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Forearm venous compliance, venous and ar-
terial pressures, heart rate, and forearm blood
flow were measured in adult patients before and
at two levels of anesthesia with cyclopropane and
halothane. Subjects were not premedicated and
observations were made before operation. Cyclo-
propane anesthesia was accompanied by increases
in arterial and venous pressure, and by decreases
in forearm venous compliance and blood flow.
Halothane anesthesia was associated with de-
creases in arterial pressure and slight increases in
venous compliance, venous pressure, heart rate,
and forearm blood flow. The changes in arterial
and venous pressure, heart rate and forearm flow
observed with both agents are similar to observa-
tions reported previously. The decrease in fore-
arm venous complianec found with cyclopropane
is attributed to an increase in tone in venous
smooth muscle.

VeNous pressure depends upon the volume of
blood within the veins and the compliance of
the venous walls. Anesthesia with cyclopro-
pane is accompanied by a reduction in blood
volume and an increase in venous pressure.’: *
During halothane anesthesia blood volume re-
mains unchanged and changes in venous pres-
sure are small and directionally inconsistent.? *
These facts suggest that cyclopropane and
halothane have different effects on veins and
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that the increase in venous pressure with cyclo-
pane is associated with a decrease in venous
compliance. The experiments to be reported
here were done to study the effects of cyclo-
propane and halothane anesthesia on the pres-
sure-volume characteristics of the veins of the
forearm,

Methods

The subjects were nine generally healthy
patients without cardiovascular disease. Their
ages ranged from 21 to 58 years. Preanes-
thetic drugs were withheld. Studies were
done in the operating room immediately be-
fore elective surgical procedures. Observations
were made with subjects lying supine on an
operating table. Room temperature was 74°
F.

Polyethylene catheters for measuring pres-
sures were inserted through needles into the
antecubital vein of the slightly dependent left
arm and into the right femoral artery. The
right forearm was enclosed in a water plethys-
mograph used for measuring venous com-
pliance. Venous and arterial pressures were
measured with Statham strain gauges. Water
level in the plethysmograph was measured with
a float and displacement transducer.® Arterial
pressure pulse signals were fed into an inte-
grating tachometer to obtain heart rate. Pres-
sures, heart rate and water level were re-
corded with a Sanborn direct writing oscillo-
graph. Blood gases and pH were measured
on arterial blood with Instrumentation Labora-
tories electrodes.

The method for obtaining venous pressure-
volume curves has been described elsewhere.® ¢
A brief description is included here. The fore-
arm is enclosed in a plethysmograph and water
is added so that the pressure it exerts on the

® Manufactured by the Sanborn Company, Walt-
ham, Massachusetts.
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Fic. 1. Forearm volume records obtained

Y
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during a control period and during anesthesia

with cyclopropane. The arrows along the time axis represent levels of transmural pressure in
forearm veins produced by inflation of the proximal cuff. The small volumes at each trans-
mural pressure during cyclopropane anesthesia indicate reduced compliance of the veins. The
decreased slope of the volume record as the veins fill during anesthesia represents reduced fore-

arm blood flow.

arm is greater than venous pressure but less
than diastolic arterial pressure. The arterial
inflow drives the pressure within the veins to
a level slightly greater than the external water
pressure. The difference between the pressure
within the veins and the pressure surrounding
them is the distending or transmural pressure.
Under resting conditions and under the cir-
cumstances described here, transmural pres-
sure is low. It ranges from about 0.5 to 2.0
mm. of mercury and is constant and repro-
ducible in a given subject® The volume of
blood in the vessels of the extremity at this
low transmural pressure is about 1.3 ml./100
ml. of tissue.” Under resting conditions this
volume also is constant and reproducible in a
given subject; it is called the “baseline” volume.
Increases in volume in response to application
of a congesting cuff take place primarily in
vessels whose resting pressures are less than
10 mm. of mercury?. The origin of the venous
pressure-volume curves is the “baseline” vol-
ume and the low transmural venous pressure
which is present when external water pressure
is greater than natural venous pressure. Since
the “baseline” volume and pressure are con-
stant they are regarded for practical purposes
as zero. Venous pressure-volume curves may
be obtained by increasing transmural pressure
from “zero” to 30 mm. of mercury in incre-
ments of 5 mm. of mercury by inflating a cuff
on the arm proximal to the plethysmograph.
Each increment of pressure is held constant
until forearm volume becomes stable before

adding the next increment of pressure to the
cuff (fig. 1). In previous work using this
method,® curves were constructed by plotting
each level of volume in ml./100 ml. of forearm
against its corresponding level of transmural
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Fic. 2. Each level of forearm volume in milli-
liters per 100 ml. of tissue has been plotted against
its corresponding level of transmuraf pressure. In
this experiment the pressure-volume curves shifted
slightly toward the volume axis during halothane
anesthesia suggesting increased venous compliance.
These changes with halothane were small and not
significant statistically.
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Fic. 3. Forearm venous pressurc-volume curves
obtained during a control period and during anes-
thesia with cyclopropane. Shift of the curves to-
ward the pressure axis during ancsthesia indicates
decreased venous compliance.

pressure (figs. 2 and 3). These curves are
convex toward the volume axis. If the veins
lose tone and compliance increases the curve
falls nearer the volume axis. If tone increases
and compliance decreases the curve falls nearer
the pressure axis. The final point on the curve,
the venous volume at a transmural pressure
of 30 mm. of mercury is an index of venous
complinance. A high value is associated with
a curve of increased compliance, a low value
with a curve of decreased compliance. In
many of the experiments reported here, trans-
mural pressure was increased to 30 mm. of
mercury with a single inflation of the cuff.
Pressure was then held constant until forecarm
volume became stable or was increasing at
only a negligible rate. The volume at a trans-
mural pressure of 30 mm. of mercury is the
same with stepwise or single inflation of the
cuff. The values for venous compliance which
are reported in the tables are stable volumes
present at a transmural pressure of 30 mm. of
mercury.

The initial slope of the volume record as
the veins fill is an index of the rate of blood
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flow into the forcarm (fig. 1.). The actual rate
of flow into the forearm was not calculated.
Directional changes were determined from
changes in the slope of the volume record;
they are identified in the tables by arrows.

Control observations were made with sub-
jects awake after they had been resting for
at least 30 minutes with all apparatus con-
nected. Anesthesia was then administered
utilizing standard machines with large CO,
absorbers. Five subjects received halothane-
oxygen from a halothane vaporizer compen-
sated for low and temperature. A total flow
of six liters of oxygen per minute was em-
ployed. Four subjects received cyclopropane-
oxygen in a closed system after a five-minute
period of partial dennitrogenation. A steady
level of “light” clinical anesthesia as judged
by pupillary and eyeball responses, blood pres-
sure and pulse rate, capillary refill, and rate
and depth of respiration was achieved with
nearly constant concentrations of inspired gas.
Experimental observations were made after
20 to 30 minutes at this level of depression
(dose 1}. The concentration of the agent was
then increased (dose 2). Observations were
repeated after 20 to 30 minutes of anesthesia
at the higher dose.

Respiration was controlled when necessary
to maintain arterial CO, tension near normal.
The inspired concentration of halothane ranged
from 1 to 2 per cent for the low dose and
from 2 to 3.3 per cent for the higher dose.
The inspired cyclopropane concentration
ranged from 20 to 30 per cent for the low
dose and 26 to 38 per cent for the higher dose.

Results

There were significant decreases in mean
arterial pressure during anesthesia with halo-
thane (table 1). The changes in heart rate,
venous pressure and venous compliance were
small. There appeared to be a tendency for
both venous compliance (table 1, fig. 1) and
venous pressurc to increase but the changes
were small and not significant statistically.
Forearm blood flow decreased at the low dose
of halothane but increased with the high dose.

There were marked decreases in venous
compliance with cyclopropane (tables 2, figs.
1 and 3); these changes were accompanied by
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large increases in venous pressure. Mean
arterial pressure increased, heart rate did not
change significantly, and forearm blood flow
decreased.

Discussion

The observations reported here are in gen-
eral agreement with the changes in venous and
arterial pressure, heart rate and forearm blood
flow reported by others who have investigated
the hemodynamic effects of cyclopropane and
halothane in man.t 9011 In addition we
have found that forearm venous compliance
decreases significantly with cyclopropane and
increases or remains unchanged with halo-
thane. The decreased compliance with cyclo-
propane may explain the increase in venous
pressure.

It appears that cyclopropane has a stimu-
lating effect on the circulation similar to that
seen with infusions of norepinephrine. Both
cyclopropane and norepinephrine cause in-
creases in tone of both arteries and veins. The
reported observations 12 of increased sympa-
thetic activity during cyclopropane anesthesia
may explain the similarity between the re-
sponses to the two agents.

Halothane has effects on the circulation
which are somewhat opposite to those of cy-
clopropane. Our results showed small in-
creases in forearm venous compliance and ve-
nous pressure accompanied by significant de-
creases in mean arterial pressure and increases
in forearm blood flow. These findings sug-
gest depressing or dilating effects on both ar-
teries and veins and are consistent with stud-
ies which have demonstrated no increase in
circulating norepinephrine levels during halo-
thane anesthesia in man.?

Summary

Observations on venous and arterial pres-
sure, heart rate, forearm blood flow and fore-
arm venous compliance were made at two
levels of anesthesia with cyclopropane and
halothane.

Halothane was associated with a decrease
in arterial pressure, a tendency toward an in-
crease in venous compliance and small and
directionally inconsistent changes in venous
pressure and heart rate. Forearm blood flow
decreased at the lower level of anesthesia and
increased with the higher level.

Anesthesiology
Nov.-Dec. 1965

Cyclopropane was associated with increases
in venous and arterial pressures and decreases
in forearm blood flow. Heart rate did not
change significantly. Venous compliance de-
creased. This change in compliance is at-
tributed to an increase in tone of venous
smooth muscle. It may explain the increase
in venous pressure.

References
1. Price, H. L., Helrich, M., and Conner, E. H.:

A relation between hemodynamic and plasma
volume alterations during general anesthesia
in man, J. Clin. Invest. 35: 125, 1956.

. Price, H. L., Conner, E. H., and Dripps, R. D.:
Concerning the increase in central venous
and arterial blood pressures during cyclo-
propane anesthesia in man, ANESTHESIOLOGY
14: 1, 1953.

3. Morse, H. T., Linde, H. W., Mishalove, A. B,,
and Price, H. L.: Relation of blood volume
and hemodynamic changes during halothane
anesthesia in man, ANESTHESIOLOGY 24: 790,
1963.

4. Deutsch, S., Linde, H. W., Dripps, R. D., and
Price, H. L.: Circulatory and respiratory ac-
tions of halothane in normal man, ANEs-
THESILOLGY 23: 631, 1962.

5. Wood, J. E., and Eckstein, J. W.: A tandem
forearm plethysmograph for study of acute
responses of the peripheral veins of man:
The cffect of environmental and local tem-
perature change, and the effect of pooling
blood in the extremities, J. Clin., Invest. 37:
41, 1958.

6. Eckstein, J. W., Wendling, M. G., and Ab-
boud, F. M.: Forearm venous responses to
stimulation of adrenergic receptors, J. Clin.
Invest. 44: 1151, 1965.

7. Litter, J., and Wood, J. E.: The volume and
distribution of blood in the human leg meas-
ured in vivo: Effects of graded external pres-
sure, J. Clin. Invest. 33: 798, 1954.

8. Eckstcin, J. W., Hamilton, W. K., and Mec-
Cammond, J. M.: The effect of thiopental
on peripheral venous tone, ANESTHESIOLOGY
22: 525, 1961.

9. Jones, R. E., Guldmann, N., Linde, H. W,,
Dripps, R. D., and Price, H. L.: Cyclopro-
pane anesthesia. III. Effects of cyclopropane
on respiration and circulation in normal man,
ANESTHESIOLOGY 21: 380, 1960.

10. McArdle, L., and Black, W. G.: The effects
of cyclopropane on the peripheral circula-
tion in man, Brit. J. Anaesth. 35: 352, 1963.

11. Black, G. W., and McArdle, L.: The effects of
halothane on the peripheral circulation in
man, Brit. J. Anaesth, 34: 2, 1962,

12. Price, H. L., Linde, H. W., Jones, R. E.,
Black, G. W., and Price, M. L.: Sympatho-
adrenal responses to general anesthesia in
man and their relation to hemodynamics,
ANESTHESIOLOGY 20: 563, 1959.

[Se]

20z ludy 21 uo 3senb Aq ypd'11.000-0001 L 596 1-Z¥S0000/6 L06Z #/98./9/9¢/}Ppd-01o1n1e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



