Uptake of Halothane by the Human Body
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Tue rate of uptake and equilibration of the
body with cvelopropane was previously ana-
lyzed in this laboratory.® The experiments
now to be presented were carried out using
halothane, an inhalational anesthetic with con-
siderably different physico-chemical proper-
ties.? Its uptake and subsequent output were
obtained by continuous measurement of ex-
pired gas concentration in normal subjects
who breathed a fixed gas mixture at a constant
rate for approximately two hours. When com-
pared with cvclopropane, saturation of the tis-
sues of the body with halothane proceeds
slowly. This difference probably reflects the
relatively great solubility of halothane in blood
and other tissues.

Methods

The subjects were volunteers who received
no drugs other than halothane. They were
studied in the supine position while breathing
through a mouthpiece and unidirectional valve
(fig. 1). The nostrils were occluded. Respir-
atory rate and depth were controlled with a
chest cuirass respirator.  Tidal volume was
adjusted to twice normal and respiratory rate
to 9-11 minute. Following a period of air
breathing with the cuirass respirator in opera-
tion, a halothane-air mixture was conmected to
the airway for the uptake study. After 1.5 to
2 hours, halothane was discontinued and the
subject breathed room air for an additional
0.5 to 1 hour while the measurements were
continued.

In order to minimize pharmacologic effects
on circulation or respiration, the inspired con-
centration of halothane was intentionally lim-
ited to the lowest level which could be accu-
rately measured (0.2 per cent). The gas mix-
ture was prepared in a large high pressure
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cvlinder and delivered to a 5-liter reservoir
bag via a regulator and flowmeter and thence
through a nonrebreathing valve to the subject.
Since the flow of gas never completely dis-
tended the bag, the nonrebreathing valve re-
mained competent. The inspiratory valve did
not open until the beginning of inspiration and
staved closed during expiration.  Air could
not be aspirated through the expiratory valve.

A portion of the respired gas was drawn
continuously at a rate of 600 ml./minute from
the lumen of the mouthpiece through a needle
and a lead tube to a halothane and then to
a CO, infrared analyzer. The volume with-
drawn was accounted for in the calculations,
The analyzers were standardized using known
gas mixtures. Experiments with square wave
concentrations of halothane in air showed that
there was at least a 95 per cent response of
the analyzer within two seconds, during which
a tenfold washout of the analvzer occurred.
The duration of expiration in this study aver-
aged four seconds. Tt was estimated from
nitrogen washout studies that alveolar air was
sampled within one second, consequently three
seconds were available to measure the end-
expired concentrations.

The temperature of the respired gases was
measured continuously with a copper-constan-
tan thermocouple inserted through a needle
The re-
spiratory minute volume was measured by
passing the exhaled gases through a dry gas
With the
meter’s pointer touched the cone of a radio
loudspeaker which produced an electrical sig-

into the lumen of the mouthpiece.

volume meter. cach revolution

nal. It was estimated from preliminary studies
that measurement of minute ventilation was
accurate to =+ 0.5 liter/minute. The minute
ventilation varied by no more than =+ 0.5 liter/
minute. Gas volumes were corrected to BTPS.
Lead 2 of the electrocardiogram was obtained.
All measurements were recorded on a 6-chan-
nel polygraph.
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Fic. 1. Apparatus. A, high pressure cylinder
containing 0.2¢¢ halothane in air; B, 5 1. reservoir
bag; C, unidirectional valve; 1, mouthpicee; E, I,
chest cuirass respirator: (3, ECG; H, thermocouple;
I, halothane infrared analyzer: J, CO. infrared ana-
lyzer; K, loudspeaker; I, dry gas volume meter.

The diluting effect of water vapor on the
expired halothane concentration was corrected
for by subtracting the water vapor pressure
from the total ambient pressure.  Exhaled air
at the mouth was taken as 80 per cent satu-
rated with water vapor at the end of expira-
tion? while gas drawn from the supply evlin-
The correction factor is:

(Pn_rn)

(l)n;n)

where Pr = barometric pressure, S = fractional
saturation with water vapor, and Pyp.0 = water
vapor pressure at the temperature measured.
The correction factor during the uptake period
caleulated in each case averaged 1.05. Dur-
ing the output period the correction was lower
(1.02) because the inspired air was main-
tuined at 50 per ecent saturation by the air
conditioning syvstem.

der was dry.
Py~ S
I),l S’.‘

Since there was essentially no infrared ab-
sorption by water vapor at the wave lengths
used for halothane analvsis, there was no base
line shift due to the presence of water vapor
in the expired air.
tion in the respired gas was overestimated
(average 2 per cent) because of the collision
broadening elfect of the water vapor present.

The halothane concentra-
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The error probably affected the inspired and
expired values since gas in the mouthpiece
was wet both at the end of inspiration and of
expiration.

Carbon dioxide interfered with the halo-
thane analysis because its infrared absorption
spectrum overlapped that of halothane. This
interference was eliminated by filling the ana-
Ivzer case with carbon dioxide. No collision
broadening effect was noted with carbon di-
oxide concentrations up to 8 per cent.

No correction was made for the concentrat-
ing effect of halothane absorption, since cal-
culations showed that the maximum correction
would be less than 0.75 per cent and that it
would decrease as the study progressed. Nor
was a correction made for difference between
the volume of carbon dioxide expired and the
volume of oxygen absorbed.

Results

A measure of the degree of cquilibration
between the tissues and an inspired gas is the
relation of the end-expired and inspired gas
concentrations.  This relation expressed as the
ratio F/F; is zero when inhalation of the gas
starts and attains unity when uptake by the
body ceases and equilibrium is achieved.
Table 1 present IF,/F; ratios determined at
various times following the beginning of halo-
thane inhalation. The data for a typical case
are shown in figure 2.

The halothane concentration ratio IF,/F; did
not mount rapidly. At one minute, the aver-
age end-expired gas concentration in the eight

Halothane
Fa/Fi
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I16. 2. Ratio of end-expired and inspired halo-
thane concentrations (Fa/F;). (Subject 61-14).

¥20Z YoIe €} uo 3sanb Aq 4pd'G0000-000 1} LE96L-Z7S0000/292282/6LLI9/¥Z/ipd-aj0nie/ABojoISaUIsaUR/WOD JIBYIIDA|IS ZESE//:dRY WOy papeojumOQ



Volume 24
Number 6

UPTAKE OF HALOTHANE

781

Tanrek 1. Ratio of End-expired and Inspired Halothane Concentrations (/4/Fp)
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subjects was 0.36 (range 0.29-0.52) of that
inspired; 0.47 (0.36-0.64) at five minutes;
and 0.53 (0.43-0.66) at ten minutes. At 40
minutes a concentration ratio of 0.65 (0.35—
0.72) was reached, after which it rose more
slowly to attain 0.76 (0.69-0.82) at two hours.
Subjects with greater ventilation showed a
more rapid rise in the I, 'F; ratio (see subjects
61-12 and 61-14).

One minute after inhalation had ceased, the
average end-expired gas concentration had de-
creased to 0.36 (range 0.30-0.42) of the halo-
thane concentration inspired during the uptake
period. By ten minutes its was 0.20 (0.15-
0.22), and still 0.12 (0.06-0.16) at 40 min-
utes.

Discussion
These findings are in marked contrast to
those obtained with cvclopropane.'  Within
ten minutes of the start of inhalation the end-
expired cyclopropane tension attained 90 per
cent of that inspired, whereas for halothane
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the comparable figure was only 50 per cent.
Within 30 minutes the FF/I7, ratio averaged
0.95 for cyclopropane, but only 0.64 for halo-
thane.  The greatest ratio observed in any
halothane uptake study was 0.82 at two hours

Since physiological variables such as body
size and ventilation rate were closely compa-
rable in the present and previous studies. it
is likely that differences in results are to be
attributed to contrasting physical properties of
cvelopropane and halothane.  Despite its large
molecular weight (197) there appears no rea-
son to suspeet that halothane uptake is diffu-
sion Jimited.  On the other hand a relatively
slow equilibration rate between inspired air
and arterial blood would be predicted for halo-
thane on the basis that its blood/gas partition
cocficient is five times that of cyvclopropane.- 4
In addition, tissue/blood partition ratios for
halothane in a number of human tissues exceed
unity, while those for cyclopropane are sub-
stantially Tower2: 5

The measured rates of equilibration were
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Fic. 3. Saturation and  desaturation  curves
compared.  (Subject 61-12). O, ratio of end-

expired halothane concentration during desatura-
tion period and halothane concentration inspired
during the saturation period; U, the complement
of the ratio of end-expired and inspired halo-
thane concentrations during the saturation period
(1 —F./F1).

compared with rates predicted from Kety’s
equation no. 35 * by substituting measured and
assumed normal physiologic ™ ¢ values, blood/
gas partition coefficient of 2.3 and tissue/
blood partition coefficient of 3.2 As was pre-
viously found for cvelopropane,! the measured
values initially increased at a faster rate than
the predicted values.  The difference increased
until 40-60 minutes, when the measured ratio
was 25-30 per cent higher than that predicted.
After that the measured values increased at
a progressively slower rate and fell below those
predicted at two hours. The cause for this
discrepancy is thought to be the same as that
observed with cyclopropane, namely that Kety
considered the body to be a homogeneous
mass in which inhaled gas is uniformly dis-
tributed.

Analysis of the data can yvield information
concerning the tvpes of tissues undergoing
saturation, and the limitations imposed by the
solubility of halothane. At periods greater
than 1.5 hours end-expired concentrations
of halothane had achieved relatively steady
values. An estimate of arteriovenous concen-
tration differences of halothane at this time
was obtained by dividing calculated halothane
uptake rate by an assumed normal value” for
cardiac output.  Rate of uptake was calcu-
Iated by multiplving estimated alveolar venti-
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lation® and the difference between end-in-
spired and end-expired halothane concentra-
tions. The calculated arteriovenous differences
averaged 13 per cent (range 9-18 per cent)
of the arterial tension, suggesting a substantial
lack of equilibration between slowly perfused
watery tissues (e.g., muscle) and blood at this
time.

The reasoning behind this interpretation is
as follows: The viscera, constituting about 6
per cent of bodv mass, receive 70 per cent of
the cardiac output. Presumably these organs
will rapidly approach equilibrium with blood.
When they reach equilibrium the arteriove-
nous difference must be less than 30 per cent
of the arterial tension. Among the remaining
tissues, fat is most poorly perfused in relation
to its ability to acquire halothane; for this
reason fat should approach equilibrium more
slowly than any other tissue. If all the tis-
sues of the body except depot fat (receiving
5-7 per cent of the cardiac output) had at-
tained equilibrium, the arteriovenous halo-
thane difference would necessarily be less
than 5-7 per cent of the arterial content. The
intermediate concentration differences ob-
served in this study therefore suggest that
slowly perfused watery tissues are still taking
up halothane.

Additional evidence to identify tissues im-
portant in halothane uptake was obtained by
graphic curve fitting. The rates of change of
(1 — F/F,;) determined in four subjects stud-
ied were plotted semi-logarithmically against
time. The resulting curves represented the
sum of a series of lines of successively decreas-
ing slopes. Uptake rate could be expressed
as a sum of exponential functions each possibly
reflecting events at a specific tissue. The time
constant of the slowest component of the up-
take curves ranged from 300 to 500. By way
of comparison, a constant of 3 can be esti-
mated for viscera, 100 for muscle and 2000 for
fat. Since the greatest time constant observed
is only a fraction of that calculated for fatty
tissue, it follows that other tissues must still
be engaged in the uptake of halothane.

The saturation and desaturation curves were
not symmetrical, ¥, falling more rapidly dur-
ing desaturation than it rose during saturation
(fig. 3). This discrepancy probably was
caused by failure to achieve equilibration be-
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tween the slowly perfused tissues and the in-
spired gas during the uptake period. Despite
the rapid initial decline of F,, the rate of
change became progressively smaller, and at
40 minutes F 4 still averaged about 20 per cent
of the highest value observed during saturation.

These data lead to a number of clinical im-
plications, It is unlikely that the administra-
tion of a safe halothane concentration will
cause the alveolar tension of halothane to ap-
proach un anesthetic level quickly. For rapid
induction of halothane anesthesia, high con-
centrations of the agent must be administered,
and veutilation must be maintained. The in-
spired concentration must be reduced pro-
pressively as the alveolar concentration rises.
Similar control of the alveolar concentration is
not possible during desaturation (recovery).
Consequently, slow elimination from the body
is a cause of delayved awakening following
halothane administration.

Mapleson ' has calculated the ml./minute
uptake of halothane in fully anesthetized pa-
tients undergoing surgery. There was consid-
erable scatter from subject to subject and
“rapid fluctuation in ventilation” and uptake.
The major difference between his study and
this is that we administered a subanesthetic
gas concentration to young, normal volunteers.
Thus, changes in circulation and respiration
were presumably avoided, and we also pre-
cluded the possibility that the uptake process
might be affected by drugs other than halo-
thane or by surgical stimulation.

In order to compare Mapleson’s data with
ours, his mean uptake values (ml./minute/
percentage inspired concentration) were con-
verted to F,/F; values. The mean equilibra-
tion rate in the present study increased more
rapidly than in Mapleson’s study.  The differ-
ence is probably related to the difference in
ventilation.

Summary

The uptake and subsequent output of halo-
thane by the body were studied by continuous
measurement of expired gas concentration in
eight normal subjects who breathed a fixed
(0.2 per cent) gas mixture at a constant rate
for 1.5-2 hours. The ratio of end-expired to
inspired gas concentrations did not mount
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rapidly, the average reaching only 0.33 within
ten minutes. The greatest ratio observed in
any uptake study was 0.82 at two hours. The
expired concentration fell more rapidly during
the output period than it rose during uptake.
Compared to most other inhalational anes-
thetics, both uptake and output of halothane
proceed slowly. This difference is probably at-
tributable to the relatively great solubility of
halothane in blood and body tissue.
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