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Venous pressure-volume curves obtained by ve-
nous congestion may be useful for the study of ve-
nous tone in human extremities. However, such
pressure-volume curves should be measured from
a constant reference point or baseline of venous
volume and effective venous pressure.

The purpose of this paper is to show that such a
constant baseline is obtained when an external
pressure equal to or greater than the natural local
venous pressure is applied to the leg. This has
been demonstrated by measuring the volume of
blood in the human leg, in vivo, at graded external
pressures. The data to be presented are not only
of physiological interest, but also have a practical
bearing on the use of elastic compression to ac-
celerate the linear velocity of blood flow in the leg
veins for the prevention of thromboembolic com-
plications in hospitalized patients (1-3).

There have been no quantitative measurements
of the volume and distribution of blood in the ves-
sels of the leg, in vivo, with the circulation under
normal conditions of rest. Several investigators
have reported a few measurements of the blood
volume of the leg, using the Evans blue dye (4)
or the carbon monoxide (5) method, but their re-
sults do not give accurate information about the
distribution of blood in the vessels of the leg.
Neither method is adaptable for our purpose.

The method employed in the present study is to
express the blood from the leg in a water-filled
plethysmograph and then to record the increase
in leg volume which occurred when the circulation
was restored. This was repeated over a wide range
of external water pressures applied to the leg.
The rationale of the method depends upon the as-

' This work was supported by a grant from the Life
Insurance Medical Research Fund.

2 This paper was presented, in part, at a meeting of the
New England Cardiovascular Society on February 19,
1951.

sumption that the volume of a blood vessel varies
directly with the effective intravascular pressure,
if other factors are controlled. This assumption
has been thoroughly validated by Ryder, Molle, and
Ferris using isolated veins (6).

APPARATUS

The water plethysmograph (Figure 1) described by
Wilkins and Eichna (7) was modified at the open ends
by replacing the rubber diaphragms (formerly cemented
to the skin) with a loose-fitting, thin rubber sleeve (8).
The ends of the sleeve were everted and permanently sealed
to the flanges at each end of the plethysmograph. The
spaces between the leg and the ends of the plethysmograph
were closed off by loose-fitting masonite plates which were
held firmly against the flange by brass plates (7). When
the box was filled with water the hydrostatic pressure
forced the loose sleeve in folds against the skin (which
had been powdered with talc) and against the inner sur-
faces of the masonite plates.

A highly satisfactory pressure gasket was made from
relatively inelastic, tough neoprene rubber, 1/64 inch
thick (Figure 1, Insert). Such a gasket was placed; at
each end of the leg segment between the thin rubber sleeve
and the skin and inner side of the masonite plates. This
prevented ballooning of the sleeve between the skin and
the inner edge of the masonite plates when high pres-
sures were applied to the water in the plethysmograph.
External metal struts (not shown in Figure 1) were at-
tached to the ends of the apparatus so that threaded bolts
could be tightened against the outer side of the masonite
plates near the free inner edge. This arrangement limited
outward movement of the plates under high pressure.

The plethysmograph was connected by rubber tubing to
a 100 cc. burette, which was supported by clamps so that
it could be raised and lowered rapidly. The volume of wa-
ter in the burette-plethysmograph system (Figure 1) was
adjusted by opening stopcock (C) to tube (D) which led
to a water reservoir. Water was allowed to run into the
reservoir by gravity or was transferred from the reser-
voir to the burette by a rubber pressure bulb. The bu-
rette-plethysmograph system was pressurized through
tube (A) connected to the top of the burette by turning a
stopcock to a 20-liter air pressure reservoir.

A narrow blood pressure cuff (H), 8 cm. wide, was
placed on the ankle close to the distal end of the plethys-
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FIG. 1. THE BURETTE-PLETHYSMOGRAPHAPPARATUSON THE LEG OF A SUPINE SUBJECT
"F" is an electric water heater, "G" is a propeller, "E" is a thermometer. The posterior

surface of the leg is at heart level. See Text.
Insert: Diagram of neoprene rubber pressure gasket below the knee. The overlapping ends

of the loose-fitting gasket are secured with adhesive tape.

mograph. Five cuffs, 14 cm. wide, were placed on the
knee and thigh, the lower cuff overlapping the next higher
cuff. Two cuffs were used in positions 1, 2, and 5, with
the rubber bags on opposite sides of the extremity for
more efficient transmission of pressure. All these cuffs
were connected through stopcocks to air pressure reser-
voirs. The thigh cuffs were firmly supported with adhesive
tape. Cuffs 1, 2, 3, and 4 were taped to each other to pre-
vent slipping and bulging. This greatly reduced the dis-
comfort at high cuff pressures.

PROCEDURE

The subjects were healthy young men. One group
of experiments was done with the subject supine and the
posterior surface of the leg segment in the plethysmograph
at heart level, measured 10 cm. anterior to the back.
Another group of experiments was done with the upper
half of the body uptilted 13 to 18 degrees, and the leg
under study slightly lowered, to increase the local venous
pressure in the leg. In these experiments heart level
was estimated from the phlebostatic level (9). In both
groups of experiments a rolled blanket was placed under
the thigh and sandbags under the foot so that the ex-
tremity was comfortable and relaxed, with the knee only
slightly higher than the ankle. The temperature of the

water in the burette-plethysmograph and the water reser-
voir was 320 C.

The ankle cuff was inflated to a pressure of 260 mm.
Hg to prevent circulation distal to the plethysmograph.
One minute later the air pressure in the burette-plethysmo-
graph system was raised to 250 mm. Hg to express the
blood from the leg toward the heart. Water was pumped
into the burette from the reservoir as water flowed from
the burette into the plethysmograph. This high pressure
tended to force the apparatus toward the ankle but such
movement was limited by the ankle cuff which exerted
counterpressure against the masonite plates. Two min-
utes later cuff 1 was inflated to 250 mm. Hg and at 20-
second intervals cuffs 2 and 3 were similarly inflated.
Then the air pressure in the burette plethysmograph
system was reduced to atmospheric and cuffs 4 and 5 were
inflated at 20-second intervals to a pressure of 250 mm.
Hg. This completed the expression of blood proximally
from the leg and thigh. The pressure in cuffs 1, 2, 3, and
4 was then reduced to atmospheric, so that only the highest
cuff, 5, prevented reentry of blood into the extremity.

The external water pressure on the leg was then ad-
justed at the desired level as measured in the burette in
mm. Hg with reference to heart level. The subject was
urged tW relax and the pressure was abruptly released
from the highest cuff, 5, at zero time. Blood rushed into
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the empty vessels very rapidly due to reactive hyperemia, RESULTS
which gradually subsided until the blood flow had re-
turned to the normal resting level. At first, blood entering Three experiments on uptilted subjects
the leg displaced water from the plethysmograph into the The data obtained in three consecutive experi-
burette; later, as reactive hyperemia subsided, water flowed2̂ . ' . ~~~~~~~mentson three different subje'cts studied with theback from the burette into the plethysmograph. During
this time the burette was rapidly lowered, then raised, so trunk in the (130 to 180) uptilted position were
that the water level in it and water pressure on the leg. similar (Figure 4). Therefore, only one experi-
remained constant. It was important that the water pres- ment will be discussed in detail and average data
sure on the leg was constant during the observations to will be discussed for the group.
prevent errors due to variations in volume of the apparatus Detailed data. The vascular volume of the leg
with variations of pressure. in sub1ect D. H. from the time blood was allowedBurette readings were taken every 15 seconds for five
to eight minutes, until the leg volume did not chatlge sig-to rter the empty vessels is shown n Figure 2
nificantly for two minutes, indicating that reactive hyper- The number opposite each curve is the external
emia was over and the vascular volume had returned to water pressure on the leg in mm. Hg (referred to
the resting value. The vascular volume of the leg was heart level), which ranged from - 5 to + 55 mm.
calculated from the burette readings and the leg volume. Hg. At the lowest external water pressure (-5
The leg volume was calculated from the known capacity m. Zg), the level of the water in the burette was
of the plethysmograph and the volume of water it conrtuiWed
with the leg segment in it. The initial level of the uN.ter 21 cm. (15.9 mmHg) above the posterior sur-
in the burette was a few centimeters above the top t-- he leg and 6.7 cm. (4.9 mm. Hg) above the
plethysmograph in both groups of experiments. The pro, anterior surface of the leg. The posterior surface
cedure was repeated numerous times in each experiment of the leg was 28.4 cm. (20.8 mm. Hg) below heart
on each subject, over a range of external water pressures level
on the leg up to 60 mm. Hg above the initial water During the first minute after the circulation was
pressure. The water pressure was usually raised by rn- restored, the vascular volume reached a peak whichcrements of 5 or 10 mm. Hg. . .

The assumption that all, or almost all, of the blood in the varied iversely with the extetnal water pressure.
leg was expressed by an external pressure of 250'mm. Hg This early peak volume was associated with the
will be considered in the Discussion. rapid blood flow of reactive hyperemia and was
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FIG. 2. TIME-VASCULAR VOLttME CURVESIN SuEJ.cT D. H. AYTm BLOOD
WASALLOWEDTO Rz-ENTER THE Buo*DLss EXTREMITY

The number opposite each curve is the external water pressure (mm. Hg)
referred to heart level, applied to the leg during this period. See Text.
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called the peak reactive hyperemia vascular volume,
or P.R.H.V.V. Then, at each external water pres-
sure the vascular volume gradually decreased and
leveled off as the blood flow subsided to the resting
value. The average of the vascular volumes re-
corded during the last two minutes of each curve
when only minor variations in volume occurred
was designated the resting vascular volume,
R.V.V.

The P.R.H.V.V. and the R.V.V. at each external
water pressure for subject D. H. are shown in
Figure 3. The effect of increasing the external
water pressure on the P.R.H.V.V. was similar to
that described by McLennan, McLennan, and
Landis, who studied the forearm (10). The in-
terpretation of the factors which determined this
curve is complex and not immediately relevant to
the present paper. However, we do not subscribe
to the explanation which has been suggested (10).
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FIG. 3. THE EFFECT OF INCREASING THE EXTERNAL
WATERPRESSUREAPPLIED TO THE LEG ON THE PEAK
RAcTIvE HYPEREmAAVASCULARVOLUMEANDTHE REST-
ING VASCULARVOLUMEIN SUBJECT D. H.

The P. R. H. V. V. occurred during the first minute
after blood was allowed to re-enter the extremity (Figure
2) and the R. V. V. was the average of the last two min-
utes of each curve (Figure 2) when there were only minor

variations in vascular volume.

FIG. 4. THE EFFECT OF INCREASING THE EXTERNAL
WATERPRESSUREAPPLIED TO THE LEG ON THE RESTING
VASCULARVOLUMEOF THREE YOUNG, HEALTHY MEN,
WITH THE TRUNKUPTILTED 13 TO 180

An increase in water pressure of only 10 mm. Hg (from
-5 to + 5 mm. Hg) in two subjects (D. H. and A. K.)
and 15 mm. Hg in the third (F. M.) caused a large de-
crease in vascular volume.

* See Discussion. The effective venous pressure scale
refers to subjects D. H. and A. K. only.

The primary concern was to determine the ef-
fect of increasing the external water pressure on
the resting vascular volume. The vascular volume.
was 4.0 cc. per 100 cc. of leg when the external
water pressure was - 5 mm. Hg referred to heart
level; it decreased to 2.7 cc. when the external wa-
ter pressure was increased (by 5 mm. Hg) to 0
mm. Hg and to 1.5 cc. when the external water
pressure was further increased to + 5 mm. Hg.
After this, with further increases in external pres-
sure the resting vascular volume abruptly leveled
off. Thus, when the external water pressure on

the leg was increased by only 10 mm. Hg (from
- 5 to + 5 mm. Hg), a large decrease in vascular
volume occurred, from 4.0 cc. to 1.5 cc. But, when
the external water pressure was increased an addi-
tional 50 mm. Hg (from + 5 to + 55 mmLHg),
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there was only a small further decrease in the vas-
cular volume, from 1.5 cc. to 1.0 cc.

Average data in the three uptilted subjects.
The effects of increasing the external water pres-
sure on the resting vascular volume of the leg in
three consecutive experiments on three different
subjects were very similar (Figure 4). The av-
erage volume at a water pressure of - 5 mm. Hg
referred to heart level was 3.9 cc. An increase in
water pressure of only 10 mm. Hg in two subjects
(D. H. and A. K.) and of 15 mm. Hg in the third
(F. M.) reduced the vascular volume in each sub-
ject to approximately 1.5 cc. The vascular volume
decreased only 0.5 cc., from 1.5 to 1.0 cc., when
the external water pressure was further raised
to + 55 mm. Hg. Thus, of the total decrease in
vascular volume produced by increasing the ex-
ternal water pressure by 60 mm. Hg, 82.5 per cent
was due to the first 10 or 15 mm. Hg increase, and
only 17.5 per cent was due to the further large in-
crease in pressure.

Four experiments on supine subjects

A second group of four experiments was done
with the subjects supine and with the posterior
surface of the horizontal leg segment at approxi-
mately heart level (Figure 5). (Two of the four
subjects, D. H. and A. K., were also studied in the
slightly uptilted position.) The lowest water
pressures applied to the leg were 11.5 to 13.2 mm.
Hg above heart level. The initial resting vascu-
lar volumes were 1.8 cc., 1.7 cc., 2.0 cc., and 2.3 cc.
per 100 cc. of leg. When the external water pres-
sure was increased the vascular volumes decreased
and leveled off at pressures of 20, 17.5, 16.7, and
16.5 mm. Hg corresponding to vascular volumes
of 1.2, 1.1, 1.2, and 1.3 cc. Further increases in
the external water pressure to 55 or 65 mm. Hg
caused only minor decreases or variations in
vascular volume.

These experiments on supine subjects provide
additional evidence that low external water pres-
sures applied to the leg reduce the vascular volume
which abruptly levels off and is little affected by
further large increases in external pressure. The
vascular volumes were more irregular than in the
slightly uptilted subjects. It was assumed that
this was due to more mechanical movement of the
extremity in the supine position.
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FIG. 5. THE EFFECT OF INCREASING THE EXTERNAL
WATERPREssuRE APPLIED TO THE LEG ON THE RESTING
VASCULARVOLUMEOF FOURYOUNG, HEALTHYMEN, IN
THE SUPINE (00) POSITION

The data obtained in both groups of experiments
were consistent and reproducible. In several sub-
jects the vascular volume was redetermined at the
lowest external water pressure at the conclusion
of the experiment and the values checked very well
with the initial observation made several hours
earlier. Two subjects, D. H. and A. K., were
studied on different days in the supine and slightly
uptilted positions. The vascular volume of both
subjects at the point where the curves abruptly
leveled off was 0.3 cc. per 100 cc. of leg larger in
the uptilted than in the supine position.

DISCUSSION

Effective venous pressure

The effective venous pressure is defined as the
internal pressure minus the external pressure.
The internal pressure which tends to distend a
vein is due to the lateral pressure of the blood flow-
ing through it. The lateral pressure is not sig-
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nificantly different from the venous pressure as

ordinarily measured and is opposed by the external
pressure which tends to collapse the vein. The
external pressure is the tissue pressure, usually
about 3 mm. Hg (11). In our experiments the
leg was immersed in water and therefore the tis-
sue pressure was increased by the external water
pressure. Obviously, an increase in the external
water pressure applied to the leg would decrease
the effective venous pressure and therefore would
decrease the volume of the veins. These consider-
ations apply as well to the venules, capillaries, ar-

terioles, and arteries.
Normally there is a hydrostatic gradient of pres-

sure in the blood vessels of the horizontal leg,
when the extremity is at or below heart level.
Whenthe leg is immersed in water in a plethysmo-
graph the external pressure of the water on the
leg also has a hydrostatic gradient which counter-
balances the hydrostatic vascular pressure (if one

ignores the slight error due to the greater specific
gravity of blood). Therefore, the effective vas-

cular pressures in an immersed limb do not have
a hydrostatic gradient and are nearly the same

in similar blood vessels (all the veins or all the
arteries) whether they are near the anterior or the
posterior surface of the leg. Furthermore, the
effective vascular pressures in such an immersed
limb are not altered by changing the position of
the limb (at or below heart level) but are deter-
mined by the local venous pressure referred to
heart level and the external water pressure re-

ferred to heart level.
In the discussion which follows, reference will

be made mostly to data obtained in the slightly up-

tilted subjects. However, the comments apply also
to the supine subjects.

The constant baseline of venous volume and effec-
tive venous pressure

The large decrease in vascular volume produced
by the first 10 or 15 mm. Hg increase in external
water pressure (Figure 4) must have been due
almost entirely to a decrease in the effective pres-

sure and volume of the lowest pressure vessels, the
veins (and venules). For, if there had been a

significant decrease in the caliber of the capil-
laries and arterioles there would also have been
a significant decrease in the volume flow of

blood through the leg segment, since the resist-
ance varies inversely with the fourth power of
the diameter of a tube (Poiseuille's law). We
have measured the blood flow before, during, and
after comparable changes in effective venous pres-
sure produced by such small increases in external
water pressure on the leg and observed no signifi-
cant change (12).

There was abrupt leveling of the vascular volume
curves of the leg at an external water pressure of
+ 5 or 10 mm. Hg above heart level (Figure 4),
corresponding to an estimated effective venous
pressure near zero. These facts are additional evi-
dence that the preceding large decrease in vascu-
lar volume occurred almost entirely in the veins.
One can assume that when the water level was
raised until the external pressure on the leg be-
came equal to the initial local venous pressure, the
effective venous pressure did not become zero,
but slightly greater than zero. For at zero the
veins at first may have been completely collapsed
but, as arterial inflow continued, the pressure in
the minute vessels and veins must have risen until
the venous pressure was slightly greater than the
external pressure (effective venous pressure
slightly greater than zero) at which point the veins
reopened and venous outflow resumed. This
would also occur at all external water pressures
greater than the initial local venous pressure, up to
diastolic arterial pressure.

Thus, when the external water pressure was
equal to or greater than the initial local venous
pressure. the effective venous pressure was con-
stant, slightly greater than zero. This is the mini-
mumeffective venous pressure possible when the
blood is circulating. The venous volume corre-
sponding to this minimum effective venous pres-
sure also must have been constant and is called the
"baseline venous volume." These conclusions are
consistent with the observations of Ryder, Molle,
and Ferris that the volume of an isolated vein in
vitro is determined by the effective venous pressure
regardless of the absolute value of the external
pressure (6). Wehave obtained experimental evi-
dence in zvvo that when the external pressure on
the leg is equal to or greater than the local venous
pressure the venous volume is virtually constant
at the baseline value (11). The venules probably
constitute a minor portion of the vascular volume
which we have ascribed to the veins (11).
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The importance of the effective venous pressure as
the determinant of vascular volume.

It may now be inferred that the average vas-
cular volume of 3.9 cc. at an external water pres-
sure of - 5 mm. Hg referred to heart level was
measured at an effective venous pressure of ap-
proximately 10 mm. Hg in two subjects, D. H. and
A. K. (Figure 4), and 15 mm. Hg in the third,
F. M. Increasing the water pressure 10 or 15 mm.
Hg reduced the effective venous pressure to slightly
greater than zero and caused a large decrease in
vascular volume of 2.4 cc., from 3.9 cc. to 1.5 cc.,
which occurred in the veins. The vascular volume
of 1.5 cc. included the baseline venous volume and
the "normal" volume of the capillaries, arterioles
and arteries. The small decrease in vascular vol-
ume of only 0.5 cc. from 1.5 cc. to 1.0 cc., produced
by raising the external water pressure an additional
45 or 50 mm. Hg, was attributed to decreases in
the effective pressures of the capillaries, arterioles
and arteries, the effective pressure of the veins
remaining slightly greater than zero and the ve-
nous volume constant, at the baseline value.

At the highest external water pressure, + 55
mm. Hg referred to heart level, the arteriovenous
pressure gradient was considerably decreased.
The effective arterial pressure was 60 mm. Hg less
than at the start of the experiments and the effec-
tive arteriolar and capillary pressures quite low,
particularly the latter. The small decrease in vas-
cular volume which occurred, 0.5 cc., as a result
of the large decreases in effective pressure in the
capillaries, arterioles and arteries is further evi-
dence that the combined volume of these vessels
is small compared to the veins.

Thus it appears that the volume and distribution
of blood in the leg at rest are essentially functions
of the effective venous pressure. The vascular vol-
ume is always small, 1.5 cc. per 100 cc. of leg or less,
when the effective venous pressure is at the physio-
logical minimum (slightly greater than zero).
Large increases in volume occur as a result of
modest increases in the effective venous pressure
above the minimum value. Although the quanti-
tative relationship between effective venous pres-
sure and venous volume unquestionably varies
among the different organs of the body, it is likely
that the vascular volume of any organ is a function
mainly of the effective venous pressure.

The venous pressure-volume curve

The concepts elaborated in the foregoing discus-
sion suggest that venous pressure-volume curves
measured from the baseline venous volume at an
effective venous pressure slightly greater than
zero as a point of reference should be physio-
logically valid. Increases in venous volume pro-
duced by venous congestion could then be related
to known effective venous pressures. A relatively
simple method for determining the venous pres-
sure-volume curve utilizing these principles has
been developed and will be presented in another
paper (11).

Is all the blood expressed from the leg by an ex-
ternal pressure of 250 mm. Hg?

It is at present impossible to answer this ques-
tion exactly. However, the main thesis of this
paper is valid whether or not all the blood was
expressed from the leg, provided that a constant
fraction was always removed. The following facts
indicate that such was the case. The same vascu-
lar volume was obtained in several experiments
whether expressing pressures of 200, 250 or 300
mm. Hg had been applied to the plethysmograph.
Furthermore, the same vascular volume was ob-
tained repeatedly in the same subject when the
same low external pressure was used while blood
reentered the limb. Finally, there was good agree-
ment among the data obtained in different subjects.

Other considerations justify the assumption that
the fraction of the limb blood volume which may
not have been expressed was small.

1. Whena lucite (transparent) plethysmograph
was filled with water, it could be seen that little
if any air was trapped in the irregular, horizontal
folds of the loose rubber sleeve which surrounded
the leg. This seemed a reasonable analogy with
what occurred in the blood vessels.

2. The vascular volume of the leg as determined
in our experiments is of the same order as the
values obtained by other workers who measured
the blood volume by the Evans Blue dye (4) and
the carbon monoxide (5) methods. There were
great variations among the results obtained by
these workers because of the large errors inherent
in the methods employed and because the veins in
the legs of their subjects were at different and un-
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known effective venous pressures. Ebert and
Stead (4) found the average blood volume in one
upper and the two lower extremities of five sub-
jects to be 900 cc. If one assumes that the average
volume of each lower extremity was 13 liters (5)
and of one arm 4 liters, then the average blood
volume in the extremities of these supine subjects
was 3.00 cc. per 100 cc. of limb. This may be
compared with our data by selecting the vascular
volume in Figure 4 corresponding to the average
effective venous pressure in the leg of a supine
subject. The average venous pressure in the leg
of a supine person referred to heart level (about
10 cm. anterior to the bed) is 13 cm. H20 (13).
Since the average male leg is about 13.5 cm. thick
the bulk of the leg is below heart level and the
average local venous pressure would be somewhat
higher, about 15 cm. H20 or 11 mm. Hg. Sub-
tracting 3 mm. Hg for the average tissue pressure
in the leg (11), the average effective venous pres-
sure would be 8 mm. Hg. Accordingly, the vas-
cular volume of the leg of a supine subject without
a plethysmograph on the extremity would be ap-
proximately 3.5 cc. per 100 cc. of leg (Figure 4).
This compares favorably with the value of 3.00 cc.
derived above.

In summary, it appears that almost all, if not
all, the blood was expressed from the leg in our
experiments when the pressure in the plethysmo-
graph was raised to 250 mm. Hg. In any case, the
fraction of the blood volume which may have re-
mained in the leg was constant and relatively small.

The efficient transmission of external water pres-
sure to the leg

If low external water pressures were not effi-
ciently transmitted to almost the entire leg seg-
ment in the plethysmograph one would expect
that falsely high values for vascular volume might
be obtained due to the accumulation of blood in
places where the effective vascular pressures were
little affected by the low external pressure, namely
at the thick proximal end of the leg segment (14).
If this were true, then when the external water
pressure was raised 5 or 10 mm. Hg the transmis-
sion of this pressure to the proximal part of the leg
might become much more efficient, resulting in
marked decreases in vascular volume such as those
observed.

However, comparison of the experiments done
in the uptilted and supine subjects indicates that
if such an artefact existed it was not important.
The lowest water pressure used, when referred to
the surface of the leg, was practically the same in
both groups of experiments, but the average vas-
cular volumes were distinctly different: 3.9 cc.
for the uptilted (Figure 4) and 1.9 cc. for the su-
pine (Figure 5) subjects. The larger vascular
volume in the uptilted subjects was due to the
higher effective venous pressure in the leg in this
position resulting from the fact that the leg was
below heart level, whereas the legs of the supine
subjects were at heart level. Furthermore, it re-
quired only about 5 mm. Hg additional water
pressure in the supine subjects to reduce the ef-
fective venous pressure to slightly greater than
zero after which the vascular volume remained al-
most constant, whereas in the uptilted subjects it
required 10 or 15 mm. Hg additional water pres-
sure to achieve the same result. Since the vascu-
lar volume in each case was dependent on the ef-
fective venous pressure rather than on the ab-
solute value of the external water pressure referred
to the surface of the leg, one must conclude that
the water pressure was efficiently transmitted.

The effect of external pressure on the interstitial
fluid volume
Landis and Gibbon showed that when a pres-

sure of 200 mm. Hg was applied to the forearm for
two minutes the volume of interstitial fluid ex-
pressed was insignificant (15). This probably
also applies to the leg at a pressure of 250 mm.
Hg for two minutes. The resting vascular vol-
ume was measured at external water pressures up
to 60 mm. Hg five to eight minutes after bloo d
flow resumed. During this period no more, and
probably less, interstitial fluid could have reac-
cumulated than was expressed by the high pres-
sure of 250 mm. Hg. Therefore, the values ob-
tained for the resting vascular volume measured
at external pressures up to 60 mm. Hg included
only insignificant amounts of interstitial fluid.

SUMMARYANDCONCLUSIONS

The leg was rendered as bloodless as possible
by pressurizing it in a water-filled plethysmograph
at a suprasystolic pressure. Blood was prevented
from reentering the leg by a cuff at suprasystolic
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pressure proximal to the plethysmograph while the
water pressure in the plethysmograph was read-
justed to an exact (low) level. The circulation
was then restored and the volume of blood that en-
tered the leg at this external pressure was meas-
ured after reactive hyperemia had subsided. Such
measurements were repeated over a wide range of
external water pressures.

Small increases in external water pressure pro-
duced large decreases in the resting vascular vol-
ume which leveled off abruptly when the external
pressure had risen to equal the venous (or venular)
pressure. At that point the effective venous pres-
sure was reduced to slightly greater than zero and
the venous volume was at the "baseline value."
The large decrease in vascular volume was at-
tributed to the reduction in the effective venous
(and venular) pressure. Further large increases
in the external water pressure caused only small
decreases in the vascular volume, attributed to re-
ductions in the effective pressures of the capillaries,
arterioles, and arteries.

It was concluded that:
1. A constant baseline of venous volume at an

effective pressure slightly greater than zero is ob-
tained when an external pressure equal to or
greater than the natural local venous pressure is
applied to the leg.

2. Changes in vascular volume produced by
changes in external pressure are due almost en-
tirely to changes in effective venous (and venular)
pressure.

3. The combined volume of the capillaries, ar-
terioles, and arteries is small regardless of the ef-
fective pressures in these vessels.

4. The volume and distribution of blood in the
leg at rest are essentially functions of the effective
venous pressure.
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