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Anesthetic Requirements for Halothane in Young Children
O—1 Month and 1-6 Months of Age

J. Lerman, M.D., F.A.C.P.(C),” S. Robinson, M.D.,+ M. M. Willis, B.S.,1 G. A. Gregory, M.D.

In a previous study, the authors found that infants, in the first
6 months of life, required the highest minimum alveolar concen-
tration (MAC) of any age group (1.09% halothane). Because only
two neonates (0-31 days of age) were included in the original study
and because profound depression of blood pressure and heart rate
have been reported in neonates, the authors determined 1) whether
the MAC of halothane in neonates (n = 12) differs from that in
infants (1-6 months of age) (n = 12) and 2) whether the blood
pressure and heart rate responses in neonates differ from those in
infants at approximately 1 MAC. The authors found that the MAC
of halothane in neonates, 0.87% = 0.03 SEM, was significantly lower
(P < 0.01) than that in infants, 1.20% =+ 0.06 SEM. With induction
of anesthesia, the systolic blood pressure decreased 23% in neonates
(P < 0.05) and 34% in infants (P < 0.005) from awake values.
Similarly, the heart rate decreased 12% in neonates and 22% in
infants (P < 0.05). The incidence of hypotension (>30% decrease
in systolic blood pressure from awake) in neonates, 33%, was not
significantly different from that in infants, 44%. The authors con-
clude that the MAC of halothane in neonates is 25% less than that
in infants and significantly less than was thought previously. The
MAC in infants is the highest of any age group. The decrease in
blood pressure and the incidence of hypotension in neonates are
similar to those in infants at approximately 1 MAC of halothane.
(Key words: Anesthesia: neonatal, pediatrics. Anesthetics, volatile:
halothane. Blood pressure: drug effects. Heart: pulse rate. Potency,
anesthetic;: MAC).

MAC, AN ESTIMATE of anesthetic requirement, is that
alveolar concentration of anesthetic at which 50% of the
patients move in response to a single stimulus (skin in-
cision). Of the many factors known to influence MAC,
age is one of the most important. As age increases from
the newborn to the elderly, MAC steadily decreases.'™
Although we previously demonstrated that infants in the
first 6 months of life had the highest MAC, we included
only two neonates in our original study.? Furthermore,
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we recently reported that the MAC of term fetal lambs
was only one fourth that of 12-h-old lambs.® Because of
these two observations, we suspected that the MAC of
neonates had been overestimated.

The relationship between age and anesthetic require-
ment is of concern because of the relationship between
anesthetic dose and the depression of vital signs. Several
investigators compared the depression of blood pressure
and heart rate in neonates and infants at equal anesthetic
concentrations and clearly demonstrated more circulatory
depression in neonates than in infants.*®” Based on these
studies, investigators have concluded that at MAC, ne-
onates are more prone to circulatory depression than
older infants. However, it is possible that the MAC of
halothane in neonates is lower than was thought previ-
ously. Because of this and because of the significant con-
cern over circulatory depression in neonates under anes-
thesia, we determined whether the MAC of neonates is
the same as that of infants and whether the blood pressure
and heart rate responses in neonates and infants differ
at equipotent concentrations of halothane.

Materials and Methods

Twenty-four unmedicated patients, ASA 1 and 2, were
divided equally into two groups according to age: neonates
0-31 days of age and infants 1-6 months of age. The
neonates were at least of 37 weeks gestation at the time
of admission into this study. All patients were NPO for
approximately 4 h preoperatively. None of the patients,
nor their mothers, were receiving medications at the time
of this study.

The operating theater was warmed to approximately
25°C before each patient arrived. Patients were moni-
tored in the routine fashion, including arterial blood
pressure (doppler), electrocardiogram, and temperature.
Blood pressure and heart rate measurements were re-
corded at three times: 1) before induction of anesthesia,
2) at a steady state end-tidal halothane concentration be-
fore skin incision, and 3) at the maximum heart rate
during the 2 min following skin incision. After endotra-
cheal intubation, either awake or with halothane and ox-
ygen, a steady state end-tidal halothane concentration
was established and maintained for approximately 10-
15 min.® For neonates of less than 42 weeks gestation
age, a mixture of air and oxygen® was used as the carrier
gas. The end-tidal halothane concentration was sampled
through an 8-in 19-ga catheter, whose tip was placed at
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TABLE 1. Demographic Data for Neonates (n = 12)
and Infants (n = 12)
Mean Age Hematocrit Temperature*
Group {mos) Weight (kg) (vol %) (°C)
Neonates | .32 .3 349 44 = 9 36.6 £ 0.6
Infants 33+13 | 48*1.2 34 4 36.6 + 0.7

Data are means = SD.
* The temperatures were measured at the time of MAC measure-
ments.

the tracheal end of the endotracheal tube. The dead
space of the collection system was flushed repeatedly be-
fore collecting each sample. The gas samples were ob-
tained by aspirating 1-ml aliquots of end-tidal gas per
breath. The gas was collected in a glass syringe fitted
with a nylon stopcock and analyzed immediately by a
mass spectrometer (Chemetron, Med-Spec I1). In those
patients receiving halothane in 100% oxygen, the con-
centrationn of nitrogen in each gas sample was determined
to preclude air contamination. Samples containing >1.0%
nitrogen were repeated. Continuous end-tidal carbon
dioxide concentrations were measured. End-tidal carbon
dioxide concentrations ranged from 30-50 mm Hg dur-
ing the study period. To achieve adequate end-tidal vol-
umes for sampling, each patient was ventilated manually
or mechanically.

The technique used to determine MAC is adapted from
the *“Up and Down Technique” by Dixon.'® The objective
of this technique is to bracket an end-tidal concentration
that is MAC for the anesthetic being studied.

The first patient in each group was anesthetized to an
arbitrarily selected end-tidal halothane concentration.
The patient’s response to the initial skin incision was re-
ported as an all-or-none response—movement or no
movement. Movement was considered to have occurred
only when there was movement of the extremities. We
did not include breath holding, coughing, or grimacing
as positive responses. The halothane concentration se-
lected for each subsequent patient was based on the re-
sponse observed in the preceding patient (i.e., if the pre-
ceding patient moved, the end-tidal halothane concen-
tration for the subsequent patient was increased 0.2%;
if the preceding patient did not move, the end-tidal hal-
othane concentration was decreased 0.2%). The first pair
of patients with unlike responses (move-no move) to skin
incision constituted the first two patients in that group.
Patients studied before the first pair of unlike responses
were not included in the group analysis.

We calculated MAC to be the mean anesthetic con-
centration of the 12 patients in each group. To determine
the standard error of MAC, we divided each group into
three subgroups of four patients eachT and calculated
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{ The patients in each subgroup consisted of four consecutively
studied patients.
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F1G. 1. Data for an individual patient are given as a filled circle.
The position of the circle along the horizontal line indicates the end-
tidal halothane concentration immediately before skin incision. The
position of the circle above or below the line indicates whether the
patient moved or failed to move respectively. The greater sensitivity
of neonates to halothane is apparent.

the mean anesthetic concentration for each subgroup.
The standard error was the variance of the mean halo-
thane concentrations of these three subgroups.'®

Statistical significance (P < 0.05) was determined using
repeated-measures analysis of variance,!' the Student-
Newman-Keuls muitiple range test, and the Fisher exact
test, where appropriate.

This study was approved by the Committee on Human
Research at the University of California Medical Center,
San Francisco. Informed consent was obtained from the
parents or guardian of each patient before surgery.

Results

The two groups of patients studied were appropriate
for age-predicted weight and hematocrit (table 1).'? The
mean temperatures for the two groups were not signif-
icantly different.

Figure 1 shows the move—-no move responses to skin
incision at different end-tidal halothane concentrations.
Using the Dixon analysis, we found that the MAC of
halothane in neonates, 0.87% =+ 0.03, was significantly
less than that in infants, 1.20% % 0.06 (P < 0.01). A
Waud analysis of the data produced very similar MAC
values.

The mean systolic blood pressure and heart rate re-
sponses for both groups are shown in table 2. Although
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TasLE 2. The Hemodynamic Responses in Neonates and Infants at End-tidal Halothane Concentrations Bracketing MAC
Systolic Blood Pressure (nmlg) Heart Rate (beats/min)
Group Awake Uunstim, Stim. Awake Unstim. Stim.
Neonates 78 £ 11 59 &+ 14* 64 £ 19* 161 = 20 143 + 18 146 = 19
Infants 86 = 17 57 £ 12% 66 = 19} 156 + 30 121 * 15% 131 + 20%*

Data are means =+ SD.

Systolic blood pressure decreased significantly from awake values
in both neonates and infants. Heart rate did not differ from awake
values in neonates but decreased significantly in infants.

50% of the patients moved after surgical stimulation, we
still were able to accurately measure blood pressure and
heart rate. The awake systolic blood pressure and heart
rate measurements (table 2) in neonates and infants were
at the upper limits of normal for the respective age
groups.'? The systolic blood pressure decreased signifi-
cantly from awake values, in both the anesthetized un-
stimulated and stimulated states for both neonates (P
< 0.05) and infants (P < 0.005), at approximately 1 MAC
halothane. Similarly, the heart rate decreased 12% from
awake values in neonates and 22% in infants (P < 0.05).
The incidence of hypotension (>30% decrease in systolic
blood pressure from awake) at 1 MAC halothane in ne-
onates, 33%, was not significantly different from that in
infants, 44%. There was no significant change in the blood
pressure and heart rate between the unstimulated and
stimulated states for either group.

Discussion

Earlier studies reported that the anesthetic requirement
in infants less than 6 months of age was greater than at
any other time of life.'"® However, in our original work,?
we studied only two neonates. In fact, the MAC of hal-
othane in infants less than 6 months of age reported in
our earlier work fell between the MAC values for neonates
and infants in our present work. The present study dem-
onstrates that at MAGC, neonates require 25% less anes-
thetic than infants and that infants have a greater an-
esthetic requirement than at any other age. We recently
reported a 71% lower anesthetic requirement in term
fetal lambs when compared with newborn lambs who
were older than 12 h of age.® Furthermore, we dem-
onstrated a significant rise in the MAC of newborn lambs
during the first 12 h of extrauterine life. The increase
in MAC for newborn lambs is consistent with our findings
of an increasing anesthetic requirement in humans during
the first 6 months of extrauterine life.

Our data indicate that the circulatory depression (es-
timated by systolic blood pressure and heart rate) at ap-
proximately 1 MAC halothane (table 2) is similar to that
reported in lambs and sheep!® but less than that reported
in children.?® In the sheep studies, we measured both
MAC and circulatory responses for each age group'?;
however, in human studies reported by other investi-

Awake = preinduction; Unstim. = anesthetized at MAC prior to
skin incision; Stim. = anesthetized at MAC after skin incision.

* Differ from awake values, P < 0.05.

1 Differ from awake values, P < 0.005.

gators,®® the MAC for neonates was assumed to be the
same as that for infants. As a consequence, the circulatory
responses in neonates were determined at anesthetic con-
centrations in excess of the MAC reported here. We found
that the depression of blood pressure and heart rate in
neonates was not different from that in infants at equi-
potent anesthetic concentrations of halothane (approxi-
mately 1 MAC).

Although the mean heart rate in neonates at approx-
imately 1 MAC halothane was not different from that in
the awake state, it was significantly (P < 0.05) lower in
infants. Because infants cry more frequently on arrival
in the operating room than neonates, we would expect
them to have a higher sympathetic tone than neonates
in this situation. Because anesthesia attenuates the sym-
pathetic tone and because anesthesia depresses the baro-
response in proportion to MAGC, i.e., one-half MAC hal-
othane causes the same depression of the baroresponse
as does one-half MAC nitrous oxide,'*!5 we would expect
the decrease in heart rate at 1 MAC halothane to be
greater in infants than it is in neonates, as our data sug-
gested.

The lower MAC for neonates reported in this article
is relevant to previous concerns about cardiovascular sta-
bility during anesthesia for the very young patient. Com-
pared with infants, neonates supposedly experience more
myocardial depression® and are more prone to cardiac
arrest’ at a given level of anesthesia. However, based on
our data, neonates are no more prone to hypotension
and circulatory collapse at 1 MAC halothane than infants.
Indeed, earlier studies either measured the circulatory
responses at anesthetic concentrations far beyond MAC
for that age group® or did not quantitate the alveolar
anesthetic concentrations.” Earlier reports that neonates
were more susceptible to circulatory depression during
general anesthesia than infants were probably the result
of a relative drug overdose.

The response of the newborn to nociceptive cutaneous
stimuli is attenuated even in the awake state.'®!” It would
‘appear that the decreased sensitivity to pain during the
first week of life reported by McGraw and Dargaisses, is
attributable to an immature central nervous system. Dur-
ing the first few months of life, both the sensitivity to
painful stimuli and the behavioral response to pain (lo-
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calized withidrawal) rapidly mature in parallel to the ascent
of MAC. Nevertheless, the accepted method of measuring
the anesthetic requirement, a primitive reflex response
to painful cutaneous stimulation, is probably sufficiently
developed in the first week of life to use a response to
nociception. We believe that by using both the reflex
response to cutaneous stimulation and the changes in
systolic blood pressure and heart rate under anesthesia,
we are able to accurately measure the anesthetic depth
(MAC) in neonates.

Progesterone and other hormones thought to decrease
MACGC, return to normal levels in both the mother and
the neonate within 10 days of parturition.'®** Because
the average age of neonates in this study was 0.3 months,
progesterone may have affected the MAC of this group.
Although we have shown a negative correlation between
the serum concentration of progesterone and the MAC
of halothane in newborn lambs,® no cause-and-effect re-
lationship has been demonstrated.

Recent reports have demonstrated increased plasma
peptide (8-endorphin and B-lipotropin) concentrations in
newborns and the immediate postnatal period.?"** These
peripheral endorphin concentrations decreased to adult
levels by 24 days of age. Although peripheral -endor-
phins do not cross the blood-brain barrier in adults,?
this may not be the case in neonates. The studies of pep-
tide concentrations in neonates did not include cerebro-
spinal fluid peptide determinations. If the high plasma
B-endorphin and §-lipotropin concentrations detected in
the neonatal period reflect an increased concentration of
endorphins in the central nervous system, then this in-
crease in central nervous system endorphin level may
contribute to the elevated pain threshold reported by
McGraw and the decreased response to pain we observed
in the early neonatal period.

In summary, we determined the MAC of halothane in
neonates 0—1 month of age and infants 1-6 months of
age. Neonates require a 25% lower concentration of hal-
othane at MAC than infants 1-6 months of age (P
< 0.01) and a significantly lower concentration of hal-
othane than was thought previously. The decrease in sys-
tolic blood pressure and the incidence of hypotension in

neonates are similar to those in infants at approximately
1 MAC halothane.

The authors thank Dr. E. 1. Eger for his guidance in preparing this
manuscript and Drs, A. A. delorimier and M. Harrison for their
cooperation during surgery.
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