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BECAUSE OF THE occasional reports of toxicity to vital organs with halothane and 
methoxyflurane, we have screened a large number of halogenated compounds 
in the hope of finding a safer inhalation anaesthetic. The aim of our search was 
to find a compound that was non-fammable, non-explosive, chemically stable, 
volatile, and having a pleasant odor. The compound sought was also to have a high 
anaesthetic potency, yet a wide margin of safety (i.e., large ratio of dose for 
surgical anaesthesia to that causing respiratory and cardiac arrest). Further, it 
was to be compatible with epinephrine and free from neuromuscular or central 
nervous system irritation. 

The most promising agent tested to date is CHF2-O-CHC1CF3, Air Reduction 
Company's Compound 469 (Forane*). It is an analogue of Ethrane% 1 having the 
same molecular weight, a lower boiling point, and a higher vapor pressure. Oil/ 
gas, blood/gas, and water/gas partition coefficients are lower, while oil/water 
is somewhat higher than Ethrane (see Table I). The vapor has a hardly per- 
ceptible ethereal odor. 

This compound was studied in detail in several species of small and large 
mammals. In addition, compatibility tests were carried out with muscle relaxants 
and other drugs used routinely during anaesthesia. Inclusive comparison of this 
compound with fluroxene, halothane, methoxyflurane, and Ethrane, made with 
special reference to hepatic and renal pathology and blood chemistry in healthy 
and stressed beagle dogs, mongrel dogs, and rhesus monkeys, showed that it 
was free of toxic effects. It produced anaesthesia rapidly in all animals tested 
without the neuromuscular effects seen with Ethrane; its action was rapid like 
halothane and Ethrane, it had strong analgesic and muscle-relaxing properties 
like fluroxene, methoxyflurane, and Ethrane. It did not cause appreciable or 
persistent ventricular arrhythmias when dogs were challenged with epinephrine, 
and mongrel dogs tolerated apnoeie oxygenation for 30 minutes without evidence 
of physiological deterioration3 ,3 

When we were completely satisfied that Forane was at least as safe as halo- 
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genated anaesthetics currently available, the following clinical evaluation was 
carried out with detailed physiological and biochemical monitoring. 

MAa~LS AND METHODS 

A signed informed consent for clinical evaluation of this agent was obtained 
from each of 204 adult patients. There were 71 males and 133 females varying in 
age from 21 to 88 years, with a mean of 53. The median physical state was Class 
II: 104 patients, with 46 each in Class I and Class III and 8 in Class IV. Opera- 
tions performed included 16 neurosurgieal, 13 intrathoraeie, 104 intra-abdominal, 
36 pelvic, and 35 superficial procedures, of which 176 were major interventions. 
The mean anaesthesia time was 178 minutes, with 28 operations less than one 
hour, 85 up to three hours, 80 up to 6 hours, and 11 up to 12 hours. 

Premedieation was atropine or scopolamine alone or combined with a modest 
dose of meperidine. Patients for minor pelvic operations (D & C and related 
procedures) and relatively superficial operations (breast biopsy, femoral hernior- 
rhaphy) were induced and maintained by spontaneous respiration from a face 
mask with 2:1 nitrous oxide-oxygen and Forane (1 to 3 per cent) dispensed 
from a reealibrated Fluotee vaporizer. Patients for major abdominal, thoracic, 
and neurosurgieal procedures were induced with a sleep dose of thiopental with 
non-depolarizing muscle relaxant for intubation. They were maintained with 2:1 
nitrous oxide-oxygen and Forane (<1.5 per cent) in a semielosed circle system 
with mechanically controlled respiration at a tidal volume of 10 ml/kg and 
respiratory rate of 1E to 16 per minute. When the deep structures were closed 
surgically, spontaneous respiration was allowed to resume as the nitrous oxide 
and Forane were gradually turned off. Vital signs (blood pressure, pulse rate, 
Ecc, rectal temperature, urine output, electroencephalogram, haematology, and 
urinalysis) were monitored as previously reported. 1,2,4 Arterial blood gases were 
monitored serially in 82 major eases (abdominal and thoracic surgery). Trans- 
aminases were measured in all eases. Blood chemistry was checked in over 100 
major eases. The consumption of the liquid anaesthetic was measured in each 
ease to determine the mean rate of utilization per minute. 

All data pertinent to the evaluation of the anaesthetic agent were transferred 
to mM data cards for subsequent tabulation, review, and comparison with anaes- 
thetic agents previously studied. 

RESULTS 

Clinical observations 

The inhalation of Forane in rapidly increased vapor concentrations up to 3 
per cent with nitrous oxide was described by the patients as very pleasant. It 
produced loss of awareness within two minutes, surgical anaesthesia in 3 to 5 
minutes, and orolaryngotracheal relaxation sufficient to insert an endotracheal 
tube within 8 minutes, without provoking salivation, coughing, or breathholding; 
virtually no excitement stage occurred; skin was warm, dry, and of normal color; 
and pulse rate, electrocardiogram, and electroencephalogram were not notably 
changed. During induction, blood pressure fell slightly in the elderly, and the 
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TABLE II 
EFFECT ON BLOOD PRESSURE AND PULSE RATE (204 PATIENTS) 
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20 min 
Before after End of 30 min 60 min 

induction induction anaesth, later later 

Systolic 
blood pressure 1394-22" 1264-20 1404-23 141 4-27 1404-27 

Diastolic 
blood pressure 854-14 804-15 874-15 8 6 = t = 1 4  834-14 

Pulse rate 844-15 904-14 884-15 854-15 824-14 

*mean:hSEM. 

rate and depth of respiration fell noticeably until surgical stimulation began. 
Concentrations of 0.5 to 1.5 per cent were suflleient to perform bimanual pelvic 
examination, uterine dilation and curettage, and superficial operations without 
depression of respiration or blood pressure. Pupils were usually constricted and 
fixed, and the conjunctivae became injected at a surgical depth of anaesthesia. 
Only one patient developed an arrhythmia on the ECC; during performance of a 
feeding gastrostomy, premature ventrieular contractions appeared when trac- 
tion was applied to the stomach (he had an invading and occluding carcinoma of 
the lower end of the oesophagus). 

All of these patients recovered promptly and were not only wide awake, but 
quite lucid within 15 to 30 minutes of termination of anaesthesia. 

During major operations, with mechanically eontrolled respiration, satisfactory 
surgical anaesthesia occurred when 0.5 to 1.5 per cent Forane was vaporized 
outside a semielosed circuit with 2:1 nitrous oxide-oxygen. Vital signs (blood 
pressure and pulse rate see Table II),  skinwarmth and moistness, and ECC 
lead 2 were virtually unaffected unless considerable surgical bleeding or strong 
visceral traction occurred. Hiccoughs were not observed in any of the 104 major 
abdominal operations. Airway secretions were minimal and there was no gross 
change in pulmonary compliance. EEC tracings usually appeared as slow, deep 
waves similar to the nitrous oxide "deep sleep" pattern. None of the tracings 
showed flattening or burst suppression. Unexplained excessive oozing of blood 
was not observed in the surgical wound. Muscular relaxation was adequate 
during all major intra-abdominal and intra-thoracic operations, unless the inhaled 
concentration of Forane was reduced below 0.5 per cent. Supplementary doses 
of muscle relaxant drugs were not required following intubation. Muscular 
twitching was not observed. Urine output was moderately reduced during sur- 
gery but responded to forced diuresis, and quickly returned to normal after 
surgery. Rectal temperature fell 1 to 2~ depending upon the duration of the 
operation. 

On termination of anaesthesia, spontaneous respiration resumed rapidly in all 
but unexpectedly shortened operations where the action of a non-depolarizing 
muscle relaxant drug persisted. This effect was reversed effectively with neo- 
stigmine after atropine administration. Wakefulness and lucidity returned 
promptly, even in the 11 patients in whom the duration of operation exceeded 
6 hours (Table III). 
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TABLE III 
RECOVERY OF WAKEFULNESS AFTER SURGERY 

<15 min 134 patients (66 per cent) 
15--30 min 31 patients (15 per cent) 

>30 min 39 patients (19 per cent) 
mean time 'eyes open': 11 minutes 
mean time 'tongue out': 18 minutes 

TABLE IV 
RECOVERY OF RESPIRATION AFTER MAJOR SURGERY 

Radford End of 30min 60min 
predicted anaesth, later later 

MV(L) RR MV(L) RR MV(L) RR MV(L) 

Mean 6.27 20 8.33 21 8.08 21 8.98 
SE~ 0.11 0.39 0.31 0.30 

TABLE V 
BLOOD GAS AND RELATED DATA (82 PATIENTS) 

Before During End of 30 min 60 min 24 hrs 
Control induction anaesth.* anaesth, later later later 

pH 7.45 7.46 7.50 7.43 7.44 7.45 7.49 
SE,'~ .04 .04 .09 .07 .06 .06 .05 

PaCO~ 35 33 28 35 34 33 31 
SEM 4 4 7 8 6 6 4 

HCOa 23 22 21 22 22 21 23 
PaO~ 70 64 126 289 85 71 59 

SEM 10 11 47 114 30 20 8 
SaO~ 95 94 96 98 94 94 93 

SEM 2 2 2 2 3 3 3 
Hct 37 37 36 37 38 38 36 

SEM 5 5 5 5 5 5 5 

*mean of hourly samples. 

In most cases pulmonary ventilation, as measured with a Wright Respirometer, 
returned to normal in less than 30 minutes, along with the ability to raise the 
head, protrude the tongue, cough on command, and converse clearly. Recovery 
of wakefulness was complete and sustained. Blood pressure and pulse rate 
remained stable in the recovery room. None of the patients was restless or 
delirious during emergence and, although they were lucid, they did not request 
or require medication for pain in many cases until their return to the ward 
(Table IV).  

Shivering was seen in only 4 patients (2 per cent) following surgery. Nausea 
a n d / o r  vomiting occurred in 12 of 71 males (17 per cent) and in 37 of 133 
females (28 per cent). The overall incidence during the first 24 hours was 24 
per cent and, of these, one-third had recurrent symptoms. 

The amount of Forane utilized on the average was 27 ml per hour during 600 
hours of use in a semiclosed anaesthesia system with a mean total gas flow of 10 
liters per minute. 
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TABLE VI 
(A) BLOOD CHEMISTRY (mean 4- SEM) 

No. of 
Test patients Before After 

SGOT units 203 194-1 324-2 
SGPT units 203 204-1 284-2 
BUN mg per cent 106 194-1 194-1 
Creatinine mg per cent 106 1.03=t= .05 1.064- .05 
Sodium m E q / L  106 1364-6 1334-7 
Potassium m E q / L  106 3.74-0.4 3 .54-0.5 
Calcium m E q / L  106 4 .14-0 .5  3 .94-0 .5  

TABLE VII 
(B) BLOOD CHEMISTRY (MEAN 4- SEM) 

No. of 
Test patients Before After 
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Glucose mg per cent 106 1224-9 2134-16 
I norganic phosphorus mg per cent 106 3.54- 0.1 3.44- 0.1 
Histamine ug/L 30 204-2 184-1 
Serotonin ug/L 30 1224-11 1174-12 
Cortisol gg per cent 106 124-1 30=t=2 
Epinephrine/~g/L 106 .404-. 12 .584-. 11 
Norepiuephrine ug/L 106 .51 4-. 10 .934-. 13 

Laboratory observations 
Serial blood gas measurements during 82 major operations indicated that 

metabolic acidosis did not occur. Postoperatively only the usual moderate reduc- 
tion of oxygen tension was seen after major intra-abdominal and intrathoracic 
operations (Table V). 

There was a rise in the white blood count and polymorphonuclear leucocytes 
after most major operations. Blood electrolytes (Na, K, and Ca) did not change 
significantly; inorganic phosphorus, creatinine and BUN did not change. Trans- 
aminases rose transiently. Histamine and serotonin did not change appreciably. 
Blood glucose rose more than 75 per cent in most patients, plasma cortisol was 
usually at least doubled, and total catecholamines were usually increased about 
50 per cent (Tables VI and VII). 

COMMENTS 

Forane resembles methoxyflurane chemically and as an anaesthetic, although 
its physical properties and speed of action are closer to that of halothane. 1,4 
Based on liquid anaesthetic consumption rates, Forane is approximately 15 per 
cent more potent than Ethrane, which is half as potent as methoxyflurane. How- 
ever, the minimum alveolar concentration value reported is appreciably lower 
for methoxyflurane (0.25 per cent) 5 than for Ethrane (2.1 per cent) and Forane 
( 1.5 per cent ) .6 

Clinically, Forane was distinguishable from Ethrane by its fainter odor, greater 
hypnotic and relaxant potency, and an analgesic action which persisted after 
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wakefulness returned. Although our animal studies indicated greater stability 
of the ~cc and somewhat greater hypotension during induction of anaesthesia, 
this difference was not evident clinically. As observed in the animal studies, 
Forane differed clinically from Ethrane in lacking any irritant effect on the neuro- 
muscular system and on the Etgc. T M  Both these compounds appeared to have 
marked potentiating effect on non-depolarizing muscle relaxants. 1,4 

Forane is similar to Ethrane in causing a sharp rise in blood sugar and 
moderate rise in plasma norepinephrine, which is not usually evident with halo- 
thane and methoxyflurane. On the other hand, all four agents cause an appreciable 
elevation of white blood counts and plasma cortisol2 ,r Otherwise, alterations in 
blood chemistry due to these agents are minimal and do not indicate adverse 
effects to vital organs. 2,3,s 

Based on this study, we believe that Forane is a safe, effective anaesthetic 
worthy of further clinical evaluation. 

t/~SUM~ 

Un analogue de r~thrane eonnu sous le nom de forane (compos~ 469), dont la 
formule chimique est CHF2-O-CHCLCFs, a 6t~ ~valu~ eliniquement associ6 au 
protoxyde d'azote-oxyg~ne (2:1) chez 204 adultes volontaires. Cet agent est un 
6ther fluor~ non explosif, g rodeur douce et agr6able; ~ la concentration de 0.5 

3.0 pour cent, il produit une anesth~sie complete doueement et rapidement sans 
p6riode d'exeitation. I1 est compatible avec les produits adjuvants utilis~s durant 
l'anesth~sie, mais il potentialise de fa~on marquee les myor~solutifs non d@olari- 
sants. La pression sanguine, le rythme du pouls, I'ECG et rEEG sont stables durant 
l'anesth6sie chirurgicale, alors que la ventilation pulmonaire est d6prim6e et 
demande d'&re assist6e durant les op6rations visc6rales majeures. Le d6bit 
urinaire est 16gSrement diminu6. Les analyses chimiques du sang, l'h6matologie 
et l'&ude des gaz sanguins indiquent que cet agent ne cause pas de troubles 
m6tabohques. Le r6veil est doux et rapide et un certain degr6 d'analg6sie per- 
siste durant ce stage. Le hoquet et le frisson sont rares, alors que les naus6es et 
les vomissements ne sont pas exag6r6s. Dans notre 6tude, nous n'avons pas eu de 
complications post-op6ratoires attribuables ~ cet agent. Le forane m6rite une 
6tude clinique approfondie. 
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