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Body Composition Changes in Hypertensive Subjects on Long-term Oral
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Summary: Hypertensive patients were treated with either
chlorthalidone or frusemide for periods of two to

four months. Reduction in blood pressure was seen with
chlorthalidone but not with frusemide. This hypotensive
effect appeared to be independent of the natriuretic effect.
A significant reduction in total exchangeable potassium

(KE) was seen with both agents, but no patient showed
adverse symptoms or signs. There was no alteration in
maximal urinary concentration or acidification, or in intra-
venous glucose tolerance or plasma insulin. It is con-
cluded that potassium depletion of this degree does not
require replacement therapy on a routine basis in hyper-
tensive patients.

Introduction

Long-term diuretic administration is commonly associated
with a falling level of serum potassium, and this is widely
interpreted as an overall depletion of body potassium. The
magnitude or duration of this depletion has, however, been
relatively poorly documented and some studies have suggested
that body potassium deficiency may be merely transitory
(Gifford et al., 1961) or even non-existent (Talso and Car-
ballo, 1960).

Since routine prophylactic prescription of potassium salts
is inconvenient, expensive, and (in compound tablet form)
potentially hazardous to the small bowel (Buchan and Houston,
1965; Lawrason et al., 1965) a further assessment of the
magnitude and importance of diuretic-induced body potas-
sium depletion seemed warranted. For this purpose we have
made serial measurements of plasma (Kp) and total exchan-
geable potassium (KE) in subjects with mild to moderate ar-
terial hypertension during treatment with oral diuretic agents.

These subjects showed no evidence of serious renal or cardiac
disease, so that the effect of long-term diuretic therapy could
be studied in the absence of other clinical and therapeutic
complicating factors.

Patients Studied and Methods
Twenty-seven studies were performed on 25 subjects.

Initial clinical data are summarized in Table I. An arbitrary
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TABLE I.-Pretherapy Values in 18 Subjects of Group 1 and 9 Subjects o
Group 2

Group 1 Group 2

Range Mean Range Mean
1. ~

Age (years) ..

CCR (ml./min.) .
KE (mEq)
Kp (mEq/1.) ..

KE/kg. (mEq)
B.P. (mm. Hg)..

Systolic
Diastolic

Mean

25-69
70 186

1,727--4,420
3-35-460
28-8-50-0
130-230
100-145
115-180

46
102
2,631
3-67
38-3
184
113
148

21-63
77-136

1,820-2,750
3.3-4-326-9-46-3
145-220
90-120
130-180

42
100
2,246
3-85
37-3
174
112
143

assessment of "essential" hypertension was made in each,
since a demonstrable "primary" cause of hypertension
appeared to be excluded on the basis of clinical assessment,
intravenous pyelography, urinary ketosteroid and ketogenic
steroid estimations, catecholamine excretion, and repeated
serum electrolyte determinations. Glomerular filtration rate
was determined in each subject by 24-hour endogenous
creatinine clearance. Blood was drawn from antecubital fossa
veins into heparinized syringes. Kp was 3 5 mEq/1. or higher
in all except three subjects in whom values between 3.3 and
3.5 mEq/1. were recorded. All initial investigations and most
subsequent investigations were carried out while the patients
were in hospital. In the intervals, however, each subject
carried on a normal outpatient life with no restrictions on
dietary intake other than the elimination of free added salt at
table.
The subjects were grouped as follows according to the

therapeutic agent chosen.
Group la.-Chlorthalidone 100 mg. was given orally on alternate

mornings to 18 subjects (9 men and 9 women) for 8-15 (mean 11)
weeks. Seven subjects in this group who showed a decrease in KE
of more than 60% had additional renal function studies (see below)
before and after depletion.
Group 1 b.-Further studies were made in eight subjects (four

men and four women) of group la for 5-15 (mean 9) weeks after
withdrawal of chlorthalidone therapy. In seven subjects in this
group NaE estimations were made before and after withdrawal of
chlorthalidone.
Group 2.-Frusemide 40 mg. twice daily was given orally to

nine subjects (eight women and one man) for 10-15 (mean 14)
weeks.
Blood pressure (B.P.) was recorded before therapy and at

each outpatient visit by cuff sphygmomanometer in the semi-
supine position. The mean B.P. was expressed as the sum of
the systolic and diastolic pressures divided by two.

NaE and KE were determined according to the isotope
dilution principle as outlined by Veal and Vetter (1958); 10
,uCi'Na or 100-150 ,uCi42K was administered orally and 40
hours later the specific activities (counts per mEq) of sodium

..i
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and potassium were determined on samples of plasma (sodium)
and urine (potassium). All urine excreted during the
equilibration period was collected and the activity present
subtracted from the dose given to arrive at the activity present
in the body at the end of this time. A two-hour "spot" urine
was collected 30-40 hours after 42K administration, the sub-
jects having fasted overnight for 12 hours, and this sample
was analysed in duplicate for specific activity. 22Na specific
activity was determined on a plasma sample taken at the same
time-that is, 40 hours. 42K was counted in a liquid sample
Geiger-Muller counter and 22Na in an Nal scintillation
counter. Where simultaneous estimations were carried out in
group 2, 42K (T=125 hours) was allowed to decay for one
week after the initial count before residual 22Na activity was
measured. All samples were counted to 10,000 counts; stan-
dards and spot urines were counted at least twice. The com-
bined errors of counting, pipetting, urine collection, and flame
photometry were estimated to give an overall error of not
more than ± 5%. Plasma sodium (Nap) and potassium (Kp)
were measured in duplicate on an E.E.L. flame photometer.
KE was measured in Group la at 3-6 (mean 4) weeks, and

8-15 (mean 11) weeks during chlorthalidone therapy. KE in
group lb was estimated at 5-15 (mean 9) weeks after chlor-
thalidone withdrawal. In group 2 KE and NaE were estimated at
3-6 (mean 5) weeks and 10-15 (mean 14) weeks during
frusemide therapy.

Seven subjects in Group la had measuremenits of maximum
urinary osmolality and urinary acidification before and after
significant reduction in KE. "Maximal" urinary osmolality was
assessed after 12 hours' fluid deprivation with two subsequent
two-hour and a final one-hour urinary collection-that is,
12-14, 14-16, 16-17 hours of dehydration. The osmolality
was measured on an Advanced osmometer. The highest value
obtained was recorded.
The ability of the kidney to excrete an acid load was stud-

ied by means of the short oral ammonium chloride acidifica-
tion test (Wrong and Davies, 1959). Ammonium chloride 01
g./kg. body weight was given by mouth between 8 and 8.30
a.m. while a light breakfast was being taken. Urine samples
were collected from 8 to 10 a.m., 10 a.m. to 12 noon, 12 to 2
p.m., and 2 to 4 p.m. To check adequate absorption, the
serum bicarbonate was estimated in an "arterialized" sample
of venous blood obtained two hours after ammonium chloride.
Blood and urine samples were immediately taken for analysis
to the metabolic laboratory adjoining the ward.
Urine pH was recorded with a Radiometer pH meter 22.

Urinary and serum bicarbonate and urinary ammonium were
measured in triplicate by the Conway (1957) microdiffusion
technique. Urinary titratable acid minus bicarbonate (T.A.)
was measured by titrating back to pH 7.4. The lowest pH and
the highest ammonia and titratable acid values of the four
urine samples were taken for statistical analysis. Total acid
excretion was calculated as the sum of T.A. plus ammonia
minus bicarbonate.

Intravenous glucose tolerance tests were performed also in
seven subjects of Group la before and after significant K de-
pletion, 50 ml. of 50% dextrose (25 g.) being given intraven-
ously over three to four minutes. Blood samples were taken at
0, 5, 15, 30, 45, 60, and 90 minutes after infusion. Blood glu-
cose was estimated by the glucose oxidase method. Plasma
insulin levels were estimated on corresponding heparinized
blood samples spun and stored immediately at -20° C. Sam-
ples were assayed by the method outlined by Hales and
Randle (1963a, 1963b).

Intravenous glucose tolerance tests were interpreted by
calculating the rate of disappearance of glucose (k) using the
formula

0.693
k = x1x00

T2

where TI represents the half-time in minutes of reduction in
glucose concentration in blood, k being expressed in % per
minute (Amatuzio et al., 1953).

Statistical Analysis
The significance of the difference between sample means

was estimated with Student's t test for the difference be-
tween the means of paired observations. In this way each
subject acted as his own control throughout the study. Only
those subjects for whom observations were obtainable at each
point during the study were included. This accounts for the
disparity in the number of subjects under each heading in
some of the tables.
The results shown in the tables are presented in the form of

mean of the difference between paired observations plus or
minus the standard deviation of the mean. Changes for which
the probability of chance were calculated to be 5% or less
(P<0.05) were regarded as significant.

Results
Group la.-The mean alterations during chlorthalidone

therapy in KE, and KE /kg. body weight, and mean B.P. in 13
subjects at 3-6 (mean 4) weeks and 8-15 (mean 11) weeks
are summarized in Table II. Coincident changes in KP and

TABLE II.-Mean Alterations with Standard Deviations Induced by
Chlorthalidone Therapy in Group la

Change at 3-6 Weeks Change at 8-15 Weeks No. inGroup

KE (mEq) .. .. 236±486 P<-10 -317--361 P<001 13
KE/kg. body weight

(mEq) . . ..| -2-2±6-0 P<015 -2-8±5-4 P<005 13
Kp (mEq/1.) .. -049-0*45 P<0 01 0 65±0*47 P<0 005 8
B.P. (mm. Hg) .. -16-17 P<0O01 -13±24 P<0 01 13
NaE (mEq) . -395±190 P< 0 05 -248±246 P<0 10 4

NaE at the same time intervals are summarized in eight and
four subjects respectively. Significant decreases are seen in
each variable with the exception of KE and KE /kg. estima-
tions at 3-6 weeks and the NaE measurement at 8-15 weeks.
Group lb.-The mean alterations in KE and KE/kg. body

weight, Kp, and mean B.P. are summarized in Table III. The

TABLE III.-Mean Alterations with Standard Deviations Induced by
Chlorthalidone Administration followed by Chlorthalidone Withdrawal
in Group la. Changes Shown are in Relation to Pretherapy Values.

Chlorthalidone
Administration
(8-15 Weeks)

Chlorthalidone No. in
Withdrawal Group(5-15 Weeks)

KE (mEq) .. .. -441 ±492 P<0 05 -196±499 P<0*20 8
KE/kg. body weight
(mEq) . . .. -3-95±10 5 P <0-05 -2-0+9-9 P<0-20 8

Kp (mEq/1.) . -0-43±080 P<0-10 +0-03±0-36 N.S. 8
B.P. (mm. Hg) . . 26-5±17*3P<0*005 -20-3±16-5 P<0-01 8

reductions in KE, KE/kg., and KP seen during diuretic ad-
ministration were no longer significant when re-measured
after withdrawal of the drug. Mean B.P., however, was still
significantly reduced after withdrawal. NaE was measured in
seven 4subjects after 8-15 weeks of chlorthalidone therapy
and again 5-15 weeks after chlorthalidone withdrawal. A
significant mean increase of 146 mEq ± 182 (P<0.05) in
NaE occurred on withdrawing chlorthalidone. Pretherapy NaE
measurements had not been made in this group.
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Group 2.-The mean alterations during frusemide therapy

in KE, KE/kg. body weight, Kp, and mean B.P. in nine sub-
jects are summarized in Table IV. NaE alterations in eight

TABLE IV.-Mean Alterations with Standard Deviations Induced by Frusemide
Therapy in Group 2

Change at 3-6 Weeks Change at 10-15 Weeks

KE(mEq)* *
KE/kg. body weight
(mEq) ..

Kp (mEq/1.)
B.P. (mm. Hg) ..
NaE (mEq)

250 ±242 P<001

-226±551P<0<10
-007±0045 P<0001
zero±ll N.S.
-419±202 P<0±001

247±246 P<0-10

-225±444 P<0-10
-0-56±036 P<00001
+3±23 N.S.

-229±204 P<0-02

No. in

Group

9

9

9

9

8

subjects are also included. Significant decreases were seen in
each variable with the exception of mean B.P. and KE/kg.
body weight and KE at 10-15 weeks, which remained un-

altered.
The mean values for renal function studies in seven sub-

jects of Group la who had sustained a significant KE reduction
when on chlorthalidone therapy are summarized in Table V.

TABLE V.-Alterations in Renal Tubular Function in Relation to KE Decrease
in 7 Subjects of Groupla following 5-15 Weeks of Chlorthalidone Therapy

Minimum urinary pH..
Total acid(,uEq/min.)
Titratable acid(,uEq/min.)
Urinary ammonia (ILEq/min.)
Maximum urinary osmolality

(mosm/kg.).
KE (mEq)

Pre-therapy Post-therapy Significance
of Difference

484±0-21 4 9040-26 N.S.
93-1 ±19-8 99 4 ±208 N.S.
41*1 ±15-6 30-6± 8-8 P<0.05
54-6+12-4 63-3 ±13-8 P<0-20

761±110 735±128
2,449 ±491 2,069 ±468

P<0-10
P<0-05

No change from pretherapy values was noted in minimum
urinary pH or maximum urinary ammonia excretion, total
acid, and maximal urinary ammonia excretion following am-
monium chloride administration. Urinary titratable acid values
showed a significant decrease.

Plasma Insulin and Glucose Tolerance.-Seven subjects in
Group la had an intravenous glucose tolerance test performed
before therapy and after significant reduction in KE. No sig-
nificant alterations in "k" values were noted. There was no

significant difference in the level or time of maximal response

in plasma insulin following intravenous glucose. A represen-

tative sample of intravenous glucose tolerance and plasma
insulin levels before and after chlorthalidone therapy is shown
in the Chart.
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Intravenous glucose tolerance test with plasma insulin
levels in a representative subject of Group la before

and after significant KE reduction.

Discussion
The results show that significant depletion of total

exchangeable body K occurs during long-term therapy of
moderate hypertension with frusemide or chlorthalidone. This
diminution in KE is reflected in decrease in plasma K, but the
fall in Kp is a poor indication of absolute KE loss in the
individual case. The changes shown confirm the impression
gained from the earlier but statistically incomplete studies of
Gifford et al. (1961) and Talso and Carballo (1960).
A surprising feature of the present series has been the ab-

sence of symptoms previously held attributable to K depletion
of this degree-that is, muscle weakness, fatigue, polyuria,
nocturia, and decreased tendon reflexes (Surawicz et al., 1957).
In addition, there was no evidence of alteration in renal
tubular function (urinary concentration and acidification) such
as that recorded in an acute study by Clarke et al. (1955) and
by Schwartz and Relman (1955) and Conn (1955) in chronic
clinical K depletion. It seems difficult to account for this
discrepancy since the degree of K reduction was of similar
magnitude to that of Clarke et al. (1955). The duration of K
depletion may be an important factor, since our study was
performed on subjects with chronic K depletion, during which
time compensatory mechanisms in renal tubular cells may
develop. The method by which K depletion is induced is also
important, since Abbrecht (1969) showed that deoxycortone-
acetate-induced K depletion caused greater renal dysfunction
in dogs than that produced by dietary K depletion.

Neither could we document an impairment of carbohydrate
tolerance in these subjects such as that shown in K-depleted
rats by Gardner et al. (1950) and Spergel et al. (1957) and in
humans by Goldner et al. (1960). In the present study no

change was seen either in intravenous glucose tolerance test or
in plasma insulin response.
The pattern of fall in NaE values shown here amplifies the

study of Gifford et al. (1961) and Bartorelli et al. (1966), who
noted a transient decrease at two weeks after initiation of
diuretic therapy with a later return towards normal values.
The mechanism of this effect is not understood. It may rep-
resent developing resistance to natriuretic action (Earley and
Orloff, 1964), or may conceivably reflect mobilization of pre-
viously non-exchangeable sodium into the exchangeable pool,
as occurs in total starvation (Garnett et al. 1968).
A striking finding has been the discrepancy between the

hypotensive effect of chlorthalidone (Cranston et al., 1963;
Remenchik and Johnston, 1966) and the absence of a similar
effect with frusemide (Kakaviatos et al., 1967). Such a dis-
crepancy is of particular interest in view of the similarity of
the decrease in NaE values by both agents (Tables II and
IV). Thus the hypotensive effect of oral diuretic agents ap-
pears not related to body sodium loss in these chronic studies.
(The acute effects of intravenous frusemide (Kakaviatos et al.,
1967) are scarcely relevant in this context.) This finding con-
firms the similar interpretation derived from studies with the
related compound diazoxide in which B.P. fell despite actual
sodium retention (Dollery et al., 1962).
The results raise the question of whether potassium deple-

tion induced by diuretic therapy in hypertensive subjects
requires treatment. Oral replenishment with potassium
chloride is undesirable on the basis of inconvenience, cost,
and gastrointestinal side-effect, including small-bowel ulcer-
ation and stricture formation with certain enteric-coated
preparations (Buchan and Houston, 1965; Lawrason et al.,
1965). Other methods aimed at avoiding the development of K
depletion, including the "potassium-sparing" agent triam-
terene, and spironolactone require fuller evaluation. Preli-
minary results suggest that spironolactone may reduce K loss

to some extent, but triamterene appears ineffective. Since we

have not been able to document harmful effects either symp-
tomatically or on the basis of testing renal function and
carbohydrate tolerance, our preliminary conclusion is that
potassium depletion of this degree seems harmless in hyper-
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tensive subjects. It nevertheless remains possible that K de-
pletion may be deleterious in other ways as yet unrecognized,
or in other disease states such as heart failure, liver disease,
the nephrotic syndrome, or in patients taking digitalis (Wolf
and Parmley, 1964; Friedberg, 1966).

We are indebted to Dr. J. G. Devlin and Miss Margaret
Moloney, of St. Laurence's Hospital, for the plasma insulin and
glucose estimations.
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Effect of Externally Applied Pressure on Femoral Vein Blood Flow
M. SPIRO,* M.CHIR., F.R.C.S.; V. C. ROBERTS,t B.SC.(ENG.), M.SC., A.K.C.; J. B. RICHARDS,t B.SC.(ENG.)

British Medical Journal, 1970, 1, 719-723

Summary: The effect of incremental increases in external
pressure, applied to the leg, on blood volume

flow in the femoral vein was studied in dogs. Clinical
investigation of external pressure increases was also
carried out on nine patients undergoing surgery for vari-
cose veins. An external pressure between 5 and 15 mm.
Hg caused a sustained increase in mean femoral vein flow
both in a control and in the compressed limb. Above 15
mm. Hg external pressure flow decreased in the com-
pressed limb but was maintained at an increased level in
the control limb.

If external compression is to be used to prevent and
treat deep vein thrombosis its application must be care-
fully controlled.

Introduction
Pulmonary embolus is still a major cause of postoperative
morbidity and mortality (Hodgson, 1964). A large proportion
of these emboli arise from thrombosis in the deep veins of the
leg (McLachlin and Paterson, 1951). The aetiological factors
predisposing to such thrombosis are many and still the subject
of investigation. We believe that stasis is one of the important
factors.

In order to minimize stasis in the leg veins two methods that
have been employed either alone or in combination are the
application of compression bandages to occlude the superficial
veins and raising the legs above the horizontal to empty the
superficial veins. That stasis occurs in patients maintained in
the horizontal supine position has been elegantly demonstrated
by McLachlin, McLachlin, Jory, and Rawling, 1960. These
workers also showed that with a 150 head-down tilt on the
table stasis was largely eliminated. Venous flow velocity (Wright

*Clinical Research Assistant and Honorary Senior Surgical Registrar.
tResearch Assistant, Biomechanics Department, King's College Hospital

Medical School, London S.E.5.
tPresent address: Rush Green Hospital, Romford, Essex.

and Osborn, 1952) and possibly total limb blood flow were
increased (Beaconsfield and Ginsberg, 1955) by this manceuvre.

Increase in the velocity of deep venous blood flow by ex-
ternal compression was first reported by Stanton, Freis, and
Wilkins (1949) and more recently by Makin, Mayes, and Hol-
royd (1969). It has, however, also been shown that total limb
flow may be seriously impaired by external compression (Ash-
ton, 1966; Ginsberg, Miller, and McElfatrick, 1967; Campion,
Hoffman, and Jepson, 1968). Furthermore, venous flow may be
impaired and stasis increased by certain forms of external com-
pression (Husni, Ximenes, and Hamilton, 1968).
The purpose of this paper is to report an investigation into

the effect of incremental increases in external compression on
blood volume flow rate in the femoral vein as distinct from
flow velocities. Also included are the results of an investigation
into the compression achieved by crepe and Bisgaard bandages
applied by a group of nurses.

Method
Preliminary investigations were carried out in one greyhound

and detailed investigations in a further three weighing from
26 to 29 kg. Blood flows were measured with a Nycotron
blood flowmeter type 372, using Nycotron acute flow probes
type PS. Careful calibration of the probes was previously per-
formed on several dogs, the aspiration technique recommended
by the manufacturers being used, and by timed collection
during controlled perfusion of one of the hind limbs. Before
measuring femoral vein flow the electromagnetic flowmeter was
allowed to warm up for at least an hour.
Femoral vein pressures were measured in dogs by means of a

Bell and Howell pressure transducer type L221, recorded on' a
Devices M4 recorder.

Animal Experiments
General anaesthesia was induced with intravenous pento-

barbitone sodium in a dose of 30 mg./kg. and maintained
with supplementary doses as required. The iliac and femoral
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