There was so little reaction to its use that 
we deliberately avoided removing food preanaesthetically from the cages of the 
dogs which received the drug seven times each. The rapid induction and recovery 
were encouraging. The lack of enzyme and BSP changes was also encouraging in 
the next series of measurements. ~rhen we had first been given the drug the 
accompanying oral information was that the drag does not sensitize the heart to 
epinephrine. Ha~l this been true, it would have seemed that a distinct advantage 
over presently used agents had become available. Unfortunately and critically, 
this concept was not confirmed. 

Tests of blood pressure when dogs were given DFMTFCE and later halothane 
indicated that the blood pressure was lower with halothane but that the di~erence 
was not statistically significant. 

The latin square experiments indicated that anaesthesia was at least as smooth 
with DFMTFCE as with the other drugs and that no liver or kidney damage 
could be found with the tests utilized. Induction was least smooth with fiuroxene, 
and the greatest variation in results occurred with the latter drug. SGOT and 
SGPT values were higher with fluroxene during anaesthesia, but were always 
back to control values within two days. This effect seems to be species-variable, 
for previous tests with dogs and man have differed using fluroxene. The concen- 
trations required for DFMTFCE were just about double those required for 
halothane, so there is no question about the feasibility of administering high 
concentrations of oxygen (>95~) when using DFMTFCE. The spontaneous 
muscle contractions about the eyes and limbs were never seen in light planes of 
anaesthesia. It should be considered that this phenomenon may be a warning 
sign of increasing depth of anaesthesia rather than an indication that anaesthesia 



is light and that depth should be increased further because of the movements. 
Muscle relaxation was good. Orotracheal intubation could be performed easily 
without the use of adjuvants. 

Induction of volunteer subjects proceeded with ease. When this was done 
rapidly, however, it was necessary to use intermittent positive pressure breathing, 
for apnoea ensued easily. Endotracheal intubation was easily done, and bucking 
on the tube was almost entirely absent. As with halothane, the response to painful 
stimuli did not immediately disappear. Responses occurred even when the blood 
pressure had dropped as much as 30 mm. Hg. 

Variation in recovery sequences renders it difficult to generalize concerning 
residual effects of the drug. When similar measurements were made using halo- 
thane ix similarly variable results were encountered. 

Relaxants for the surgical procedure were used only once in the eleven dlnieal 
cases, and this when the plane of anaesthesia was inadvertently permitted to 
become too light. The course of anaesthesia was quite similar to what we had 
experienced during the early use of halothane. The blood pressure dropped and 
analgesia was inadequate when unconsciousness was first attained. Induction 
and recovery were a little more rapid than with halothane. The vomiting men- 
tioned occurred in a patient who was in deeper anaesthesia than necessary. There 
were no complaints about the agent on the part of the patients. 

DFMTFCE appears to be similar to halothane, with the exception that, in the 
former, spontaneous movements are observed during the deeper planes. This may 
be a valuable feature. 

S v - ~ Y  

1. Dittuoromethyl 1,1,2-triiluoro-2-chloro ethyl ether (DFMTFCE), a pro- 
posed new anaesthetic agent, was administered to dogs by open-drop and 
produced smooth anaesthesia without salivation, irritation, or nausea. 

2. When epinephrine was given intravenously to 16 dogs asleep with 
DFMTFCE, three went into ventrieular fibrillation. 

3. The concentration of DFMTFCE required for surgical anaesthesia was 
roughly twice that with halothane for the same animals. 

4. A latin square administration of DFMTFCE, halothane, rnethoxyflurane, 
and fluroxene demonstrated no significant effects on liver enzyme activity follow- 
ing the use of any of the drugs. 

5. Blood glucose rose moderately with DFMTFCE; urea nitrogen was 
unchanged. 

6. In eight volunteer subjects, DFMTFCE afforded a pleasant induction. 
Blood pressure dropped, as did cardiac output when anaesthesia deepened. The 
degree of analgesia was similar to that experienced with halothane. Spontaneous 
respiration ceased on attainment of surgical anaesthesia. Changing from oxygen 
to air produced mild hypoxaemia, at which time cardiac output increased. Waking 
was rapid. Three of the eight volunteers were nauseated for a short time during 
recovery. 

7. Eleven surgical patients were given DFMTFCE for anaesthesia; the course 
was similar to that with halothane. 
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R~sul~ 

L'administration, en goutte a goutte, de r~ther diiluoro i, 1, 2-triiluoro-2-chloro 
6thyle ( D F M T F C E )  ~t des chlens a produit  une anesth~sie deuce et sans saliva- 
tion. L'induction et le r~veil ont ~t6 rapides et sans naus6e ni vomissement. 

Une heure d'anesth6sie avec D F M T F C E  chez des ehiens a 6lee6 l~g~rement ]e 
taux du glucose sanguin; l'azote ur~ique et les taux de plusieurs ensymes sent 
demeur& stables. L'administration d'6pin~phrine, par vole endoveineuse, a 
entrain~ une tlbrillation ventriculaire chez trois chiens sur 16. 

Une exp6rience (cart6 latin) o/t ont ~t6 employ&, durant  deux heures, le 
DFMTFCE, ]e m6thox~,flurane, l'halothane et le flurox~ne n'a montr6 aucun 
changement important des enzymes h6patiques ou de ractivit6 BSP d'aucun 
animal. 

Une anesth~sie profonde au DFMTFCE, chez huit volontaires, a diminu6 ]a 
respiration, la tension sanguine et ]e d~bit cardiaque. Le r~veil a 6t6 rapide. 

Le DFMTFCE a 6t~ donn~ comme agent anesth~sique ~t onze op~r6s. L'aUure 
de l'anesth~sie a ~t~ coinparab]e ~ celle que nous observons avec l~alothane. 
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