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Abstract: In this article, distribution of potassium (K*) in body fluids, pathophysiology,
causes, clinical signs and symptoms, and the evaluation and treatment of neonatal hypokalemia
are reviewed. K* is the most important intracellular cation and normal serum K* is stabilized
between 3.5 and 5.5 mEq/L. Hypokalemia may be caused by increased renal losses, increased
extrarenal (gastrointestinal) losses, redistribution or prolonged insufficient K* intake. Clinical
signs and symptoms occur as the result of functional changes in striated muscle, smooth
muscle, and the heart. Hypokalemia is usually asymptomatic when K* levels are between
3.0 and 3.5 mEq/L; however, there may sometimes be slight muscle weakness. Moderate
hypokalemia is observed when serum K* is between 2.5 and 3.0 mEq/L. Proximal muscle
weakness is observed most commonly in lower extremities; cranial muscles are normal, but
constipation and distention are prominent. Severe hypokalemia develops when serum K* falls
below 2.5 mEq/L. Rhabdomyolysis, myoglobinuria, severe muscle weakness, paralysis, respi-
ratory distress, and respiratory arrest are observed. The clinical signs and symptoms may be
unremarkable in cases of chronically developing hypokalemia; however, appropriate treatment
is essential when serum K* level falls below 2.5 mEq/L as the most dangerous complication
of hypokalemia is fatal cardiac arrythmia, and changes visible with electrocardiography may
not always correlate with the level of hypokalemia. Sodium (Na*), K*, chloride (CI), bicar-
bonate, creatinine, blood sugar, magnesium (Mg), plasma renin activity, aldosterone, and
blood gases should be investigated by laboratory testing. Aspartate aminotransferase, alanine
aminotransferase, creatinine kinase, and creatinine kinase isoenzyme MB should be studied
if rhabdomyolysis is suspected. In urine sample density, pH, Na*, K*, Cl-, Mg, creatinine,
and myoglobinuria (blood reaction is positive in the absence of erythrocytes on microscopic
examination of urine) should be investigated. The primary aim of therapy is to prevent and
treat life-threatening cardiac and muscular complications. However, in the presence of severe
symptomatic hypokalemia and gastrointestinal problems such as ileus, the intravenous route
may be used in cases where serum K* level is usually below 2.6 mEq/L. K* given in intravenous
fluids should not exceed 40 mEq/L. In case of emergency, 0.3—1 mEq/kg of K* may be given
intravenously over 1 hour. When higher concentrations (60-80 mEq/L) are needed, infusion
through a central vein under electrocardiography monitoring may be used.
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Introduction

Potassium (K*) is the most important intracellular cation. The distribution of K* inside
and outside of the cell is 98% and 2%, respectively. Normal serum K* is stabilized
between 3.5 and 5.5 mEq/L. Changes in pH values of blood and other body components
may lead to changes in serum K* levels via changes in intracellular and extracellular
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K* concentrations. An increase of 0.1 U in blood pH (towards
alkalosis) causes a decrease of 0.3—1.3 mEq/L in serum K*
concentration, with the entry of K* into the cell.!

K* equilibrium and distribution provided by the Na*-K*-
ATP’ase pump between the intracellular and extracellular
regions is the major determinant of membrane potential at
rest. This is significant for the stabilization and excitability of
cell membranes, especially those of neuromuscular tissues.?
The most dangerous complication of hypokalemia is fatal
cardiac arrhythmias.

Total body K* is provided by the equilibrium occurring
between K" intake, and loss via urine and the gastrointestinal
tract.* Almost all of K* ingested through diet is absorbed. The
kidneys secrete more than 90% of daily intake, and are the
organs primarily responsible for the elimination of K*. The
kidneys are only capable of secreting half of very high-dose
K* (over 4-6 hours), with the rest transiently distributed
into the cell. This intracellular distribution, which has only
a very limited capacity, nevertheless has a very important
role in the equilibrium of acute changes in serum K*. Even
the transfer of small amounts (1%—2%) of intracellular K*
into the extracellular region can easily increase serum K* to
dangerous levels. Many factors affect the distribution of K*
between the intracellular and extracellular regions, and these
factors are summarized in Table 1.

Under normal conditions, K* excretion via the gastro-
intestinal route is negligible; however, colonic excretion
increases in the presence of chronic renal failure, dominating
the role of the kidneys. Any disorder in renal K* equilibrium
may lead to excessive loss or accumulation.

Causes of neonatal hypokalemia
Neonatal hypokalemia may be caused by increased renal
losses, increased extrarenal (gastrointestinal) losses, redistri-
bution, or prolonged insufficient K* intake. Laboratory data
for blood pressure, acid—base status, electrolytes, blood-urine
osmolality, and renin-aldosterone axis should be collected
before starting treatment in any patient with hypokalemia.
Causes of neonatal hypokalemia are listed in Table 2.%”

Table | Factors affecting the distribution of K* between the
intracellular and extracellular regions

Insulin Increase of it causes hypokalemia, and decrease
of it causes hyperkalemia

Catecholamines [3-agonists cause hypokalemia, and B-antagonists
cause hyperkalemia

Acid-base status Metabolic alkalosis causes hypokalemia and
metabolic acidosis causes hyperkalemia

Tissue injury Causes hyperkalemia

Table 2 Causes of neonatal hypokalemia

Increased renal losses
With hypertension
Mineralocorticoid excess
Primary aldosteronism
Congenital adrenal hyperplasia (170-hydroxylase deficiency,
| I B-hydroxylase deficiency)
Hyperreninemic hyperaldosteronism
Hyperaldosteronism that may be suppressed with glucocorticoid
Exogen mineralocorticoids (9-alpha fluorocortisol, liquorice roots)
Cushing’s syndrome
Liddle’s syndrome
With normal blood pressure
With acidosis
Renal tubular acidosis
Diabetic ketoacidosis
With alkalosis
Vomiting
Diuretics
Congenital chloridorrhea
Bartter syndrome, pseudo-Bartter syndrome (cystic fibrosis,
maternal eating disorder)
Gitelman syndrome
Nephrogenic diabetes insipidus
Magnesium deficiency
Normotensive hyperaldosteronism
With normal acid-base status
Healing stage of acute tubular necrosis
Postobstructive diuresis
Drugs (amphotericin B, penicillins, foscarnet, aminoglycosides,
vancomycin, B12 vitamin treatment, high-dose adrenalin,
steroids)
Extrarenal losses
Diarrhea
Gastrointestinal fistulas, ileostomy
Villous adenoma
Malabsorption
Excessive laxative use
Excessive diaphoresis
Use of dialysate with low K*

Redistribution

Alkalosis

Insulin

Calcium channel blockers
Theophylline, caffeine

Lithium

[-agonists

Barbiturate coma

Thyrotoxicosis

Hypothermia

Acute brain injury

Barium intoxication

Frozen-packed red blood cell transfusion
Familial hypokalemic periodic paralysis
Prolonged insufficient K* intake
Prolonged starvation

Insufficient K* support in total parenteral nutrition
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Clinical signs and symptoms

of neonatal hypokalemia

Clinical signs and symptoms occur as the result of functional
changes in striated muscle, smooth muscle, and the heart.'*!!
Hypokalemia is usually asymptomatic when K* levels are
between 3.0-3.5 mEq/L; however, there may sometimes be a
slight muscle weakness.!! Moderate hypokalemia is observed
when serum K* is between 2.5-3.0 mEq/L. Proximal muscle
weakness is observed most commonly in lower extremities;
cranial muscles are normal, but constipation and distention are
prominent. Severe hypokalemia develops when serum K* falls
below 2.5 mEq/L. Rhabdomyolysis, myoglobinuria, severe
muscle weakness, paralysis, respiratory distress, and respira-
tory arrest are observed. Fasciculation and tetany are observed
in muscles. Electrocardiography (ECG) changes such as an
increase in the amplitude of P-waves, prolongation in PR and
QT intervals, decrease in the amplitude of T-waves, inversion
in T-waves, depression in ST segments, and the appearance
of U-waves are observed as cardiac findings (Figure 1)."
However, ECG changes may not always correlate with the
level of hypokalemia. Left ventricular hypertrophy and heart
failure may be detected, and the risks of digoxin toxicity,
dysrhythmia, and sudden death increase. It also weakens the
effect of insulin. Paralytic ileus and gastric dilatation develop
when the smooth muscles are affected.

The clinical signs and symptoms may be unremarkable
in cases of chronically developing hypokalemia; however,
appropriate treatment is essential when serum K* levels fall
below 2.5 mEq/L, as the most dangerous complication of
hypokalemia is fatal cardiac arrhythmias, and ECG changes

may not always correlate with the level of hypokalemia. It
should also be noted that severe hypokalemia inversely affects
growth and development, and its effects on the Na*-K*-ATP’ase
pump and all kinds of muscles must be considered.

Rhabdomyolysis may affect renal function, as renal con-
centration capacity decreases with prolonged hypokalemia
and causes polyuria. Prolonged hypokalemia increases
urinary chloride (CI7) loss, decreases bicarbonate and
citrate excretion, and increases ammonia synthesis.
Consequently, persistent metabolic alkalosis develops with
hypokalemia.'!

Evaluation of neonatal hypokalemia
Vomiting, diarrhea, ileostomy, nasogastric drainage, and drugs
(ie, use of diuretics in babies with bronchopulmonary dysplasia
causes hypokalemia with alkalosis) should be questioned in
the anamnesis. Na*, K*, CI-, bicarbonate, creatinine, blood
sugar, magnesium (Mg), plasma renin activity, aldosterone,
and blood gases should be investigated by laboratory testing.
Aspartate aminotransferase, alanine aminotransferase,
creatinine kinase, and creatinine kinase isoenzyme MB should
be studied if rhabdomyolysis is suspected. In urine sample
density, pH, Na*, K*, CI, Mg, creatinine, and myoglobinuria
(blood reaction is positive in the absence of erythrocytes on
microscopic examination of urine) should be investigated.
Gastric dilatation and ileus should be investigated by upright
abdominal X-ray. An ECG should be ordered for cardiac
findings and echocardiography may be necessary.
Measurement of blood pressure, blood gas analysis, and
measurement of urinary Na*, K*, Cl-, Mg and creatinine
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Figure | Electrocardiography changes in hypokalemia.
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are the most important steps in the etiologic evaluation of
hypokalemia (Figure 2).'%!* In the evaluation of patients,
the first step is to determine whether the ratio of urinary K*
to creatinine (mmol:mmol) is below or above 1.5."* If Mg is
high in urine, renal Mg loss should be considered. If uri-
nary Cl™ level is below 10 mEq/L, gastrointestinal losses
(vomiting, pyloric stenosis, drainage, fistulas, ileostomy,
diarrhea, and chloridorrhea) should be considered.!'* In
babies with a urinary CI™ level above 20 mEq/L, diuretic
use and Bartter and Gitelman syndromes should be
considered.

In cases of increased blood pressure aldosteronism,
Cushing’s syndrome, and congenital adrenal hyperplasia
(17 alpha hydroxylase and 11 beta hydroxylase deficiencies)
should be considered. If urinary (Na* + K*) — CI" is =-10,

gastrointestinal K* loss with normal gap metabolic acidosis
should be considered. If urinary (Na* + K*) — CI" is =-10,
renal K* loss, renal tubular acidosis, drugs, and ureteral
diversion should be considered. Vomiting, nasogastric
drainage and prolonged diuretic use should be considered if
urinary CI™ is below 20 mEq/L, with hypokalemia and meta-
bolic alkalosis. Diuretic use and mineralocorticoid increase
should be considered if urinary Cl- is above 20 mEq/L with
hypokalemia and metabolic alkalosis.!!

Treatment of neonatal hypokalemia
The primary aim of therapy is to prevent and treat
life-threatening cardiac and muscular complications.
The secondary aim is to replenish the body’s K* stores.
There is no absolute way of determining real K* deficit,
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Figure 2 Algorithma used in the evaluation of neonatal hypokalemia.
Note: *mmol/L K*/mmol/L creatinine.
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as there is no correlation between plasma K* concentration
and the body’s K* stores. A decrease of 1 mEg/L in serum
K* concentration with K* loss usually refers to a 10%-30%
decrease in body K*. In such conditions as acidosis and
hyperosmolarity, plasma K* concentration may reflect a
lower value than actual K* stores, and rapid correction of
acidosis with bicarbonate may lower serum K* concentra-
tion rapidly.

The safest treatment of K* is via the oral/enteral route.
The normal daily required intake of K* is 1-2 mEq/kg/day.
However, in the presence of severe symptomatic hypokalemia
and gastrointestinal problems such as ileus, the intravenous
route may be used in cases where serum K* level is usually
below 2.6 mEq/L. K* given in intravenous fluids should not
exceed 40 mEq/L. In case of emergency, 0.3—1 mEq/kg of
K* may be given intravenously over 1 hour."” When higher
concentrations (60—80 mEq/L) are needed, infusion through
a central vein under ECG monitoring may be used. Dextrose
should not be used in initial fluids because increases in insulin
secretion secondary to dextrose infusion may lower plasma
K" concentrations even further.

The choice of the type of K* salt depends on the clinical
situation. KCl is usually appropriate if hypovolemia is present.
In the presence of simultaneous metabolic acidosis, other K*
salts producing K* bicarbonate, K* citrate, and K* acetate
may be given. In the presence of a phosphate-depleting
situation such as diabetic ketoacidosis, K* phosphate may
be used. It should be kept in mind that correction of total
body K* deficit may take days and even weeks. In cases of
hypokalemia resistant to treatment, hypomagnesemia should
be considered. In these cases, K* levels normalize following
magnesium treatment.
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