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The purpose of this investigation was to deter-
mine directly and record continuously the effects of
body position and of walking on the venous pressure
at the ankle in patients having incompetent veins
of the lower extremity. Smirk (1), in 1936, re-
ported the first direct measurement of venous pres-
sure at the ankle during walking. His measure-
ments were made on one normal subject. Beecher,
Field and Krogh (2), in the same year, reported
on the indirect measurement of the venous pres-
sure in the human leg during walking. Others
(3-7) have reported the effects of exercise and
position on the venous pressure in the leg meas-
ured both by direct and by indirect methods. Re-
cently Pollack and Wood (8, 9), and Henry (10)
have given preliminary reports of direct studies
of venous pressure in the human leg during walk-
ing.

In the present study the venous pressure was recorded
photographically by means of an electrical strain-gauge
manometer (11).3 The manometer was attached to the
subject's lower extremity by means of a specially con-
structed aluminum support that was taped to the lateral
surface of the leg. Care was taken that no tape was
placed over the vein to be used for measurement of the
pressures. The manometer was coupled to this alumi-
num support with two double-ended universal clamps
(Figure 1).

Polythene tubing 15 cm. long with an internal diameter
of approximately 0.5 mm. was used as a venous catheter.4
A venipuncture was performed with a number 17 needle
in the great saphenous vein as it passes anterior to the
medial malleolus. The catheter was passed through the

1 The authors wish to acknowledge the professional
assistance of Dr. John E. Osborn and the technical as-
sistance of Mr. R. L. Engstrom and Miss M. E. Clark in
the conduct of these studies.

2Fellows in Medicine, Mayo Foundation.
3 Manufactured by Statham Laboratories, Los Angeles,

Calif.
4 Manufactured by Surprenant Electrical Insulation Co.,

Boston 7, Massachusetts.

needle into the vein for a distance of about 10 cm.; then
the needle was withdrawn, leaving the catheter in place.
The manometer system was flushed frequently with
heparinized saline solution.

Respiration was recorded by means of a thermocouple
mounted in a plastic nose piece. The heart rate and the
electrocardiogram were measured through a Sturm and
Wood cardiotachometer (12).

The venous pressure was recorded continuously in the
supine, sitting and resting standing positions. After these
maneuvers the patient walked on a horizontal power-
driven treadmill at 1.7 m.p.h. for periods ranging from
15 to 60 seconds.

The vertical distance between the tip of the catheter
and the third thoracic interspace was measured in the
sitting and standing positions. The hydrostatic pressure
exerted by a column of blood extending over this distance
was calculated, 1.06 and 13.55 being used as the specific
gravity of blood and mercury respectively. The zero base
lines in the sitting and standing positions were deter-
mined by recording the pressure when the surface of a
column of fluid in a tube (1 cm. internal diameter)
connected to the catheter was held on the surface of the
leg level with the position which had been occupied by
the catheter tip in the lying, sitting and standing posi-
tions. This procedure was necessary in order to avoid
errors due to capillarity of the catheter.

RESULTS

In the supine position the average venous pres-
sure in seven patients with primary varicose veins 5

was 7.2 mm. of mercury with a range from 5.7 to
8.5 mm. In six patients with incompetent super-
ficial (greater saphenous) veins associated with a
history of previous iliofemoral thrombophlebitis 6
the average venous pressure was 10.7 mm. with a
range from 8.3 to 14 mm. of mercury in the supine
position. In the sitting position the average ve-
nous pressure at the ankle in ten patients with

5 This term has been used to indicate uncomplicated
varicosities of the greater saphenous system.

6 These patients clinically appeared to have chronic
venous insufficiency of the deep veins in addition to vari-
cosities of the superficial system.
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FIG. 1. STRAIN-GAUGE MANOMETERATTACHEDTO TTIE ANKLE

incompetent veins of the lover extremity was 52
mm. of mercury with a range from 31 to 61 mm.
The average venous pressure at the ankle in the
resting standing position was 81.9 mm. of mer-
cury with a range from 63 to 97 mm. (Table I).

In the sitting position, the average difference be-
tween the measured venous pressure and the cal-
culated hydrostatic pressure of a column of blood
extending from the third thoracic interspace to
the ankle was 0.3 mm. of mercury. In the stand-
ing position, this difference was 0.6 mm. (Table I).
It is evident that while the patient is at rest in the
sitting or standing position the venous pressure
at the ankle is sufficient to support a column of
blood approximately up to the third thoracic inter-
space, the level of the middle of the right atrium
(13).

In seven patients who had primary varicose
veins, walking at 1.7 m.p.h. uniformly produced a
decrease in the mean venous pressure at the ankle
averaging 37.4 mm. of mercury with a range from
29.5 to 47.4 mm., which was maintained for the

duration of the 30-second to 60-second period of
walking (Table II). In six patients who had in-
competent greater saphenous veins and a history
of previous iliofemoral thrombophlebitis, walking
produced an average fall of only 11.1 mm. of mer-
cury in the mean venous pressure at the ankle
(Table III). The decrease in venous pressure
at the ankle in normal subjects produced by walk-
ing 1.7 m.p.h. averaged 64 and ranged from 54 to
71 mm. of mercury.

In the patients who had uncomplicated greater
saphenous vein incompetency the average time re-
quired for the venous pressure to return to the
resting standing level after the walk was completed
was 2.8 (1.2 to 5.5) seconds as contrasted to the
31 (8 to 57) seconds required in normal subjects
(9) (Figure 2a and b).

In the normal subjects after the initial one or
two steps of walking the maximal venous pressures
generated during subsequent steps of the walk were
considerably less than the control resting standing
pressure (Figure 2a) (9). In patients who had
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TABLE I

Comparison of venous and hydrostatic pressures at the ankle
in patients who had incompetent veins of the lower

extremity when in the seated and
standing positions

Measured venous Calculated hydro-
Patient pressure, static pressure,

mm. of mercury mm. of mercury

Seated Seated

1 60 58
2 61 61
3 31 34
5 50 50
6 50 51
7 54 54
8 52 53
9 55 55

10 55 55

Average 52 52.3

Normal subjects* 58.8 (5560

Standing Standing

1 86 87
2 89 89
3 63 63
4 97 97
5 71 72
6 82 84
7 84 84
8 82 82
9 83 85

10 84 84
11 80 80

Average 81.9 82.5

Normalsbjects*90.5 92.5
Normal subjects* (88-97) (88-100)

* Average and extreme
subjects (9).

values obtained in five normal

uncomplicated valvular defects of the greater
saphenous system, the maximal pressure exerted
during the stable period approached and frequently
equaled the resting standing pressure (Figure 2b).
In the patients who had incompetency of the
greater saphenous vein and a previous iliofemoral
thrombophlebitis the maximal pressure during each
step usually exceeded the hydrostatic pressure

throughout the period of walking. In these pa-

tients the maximal venous pressure during the
steps within the stable pressure period of the walk
averaged 29 mm. of mercury greater than the rest-
ing standing value (Figure 2c). After walking,
the venous pressure at the ankle in normal sub-
jects and patients who had uncomplicated greater
saphenous incompetency returned to the resting

TABLE II

Venous pressure at the ankle in patients who had simple
greater saphenous vein incompetency during quiet

standing and while walking at 1.7 m.p.h.

Mean venous pressure, mm. of mercury

Patient Quiet Walking Decrease in

standing 1.7 m.p.h. pressure
(A) (B) (A-B)

1 . 134 37
2 81.9 34.5 47.4
3 84.3 45 39.3
4 81 41 40
5 85 49.6 35.4
6 85.5 56 29.5
7 79 46 33

Average 81.1 43.7 37.4

Normal subjects* 86.6 22.3 64.3
Normalsubject* (79-92) (11-31) (54-71)

* Average and extreme values obtained in 11 normal sub-
jects (9).

standing control level, while in those patients
who had greater saphenous incompetency as well
as a previous iliofemoral thrombophlebitis the
pressure increased to an average of 3 mm. of
mercury higher than the resting standing control
level within one second after the completion of
the walk and then gradually decreased within a
period of 60 seconds to the original control pres-
sure.

COMMENT

In the resting sitting and standing positions in
normal subjects as well as in patients who have
venous insufficiency the. venous pressure at the
ankle is equal to the hydrostatic pressure of a col-

TABLE III

Venous pressure at the ankle in patients who had greater
saphenous vein incompetency and a history of ilio-

femoral thrombo phlebitis, during quiet standing
and while walking 1.7 m.p.h.

Mean venous pressure, mm. of mercury

Patient Quiet Quiet Walking Decrease in
standing, standing, 1.7 m.p.h. pressure
start (A) end (B) (A-B)

8 86 87 69 17
9 86 89 73.5 12.5

10 62 64 47 1 5
11 96 104 85 11
12 102 102 96 6
13 94 99 89 5

Average 87.7 90.8 76.6 11.1
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FIG. 2. EFFECT OF WALKING 1.7 M.P.H. ON THE VENOUSPRESSUREAT THE ANKLE

a. Normal subject. b. Patient who had primary varicose veins. c. Patient wvho had incompetent
greater saphenous vein and a history of iliofemoral thrombophlebitis.

umn of blood up to the level of the right atrium
(1, 5-10). The decrease of venous pressure at
the ankle in normal subjects produced by walking
on a horizontal treadmill is due to the pumping
action of the muscles and the competency of the
venous valves in preventing reflux of blood into
the emptied segments of the veins during the pe-
riod of muscular relaxation (9). In patients who
have uncomplicated primary varicose veins, the
valves are unable to prevent the return flow of
blood (luring muscular relaxation and the venous
pressure returns relatively quickly to the hydro-
static level, thus accounting for the higher mean
pressure during the walk and rapid return to the
hydrostatic control level after the walk has been
completed.

Interpretation of the genesis of the venous pres-
sure tracings obtained from patients who have in-
competent great saphenous veins and a history
of previous iliofemoral thrombophlehitis is un-

certain. At first it would appear that there was
interference with the outflow of venous blood
from the leg in this condition. The higher resting
standing pressure at the end of the walk than at
the beginning, the higher mean pressure during
the stable period, and the marked rise above hy-
drostatic levels during each step of the stable walk-
ing period as contrasted to those obtained from pa-
tients having primary varicose veins point to
this explanation. However, the fact that no signi-
ficant difference was found between the extremes
of pressures of the individual steps during walking
in patients who had primary varicose veins and
in patients who had incompetency of the super-
ficial system and a history of iliofemoral throm-
bophlebitis does not support this interpretation.
Even with a critically damped manometer system
the effects of acceleration generated by the motions
of walking on the manometer and hydrostatic svs-
tems are difficult to control. Therefore, the sig-
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nificance of the contours and extremes of the pres-
sure variations recorded during walking is diffi-
cult to assess. The use of mean pressures, as de-
termined by planimetry, is much less subject to
criticisms of this type.

The fact that in four patients suffering from
cardiac disease, who had elevated resting stand-
ing venous pressure at the ankle due to cardiac
causes, the venous pressure at the ankle decreased
during walking to the same range as in normal
subjects indicates that the venous valves and the
action of voluntary muscles have more to do with
the regulation of venous pressure in the leg than
does central venous pressure (14).

It is not inconceivable that determinations of
venous pressure at the ankle during exercise may
be used as a diagnostic aid, and as a means of as-
saying the efficacy of surgical treatment of abnor-
malities in the venous systems of the leg.

SUMMARYANDCONCLUSIONS

Venous pressure in the greater saphenous vein
at the ankle was studied in 13 patients with vari-
cose veins while resting in the recumbent, seated
and standing positions and while walking on a
treadmill.

Confirmatory data were obtained indicating that
the venous pressure at the ankle in the resting,
sitting or standing positions in normal subjects
and patients with incompetency of the saphenous
veins is sufficient to support a column of blood
to approximately the level of the third thoracic
interspace.

Walking on a level treadmill at 1.7 miles per
hour produced an average decrease in mean venous
pressure at the ankle of 37 (30 to 47) mm. of
mercury in seven patients with primary varicose
veins and 11 (5 to 13) mm. of mercury in six pa-
tients with varicose veins associated with a history
of a previous iliofemoral thrombophlebitis. In
normal subjects this value was 64 (54 to 71) mmni.
of mercury.

In patients who had uncomplicated incompe-
tency of the greater saphenous vein the average
time required for the venous pressure to return
to the resting standing level after cessation of
walking was 2.8 (1.2 to 5.5) seconds. In those
patients with a history of previous iliofemoral
thrombophlebitis the pressure rose to levels
slightly in excess of the control resting value

within one second after completion of the walk as
contrasted to the 31 (eight to 57) seconds required
for the pressure to return to the control values
after walking in normal subjects.

These data are in harmony with the concept that
the function of the venous valves in conjunction
with the action of voluntary muscles is of pri-
mary importance in the regulation of venous pres-
sure at the ankle.
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