












390 Part III Phenomena of Concern

diseases, hypoparathyroidism, and excess consumption of
vitamin D metabolites.6

•
17 Elevated phosphate levels seldom

become a concern unless renal excretion of phosphorus is
impaired.

Pathophysiology. In chronic renal failure the renal
tubules no longer excrete phosphorus, despite continued
uptake in the GI system. The disruption in renal function
accompanied by a decreased GFR leads to impaired
phosphate elimination.

Rapid cell catabolism leads to the release of the cellular
phosphorus stores into the ECF compartment. Children
being treated with chemotherapy for neoplastic disease of
lymphatic origin may also develop hyperphosphatemia
because of leakage of phosphates into the circulation as a
result of cytolysis?

Hyperphosphatemia may also be seen in children at times
of rapid growth because serum phosphate levels may reach
6 mg/dl during these periods. Vitamin D, which increases
absorption of phosphorus in the GI tract, may be helpful in
providing phosphorus for bone growth and cellular function.

Critical Care Management. Patients with hyper
phosphatemia are monitored for the clinical manifestations
of hyperphosphatemia and hypocalcemia (see Table 11-3).
An inverse relationship exists between phosphorus and
calcium in the ECF compartment. Therefore in conditions
producing hyperphosphatemia, hypocalcemia also exists.
The relationship between these two imbalances accounts for
the fact that the clinical signs and symptoms associated with
hyperphosphatemia are the same as those found in the child
experiencing hypocalcemia. If the hyperphosphatemia is not
associated with a hypocalcemia, phosphorus may precipitate
into body tissues as phosphate salts, and conjunctivitis,
pruritus, or renal deposits may occur.6

Serum phosphate and calcium levels are monitored. An
elevated phosphate level is seen in conjunction with a
clinically significant decreased serum calcium value.

Treatment should be directed both at determining the
underlying cause and correcting the imbalance. Hyperphos
phatemia may be treated using dietary restrictions of
phosphorus. If this diet does not result in lowered phosphate
levels, aluminum antacids may be used. The antacids bind
with the phosphate in the intestines and thus facilitate
elimination. Adequate hydration and correction of hypocal
cemia also enhance phosphate elimination. If increased
phosphorus is not the result of an influx of phosphorus
related to renal failure, the administration of sodium
bicarbonate may be used to enhance renal excretion of
phosphorus6 For the child with life-threatening symptoms,
fluids to increase renal phosphate losses, treatment of
hypocalcemia, or dialysis may be indicated.

Magnesium

Magnesium is the fourth most abundant cation in the body
and the second most abundant intracellular cation. The
distribution of magnesium is similar to that of potassium and
is approximately 60% in the mineral component of bone,
40% in the body cells, and less than I% in the ECF
compartment. The major roles of magnesium can be divided

into three areas: enzyme and biochemical activation, medi
ation of skeletal muscle tension, and inhibition of electrical
activity at the neuromuscular junction. Magnesium serves as
a cofactor in numerous enzyme reactions that involve
transfer of a phosphate group: metabolism of glucose,
pyruvic acid, and ATP. Magnesium has a similar role to
calcium as an inhibitor of electrical activity in neuromus
cular function. Magnesium acts directly on the myoneural
junction, affecting neuromuscular irritability and contractil
ity of cardiac and skeletal smooth muscle.'

The serum magnesium concentration is regulated by the
kidney, GI tract, and bones. However, the kidneys are the
primary regulators. The kidneys have an extraordinary
ability to conserve magnesium and with decreased intake of
magnesium excrete less than I mEq/day. When the concen
tration of magnesium in the glomerular filtrate exceeds
certain limits, large quantities of magnesium are lost in the
urine.33 Reabsorption occurs in the ascending limb of the
loop of Henle and is modulated by the serum concentration
of ionized magnesium.

Serum magnesium levels are a poor indicator of total
body stores because less than I% of total body magnesium
exists in the serum. Normal magnesium levels in the child
are 1.5 to 2.5 mEqIL. Magnesium levels show small
variations, correlating directly with changes in serum
calcium and inversely with phosphorus.27 About 35% of the
available magnesium is bound to protein.

Hypomagnesemia
Etiology. Hypomagnesemia generally exists when the

serum magnesium level is less than 1.4 mEqlL. However, a
decrease in serum magnesium is not always synonymous
with a decrease in body stores. Two principal causes of
decreased magnesium in the ECF compartment are de
creased absorption or increased excretion.3o

Pathophysiology. Decreased intestinal absorption of
magnesium may occur intrinsically or may be drug induced
(i.e., laxatives). Conditions that may be associated with
decreased absorption include pancreatitis, chronic or severe
diarrhea, prolonged nasogastric suctioning, prolonged vom
iting, intestinal and biliary fistulas, and malabsorption
syndromes33

Increased renal excretion of magnesium can occur with
the use of diuretics, in particular, loop diuretics and
thiazides. Patients with conditions causing a rapid diuresis
(i.e., diabetic ketoacidosis and hyperosmolar, hyperglyce
mic, nonketotic coma) also demonstrate an increased
excretion of magnesium. Aminoglycoside antibiotics and
antineoplastic agents may induce hypomagnesemia in chil
dren because these drugs cause renal magnesium wasting. 34

Hypomagnesemia may also be related to lack of magnesium
administration during the time the child is NPO or caused by
malnutrition.

Other imbalances seen with hypomagnesemia are hypo
natremia, hypokalemia, hypophosphatemia, and distal renal
tubular acidosis. Hypomagnesemia may damage the ATp·
dependent sodium, potassium, phosphate, and hydrogen
pumps, which would cause excess urinary losses of these
electrolytes.35



Critical Care Management. The infant or child with
a decreased serum magnesium level is monitored closely for
the clinical manifestations of hypomagnesemia (see Table
11-3). Despite generalized neuromuscular excitability, re
spiratory muscle depression and hypoventilation may occur,
creating a need for mechanical ventilation.3D Continuous
ECG monitoring is indicated to assess for arrhythmias (see
Table 11-4).

In addition, the child may present with many of the same
clinical signs that are found with hypocalcemia. The signs
and symptoms of hypomagnesemia are often compounded
by the coexistence of hypocalcemia and hypokalemia. When
these electrolyte disturbances are persistent, hypomagnese
mia may also exist.

Serum magnesium, potassium, and calcium levels are
monitored. Decreased serum magnesium levels are accom
panied by decreased potassium levels in 50% of children
evaluated.34 Urine magnesium levels are also decreased and
may be monitored.

Treatment of hypomagnesemia is directed at identifica
tion of the underlying cause and correction of the imbalance.
With severe magnesium deficiency resulting in symptoms
such as ventricular arrhythmias or seizures, IV magnesium
sulfate may be diluted to 10 mg/rnl and given slowly over
3 to 5 minutes. Subsequent doses may be repeated if
necessary, based on the child's response and serum magne
sium levels. Adequate renal function is ensured before
treatment is undertaken because if function is diminished,
hypermagnesemia resultsY Other complications of paren
teral magnesium administration include neuromuscular
and respiratory depression, hypotension, and malignant
arrhythmias.

Although oral and intramuscular magnesium administra
tion may be more easily accomplished, neither can be relied
on to correct a serious deficit. Intramuscular magnesium
absorption is erratic, based on the amount of subcutaneous
fat tissue. Intestinal absorption of oral magnesium is
extremely variable. If either intramuscular or oral replace
ment is chosen, careful attention must be directed at
monitoring serum levels.

Hypermagnesemia
Etiology. Hypermagnesemia is defined as an excess of

magnesium in the ECF compartment. Hypermagnesemia
exists when the serum magnesium level exceeds 2.5 mEqlL.

Chapter 11 Fluid and Electrolyte Regulation 391

Hypermagnesemia occurs far less often than hypomagnese
mia. This condition most commonly occurs as the result of
underlying chronic renal disease. Transient increases in
serum magnesium levels may accompany ECF compart
ment deficit or excessive administration of magnesium
containing drugs?

Pathophysiology. Hypermagnesemia may occur as
the result of an increase in magnesium load or a decrease in
GFR. An increase in magnesium load is rare but may occur
with the administration of large doses of magnesium
containing electrolyte supplements, laxatives, or antacids in
the patient with compromised renal function. A decrease in
GFR is typically associated with chronic renal disease, acute
renal failure, or hypovolemia.27 The result is inadequate
filtration and excretion of magnesium.

Critical Care Management. Because hypermagne
semia is a rare occurrence, the nurse must maintain a high
index of suspicion in those patients who are at high risk (see
Table 11-3). In addition, the child is monitored for ECG
changes. Severe hypermagnesemia may lead to coma or
cardiac arrest. Laboratory values are obtained and may
include serum magnesium level and renal function tests,
including BUN and serum creatinine.

Treatment of hypermagnesemia is directed at both
correction of the imbalance and identification and treatment
of the underlying cause. Calcium gluconate or other calcium
salts may be administered because calcium is an antagonist
to magnesium and often reverses the cardiac manifestations
of hypermagnesemia. IV hydration facilitates renal excre
tion of excess magnesium in the presence of normal renal
function. If renal dysfunction is apparent, dialysis may be
indicated.

SUMMARY
This chapter has presented the regulation and assessment of
fluid and electrolyte balance in the critically ill child. Care
of the critically ill child depends on accurate assessment and
complete understanding of the unique interrelationships of
these substances. Minor deviations in electrolyte and fluid
balance may produce profound complications in children.
Therefore careful attention to signs and symptoms and ap
propriate intervention to alleviate the abnormality and cor
rect the underlying cause may reduce the severity and length
of time of critical illness.
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