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| Preview: Disorders of sodium and water metabolism are

oo common in hospitalized patients and are occasionally

encountered in outpatients. Both hyponatremia and
hypernatremia can cause substantial morbidity and
mortality, and ironically, incorrect treatment can add to the
problem. In this article, Dr Fall outlines a general approach
to evaluation and management of both conditions, with
recommendations on safe and effective therapy.
Fall PJ. Hyponatremia and hypernatremia: a systematic
approach to causes and their correction. Postgrad Med 107
(5):75-82

Osmotic forces determine the distribution of water

between body fluid compartments. Each compartment has
one major solute. Sodium is primarily extracellular, whereas
potassium is primarily intraceliular (1). In general, cell
membranes (except for the renal medulla) are freely
permeable to water. Therefore, water moves across a cell
membrane until osmotic pressure is equal in the two

compartments. This property allows brain cells to swell in RF - FAMILY
the face of hyponatremia or shrink with hypernatremia, and
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it is responsible for the neurologic manifestations of acute
sodium disorders. |

The osmolality of a solution is defined by the number of
solute particles per kilogram of water. The extracellular
osmoles consist primarily of sodium salts, glucose, and urea.
Serum osmolality is defined by the following equation:

Serum osmolality = (2 X Na) + (glucose + 18) + (Uurea +
2.8)

Under normal conditions, glucose and urea contribute
minimally to serum osmolality. Osmolality is determined
primarily by the serum sodium concentration. Serum
osmolality is tightly regulated between 275 and 290
mOsm/kg, primarily through the influence of antidiuretic
hormone (ADH). Osmoreceptors in the hypothalamus detect
serum osmolality changes as small as 1% An increase in
S€rum osmolality or a decrease in the effective circulating
volume can enhance the thirst mechanism. Likewise, water
excretion is controlled'by ADH, and an increase in serum
g osmolality or a decrease in Circulating volume can stimulate
ADH release. These changes in water intake and excretion
maintain serum osmolality within the normal range.

Hyponatremia

Hyponatremia reflects an abnormal ratio of sodium to water
and is defined as a serum sodium concentration of less than
135 mEg/L. It usually results from retention of water
secondary to impairment in free water excretion.
Occasionally, hyponatremia is due to sodium loss exceeding
that of water (eq, thiazide-induced hyponatremia). Elderly
women may be susceptible to this condition (2).

loop of Henle, and (2) excretion of this water by
maintenance of impermeability to water (no ADH) in the
collecting duct. ADH release ig maximally suppressed at 3
serum osmolality of 275 mOsm/kg, as depicted in figure 1
(not shown) (3).

Because the capacity to excrete water is so great, water
retention leading to hyponatremia occurs only when there is
a defect in renal water excretion or when the system is
overwhelmed (eq, in primary polydipsia). The normal daily
osmolar load is about 10 mOsm/kg of body weight, and
urine can be diluted as low as 50 mOsm/kg. Consequently, a
70-kg (154-Ib) person can excrete Up to 14 | (14.8 qt) of

urine daily.

Clinical features

Signs and symptoms of hyponatremia are primarily related
to the central nervous system. In hyponatremia, the osmotic
préssure gradient favors movement of water into brain cells,
resulting in cerebral edema. The brain has adaptive
Capabilities that serve to minimize cell swelling, but in

patients with acute development of hyponatremia, this

adaptation cannot occur (4). RF - FAMILY

Early manifestations of hyponatremia include anorexia,
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nausea, lethargy, and apathy. More advanced symptoms
include disaorientation, agitation, seizures, depressed
reflexes, focal neurologic deficits and, eventually, Cheyne-
Stokes respiration (5). Coma and seizures usually occur only
with acute reduction of the Seérum sodium concentration to
less than 120 mEqg/L (6). |

Hence, clinical manifestations of hyponatremia correlate with
the serum sodium concentration and, more important, with
how rapidly the condition developed. The mortality rate of
hyponatremia has been cited as ranging from 5% to 50%,
depending on severity and acuity of onset (7).

obtaining three basic laboratory values: serum osmolality,
urine osmolality, and urine sodium (5). This information is
used to determine the cause of nyponatremia and help guide
therapy. Common causes of hyponatremia include the
syndrome of inappropriate ADH and depletion of effective
circulating volume.

Important information to obtain in history taking includes
use of medications (particularily thiazide diuretics), recent
vomiting, diarrhea or excessive sweating with hypotonic fluid
Ingestion, recent surgery, and a history of psychiatric iliness,
congestive heart failure (CHF), cirrhosis, or nephrotic
syndrome with renal failure. Physical examination should
focus on assessment of volume status and include
orthostatic vital signs, skin turgor, mucous membrane
dppearance, jugular venous distention, findings of edema,
and wedge pressure and central venoys pressure if
available.

- L L T e e s
i 3 R U R

The initial laboratory measurement needed in evaluation of

. hyponatremia is serum osmaolality. A common cause of

. hyperosmolar hyponatremia (ie, serum osmoiality >290

- | mOsm/kg) is hyperglycemia ; Rypertonic infusion of mannitaol
(Osmitrol) is a less common cause. Isosmolar hyponatremia
(ie, normal serum osmolality of 275 to 290 mOsm/kg) may,
rarely, be caused by pseudohyponatremia from either severe
hyperlipidemia or hyperproteinemia. The finding results from
the method used to measure the serum sodium
concentration and does not represent true hyponatremia.
Hypo-osmolar hyponatremia (ie, serum osmolality <275
mOsm/kg) is the most common type. Causes are listed in
table 1 and are the focus of the remaining discussion.

Table 1. Differentia) diagnosis of hypo-osmolar

hyponatremia

Volume status and condition Urine sodium
concentration
(mEq/L)

wasting nephropathy,
hypoaldosteronism) RF - FAMILY

Gastrointestinal loss (through <10
vomiting, diarrhea, tube drainage)
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Skin loss (through Sweating, burns, <10

Cystic fibrosis)

Peritonitis <10 |
Euvolemic

Antidiuretic hormone (ADH) excess > 30

(through syndrome of Inappropriate
ADH, use of thiazide diuretics or oral
hypoglycemic agents)

Pain >30
Postoperative state (including >30
transurethral prostatic resection

syndrome)

Cortisol deficiency >30
Hypothyroidism >30
Decreased solute intake Variable
Psychogenic polydipsia Variable
Resetting of osmostat (pregnancy, Variable

psychiatric disorders)

M—MM,¢F Wy

Hypervolemic

Congestive heart failyre <10

Cirrhosis ' <10 '
Nephrotic syndrome <10
Acute and chronic rena| failure >20

—_——

(D
>
)
-3
{D
-t
D
-
>
<
3
Q
C
t
D
C
.
-
(D
T
O
LN
3
Q.
Q
~
-3
Q)
Py
o
2
Y
U
N
-
e e e

hyponatremia have urine osmolality of more than 200
mOsm/kg, reflecting Impairment in water excretion.

The final step in evaluation of hyponatremia Is to measure
the urine sodium concentration and use this finding in

MEQg/L differentiates patients with hypovolemic RFI- FAMILY
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sodium concentration can also be helpful in identifying
hypervolemic hyponatremia.)

Treatment of hyponatremia varies depending on whether
symptoms are present (11-14).

urine sodium concentration, normal saline solution should be

administered initially to correct the extracellular fluid volume
deficit. If a patient is hypervoiemic, sait and water

restriction is key.

For patients who are euvolemic and hyponatremic, therapy
consists primarily of water restriction. Again, treating the
underlying cause is Important (egq, withdrawing a thiazide
diuretic, initiating hormone therapy for hypothyroidism or
adrenal insufficiency) and May correct the hyponatremia.

When the cause of the Syndrome of inappropriate ADH js RF - FAMILY
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(Declomycin).

Hyponatremia can be corrected with administration of
hypertonic saline solution (3%) at a rate of about 1 mlL/kg
per hour. A loop diuretic may be added to enhance water
excretion if urine osmolality is greater than 300 mOsm/kg.
With use of this combination therapy, sodium lost in the

The main controversy in the literature surrounds treatment
of chronic symptomatic hyponatremia because, as
mentioned, central pontine myelinolysis may result if the
condition is corrected too rapidly (11,14). Therefore,
although treatment in these patients is similar to that just
described, the rate of correction should be siower (0.5to 1
mEq/L per hour). Aggressive therapy should be discontinued

Hypernatremia .

Hypernatremia, like hyponatremia, reflects an abnormal
ratio of sodium and water. It is defined as a serum sodium
concentration exceeding 145 mEq/L. Unlike hyponatremia,
hypernatremia always represents a hyperosmolar state.

Volume status and condition Urine sodium
concentration

(mEq/L)

T ——— RF - FAMILY

Hypovolemic

Renal losses (osmotic diuresis by >20
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means of glucose, urea, mannitol
[Osmitrol] use)

Insensible losses (through sweating, <10
fever, respiration)

Gastrointestinal losses (through <10
diarrhea)

Euvolemic

Renal losses (through diabetes Variable
Inspidus--nephrogenic or central)

Hypothalamic disorder (primary Variable
Nypodipsia, resetting of osmostat)

mmmmmm Y = y _'mm‘m i " _-mm“

5 Hypervolemic

Hypertonic saline administration >20

Sodium bicarbonate aa}ninistration >20

Primary hyperaldosteronism >20
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The two defense mechanisms against hypernatremia are
stimulation of ADH release (resulting in maximal urinary
concentration) and thirst (16). Release of ADH occurs at a
slightly lower serum osmolality than does stimulation of
thirst, but thirst is the main defense mechanism against
hypernatremia. Hypernatremia is almost never found in an
alert patient who has access to water and a normal thirst

Concentration of urine requires two basic conditions: (1) a
hypertonic meduliary interstitium, and (2) osmotic
equilibrium of urine in the collecting duct that has the

5 hypertonic interstitium (requiring ADH). Central diabetes

insipidus occurs when secretion of ADH is impaired through
disruption of the hypothalamic nuclei, Osmoreceptors, or
supraopticohypophysial tract. The mMost common causes of
central diabetes insipidus are head trauma, hypoxic or
iIschemic encephalopathy, and Idiopathic conditions.

insipidus.

Clinical features

As In hyponatremia, signs and symptoms of hypernatremia

are primarily related to the central nervous system. In

hypernatremia, the osmotic pressure gradient favors

movement of water out of brain cells and leads to a

decrease in brain volume. Neurologic manifestations (eq, RF - FAMILY
lethargy, weakness, irritability, hyperreflexia, seizures,

coma, and even death) are the result. The mortality rate

ranges from 16% to 60%, depending on the patient
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losses from fever, sweating, or recent respiratory Infection),
alteration in mentat status, and thirst (if the patient is alert).
Assessing the patient's volume Status and measuring urine

men and 50% in women):

Water deficit = tota| body water (serum sodium
concentration + 140 - 1)

either free water orally or an infusion of 59 dextrose in RF - FAMILY
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