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The mini Iveol ion (MAC)
values for halothane in eight age groups were de-
termined. MAC was found to be highest in new-

boms and lowest in the elderly. These changes
in anesthetic requirement with age parallel
3 in bral oxygen fon, cerebral

blood flow and neuronal density.

AN INVERSE RELATIONSHIP between age and
anesthetic requirement is suggested by clinical
experience. Cullen? and Guedel* wrote that
anesthetic requirement decreased with age.
Guedel related this to decreased reflex irrita-
bility, metabolic rate and oxygen consumption.
Reynolds 3 stated that “the inspired concentra-
tion of halothane necessary to maintain anes-
thesia seems to be higher in pediatric patients
than adults” Deming* measured cyclopro-
pane concentrations in blood of adults and
children at constant EEG levels and found the
concentrations highest in the newbom and
lowest in adults. Except for Deming’s study,
none of the clinical impressions of the relation-
ship between age and anesthetic requirement
have been sul iated by
the anesthetic dose in equilibrium with the
brain. None has utilized an objective mea-
surement of anesthetic depth.

We proposed to determine whether anes-
thetic requirement changes with age, and if so,
to quantify the itude of the change. To
define this and compare anesthetic doses re-
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quired to produce the same depth of anes-
thesia in different age groups, we used theZ
minimum alveolar concentration (MAC).

Methods

Healthy patients about to undergo elective3
surgery were premedicated with atropine 303
to 60 minutes prior to the induction of anes-&
thesia with halothane—oxygen. The tracheaQ
was intubated, and respiration was controlledg
with an Air Shields ventilator. All patients@
were hyperventilated to reduce the differ-2
ences between end-tidal and inspired concen-9
trations of halothane. Bridges and Eger* pre—;‘;D
viously found hyperventilation to have no ef-=
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fect on MAC. In patients under 6 years ofg
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FiG. 1. Data for determining MAC. Each lineS
above or below the horizontal represents one pa-2>
tient. A line above the horizontal representss
movement and a line below represents no move-,
ment to skin incision. A “V” indicates two pa-Q
tients at the same alveolar concentration. =
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Taste 1. Means and Standard Deviations of Various Parameters e
—5
b 1 o
'II":::" ture Minutes at a
No. of H, bi e M ™ Mi )
dost | e,y | el | WEmear | worwre | Fer TSRS Goremo &
C) 3
- = 3
12 024:018[122 +25 {36305 |10550 £39[19.1 £ 54 44 £15 1.08
(0-0.5)
14 1.5 +0.75] 11.53 £ 0.85 [ 36.7 = 0.4 [ 109.15 £ 5.4 [26.6 £ 16.1| 5015 0.97
(.53-2.5)
19 41410 | 121 2105366006 | 1111 £55(21.9% 72| 47x10 0.91
(2.5-6)
8 S4::1.0 {126 =10 (359205 | 11096 £35[349+162| 5519 0.87
@-11)
11 155+ 18 11390 £1.0 (36304 [111.1 £65{23.1£138| 4217 0.92
(12-18)
22 249430 | 140 216 [36.1£05 | 11408 £89[242+ 98] 50£17 0.84
(19-30)
24 42 %7 — 36.1 =04 {11269 £58}27.0 2110 427 0.76
(31-35)
10 81462 123 =15 |357 007 — 56.0 =3L0| 86 47 0.64
(70-96)

* Frisinspired and Feis end-tidal halothane concentration,

TasLe 2. Data from the Eight Patients Equilibrated at More than
One Concentration of Halothane

End-tidal Halothane . s
N Al ) Movi th I
Patient PR Procedure Concentraion ove with Incision
1 0.10 (1) inguinal hernin; 0.95 yes
(r) inguinal hernia; 1.07 yes
umbilical hernia 1.19 no
2 0.25 (1) inguinal hernia; 0.95 yes
(r) inguinal hernia 1.075 yes
3 28 hours anoplasty 0.99 yes
1.01 no
4 0.5 (1) inguinal hernia; 1.01 no
(r) inguinal hernia 0.80 yes
5 15 (r) inguinal hernia; 0.88 no
(1) inguinal hernia; 0.80 no
umbilical hernia 0.70 ves
6 1.5 (1) inguinal hernia; 0.85 yes
(r) inguinal hernia 0.85 no
7 45 pyeloyrethroplasty; 0.89 yes
pyeloyrethroplasty 1.04 no
8 55 (1) inguinal hernia; 0.88 no
(r) inguinal hernia 0.81 yes
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age, end-tidal samples were obtained with a these patients were less than 6 years of age.g

Rahn sampler, and in those 6 years old and
older, by intermittent suction through a nylon
catheter placed at the tracheal end of the
endotracheal tube. Halothane concentrations
were determined with a Beckman infrared
halothane analyzer in all age groups except
the elderly, whose concentrations were deter-
mined with an ultraviolet halothane analyzer.
Each patient was observed at the time of in-
cision of the skin and any movement noted.

Eight age groups were studied: 0 to 6
months, 7 months to 2.5 years, 2.6 years to 6
years, 7 to 10 years, 11 to 18 years, 19 to 30
years, 30 to 55 years, and 72 to 92 years.
Eight patients studied received multiple inci-
sions and were equilibrated at different end-
tidal concentrations for each. Only the re-
sponse to the first incision was used in the
determination of MAC.

Results

The data obtained for all groups are shown
in figure 1 and table 1. In figure 1 a line
above the horizontal represents movement fol-
lowing incision, a line below, no movement.
Hemoglobin concentrations, body tempera-
tures, the percentage ratios of inspired to end-
tidal halothane concentrations (100 F/;Fg),
and the minutes of stability at the test con-
centration are presented (table 1).

Data from the eight patients who had more
than one incision are given in table 2. All of

The ranges of end-tidal halothane concentra-2
tions over which they did and did not mov
were narrow.

Discussion
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The highest anesthetic requirement was in&
patients newly born to 6 months of age and&
the lowest in those 70 years old and older.§
There may have been a small increase in anes-5
thetic requirement at puberty. The most strik-3
ing change occurred between birth and 63

N
o

months of age. During this period the anes-8
thetic requirement for halothane was reducedo
by nearly a fourth of the total decrease found,\,
over the age range studied (fig. 2).

A falsely high MAC value would be ob—©
tained if end-tidal gas were contaminated byo
that inspired.® In patients with ventilation/ S
perfusion abnormalities such that areas of ven-z
tilated but poorly perfused lung are present, &
gas coming from poorly perfused areas of ]v.mg13
would contribute essentially unchanged in-g
spired gas to the end-tidal sample, thus r.us-c
ing end-tidal halothane concentrations and the $
MAC value. This could occur in the veryo
voung and the elderly. To reduce the nnpnct 2
of this, if present, we reduced the end- hdal-
to-inspired halothane concentration dxﬂereuces"J
to low levels in all patients. That is, the end-x
tidal value was only slightly below the in-1R
spired value as indicated by 100 (F/Fg) in
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table 1. \While we have no 100 (Fy/Fg) data
for the older age group, the lengths of time at
constant end-tidal concentrations suggest that
the ratios were near 100.

Part of the increased anesthetic need in chil-
dren less than 6 months of age may be related
to compositional differences of the brain.6 Al-
though no causal relationship may exist, the
decrease in anesthetic requirement with aging
is associated with decreased cell density in the
central nervous system, decreased cerebral
oxygen consumption, and decreased cerebral
blood flow.”

Clinically, these data imply that there is not
a standard dose of halothane applicable to all
ages. A dose adequate for a 40-year-old pa-
tient may be too low for the newbomn and too
high for the octogenarian.

The halothane for this study was supplied by
Ayerst Laboratories.

Obsteh’icnll Anesthesia

FETAL BRADYCARDIA The relationships of fetal bradycardia to fetal and
maternal blood levels of mepivacaine were examined in 15 unmedicated, healthy
multiparous patients following the bilateral paracervical injection of 300 mg of 1.5
per cent mepivacaine. Mepivacaine was present in significant levels in the mater-
nal blood by five minutes. Peak concentrations, evident by 10 to 20 minutes, varied
from 4.7 to 17.2 pg/ml.  Mepivacaine was detectable in significant concentrations in
fetal samples obtained at 5 or 10 minutes. Peak concentrations occurred before 30
minutes and varied from 3.4 to 15 pg/ml.  Fetal blood levels were consistently
Jower than maternal levels, and averaged 79 per cent of concentrations measured in
simultaneously-drawn maternal blood. Fourteen of the 15 infants had Apgar scores
of 8 or 9; the remaining infant scored 4. Fetal bradycardia was encountered in
three cases. Two episodes of bradycardia were associated with Apgar scores of 8.
In the third, bradycardia persisted and was associated with an Apgar score of 4.
The only significant pH variation was in the infant with persistent bradycardia. The
fetal bradycardia frequently encountered with this type of anesthesia appears to be
related to concentrations in the fetal blood of 12.8 to 15 pg/ml. Although such
levels might result in fetal depression, they do not appear high enough to cause
death of a healthy fetus. These data stress the importance of distinguishing fetal
bradycardia induced by drug toxicity from that resulting from asphyxia, and suggest
that paracervical block is contraindicated when placental insufficiency is anticipated.
(Gordon, H. R.: Fetal Bradycardia After Paracervical Block: Corrclation with Fetal
and Maternal Blood Levels of Local Anesthesia (Mepivacaine), N. Eng. J. Med.

279: 910 (Oct.) 1968.)
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