Differential Effects of Diethyl Ether Anesthesia
Upon Right and Left Myocardial Function
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Effects of diethyl cther anesthesia upon the
mechanical performance of the left and right
ventricles were determined in 10 dogs. Deep
cther ancsthesia resulted in reductions of left ven-
tricular stroke wotk, stroke power, stroke velocity
and tension-time index per beat at any given left
ventricular end-diastolic pressure. In contrast,
right ventricular function curves were unchanged.
The slope of the left ventricular function curve,
the ratio of external ventricular stroke work in
gram-melers to a unit of ventricular end-diastolic
pressure in centimeters uf waler, decreased pro-
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tmtion of dicthyl ether. 'l'he difference in the
effect of ether upon left and right ventricular
stroke work was found to be due to a decrease in
mean dortic p and an h d mean
pulmonary arterial pressure.  We conclude that
the difference between the left and right “work
and power-performances” was not related to the
difference in inotropic state of ventricles but to
the differential effects of ether upon afterload,
pamely, mean aortic and pulmenary arterial
pressures.

TaE concept that diethyl ether evokes a nega-
tive inotropic action upon the heart is sup-
ported by studies on the isolated dog ventricle
and the heart-lung preparation®- In an-
esthetized intact subjects there is evidence
that the sympathetic nervous system plays an
important role in maintaining circulatory
homeostasis.>* However, the effects of ether
upon the heart with an intact neurohormonal

1

system have not been thoroughly ined
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cifically upon the performance of the rights
and left ventricles in intact dogs, not subg
jected to the stress of surgery 8: this was evalg_
uated in terms of right and left ventriculagy
stroke work, power-velocity-performances.

Method

Studies were performed on 10 dogs (averys
age weight, 18.6 kg.), each serving as its owmp
control.  Each dog was anesthetized with 5%
per cent nitrous oxide in oxygen. One pcﬂ
cent procaine was infiltrated in the cut—dowm
areas to be sure that the dog had no pam<
The trachea was intubated with a cuffed endos.
tracheal tube after the administration okf..:
succinylcholine chloride, 0.1 per cent in 5 peid
cent dextrose in water. Respiration was con§
trolled by means of a volume limited ventic
lator® with a Frumin valve. The tidal volg
ume and respiratory frequency were Lept'g
constant to maintain arterial blood gasesm
within a normal range (pH, 7.35-7.40; Pco»yo
35-40 mm. of mercury).?

Under fluoroscopic control, three mrdmcg
catheters were positioned: A doublc-lumcnh
Cournand cardiac catheter (7F) was inserted
through the left femoral vein into the pulmo—cn
pary artery and right ventricle; A secondo
double-lumen catheter was inserted througho
the left femoral artery into the left atrium®
and left ventricle. A specially constructedo
catheter (7F, 40 cm. long) was placed inGs
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The purpose of this study, therefore, was to
determine the influence of diethyl ether spe-

the ding aorta through the right carotids.
Intrnpleural pressure was 5hmnted<
ement of e in a rubl:«ax‘Q
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To permit rapid bleeding and infusion of
blood, cannulae were placed in the right
femoral artery and vein and connected to a
reservoir of the animal’s own blood which had
been collected in ACD solution 10 to 14 days
prior to the study. The blood in the reser-
voir was kept at 37° C. and mixed continu-
ously by a magnetic stimer. The animal’s
body temperature was maintained at 37 %
0.5° C. by means of a thermal blanket.

Measurements. ‘Thirty to 60 minutes after
catheterization, nitrous oxide was discon-
tinued and the dog was allowed to emerge
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cardiac output and ventricular function curves
were determined. Additional determinationgy
were made in three dogs after they had fully2
recovered from diethyl cther anesthesia. Total
time of experiments ranged from 6 to &
hours. In three dogs, the concentration og
cther in the systemic arterial blood was ded
termined.’® Arterial blood samples, taken im<
mediately before the measurcments of venS
tricular function, were analyzed for pH am§

4
Tante 1. Slopes of'Left and Right VFC Before],
During and After Ether Anesthesia

fully from anesthesia. Control ements
of left and right ventricular function curves,
left ventricular stroke power and stroke ve-
locity were made. The methods used to ob-
tain ventricular function curves were similar
to those reported in previous publications.®
Blood from the reservoir was then infused,
in 50- to 100-ml. increments every 60 to 90
seconds, to alter the ventricular end-diastolic
pressures.  Thirty to 60 seconds after each
infusion, cardiac output was determined by
the dye dilution technique, using indocyanine
dye mixed with plasma?® Femoral arterial
blood was drawn into a cuvette densitometer
(Colson Model 103-IR) at the rate of 0.9 ml.
per second to provide a timed dye concentra-
tion curve.® Blood withdrawn for each de-
termination of cardiac output was re-infused
as soon as the dye concentration was re-
corded.

After the completion of function curve de-
terminations, the total amount of infused bloed
minus the blood withdrawn for arterial gas
analysis was withdrawn into the reservoir.
After pressures returned to control levels, an
EMO } vaporizer was inserted into the non-
rebreathing ventilation system, and a constant
inspiratory concentration of diethyl ether was
administered for at least 30 minutes. In-
fusions of blood were then repeated, and

© The area under the curve was integrated by
an on-line analog computer (Sanborn Model 130).
Electronic and manual computed values were
highly correlated (r=-0.999) for 119 cardiac
outputs ranging from 0.5 to 8.0 liters per minute
in four subjects.
} Calibration of the EMO vaporizer by a
shic technique® revealed that it de-
livered 20, 15, and 9 volume per cent of ether in
oxygen at dialsets of 20, 15 and 10 volume per
cent, respectively.
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*No VFC determination was made.
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electrocardiograph tracing were recorded si-
I 1 oscillograph

ly on a multich
(Sanborn Model 150).
Calculations. Ventricular stroke work, VSW
(in grammeters) was calculated from the fol-
lIowing formula *:

(MAP — EVFP) X (SV)
100

where, MAP=mecan arterial blood pressure
(in cm. H,0), EVFP = effective ventricular
fiilling pressure (in cm. H.0), and SV=
stroke volume (in ml). The effective ventricu-
lar filling pressure (in cm. H.0) was deter-
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Fic. 2. Left and right VFC's during light and

deep ether anesthesia. C:: control VFEC’s before
ether anesthesia; C:: back control after emergence
of ether anesthesia.

t Testing of the pressure-recording system re-
vealed a uniform (*35%) amplitude response to
at least 15 cps. and a phase lag of approximately
1° per cps. in this frequency range.

pressure from the ventricular end-diastolic®
pressure.  Stroke power was obtained by}
dividing the stroke work by the duration o
cjection and expressed in watts (1 watt = 10,
180 g. cm./sec.). Mean stroke velocity
ml./sec. was calculated by dividing strokes:
volume by the duration of ejection. Theg:
tension-time index (TTI) mm. of mercury®
second was calculated as the product of thed
mean systolic aortic pressure and the duray
tion of cjection.? The mean systolic aortic
pressure was measured by planimetrie inte%
gration of the aortic pulse during systele. &

Ventricular function curves (VFC) were®
obtained by plotting ventricular stroke workS
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The slope of each VFC was calculated as the3
change in stroke work per umit of effectivel
flling pressure at the initial linear positiony
of the curve.® (=}

In each experiment the slope of the ven3
tricular function curve prior to diethyl ethel§
anesthesia served as the control value andS

curve obtained during the administration of a2
specific inspiratory concentration of diethyls:

ether was calculated. g
(=}

Results g

VFC. Pertinent data are summarized inS

table 1 and figure 1. 3

Slope Changes. Decreases in the slope of>
the left VFC were directly proportional to2
the inspiratory concentrations of diethyl-ether
(Bgure 1: correlation coefficient, r= 0.85).%
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There was no correlation between changes in
slope of the right VFC and inspiratory con-
centration (r=0.44). In general the average
net changes of slope of the left and right
VFC during light anesthesia (insp. conc. of
4-8 volume per cent) were 0.2*+0.14 g/
em. of water (P > 0.5), and 0.01 %= 0.01
g./cm. of water (P> 0.3), respectively. Dur-
ing deep anesthesia (insp. conc. of 10 to 20
volume per cent), the average net change in
slope was —35.3 = 1.13 g/cm. of water (0.1
>P>0.03) on the left and —0.06 0.05
g/cm. of water (P < 0.5) on the right (fg. 2).

Ventricular Stroke Power, Velocity and
Tension-Time Index. During light ether anes-
thesia in all experiments, the left ventricular
stroke power, mean stroke velocity, TTI per
beat, stroke volume and mean aortic pressure
were not altered from the control levels at any
given left ventricular end-diastolic pressure.
An example of this is shown in figure 3
(blood ether concentration: 60 mg./100 ml.).

During deep anesthesia, the left ventricular
stroke power, mean stroke velocity, and TTI
per beat were reduced. Figure 4 shows
changes in these parameters during deep an-
esthesia (blood ether concentration: 150 mg/
100 ml.) in one dog. Figure 5 shows that the
mean aortic pressure decreased concomitantly

with left ventricular stroke work at given encl-'é‘.
diastolic pressures, in the presence of an un-¢
changed stroke volume during decp anesthesiag
(blood ether concentration: 105 mg/100 ml.).3

Hemodynamic Data. The hemodynamics
parameters were ob d before each VFCS
measurement during control, light and deep
cther anesthesia (table 2 and 3). Durlngé
light ether anesthesia, pulmonary vascular re-y
sistance and pulmonary arterial pressure wereg
the only hemodynamic parameters that wereS
significantly increased. Mean net-changes of%
pul Y lar res: and pul yo
arterial pressure were 2.22:*0.72 mm. of‘@gl
mercury/liter/minute (P <0.01) and 243
0.6 cm. of water (P<0.01), respectively.S
During deep anesthesia, both left and rightD
ventricular end-diastolic pressures were sig%
nificantly altered. The net-changes in left
ventricular and right ventricular end-diastolic3.
pressure were on the average 4.5%=0.7 cnZ
of water (P < 0.01) and 2.7 = 0.4 cm. of wa<2
ter (P < 0.01), respectively. Changes in other®

]
5
s
-
g
g
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&

thesia were not significant (table 3).

udy 21

Discussion =
The findings of this study reveal that deep
diethyl ether anesthesia causes a differentialX
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Tante 2. Hemodynamic Data Before and During Ether Anesthesia
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effect upon the left and right “work-perform- ings that the decreased slopes of the left\‘
ance” in the intact dog. These findings are ventricular function curves as compared \mth@

in accordance with the concept that simultane-
ous, scparate determinations of the left and
right VFCs are important for determining
“myocardial contractility.” 112 This is sub-
stantiated by the fact that left and right
ventricular function curves change independ-
ently during ether anesthesia. It should be
pointed out that the difference in work-per-
formance between the left and right ven-
tricles is not related to the difference in the
inotropic state of the two ventricles, but
related to the fact that each ventricle was
stressed differentially during deep ether anes-
thesia. This concept is based upon the find-

the relatively unaltered slopes of the nghl:o
ventricular function curves were assocmtedo
with a decreased mean aortic pressure :mdo
an unchanged pulmonary arterial pressure)
(fg. 5). At any given end-diastolic pressure,&
the mean aortic pressure was reduced con-2
comitantly with the reduction of the calculated'S e
left ventricular stroke work. Therefore, thed
apparent lowering of the left ventricular func-S
tion curve is a direct consequence of the de-3
crease of the mean aortic pressure. z

Sonnenblick,!* :3 Abbott and Mommaerts 182 2
have shown that one of the most mpomnto
[ ters in ch izing the basic con-+*

15




880 SHIMOSATO, GAMBLE, AND ETSTEN sAnsthesiclory

tractile state of the heart muscle is the force-

N w
23 Elg zg velocity relationship: the inverse relationship
=g :si\ c‘£ between the force generated and the velocity §
= = of shortening during myocardial contraction.3
mE S Recently, Fry et al.,** Levine and Britman,18§
22 |32 33 Covell et al*® have demonstrated that them
=5 |2V EA inverse relationship between force and v&—~
it % locity also applies to the intact canine leftS
- == ventricle. In the intact heart during ventricu-Z
fl; :*'{E' lar contraction, the pressures in the arch of-i
fi\ l_:! aorta or main pulmonary artery are encoun-§
. s 9= tered only with the onset of myocardial con-™
g 5o ;g traction when the aortic or pulmonic valve i lsé
El f{-‘/( A% opened, and therefore, the mean arterialg
£ sa 3:“, pressure or mean pulmonary arterial pressurem
- — may be considered analogous to an afterload g
2 2z 2% in the isolated muscle preparation. Rossg
= #g Lﬁﬁ et al=° recently demonstrated in the intact,3
__:t’n i £% canine, left ventricle that stepwise mcreas&cg
22 = in the mean aortic pressure (afterload) re-m
as £33 &= sult in progressive decrements in the velocxty <)
—;‘:a_' 5’13 & A of ejection. It has been also emphasized thatg
A% g9 =3 left ventricular stroke work is not only a®
0 function of end-diastolic pressure (preload), &
2 =3 but also a function of resistance to ejection
H pre or mean aortic pressure (afterload).®* There- &
£ BA EA fore, it is reasonable to state that the wni-®
3 S= g lateral depression of the left ventricular func- &
5 tion curve with an unchanged right ventncu]ar s
2 o =8 function curve was related to a) the reduction &
25 ;‘ui; H = of the mean aortic pressure or afterload level & 3
:°§ oi i\ Tz for the left ventricle and b) an una]teredo
=3 = 7= afterload level for the right ventricle, and that © 5]
g N both ventricles are at the same inotropic state § S
£ 25 =3 during deep ether anesthesia. .ﬁ
3] 3R A9 The increases in stroke work and power o
o =& 7% in some experiments during light diethyl ether \1
2 anesthesia were similar to those produced by g
e qa Zo electrical stimulation of the left stellate S
B ;H’-;; .'37\ ganglion 22 and by the intravenous infusion§
:3:3 cia, of catecholamines.’* Recent studies have re- 3
! vealed that norcpinephrine concentration isg
E-E? ?.‘i.A increased in the myocardial and cardit 1| ;;
S 2 3 = tissue in dogs during ether anesthesia.” Thus, 5 =
SA ZA positive inotropism of the myocardjum and the § g
3 & =3 increase in the pulmonary arterial pressure*
which occurred during light anesthesia may >
- = be correlated with the increased rate of 3
catecholamine liberation. i}
w 2 Another significant finding is that thel
== changes in the tension-time index (TTI) R
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per beat paralleled the left ventricular stroke
work and power at any given end-diastolic
ventricular pressure during ether anesthesia
(Bgs. 3 and 4). It has been reported that the
tension-time index is the principal hemo-
dynamic determinant of myocardial oxygen
consumption at any given functional state of
the heart3* The parallel reduction of the
TTI per beat, the mean aortic pressure and
left ventricular stroke work during deep ether
anesthesia, suggest that the mechanical eff-
ciency of the heart is probably maintained
during ether anesthesia. The changes in the
h dy ic par , however, such as
cardiac output and stroke volume during ether
anesthesia do not indicate the work-and-
power-performance of the heart For ex-
ample, the cardiac output inercased, de-
creased or remained unchanged and was not
accompanied by the same directional changes
in the ventricular function curves (tables 2
and 3).

Summary

Resulis of this study show that the left
and right ventricles may perform work and
exert power at different functional levels
according to their respective levels of after-
load (mean aortic or pulmonary arterial pres-
sure), at any given end-diastelic volume or
pressure {preload). The “work-and power-
performances™ of the right ventricle were un-
changed at any given end-diastolic ventricu-
lar pressure and those of the left ventricle
were depressed during deep ether anesthesia.
These changes were not related to differences
in inotropic state of the two ventricles. The
differential effects of diethyl ether anesthesia
upon the two afterloads, causing a decrease
in mean aortic pressure with an unchanged
mean pulmonary arterial pressure, were re-
sponsible for the apparent depression of the
left ventricular function curve. The reduc-
tion of the work-performance of the left ven-
tridde was related to the parallel reduction
of the tension-time index, indicating that the
mechanical eficiency of the left ventricle was
not altered.
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Drugs

MEMBRANES Biological membranes appear to be thin structures 50 to 100
Angstroms thick composed of a double layer of lipid covered by adherent layers of
protein or polysaccharide, or both. The polar head groups are oriented toward the
aqueous phases. The hydrocarbon region is likely to be more or less liquid. Elec-
tron micrographs seem to indicate that the membranes are continuous lamellar
structures. Jon permeation is likely to occur either through a site-free interior or
by means of a mobile associated mechanism utilizing lipid-soluble polar molecules
as the mobile carrers. It has been postulated that jon permeation utilizes one or
more of the following mechanisms: pores lined by fixed charges, lipid-soluble carrier
molecules, diffusion in a homogenous dialectic medium having rate limiting “gating
mechanisms” at its surface and translocation of vesicles. Variables considered are
the presence or absence of ion exchange sites, their fixation or freedom of motion,
their degree of dissociation, and the extent to which their chemical properties depend
on external forces. A membrane can be categorized according to whether it con-
tains sites for ion exchange or is site-free, and if it is an ion exchanger, according to
whether its sites are fixed or mobile and whether the sites of their counter-ions are
associated or dissociated. (Ei G., Sandblom, J. P., and Walker, J. L., Jr.:
AMembrane Structure and Ion Permeation, Science 155: 965 (Feb.) 1967.)

lation on atrial and ventricular dynamics,
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