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Effect of total flow rate on the concentration of degradation
products generated by reaction between sevoflurane and soda lime

H. BlTO AND K. IKEDA

Summary

We have compared concentrations of degradation
products in the circle system during sevoflurane
anaesthesia at different fresh gas flows. Twenty-
four patients underwent sevoflurane anaesthesia
with fresh gas flows of 1 litre min"1 (1 L group),
3 litre m in 1 (3L group), or 6 litre min~1 (6L group)
{n — 8 in each group). During anaesthesia, the
concentrations of degradation products were meas-
ured every hour, and the temperature of soda lime,
end-tidal carbon dioxide concentration, inspired
and end-tidal sevoflurane concentrations, and
carbon dioxide elimination were measured.
CF2=C(CF3)—0—CH2F (compound A) was the
only degradation product detected. The mean
maximum concentration of compound A was 19.7
(SD 4.3) ppm in the 1 L group, 8.1 (2.7) ppm in the
3L group and 2.1 (1.0) ppm in the 6L group
(P < 0.05). The maximum temperature of soda lime
was 44.6 (1.5) °C in the 1 L group, 37.0 (4.4) °C in
the 3L group and 29.1 (5.1) °C in the 6L group
(P < 0.05). There were no significant differences in
end-tidal sevoflurane concentration or mean carbon
dioxide elimination between the groups. Only
compound A was detected following anaesthesia,
with higher concentrations observed at lower flow
rates. (Br. J. Anaesth. 1995; 74: 667-669)

Key words
Anaesthetics volatile, sevoflurane. Complications, inhalation
anaesthesia. Carbon dioxide, absorption. Ventilation, fresh gas
flow.

Sevoflurane is known to react with soda lime
producing several degradation products [1,2]. These
products differ according to the concentration of
sevoflurane in the circle system [3, 4], temperature
[5-7] and type [3, 8, 9] of carbon dioxide absorbent,
and its freshness [9] and water content [10,11].
However, there have been no reports on concen-
trations of degradation products in the circle system
induced by differences in fresh gas flow used in
clinical practice. In this study, patients underwent
sevoflurane anaesthesia at fresh gas flows of 1, 3 or
6 litre min"1, and the concentrations of degradation
products in the circle system at each flow rate were
compared. As the generation of degradation products
is affected by the temperature of the carbon dioxide
absorbent [5-7] and the temperature of the carbon

dioxide absorbent is affected by the patient's carbon
dioxide elimination and also fresh gas flow, we
measured the temperature of the carbon dioxide
absorbent and carbon dioxide elimination.

Patients and methods

This study was approved by the institution's Com-
mittee on Human Research, and informed consent
was obtained from all subjects.

We studied 24 patients undergoing tympano-
plasty; all were ASA I or II. Exclusions included
patients with liver or renal dysfunction or severe
cardiovascular disease based on history, laboratory
findings or physical examination.

Premedication comprised hydroxyzine 50 mg i.m.
and atropine 0.5 mg i.m., 45 min before induction of
anaesthesia, with thiopentone 4—5 mg kg"1 followed
by vecuronium 0.12-0.15 mgkg"1. In the first eight
patients a fresh-gas flow of 1 litre min"1 was used for
maintenance of anaesthesia after tracheal intubation
(1L group). The fresh-gas flow was increased to
3 litre min"'1 for the next eight patients (3L group)
and to 6 litre min"1 for the final eight patients (6L
group). In each group the ratio of oxygen flow to
nitrous oxide flow was adjusted to maintain the
oxygen concentration in the inspiratory limb greater
than 30%. The sevoflurane concentration was
adjusted to maintain systolic arterial pressure with-
in ±25% of the baseline value. Ventilation was
controlled by setting the tidal volume of the
ventilator to 10-12 ml kg"1, and ventilatory fre-
quency was adjusted to maintain end-tidal carbon
dioxide partial pressure at 4.8-5.3 kPa.

Soda lime (Sodasorb II, W. R. Grace and Co.,
Lexington, MA, USA) was used as the carbon
dioxide absorbent. Fresh carbon dioxide absorbent
was used for each patient. The anaesthesia machine
used was a Modulas II Anesthesia System (Ohmeda,
Madison, WI, USA). The circle system hoses were
made of polyester elastomer, and fittings were made
of silicone rubber. The Y-piece was made of
polypropylene. The other components of the circle
system (valves, fresh gas inlet, canister, etc) were the
standard used with the Modulas II Anesthesia
System.
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In order to monitor the temperature of the soda
lime, two temperature probes (temperature probe
model 9182, Hioki Electric Co., Nagano, Japan)
were inserted into the centre of the top and bottom
of the upper canister. The temperature was recorded
every 15 min.

During anaesthesia, end-tidal carbon dioxide
concentration and inspired and end-tidal sevoflurane
concentrations were monitored using a mass spec-
trometer (Medical Gas Analyzer 1100, Perkin Elmer,
Pomona, CA, USA). The patient's carbon dioxide
elimination during anaesthesia was calculated as
minute expired volume times mean expired carbon
dioxide concentration. Minute expired volume was
measured using a linearized electronic Wright res-
pirometer (BOC Medishield Essex, UK). Mean
expired carbon dioxide concentration was obtained
using a bypassed minimixing chamber, and then
measured by mass spectrometry [12]. Hourly mean
values were calculated from the values measured
every 1 min.

Gas samples for measurement of degradation
products were obtained from the inspiratory limb of
the circle system. The concentrations of the degra-
dation products were measured hourly using a gas
chromatograph (model GC-9A, Shimadzu, Kyoto,
Japan) equipped with a gas analyser (model MGS-5,
Shimadzu, Kyoto, Japan).

The analysis conditions for gas chromatography
were a column temperature maintained at 100 °C
and an injection inlet temperature maintained at
140 °C. Nitrogen was used as the carrier gas at a flow
rate of 50 ml min"1. The detector was a hydrogen
flame ion detector (FID). The column was a glass
column 5 m in length and 3 mm in internal diameter
filled with 20 % DOP Chromosorb WAW (Techno-
lab S.C. Corp., Osaka, Japan) 80/100 mesh. The
sample volume was 1 ml. The gas chromatograph
was calibrated with standard calibration gas prepared
from stock solutions of CF2=C(CF3)—O—CH2F
(compound A) and CH3OCF2CH(CF3)OCH2F
(compound B) (Maruishi Pharmaceutical Co., Ltd,
Osaka, Japan).

Table 1. Patient characteristics (mean (SD) [range])

Group

1 litre min"1

3 litre min"1

6 litre min"1

Age (yr)

51.6
[24-69]
50.9
[21-68]
49.9
[20-63]

Height (cm)

159.8 (7.3)
[146-169]
158.7 (12.6)
[146-184]
156.3 (12.1)
[137-170]

Body weight (kg)

61.7 (8.2)
[49-78]
56.6 (10 4)
[48-80]
53.9 (10.8)
[40-66]

All results are expressed as mean (SD). The
concentration of compound A, temperature of the
soda lime, end-tidal sevoflurane concentration and
carbon dioxide elimination were compared by one-
way analysis of variance (ANOVA) followed by
Scheffe's test to evaluate statistical significance
between any two groups. A P value of 0.05 or less
was considered statistically significant.

Results

There were no significant differences in age, height
or body weight between the groups (table 1). The
only degradation product of sevoflurane detected
was CF2=C(CF3)—O—CH2F (compound A). The
individual maximum concentration of compound A
was 19.7 (4.3) (14.1-27.4) ppm in the 1L group, 8.1
(2.7) (4.6-11.5) ppm in the 3L group and 2.1 (1.0)
(1.1-3.9) ppm in the 6L group (P < 0.05) (table 2).
There were no differences between groups in end-
tidal sevoflurane concentration when individual
maximum concentrations of compound A were
observed (table 2).

The individual maximum temperature of the soda
lime was 44.6 (1.5) °C in the 1L group, 37.0 (4.4) °C
in the 3L group and 29.1 (5.1) °C in the 6L group (P
< 0.05) (table 2). The concentration of compound A
in the circle system at each measurement point was
highest in the 1L group, followed by the 3L group
and then the 6L group (P < 0.05) (fig. 1).

End-tidal sevoflurane concentration ranged from
1.0% to 2.4% for the three groups, with no
significant difference between the groups. The mean
volume of carbon dioxide eliminated by the patient
varied from 88.3 to 217.0 ml min"1 between the three
groups; the differences were not statistically signifi-
cant.

1 2 3
Anaesthesia time (h)

Figure 1. Comparison of concentrations of compound A at fresh
gas flows of 1 (O)» 3 (#) and 6 ( • ) litre min"1 (mean, SD). * P
< 0.05 vs 3 litre min"1 and 6 litre min"1; t P < 005 vs 6 litre
min"1. n = 8 in each group.

Table 2. Maximum compound A concentration, corresponding end-tidal sevoflurane concentration and maximum
temperature of soda lime (mean (SD)). Corresponding end-tidal sevoflurane concentration = end-tidal sevoflurane
concentration when individual maximum compound A concentrations were observed. Significant differences (P <
0.05): * compared with 3-litre min*1 and 6-litre min"1 groups; f compared with 6-litre min"1 group.

Maximum compound
A concn (ppm)

Corresponding
end-tidal sevoflurane
concn (%)

Maximum temperature
of soda lime (°C)

1 litre min '
3 litre min"1

6 litre min"1

19.7 (4.3)*
8.1 (2.7)t
2 1 (1.0)

2.0 (0.3)
1.9(0 3)
1.8 (0.3)

44.6 (1.5)*
37.0 (4.4)t
29.1 (5.1)
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Discussion

The concentration of compound A was highest in the
1L group and lowest in the 6L group. It is known
that the generation of degradation products is
increased at high temperatures of soda lime [5-7]. In
this study, the concentration of compound A was
increased at low flow rates, which are associated with
higher temperatures of soda lime. In addition, it can
be assumed that compound A accumulates in the
circle system at low flow rates.

The following factors have been shown to affect
concentrations of degradation products. (1) The
temperature of soda lime [5-7], (2) fresh gas flow, (3)
the patient's carbon dioxide elimination, (4) con-
centration of sevoflurane in the circle system [3, 4],
(5) type of carbon dioxide absorbent used [3, 8, 9],
(6) freshness of the absorbent [9] and (7) water
content of absorbent [10, 11]. In the present study,
(5)-(7) were deliberately kept constant; there was no
significant difference between groups for (3) and (4).
Therefore the only variable was fresh gas flow and
the consequent change in soda lime temperature.
However, the reduction in concentration of degra-
dation product, as the flow increased, would be
caused partly by reduced carbon dioxide absorp-
tion/lower temperature of soda lime and partly by
greater washout of the degradation product.

The LC ô value of compound A in rats is 331
(7) ppm with inhalation for 3 h, 203 (4) ppm with
inhalation for 6h and 127 (9) ppm with inhalation
for 12 h [13, 14]. The concentrations of compound A
measured in the present study were lower than the
LQa for rats at all flow rates. Sevoflurane anaesthesia
has been administered to more than 1 million
patients in Japan, and no organic disorders thought
to result from anaesthesia have been reported.
However, as anaesthesia is generally performed at a
flow rate of 6 litre min"1 in Japan, the safety of
sevoflurane anaesthesia at low flow rates has yet to be
confirmed. It has been reported that no abnormalities
are seen in laboratory tests of renal and hepatic
function after sevoflurane anaesthesia at low flow
rates [9, 15] or closed circuit [16]. However, further
studies on the safety of sevoflurane anaesthesia at
low fresh gas flows are warranted.
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