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METttOXYFLURANE IS A general anaesthetic that has been implicated in the produc- 
tion of postoperative renal dysfunction. 1-6 The precise mechanism is unknown, but 
the finding of many oxalate crystals in the renal tubules, 5,6 and large amounts of 
oxalic acid in the urine of patients who develop renal failure after methoxyflurane 
anaesthesia s has suggested the possibility that oxalic acid may be partly responsible. 

The present study was undertaken to measure the excretion of oxalic acid and 
alterations in renal function that occur after methoxyfurane and halothane anaes- 
thesia. 

PATIENTS AND METHODS 

Fifteen patients, all of whom had normal renal function prior to their surgery 
were selected at random. Nine of these were anaesthetized with methoxyfurane 
and six with halothane. Details of the anaesthesia and surgery in the nine patients 
receiving methoxyflurane appear in Table I. Nitrous oxide and oxygen were passed 
through a vaporizer (Pentee), calibrated for methoxyflurane, into a semi-dosed 
circle carbon dioxide absorption system, except in one instance (patient 7), when a 
non-rebreathing system was employed. The patients were all intubated and arti- 
ficially ventilated mechanically. The total volume selected for each patient was 
approximately 50 per cent in excess of the value for the particular patient predicted 
on the Radford nomogram. Thus, it was unlikely that any patient was hypercarbic 
during the surgery. Signs suggesting inadequate tissue or organ perfusion did not 
occur at any time. 

Fluids used postoperatively consisted of 5 per cent dextrose in water alternating 
with 5 per cent dextrose in saline. Total volume of fuids administered daily were 
between 1500 and 2500 mls. 

Preoperatively and daffy postoperatively the following laboratory measurements 
were performed: Urinalysis, BUN, serum creatinine, sodium, potassium, chloride, 
uric acid, bicarbonate, osmolality, calcium, and phosphate. Daily 24-hour urines 
were collected for determination of protein, creatinine, osmolality, calcium, phos- 
phate, uric acid, and oxalic acid. Urine oxalic acid was measured by a modification 
of the method of Koch and Strongd 's The normal values were less than 55 mgm 
per day. 

*Department of Medicine and Department of Anaesthesia, University of Alberta, Edmonton, 
Alberta. 
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RESULTS 

( 1 ) Oxalic acid excretion ( Table II and Figure 1 ) 

(a)  Methoxyflurane Anaesthesia. 
Marked hyperoxaluria occurred after anaesthesia in all patients who received 

methoxyiturane. The highest values were present on the day after operation and 
decreased slowly thereafter. In five of the nine patients, values had not returned to 
normal by the seventh day. Preoperative oxalate excretion ranged from 23 to 42 
with a mean of 35. Values on the first postoperative day ranged from 148 to 698 
mgm with a mean of 404 mgm. By one week the values ranged from 98 to 184 mgm 
with a mean of 73 mgm. ( Normal less than 55 mgm per day. ) Insufficient data were 
available to calculate the total quantity of methoxyflurane administered to, and 
absorbed by  any particular patient. However,  the details in Table  I indicate that 
patient 7 may have absorbed the greatest amount and it was in this patient that the 
highest oxalate values were obtained. 

TABLE lI 
URINARY OXALATE EXCRETION AFTER ~ETHOXYFLURANE ANAESTHESIA 

Oxalate 
excretion Oxalate excretion after operation 

before days after operation (mgm per day) 
Patient operation 

No. (mgm per day) 1 2 3 4 5 6 7 

1 35 380 217 141 134 84 70 62 
2 23 368 159 80 78 85 80 72 
3 35 400 196 186 170 162 111 101 
4 52 540 390 297 193 190 185 184 
5 36 473 412 138 120 102 104 90 
6 27 243 227 166 99 71 45 40 
7 31 64~ 550 320 196 126 88 39 
8 30 148 105 84 70 52 32 28 
9 42 :~S9 229 10S 60 58 55 44 

Mean 35 ,1(~4 276 169 113 103 86 73 

(b)  Halothane Anaesthesia (Table  III and Figure 1 ). 
No marked alterations in oxalic acid excretion occurred after halothane anaes- 

thesia; the values romaining normal. 

(2) Other Laboratory Tests 
No alterations in ~VN, serum creatinine, electrolytes, calcium, phosphate, uric 

acid, or osmolalita, were noted after either methoxyfltLrane ( Table IV) or halothane 
anaesthesia. Twenty-four-hour urine excretions of protein, creatinine, calcium, 
phosphate, and uric acid were unchanged. The osmolar clearances were unchanged. 
The urinalysis in the postoperative period remained unchanged, except for the 
preseuce in the methoxyflurane group of large numbers of oxalate crystals. 

DISCUSSION 

In this study there was no alteration in renal function in the postoperative period 
with either methoxyflurane or halothane. 
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FICVR~ 1. Urinary oxalate excretion after methoxyflurane and 
halothane anaesthesia. The continuous lines represent the daily 
urinary oxalic acid excretion after methoxyflurane anaesthesia in 
nine patients. The heavy continuous line represents the mean 
value. The interrupted lines represent the daily urinary oxalic 
acid excretion after halothane anaesthesia in six patients. The 
heavy interrupted line represents the mean value. 

TABLE tlI  

URINARY OXALATE EXCRETION AFTER HALOTHANE ANAESTHESIA 

Oxalate 
excretion 

before 
Patient operation 

No. (mgm per day) 1 

Oxalate excretion after operation 
days after operation (mgm per day) 

2 3 4 5 6 

10 40 33 
11 44 22 
12 31 53 
13 17 27 
14 47 27 
15 55 10 

Mean 39 29 

31 30 27 
41 37 53 33 
58 48 48 46 
42 45 54 52 
14 27 24 20 
9 10 10 

33 33 36 38 
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Of greater interest was the difference in oxalic acid excretion between the two 
groups. Oxalic acid excretion increased from 5 to 23 times in the methoxyflurane- 
treated group, whereas no change in oxalic acid excretion was seen in the halothane- 
treated group. 

The mechanism or site of production of the hyperoxaluria after methoxyflurane 
anaesthesia is unknown. A recent study in man 9 showed that between 29 and 35 per 
cent of absorbed methoxyflurane is exhaled unchanged, 40 per cent is deehlorinated 
and oxidized to methoxydifluoraeetie acid, and 7 to 21 per cent undergoes cleavage 
of the ether linkage producing CO2, fluoride ions, and diehloraeetie acid. If de- 
chlorination of diehloraeetic acid occurs, oxalic acid would be produced. It is also 
possible that methoxyflurane could interfere with the metabolism of the various 
precursors of oxalic acid in the liver or intestinal tract, resulting in excessive oxalate 
production, but these possibilities must await further investigation. 

The relationship of oxalic acid excretion and calcium oxalate crystals in the 
kidney tubules to renal failure is controversial. On the one hand it is known that 
hyperoxaluria, such as can occur in ethylene glycol intoxication 1~ or congenital 
hyperoxaluria 11 can result in failure. Infusion of oxalic acid into animals causes a 
polyurie renal failure22 However, even in acute and chronic renal failure where no 
hyperoxaluria has occurred, calcium oxalate crystals are frequently seen within the 
tubules. ~,~4 Their significance is uncertain. In one study, the finding of crystals did 
not correlate in any way with the severity of renal disease either histologically or 
clinically. ~3 In another study a direct correlation was found between the quantity 
of oxalate crystals in the kidney and the duration of oligttria. ~4 In patients receiving 
methoxyflurane, oxalate crystals are present in a greater frequency than in those 
not receiving methoxyflurane, 5,6 and the more severe the azotaemia, the higher is 
the proportion of tubules containing oxalate crystals. 6 

The mechanism by which oxalic acid damages the kidneys is uncertain. Galle, 15 
injected large amounts of oxalic acid into rats and studied their deposition in the 
kidney by light and electron microscopy, and x-ray spectrography. The crystalline 
deposits first appeared in the cytoplasm of the renal tubular cells. As the crystals 
grew larger they destroyed the cells and were discharged into the tubular lumen. 
The crystals may then act to obstruct the lumen directly. 

The absence of alteration in renal function during or following the hyperoxaluric 
state of the patients reported here could indicate that hyperoxaluria plays no part 
in the etiology of methoxyflurane induced nephrotoxicity. Alternatively greater 
quantities of oxalic acid may be required in the kidney ff demonstrable toxicity is 
to develop, or additional factors may need to be present. These may include 
inadequate renal perfusion with blood, inadequate tubular luminal perfusate, and 
the presence of other drugs. Tetracycline is suspected of having a deleterious effect 
on renal function when used in patients who have received methoxyflurane 
anaesthesia. 16 

Methoxyflurane nephrotoxicity has also been attributed to the fluoride ion which 
is a metabolite of methoxyflurane2 r In 1963, Ditzler is questioned the advisability 
of including the fluorine atom in the structure of anaesthetic drugs. Levels of 
fluoride in the blood and urine may be very high during and after methoxyflurane 
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anaesthesia lz and abnormally high fluoride levels can produce a polyurie state in 
man.  19 

In conclusion, it appears likely that methoxyflurane nephrotoxicity is multifac- 
torial in etiology. The precise role of increased oxalate levels in this syndrome has 
not yet been elucidated. However, serious consideration should be given to the 
wisdom of using this agent in those rare patients with congenital hyperoxaluria. 

SUI~I~IAIIY 

Oxalic acid excretion was measured in nine patients receiving methoxyflurane 
and six patients receiving halothane. Oxalic aeid excretion increased from 5 to 23 
times in the immediate postoperative period in patients reeeiving methoxyflurane, 
whereas no increase was noted in those receiving halothane. Despite the striking 
increase in oxalic acid excretion, no alteration in renal function and no polyurie 
state developed. The renal failure that occasionally develops after methoxyflurane 
anaesthesia appears to be mnltifaetorial in origin and a hyperoxalurie state may 
play a role in some instances. 

On a mesur6 l'excr6tion d'acide oxalique chez nenf malades anesth6si~s au 
m6thoxyflurane et six malades anesth6si6s au fluothane. L'excr6tion d'acide oxa- 
lique a autment6 de 5 ~ 23 fois durant la p6riode post-op6ratofi'e chez les malades 
anesth6si6s au m6thoxyflurane alors que chez les autxes on n'a not6 aueune aug- 
mentation. Malgr6 cette augmentation frappante de l'excr6tion d'aeide oxalique, 
il ne se produisit pas de ehangement dans la fonetion r6nale ni de polyurie. Bien 
que l'insuffissance r6nale qui se produit quelquefois apr6s l'anesth6sie au m6thoxy- 
flurane semple 4tre dfie '~ plusieurs facteurs, il semble 6vident que la dose d'anes- 
th6sique administr6e peut ~tre un facteur crncial. 
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