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A clinical approach to potassium
imbalances is presented. Hypoka-
lemia is rarely due solely to a re-
duced intake of potassium; instead, it
usually results from a potassium flux
into the cells or increased loss of the
element, at times combined with a
decreased intake. The clinician must
seek the cause of the intracellular
flux or the source of the gastrointes-
tinal or renal loss. The causes of
gastrointestinal losses are generally
self evident. Renal potassium wast-
ing, though, generally results from
increased mineralocorticoid activity,
an increased rate of urinary flow or
of sodium delivery to the distal neph-
ron, or both, hypomagnesemia or a
combination of these factors. Hyper-
kalemia may be factitious, but usual-
ly it is caused by a flux of potassium
from the cells or a decrease in the
renal loss of potassium, the latter
being mediated by a reduction in
renal function, mineralocorticoid ac-
tivity, or the rate of urinary flow or
sodium delivery, or both. In both
hypokalemia and hyperkalemia,
treatment must be guided by the
specific clinical circumstances.

On propose une attitude 11 prendre
devant un d.s&quilibre potassique.
L'hypokaliemie est rarement caus.e
seulement par une reduction de l'ap-
port potassique; habituellement elle
r.sulte plut6t d'un ecoulement de
potassium dans les cellules ou d'une
deperdition accrue de cet &l&ment,
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parfois accompagnee d'une reduction
d'apport. Le clinicien doit rechercher
la cause de l'&oulement intracellu-
laire ou l'origine des pertes gastro-
intestinales ou r.nales. Les causes
des pertes gastro-intestinales sont
g.neralement .videntes. Les pertes
r.nales r.sultent g.n&alement d'une
activit. minfralocorticoide augmen-
tee, d'une augmentation du debit uri-
naire ou du taux de l'arriv&e du
sodium au n.phron distal, ou tous les
deux, d'une hypomagn&si.mie ou
d'une combinaison de ces facteurs.
L'hyperkali.mie peut .tre artificielle,
mais elle est habituellement caus.e
par une fuite du potassium . l'ex-
t.rieur des cellules ou . une diminu-
tion de la d.perdition potassique par
le rein, cette derni.re .tant provo-
quee par une diminution de la fonc-
tion r.nale, de l'activit. minfralocor-
ticoide, du debit urinaire ou du taux
de la filtration du sodium, ou les
deux derniers. Que l'on soit place
devant une hypokali.mie ou une
hyperkali.mie, le traitement doit .tre
guide par les circonstances cliniques
sp&ifiques.

Potassium, the major intracellu-
lar cation, is known to play an
important role in many biochemical
processes and in the excitatory prop-
erties of the membranes of muscle
and nerve cells. An imbalance in the
supply or distribution of this cation
may produce significant organ dys-
function. Hypokalemia (serum po-
tassium level 3.5 mmol/l or lower) is
perhaps the commonest electrolyte
abnormality confronted by the clini-
cian. Hyperkalemia (serum potassi-
um level 5.0 mmol/l or higher),
while less common, is no less impor-
tant, by virtue of its attendant dan-

gers. We present a simplified clini-
cal approach, along with diagnostic
algorithms, for the most common
causes of these disorders.

Hypokalemia

A potassium deficiency develops
when there is a reduction in total
body potassium in relation to total
body nitrogen; clinically, it is de-
fined by the presence of hypoka-
lemia. Mild hypokalemia is usually
not associated with clinical sequelae.
Severe hypokalemia, however, may
lead to generalized muscle weakness
or paralysis, rhabdomyolysis, en-
hanced sensitivity to digitalis, neu-
ropsychiatric disturbances and dis-
turbances in renal function' (Table
I). In determining the cause of hy-
pokalemia the clinician must consid-
er the possibilities of a decreased
potassium intake, a shift of the ca-
tion into the cells or an increased
loss of the element.
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Possible causes

Decreased intake: Hypokalemia is
rarely caused by decreased intake
alone. The ingestion of a potassium-
free diet for several weeks induces
renal conservation of potassium to
the point that less than 5 mmol is
lost each day.' In addition, such
restricted diets are likely to be asso-
ciated with catabolic states in which
potassium will be released from the
tissues.

Shift into cells: A shift of potassi-
um into the cells occurs in alkalemic
states (when there is respiratory or
metabolic alkalosis), as a result of
insulin therapy or f3-adrenergic stim-
ulation (e.g., through an epinephrine
excess2 or salbutamol therapy), in
association with intense anabolism
(e.g., as a result of intravenous
hyperalimentation or treatment of
pernicious anemia) and, rarely, in
barium carbonate poisoning or hy-
pokalemic periodic paralysis. With
respect to the potassium shifts asso-
ciated with anabolic states, approxi-
mately 3 mmol of potassium will be
required for every gram of new
tissue.

Increased loss: Increased losses of
potassium are generally gastrointes-
tinal or renal; the loss through the
skin is negligible, as the concentra.
tion in sweat is only 5 to 10 mmol/l.
The cause of any excessive gastroin-
testinal loss is generally obvious

(e.g., diarrhea, vomiting or the
presence of an enteric or biliary
fistula). Under these circumstances
renal potassium wasting caused by
volume contraction and secondary
aldosteronism often contributes in a
major way to the hypokalemia.
More subtle causes of gastrointesti-
nal potassium loss, such as surrepti-
tious vomiting, laxative abuse and
villous adenoma, pose somewhat
more difficult diagnostic problems.
In the face of hypokalemia the pres-
ence of renal potassium conservation
(urinary potassium concentration
less than 20 mmol/l) is an important
clue to the presence of an occult
gastrointestinal loss of potassium.
In addition, the presence of accom-
panying acid-base disorders may
provide diagnostic clues.

High renal losses of potassium
will generally be found to result
from increased mineralocorticoid ac-
tivity (primary or secondary), an
increased rate of urinary flow or of
delivery of sodium to the distal
nephron, or both, hypomagnesemia
or a combination of these factors.
Volume depletion caused by diuret-
ics, for instance, can lead to an
increased urinary excretion of sodi-
um and also to increased mineralo-
corticoid activity. There are other,
rare causes, such as Liddle's syn-
drome (pseudohyperaldosteronism)
and tubular damage of uncertain
nature due to acute or chronic leu-

kemia. The concentration of potassi-
um in the urine is an important
diagnostic measurement, for if it is
greater than 20 mmol/l in the face
of hypokalemia it will confirm renal
potassium wasting.

Increased mineralocorticoid activ-
ity promotes the electroequivalent
exchange of sodium for potassium
and hydrogen ions in the distal
nephron; this is suggested by certain
clinical circumstances (Fig. 1) and
by markedly increased urinary po-
tassium levels.

Increases in the urinary flow rate
and the sodium concentration in the
urine lead to hypokalemia by creat-
ing an electrochemical gradient fa-
vourable for potassium secretion in
the distal nephron; random samples
of urine will generally show sodium
levels exceeding 75 mmol/l. The
major causes of increased sodium
delivery to the distal nephron are
detailed in Fig. 1. Several of these
deserve special comment. The gene-
sis of hypokalemia in proximal and
distal renal tubular acidosis is not
clearly understood but may involve
sodium wasting.' The hypokalemia
accompanying the administration of
amphotericin B may result from the
renal tubular acidosis induced by
this medication. Hypercalciuria
leads to reduced sodium reabsorp-
tion in the proximal tubule and in
Henle's loop, accounting for the hy-
pokalemia that commonly accompa-

CLINICAL APPROACH TO HYPOKALEMIA
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FIG. 1-Clinical approach to hypokalemia. K. = potassium; Na. = sodium.
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CLINICAL APPROACH TO HYPERKALEMIA

True Factitious

Increased K + Intake
(rarely solely responsible)

Shift of K + Out of Cells Decreased K + Loss (renal)
a) Certain forms of acidemia
b) Insulin deficiency

c) Intense catabolism 4,d) Drugs Renal Failure Decreased Mineralocorticoid Activity Decreased Urinary Na +
e) Hyperkalemic periodic paralysis (GFR < 20 ml I mm) a) Adrenal insufficiency a) Severe volume contraction

b) Aldosterone blocking agents
c) Hyporeninemic hypoaldosteronism
d) End - organ unresponsiveness to

aldosterone (renal medullary damage)



potassium may lead to hyper-
kalemia, although this is rarely of
clinical significance.' Salt-poor food
is often high in potassium and
should be avoided by people who
have an impaired ability to excrete
potassium. Hyperkalemia can also
result from inordinately rapid intra-
venous potassium therapy5 or from
administration of the element in
blood or as potassium penicillin.

Shift out of cells: Potassium can
be shifted out of the cells by hyper-
osmolality, insulin or aldosterone
deficiency, intense catabolism or
treatment with certain drugs (the
depolarizing agents used in anesthe-
sia, p3-blockers, digitalis and arginine
hydrochloride), and, rarely, it occurs
in hyperkalemic periodic paralysis.
There may be a shift of potassium
from the cells with certain forms of
acidemia too. As Cohen and associ-
ates' pointed out, this may be more
of a response to changes in bicar-
bonate concentration than a re-
sponse to changes in pH.
The potassium shift caused by

acute respiratory acidosis (in which
the serum bicarbonate level rises) is
much less striking than that seen in
certain forms of acute metabolic
acidosis, when there is a marked
reduction in the serum bicarbonate
concentration. Other forms of meta-
bolic acidosis, however, are not ac-
companied by hyperkalemia. Aci-
demia will lead to hyperkalemia
only when the anion accompanying
the hydrogen ion cannot enter the
intracellular space. Thus, lactic aci-
dosis and diabetic ketoacidosis do
not necessarily cause hyperkalemia
through intracellular buffering.6 In-
stead, hyperkalemia is more likely to
occur in forms of acute metabolic
acidosis characterized by bicarbon-
ate loss. A notable exception is that,
for reasons previously mentioned,
chronic metabolic acidosis second-
ary to certain forms of renal tubular
acidosis is accompanied by hypoka-
lemia; also hyperkalemia is associat-
ed with hyporeninemic hypoaldo-
steronism (type 4 renal tubular aci-
dosis), although this is more a con-
sequence of hypoaldosteronism than
a result of potassium shifts mediated
by .

Decreased loss: A decrease in the
usual loss of potassium occurs only
when the renal excretory mecha-
nisms have been altered. A tendency

to hyperkalemia is universal in pa-
tients with oliguric acute renal fail-
ure and occurs less frequently in
nonoliguric forms of the disorder. In
patients with chronic renal failure
the capacity to excrete potassium is
reasonably well maintained until
renal failure is far advanced, and
until then hyperkalemia may not be
seen unless the intake of potassium
is inappropriately high or certain
medications, such as potassium-
sparing diuretics, are administered.
In addition to renal failure, a de-
crease in the loss of potassium
through the kidneys may result from
reduced mineralocorticoid activity
or a decrease in the urinary flow
rate or the delivery of sodium to the
distal nephron, or both. The differen-
tial diagnosis of these factors is
outlined in Fig. 2.

Note, however, that the condi-
tions are not always mutually exclu-
sive. A decrease in either the true or
the "effective" intravascular vol-
ume, for instance, may lead to a
sodium-ion-avid state, characterized
by enhanced proximal tubular reab-
sorption of sodium; in this circum-
stance a failure to deliver adequate
amounts of sodium to the distal
nephron may markedly reduce renal
potassium secretion, despite high
levels of circulating mineralocor-
ticoid.

Therapy

The treatment of severe hyper-
kalemia involves the intravenous ad-
ministration of calcium to avert hy-
perkalemic cardiotoxicity. Adminis-
tration of 10 to 30 ml of a 10%
solution of calcium gluconate over a
few minutes may be followed by an
intravenous infusion of 30 ml of 1Q%
calcium gluconate in a litre of 5%
dextrose and water. Then, 50 ml of
50% dextrose, followed by the intra-
venous infusion of a 10% dextrose
and water solution, will promote the
release of endogenous insulin and
the movement of potassium into the
cells. In nondiabetic patients exoge-
nous insulin is probably not re-
quired. The administration of bicar-
bonate will also promote a shift of
potassium into the cells. Potassium
can also be actively removed with
cation exchange resins (calcium poly-
styrene, for instance) or dialysis.
Dietary restriction of potassium may

be useful. Obviously the underlying
causes of hyperkalemia should be
identified and corrected, if this is
possible.
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The variable expression of disease

Certainly it is by their signs and
symptoms, that internal diseases
are revealed to the physician. But
daily observation shows, that
there is no uniform and invari-
able relationship between the ex-
tent and intensity of disease, and
its external signs. The prominen-
cy, the number, and the combina-
tion, of these, depend upon many
circumstances beside the disease
with which they are connected.

-Elisha Bartlett (1804-1855)
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