
METHOXYFLUBANE NEPHROTOXICITY 

j .w. DESMOND, M.B., ~.S., F.R.C.V.(C) 

THE METABOLISlV[ AND EXCRETION of methoxyflurane begins immediately after the 
onset of the anaesthesia and continues for 9 to 12 days 1,2,3 after which the storage 
depots of the intact drug approach depletion. Identified products of bio-trans- 
formation are carbon dioxide, fluoride ion, dichloroacetie acid and methoxy- 
fluoroacetie acid. It is estimated that 29 per cent to 35 per cent of the methoxyflurane 
absorbed is metabolized ( Figure 1 ), 7 per cent to 21 per cent undergoing cleavage 
of the ether linkage with production of carbon dioxide, fluoride ions and dichloro- 
acetic acid. A large portion (40 per cent) is dechlorinated and oxidized to methoxy- 
difluoroacetic acid, which is excreted promptly by the kidney. Significant quantities 
of nonvolatile fluoride ions are deposited in bone, i.e. 30 per cent to 55 per cent of 
the fluoride ion ingested in quantities above the average daily intake. Half of the 
remainder appears in the urine in 3 or 4 hours and the urinary excretion rate returns 
to control levels in approximately 24 hours. A part of that absorbed into the bone 
is released over several weeks and another portion is released much more slowly, 
about half of that remaining being lost in two years. In our studies, fluoride began 
to appear in the urine in 3 to 431 hours after the initial exposure, reached a maximum 
excretion rate in 24 to 48 hours and then declined with a half life of approximately 
36 to 48 hours. These facts support the conclusion that although blood levels of 
methoxyflurane constantly fall to 10 per cent to 12 per cent of peak concentration in 
3 to 4 hours and to 1 per cent to 1.5 per cent in 24 hours, following cessation of the 
anaesthetic, there is continued transfer of methoxyflurane from storage depots to 
sites of enzymatic attack in quantifies which permit maximum rates of hydrolysis 
for as long as 40 hours. One should remember that all biodegradation processes are 
slowed during the first twenty-four hours after surgery and that if for some reason 
the patient has been shocked by the surgery, this delay may be even further pro- 
longed with excretion and metabolism of the drug in such cases continuing for an 
extended length of time. It must be noted that metabolism in the rat proceeds at 
four times the rate in the human and in the dog the comparative figure for metabolic 
rate is twice that of man. 4,5.6,s In reviewing studies conducted on these animals one 
should keep these facts in mind. 

If simultaneous or subsequent dechlorination at the ether cleavage occurs in 
the same molecule, oxalic acid could be a product and this has been demon- 
strated. 4,5,21,26 The time curve of the elimination of the various metabolites can 
shed some light on the dynamics of the enzymatic degradation processes. The 
release of fuoride ions in vivo is secondary to hydrolysis of the ether linkage. The 
fate of the inorganic fluoride is well known and its excretion by the kidney is 
prompt in human urine following exposure to methoxyflurane. Hudlicky ~~ reports 
that spontaneous hydrolysis of C-F bonds proceeds easily in terminal - CF2 - 
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FIGURE 1. A condensed schematic of biodegration of methoxyflurane showing carbon dioxide, 

inorganic fluoride, oxalic acid and dichloroacetic acid as the main end products excreted by the 
urine. (From Mazze, R.I. and Cousins, M.J. Ganad. Anaes. Soc. J. 20: 64--.80, January, 1973 ). 

groups when oxygen is bonded to the same carbon. The identification of significant 
quantities of dichloracetic acid in the urine of patients exposed to methoxyflurane 
supports this mechanism. The inorganic fluoride found in the urine is identified as 
being mainly in the form of the salt of CHz - O - C F 2  - COOH, the source of 
which has been dechlorination of methoxyfiurane. The foregoing data sub- 
stantiates the route of biotransformation proposed by Van Dyke. The dechlorina- 
tion proceeds at a greater rate than the cleavage of the ether linkage, as it does 
in the rat 3,11,12,13 (F igu re  I). 

A REVIEW 

Van Poznak and Artuzio 14 reported on the clinical use of methoxyflurane in 
man in 1960. It  is estimated that since that time over 25 million patients have 
received the drug, which was advertized as a panacea because the surgeon could 
use epinephrine in association with this non-explosive agent. In spite of the 
problems of slow, difficult induction and prolonged recovery, methoxyflurane did 
eventually find a place in clinical practice. It was found to be useful in surgery of 
the eye, in obstetrics, in operations where a prolonged quiet period was required 
post-operatively. It supposedly did not sensitize the myocardium to catecho- 
lamines as did halothane and cyclopropane, and it produced very stable condi- 
tions once one was able to get over an often stormy induction period. 
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It was nearly five years after the introduction of the drug (1964) when Paddock 
reported 5 cases of high output renal failure? 5 Two of these patients died. In 
1966 Crande]l 1 reported toxic nephropathy in 17 per cent of 94 patients receiving the 
drug. Pezzi 1~ also showed in 1966 that of 180 patients receiving methoxyflurane, 
19.0 having abdominal operations, 20 patients showed evidence of nephrotoxicity 
and of these six subsequently died. In 1969 Lebowitz 17 reported two cases of high 
output renal failure; fortunately both his patients survived but in one case return 
to normal renal function took one year. 

Kuzueu TM reported on 115 cases, seven of whom received tetracycline. Three of 
his patients were elderly and obese and died of renal failure. Calcium oxalate 
crystals were found in the renal tubules of all three patients. Panner 1'~ reported 
two fatal cases who received methoxyflurane for more than four hours. Both had 
high levels of blood urea nitrogen and large volumes of urine within 24 hours of 
surgery. The second of his patients received tetracycline, but only after the onset 
of the polyuria. Both showed calcium oxalate crystals in the tubules at post 
mortem. 

Taves 2~ in 1970 following up the cases of Panner, showed a urinary fluoride 
level of 275 micromoles eight days after operation - ten times that of two un- 
eventful patients. Serum and urinary fluorides were elevated I9 clays after the 
operation in these cases. Inorganic fluoride clearance in the blood was 5.8 ml/min 
or 10 times normal, with a creatinine clearance of 6 ml/min. The organic fluoride 
after the anaesthetic was much higher than the inorganic fluoride except in the 
urine sample, implying that considerable metabolic degradation had occurred. 
Inorganic fluoride of more than 200 micromoles has been shown indirectly to be 
nephrotoxic and organic fluoride likely to be the source of the inorganic fluoride. 3,s 

Metabolites of methoxyflurane are chloride and fluoride ions, methyl difluor- 
acetic acid, hydroxydifluoracetic acid and oxalic acid. 4.'~,6 Fluoride and oxalic 
acid have both been shown to be nephrotoxic. :~,s Mazze showed that patients on 
methoxyflurane had impaired ability to conserve body water, increasing sodium 
osmolality which failed to respond to vasopressin, leading to polyuria, hyper- 
natraemia and dehydration. 1.'~ 

Frascino -~~ exposed 11 patients to between 2.5 and 7.5 hours of methoxyfluranc 
anaesthesia. These patients had normal creatinine clearance tests pre-operatively. 
He reported calcium oxalate crystals in the tubules of seven patients on whom he 
did biopsies and the urinary oxalates were raised to 96-400 mgm in 24 hours, the 
normal range being 45 mgm/24 hours. 

At the Toronto General Hospital we have had two patients who developed 
severe high output renal failure after long exposure to the drug. Five other 
patients with renal impairment required expert care by the nephrologists. Both 
the patients with severe renal failure survived. One of these patients has been 
previously reported. 23 

In 1971 Mazze 8 reported on two deaths and two other cases awaiting transplant 
following renal failure after methoxyflurane anaesthesia. Ho]lenberg reported 
from Boston on three cases of renal failure suggesting again that the fluorine ion 
is responsible for the tubular impairment. 

Fung and Wade exposed dogs to one M.A.C. of methoxyflurane for 5 hours 
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using constant volume ventilation, s At autopsy at intervals from the first to 7th 
days they found marked destruction of tubular cells. 

Inhibiting effects of inorganic fluorides on many enzyme systems are known, 
including those thought to be involved in the action of A.D.H. and the presence 
of polyuric renal insufficiency in rats as studied by Mazze 5 following the intra- 
venous and intraperitoneal administration of sodium fluoride proved this. It is 
likely that other metabolites such as oxalic acid can also lead to the observed 
abnormalities in renal function. The case for inorganic fluoride as the prime 
nephrotoxin is, however, most compelling. 

Mazze and Cousins 26 at Stanford University, using methoxyflurane in cardio- 
pulmonary by-pass surgery, showed that with a mean peak arterial methoxyflurane 
concentration of 7.8 ~ 1 mgm% (MAC 13.4 mgm%) there was no evidence of 
renal dysfunction in these patients. 

We chose to study a group of patients who were having mastoidectomies and 
or tympanoplasties. These operations usually last for 2 to 3 hours and fortunately 
our series was uneventful as far as the operation itself was concerned. These 
cases therefore served as excellent controls for a study of this nature. 

MATERIAL AND METHODS 

Ten healthy patients picked at random were used in this study. One other 
patient was added to the study - a tonsillectomy whom we were able to follow 
for only one day but who proved to be an interesting case (No. 11). 

PRE-OPERATIVE ASSESSMENT 

Each patient was examined by the anaesthetist and found to be physically fit. 
In each case a pre-operative record was made of weight (Kg.), age, serum 
osmolality, blood urea nitrogen (BUN), electrolytes, urine specific gravity and 
pH, uric acid, haemoglobin, haematocrit, and electrocardiogram (Table I).  

PROCEDURE AT OPERATION 

All patients were premedicated with pantopon 10 to 20 mgm and hyoscine 
hydrochloride 0.4 or 0.6 mgm. Following the placement of the cardioscope 
electrodes the patient was given 250 to 300 mgm of sodium thiopentone, pre- 
oxygenated, intubated following succinylcholine chloride (75 mgm) and main- 
tained on nitrous oxide and oxygen. From the moment the tracheal tube was 
inserted the patient was given methoxyflurane 1.6 per cent (inspired vapour con- 
cent-rations were checked with a Mayo Vapour Analyzer) for exactly 3 minutes. 
Ventilation was controlled with an Air Shields Ventilator with a volume of 500 
to 700 ml at a rate of 12 to 14 per minute. A non-rebreathing circuit was used 
with a Sierra valve and plastic corrugated tubing was also used as we tried to 
avoid problems arising out of the rubber solubility of this drug (Figure 2). 

At exactly 3 minutes from commencement of methoxyflurane inhalation a blood 
sample was taken to measure the blood level and the vaporizer was adjusted to 
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F/CURE 2. Method developed for use with the pentec vapourizer making compensations for 
barometric pressure and temperature to derive the inspired concentration of methoxyflurane in 
each case. 

give a concentration of 0.16 per cent. This concentration was maintained for the 
rest of the operation. 

Blood was taken again 13 minutes from the beginning of induction and at 
hourly intervals to demonstrate the level of methoxyflurane in the blood through- 
out the anaesthetic. During this early period the patient's blood pressure, pulse, 
E.K.G. and general condition were always under surveillance by another member 
of the Department. No relaxants were used except suceinyleholine for tracheal 
intubation. The patients were then permitted to breath spontaneously following 
the initial 3 minutes of controlled ventilation to the end of the operation. 
Ventilatory volumes and rates were monitored with a Wright Spirometer in the 
circuit. Inspired and expired concentrations were easily measured because of the 
circuit being used. We were surprised that the average tidal volume in all cases 
was only 250 to 275 ml and that the rate of respiration was never more than 12 
to 16 breaths a minute in any case. We determined the blood gases on all patients 
at the end of operation. Several patients had Pco2 of 56 to 60 torr. 

Lactated Ringer's solution was used routinely during operation, 500-800 ml 
being infused depending on the duration. No blood was used and no significant 
changes in blood pressure or pulse occurred. The electrocardiographic tracings 
were normal in all cases (Table II).  

POsT-OPERATIVE FOLLOW-UP 

All patients were semiconscious at the end of the operation. In the recovery 
room the patient was given oxygen through a Puritan Nebulizer, at a flow of 10 
Iitres per minute. In all cases the recovery period was uneventful. 
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HETHOXYFLURk'(E NEPHROTOXICIW 

2-5 

MAC.~o 

1"2 

"6 

~'%-35~conc. ".............. 
"" "" .......... ",,.. - 19~  

........................... �9 
0 J I , 

1 2 3hrs 

I ,  IF HETHOXYFLURA~E ,]51 IS USED FOR PORE THAN ONE HOUR YOU WILL LIKELY 6ET RENAL DYSFUNCTION 
I I .  IF NETHOXYFLURAJ~E ,191[ IS USED FOR PORE THA/,I "NO HOURS YOU WILL LIKELY GET RENAL DYSFUNCTION 
l I I .  IF HETHOXYFLURANE ,091 IS USED FOR PORE THA~,~ THREE HOURS YOU WILL LIKELY GET RENAL DYSFUNCTION 
IV, DO NOT USE FOR OPERATIONS OVER THREE HOURS AT ANY PRICE, 

WE HAVE USED M.O.F..2gI FOR OPERATIONS LASTING BETWEEN TWO AND THREE HOURS AND HAVE SHOWED ~OHE 
BIOCHEM]~L EVIDENCE OF RENAL DYSFUNCTION IN POST CASES. 

~ E H  THE ANAESTHETIC MACHINES CAN ONLY RECORD AS LOW AS ,2%, SO EVEN USIN6 METHOXYFLURANE FOR 
A THREE HOUR PROCEDURE SEEMS UNJUSTIFIABLE. 

M,A.C, NO: FOR MAN IS .14%, 

FICUItE 3. Recommendations for the use of methoxytturane to prevent nephrotoxicity. 

The post-operative hospitalization for these patients was four or five days. 
During this period renal function was assessed by daily determination of serum 
creatinine, blood urea nitrogen, uric aeid, electrolytes and osmolality, urine 
osmolality, creatinine clearance, urine creatinine, urine volume, and inorganic 
fluoride excretion over each 24 hour period. The results of the study are tabulated 
(Table III ). 

Discussion 

A number of recent studies have been carried out using semiclosed circuits. 9,27 
With all respect due to the investigators, such studies are of no value and un- 
acceptable for the obvious reason that true values for inspired and expired con- 
centrations of gases breathed by the patients can be measured only in non- 
rebreathing circuits. 

The most striking finding in our study was the large volume of low osmolality 
urine produced by the patients during the first few post-operative days. Even 
though we used ridiculously low doses of methoxyflurane this still occurred in 
most of the patients. Another important and impressive finding was the large 
amount of inorganic fluoride found in the 24 hour urine speeimens. Although all 
these patients received the same amount of methoxyflurane during their anaes- 
thesia there was a marked difference in the effect it had on urine volume and in 
the fluoride excreted. This raises the question of whether or not individuals 
metabolize the drug at different rates. The effect on each patient's tubular 
mechanism may also vary. 
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The quantities of methoxytlurane used in this study were far less than those 
suggested by Lowe ~s as being safe. Exceedingly small maintenance doses were 
used in this study and Figure 3 shows our recommendations for those who feel 
they would like to continue using the agent. 

In 1971 a similar study involving 22 ]aryngectomies was carried out. Sixteen 
patients received methoxyflurane and a control group of six patients received 
halothane. The results of this study were presented in 1972 at the Canadian 
Anaesthetists' Society meeting in Halifax. Renal function in this group was fol- 
lowed for 18 to 21 days. Urinary oxalates were increased by six to ten fold of 
normal and an increase in oxalate was observed for 8 to 10 days in some cases. 
Patient uptake of methoxyflurane was from 8 to 14 ml during the 4 to 5 hours, 
averaging from 2 to 3 ml per hour. 

Fluoride and oxalic acid have both been shown by Mazze and Cousins a,2~ to 
cause disruption of the renal tubular cells. Fung s in Winnipeg has shown the 
same thing in the dog. Mazze stated in 1971 that methoxyflurane should be put 
back into Phase lZ of a research project and this was suggested to the American 
Food and Drug Administration. The experience reported here suggests that he 
was right in his assessment and we recommend that the drug should be 
abandoned. 

SUMMARY 

Methoxyflurane used as an anaesthetic even in low doses can cause renal 
dysfunction. We suggest that the drug be abandoned. 

DISCUSSION 
Un certain nombre de travaux r6cents ont 6t~ effectu~s ~ l'aide de circuits semi- 

ferm6s. 9,27 Malgr6 tout le respect que m6ritent ]es chercheurs concern6s, de tels 
travaux sont sans valeur et inaeceptables pour la raison ~vidente que les grandeurs 
r6elles des concentrations de gaz inspir~es et expir6es par ]es malades ne peuvent 
8tre mesur6es qu'au moyen de dispositifs sans rebreathing. 

La eonstatation la plus remarquable au cours de notre ~tude a 6t~ le volume 
consid6rable d'urine ~ basse osmolalit~ excr6t6e par les malades durant les quelques 
premiers jours post-op~ratoires. Bien que nous n'ayons utilis6 que des doses ridicule- 
ment basses de m6thoxyflurane, ce ph6nom~ne survint n6anmoins chez la plupart 
des malades. Une autre constatation importante et impressionnante rut la quantit6 
consid~rable de fluore inorganique trouv~e dans les ~chanfillons d'urines des 24 
heures. Bien que ces malades aient regu la mSme quantit6 de m6thoxyflurane au 
cours de leur anesth~sie, il y cut unc diff6rence marquee dans l'effet que produisit 
eet agent sur le volume urinaire et sur le fluore excr~t& Ceci soul~ve ]a question 
savoir si oui ou non les individus m6tabolisent le m6thoxyflurane ~ des rythmes 
diff~rents. L'effet sur le m6canisme tubulaire pourrait aussi varier avec chaque 
malade. 

Les quantit~s de m~thoxyflurane uti|is~es dans cette ~tude furent beaueoup 
moindres que celles que sugg6rait Lowe 2s comme ~tant sans danger. Des doses 
d'entretien excessivement petites furent employ6es dans cette 6tude et la Figure 3 
traduit nos recommandations ~t l'intention de ceux qui se senfiraient enelins 
persister dans l'empIoi de cet agent. 
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En 1971, une 6tude semblab]e impliquant 22 laryngectomies rut poursuivie. 
Seize malades re~urent du m6thoxyflurane alors qu'un groupe de contrSle de six 
malades re~urent de l'halothane. Les r6suItats de cette 6tude furent rapport6s, en 
1972, au congr~s de ]a Soci6t6 Canadienne des Anesth6sistes ~ Ha]ifax. La fonction 
r6nale ehez les malades de ee groupe rut observ6e durant 18 s 21 jours. Les oxalates 
urinaires furent augment6s de six ~ dix lois la normale, cette augmentation en 
oxalate se prolongeant dans certains eas de 8 h dix jours. L'adsorption de m6- 
thoxyflurane chez ces malades variait de 8 ~ 14 ml au tours des 4 h 5 heures 
d'anesth6sie, avee une moyenne de 2 ~ 3 ml par heure. 

Mazze et Cousins 4,~6 ont d6montr6 que le fluore et l'acide oxalique causaient tous 
deux un 6elatement des eellules tubulaires r6nales. Fung, s ~ Winnipeg, a constat6 
le mdme effet chez ]e chien. Mazze, en 1971, affirmait que le m6thoxyflurane devrait 
6tre reeul6 h la Phase II d'un projet de recherche, suggestion qu'endossait ]'Ad- 
ministration Am6ricaine des Aliments et des Drogues. L'exp6rienee rapport6e ici 
incite ~ eroire qu'il avait raison et nous recommandons que le m6thoxyflurane soit 
abandonn6. 

l ~ s u ~ .  
Le m~thoxyflurane utills$ m~me h de falbles doses comme anesth~slque peut 

entra~ner des troubles de ]a fonction r~nale. Nous suggSrons que remploi de cet 
anesth6sique soit abandonn6. 
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