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Background: Sevoflurane is a new volatile anesthetic with
physical properties that should make it suitable for anesthesia
in children. In this study, the minimum alveolar concentration
(MAC) of sevoflurane in oxygen alone and in 60% nitrous ox-
ide, the hemodynamic, induction and emergence responses
to sevoflurane and the metabolism to inorganic fluoride were
studied in 90 ASA physical status 1 or 2 neonates, infants, and
children.

Methods: MAC of sevoflurane in oxygen was determined in
six groups of subjects stratified according to age: full-term
neonates, infants 1-6 and > 6-12 months and children > 1~
3, > 3-5 and > 5-12 yr. MAC in 60% nitrous oxide was deter-
mined in a separate group of children 1-3 yr of age. After an
inhalational induction, the trachea was intubated (except for
neonates in whom an awake intubation was performed). MAC
for each age group was determined using the Up-and-Down
technique of Dixon.

Results: MAC of sevoflurane in neonates, 3.3 + 0.2% and in
infants 1-6 months of age, 3.2 *+ 0.1%, were similar; MAC in
older infants 6-12 months and children 1-12 yr was constant
at =~ 2.5%; MAC of sevoflurane in 60% nitrous oxide in children
1-3 yr of age was 2.0 * 0.2%. Systolic arterial pressure de-
creased significantly at 1 MAC before skin incision compared
with awake values in all subjects except children 1-3 yr with
60% nitrous oxide and children 5-12 yr in oxygen, and then
returned toward awake values after skin incision. Heart rate
was unchanged at =~ 1 MAC sevoflurane before incision com-
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pared with awake values in all subjects except children > 3-
5and > 5-12 yr in whom heart rate increased before incision.
Induction of anesthesia, particularly with respect to airway
irritability, and emergence from sevoflurane anesthesia were
not remarkable. The plasma concentration of inorganic flu-
oride reached maximum values (8.8-16.7 um) 30 min after dis-
continuation of anesthesia.

Conclusions: We conclude that sevoflurane appears to be a
suitable anesthetic agent for use in neonates, infants and chil-
dren undergoing < 1 h of anesthesia. (Key words: Anesthesia:
pediatric. Anesthesia, cardiovascular effects: blood pressure;
heart rate. Anesthetics, volatile: sevoflurane. Complications:
airway. Metabolism: fluoride. Potency: minimum alveolar
concentration.)

SEVOFLURANE, a volatile ether inhalational anesthetic,
possesses several properties including low blood and
tissue solubility, nonpungency, nonflammability, and
limited cardiorespiratory depression that may be de-
sirable for use in infants and children.'~?

Previous studies of halothane, isoflurane and desflur-
ane have shown that MAC increases as age decreases in
adulthood and childhood, reaching a maximum value
in infancy and decreasing thereafter in the neonatal age
range.‘” In the case of sevoflurane, however, only the
MAC in adults, 1.7-2.05%,*° and in children 3-5 yr,
2.5%,'° have been determined. Although the MAC of
sevoflurane in children is greater than that in adults,
the relationship between the MAC of sevoflurane and
age over the entire age range between nconates and
children 12 yr of age or younger remains undetermined.
In order to compare the physiologic effects of sevo-
flurane with those of other inhalational anesthetics at
equipotent MAC values, the MAC of sevoflurane must
be determined in neonates, infants and children.

Sevoflurane is a methyl isopropyl ether anesthetic
with a trifluorinated methyl group on the « carbon
atom. As a result of its chemical structure, sevoflurane
is susceptible to degradation by hepatic microsomal
enzymes P450IIE1 with the release of inorganic fluo-
ride into the circulation.!"'§ Because increased plasma
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concentrations of inorganic fluoride arc associated with
an impaired renal-concentrating capability, we also
measured the plasma concentration of inorganic fluo-
ride in all infants and children exposed to sevoflurane.

Materials and Methods

After institutional approval and informed consent
from the parents, 90 healthy full-term neonates, infants
and children were studied. All infants and children
were fasted, nonpremedicated, ASA physical status 1
or 2 and scheduled for either urgent surgery in the case
of neonates (general surgery) or elective surgery (uro-
logic (excluding kidney surgery), general, plastic and
orthopedic) in the cases of older infants and children.

The MAC of sevoflurane in oxygen was determined
in six groups of subjects who were stratified according
to age: full-term neonates (< 30 days), infants 1-6 and
> 6-12 months of age and children > 1-3, > 3-5 and
> 5-12 yr of age. The MAC of sevoflurane in 60% ni-
trous oxide was determined in a separate group of chil-
dren 1-3 yr of age.

Exclusion criteria included:

1. anticipated anesthetic time to exceed 1 h
anticipated blood loss to exceed 10% of the sub-
ject’s blood volume

3. asthma, pneumonia, or bronchospastic lung disease,
or difficult intubation

4. congenital heart disease, central nervous system
disease (retardation, seizures, cerebral palsy, or hy-
drocephalus)

5. gastrointestinal disease (gastroesophageal reflex),
renal dysfunction or disease, muscle disease (ma-
lignant hyperthermia), metabolic disease (glycogen
storage disease or diabetes), obesity (> 20% above
ideal body weight), or hepatitis

6. use of medication (Z.e., anticonvulsants, opioids,
barbiturates, or sedatives), antibiotics (tetracycline,
gentamicin, cephaloridine, polymyxin, or any other
antibiotic that may be nephrotoxic), drugs that in-
duce hepatic enzymes (phenobarbital, phenytoin,
or isoniazid), or any other drugs known to affect
MAC.

Upon arrival in the operating room, all subjects were
monitored with an electrocardiogram, precordial
stethoscope, automated blood pressure cuff, hemoglo-
bin oxygen saturation (Spe,) probe, and axillary tem-
perature probe. For neonates and infants, body tem-
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perature was maintained by preheating the operating
room, and by using a heating blanket, an overhead ra-
diant heater and plastic sheets to cover exposed skin.
A Humid-vent (Gibeck, Sweden) was interposed be-
tween the fresh gas sleeve and the elbow connector in
the Ayre’s T-piece anesthetic circuit for all subjects.

For nconates, the trachea was intubated with the in-

fant awake. After the airway was secured, anesthesia
was induced by inhalation of sevoflurane in oxygen
and air (inspired oxygen fraction = 30-40%), increas-
ing the inspired concentration of sevoflurane in step-
wise increments of 1.5% every three breaths until the
desired level of anesthesia was achieved. For all subjects
> 1 month of age, anesthesia was induced by inhalation
of sevoflurane in oxygen, increasing the inspired con-
centration of sevoflurane in stepwise increments of
1.5% every three breaths up to a maximum of 7%. For
the separate group of children 1-3 yr in whom the
MAC of sevoflurane in nitrous oxide was measured,
ancsthesia was induced by inhalation of sevoflurane in
60% nitrous oxide and oxygen. When the depth of
anesthesia was judged to be appropriate, the trachea
was intubated with a tracheal tube appropriate for the
subject’s age.

For all subjects, anesthesia was delivered via an Ayre’s
T-piece with the Jackson Rees modification. Ventilation
was assisted manually as soon as the eyelash reflex
was lost. Intravenous access was secured and lactated
Ringer’s solution was infused at a rate of 4-8
ml kg™ - h™'. Cuffed tubes were used for children = 8
yr of age. The lungs were then mechanically ventilated
with an Air Shields Ventimeter ventilator at a respiratory
rate and fresh gas flow (minimum of 2 1-min™") to
maintain normocapnia (end-tidal carbon dioxide ten-
sion 35-45 mmHg). Positive end-expiratory pressure
was avoided. All subjects were supine and horizontal
throughout the study.

All sevoflurane and carbon dioxide gas concentrations
were sampled continuously through a 16- or 19-G
catheter inserted through the elbow of the breathing
circuit to the distal end of the tracheal tube.'? Gas con-
centrations were analyzed by a Capnomac Ultima gas
analyzer (nominal sample flow rate of 200 ml - min™")
(Datex, Helsinki, Finland) that was calibrated imme-
diately before each study using a cylinder that con-
tained a mixture of gases of known concentrations.

The end-tidal concentration of sevoflurane admin-
istered to the first subject in each of the neonate and
two older-infant age groups was 2.40%; the concen-
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tration administered to the first subject in each of the
age groups = 1 yr of age was 1.90-2.40%.” The car-
rier gas for all anesthetics up to the time of the skin
incision included an air—-oxygen mixture for neonates
and oxygen for infants and children. The end-tidal
concentrations of sevoflurane administered to all
subsequent subjects in their respective age group
were determined by the response of the preceding
subject: if the preceding subject had moved, the sev-
oflurane concentration was increased by 0.2% for the
next subject, whereas if the preceding subject had
not moved, the concentration was decreased by
0.2%. After the desired end-tidal concentration of
sevoflurane was maintained for at least 10 min, the
skin was incised with a scalpel blade and the move-
no-move response recorded. A move response was
defined by withdrawal of a hand or foot within 60 s
of skin incision.

After skin incision, anesthesia was maintained with
sevoflurane, 60% nitrous oxide and the balance as ox-
ygen for all infants and children except for neonates
in whom bowel obstruction was suspected. In those
neonates, nitrous oxide was avoided and air was added
to the fresh gas mixture to maintain a Spo, between 90
and 95%. The end-tidal concentration of sevoflurane
during maintenance was that concentration used for
the MAC study if the subject had not moved or 20%
greater than that if the subject had moved. During the
operative period, temperature was maintained between
36.5 and 37.5° C. If neuromuscular blockade was re-
quired, 0.05-0.1 mg-kg™' vecuronium was adminis-
tered intravenously.

Before the end of surgery, a regional nerve block
(caudal or epidural) using a maximum of 2.5 mg- kg™
bupivacaine was administered whenever appropriate.
When vecuronium had been administered, its neuro-
muscular effects were antagonized with neostigmine
40 pg- kg™ and atropine 20 pg- kg™' intravenously at
the conclusion of surgery. Sevoflurane and nitrous ox-
ide were discontinued simultaneously at the conclu-
sion of anesthesia. Ventilation of the lungs continued
either mechanically or manually until extubation. The
trachea was extubated when the gag reflex had re-
turned, the subjects were breathing spontaneously and
making purposeful movements. Acetaminophen (ad-
ministered in a dose of 10-20 mg-kg™' per rectum)
or morphine (administered in a dose of 0.05 mg - kg™*
intravenously) was given as required in the recovery
room for pain.

Anesthesiology, V 80, No 4, Apr 1994

MAC was determined using the Up-and-Down tech-
nique as described by Dixon.'* Each subject contrib-
uted one datum point toward the measurement of MAC
for the age group. Although the response of cach subject
was recorded, the determination of MAC for each age
group began only after the first pair of opposite re-
sponses to skin incision of the subjects within the re-
spective age group. Twelve subjects were used to de-
termine the MAC in each age group, except for infants
1-6 months of age, for which 8 subjects were accepted.
MAC was the mean of the concentrations of the patients
in the specific age group. The standard error of MAC
was the standard deviation of the mean concentrations
of the three subgroups within each age group. A
subgroup was defined as 4 sequential subjects.

Bascline measurements of systolic, diastolic, and
mean arterial blood pressures, heart rate, Spo,, and
temperature were recorded at three times: awake, at
the steady-state end-tidal concentration of sevoflurane
before skin incision, and at the same steady state con-
centration approximately 1 min after skin incision (at
the peak hemodynamic response to incision). In ad-
dition, heart rate, systolic blood pressure, Spo,, end-
tidal carbon dioxide, respiratory rate, and temperature
were recorded every 2 min before incision, at 1-min
intervals for 5 min after incision, and then every 5 min
until the end of surgery.

The incidence of moderate and severe airway reflex
responses including breathholding (> 15 s), coughing
(more than two episodes), laryngospasm (> 5 s of pho-
nation or inability to ventilate), bronchospasm (bilat-
eral wheezing), and secretions (requiring suctioning),
in addition to the incidence of excitement (nonpur-
poseful movement requiring restraint), hypotension (>
30% decrease in systolic blood pressure at =~ 1 MAC
preincision compared with awake values), and Spo, <
90% were recorded during both induction of anesthesia
and emergence from anesthesia. The times from in-
duction of anesthesia to loss of the eyelash reflex and
to tracheal intubation and from discontinuation of
anesthesia until eye opening, extubation and full re-
covery (defined as fully alert, oriented [where appli-
cable], without excess pain or discomfort, and with
stable vital signs) after discontinuation of sevoflurane
were recorded.

During emergence, the end-tidal concentration of
sevoflurane (¥,) was recorded on a Psion LZ64 com-
puter every 10 s until extubation.'® The washout of
sevoflurane for each age group was the mean of the
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ratios of the F, to the end-tidal concentration of sevo-
flurane at the time of discontinuation of anesthesia
(Fro) for each subject within an age group calculated
every 10 s from discontinuation of anesthesia until tra-
cheal extubation. The F,/F,o ratios for the seven age
groups were compared at 2 and 5 min after discontin-
uation of anesthesia.

Three milliliters of blood were obtained from an in-
dwelling intravenous catheter at the time of induction
of anesthesia, discontinuation of anesthesia and at 30,
60, 90, 120 and 240 min thereafter for measurement
of the plasma concentration of inorganic fluoride. Each
blood sample was heparinized and centrifuged within
1 h of collection. The supernatant plasma was separated
and then frozen in a sealed plastic tube at —20° C until
analysis. The concentration of inorganic fluoride in the
plasma was determined using a fluoride specific ion
analyzer, reverse-phase high-performance liquid chro-
matography, and a flame-ionization detector. The spec-
ifications of the assay were as follows: minimum de-
tectable concentration of inorganic fluoride of 1 um,
cocefficient of variation of intrabatch measurements of
7.9% and coefficient of variation of interbatch mea-
surements of 8.6%.

The exposure to sevoflurane (MAC - hours) was the
area under the MAC-time profile for each subject. The
number of MAC - hours was calculated as the sum of
the products of the end-tidal concentration of sevo-
flurane and the time exposed to that concentration for
the period between intubation and extubation. The
MAC - hour for each age group was the average of the
MAC - hour measurement for all subjects within that
age group.

Results are reported as means =+ standard deviation.
Parametric data were analyzed using one-way analysis
of variance and the Newman-Keuls multiple-compari-
son test for between group differences in the lowest
Spo,, times to loss of eyelash reflex and intubation, du-
ration of anesthesia, times to extubation, eye opening
and full recovery (i.e., satisfies discharge criteria from
recovery room), and the MAC - h exposure to sevoflur-
ane. Repeated-measures analysis of variance and the
Newman-Keuls test were used for within-group differ-
ences of systolic arterial pressure and heart rate awake,
at == 1 MAC before skin incision and at == 1 MAC after
skin incision. Nominal data, including the incidences
of all airway reflex responses during both induction
and emergence and the incidences of Spo, < 90%, hy-
potension, and arrhythmia, were analyzed using chi-
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square analysis and Fisher’s exact test. P < 0.05 was
accepted for statistical significance.

Results

Ninety infants and children were enrolled in this
study. The demographic data and induction character-
istics from the 68 subjects who were included in the
determination of MAC in oxygen and from the 12 chil-
dren 1-3 yr of age who were included in the deter-
mination of MAC in the presence of 60% nitrous oxide
and 40% oxygen are presented in table 1. The 10 sub-
jects who were enrolled before the first pair of opposite
responses to skin incision in their respective age groups
were not included in the data analysis. However, the
induction, emergence, and hemodynamic responses of
these 10 subjects to sevoflurane did not differ from the
data presented below.

The individual responses to skin incision in each age
group are shown at their respective end-tidal concen-
trations of sevoflurane (fig. 1). The mean (£ standard
deviation) MAC of sevoflurane in oxygen was greatest
in neonates and infants 1-6 months of age (figs. 1 and
2). The MAC in infants and children between 6 months
and 12 yr of age was approximately 25% less than that
in neonates. The MAC of sevoflurane in 60% nitrous
oxide in children 1-3 yr of age, 2.0 = 0.18%, was 24%
less than that in oxygen in children of the same age
range (figs. 1 and 2).

Induction of anesthesia with sevoflurane was smooth
and uncomplicated in all infants (n = 20) and children
(n = 48). In those subjects anesthetized with sevo-
flurane in an oxygen-air mixture, coughing occurred
in one infant 6-12 months of age and excitement oc-
curred in 2 children 1-3 yr of age, in 5 children 3-5
yr of age and in 2 children 5-12 yr of age. In those
children anesthetized with sevoflurane in 60% nitrous
oxide, excitement occurred in one child, and Sp, de-
creased to less than 90% in another. Apnea did not oc-
cur in any subjects.

The times from application of the face mask to loss
of the eyelash reflex and intubation increased with in-
creasing age (table 1).

Compared with awake values, systolic arterial pres-
sure decreased significantly at =~ 1 MAC sevoflurane in
oxygen before skin incision in all infants and children
up to 5 yr of age (fig. 3). The decrease in systolic pres-
sure was greatest in the youngest subjects and decreased
with increasing age (table 1). Hypotension, defined as
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Fig. 1. The individual subjects’ response (filled circle) to skin
incision at their respective end-tidal concentrations of sevo-
flurane. The responses shown for the subjects in each age
group include all of the responses beginning with the first
pair of opposite responses to skin incision. MAC (mean =* stan-
dard error) of sevoflurane for each age group is indicated (ar-
row).

= 30% decrease in systolic arterial pressure compared
with awake values, also occurred more frequently in
neonates and infants (27-66% of subjects) than it did
in children 1-12 yr of age (0-8% of subjects) (table
1). Two of the neonates who developed hypotension
were treated with 6 and 11 ml/kg, respectively, of
Ringer’s lactate. The remainder of the subjects did not
require fluid resuscitation during the anesthetic. Sys-
tolic pressure returned toward awake values after skin
incision but remained less than awake values in neo-
nates and infants 6—12 months of age. Systolic pressure
was maintained at ~ 1 MAC sevoflurane in children 5-
12 yr and in those 1-3 yr who received 60% nitrous
oxide.

Compared with awake values, heart rate remained
unchanged at = 1 MAC before skin incision in all in-

Anesthesiology, V 80, No 4, Apr 1994

35 -
\
3.0 |
R
{
20L *
L I AT | 2 23l i sl n " 21l
01 0.1 1.0 10 100

Age (yr)
Fig. 2. The mean (* standard deviation) end-tidal concentra-
tion of sevoflurane in oxygen for each of the six age groups
from neonates to older children up to 12 yr of age. The data
for MAC at 30 yr of age were obtained from reference 9.

fants and children up to 3 yr of age (fig. 4). In children
3 yr and older, heart rate increased significantly above
awake values at =~ 1 MAC sevoflurane before skin in-
cision. Nodal rhythm occurred in two subjects during
the study: in one child in the 1-3-yr age group (sev-
oflurane in oxygen) before skin incision that lasted 4
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60 |- {__ — { " 35y
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AWAKE PRE-INCISION POST-INCISION

Fig. 3. Systolic arterial pressure (mean + standard error of the
mean) for each of the six age groups while awake and at = 1
MAC sevoflurane before and after skin incision. Systolic pres-
sure decreased significantly at =~ 1 MAC compared with awake
values in all infants and children except children 1-3 yr of
age with nitrous oxide and children 5-12 yr of age (P < 0.05).
Systolic pressure returned toward awake values after skin in-
cision but remained significantly less than awake values in
the neonate and 6-12-month age groups (P < 0.025).
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Fig. 4. Heart rate (mean + standard error of the mean) for
each of the six age groups while awake and at =~ 1 MAC sev-
oflurane before and after skin incision. Heart rate was un-
changed at = 1 MAC compared with awake values in all infants
and children except children 3-5 and 5-12 yr of age. In these
two groups of children, heart rate increased significantly (P
< 0.017) at ~ 1 MAC compared with awake values.

min and twice in a second child in the 5-12-yr age
group: first before the skin incision lasting 16 min and
a second 18 min after skin incision lasting 13 min.
Neither of these children required therapeutic inter-
vention for the treatment of the arrhythmia. Sinus
rhythm resumed spontaneously in both instances de-
spite the continued use of sevoflurane. Bradycardia did
not occur in any subjects.

During the maintenance period, systolic arterial
pressure and heart rate were maintained within 20%
of baseline measurements. There were no episodes of
hypotension, hypertension, or arrhythmia.

Emergence from anesthesia was rapid (table 2). There
were no airway reflex responses during emergence ex-
cept for one episode of postextubation apnea in a ne-
onate. The trachea was reintubated and then extubated
shortly thereafter. The mean (= standard deviation) F,/
Fao of sevoflurane for all age groups, measured at 2 and
5 min after discontinuation of sevoflurane were 0.23
+ 0.06 and 0.16 * 0.05 respectively (table 2).

Nausea could not be assessed in infants and children
< 3 yr of age. The incidence of nauseca in children 3-
5 yr was 17% and in children 5-12 yr was 50%. Vom-
iting was not assessed in neonates because all but one
subject underwent gastrointestinal surgery for partial
or complete bowel obstruction. The incidence of vom-
iting for all infants > 1 month old and children was
22% during the first 24 h after anesthesia (table 2).
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The mean plasma concentrations of inorganic fluoride
at induction of anesthesia ranged from 0-3.5 um (fig.
5). The mean plasma concentrations of inorganic flu-
oride reached maximum values between 8.8 and 16.7
pM 30 min after discontinuation of sevoflurane (table
2) and decreased toward baseline concentrations dur-
ing the subsequent 3.5 h (fig. 5). There was a poor
correlation between the peak plasma concentration of
inorganic fluoride and the MAC - h of sevoflurane (r* =
0.15).

Discussion

We investigated the pharmacology of sevoflurane in
neonates, infants and children to determine whether
this drug has a role in pediatric anesthesia. Sevofiurane
facilitated a rapid induction of anesthesia, without ir-
ritating the airway, provided stable hemodynamics
during maintenance and facilitated a rapid recovery
from anesthesia. Although other ether inhalational an-
esthetics provide stable hemodynamics during mainte-
nance and a rapid recovery in children, sevoflurane is
the only ether anesthetic that also facilitates a smooth
induction of anesthesia when it is administered by
mask.

We found that the MAC of sevoflurane remained con-
stant for neonates and infants < 6 months of age, 3.2~
3.3%, and then decreased to 2.5% in infants > 6-12
months of age where it remained unchanged in children
up to 12 yr (fig. 2). Our value for the MAC of sevo-
flurane in children 3-5 yr of age is consistent with the
published data for the same age group, 2.49 + 0.08%.'°
Previous studies have described the relationship be-
tween MAC and age for other inhalational agents.*~”
For halothane, isoflurane and desflurane, MAC increased
throughout infancy to a maximum value and decreased
thereafter as age increased throughout childhood and
adulthood. In the case of sevoflurane however, MAC is
almost independent of age except for the 25% decrease
in MAC during infancy (fig. 2). The explanation for the
difference in the relationship between MAC and age
for sevoflurane remains unclear.

We estimated the MAC of sevoflurane using the Up-
and-Down technique described by Dixon.'* Previous
studies of the MAC of halothane®* and isoflurane® were
determined using the same technique, although more
recently the MAC values of desflurane in children”'®
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Fig. 5. The mean (+ standard error of the mean) plasma con-
centration of inorganic fluoride for up to 4 h after discontin-
uation of sevoflurane for each age group. Inorganic fluoride
reached a maximum plasma concentration (8.8-16.7 um) after
0.82 MAC- h sevoflurane 30-60 min after discontinuation of
the sevoflurane. The plasma concentration decreased rapidly,
to < 10 uM within 4 h.

and the elderly'® were determined using both the tech-

nique of Dixon and logistic regression. In all three
studies, the mean and variance of MAC as determined
by logistic regression were similar to those determined
by the technique of Dixon. We concluded that these
data supported the continued use of Dixon’s Up-and-
Down technique.

Published studies have suggested that the MAC-re-
ducing effect of nitrous oxide is proportional to the
concentration of nitrous oxide. In adults, 60% nitrous
oxide decreases the MAC of isoflurane and desflurane
by approximately 60%.'”"'® Does this MAC-reducing ef-
fect of nitrous oxide also hold true for children? Sixty
percent nitrous oxide decreases the MAC of halothane
in children by 60%,'? that of isoflurane by 40%%° and
that of desflurane by only 20%'® compared with the
respective MAC values in oxygen. In this study, 60%
nitrous oxide decreased the MAC of sevoflurane in chil-
dren 1-3 yr of age by only 24% (from 2.6% to 2.0%),
an amount between its effects on isoflurane and des-
flurane.'>?° These data suggest that the MAC-reducing
effect of nitrous oxide in children is attenuated in the
presence of less soluble inhalational anesthetics. Al-
though the mechanism of this effect is unclear, it may
represent competition between nitrous oxide and the
insoluble anesthetics at the site of action. Age-related
differences in the MAC of nitrous oxide cannot explain
the different effect of nitrous oxide on the MAC of in-

Ancsthesiology, V 80, No 4, Apr 1994

halational anesthetics as the age of the children was
similar in these comparisons. Further studies are war-
ranted to clarify this issue in children.

The hemodynamic responses to =~ 1 MAC sevoflurane
appear to be similar to those reported previously for
=~ 1 MAC halothane and ~ 1 MAC desflurane.®” In the
presence of ~ 1 MAC sevoflurane, the decreases in
systolic arterial pressure were inversely related to age:
greatest in the youngest subjects and least in the oldest
subjects (table 1 and fig. 3). These decreases are less
than those observed with desflurane in infants and chil-
dren.” Heart rate was maintained at awake values even
after 1 MAC in infants, although it decreased =~ 20%
in older children (fig. 1). Arrhythmia (nodal) was un-
common (3% incidence), and bradycardia was not ob-
served. Hemodynamic homeostasis as reflected in the
systolic arterial pressure and heart rate, appears to be
maintained in infants and children up to =~ 1 MAC sev-
oflurane.

The smooth induction characteristics of sevoflurane
in 100% oxygen support its suitability for use as an
induction agent in children.! Airway reflex responses
during both induction of and emergence from sevo-
flurane anesthesia in the presence of oxygen are similar
to those reported after halothane anesthesia in the
presence of nitrous oxide.?'

Although the speed of induction of anesthesia should
be similar with all inhalational anesthetics when the
overpressure technique is used, the rate of washout of
anesthetics from the body varies inversely with the sol-
ubility of inhalational anesthetics in blood; that is, for
anesthetics that are metabolized to similar extents, the
greater the solubility, the slower the washout. This has
been substantiated in adults in whom the washout of
sevoflurane (blood—gas partition coefficient, 0.66) was
between those of desflurane (blood-gas partition coef-
ficient, 0.42) and isoflurane (blood-gas partition coef-
ficient, 1.4).?? In this study, the washout of sevoflurane
was slower than that of desflurane, as evidenced by F,/
Fjo ratios in infants and children (table 2).%* This is
consistent with the relative speed of washout of sevo-
flurane and desflurane in adults.

Rapid emergence from sevoflurane anesthesia should
follow the rapid washout of this anesthetic from the
body. When the times to eye opening, response to
commands and discharge from the recovery room were
used to estimate the speed of emergence from sevo-
flurane anesthesia, we found that the emergence from
sevoflurane anesthesia for all subjects was rapid, al-
though not as rapid as after desflurane anesthesia.”
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Several possible explanations may account for this dif-
ference between the two anesthetics. First, the solu-
bilities of sevoflurane in blood and tissues are greater
than those of desflurane.?* With the duration of anes-
thesia lasting < 1 h, the anesthetic will be present pri-
marily in the vessel-rich tissues and muscle. The mag-
nitude of the differences in solubilities between the
two anesthetics is substantial, (50% in the case of
blood) and somewhat less in the case of the vessel-rich
group and muscle. These differences will contribute
to a delay in the washout of sevoflurane compared with
desflurane. Second, a caudal block was administered
to most of the subjects in this study whereas a regional
block was not administered to the subjects in the des-
flurane study.”* Afferent nociception is a potent stim-
ulus for wakefulness and in its absence, emergence
from anesthesia may be delayed. Thus, the slower re-
covery times after sevoflurane anesthesia may be ex-
plained in part, by differences in physicochemical
properties between scevoflurane and desflurane al-
though the magnitude of this difference may have been
exaggerated by the difference in pain management in
the two studies.

Sevoflurane is metabolized by the liver enzyme cy-
tochrome P450I1E1 with the release of inorganic flu-
oride.'"§ Small plasma concentrations of inorganic
fluoride are probably not toxic to the renal tubules of
healthy subjects, although concentrations in excess of
50 um such as those reported after methoxyflurane
anesthesia have been associated with a renal-concen-
trating defect in adults.®*' The range of peak plasma
inorganic fluoride concentrations in our subjects was
8.8-16.7 uMm. These values are less than those reported
previously with methoxyflurane in children® but ex-
ceed those reported previously with enflurane in chil-
dren after =~ 1 MAC-h exposure.?® Because the ex-
posure to sevoflurane in this study was limited to a
brief period (= 1 MAC- h), we were unable to deter-
mine whether the peak concentration of inorganic flu-
oride varics directly with the duration of exposure to
sevoflurane. Within the context of this study design,
our data indicate that plasma concentrations of inor-
ganic fluoride remain small and below any putative
“nephrotoxic’ threshold after a brief (=~ 1 MAC-h)
exposure to sevoflurane. Further studies are warranted
to characterize the metabolism of sevoflurane to inor-
ganic fluoride after extended exposure to sevoflurane
in children.

In summary, the clinical pharmacology of sevoflurane
was investigated in 80 neonates, infants and children.

Ancsthesiology, V 80, No 4, Apr 1994

MAC in neonates and infants 1-6 months of age was
3.2-3.3% whereas that in infants 6 months to 12 yr of
age was 2.5-2.6%. The smooth induction and recovery
characteristics suggest that sevoflurane is suitable as an
induction agent in infants and children. Circulatory
stability was maintained at =~ 1 MAC sevoflurane in all
age groups. The peak plasma concentrations of inor-
ganic fluoride in infants and children who were anes-
thetized with =~ 1 MAC- h sevoflurane were one-third
the purported nephrotoxic threshold reported for me-
thoxyflurane in adults.?!
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