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Duzrnivi. ether, despite its carly introduction
and long-continued use by clinical anesthetists,
has not been thoroughly studied with respect
to its hemodvnamic actions in man.  The
findings to be reported were obtained in man
under conditions which reduced or obviated
the influence of changes in ventilation, un-
recognized  changes in anesthetic coneentra-
tion, preanesthetic medication, surgical stimu-
lation, and pressure changes in the airway.
They suggest that circulatory responses to di-
cthyl cther, although reasonably uniform in
direction, are complex and probably attribu-
table to actions exerted in a number of bodily
sites.

Methods

Thirteen adult patients were  studied, of
whom 12 were female,  All were physically
normal except for complaints  necessitating
minor surgical procedures,  Ages ranged from
18 to 49 vears.

tach subject was brought to the operating
room several hours prior to the time of opera-
tion, having fasted since the previous evening.
None received preanesthetic medication. Dur-
ing the control period the subjects rested on
on operating table in the supine position while
oxvgen was administered by face mask from
a standard anesthesia machine using a flow
of 5 liters of oxvgen per minute in a semi-
closed system containing @ soda lime canister.
After infiltration of the skin with local ancs-
thetic @ thin-walled 21-gauge needle was
placed in the left brachial artery, and a 0.9
mm. (inside diameter) polvethylene catheter
was passed into the right atrium through a
needle placed in a right antecubital vein. The
location of the tip of the catheter was deter-
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mined by the magnitude and configuration of
the pressure tracing.  Arterial and atrial pres-
sures were transduced by strain gauges.

Carbon dioxide tension in the expired gases
was measured with an infrared analyzer using
the microcatheter technique of Collier, Affeldt
and Farr,'  During the period of oxygen
breathing gas for analysis was  withdrawn
through a 20 gauge nceedle inserted through
the face mask.

Arterial and right atrial pressure, clectro-
cardiogram (lead 2) and concentrations  of
carbon dioxide were continuously recorded on
a Grass polvgraph.

After a minimum period of thirty minutes,
during which the patient became aceustomed
to breathing oxyvgen from the anesthesia ma-
chine, cardiac output was determined.  This
was accomplished with the Stewart-Hamilton
indicator dilution technique  using Evans Blue
dve.  Blood was withdrawn from the arterial
needle through a manifold and thenee through
the cuvette of a filter photometer at a constant
rate by a motor-driven syringe. A measured
amount of dye (3-5 mg.) was injected from
a calibrated syringe into the atrial catheter
and the dilution curve recorded.  Cardiac out-
put was calculated from the dilution curve
in the customary manner after correcting for
the dead space in the catheter. Approximately
25 ml. of blood were withdrawn for cach
determination.  This - was  replaced by an
cqual amount of 5 per cent glicose in water
given intravenously.  The photometer  was
calibrated after cach study by adding a known
amount of dye to a portion of the patient’s
After oxvgenation and filtering of the
surgical the  optical
density of the mixture was measured.  Because

blood.

blood through gauze,
of the small amount of blood obtained from
cach patient, this calibration could be per-
Such a
error

formed onuly once for cach study.
method  of calibration introduces  an
which could account for those values reported
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which arce out of the range of normal cardiac
output.  The results in a single patient, how-
ever, arec comparable with greater accuracy
since the calibration error cancels out.  For
this reason cach patient has been used as
his own control in the evaluation of results.
The standard deviation of duplicate pairs of
observations was previously found to he 5.6
per cent,® and differences greater than twice
this value have consequently been viewed as
statistically significant in the present study.

Heart rate was determined from the electro-
cardiogram by counting cvery  ventricular
complex occwrring within a minute.  Mean
arterial and atrial pressures were obtained by
clectrical damping of the pressure tracings.
Total peripheral resistance was caleulated as
mean arterial pressure minus right atrial pres-
sure divided by cardiac output.

After completion of the control observations
anesthesia was induced with nitrous  oxide,
oxygen, and cther.  Administration of nitrous
oxide was terminated after three to five min-
utes, and anesthesia then was deepened with
a mixture of oxvgen and cther in a closed
system to permit tracheal intubation.  The
time from the beginning of induction of ancs-
thesia until tracheal intubation was accom-
plished varied between fourteen and 39 min-
utes, the average being 25 minutes.  The
endotracheal tube was attached by means of
a Ruben nonrebreathing valve to the outlet of
an EMO ecther vaporizer.  Oxygen, used as
the vehicle for vaporizing ether, was supplied
from an E cvlinder attached throngh a de-
mand valve to the inflow of the vaporizer.
Subjects inhaled o constant concentration of
cther for a minimum of 30 minutes before
measurements of cardiac output were made.
Immediately after each determination of car-
diac output, a sample of wrterial blood was
drawn and analyzed for cther content by the
method of Price and Price.t

Expired gases were continuously sampled
for carbon dioxide through a 20 gauge needle
inserted  through the proximal end of the
endotracheal tube.  Respirations were spon-
tancous and unassisted except during the pe-
riod of anesthesia just preceding tracheal in-
tubation, when manually controlled respiration
was emploved.  In the few instances when
plateaus were not obtained on the carbon
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dioxide tracing, the patient’s chest was manu-
ally: compressed in order to insure more ac-
curate end-expiratory sampling.

Statistical methods used were the Spearman
rank difference  coeflicient and  Student’s ¢
test.”  Significance was attached to P levels
below 0.05.

Results

peojumoq

Twenty-two observations of cardiac output, 3
arterial and atrial pressures, respiratory undg
cardiac rates and end-expired P, were nt-g
tempted  during consciousness and 53 when®
concentrations of cther in arterial blood rungod%
between 86 and 176 mg. per cent. Forty-six2
of the observations made during anesthesiag
are listed in table 1. Seven are not includ(‘dg'
because they were made at times when the$
subjects were  considerd  hypercarbie  (end-
expired P, 50 mm. of mercury or more).
These will be discussed separately,

Respiratory Rate. An increase in respiratory
rate occurred in cach of the ten patients ing
whom control rates were obtained.  Thereg
was no clear relationship between the m:lg-_h
nitude of this effect and the concentration of
cther in blood or the duration of anesthesia.

End-expired  P.,.,. Control obscrvations
were made in ten of the 13 patients.  During $
anesthesia Pe,. was transiently increased above 8
control levels in seven instances, but usually ®
it was reduced.  The average of the blood &
cther concentrations at which inereased P(‘(.gg
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levels were observed was significantly greater ©
than that at which reductions occurred (]48%
versus 116 mg. per cent: P < 0.01). Thereg
was some cvidence to suggest that l’(‘(,,_, was<
reduced by inercased duration of anesthesia. §

Cardiac Rate. Ether anesthesia produced g
an increase in cardiac rate in cevery p:lti('nt;o;

S

exeept no. 4 (table 1) whose cardine rate was§
clevated before the induction of anesthesia.

¥202 |

There was a positive correlation between car-
diac rate and blood ether concentration in
cight of ten patients; two showed inconsistent
changes. Patients with relatively low cardiace
rates  during  the coutrol period  developed
greater inereases during anesthesia, irrespec-
tive of depth (coefficient of vank correlation =
074, P < 0.05). No clear relation between
cardiac rate and duration of anesthesia could
be shown.
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Tanne 1. Observations of Cardiae Output, Arterial and Atrial Pressures, Respiratory and
Cardiae Rates, and Isnd-Expired Pcos in 13 Patients During Ether Anesthesia
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19 female, N male.  Age in yvears, height tinehes), weight (pounds). ¢ = time in minutes following
induction of anesthesin,  Negative values are before induction. 4 = time  of  tracheal intubation,
I5t.0 = concentration of diethyl ether in arterial blood tmg. per centy, CLO, = cardiae ontput (L/min..
HORD = cardiae rate (per mino. SALP = systolie arterial pressure (mme Hg)o DOAP = diastolie
arterial pressure (mm. Hg). AP = mean arterial pressure (mm. Hg), R.AP. = mean right arterial
pressure (mm, Hg). T.P.R. = total peripheral resistance (mm. Hg/l/ming). RUR. = respiratory rate
(per miny). Peos = end-expired tension of COy (mm. Hg).  * = in presence of nodal rhythm.

20z ludy 01 uo 3sanb Aq jpd°£0000-00050296 |-Z¥S0000/€€808Z/662/€/€C/HPd-01o11e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



302

Tasne 1,

Subject } ¢ EtO |
(10) F) 24, 65, - 23 0 -1
140, ¢ = 11, 37 162 6.4 112
Hd 119 7.2 12
81 153 7.2 IR E
(1) F, 28, 63, ~1 |0 68 1 72
163, ;= 33, — b 0 7. 72
-2 1] 7.1 68
01 158 10.6 132
100 12.3 132
126 124 a8 116
117 87 bRY] 116
(12) F, 34 64 —1 ( BN 71
160, {; = 21, O 93 5.2 o2
100 HIY 1.6 a2
116 7.1 100
116 a5 6.4 100
148 7.3 06
(13) I, 49, 61, 51 0 331 o
103, (; = 29, -2 4] 3.6 68
a0 04 3T 81
13 8o 3.T* 02
131 04 3.8* 100
160 103 3.0% 100
iy J U5 [sa%) 104
Arterial Pressure.  With the establishment

ol ether anesthesia, arterial pressure  dimin-
ished in all patients but one (9) whose pres-
sure first rose and then fell. There was no
clear relationship between the magnitude of
blood pressure diminution and the concentra-
tion of ecther in the blood, nor was there a
consistent the level of ar-
terial pressure and the duration of anesthesia.

relation between

In 9 of 11 subjects from whom data were
available there appeared to be a direct rela-
tionship  between Py, and  arterial  blood
pressure.  In view of this, data were selected
from seven subjects (1,2.5.6,9, 12, 13) whose
responses could be compared at similar ether
of the
Rank difference correlation

concentrations,  Averages data are
given in table 2.
indicated a significant positive correlation be-
tween P, and arterial pressure  (r = 0.88,
P < 0.05): i.e., as Py, declined, arterial pres-
sure did also.

In another group of observations (those ex-
cluded from table 1 because hypercarbia was

present at the time they were made) it could
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be shown that arterial pressure inereased as

Py, rose above normal levels (P < 0.05).
Right Atrial Pressure.

produced

Ether administration
right atrial
pressure: a sustained elevation in four, a de-
crease in five, and no remarkable change in
the remaining four.  Two of the four inereases

varied alterations  in

were observed  during (and were probably

caused by) nodal rhythm. No relation could
be established between blood  ether  concen-
tration and changes in right atrial pressure,
but there was a relation between right atrial
pressure and cardiac rate. Patients who ex-
hibited a decrease in atrial pressure had an
average increase in cardiac rate of 46 per
minute above the control rate, In the remain-
ing subjects  (excluding  those  with  nodal
rhythm) the average inercase was 135 beats
per minute, which was significantly less (P
< 0.05).

Cardiac Output.  Of the 12
whom control measurements were  obtained,

patients in

cardiane ontput was decrcased by ether admin-
istration in three (3,4, 6). In subject 3 the
reduction occurred with the onset of nodal
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rhythm: when sinus rhythm returned cardiac
output increased above the resting level. In
subject 6 the reduction occurred during the
induction of thereafter  cardiac
output increased above the initial levels. Sub-
jeet 4 was the only individual studied whose
cardiac rate and cardiac output failed to
increase at any time during ether administra-
tion. In most subjects cardiac output tended
to increase with increased duration of anes-

anesthesia;

thesia.

In six subjects who exhibited sinus rhythm
cardiac output was measured at two or more
levels of anesthesia.  In five of six instances
cardiac output changed in the same direction
as the change in concentration irrespective of
whether the change in concentration was up-
ward or downward.

Total  Peripheral — Resistance.  Caleulated
total peripheral resistance was redueed during
cther administration in 11 of the 12 subjects
for whom it was possible to caleulate con-
trol values.  The exception was 4 who, as
noted above, further differed from the others
by developing  increases neither in cardiac
In most subjects resistance
of anesthesia in-

rate nor in outpuat,
decreased as the duration
creased.

Cardiac Rhythm. Three patients developed
A-V dissociation with nodal rhyvthm. The
onsct of this arrhythmia was associated with
tracheal intubation in two instances.

Discussion

The question arises to what degree the
omission of preanesthetic medication may
have influenced the results,  Contrary to ex-
pectations, the induction of anesthesia in the

TasrLe 2 Relationship Between Peoy and
Arterial Pressure in Seven Patients with
Similar Ether Coneentration in
Arterial Blood
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Fie. 1. Average changes in cardiac output,
cardiac rate, arterial pressure, and total peripheral
resistance in seven subjects measured in cach of
three intervals following induction of anesthesia
with dicthyl cther. Intervals are 30-60, 61-100,
and 101=180 minutes after beginning cther ad-
ministration.  Zcro level is that observed before
induction of ancsthesia in each subject.  Meas-
ured changes are departures from this level ex-
pressed as percentage of initial values.  Blood
cther concentrations are given in mg. per cent.
Vertical  bars  indicate  standard  errors  of  the
measured  changes,  Changes in cardiuc output
and peripheral resistance both  progress  signifi-
cantly (P < 0.01 and P < 0.05 respectively) with
time. Alterations in arterial pressure and heart
rate are independent of time.

patients studied was rapid with few excep-
tions; the medan time following the induction
of anesthesia until the trachea was intubated
wis 24 minutes.  Secretions proved trouble-
some during induction in a few cases, but
were not a problem during maintenance  of
steady conditions following intubation of the
trachca. Tt will be noted that half an hour
or more elapsed between tracheal intubation
and  completion of the first measurements
made  during anesthesia.  Previous  studies ©
have indicated that such a “waiting period”
is desirable in order to permit subsidence of
cardiovascular and respiratory changes attribu-
table to “excitement” or to tracheal intubation,

One of the most conspicuous of our obser-
vations was the protean nature of the response
to cther.  Figure 1 illustrates this finding, In
many instances the tendency of the measured
variables to change with time could not be
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attributed to altered concentrations of ether
in the blood nor, presumably, in the tissues
concerned with cardiovascular function. Some
of the more pronounced alterations (e.g., ar-
terial pressure), in fact, appeared not to be
related to cther concentration although they
were clearly related to other variables such
as P, The interrelations between variables
were often more striking and may be more
informative than those existing between ether
concentrations and  the cireulatory  functions
measured,

Absence of a consistent relation between
anesthetic concentrations and  major  hemo-
dynamic variables suggests that the action of
diethy] ether in man consists of several antag-
onistic parts. A priori three possibilities ap-
pear:  diphasic actions on a single major
clement engaged in circulatory  regulation,
neutralization of direct actions of the anes-
thetic by bodily  reactions, opposing
actions several arcas.  Only the
last of these is tenable. A multitude of phar-
macologic actions of dicthyl cther has been
demonstrated, including ganglionic blockade,®
sympathetic nervous  stimulation,™#®  blockade
of cardiac vagal actions,’* 15 barorcceptor sen-
sitization 2.1 and  paralysis,’*  chemoreceptor
stimulation,’ and metabolic acidosis.?”*?*  The
problem is that none of them, taken singly,
can explain the hemodynamic actions of the
anesthetic. The possibility that homeostatic
responses  effectively  neutralize  direct anes-
thetic actions cannot be  convineingly  sup-
ported since no important hemodynamic vari-
able actually was maintained at a normal level
in the subjects studied.

Hemodynamic changes caused by respira-
tory alkalosis in conscious men closely resem-

and
exerted in

ble those attending cther administration in
These included  tachyveardia,
arterial hypotension, incrcased cardiac output
and reduced total peripheral resistance.® Cer-
tainly reduced P, was frequent during
ether administration in the present study, but
most or all of the circulatory changes noted
during respiratory alkalosis also occurred in

our subjects.

anesthetized subjects whose Py, was normal,

The fact that changes in cardiae output
and total peripheral resistance  during ancs-
thesia were relatively great when contrasted
with changes in arterial pressure suggests

JONES, LINDE, DEUTSCH, DRIPPS AND PRICE

Anesthesiology
May June 1962
that arterial pressure was regulated at a new
level; in other words, that hypotension oc-
curred because there was a change in sensi-
tivity of regulatory mechanisms affecting blood
pressure.  In animal studies, cther was found
the
barorcceptors to intraluminal pressure, result-
ing in arterial hypotension” ™ Whether this
action causes hypotension during ether anes-
thesia in man is unknown.  In any case, it
cannot explain coexistence of arterial hypo-
tension, deercased total peripheral resistance,
tachycardia and increased sympathetic nerv-
ous discharge.

to increase sensitivity of - carotid  sinus

The only circulatory variable which was
correlated  with concentration
was heart rate.  The increase in heart rate
may have been in part attributable to vagal
blockade produced by ether,’* ' but the fact
that cardiae rate could be even
further by atropine in patients anesthetized
with ether ™ shows that vagal blockade by
the anesthetic was incomplete, while the very
high rate which obtained after atropine ad-
ministration  (ca. 150/minute) mav  indicate
marked  svmpathetic nervous  stimulation  of

clearly cther

increased

the heart.  Estimations of catecholamine con-
centrations in human plasma have suggested
incrcased sympathetic nervous activity during
cther administration.™s  However, there was
no clear relation between ether and catecho-
lamine concentrations and the means whereby
cther causes  catecholamine  secretion to - in-
crease is completely obscure.

Increased respiratory rate and  diminished
Peo, apparently refleet respiratory stimulation
by the anesthetic, Fther has been reported
capable of stimulating vespiration both by
means of central nervous actions 17 and by
actions on peripheral  chemosensitive  recep-
tors.’t It should be recognized that chemo-
receptor stimulation produces  circulatory  as
well as respiratory effects,

The principal aim of this discussion has been
that of indicating the complex nature of the
cther,  In of this it is

scarcely 1o be expeeted that o unanimons opin-

response  to view

ion concerning its actions in man could have
The

response can vary with time even at steady

cmerged from the studies so far reported.

cther concentrations, and when other drugs are
given and operative procedures are permitted
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during the period of study the emergence of
interpretable data would seem wnlikely. Not
surprisingly, our findings resemble those ob-
tained in well-controlled animal  studies ¥ 1
more than they do those found in the more
poorly controlled  clinical studies.  Figure 1
illustrates the important observation that car-
diac output increased significantly above the
initial levels only during the second hour of
anesthesia.  Apparently  the changes occur-
ring immediately  after induction of anes-
thesia this crratic that
they obscure a marked and reasonably con-
sistent result which is revealed with the pas-
sage of time.  Certainly our findings could not
have been made in a study of briet duration.
Although the present results indicate difficul-
ties of interpretation even when an attempt is
made to achicve a steady state, even less in-
formation could be expected from uncontrolled
studics.  Needs for the future include more
rigorous control of variables.

are, in instance, so

Summary and Conclusions

In the subjects studied, administration of
diethyl ether typically resulted in tachycardia,
increased cardiae output, reduced arterial pres-
and  diminished resistance.
Among these changes, only the increase in
cardiae rate was clearly related to anesthetic
In several instances the meas-
ured variables  changed  with  time  despite
maintenance of steady anesthetic concentra-
tions.  End-expired P, was reduced at low
anesthetic concentrations and inercased at high
The mechanisms responsible for these

sure peripheral

concentration,

ones.
alterations remain to be established.
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