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Recent updates and future
perspectives in the treatment of
electrolyte disorders
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“Elucidation of the chemistry and function of the molecules that are involved in the
feed-forward process could lead to new therapeutic methods.”

Fluid and electrolyte abnormalities are common
in hospitalized patients. Their management con-
stitutes major therapeutic challenges. Recent
studies have documented that abnormalities in
serum electrolyte concentration are also encoun-
tered in a substantial proportion of outpatient
populations, particularly older subjects, and that
even modest electrolyte abnormalities carry a
mortality risk [1]. This article will review abnor-
malities of the two monovalent cations, sodium
and potassium. We will discuss new develop-
ments in the management of these abnormalities
and suggest future directions of research that
have the potential to improve the outcomes of
hyponatremia and hyperkalemia.

Dysnatremia is common in outpatients [1] as
well as critically ill hospitalized patients [2].
New developments have enhanced our under-
standing of the manifestations and treacment of

hyponatremia. Hyponatremia is the most fre-
quent electrolyte disturbance in an outpatient
setting [1]. While the clinical manifestations
of severe hyponatremia have been widely rec-
ognized, only recently has it been established
that even mild hyponatremia (serum sodium
concentration [Na] 125-134 mmol/l) can have
important consequences that include a reduced
performance in mental function tests, distur-
bances of balance, osteopenia and a high fracture
risk [3], and is associated with mortality [4].

A critical question is whether correction of
hyponatremia reduces mortality. Correction of
hyponatremia was reported to have a benefi-
cial effect on patient survival in one study [4]
but no effect on survival in another study [s].
Large prospective studies in populations at risk
(e.g., the elderly and patients with heart failure,
among others) are needed to answer this ques-
tion. Nevertheless, considerations other than
mortality (e.g., mental status or bone status)
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make correction of hyponatremia a compelling
therapeutic goal.

For hyponatremia with prominent neurological
manifestations or when [Na] is <125 mmol/l,
the recommended rate of correction of [Na] is
4—6 mmol/l per 24 h to prevent the development
of osmotic demyelination [6]. However, a higher
initial rate of correction may be required if the
neurological symptoms are life-threatening [7].
Two therapeutic developments, seemingly dia-
metrically opposite on cursory examination, have
taken place recently.

The first development was the introduction
of vasopressin V, receptor antagonists (vaptans)
8]. The reversal of the effect of vasopressin on
urinary concentration by vaptans promotes free
water excretion (dilute urine) and correction of
hyponatremia. By contrast, vasopressin infu-
sion, which was proposed as a safe and effective
treatment for all severe hyponatremias treated
with simultaneous hypertonic saline infusion [9],
results in urine concentration.

The availability of two treatments with oppo-
site effects on water excretion by the kidneys
places emphasis on the clarification of the indica-
tions and risks of these treatments. A proper diag-
nosis of hyponatremia should address three issues:

= Is the hyponatremia acute or chronic?
= [s it hypovolemic, euvolemic or hypervolemic?

= Is the urine concentrated, indicating high
serum levels of vasopressin (as is the case in
most instances of hyponatremia), or dilute
(e.g., in several psychiatric disorders, chronic
renal failure or poor availability of solutes
requiring excretion by the kidneys)?

The two methods of treatment have not been
evaluated in all types of hyponatremia. It appears
appropriate, for now, to consider vaptans as con-
traindicated in hyponatremias treated with infu-
sion of hypertonic or isotonic saline 7] or those
accompanied by dilute urine. The clear indica-
tion for use of desmopressin infusion, along
with saline infusion, to prevent rapid correc-
tion of hyponatremia is in the management of
hypovolemic hyponatremia and hyponatremia
associated with dilute urine.

Future developments in the management of
hyponatremia could be beneficial in four areas.
The first is bedside determination of body water.
The calculation of the volume of saline needed to
produce a desired rise in [Na] requires an estimate

of body water. There is a compelling need for the
use of more accurate estimates of body water in
the calculation of the required volume of saline.
Currently available formulas for estimating body
water, based on sex, age, weight and height, were
derived in euvolemic states and are inaccurate in
hypovolemic or hypervolemic states [7].

Monitoring urine volume is the only point-
of-care measurement currently available in most
hospitals. The development of bedside methods
allowing repeated and rapid measurement of
[Na] , serum vasopressin levels, and urine sodium
and potassium concentration is the second area
of research that could improve the management
of severe hyponatremia. Monitoring the effects
of the treatment of hyponatremia would be
improved by this research. Third, genomic stud-
ies identifying new mutations in the vasopressin
receptor aquaporin 2 functional axis would not
only improve therapeutic measures, for example,
in guiding the use of vaptans or vasopressin, but
also lead to a better understanding of the details
of the mechanism of urinary concentration. An
activating mutation of the V, recepror, leading
to immeasurable (very low) serum vasopressin
levels, high urine osmolality levels and hypo-
natremia, has been described [s]. It is unlikely
that vasopressin or vaptans will be effective in
this setting. Fourth, studies aimed at unraveling
the molecular and biochemical mechanisms of
the osmotic demyelination syndrome could lead
to the discovery of therapies for preventing this
syndrome [10].

Recent epidemiological studies evaluated the
frequency of hypernatremia in outpatient and
hospitalized populations and its association
with mortality. An association between hyper-
natremia and osmotic demyelination has also
been described. We found no new developments
in the treatment of hypernatremia.

While hyperkalemia and hypokalemia are
uncommon, as determined by outpatient blood
testing of the general population [1], their fre-
quencies are higher in susceptible patient popula-
tions and their adverse effects on the survival of
these populations are manifested even at mod-
est deviations of serum potassium concentration
([K])) from the normal range [11,12]. It has long
been recognized that evaluation of abnormal
[K], values begins with a detailed investigation
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of both the external potassium balance (intake
and output) and the internal balance (exchanges
between the intracellular and extracellular com-
partments). Recent progress has been made in
the epidemiological and therapeutic aspects of
hyperkalemia and in the mechanisms of defense
of [K] . The management of hypokalemia has
not changed recently. The remaining of this
section will be devoted to hyperkalemia.

The therapeutic effectiveness of medications
blocking the renin—angiotensin-2—aldosterone
axis in vulnerable populations, including primar-
ily patients with congestive heart failure and pro-
teinuric chronic kidney disease, has expanded
the use of these medications. However, such
therapies have led to an increased prevalence
of hyperkalemia 13). Active surveillance of [K]
and aggressive prevention of hyperkalemia are
required in patients taking these drugs. While
dietary restriction of potassium intake and
diuretics that promote kaliuresis are important
measures for preventing hyperkalemia, they
are not always sufficient. Medications binding
potassium in the GI tract are often needed.

While polystyrene sulfonate preparations,
with or without sorbitol, have been the mainstay
of treatment and prevention of hyperkalemia for
six decades, they have been strongly criticized as
of late because of gastrointestinal toxicity [14].
Patiromer (RLY506) is a new nonabsorbable
cation-exchange polymer that is being evaluated
as an oral agent for the treatment and preven-
tion of hyperkalemia. Early reports suggest that
this compound is effective and well tolerated
(15]. Studies of longer duration and in various
patient groups will determine whether the early
optimism regarding this compound is justified.

Future developments that address the follow-
ing four areas have the capacity to improve the
management of problems related to potassium
homeostasis:

= Investigation of the structure and function of
colonic potassium channels [16]. This research
could lead to both new insights in the regula-
tion of potassium homeostasis and novel drugs
that promote the elimination of potassium

through the GI tract;

= Characterization of phenotypes of mineral-
ocorticoid receptors in epithelial cells. These
phenotypes affect the development of hyper-
kalemia by the use of medications blocking
the binding of aldosterone to its receptors [17].

Further work in this area is expected to lead
to personalized medicine informed by the
genotype of each patient [18];

= Elucidation of the stereochemical structure
and function of the potassium channels in cell
membranes, as well as the genotypes of these
channels and their effects on potassium trans-
port and the compounds affecting transport
through these channels [19]. This research
should lead to better understanding of the
internal potassium balance, which is a critical
area of incomplete and imprecise knowledge,
and will provide the means to use this balance
in the prevention of abnormalities in potassium
homeostasis;

= Identification of the biochemical compounds
and steps involved in the process of feed-for-
ward regulation of [K]. The feed-forward
concept refers to regulation of [K] through
signaling molecules that sense the movement
of potassium across vessel walls or epithelia.
These molecules are located strategically, for
example in the wall of the gut to detect potas-
sium absorption after a meal, or in the vessels
of muscles to detect egress of potassium from
muscle cells during exercise, and activate effec-
tor mechanisms stimulating potassium uptake
by cells and excretion through the kidneys [20].

Elucidation of the chemistry and function
of the molecules that are involved in the feed-
forward process could lead to new therapeutic
methods.

The contents of this report, particularly in
areas that address future research, represent
the vision of the authors. Our vision is not
all-inclusive. We selected areas that are, in our
opinion, likely to lead to improvements in the
clinical praxis. Research in many other aspects
of the metabolism of monovalent cations and
its clinical implications should be encouraged.
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