hat there may e
intr: Ny
intrathecg] sufenu;d.
hood of carly fCSpiml]‘

]

ng intrathecy] Sufenyy;
2gested by Hayg andpy
ratory rate €very lsm-l
0 min for the n'cmzh[[-i
read of sensory chzngg
Juipment and pcrsonné
C. dosc-responsc Studies
age schedule for singk
il for labor analgesjy

C.A., F.FARCS()
> Anesthesia
Critical Care

|

chs R, Nordberg G: T

anil after intrathecalat |
1991

| F- Analgesic and card

1d morphine in hum

sression after intrated
511-512, 1994

Fisenach JC: Intrathec
1ine for labor analgest

118, 1995.)

ivel
5 greater than [hoseg’hﬂ
of adult paliemsg !
ration greater thaft '

¢ enflurane? Browh

CORRESPONDENCE

tention that sevoflurane is not biotransformed to a greater extent than
enflurane simply is not tenable.

Also, nothing was mentioned in the editorial about the other prod-
ucts of the biotransformation by cytochrome P450 of sevoflurane in
pivo, namely hexafluoroisopropanol (HFIP) and the single carbon
product that eventually results from the broken-off fluoromethoxy
group of sevoflurane. Sevoflurane is unique compared to enflurane,
isoflurane, and desflurane in that it contains a monofluorinated me-
thoxy group rather than a difluoromethoxy group. The former by
necessity undergoes a different mechanism of biotransformation aftc’r
initial P450 metabolic attack.

The frenetic push toward convincing us that all this fluoride (and
stoichiometric amounts of HFIP plus single carbon fragments) is not
clinically important, is an attempt to obfuscate the fact that sevo-
flurane is an old anesthetic that moves us back in the direction of
the heavily biotransformed agents of the past. How long did it take
to report methoxyflurane nephrotoxicity after its introduction to
clinical practice in 19597 Seven years. How many millions of anes-
thetics had been given with it by then before that particular toxicity
became apparent? How long did it take before (most of us) recognized
the existence of halothane-related hepatotoxicity? Are these toxicities
to biotransformation? Of course. Can we remotely predict
xicities? No. Our recent strategy has been to develop volatile
1t undergo the lowest possible biotransformation, a strategy
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agents th:
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this drug, which soon may be given to millions of Americans. Sevo-

flurane #s heavily biotransformed. The editorialist’s aversion to
“shibboleths and jigsaw puzzles” I notwithstanding, the “‘fluoride
issue”’ is not resolved.
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and cite the example that deuteration of me
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In Reply:—My editorial’ was focused only on my thoughts con-
cerning the '.iI'liC'lC by Kharasch et al? in the same issuc. The toxicity
of compound A, hexafluoroisopropanol toxicity, and other aspects
and scientific, were not discussed. The
aries of the novel concept
al renal concentrations

of sevoflurane, both political
ed to comment

editorial was strictly confin
that local renal production and hence high loc
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an is hepatic fluoride production
as measured by the plasm »n. Contrary to 1 inker

and Baker’s contention, neither my editorial
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causes renal toxicity. After many years of methoxyflurane study, none
has been found. Further, they suggest, without proposing any mech-
anism. that the small amount of fluoride produced in the kidney is
relevant to nephrotoxicity, whereas the large amount of serum flu-
oride that passes through the kidney for excretion is irrelevant.

We moved steadily, after the first fluorocarbon anesthetics were
introduced, toward agents with less biotransformation, for sound
toxicologic reasons. Sevoflurane, which was rejected by Baxter-Trav-
enol and Anaquest (Ohmeda) for clinical development, is a step
backward, despite the likelihood that it will have desirable clinical
characteristics.

John H. Tinker, M.D.
Professor and Head

Max T. Baker, Ph.D.
Associate Professor
Department of Anesthesia
University of lowa

College of Medicine

200 Hawkins Drive

lowa City, lowa 52242-1009
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anesthetic toxicity is due to biotransformation. I

correct that some
argument that all biotrans-

am not convinced of their contrapositive
formation results in toxicity. No clinical pharmacologist belicves
this cither. It is unfortunate that Tinker and Baker are prepared to
pontificate with the statement that sevoflurane *‘is a step backward,”
a4 statement obviously made without access to the facts established
with the clinical development of sevofluranc.

I again propose that the major hypothesis that nephrotoxicity is
agent-specific, occurs primarily because of intrarenal fluoride ion
production, and is not primarily dependent on fluoride ion plasma
concentration is impressive.® It underscores the rule that medicine
can never rest on its laurels': minds should remain open, vigilance
should be maintained, and new data should be continually sought.

Burnell R. Brown, Jr., M.D., Ph.D., F.R.C.A.
Professor Emeritus

Department of Anesthesiology

University of Arizona

College of Medicine

Tucson, Arizona 85724
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In Reply:—Tinker and Baker disagree with our analysis that “‘nei-
ther peak systemic fluoride concentrations nor duration of fluoride
increase alone can be applied nonselectively to all anesthetics to
explain or predict nephrotoxicity.” We believe the data support our
statement: Enflurane anesthesia in isoniazid-treated humans resulted
in peak plasma fluoride concentrations exceeding 50 uMm (as great as
130 uM), but there was no evidence of renal dysfuncti(m.’ Prolonged
isoflurane anesthesia resulted in peak plasma fluoride concentrations
exceeding 50 um for 2—3 days but had no deleterious effect on any
measure of renal function.? Prolonged isoflurane sedation resulted
in peak plasma fluoride concentrations exceeding 50 uM (as great as
93 um) but no adverse effects on renal function.? During prolonged
isoflurane sedation, in which fluoride concentrations remained in-
creased for as long as 32 days, there were no significant changes in
renal function.? Sevoflurane anesthesia resulted in peak plasma flu-
oride concentrations exceeding 50 uM, but no adverse effects on
renal function have been observed to date.>™® In contrast, enflurane
anesthesia can result in significantly diminished urine concentrating
ability at plasma fluoride concentrations less than 50 um.” Thus, the
methoxyflurane experience does not appear to apply equally to all
anesthetics.

Tinker and Baker attribute to us the notion that serum fluoride is
no longer important in nephrotoxicity. We have made no such as-
sertion.

Tinker and Baker claim that we ‘‘suggest, without proposing any
mechanism, that the small amount of fluoride produced in the kidney
is relevant to nephrotoxicity, whereas the large amount of serum
fluoride that passes through the kidney for excretion is irrelevant.”
There is no such statement in our paper, and furthermore, there are
no data on which to argue the point. Renal parenchymal fluoride
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concentrations in vivo resulting from either renal anesthetic metab-
olism or tubular fluoride reabsorption have never been measured
with methoxyflurane or any other volatile agent. Tinker and Baker
are correct in that we proposed no mechanisms of nephrotoxicity.
We did not propose any mechanisms of nephrotoxicity because we
did not study nephrotoxicity—we studied metabolism.

Tinker and Baker reject the potential that a metabolite or metabolic
consequence of methoxyflurane biotransformation other than plasma
fluoride may contribute to nephrotoxicity because, *‘after many years
of methoxyflurane study, none has been found.” However, there has
been scant study of methoxyflurane nephrotoxicity in the last two
decades. The absence of proof is not the proof of absence. Indeed,
in one of only two papers published since 1980 which even remotely
address this issue, the use of analytical methodologies not available
during the methoxyflurane era led to a reevaluation of methoxyflurane
hepatic metabolism.'’

Methoxyflurane nephrotoxicity is intimately and unqucstionabl)
related to biotransformation. Methoxyflurane is biotransformed to 2
number of metabolites. Identification of fluoride as the nephrotoxic
metabolite was based on associations between serum fluoride con-
centration and toxicity in humans; on correlations between changes
in metabolism, serum fluoride concentrations, and ncphrotoxicil)'
in rats; and on the ability of fluoride (at unknown serum concentrd:
tions) to cause toxicity in animals. However, data in humans estab-
lishing a causal link between increased serum fluoride concentrations
and nephrotoxicity of methoxyflurane or any other anesthetic has
never been published. The clinical observations about enfluran¢,
isoflurane, and sevoflurane cited above are pertinent. They call int0
question the appropriateness of applying a fluoride hypolhcsis de-
veloped to explain methoxyflurane nephrotoxicity nonselectively 10
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