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Stability of Sevoflurane in Soda Lime

David P. Strum, M.D.,* Brynte H. Johnson, M.S.,t Edmond I. Eger Il, M.D.

Stability of a halogenated volatile anesthetic is important because
of the potential toxicity associated with the breakdown products.
The authors enclosed 100 ml of gas containing sevoflurane with 100
g of soda lime in a 581-ml flask for periods up to 24 h, The rate of
degradation of sevoflurane by soda lime was several-fold greater
than previously reported, and the degradation was temperature-de-
pendent. At 22° C, soda lime degraded 6.5% of the sevoflurane per
hour. The rate increased by 1.6% per hour per degree rise in temper-
ature, reaching 57.4% degradation per hour at 54° G, In contrast,
isofluranc was not degraded by soda lime. Halothane did not de-
grade at 22° C or 37° C, but did degrade (2.2% per hour) at 54° C,
(Key words: Anesthetics, volatile: halothane; isoflurane; sevoflur-
ane. Soda lime, anesthetic degradation: soda lime; temperature.
Water, anesthetic degradation.)

I'T 1S IMPORTANT to determine the physical stability of
a volatile halogenated anesthetic because an unstable
anesthetic may degrade to toxic compounds in vitro'=*§
and in vivo.! Sevoflurane is a new inhaled anesthetic
whose low stability and, hence, ability to produce a
rapid induction of and recovery from anesthesia recom-
mend its application.®® Initial tests of the stability of
sevoflurane in soda lime suggested that, although it is
not as stable as currently available agents, the degree of
instability is minor.® Wallin ef al. recirculated 5% sevo-
flurane for 7 h in a closed system with soda lime at a
maximum temperature of 50° C. They found that the
condensate of the remaining vapor contained 99.8%
sevoflurane and 0.18% of CFy=C(CF4)-O-CFHy. When
liquid sevoflurane was sealed in a glass vial with soda
lime and heated to 70° C for 3 h, only 2.7% of the
remaining liquid was identified as breakdown products,
sevoflurane constituting the other 97.3%.

Because neither experiment in the Wallin study at-
tempted to account for the net loss of sevoflurane, we
decided to reevaluate the stability of this anesthetic in
comparison with isoflurane and halothane. We also
studied the stability of sevoflurane in a buffered
aqueous solution because this agent reportedly decom-
poses slowly in water.®
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Materials and Methods

Three groups of five, 581-ml flasks were filled with
fresh soda lime (Sodasorb®). Ten ml of distilled water
were added to each flask and the flask sealed with a
Teflon® stopper pierced with a needle capped with a
one-way stopcock. The flasks were evacuated and 100
ml of a mixture of approximately 1.9% sevoflurane,
1.3% isoflurane, and 0.7% halothane were added to
each flask. The pressure in each flask was allowed to
reach ambient pressure by the admission of room air.
For sampling, 10 ml of gas were taken from each flask
and the concentration of each anesthetic determined by
gas chromatography. The column of the gas chromato-
graph was composed of 10% S.F. 96 on Chromasorb
WHP, 68/80-mesh, 0.32 cm by 4.6 m, and was main-
tained at 30° C. A carrier stream of nitrogen flowing at
45 ml/min was delivered through the column to a
flame ionization detector at 200° G, supplied by hydro-
gen at 40ml/min and by air at 280 ml/min. The first
group of five flasks was maintained at 22° C (room
temperature), and the gas in the fasks serially sampled
at 75, 150, 250, 550, and 1440 min. The second group
was placed in a water bath at 37° C, and gas serially
sampled at 75, 120, 240, 480, and 1440 min. The third
group was placed in an oven at 54° C, and gas serially
sampled at 75, 150, 250, 550, and 1440 min.

The concentrations of each anesthetic at each tem-
perature were plotted against time for the three groups
of flasks. Assuming a logarithmic decay, we applied re-
gression analysis to the data for individual anesthetics at
each temperature. The regression equations did not in-
clude the values for the determinations at time zero (the
first sample). We performed a (¢ test on the deviation
from zero of the slope of each regression equation.

Finally, we examined the rate of degradation of sevo-
flurane in water at a pH of 7.0. Fifteen-hundred and
forty milliliters of distilled water were buffered to a pH
of 7.0 with a 25 mM phosphate buffer (total liquid vol-
ume 1,600 ml), and placed in a 2,100 ml glass flask
sealed with a Teflon® stopper pierced with a needle
having a one-way stopcock. Fifty ml of air were evacu-
ated from the flask and 100 ml of 2.0% sevoflurane
added. To detect leakage, we added 0.5 ml of nitrous
oxide to the flask as a marker. The flask was shaken
vigorously and placed in a water bath at 37° C. After 85
min, we took the first of six, 20 ml sample of gas. Sam-
ples were taken after 540, 1,740, 2,640, 4,260, and
5,820 min. Each sample was taken after the flask was
shaken vigorously. The concentration of sevoflurane in
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TABLE 1. Rate of Anesthetic Degradation (%/h) 10
Temperature Sevofl J Isofl Halothane
22°C 6.46 + 0.87* 0.04 %+ 0.00 0.83 +0.00
37° C 31.04 £ 0.48* 0.06 + 0.00 0.52 + 0.00
54° C 57.36 £ 2.056* 0.30 £ 0.00 2.21 £ 0.00* 01 k
* These values are statistically different from 0 (P < 0.05). :Ej 22°C
3
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each sample was determined using gas chromatogra- &
phy. The concentration of nitrous oxide in each sample & 001 -
was analyzed by gas chromatography using a molecular '
sieve column and an electron capture detector., G
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o] zero. Similarly, halothane did not undergo significant
Z degradation at 22° C or 37° C, but did degrade slowly
) at 54° C (table 1). In contrast, sevoflurane degraded at
g 0.001 - all temperatures (table 1, figs. 1, 2). The rate of degra-
w SEVOFLURANE dation was Im.early related to the temperature gtable 1,
5 fig. 3), increasing by 1.6% per hour per degree increase
g in temperature. At 54° C, the rate of degradation of
< sevoflurane was 26 times more rapid than that of halo-
. . p - .
0.0001 - thane. In the flask containing sevoflurane in a solution
of buffered water, there was no detectable loss of sevo-
flurane or nitrous oxide over a 4-day period.
Discussion
0.00001 . v — . . .
500 1000 1500 The present study differs from earlier ones in that we
, examined the disappearance of sevoflurane over time
TIME (min)

F1G. 1. At 37° G, in the presence of soda lime, sevoflurane degrades
more rapidly than halothane or isoflurane, The slope of the regression
for halothane or isoflurane after 1 h did not differ from zcro. How-
ever, the data for all three anesthetics indicate a decrease in concen-
tration during the first hour, which we interpret as the result of ab-
sorption of these agents by soda lime,

rather than the appearance of degradation products.
We found that sevoflurane degraded at a much higher
rate than that reported by others.® These results differ
because earlier investigators did not measure all degra-
dation products. That is, they measured only those
products remaining in sevoflurane and not the larger
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fraction retained by soda lime. Another potentially im-
portant difference is that the present study was done at
concentrations of sevoflurane 10-50 times lower than
used by Wallin. If the rate of degradation becomes sur-
face area dependent (zero order) at higher concentra-
tions, this may explain the small relative percentage of
sevoflurane degraded in Wallin’s study.

We used the term *‘degraded” throughout this manu-
script, while some might argue that “disappearance” is
a better word. We prefer “‘degraded” for two reasons.
First, sevoflurane concentration in the flasks decreased
logarithmically through four orders of magnitude until
it was no longer measurable. By contrast, isoflurane and
halothane equilibrated rapidly. This may represent ab-
sorption of sevoflurane into an “infinite sink” which
paradoxically fails to absorb the remaining two anes-
thetics; however, we believe it represents degradation,
Second, we have observed degradation peaks on the gas
chromatographs (unpublished data) from flasks con-
taining the anesthetic mixture, or sevoflurane alone,
but not in flasks containing soda lime, isoflurane, or
halothane alone. These peaks, although not yet specifi-
cally identified, cannot be explained in the context of
absorption.

The substantial degradation of sevoflurane raises
questions about the potential toxicity of this compound.
We have shown that a large fraction of sevoflurane de-
grades to compounds whose structures and toxicities
are unknown. Also, we have not compared the fraction
of these compounds escaping from the soda lime with
the fraction destroyed by the soda lime. Wallin et al.
identified two likely breakdown products, fractions of
which were not bound by soda lime.> One was a
condensation product, and the other an olefin
(CFy=C(CF3)-O-CFHy). The double bond of the latter
makes it a potentially toxic compound.

The products of the breakdown of sevoflurane re-
quire further study to: 1) characterize their structure; 2)
determine their affinity for soda lime; 3) assess their
toxicity; and 4) explore their production in vivo, particu-
larly in alkaline regions of the body, such as the pan-
creas or small bowel. The data from the Wallin study
partially satisfies the first query, and comparison of our
results with theirs suggests that most of the breakdown
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Fi1G. 3. The rate of degradation of sevoflurane is plotted against
temperature, to demonstrate the rectilinear increase in degradation
assaciated with increase in temperature.

products of sevoflurane are retained by soda lime. The
determinations of toxicity and in vivo production re-
main to be explored.
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