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A deficiency of potassium is frequently recognized in congestive heart failure: estimates of
total exchangeable body potassium are low (Aikawa et al., 1952; Burrows et al., 1954; Moore et al.,
1954; Aikawa and Fitz, 1956; Moore et al., 1956; O'Meara et al., 1957; Flear et al., 1958; Birkenfeld
et al., 1958). In a series of 33 episodes of congestive heart failure in 32 patients (Flear, 1960a),
values were observed as low as 34 per cent of the expected mean normal value for a person of the
same sex and height (mean 610% of normal).

The potassium content of muscle obtained by biopsy may be low (Calhoun et al., 1930; Pilcher
et al., 1930; Cort and Matthews, 1954; Cort, 1955; Iseri et al., 1955; Fejfar, 1958; Flear et al., 1961),
and retention of potassium has been observed during recovery (Sinclair-Smith et al., 1949; Iseri et al.,
1950; Schwartz and Wallace, 1950; Miller, 1951; Squires et al., 1952). In part this overall shortage
is due to loss of lean tissue, which may be clinically evident; but there is evidence also of a true
cellular deficit (Flear, 1960a; Flear et al., 1961).

It is of interest to enquire to what extent attempts at direct treatment of this manifestation of
congestive failure, by oral administration of potassium salts, affect the underlying disorder. There
is evidence on general grounds that potassium depletion if allowed to persist may be associated with
widespread disturbances and it has sometimes been claimed that potassium supplements produce
dramatic improvement where congestive heart failure is intractable (Fox et al., 1949; Cort and
Matthews, 1954; Cort, 1955). Others however have been less impressed with the value of potassium
supplements (Calhoun et al., 1930; Pilcher et al., 1930; Stock et al., 1951; Elkinton et al., 1952).

The problem of assessing the efficacy of dietary supplements of potassium may ideally be
formulated as follows.

Can it be shown that there are anypatients in whom clinical improvement is attributable topotassium
supplements ?

If so, what are the distinguishing characteristics of these patients and of their clinical condition at
the time, and to what extent is the prognosis altered?

The present communication reports some observations made in the course of routine clinical
-practice, in the hope that examination of the results of such observations may throw some light on
these questions.

SUBJECTS AND METHODS
One hundred and twenty five episodes of congestive heart failure were treated with one or more

courses of a potassium salt. One hundred and eighteen of these episodes were from a consecutive
series of 397 admissions of 272 patients (Table I; Flear, 1960a). Tables II and III show details of
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FLEAR AND CAWLEY

aetiology and clinical features of the treated episodes. In 49, it was possible to arrange a preliminary
control period of at least 7 days (mean 22), during which potassium was withheld. Potassium
chloride, citrate, glutamate, or bicarbonate was given by mouth, in doses of not less than 30 mEq.
a day for not less than 7 days. Estimations of serum electrolytes were carried out immediately
before, during, and immediately after the administration of potassium salts.

TABLE I
CONSTITUTION OF SAMPLE OF PATIENTS WITH CONGESTIVE HEART FAILURE

AEtiology of congestive heart failure

No. of episodes Rheumatic Non-rheumatic All patients

Male Female Total Male Female Total Male Female Total

1 31 50 81 81 39 120 112 89 201

2 4 16 20 17 7 24 21 23 44

3 3 4 7 4 5 9 7 9 16

4 2 2 4 1 0 1 3 2 5

5 or more 1 1 2 3 1 4 4 2 6

Total patients .. 41 73 114 106 52 158 147 125 272

Total episodes .. 61 109 170 150 77 227 201 186 397

TABLE II
DISTRIBUTION OF 125 EPISODES OF CONGESTIVE CARDIAC FAILURE BY AETIOLOGY

Diagnosis Male Female

Rheumatic .. .. .. .. .. .. 13 65
Cor pulmonale . .. .. .. .. 1 -
Myocardial ischmmia and/or coronary disease .. 7 1
Hypertension .. .. .. .. .. .. 8 12
Congenital heart disease .. .. 7*
Miscellaneoust.... .. .. .. .. 1 -

Total . .. .. .. .. .. .. 47 78

* One patient, 7 admissions-Ebstein's malformation.
t Aneurysm of the sinus of Valsalva.

TABLE III

Duration of dyspnoea Grade Responsiveness to
AEtiology No. of (yrs) treatment Atrial

episodes _ _ fibril-
1 or less Between More II III IV Quick Moderate Slow lation

1& 5 than 5 or nil

Rheumatic 78 7 27 44 26 52 7 20 51 75
Non-rheumatic 47 19 12 16 2 19 26 10 9 28 16

Combined 125 26 39 60 2 45 78 17 29 79 91
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CONGESTIVE HEART FAILURE

Our clinical material therefore consisted of, first, a self-controlled study of the effects of potassium
salts on the course of 49 episodes; secondly, a biochemical study of a further 76 episodes for which
there was no control period; and thirdly, data on outcome and mortality rates in groups treated with
and without potassium in the whole series of 397 admissions. The episodes treated respectively
with and without potassium supplements were not strictly comparable in all other respects, because
the exigencies of the clinical situation did not allow this to be arranged. However, all patients were
having digitalis, and a mercurial diuretic was given by intramuscular injection three times a week
unless the blood urea exceeded 70 mg. per 100 ml. (Brenner, 1960). Potassium was given only
when it was thought that the patients were not improving clinically, or when it seemed that their
condition on admission warranted the exhibition of every measure that could possibly be of value.
It is justifiable to conclude that the episodes in which potassium was administered were clinically
more severe at the time this treatment was instituted than those in which it was not prescribed.

Criteria for Assessment. In the 49 episodes with a control period before potassium was given,
and in the rest of the 125 in which electrolytes were studied, we have tried to assess the influence
of potassium supplements upon the course of episodes of congestive heart failure. As an index of
the latter, changes in the serum level of sodium have been followed as prognosis correlates well
with this level (Flear, 1960a, b). We have also recorded our clinical impressions of whether the
patient had improved, remained unchanged, or deteriorated, during the period of administration of
potassium salts.

Serum was analysed on admission and at intervals thereafter of not more than one week; more
frequently if the patients were remaining unchanged or deteriorating, if serum electrolytes were
changing or were very abnormal, or if massive doses of potassium were being given. A change of
more than 2*4 per cent was required between two estimates of serum sodium for the difference to be
regarded as significant. For potassium the corresponding figure is 4-16 per cent (Appendix).

The 397 episodes for the whole group of patients were classified according to the outcome
assessed clinically as follows.

Quick Response. Improvement beginning as soon as patient was put to bed in hospital; free
from objective signs of heart failure within three weeks.

Moderate Response. No improvement for a fortnight; all objective signs of heart failure dis-
appearing after a further few weeks. 7

Slow or Absent Response. No more than gradual improvement and no complete resolution
of all signs of heart failure. Loss of aedema (reflected in increased urine output and loss of weight)
did not begin for at least six weeks after admission to hospital.

Died in hospital.

RESULTS

Change in Clinical Condition and Change in Serum Sodium
In 76 of the 125 episodes in which serum electrolytes were closely followed, serum levels of sodium

were initially low (less than 132 mEq./litre): in 49 they were normal. The coincidence of fluctuations
in clinical condition with variation in serum sodium is shown in Tables IV and V for the two sub-
groups or episodes, those with and those without hyponatremia at the beginning of the period.
The correspondence between change in serum sodium and alteration in clinical condition-rise and
improvement, fall and deterioration, no change in either-is statistically significant in both groups.
The impression that serum sodium levels afford a valuable index of the clinical condition and its
metabolic concomitants is thereby reinforced. It is thus pertinent to enquire whether a rise in
serum sodium occurs more frequently after potassium has been given, and whether a fall in sodium
occurs less frequently after potassium.

339

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.24.3.337 on 1 M
ay 1962. D

ow
nloaded from

 

http://heart.bmj.com/


FLEAR AND CAWLEY

TABLE IV
CHANGE IN CLINICAL CONDMON AND CHANGE IN SERUM SODIUM DURING THE

PERIOD WHEN POTASSIUM SALTS WERE TAKEN:
EPISODES WITH AN INITIAL HYPONATRAEMA

Serum sodium
Clinical condition Total

Rise No change Fall

Improvement .. 23 8 2 33
No change .. .. 3 6 4 13
Deterioration 5 8 17 30

Total 31 22 23 76

X2=26.77, d.f.=4, P<0 005.
Complete correspondence in 46/76=61 per cent (expected=35 per cent).

TABLE V
CHANGE IN CJNICAL CONDITION AND CHANGE IN SERUM SODIUM DURING THE

PERIOD WHEN POTASSIUM SALTS WERE TAKEN:
EPISODES WITH AN INMAL LEVEL OF SODIUM GREATER THAN 132 mEq./LxTRE

Serum sodium
Clinical condition Total

Rise No change Fall

Improvement .. .. 5 7 8 20
No change .. .. 1 4 1 6
Deterioration .. .. 0 4 19 23

Total . .. .. .. 6 15 28 49

X2=14.95, d.f.=4, P<0 005.
Complete coITespondence in 28/49=57 per cent (expected=36 per cent).

Change in Serum Sodium during Administration ofPotassium Salts.
In 49 episodes there was a control period during which potassium was withheld, followed by a

period in which potassium supplements were incorporated in the treatment. Table VI shows the
changes in serum sodium levels during the course of these two periods. The episodes here have
been divided into two groups according to whether or not there was hyponatrnmia at the start of
treatment with potassium. Examination of Table VI shows that there was an increase in serum

TABLE VI
CHANGES IN SERUM SODIUM LEVELS DURING CONTROL AND TREATMENT PERIODS: 49 EPISODES HAVING CONTROL PERIOD

BEFORE START OF POTASSIUM SALTS

Serum sodium less than 132 mEq./litre Serum sodium 132 mEq./litre or more
at start of treatment with potassium at start of treatment with potassium

Serum sodium (i.e. end of control period)

Without With Without With
potassium potassium potassium potassium

Rise .. .. .. .. 3 18 3 3
No change .. .. .. 8 6 4 5
Fall.. .. .. .. 22 9 9 8

Total .. .. .. | 33 33 16 16

X2= 16 44 for 2 d.f. P<0001 Differences not significant
Differences highly significant
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CONGESTIVE HEART FAILURE 341

sodium in 18 of these 33 episodes after the administration of potassium, as compared with a rise in
only 3 after the control period. A fall in serum sodium occurred more commonly in the untreated
period. These differences are highly significant statistically. On the other hand, in the 16 episodes
not characterized by hyponatrxmia when potassium was started, there were no such differences.
The conclusion from these data is that potassium supplements seem to be effective in bringing about a
rise (or preventing a fall) in serum sodium where there is an initial hyponatremia, but not where
sodium is within normal limits.

Those episodes in which there was a rise in serum sodium following the administration of potas-
sium supplements did not receive significantly different doses of potassium from those in which a
rise did not occur.

Change in Serum Potassium during Administration ofPotassium Salts
We may now ask whether a rise in serum potassium occurs more frequently when potassium is

given than otherwise, and whether a fall occurs less frequently. Table VII shows the changes in

TABLE VII
CHANGES IN SERUM LEVELS OF POTASSIUM FOLLOWING SUPPLEMENTS OF POTASSIUM AND IN
PRIOR CONTROL PERIOD FOR EPISODES IN WHICH POTASSIUM WAS INITIALLY WITHHELD

Group with control period No control period
Serum potassium

Before potassium After potassium After potassium

Rise.. .. .. 22 21 41
No change .. .. 18 11 11
Fall .. .. .. 9 17 24

Total .. .. | 49 49 76

Differences not significant.

serum potassium during the initial control period and subsequent period on potassium supplements
for the 49 episodes that were subjected to a controlled study. Whilst a rise in serum potassium
occurred with the same frequency (43-45%O) with potassium supplements as without, a fall was
observed more frequently when potassium salts were being taken (350%) than during the control
period (18%). When the changes in serum potassium during the control period are compared
with changes for episodes treated throughout with potassium, there is again a higher frequency
of fall in serum potassium; but in this group there is also a rise in a higher proportion of cases.
These figures are difficult to interpret because the most severely ill patients were excluded from the
group having a control period. One possible conclusion is that the most severe episodes were
characterized by a rising serum potassium level throughout, and that in another group of episodes
there was a fall in serum potassium following the administration of potassium salts. On the other
hand, the increased frequency of rise in serum potassium may have been induced by potassium salts
in these episodes. Patients in whom serum potassium fell or remained unchanged had a slightly
lower mean daily dose of potassium (52 and 54 mEq. respectively) than did those in whom it rose
(60 mEq.).

Table VIII summarizes the changes in serum potassium during the administration of potassium
salts in episodes grouped according to their initial serum level of potassium. It is clear that in this
series there was no increased likelihood of a rise in serum potassium when levels were already high.
Daily potassium supplements were in excess of 40 mEq. in all episodes in which serum potassium
was more than 5 0 mEq./litre.
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342 FLEAR AND CAWLEY

TABLE VIII
CHANGES IN SERUM POTASSIUM AFTER ADMINISTRATION OF POTASSIUM SALTS

Change in serum potassium
Initial serum potassium Total no.

Change i serum potassium

Fall Nil Rise

Over 8 mEq./litre .. .. .. .. .. .. 2 2 0 0
7-8 mEq./litre .. .. .. .. .. .. 3 2 0 1
6-7 mEq./litre .. .. .. .. .. .. 7 3 2 2
5-6 mEq./litre .. .. .. .. .. .. 23 13 3 7

Total with initial raised serum potassium .. .. 35 20 5 10

Serum potassium initially less than 5 mEq./litre .. | 90 21 17 52

TABLE IX
OUTCOME OF TREATMENT IN GROUPS TREATED AND NOT TREATED WITH POTASSIUM SUPPLEMENTS

Men Women Total
Outcome

Without With Total Without With Total Without With Total
potassium potassium potassium potassium potassium potassium

Quick or
moderate 107 25 132 88 26 114 195 51 246
response (68%) (46%) (63%) (72%) (40%) (61%) (70%) (43%) (62%)

Survived;
response
slow or 9 8 17 6 19 25 15 27 42
nil (6%) (15%) (8%) (5%) (30%) (14%) (5%) (14%) (11%)

Died 41 21 62 28 19 47 69 40 109
(26%) (39%) (29%) (23%) (30%) (250%) (25%) (34%) (28%)

Total 157 54 211 122 64 186 279 118 397

TABLE X
COMPARISON OF MORTALITY RATES IN PATIENTS GIVEN AND NOT GIVEN SUPPLEMENTS OF POTASSIUM. PATIENTS IN
BOTH CATEGORIES HAVE BEEN SUB-GROUPED ACCORDING TO THE LOWEST LEVEL TO WHICH THEIR SERUM LEVELS OF

SODIUM FELL DURING THE ADMISSION

Given potassium Not given potassium

Lowest level of sodium (mEq./1) Mortality Mortality Totals
Died Survived rate Died Survived rate

per cent per cent

More than 135.. .. .. 0 15 0 5 54 8-0 74
135-132 .. .. .. .. 5 15 25 7 49 12 5 76
131-126 .. .. .. .. 15 28 34*9 30 86 25-9 159
125-121 .. .. .. .. 8 18 30-8 12 20 37*5 58
120 or less .. .. .. 12 2 85 7 15 1 93-8 30

Totals .. .. .. .. 40 78 69 210
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CONGESTIVE HEART FAILURE

Outcome and Mortality in Relation to Administration ofPotassium Salts
Table IX shows the outcome in the whole group of 397 episodes according to whether or not

potassium supplements were administered. In both men and women the proportion showing
either a quick or a moderate response is higher in the group not treated with potassium than in the
treated group. The differences between men and women are not significant; the overall mortality
rate was 40/118 (340%) in those episodes in which potassium was given, and 69/279 (25%) in
those in which it was withheld. Interpretation of this difference is difficult as potassium was
administered in the more severe episodes. When the treated and untreated groups are further
compared after each has been sub-divided according to the lowest level of serum sodium attained
during the admission, which gives an approximate impression of severity (Table X), the mortality
rate is again higher for the treated group except for the episodes in which hyponatrwmia was most
severe, in which the treated group appeared to have a better prognosis. None of these differences
are significant, but a tentative conclusion from these data is that potassium supplements may be
relatively effective in the more hyponatrxmia episodes of congestive failure.
A further attempt to compare treated and untreated groups of approximately equal severity is

shown in Table XI, where the mortality rate is compared among episodes that responded poorly or

TABLE XI
MORTALITY RATES IN HOSPITAL IN PATIENTS IN A SEVERE EPISODE OF CONGESTIVE HEART FAILURE.

PATIENTS GIVEN POTASSIUM AND PATIENTS TO WHOM POTASSIUM SALTS WERE NOT GIVEN

Potassium supplements

Not given Given

Men .. .. .. .. .. 41/50 (82.0%)* 21/29 (72.4%)*
Women .. .. .. .. .. 28/34 (82 4%)t 19/38 (50%)t
Rheumatic (both sexes) .. .. 23/27 (85 .2%)* 21/33 (63.6%)*
Non-rheumatic (both sexes) .. .. 46/57 (80-7%)t 19/34 (55-9%)t

Differences between those given and those not given supplements of potassium.
* Not significant (P>0 05).
t Significant at 0 5 per cent level (P<0005).
$ Significant at 5 per cent level (P<0 05).

not at all. Rates for men and women, and for episodes of rheumatic and/or non-rheumatic
etiology are shown separately. In each sub-group, mortality is higher for severe episodes not
treated with potassium than for those treated with potassium; these differences are large and
statistically significant for women, and for episodes of non-rheumatic aetiology occurring in both
sexes.

TABLE XII
PROPORTION OF SEVERE EPISODES IN WHICH EXERTIONAL DYSPNOEA HAD BEEN PRESENT FOR MORE

THAN 5 YEARS ACCORDING TO SEX AND ACCORDING TO IETIOLOGICAL GROUP

Potassium supplement

Given Not given

Total with failing heart longer than 5 yr. 31/67 (46%) 24/84 (29%)*
Women with failing heart longer than

5 yr. .. .. .. 18/38 (47°) 14/34 (41%)
Men with failing heart longer than 5 yr. 13/29 (45%4) 10/50 (20%)*
Rheumatic (m. & f.) with failing heart

longer than 5 yr. 24/33 (73%) 15/27 (56%)
Non-rheumatic (m. & f.) with failing 2 (

heart longer than 5 yr. .. 7/34 (21%) 9/57 (16%)

* Difference between proportions significant at 5 per cent level.
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FLEAR AND CAWLEY

It is worth noting that in both men and in patients with rheumatic heart failure the proportion
in whom signs of a failing heart (dyspncea on exertion) had been present for more than 5 years was
greater in those given potassium than in those to whom supplements were not given (Table XII).
In the group of women and the group of both sexes with non-rheumatic etiology this difference
was much smaller.

DISCUSSION
The problem of assessing the efficacy of dietary supplements of potassium as an adjunct to the

treatment of congestive heart failure was formulated in the introduction. This formulation implies
that the most appropriate kind ofinvestigation would be by a long-term clinical therapeutic trial, with
a series of patients allocated at random to an experimental group, in which potassium supplements
were administered, and to a control group treated similarly in all respects save that supplementary
potassium was withheld, or alternatively by a trial using a series of pairs of patients comparable
to each other in as many respects as possible, one member of the pair having the treatment
and one not. The process of administering such a trial with all desirable safeguards against misin-
terpretation of results would entail dealing with practical difficulties in selection of comparable
groups and in choice of criteria of improvement. The former difficulties would be compounded by
the progressive nature of the condition both before and after selection. But the most far reaching
difficulty in arranging such a controlled trial derives from various ethical considerations.

An essential requirement in the administration of a controlled therapeutic trial is that patients
should be allocated completely at random to experimental and control groups. It is accepted by
many clinicians that potassium supplements, in appropriate doses, do little or no harm, especially
where the facilities of a clinical biochemistry laboratory are available: since congestive heart failure
is ultimately fatal in most patients, any measure that is safe may be adopted in an individual
case, even if there is no certainty of real benefit. Omission of such a measure or the use of placebos
in these circumstances would be regarded, certainly by many clinicians, as unethical. On the other
hand, continued administration of potassium supplements in certain situations (that, is, with a rising
serum potassium) is held by some to be contra-indicated, and it would by the same token be unethical
to keep the patient in a treatment group if one adhered to this view. Moreover, the routine manage-
ment of congestive failure entails recourse to a number of measures each of which may or may not be
indicated in any particular set of circumstances. It would not be possible to arrange for treatment
(other than potassium) to be consistently the same for all patients included in the trial, or for altera-
tion in treatment to be applied to members of both experimental and control groups uniformly or at
random. The clinician must necessarily be at liberty to invoke and adjust the other forms of treat-
ment appropriately in his management of each individual patient. The effects of this imposition
on a trial would be two-fold: first, further variables would be introduced differentially affecting
patients included in the trial, so that even larger numbers may be required; second, these variables
could not be randomized; the patients who were deteriorating would be likely to have a different
pattern of basic treatment from those who were improving, so that differences between the experi-
mental and control groups would probably be diminished to an uncertain extent.
The present study does not conform to the standards of a classical therapeutic trial; the aim was to

enquire to what extent examination of the observations made in the context ofroutine clinicalpractice
could contribute to a critical evaluation of a subsidiary method of treatment.

The decision whether or not to treat episodes of congestive failure with potassium and whether
or not an initial control period could be arranged was made on clinical grounds, and potassium was
added when it was considered that no further improvement might be expected with the treatment
being given or when the patient's condition was considered to warrant the maximum therapeutic
intervention. The selection process thereby introduced will bias the results against a favourable
impression of the value of potassium.

The clinical evaluations of outcome in the whole series of 397 episodes were made retrospectively
as systemic and continuous recording of clinical data in a form suitable for analysis was not
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CONGESTIVE HEART FAILURE

undertaken in this study. In the smaller series the serum level of sodium was used as an index of the
patient's state, a rise being regarded as reflecting improvement. This concept arises from obser-
vations of serum levels in all patients admitted in congestive heart failure over a period of several
years. It has been noted (Flear, 1960a, b) that prognosis is worse the lower the level of sodium
attained during stay in hospital, or indeed the lower the level obtaining on admission. A tendency
has also been noted for sodium levels to rise with recovery (Flear, 1960a). We believe, too, that
much circumstantial evidence supports the concept that lowering of the sodium level in serum is at
least in part caused by cellular changes, themselves a consequence of circulatory failure. The agree-
ment shown in these patients between change in serum sodium and change in clinical condition we
believe affords further support for the concept.

The results of both assessments suggest that supplements of potassium are in some cases helpful;
immediate mortality may be lessened, and the underlying metabolic disturbance may be favourably
influenced. There is evidence that potassium salts are certainly helpful in episodes that are clini-
cally more severe and where the serum levels of sodium are low. Evidence for the efficacy of
this adjunct to treatment in less severe cases, and those with normal sodium levels, is less
clear. Why only some patients are favorably influenced by potassium supplements, and how to
predict those inwhom potassium will be effective, are unsolved problems. The question also remains
of why some patients deteriorate despite taking supplements in similar dosages to those who ap-
parently respond favourably. Deterioration may perhaps be of myocardial origin or attributable
to complications. There is a suggestion that the length of time that the heart has been failing
(reflected in the known duration of undue shortness of breath on exertion) may be relevant. Thus
the group ofmen given potassium, and the group of patients of rheumatic wtiology given potassium
both contain a higher proportion of episodes in which exertional dyspncea was present for more than
5 years than do the corresponding groups to whom potassium was not given. This is not so for the
groups of women and of patients with non-rheumatic cardiac disease, in whom potassium appeared
to improve outcome.

The evidence suggests that potassium salts effected a rise in serum sodium in many of the patients
with a low level of sodium, but although there was a suggestion of a similar effect in some patients
with normal serum levels the evidence was not significant statistically. Our experience is therefore
in accord with that of Laragh (1954) and Laragh and Capeci (1955). Since hyponatrnmia is known to
arise through the operation of a number of mechanisms, it might well be expected that potassium is
only therapeutic in certain circumstances. When the changes in serum sodium levels in the whole
series of 125 episodes during potassium administration are compared with changes in the control
period for the 49 episodes for which this was arranged (Table XIII) the differences are not significant.

TABLE XIII
CHANGES IN SERUM SODIUM LEVELS AFTER POTASSIUM SUPPLEMENTS, AND DURING AN INITIAL CONTROL PERIOD IN 49

EPISODES

Serum sodium less than 132 mEq./litre Serum sodium 132 mEq./litre or more
at start of control or treatment period at start of control or treatment period

Serum sodium

Without With Without With
potassium potassium potassium potassium

Rise .. .. .. ..5 31 1 6
No change .. .. .. 7 22 5 15
Fall .. .. .. .. 12 23 19 28

Total .. .. .. .. 24 76 25 49

X2=4 04 for 2 d.f., P>O 1 Differences not significant
Differences not significant

345

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.24.3.337 on 1 M
ay 1962. D

ow
nloaded from

 

http://heart.bmj.com/


FLEAR AND CAWLEY

However, if we exclude those episodes in which there was no change in serum sodium, the differences
between the initially hyponatremic episodes, treated and not treated, is statistically significant
(X2=4419 for 1.d.f. P<005). We may justify the exclusion of this group by recalling that there are
patients in congestive heart failure, as in other chronic maladies, in whom the level of sodium is
persistently low and steady for long periods without apparent ill effects. In those it would be a
matter for surprise were the addition of potassium salts to reverse such a well-established and
tolerated steady state.

It has been suggested (Laragh, 1954; Laragh and Capeci, 1955) that administered potassium
enters cells leading to extrusion of sodium, which is retained in the extracellular fluids with a rise in
its level in these fluids. While potassium may well be taken up by cells it is more conjectural whether
sodium would leave them in the absence of a potassium depletion or indeed where cellular depletion
is due to altered cellular function (Flear, 1960b). In the latter circumstances cells perhaps may not
even take up potassium. Conway (1956) has concluded that for the rat a rise in serum potassium is
associated with a fall in muscle sodium, and a fall in serum potassium with a rise in muscle sodium.
Assuming that a rise in serum sodium in our patients indicates a fall in muscle sodium, no such
relationship is apparent in our data (Table XIV).

TABLE XIV
RELATIONSHIP BETWEEN CHANGES IN SERUM LEVELS OF SODIUM AND POTASSIUM IN EPISODES TREATED WITH POTASSIUM

SALTS

Initial serum sodium less than Initial serum sodium 132 mEq./litre
132 mEq./litre or more

Serum sodium Serum potassium Serum potassium

Rise No Fall Total Rise No Fall Total
change change

Rise .. .. 15 4
No change .. 11 4
Fall .. .. 17 3

Total .. .. 43 11

Potassium salts may help; it is important to know whether they are ever contraindicated, and if so,
in what circumstances. Many clinicians have stressed the dangers attending a rise in the serum level
of potassium. It is therefore relevant to ask whether the likelihood of a rise in serum level precludes
the use of supplements in congestive heart failure where there is already a tendency for the potassium
level to rise, and some degree of oliguria. Brown et al. (1951) have submitted that potassium salts
are dangerous in patients with heart disease, because of a particular tendency for the serum level to
rise following salts. They attribute this rise to poor excretion. However, there is evidence that
raised levels in congestive heart failure are not due to an inability to excrete potassium (Flear,
1960a) and it has been suggested that they may be a consequence of altered equilibria across cell.
membranes (Flear, 1960a, b). It may be noted that even very high serum potassium levels (greater
than 7 0 mEq./l.) may be present without changes in the electrocardiograph; and Wilde (1957) has
even suggested that an induced increase in serum potassium might be beneficial in congestive heart
failure when there is hyponatrnmia.

The data presented above indicate that fluctuations in serum potassium occur more commonly
after administration of potassium salts. There was however a fall in serum potassium as often as a
rise. In this respect our data do not agree with those of Laragh (1954). Moreover, in the 62 out of
125 episodes in which there was a rise, the final level of serum potassium was still below 5 mEq./litre
in 29. The danger of toxic effects appears thus to be very slight; several schools in the 1930s who
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used potassium salts widely and sometimes in very heavy doses, (Barker, 1935; Keith and Binger,
1935) were also impressed with this fact. A rise in the level of potassium may be due to indepen-
dent deterioration in the patient's condition rather than to additional potassium given by mouth
and we believe that the high frequency with which a rise in serum potassium is associated with a fall
in sodium level (Table XIV) indirectly supports this view. In 22 of the 49 control periods serum
potassium rose; it was accompanied by a fall in sodium in 20. Large doses of potassium may be
given safely and indeed Pitts and Sartorius (1950) in their review on diuretics ascribe much of the
apparent lack of success of potassium salts as diuretics in cedematous conditions to inadequate
dosage. However, with Laragh (1954), we found no evidence of diuretic response to potassium
salts, although our dosages at times were high.

SUMMARY
There is evidence that dietary supplements of potassium when given as an adjunct to the treat-

ment of congestive heart failure are efficacious in certain circumstances. Mortality rates may be
lowered in some groups of patients, and the serum sodium rises, indicating a probable improvement
in the associated metabolic disorder.

It is not possible from these studies to define the precise characteristics of episodes of congestive
failure that apparently respond to potassium supplements; however the most direct evidence of
efficacy of potassium in our series was found in the group of female patients, and in the group
of non-rheumatic etiology. These groups had a lower proportion of patients with a history of 5
years or longer of heart failure (exertional dyspncea). Episodes characterized by hyponatraemia
also seem to respond to potassium supplements. In the group of episodes for which potassium was
prescribed, both rises and falls in serum potassium were more common than in the control groups,
and falls were as frequent as rises. In those patients in whom there was a rise in serum potassium,
dangerous levels were never reached. In these patients the rise in serum potassium is not related to
the dosage of potassium salts; it is possibly altogether independent of this treatment. The risks of
administering potassium supplements are evidently low.

The results of this study are provisional and approximate. Further studies using more compre-
hensive methods of observation and measurement of clinical and biochemical variables, and using
control periods as well as treatment periods for as many patients as possible, will be required before
it is possible to formulate the precise indications for inclusion of potassium supplements in the treat-
ment of congestive failure. It is suggested that in view of the difficulties in arranging and inter-
preting the results of a fully controlled therapeutic trial, valuable information may be obtained from
routine clinical practice by the careful use of a systematic method of recording clinical and other
information, and by observing patients whenever possible before, as well as after, the introduction of
new regimes of treatment.

APPENDIX
Errors of Measurement of Sodium Levels of Sodium, Potassium, and Chloride

On three occasions, at widely separated intervals over the period of this study, a volume of
pooled serum was obtained. It was not distinctively labelled and on successive days an aliquot was
analyzed for sodium, potassium, and chloride content during the course of other routine deter-
minations from wards in the hospital. The variation observed is summarized below.

Coefficient of variation (%)
Serum No. of days

analysed Na K C1

1 13 1-56 2.06 092
2 25 1-27 2-37 037
3 16 062 1-52 1-43

Mean 1-20 2.08 093
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