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(a) Mechanism of dehydration

Figure 26.7a
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(b) Mechanism of hypotonic hydration

Figure 26.7b
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Major causes of hypernatremia

Unreplaced water loss

(which requires an impairment in thirst or access to water)
Insensible and sweat losses

Gastrointestinal losses

Central or nephrogenic diabetes insipidus

Osmotic diuresis

Hypothalamic lesions impairing thirst or osmoreceptor function
Primary hypodipsia
Reset osmostat in mineralocorticoid excess

Water loss into cells

Severe exercise or seizures

Sodium overload

Intake or administration of hypertonic sodium solutions
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Clinical manifestations

lethargy, weakness, and irritability, and can progress to
twitching, seizures, and coma

Severe symptoms usually require an acute elevation in
the plasma sodium concentration to above 158 meq/L.
Values above 180 meq/L are associated with a high
mortality rate, particularly in adults.



Treatment of hypernatremia

How can the water deficit be estimated?

At what rate can the plasma sodium concentration
safely be normalized?



Treatment of hypernatremia

Water deficit =

plasma [Na+]
CBW x ( - 1)

140

The total body water is normally about
60 and 50 percent of lean body weight
In younger men and women,
respectively, and is somewhat lower in
the elderly (about 50 and 45 percent in
men and women, respectively)



RATE OF CORRECTION

The maximum safe rate at which the plasma sodium
concentration should be lowered is by 0.5 meq/L per
hour and no more than by 12 meq/L per day.
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Example

A 60 kg woman with a plasma sodium concentration of
168 meq/L.

Water deficit = 0.4 x 60 ([168/140] - 1)
= 4.8 liters
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NOTE

The water deficit estimates the positive water balance
that must be achieved; thus, continuing free water
losses must also be replaced, such as insensible losses
(about 30 to 40 mL/h) and any continued dilute
urinary or gastrointestinal losses.
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Hyponatremia



Major causes of hyponatremia

Disorders in which ADH levels are elevated

Effective circulating volume depletion

True volume depletion

Heart failure

Cirrhosis

Thiazide diuretics
Syndrome of inappropriate ADH secretion, including reset osmostat pattern
Hormonal changes

Adrenal insufficiency

Hypothyroidism

Pregnancy

Disorders in which ADH levels may be appropriately suppressed

Advanced renal failure
Primary polydipsia, including ecstasy
Beer drinker's potomania

Hyponatremia with normal or elevated plasma osmolality

High plasma osmolality
Hyperglycemia
Mannitol
Normal plasma osmolality
Pseudo hyponatremia
Hyperlipidemia
Hyperproteinemia

Glycine solutions
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Treatment of hyponatremia

Indications for aggressive initial therapy :

patients with untreated and usually acute
hyponatremia who present with seizures or other
severe neurologic abnormalities or symptomatic
hyponatremia due to causes that have been associated
with brain herniation.



Treatment of hyponatremia

Indications for active intervention for Patients with
plasma sodium concentrations below 110 to 115 meq/L
that develop more slowly often have less severe
neurologic symptoms (eg, fatigue, dizziness, gait
disturbances, forgetfulness, confusion, lethargy, and
muscle cramps)
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Treatment of hyponatremia

Asymptomatic hyponatremia, Hospitalized patients
who are truly asymptomatic must be corrected
gradually, since rapid correction is not indicated,
particularly if the baseline plasma sodium is above 120
meq/L. Such patients are treated with free water
restriction and, if correction of volume depletion is
indicated, intravenous isotonic saline.



Treatment of hyponatremia

Water restriction

Sodium chloride administration
Sodium deficit = TBW x (desired Na - actual Na)

« TBW is estimated as lean body weight times 0.5 for women
and 0.6 for men

True volume depletion
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Example

A nonedematous mildly symptomatic 60 kg women
has a plasma sodium concentration of 116 meq/L. The

goal is to raise the plasma sodium concentration by 8
meq/L in the first 24 hours.

sodium deficit = 0.5 x 60 x (124 - 116)
= 240 meq
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Hyperkalemia

Plasma potassi neq/L




Major causes of hyperkalemia

Increased potassium release from cells

Pseudohyperkalemia

Metabolic acidosis

Insulin deficiency, hyperglycemia, and hyperosmolality
Increased tissue catabolism

R-adrenergic blockade

Exercise

Other
Digitalis overdose
Hyperkalemic periodic paralysis
Succinylcholine

Arginine hydrochloride

Reduced urinary potassium excretion

Hypoaldosteronism

Renal failure

Effective circulating volume depletion
Hyperkalemic type 1 renal tubular acidosis
Selective impairment of potassium excretion

Ureterojejunostomy
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‘ Hyperkalemia management rapid overview

Clinical Features

Signs and symptoms are uncommon and tend to occur only when the
serum potassium exceeds 7.0 meq/L; symptoms can include muscle
weakness and ventricular arrhythmias

There are two major mechanisms of hyperkalemia:

Increased potassium release from cells (eg, severe hyperglycemia,
rhabdomyolysis, succinylcholine)

Reduced potassium excretion in urine, most often due to hypoaldosteronism or

renal failure

Pseudohyperkalemia, which is most often due to hemolysis of the blood
specimen, is the most common cause of a reported elevation in serum
potassium and must be excluded. It does not reflect true hyperkalemia and
does not produce ECG changes




Electrocardiogram manifestations

Large interpatient variabilityexists in the relationship between the

serum potassium and ECG changes; at a given serum potassium, ECG
changes are more common with acute elevations and less common with

chronic elevations (eg, chronic renal failure)

Careful cardiac monitoring and serial ECGs are essential

ECG findings commonly progress as follows:
Peaked T waves
Prolonged PR and QRS intervals, and small P waves

Loss of P wave, further prolongation of QRS interval ("sine wave" pattern), and

conduction delay that can manifest as bundle branch or AV nodal block

Ventricular fibrillation or asystole can result



Management

Confirm the patient is truly hyperkalemidie, exclude
pseudohyperkalemia)

Obtain electrocardiogramand, if signs of hyperkalemia are seen, place
patient on cardiac monitor

The specific therapies that follow are listed according to their rapidity of
action; the choice among them varies according to the severity of ECG
changes and muscle weakness
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Stabilize cardiac membranes with calcium:

Give only for hyperkalemia with significant ECG findings (eg, widening of the QRS
complex or loss of P waves, but not peaked T waves alone) or severe arrhythmias
thought to be caused by hyperkalemia

Give adults calcium chloride 500 to 1000 mg (5 to 10 mL of 10 percent solution)
by IV infusion slowly over 2 to 3 minutes, preferably via a central line; or give
calcium gluconate 1000 mg (10 mL of 10 percent solution) also infused slowly;
may be given peripherally in large vein; time to onset is immediate

Calcium treatment may be repeated after 5 minutes if ECG changes persist;
patient must be on cardiac monitor when receiving calcium; calcium can exacerbate
digoxin toxicity

Give children calcium gluconate (10 percent solution) 0.5 mL/kg

Since the effect of calcium is transient, patients with hyperkalemia also require
treatments to shift potassium into cells and to remove potassium




Shift potassium into cells:

Give insulin and glucose to hyperkalemic patients with serum K ~6.5 meqg/L, except
patients with chronic renal failure and no ECG changes, who are treated with
hemodialysis

Insulin and glucose: Give IV bolus of regular insulin 10 units with 100 mL of a 50
percent glucose solution; give children regular insulin 0.2 units per gram of

glucose, give glucose 1 g/kg; monitor fingerstick glucose closely; time to onset is
15 to 30 minutes

Beta 2 agonist: May give albuterol 10 to 20 mg in 4 mL saline nebulized over 20
minutes (may use metered dose inhaler); pediatric dose 0.1 to 0.3 mg/kg; time to
onset is 20 to 30 minutes

Sodium bicarbonate: Has minimal effect on shifting potassium intracellularly
unless patient is acidemic; may promote renal excretion; give 45 meq (1 amp of
7.5 percent solution) slow IV infusion over 5 minutes; pediatric dose is 2 to 3
meq/kg; time to onset is 15 to 30 minutes; do not give in same IV as calcium

Since the effect of shifting potassium into the cells is transient, treatments to
remove potassium are also required




Remove potassium

Cation exchange resin (sodium polystyrene sulfonate): Give 15 to 30 grams
orally; pediatric dose is 1 g/kg; although less preferable, may also be given as
retention enema; do not give enema with sorbitol or within one week of surgery;
time to onset is approximately 1 to 2 hours; may repeat dose after 4 hours based
upon repeat serum K

Loop diuretic: May give furosemide 20 to 40 mg IV; pediatric dose is 1 to 2 mg/kg
IV; higher dose may be required with renal insufficiency; the fluid losses must be
replaced unless the patient is volume expanded

Hemodialysis: Can be used if the conservative measures listed above fail, if
hyperkalemia is severe, if the patient has renal failure, or if the patient has
marked tissue breakdown and is releasing large amounts of potassium from
injured cells







Major causes of hypokalemia

Decreased potassium intake

Increased entry into cells

An elevation in extracellular pH

Increased availability of insulin

Elevated RB-adrenergic activity - stress or administration of beta agonists
Hypokalemic periodic paralysis

Marked increase in blood cell production
Hypothermia

Chloroquine intoxication

Increased gastrointestinal losses
Vomiting

Diarrhea

Tube drainage

Laxative abuse

Increased urinary losses

Diuretics

Primary mineralocorticoid excess

Loss of gastric secretions

Nonreabsorbable anions

Metabolic acidosis

Hypomagnesemia

Amphotericin B

Salt-wasting nephropathies - including Bartter's or Gitelman's syndrome

Polyuria
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MANIFESTATIONS OF HYPOKALEMIA

Severe muscle weakness or paralysis

Cardiac arrhythmias and ECG abnormalities
Rhabdomyolysis

Renal abnormalities
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Treatment of Hypokalemia

Asymptomatic, potassium >3 meq/L — In the absence
of ongoing losses, we suggest administration of 10 to
20 meq of potassium chloride given two to four times

per day (20 to 8o meq per day), depending upon the
severity of hypokalemia
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Treatment of Hypokalemia

Mild to moderate symptoms, or potassium <3.0
meq/L — In the absence of ongoing losses, we suggest
oral administration of potassium chloride (40 to 60
meq three to four times/day, total 120 to 240 meq),
until the plasma serum potassium concentration
remains above 3.0 to 3.5 meq/L, and symptoms resolve
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Treatment of Hypokalemia

Severe symptoms or unable to take oral medication :

intravenous potassium chloride in saline solution for
patients with severe symptoms of hypokalemia and in
patients who are unable to take oral medications,
especially if they are also receiving insulin therapy for
diabetic ketoacidosis or nonketotic hyperglycemia, or
bicarbonate therapy for metabolic acidosis



Treatment of Hypokalemia

When using intravenous potassium, we recommend
the following:

A maximal intravenous repletion rate in most cases of
10 to 20 meq/h, and maximal concentration of 100 to
200 meq/L (prepared in 100 mL).
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