Pulmonary Exchange of Divinyl Ether in Man
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The published partition coefficients for divinyl
ether do not seem to account, on theoretical
grounds, for the clinically observed rapidity of ac-
tion of divinyl ether. This question was investi-
gated by having 6 conscious adults breathe a 0.05
per cent concentration of divinyl ether in a non-
rebreathing system for a period of 60 minutes.
End-tidal air was sampled and analyzed for di-
vinyl ether and CQO.. The ratios of end-expiratory
and inspiratory concentrations of divinyl ether
were plotted against time and equilibrium curves
constructed for each study. A composite of these
curves showed a relatively slow rise of alveolar
concentration. At 2% minutes Fa was 40 per cent
of the inspired tension, 43 per cent at 5 minutes,
51 per cent at 30 minutes and 54 per cent at 60
minutes. The degree of uneven ventilation pres-
ent during the study did not appear to affect the
smooth course of the equilibrium curve, but de-
liberate maximal hyperventilation for 1 minute at
the end of the study resulted in a sharp rise of
the F./F: ratio from 0.5 to 0.8. The rapid action
of divinyl ether in inducing anesthesia is not de-
pendent upon its physical properties.

Tue aBiLiTy of divinyl ether to produce un-
consciousness rapidly appears to be firmly es-

tablished.®> 2.3 It is not clear whether this
property derives from its partition coeffi-
cients * 45 or depends upon the recognized

potency of the agent and the use of overpres-
sure in its administration. On theoretical
grounds, because of its fairly high blood solu-
bility, it seemed unlikely that the rapidity of
action of divinyl ether is the result of a quick
rise in alveolar concentration. It seemed ap-
propriate to investigate this aspect of the ques-
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tion by determining the rate of approach of
end-tidal concentration to inspired concentra-
tion during the breathing of a gas mixture con-
taining a constant subanesthetic concentration.

Methods

Six conscious subjects, 5 male and 1 female,
were studfed. None had any evidence of sys-
temic disease. Their weights ranged from 125
to 185 pounds. Each was studied in the sit-
ting position. The subject, with noseclip in
place, breathed through a mouthpiece attached
to a Rahn-Otis sampler.f End-expiratory sam-
ples were taken from the Rahn-Otis sampler
and injected into serially arranged analyzers by
means of a manually triggered single-stroke
diaphragm pump. These methods are fully
described in an earlied publication.®

The test gas consisted of 0.05 per cent di-
vinyl ether, 51 per cent oxygen and the bal-
ance nitrogen. The gas mixture was premixed
in a cylinder { and supplied to the subject via
a nonrebreathing system.

Carbon dioxide concentrations were deter-
mined with a Beckman LB-1 nondispersive
infrared analyzer, previously calibrated with
4 per cent and 6 per cent CO, in oxygen.
Analysis of end-tidal air confirmed the validity
of the end-tidal character of the sample. Ven-
tilation was monitored by collecting the ex-
pired volumes in a 120 liter Tissot spirometer
and recording them on a direct-writing kymo-
graph. Constant ventilation was achieved by
adjusting a Respiratory Simulator § to the sub-
ject’s normal pattern of breathing and then
having the subject follow the pre-set pattern
throughout the study period. This apparatus
can be adjusted to any respiratory pattern and
translates this pattern into an audible signal
easily followed by the subject.

1‘ Anesthesia Assouﬂtos IIn(]son New York.

1 Matheson Company, Rutherfor d, New Jersey.

§ Model 72E-Somanetics Incorpomted, Lajolla,
California.
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Divinyl ether was measured by gas chroma-
tography, with a Perkin-Elmer Vapor frac-
tometer, model 154 DG. Analysis time al-
lowed sampling every 90 seconds. Divinyl
ether was separated in a polypropylene glycol
column. The isolated fraction was detected by
hydrogen flame ionization and recorded on a
Texas Rectiriter recorder. The area under the
peak was integrated electronically.

Reproducibility of the measurement was
tested by 13 consecutive analyses of a single
source of 0.05 per cent divinyl ether. The
range of all the values was within =1 per cent
of the mean. The sensitivity of the detector
permitted full-scale response to 0.05 per cent
divinyl ether at an attenuation of 32:1. At
this attenuation, there was no significant base-
line drift or noise.

A control sample of end-tidal air, taken in
all subjects, showed a zero baseline at the
instrument sensitivity needed for the study.
Constancy of inspired gas concentration was
indicated by measurements done before, dur-
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Fic. 1. Summary of experimental data obtained
in subject 3. Points a, a', a'' were obtained after
1 minute of spontaneous hypoventilation; points b,
b', b'* after 4 minutes of normal breathing; points
¢, ¢!, ¢'t after 1 minute of maximal hyperventila-

tion.
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Fic. 2. Equilibrium curves for each of the 6
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more than 1 per cent. 2

After a 10 minute control period, the st
gas mixture was introduced abruptly and gle
first end-tidal sample taken as closely to Fhe
1 minute mark as possible. Sampling was d&ne
thereafter approximately every 2-3 minuZSss,
except when the inspired concentration as
recorded, or the CO, analyzer calibrated. g

The ratio of the experimental, uncorreded
(for pulmonary water vapor) end-tidal divglyl
ether concentration, F,, and the average&in-
spired concentration F; was plotted ugainst
time on semilogarithmic coordinates, and igdi-
vidual F,/F; equilibrium curves were giim-
structed by drawing a smooth curve throsgh
the experimental points. Respiratory minute
volumes were calculated for each minute of
the 60 minute study.

At the termination of the study, 2 subjects
were asked to hypoventilate spontaneously for
1 minute and then to hyperventilate maximally
for 1 minute.
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Results

Figure 1 shows the findings of a typical
study (subject 3). The F,/F; curve is plotted
on semilogarithmic coordinates, while the CO,
values and respiratory minute volumes are
plotted on arithmetic scales. The F,/F; curve
reaches a value of about 40 per cent of equi-
librium quite rapidly, and the “knee” of the
curve occurs early, at about 5-7 minutes. The
curve then flattens out and rises very slowly,
to reach 50 per cent of equilibrium at the end
of 60 minutes. The CO, values of the ana-
lyzed samples had a narrow range (4.9 to 5.1
per cent) giving reasonable confidence in the
alveolar nature of the analyzed samples. The
stability of CO, values cannot be interpreted
as indicative of constant ventilation, however,
because the scattergram of the respiratory min-
nute volumes shows a somewhat uneven venti-
lation, with a relative hypoventilation in the
initial stages of the study. Variation in venti-
lation occurred in all subjects, despite the
seeming lack of deviation from the pre-set
thythm and the phasing of the respiratory
simulator. Points a, a!, a'* represent the values
of the parameters indicated, after 1 minute of
spontaneous hypoventilation; points b, b’, b
after 4-5 minutes of normal ventilation; and
points ¢, ¢’, ¢ after 1 minute of maximal hy-
perventilation. Following 1 minute of hypo-
ventilation, the respiratory minute volume fell
from 5.8 1./minute at the sixty-second minute
to 4.5 1./minute at the sixty-third minute, CO,
concentration rose from 5.05 per cent to 5.8
per cent, and F,/F; fell slightly from 50 per
cent to 49 per cent. With resumption of nor-
mal breathing the values returned to pre-hypo-
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Fic. 3. A spectrum of equilibrium curves for
different inhalation anesthetic agents. Each curve
is a composite from a small group of subjects; some
subjects participated in all the studies.

ventilation levels. After 1 minute of maximal
hyperventilation, the respiratory minute vol-
ume rose to 20 l./minute, CO, concentration
dropped to an unknown value below 4 per
cent, and the F,/F; level rose from 51 per
cent to 80 per cent.

Subject 2 underwent similar hypoventilation
and hyperventilation at the end of the study,

TaBre 1. Pulmonary Exchange of Divinyl Ether in Man
Minutes
Average Aars
Toih 5 R espME| ey STHks
Subject \\(;{1;1;1; lgé:ﬂst \\ff,lﬁ’ s%f.()lj)ﬂ‘fs 21 5 73 10 20 [ 30 ‘ 40 ’ 50 ‘ 60
(1. /min.) (%) i
Fa/Fr (%)

1 74 183 6.82 4.55 43.2 | 47.6 | 50.0 | 51.3 | 53.8 | 55.3 | 56.8 | 57.9 | 58.8
2 83 183 5.49 5.20 35.5 | 39.6 | 41.5 | 428 | 43.9 | 45.0 | 45.7 | 46.3 | 47.0
3 80 173 5.97 5.00 39.5 | 423 | 43.8 | 45.0 | 47.8 | 49.0 ‘ 49.8 | 50.2 | 50.5
4 60 160 8.34 3.05 51.3 | 55.3 57.7 59.8 | 64.0 | 66.3 68.0 | 69.0 | 70.0
5 81 180 5.72 5.53 32.0 | 35.8 | 37.9 | 39.7 | 43.3 | 44.9 | 46.3 | 47.7 | 48.8
6 92 180 5.64 4.77 34.0 | 38.7 | 41.5 | 43.3 | 46.3 i 47.8 | 49.0 ‘ 50.0 “‘ 51.0
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except that, following the 1 minute period of
hyperventilation, normal ventilation was re-
sumed. After 2 minutes of normal ventilation,
the high F,/F; value resulting from hyperven-
tilation fell to a value which placed it on the
normal equilibration curve.

Figure 2 shows the 6 individual equilibrium
curves plotted on an arithmetic scale. The
curve most rapidly approaching equilibrium
(70 per cent at the end of 60 minutes) was
that of subject 4, a female, who showed the
highest average ventilation and the lowest av-
erage CO, concentrations of the samples (table
1). The second fastest uptake was manifested
by subject 1 (58.8 per cent of equilibrium at
the sixtieth minute) who also had the next
highest average respiratory minute volume
and the next lowest CO, values. The other 4
subjects had minute volumes over approxi-
mately the same range and their equilibrium
curves clustered at the same level.

The composite of the 6 individual equilib-
rium curves is shown in figure 3, together with
a spectrum of composite curves obtained in
our laboratory for other inhalation anesthetics.

Discussion

The findings indicate that the rapidity of
action of divinyl ether is not the result of an
early approach of alveolar to inspired concen-
tration. It follows, then, that potency of the
agent and the use of overpressure in its ad-
ministration must play important roles. The

relative contribution of each factor has not

been determined.

The effect of changes in ventilation upon
alveolar concentration is well known. The
higher the solubility of the agent in blood, the
greater the influence of ventilatory changes,
provided cardiac output remains unchanged.
The reported blood/gas partition coefficient of
9.8 for divinyl ether indicates a moderately
high solubility in blood. It could be expected,
then, that variations in ventilation would mark-
edly affect alveolar and also
F,/F; ratios. The scattergram of respiratory
minute volumes (fig. 1) shows a considerable
variation in ventilation during the 60 minute
study. This fairly wide scatter of respiratory
minute volumes, however, is not reflected in
the equilibrium curve. The F,/Fy values show

concentration

SALANITRE, WOLF, AND RACKOW

MayJune 1987
no comparable scatter and there are no sharp
breaks in the shape of the curve. A lower
blood solubility than that reported® would
satisfactorily explain the relative insensitivity
of alveolar concentration to changes in venti-
lation. But there is suggestive evidence that
this hypothesis is untenable because: (1) the
modest initial rise of the equilibrium curve as
compared to the sharp initial rises 1ssocnted
with agents whose low blood solubilities age
firmly documented—C,H,, N,O, C;Hg (f&.
3); (2) the demonstrated sensitivity of tEe

F,/F; ratio to maximal hyperventilation (fg.
1, point ¢") with a quick return to nomgl
level following a short period of normal ve@
lation; (3) the observation, in this study, thht
the subjects with the higher ventilation showgd
a more rapid approach to equilibrium (fig. %

The lack of response of alveolar concentga-
tion to changes in respiratory minute volu@xe
may have been a result of a relatively mnﬂbl
effect of the observed changes in 1esp11atibn
upon alveolar ventilation. The narrow ra
of PAgo, values lend support to this thegs
However, another factor may have contubuﬁad
to the smoothness of the equilibrium cur%e
Cander and Forster ? reported that the 1nt§o
duction of an enert gas into the lungs resuligd
in equilibrium with pulmonary palenchym'lc,m
less than 1% seconds. Cander? also detsm-
mined that pulmonary tissue/gas partition g go-
efficients for nitrous oxide and diethyl et§e1
were in the same range as their water/gas pogl-
tition coefficients. As a result of this phenoige-
non, pulmonary tissue could act as a buffer §e-
tween alveolar and inspired gas tensions. @le
measured end-tidal concentration of an ,gin-
spired test gas, therefore, may represent S(ghe
value determined by equilibrium between fgue
alveolar and pulmonary tissue tensions. 'fhe
magnitude of this effect must be proportignal
to the gradient between the two tensions, nd
thus greatest during the initial stages of ghe
uptake of the more soluble inert gases or cur-
ing periods of relative hypoventilation when
alveolar concentration tends to fall. The ex-
tent to which this effect contributed to the
stability of end-tidal concentrations of divinyl
ether is unknown but cannot be excluded, on
theoretical grounds.

The location of the composite curve for di-
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vinyl ether (fig. 3) between that for halo-
thane and for diethyl ether is not surprising,
considering the proximity of its blood/gas co-
efficient to one and its oil/gas coefficient to
the other. However, because of the much
lower oil/gas partition coefficient of divinyl
ether compared to halothane, it might have
been expected that divinyl ether would show
a more rapid approach to equilibrium than
halothane, at the end of 60 minutes.

It must be pointed out, on the other hand,
that the curve for each agent is a composite
from a relatively small group of subjects and
thus cannot be representative of uptake pro-
cesses of that agent in the absolute sense.
Moreover, one can only speculate regarding
the degree to which the adipose compartment
contributes to the equilibration curve during
the first 60 minutes.

However, all of the composite curves share
common features. The studies were all done
in the same laboratory, by the same investi-
gators, using similar methods and instrumenta-
tion. The test gases were always in subanes-
thetic concentration, and some of the subjects
were used in all the studies. These facts lend
strong validity at least to the accuracy of the
relative positions of the various inhalation
agents in the spectrum.

The sharp rise in alveolar concentration fol-
lowing hyperventilation (fig. 1, point ¢*) em-
phasizes the inherent risks of hyperventilation
and overpressure in the clinical use of agents
with relatively high blood solubility. After ar-
rival at a fairly “steady state,” even at levels
of alveolar concentration still distant from in-
spired concentration (the latter part of the
equilibrium curves in figure 1) hyperventila-
tion very quickly raises alveolar tension, with-
out increase of inspired tension. Deepening
of the anesthetic level by hyperventilation with
maintenance concentrations can, therefore, be
potentially dangerous with the agents more
soluble in blood. A knowledge of an agents
physical properties and how they affect pul-
monary exchange can help to avoid anesthetic
overdose.

Summary

Six subjects breathed a constant gas mixture
containing 0.05 per cent divinyl ether, 51 per
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cent oxygen and the balance nitrogen, for a
period of 60 minutes. End-tidal air was ana-
lyzed by gas chromatography and hydrogen
flame ionization for divinyl ether concentra-
tion. F,/F; values were calculated and plotted
against time on semilogarithmic coordinates
for each study. A composite curve of the 6
individual curves showed a rise to 40 per cent
of equilibrium at 2% minutes, 43 per cent at
5 minutes, 51 per cent at 30 minutes and 54
per cent at 60 minutes. Uneven ventilation
had no significant effect on the uptake curve,
but maximal hyperventilation for 1 minute at
the end of the study period caused a rise in
F,/F; level in 2 subjects from about 50 per
cent to 80 per cent. The approach to equilib-
rium occurred most rapidly in the subject with
the highest average respiratory minute volume
(8.34 1./minute). In the 4 subjects whose av-
erage respiratory minute volumes were in the
same range (5.49-5.97 l./minute), the F,/F;
curves clustered at the same level. The com-
posite curve for divinyl ether lies between
those for diethyl ether and halothane in the
spectrum of uptake curves, and confirms, in a
broad sense, its location as predicted from its
partition coefficients.
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