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response to surgery, types LA and IB, IIA and IIB, and
III." They are defined.
A fall in blood flow (type I) occurred in 75.5%-

53.3% immediately (IA) and 22.2% gradually (IB). The
average drop in flow was to a level 47% below the
pre-operative level and lasted for eight days. Drops
in flow of 70-80% were encountered.
The remainder showed either a rise in flow (15.5%,

type II) or a rise followed by a fall (9%, type III).
The extent and duration of the drop in flow was

affected by the patient's age and fitness, and by the
severity and length of his operation.

Control studies show that (a) the resting calf blood
flow is remarkably constant from day to day in a
patient living the normal ward life, (b) it is unaffected
by long periods of bed rest, (c) it is unchanged after a
general anaesthetic alone, and (d) the changes of
flow that follow operations performed under general
anaesthesia also occur after operations performed under
local anaesthesia.
The unavoidable conclusion is that the changes in

blood flow observed are a result of the surgical trauma

alone. Bed rest and general anaesthesia are blameless.
The aetiology of these changes is not yet known.

I thank Professor R. Milnes Walker and Mr. J. H.
Peacock for their help and encouragement, and all the
patients who co-operated with me, often on the day after
a major operation, when they were feeling wretched.
The experiments in this paper are the basis of a thesis

submitted to the University of Bristol for the degree of
Doctor of Medicine.
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EFFECT OF BED REST ON RESTING CALF BLOOD FLOW OF HEALTHY
ADULT MALES

BY

N. L. BROWSE, M.D., F.R.C.S.
Department of Surgery, University of Brislol*

Rest in bed is an integral part of practically all medical
and surgical treatment, yet it is not without risk.
Pressure ulcers and hypostatic pneumonia are two
common complications, deep-vein thrombosis and
pulmonary embolism may be others. It is surprising
that the scientific journals contain so few papers on
the physiological effects of bed rest. This paper is
concerned with the effect of long periods of bed rest
upon the muscle blood flow of the calf.

Subjects
Twenty-nine patients have been studied. In a busy

hospital it is difficult to find healthy men whom one can
confine to bed for the purposes of research. *There is,
however, a steady stream of fit men coming into hospital
for operations on their hernias, haemorrhoids, ulcers,
etc., who sometimes have to wait three or four days
for their operation. Such patients formed the main
group of subjects for this study. Others were men
awaiting investigations-for example, urograms, barium
studies, and endoscopies.

All 29 were healthy adult males. That is to say,
their complaint was in no way affecting their general
health and they were all capable of a full day's hard
work. None had any detectable cardiac, pulmonary, or
malignant disease.
The series contains men of all ages: two in their

'teens, six in their twenties, five in their thirties, four in
their forties, six in their fifties, and six in their sixties-a
fairly even distribution in spite of the fact that selection
for this study, with the exception of the standard of
fitness required, was a matter of chance.

Technique
Method of Measuring the Calf Blood Flow

The calf blood flow was measured with a venous-
occlusion plethysmograph. The plethysmograph was
c

applied with the patient in the "resting state" (see
below) in his own bed in the ward. It was filled with
water kept at a temperature of 340 C. The patient was
left with his leg in the apparatus for half an hour before
any measurements were taken, in order to allow his
skin blood flow to adjust itself to the temperature of
the water. Venous occlusion was obtained with a
collecting pressure, 10 mm. Hg below the patient's
diastolic blood-pressure, applied through an inflatable
cuff above the knee.
A second cuff was placed round the leg immediately

beyond the plethysmograph and inflated at the same
time as the collecting cuff to the same pressure. This,
and the environmental conditions, were the only
differences from the technique of plethysmography
described by Barcroft and Swann (1953). They applied
a pressure of 200 mm. Hg to the cuff below the
plethysmograph in order to exclude the foot completely
from the circulation of the limb. It was felt that this
technique must affect the circulation higher up the limb,
and it was thought sufficient-the environmental
temperature (and so the temperature of the skin of the
skin of the foot) being fairly constant-simply to exclude
the venous return of the foot from the plethysmograph
during the period of venous occlusion. Furthermore,
the total period of recording lasted 15 to 20 minutes,
and total circulatory occlusion for this length of time
was extremely uncomfortable. Intermittent complete
occlusion was not possible because the reactive
hyperaemia it induced vitiated the recording.
Two sets of 10 to 20 periods of venous occlusions

were recorded with a 1Q-minute pause between each
set. Venous occlusion was applied for 5 to 10 seconds
and followed by a 30-second pause.

Theoretical calculations and practical tests showed
the maximum experimental error to be approximately

*Now Lecturer in Surgery, Westminster Hospital.
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;+ 11%, but in practice the actual error appeared to be
less. It is therefore certain that in any series of measure-

ments an overall change in flow of 20% or more is
significant.

Resting State

Measurements were made only after the patient had
been at complete rest in bed for at least one hour. This
was called the " resting state." A later section shows
that one hour of rest is long enough for the calf blood
flow to attain its resting level (see the effect of 12 hours'
bed rest on the calf blood flow). The period of complete
rest before each reading was at least one and a half
hours, for the patient always spent half an hour in the
apparatus before any recordings were made.

All measurements were made in the ward, because it
was impracticable to move those patients who were

undergoing long spells of bed rest to a clinical room.

The environmental noise, light, and activity varied,
but the ward temperature was remarkably constant.
Fortunately, unlike skin blood flow, these factors
appeared to have no effect on the calf (muscle) blood
flow as judged by the results that follow.

Interpretation of the Results

(a) Any change in blood flow greater than 20% is
regarded as significant.

(b) Each patient acts as his own control; for so
variable is the resting calf blood flow from person to
person that the use of a statistical mean value for the
whole group with a standard deviation is not practicable.
The first measurement has therefore to serve as a control
against which subsequent measurements are compared.
The control studies show that there is no daily variation
in resting calf blood flow. The first reading was the
same as the last in every series and must therefore be
an accurate and acceptable measurement. This is an

important point, for it is general practice to discard the
first of any series of clinical measurements because of
the possible effect of fear and apprehension in the
patient.

(c) The final measurement is of the total blood flow
to all of that tissue contained within the plethysmograph.
However, it has been shown by Grant and Pearson
(1937) that measurements of calf or forearm blood flow
are principally measurements of muscle blood flow
and that variations observed, the skin flow being kept
constant by the water bath, are of the muscle blood flow.

Control Studies
Before studying the effect of bed rest on the calf blood

flow it was essential to see if there was any daily
variation of the resting calf blood flow of patients not
confined to bed but who were up and about, living the
normal ward life.
Twelve patients were studied. Each was awaiting

operation and following the normal ward routine. Each
measurement was taken after the required one hour of
bed rest, but no special time of day was chosen for
the measurement; indeed, so far as was possible the
measurements were made at different times each day.
Normal Ward Routine: 6.30 a.m., awakened, cup of

tea. 7 a.m., up for washing. Breakfast at 8 a.m.
9 a.m., back to bed for morning rest and ward rounds.
11 a.m., up for free activity. Lunch at 12.15 p.m.
2 p.m., back to bed for afternoon rest. 3.30 p.m., up
for tea. Supper at 6 p.m. 8 p.m., bed. Approximately
9 hours up and 15 hours in bed in every 24 hours.

Of the 12 patients studied, five had their calf blood
flow measured daily for three days, three for four days,
and one each for five, six, seven, and nine days. Table I
gives the results of these studies. It can be seen that
the resting calf blood flow remains remarkably constant.
In no case was there any overall change in flow that
could be regarded as significant.
TABLE I.-Daily Measurements of Resting Calf Blood Flow of

Fit Subjects Living a Ward Life
Maximum

Calf Blood Flow (ml./min./100 ml.) Overall
Case Aver- Variation

No. ~~~~~~~~~~~~ageNo. Days Value % of
--- - - - - - - ~~~~~~~~~ml.Aver-

1 2 3 4 5 6 7 8 9 age
I 3-2. 32 3d1 - 3*4 3-1 3-2 0-3 9
2 2-5 2 5 2*6 2*3 2-5 0 3 12
3 2-2 2'3 2*1 2-2 0-2 10
4 1-8 - 2-0 l*8 1*9 1*8 1-8 1-9 0-2 10
5 1t3 - 1°2 1*2 192 0 1 8
6 2*7 2-7 2*5 - 2-6 2-6 0-2 8
7 IS 1-6 IS 1'S 0.1 7
8 1-7 1-8 1-7 1-8 1'9 - 17 19 1-8 1-8 0-2 10
9 1'7 15 1-6 1-6 0-2 12
10 2-8 2-7 2-7 2'7 0-1 4
1 1 1-8 1.8 1'S 19 1P8 0-1 5
12 1-8 1-9 1-8 18 0-1 5

Cases 2 and 9 showed the greatest overall variation
(12%); this is well within the stipulated permissible
variation, due to experimental error, of 20% (± 10%).

In two cases the difference between the maximum
and the minimum flow recorded was 0.3 ml., in five cases
0.2 ml., and in five 0.1 ml. When stated in this way
the constancy of the resting calf blood flow is striking.
These 12 patients demonstrate that there is no

significant daily variation of the resting calf blood flow
of patients living the ward life and therefore they form
an adequate control series against which the effect of
prolonged bed rest upon the calf blood can be compared.
The first measurement of each series was made on

the day of admission to hospital and can be regarded
as a measure of the resting flow existing during the
patient's normal life. It can be seen that the flow does
not diminish during the stay in hospital.

Effect of 12 Hours' Best Rest on Calf Blood Flow
Twelve patients had their calf blood flow measured

in the " resting state " (after one hour of bed rest) and
again after a further 12 hours of complete rest. Table II
contains the results.

In seven cases the readings at one hour and at 12
hours are identical, in four cases they differ by 0.1 ml.,
and in one case by 0.2 ml. The variations are not
significant, for the greatest, 0.2 ml., is only a change of
10%. It is apparent that after one hour of bed rest
the calf blood flow had reached its resting level, for

TABLE II.-Effect of 12 Hours of Bed Rest Upon Calf Blood
Flow

Calf Blood Flow
(ml./min./100 ml.) Change

Case No. in
After One Hour's After 12 Hours' Flow

Bed Rest Bed Rest

13 2-0 2-1 +0-1
14 2-0 1-8 -0-2
15 3-2 3-3 +0'1
16 2-3 2-4 +0 1
17 2-6 2-6 0
18 2-7 2-7 0
19 2-9 2-9 0
20 2-8 2-8 0
21 2-0 2-1 +0'1
22 3-6 3-6 0
23 2-0 2-0 0
24 1-6 1-6 0

Ban
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a further 12 hours of rest was not accompanied by any
further drop in flow.

Effect of Prolonged Bed Rest on Calf Blood Flow
As 12 hours of bed rest did not affect the level of

the resting calf blood flow, five more cases were studied
to see the effect of longer periods of rest (Table III).
The number of cases is small because the opportunity
of confining fit men to bed for four or five days does
not often arise.

TABLE III

Calf Blood Flow
Day Activity (ml.fmin. 100 ml.)

Daily

Case 25
0 (I hour) Ward activity 2-7
1 Os ,, 217
2 VP,

4 Complete bzed rest 2 5
5 9,,,9 ,, 2-4
6 P,.. 2-6
7 ',,,,2t6

Case 26
I Complete bed rest
2 .. ... _
3 . .,. 3-0
4 .. . 2-7
5 2-8
6 Ward activity 2 8
7 ,, , 2-8

Case 27
0 (1 hour) Complete bed rest 2 1

2 91, , ,,, 2*2
3 Ward activity 22
4 9,, 2-2

Case 28
O (1 hour) Complete bed rest 2-0
I 2220
2 ,, ,2-2
3 ,.1.9
4 Ward activity 2 1
5 9,9 9 2-0
6 ,, ,. 2-0

Case 29
0 (1 hour) Complete bel rest 1 5
1 ,, ,1-4

2 1.~~~~~~~~~5
3 1.5
4 Ward activity 1-5
5
6 ,, 1-6
7 ,1.5

"Complete bed rest" means total confinement to bed.
The patients were not allowed to get out of bed at any
time during the period of rest.
One patient (Case 26) had been in bed for two days

before his calf blood flow measurements were begun. In
this case, and in three others, daily measurements were
made of the resting flow for as long as possible after
the period of rest in order to obtain an accurate value
of the resting calf blood flow during activity.
The periods of rest studied were five, five, two, three,

and three days, respectively.
In no case was the period of bed rest associated with

any significant change in blood flow. The overall
variation in flow of each case, expressed as a percentage
of the average value of all readings in eagh series, was
8%, 7%, 5%, 15%, and 13%, respectiv61y. None of
these is significant.

Discussion
It is unusual for a paper to present series of identical

figures. Yet it is just as important to show that the
blood flow to an organ remains constant under one set
of conditions as it is to show that it varies in others.

Muscle is a highly specialized tissue. It has only
one property, contractility. While exercising this ability,
its oxygen requirement and hence its blood flow rises
to great heights. When not contracting-that is to say,
at rest-its oxygen requirement and blood flow is solely
that required for the basal metabolic needs of its cells.
This basal metabolism is unlikely to vary from day to
day and so the resting blood flow should not change.

This is a simple logical argument, and yet there does
not appear to be any published work showing that the
resting muscle blood flow remains unchanged through
long periods of rest. Because of this the general
conception of the effect of bed rest, certainly among
clinicians, is that the longer it lasts the lower sinks the
general peripheral circulatory state.
The figures in this paper disprove this. Muscle blood

flow reaches its basal resting level before an hour of
rest has elapsed, and more rest, even for as long as five
days, has no further influence upon it. This raises a
point of clinical importance.

It is now common practice to make patients get up
and walk as soon as possible after an operation. This
is done for a number of reasons, but primarily with the
idea of increasing muscle blood flow, especially to the
calf, in the hope of reducing the incidence of post-
operative deep-vein thrombosis. Many surgeons believe
that a daily hour of activity after operation will increase
the muscle blood flow throughout the whole day. This
paper shows that in spite of a whole day of activity
the muscle blood flow falls to its basal level within an
hour of bed rest. Activity, while increasing blood flow
at the time of performance, has no lasting effect
whatsoever. Early ambulation is therefore unlikely to
have any effect on the incidence of post-operative deep-
vein thrombosis. This has already been demonstrated
clinically by the studies of Blodgett and Beattie (1946)
and of Powers (1947). If there is a causal relationship
between prolonged bed rest and deep-vein thrombosis
because of venous stasis it is certainly not due to any
fall of the arterial inflow to the muscles, for there is
none.

Summary
The resting calf blood flow has been measured daily,

for varying periods, in 29 healthy male patients. Twelve
were living the normal ward life, the rest were confined
to bed. The resting calf blood flow, principally a
mcasurement of the calf muscle blood flow, was
remarkably constant. There was no day-to-day
variation in the 12 active patients, nor did the rate
of flow change when another 12 patients were confined
to bed for 12 hours and a further five for periods of
two to five days. The calf blood flow reaches its
resting level before an hour of rest has elapsed, and
this explains why early ambulation after surgery has
no effect on the incidence of post-operative deep-vein
thrombosis.

I thank Professor R. Milnes Walker and'Mr. J. H. Peacock,
of the Department of Surgery, University of Bristol, for their
help and advice and permission to use their patients for this
study.

This research fonns part of a thesis submitted to the
University of Bristol for the degree of M.D.
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