Chronic Exposure to Methoxyflurane:

A Possible Occupational Hazard to Anesthesiologists
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The excretion of methoxyflurane in end-expired
air has been studied in patients after methoxyflu-

rane thesia and in thesiologists after they
have admin: d hoxyflurane hsia. Me-
thoxyflurane is detectable in the end d air of

patients for 10-18 days after anesthesia and in an-
esthesiologists for as long as 30 hours after expo-
sure. Concentrations in patients’ end-expired air
could be related to a time-and-concentration mca-
sure, methoxyflurane per cent hours (MFPH), for
as long as 120 hours after exposure. Samples of air
collected in the area in the operating room from
which the hesiologist inspired air ined
1.3-9.8 ppm hoxyfl d ding on the
concentration of anesthetic being delivered to the
patient. A significant decrease in the methoxy-
ting room air was

flurane ation in
obtained using a gas trap. Due to the potential
h ds of chronic exposure to anesthetic gases,

protection of the anesthesiologist and other op-
erating room personnel seems advisable. (Key
words: Methoxyfl ; Anesthesiologists; Operat-

ing room; Gas trap.)

RECENT STUDIES -2 suggest possible deleterious
effects of chronic exposure to certain common
anesthetic agents. Linde and Bruce ? reported
049 ppm halothane and 0-428 ppm nitrous
oxide in operating room air, while anesthesi-
ologists’ end-expired air contained 0-12 ppm
halothane. They showed an average concen-
tration of 1.8 ppm in 36 observations of 24
anesthesiologists made within one hour after
exposure. They also found slightly increased
urinary fluoride jon concentrations in anesthesi-
ologists after administration of halothane.

In 1961, Stewart et al-%5 measured concen-
trations in expired air of two halogenated hy-
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drocarbons similar in structure to halogenated
anesthetic agents. Tetrachloroethylene and 1,
1,1-trichloroethane vapor at various concentra-
tions and exposure times had exponential decay
curves of more than 40 hours. In 1963, Stew-
art et al.% reported a case of carbon tetrachlo-
ride ingestion in which carbon tetrachloride
concentrations in expired air could be detected
by infrared analysis for more than 400 hours
after exposure.

These reports and the knowledge that both
acute and chronic exposure to agents similar to
the halogenated anesthetics may cause delete-
rious effects prompted us to study the excre-
tion rate of methoxyflurane in the end-expired
ajr of patients and anesthesiologists after vari-
ous degrees of exposure. Serial urinary fluo-
ride ion concentrations of one patient and one
anesthesiologist were determined. Concentra-
tions of methoxyflurane in air inspired by anes-
thesiologists with and without the use of a gas
trap to shunt anesthetic vapors from the area
during administration of methoxyflurane were
measured.

Methods

The rates of excretion of methoxyflurane
were determined by measuring concentrations
in the end-expired air of the subjects at inter-
vals following exposure. Samples were col-
lected in Saran plastic bags impermeable to
diffusion of methoxyflurane. Only patients
who had no discomfort exhaling into the bags
were chosen. Subjects were instructed to in-
hale, exhale about two-thirds of the air, and
then breathe into the bag. Samples of air in
the operating room were collected using a gas-
tight syringe and injected into Saran bags.

Methoxyflurane concentrations were mea-
sured in parts per million, a standard measure
of industrial exposure to gases, using a Beck-
man GC-2A gas chromatograph equipped with
a column of 15 per cent Squalane on 50/60
mesh Chromosorb P and a flame jonization de-
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tector. The limit of detection was 0.01 ppm.}
At low levels care was taken to avoid contami-
nation of the syringe by previous samples in-
jected into the chromatograph.

Under clinical conditions, it was not pos-
sible to determine separately the contributions
of concentration and length of exposure to the

MFPH =

concentrations (
administered

Urinary fluoride ion concentrations were de-
termined using a Beckman pH meter with a
Beckman fluoride electrode.

Results
PATIENT DECAY CURVES

Nine patients who were to have operations
of various durations under methoxyflurane an-
esthesia were selected for study. These pa-
tients had no history of cardiovascular, pulmo-
nary, hepatic or renal disease. Preanesthetic

{ One ppm is 1 pl or 6.86 xg methoxyflurane
gas per liter.

Frc. 1. Methoxyflurane decay
curves of patients A (0.67 MFPH),
B (0.80 MFPH), and G (4.16
MFPH) following surgical anes-

esia.

PPM IN END-EXPIRED AIR

per cent methoxyflurane x
in inspired air
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decay curves, as is done in experiments on hu-
man volunteers or animals.* %7 Although dif-
fering exposure times were chosen, concentra-
tions changed during clinical anesthesia. To
facilitate comparison of exposures, methoxyflu-
rane per cent hours was calculated by the
formula:

time administered (min)
60

samples of end-expired air were collected as
controls.

Figure 1 shows the decay curves of patients
A and B, who had short exposures (0.67 and
0.80 MFPH), and patient G, who had the
longest exposure (4.16 MFPH). All curves
show that the anesthetic is expired most rap-
idly during the first two days, declining ex-
ponentially, then being expired more slowly
for the next seven to ten days.

Decay curves for patients C (0.72 MFPH),
D (1.86 MFPH), and E (0.91 MFPH) are
shown in figure 2. Curves followed to the
limits of detection ranged from 12 to 17 days.
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Fic. 2. Methoxyflurane decay curves of patients
C (0.72 MFPH), D (1.86 MFPH), and E (091
MFPH) following surgical anesthesia. Patient C
devia]oped high-output renal failure postopera-
tively.

Since MFPH is only an approximation of ex-
posure, we were unable to compare the curves
accurately in correlation with physical charac-
teristics of the patients.

Near day 3 on curves B, C, D, E, and F,
one or more points are above the exponential
decay line. This may have been caused by
release of the anesthetic by a specific organ.
Similar deviations have been found in decay
curves for other halogenated compounds ¢ and
also in recent studies with methoxyflurane.*

Parts per million methoxyflurane in the ex-
pired air of each patient 24, 48, 72, and 120
hours after termination of exposure are plotted
against the patient’s exposure in MFPH in fig-
ure 3. Correlation of the expired air concen-
tration at a specific time after exposure with
exposure is good for the first 72 hours, justi-
fring the use of MFPH for measurement. Ex-
perimental deviations include errors in deter-
mining MFPH and expired-air concentrations,
differences in collecting expired air samples,
and indivdual variations in metabolism. After

T. II. CORBETT AND G. L. BALL

Anesthesiology

June 1971
120 hours individual variation becomes so
great that correlation is diminished.

ANESTHESIOLOGIST DECAY CURVES

Excretion of methoxyflurane by one anes-
thesiologist was determined after exposures of
130 and 390 minutes, and excretion by another
anesthesiologist after exposure for 300 minutes,
as shown in figure 4. Methoxyflurane was dis-
pensed from the same Pentec-2 vaporizer and
the flow rate was 5 I/min in every trial. As in
the patients, there was an initial rapid de-
crease in concentration followed by slower ex-
cretion. Duration of excretion was related to
duration of exposure.

Uninary Fruoripe IoN STubies

Figure 5 shows urinary fluoride jon concen-
trations of patient G (4.16 MFPH) and the
anesthesiologist with the 390-minute exposure.
Fluoride ion concentrations of patient G were
measured before, during, and after exposure.
Only post-exposure specimens of the anesthesi-
ologist were examined.

Patient G had a detectable increase in uri-
nary fluoride ion two hours after induction of
anesthesia; urinary fluoride ion continued to
increase to a peak 16 hours after induction.
The anesthesiologist also had an increase in
urinary fluoride ion, with a peak five hours
after exposure. It was not known whether the
anesthesiologist’s control specimen was affected
by exposure to methoxyflurane on the previous
day. Four urine specimens were collected
from the anesthesiologist in a 24-hour period
after his return from a one-week vacation, dur-
ing which fluoride intake from drinking water
did not change. The concentrations of fluo-
ride ion in these specimens ranged from 1.7
to 3.0 X 10-5 molar. Using the highest value
from these specimens as a control, there was
a fivefold increase in fluoride ion concentration
in the anesthesiologist’s urine six hours after a
390-minute exposure to methoxyflurane under
his usual working conditions.

OreRATING Rooxt AIR LEVELS

Sixteen determinations of methoxyflurane
levels in operating room air were made at dif-
ferent concentrations delivered by the same
Pentec-2 vaporizer with the gas flow at 5
Y/min. All specimens were collected in the
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area in which the ancsthesiologist inspired air.
The levels ranged from 1.3 ppm at the 0.2 per
cent setting to 9.8 ppm at the 1.0 per cent
setting.

Several factors influence the concentration
of methoxyflurane in air in the operating room.
The rate of air turnover is a major factor.
Methoxyflurane is absorbed by both the pa-
tient and the rubber components of the anes-
thesia machine. The highest concentrations in
room air at each vaporizer setting were found
after the first hour and when the anesthesi-
ologist and anesthesia machine were partially
surrounded or enclosed in a tent of surgical
drapes.

OperaTING RooM AR LEVELs WiTH
Gas Trar

Ten determinations of methoxyflurane con-
centrations in operating room air were made
during use of a gas trap over the pop-off valve
to shunt anesthetic vapors from the room. The
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Fic. 3. Correlation of methoxyflurane end-ex-
pired air jons wi in MFPH
at specific times after termination of exposure.
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Fic. 4. Methoxyflurane decay curves of anesthesi-
ologists following administration of anesthesia.

gas trap, devised by Corbett,® consisted of a
balloon fitted over the valve, with the vapors
shunted to wall suction via a system of con-
nectors and tubing. The gas flow rate was
again 5 1/min in every case. All samples were
collected in the area in which the anesthesi-
ologist inspired air. With the gas trap in use,
concentrations in operating room air ranged
from 0.015 to 0.095 ppm, representing a sig-
nificant decrease from the 1.3 to 9.8 ppm
found without it.

Discussion

Van Dyke and Chenoweth? concluded that
the C-F bond in methoxyflurane is unstable
and is metabolized to fluoride ion in the hu-
man body. They also found increased inor-
ganic fluoride levels in the long bones of rab-
bits chronically exposed to low concentrations
of methoxyfurane.

Chronic fluorosis has been reported as an
occupational disease in persons exposed to fluo-
ride compounds such as fluor-spar (CaF.) and
cryolite (NaF-AlF;), and also in persons ex-
posed to fluoride-containing gases. Fluoride
intake above tolerance levels over a sufficient
period of time can lead to cumulative absorp-
tion and may prove harmful to man.?®

Taylor et al.,** working with rats, found that
sodium fluoride in acutely toxic doses produces
necrosis of the renal tubular cells and, in a
small proportion of the test animals, dilation
of the tubules. Renal lesions have also been
found after prolonged ingestion of fluorides.’*
The most common alteration in renal function
in chronic fluoride ingestion was an increased
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Fic. 5. Urinary fluoride ion concentration of
patient G and the anesthesiologist with the 390-
minute exposure.

urinary volume. Bond and Murray3® also
found that rats given 2-7.5 mg fluoride per
day for 18—48 weeks developed polyuria, poly-
dipsia, increased urinary nitrogen, and a low-
ered renal threshold for glucose. The urine
had a low specific gravity.

Impaired renal function manifested by de-
creased blood urea clearances and filtration
rates has been found in individuals drinking
water containing 5-11 ppm fluoride (Shortt
et al.,»3 Siddiqui?*). Cases of polyuria asso-
ciated with chronic fluoride intoxication in hu-
man beings have been described.> Roholm
found acute nephritis at autopsy in eight of 32
persons who died of acute fluoride intoxication.

In most persons who develop acute or
chronic fluoride intoxication renal function is
not impaired. There s an individual suscepti-
bility, the mechanism of which is unknown.

Fluoride jon is known to inhibit certain en-
zymes. Weber and Reid 1® demonstrated sig-
nificant decreases in the activities of cyto-
chrome oxidase and isocitric dehydrogenase in
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mice maintained on high-fluoride diets. In-
hibition of other enzymes by fluoride jon has
been reported, and may account for the poly-
uria and lowered renal threshold for glucose
in patients with fluoride toxicity.

Polyuria and renal failure following me-
thoxyflurane anesthesin have been well docu-
mented in case reports.’” If enzyme inhibi-
tion were the mechanism involved in high-
output renal failure, either an unusually rapid
rate of metabolism of methoxyflurane with
greater-than-usual fluoride jon production or
enzyme systems unusually sensitive to fluoride
jon would be expected. We know of no re-
ports of high-output renal failure in anesthesi-
ologists. However, it is interesting that Bruce
et al.! reported a twofold increase in chronic
renal disease as a cause of death among anes-
thesiologists in the period from 1957 to 1966
over the period from 1947 to 1956. It was
during the later ten-year period that the fluo-
rinated anesthetic agents were introduced.

Chronic exposure to methoxyflurane, halo-
thane, nitrous oxide, and diethyl ether stimu-
lates microsomal enzyme induction, which af-
fects the metabolism of not only the inducing
agent itself, but also numerous other sub-
stances, both exogenous and endogenous.8-2
Whether the concentrations of anesthetic agents
in anesthesiologists are sufficient to produce
microsomal enzyme induction has not been
studied. However, enzyme induction by sub-
anesthetic doses of methoxyflurane has been
demonstrated in the rat.*

Since methoxyflurane remains in storage de-
pots for a remarkably long time, it is conceiv-
able that anesthesiologists may have measur-
able levels of methoxyflurane or metabolites
for months or even years at a time. Thus,
there is reasonable cause for concern that
chronic exposure to methoxyflurane may be
harmful because it increases the possibility of
development of chronic fluoride intoxication,
microsomal enzyme induction, and teratogenic
or carcinogenic effects.

Protection of the anesthesiologist and other
operating room personnel from chronic expo-
sure to anesthetic vapors seems advisable. Ef-
fective exhaust systems should become stan-
dard equipment on all new anesthesia ma-
chines, and adaptive devices should be made
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available for presently existing machines as
soon as possible.

The authors thank William Murray, M.D. and
Mr. Pat Fleming of the Upjohn Research Center,
University of Michigan Meéiml Center, Ann Ar-
bor, Michigan, for determining urinary fluoride fon
concentrations.

References

1. Bruce DL, Eide KA, Linde HW, et al.: Causes
of death among anesthesiologists: A 20-year
survey. ANESTHEsIOLoGY 29:563-3569, 1968

9. Linde HW, Bruce DL: Occupational exposure
of anesthesiologists to halathane, nitrous ox-
ide, and radiation. ANEstaesioLocy 30:
363-368, 1969

3. Klatskine G, Kimberg DV: Recurrent hepatitis
attributable to halothane sensitization in an
anesthetist. New Eng J Med 280:515-522,
1969

4. Stewart RD, Gay HH, Erey DS, ¢t al: Hu-
man exp e to 1,1,1-trichl hane vapor:
Relationship of expired air and blood con-
centrations to exposure and toxicity. Amer
Industr Hyg Ass J 22:252-262, Aug 1961

5. Stewart RD, Gay HH, Erley DS, et al.: Hu-
man exposure to tetrachloroethylene vapor.
Arch Environ Health 2:516-522, 1961

6. Stewart RD, Boettner EA, Southworth RR,
et al.: Acute carbon tetrachloride intoxica-
tion. JAMA 183:994-997, 1963

7. Boettner EA, Muranko HJ: Animal breath data
for estimating the exposure of humans to
chlorinated hydrocarbons. Amer Industr
Hyg Ass J 30:437—442, 1969

8. Corbett TH: The gas trap: A device to mini-
mize chronic exposure to anesthetic gases.
A~estiEsIOLocY 31:465, 1969

9, Van Dyke RA, Chenoweth MB: Metabolism
of volatile anesthetics. ANEsTHESIOLOGY 26:
348-357, 1965

10.

11

13.

1

e

16.
17.

18.

Murray MM, Wilson DC: Fluorine hazards
with special reference to some social conse-
quences of industrial processes. Lancet 2:
821-824, 1946

Taylor JM, Gardner DE, Scott JK, et al.:
Toxic cffects of fuoride on the rat kidney.
1. Acute injury from single large doses. 2.
Chronic effects. Toxic Appl Pharmacol 3:
278-289 and 290-314, 1961

2. Bond AM, Murray MM: Kidney function and

structure in chronic fuorosis. Brit J Exp
Path 33:168-176, 1952

Shortt HE, McRobert GR, Barnard JW, et al.:
Endemic fluorosis in the Madras presidency.
Indian J Med Res 25:553-568, 1937

. Siddiqui AH: Fluorosis in Nalgonda District,

Hyderabad-Deccan.  Brit Med J IT:1408-
1413, 1955

5. Saverbrunn BJL, Shaw JF: Chronic fluoride in-

toxication with fluoride radiculomyelopathy.
Ann Intern Med 63:1074-1077, 1965

Weber CW, Reid BL: Fluoride toxicity in the
mouse. ] Nutrition 97:90-104, 1967

Crandell \VB, Pappas SC, MacDonald A:
Nept icity fated with methoxyflu-
rane anesthesia. ANEsSTHEsIOLOGY 27:591,
1966

Conney AH: Phar Yogical implications of
microsomal enzyme induction. Pharmacol
Rev 19:317-366, 1967

. Remmer H: Drugs as activators of drug en-

zymes. First International Pharmacology
Meeting, Stockholm. 6:235-256, 1961

. Van Dyke RA: Metabolism of volatile anes-

thetics. III. Induction of Microsomal de-
chlorinating and ether-cleaving enzymes. J
Pharmacol Exp Ther 154:364-369, 1966

21. Holaday DA, Rudofsky S, Treuhaft PS: The

metabolic degradation of methoxyflurane in
man. ANESTHESIoLoGY 33:579-593, 1970

92, Berman ML, Bochantin JF: Nonspecific stimu-

lation of drug metabclism in rats by me-
hoxyfl . ANEST yeocy 32:500-506,

thox
1970

Drugs

DIAZEPAM AND MUSCLE RELAXANTS The effect of intravenous diaze-
pam, 0.15 to 0.2 mg/kg, on neuromuscular block was studied in surgical patients

during thiopentone-halothane-nitrous oxil

de anesthesia using the twitch response of

the adductor pollicis longus muscle. Diazepam produced a twofold increase in the
intensity and a threefold increase in the duration of neuromuscular block after 40 to
60 mg gallamine. Conversely, the duration of paralysis produced by 25 mg suc-
cinylcholine was reduced by 20 per cent following the administration of diazepam.
Preliminary studies suggest that the site of action is at the presynaptic area. (Feld-
man, S. A., and Crawley, B. E.: Interaction of Diazepam with the Muscle-relaxant

Drugs, Brit. Med J. 2: 336 (May) 1970.)
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