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PART 2
Cardinal Manifestations and Presentation of Diseases

such as diarrhea. The physical examination should include a detailed
neurologic exam and an assessment of the ECFV; patients with a particularly large water deficit and/or a combined deficit in electrolytes
and water may be hypovolemic, with reduced JVP and orthostasis.
Accurate documentation of daily fluid intake and daily urine output
is also critical for the diagnosis and management of hypernatremia.
Laboratory investigation should include a measurement of serum
and urine osmolality, in addition to urine electrolytes. The appropriate
response to hypernatremia and a serum osmolality >295 mOsm/kg is
an increase in circulating AVP and the excretion of low volumes (<500
mL/d) of maximally concentrated urine, i.e., urine with osmolality
>800 mOsm/kg; should this be the case, then an extrarenal source of
water loss is primarily responsible for the generation of hypernatremia.
Many patients with hypernatremia are polyuric; should an osmotic
diuresis be responsible, with excessive excretion of Na+-Cl–, glucose,
and/or urea, then daily solute excretion will be >750–1000 mOsm/d
(>15 mOsm/kg body water per day) (Fig. 63-6). More commonly,
patients with hypernatremia and polyuria will have a predominant
water diuresis, with excessive excretion of hypotonic, dilute urine.
Adequate differentiation between nephrogenic and central causes
of DI requires the measurement of the response in urinary osmolality
to DDAVP, combined with measurement of circulating AVP in the
setting of hypertonicity. By definition, patients with baseline hypernatremia are hypertonic, with an adequate stimulus for AVP by the
posterior pituitary. Therefore, in contrast to polyuric patients with a
normal or reduced baseline plasma Na+ concentration and osmolality,
a water deprivation test (Chap. 61) is unnecessary in hypernatremia;
indeed, water deprivation is absolutely contraindicated in this setting,
given the risk for worsening the hypernatremia. Patients with NDI will
fail to respond to DDAVP, with a urine osmolality that increases by
<50% or <150 mOsm/kg from baseline, in combination with a normal
or high circulating AVP level; patients with central DI will respond
to DDAVP, with a reduced circulating AVP. Patients may exhibit a
partial response to DDAVP, with a >50% rise in urine osmolality that
nonetheless fails to reach 800 mOsm/kg; the level of circulating AVP
will help differentiate the underlying cause, i.e., NDI versus central DI.
In pregnant patients, AVP assays should be drawn in tubes containing
the protease inhibitor 1,10-phenanthroline, to prevent in vitro degradation of AVP by placental vasopressinase.
For patients with hypernatremia due to renal loss of water, it is critical to quantify ongoing daily losses using the calculated electrolyte-free
water clearance, in addition to calculation of the baseline water deficit
(the relevant formulas are discussed in Table 63-3). This requires daily
measurement of urine electrolytes, combined with accurate measurement of daily urine volume.

a
The underlying cause of hypernatremia should be withdrawn or
corrected, be it drugs, hyperglycemia, hypercalcemia, hypokalemia,
or diarrhea. The approach to the correction of hypernatremia is outlined in Table 63-3. It is imperative to correct hypernatremia slowly
to avoid cerebral edema, typically replacing the calculated free water
deficit over 48 h. Notably, the plasma Na+ concentration should be
corrected by no more than 10 mM/d, which may take longer than 48 h
in patients with severe hypernatremia (>160 mM). A rare exception
is patients with acute hypernatremia (<48 h) due to sodium loading,
who can safely be corrected rapidly at a rate of 1 mM/h.
Water should ideally be administered by mouth or by nasogastric tube, as the most direct way to provide free water, i.e., water
without electrolytes. Alternatively, patients can receive free water
in dextrose-containing IV solutions, such as 5% dextrose (D5W);
blood glucose should be monitored in case hyperglycemia occurs.
Depending on the history, blood pressure, or clinical volume status,
it may be appropriate to initially treat with hypotonic saline solutions (1/4 or 1/2 normal saline); normal saline is usually inappropriate in the absence of very severe hypernatremia, where normal
saline is proportionally more hypotonic relative to plasma, or frank
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hypotension. Calculation of urinary electrolyte-free water clearance
(Table 63-3) is required to estimate daily, ongoing loss of free water
in patients with NDI or central DI, which should be replenished daily.
Additional therapy may be feasible in specific cases. Patients
with central DI should respond to the administration of intravenous,
intranasal, or oral DDAVP. Patients with NDI due to lithium may
reduce their polyuria with amiloride (2.5–10 mg/d), which decreases
entry of lithium into principal cells by inhibiting ENaC (see above);
in practice, however, most patients with lithium-associated DI are
able to compensate for their polyuria by simply increasing their daily
water intake. Thiazides may reduce polyuria due to NDI, ostensibly
by inducing hypovolemia and increasing proximal tubular water
reabsorption. Occasionally, nonsteroidal anti-inflammatory drugs
(NSAIDs) have been used to treat polyuria associated with NDI,
reducing the negative effect of intrarenal prostaglandins on urinary
concentrating mechanisms; however, this assumes the risks of
NSAID-associated gastric and/or renal toxicity. Furthermore, it must
be emphasized that thiazides, amiloride, and NSAIDs are only appropriate for chronic management of polyuria from NDI and have no role
in the acute management of associated hypernatremia, where the
focus is on replacing free water deficits and ongoing free water loss.

POTASSIuM DISORDERS
Homeostatic mechanisms maintain plasma K+ concentration between
3.5 and 5.0 mM, despite marked variation in dietary K+ intake. In a
healthy individual at steady state, the entire daily intake of potassium
is excreted, approximately 90% in the urine and 10% in the stool; thus,
the kidney plays a dominant role in potassium homeostasis. However,
more than 98% of total-body potassium is intracellular, chiefly in
muscle; buffering of extracellular K+ by this large intracellular pool
plays a crucial role in the regulation of plasma K+ concentration.
Changes in the exchange and distribution of intra- and extracellular
K+ can thus lead to marked hypo- or hyperkalemia. A corollary is that
massive necrosis and the attendant release of tissue K+ can cause severe
hyperkalemia, particularly in the setting of acute kidney injury and
reduced excretion of K+.
Changes in whole-body K+ content are primarily mediated by
the kidney, which reabsorbs filtered K+ in hypokalemic, K+-deficient
states and secretes K+ in hyperkalemic, K+-replete states. Although
K+ is transported along the entire nephron, it is the principal cells of
the connecting segment (CNT) and cortical CD that play a dominant
role in renal K+ secretion, whereas alpha-intercalated cells of the
outer medullary CD function in renal tubular reabsorption of filtered
K+ in K+-deficient states. In principal cells, apical Na+ entry via the
amiloride-sensitive ENaC generates a lumen-negative potential difference, which drives passive K+ exit through apical K+ channels (Fig.
63-4). Two major K+ channels mediate distal tubular K+ secretion: the
secretory K+ channel ROMK (renal outer medullary K+ channel; also
known as Kir1.1 or KcnJ1) and the flow-sensitive big potassium (BK)
or maxi-K K+ channel. ROMK is thought to mediate the bulk of constitutive K+ secretion, whereas increases in distal flow rate and/or genetic
absence of ROMK activate K+ secretion via the BK channel.
An appreciation of the relationship between ENaC-dependent Na+
entry and distal K+ secretion (Fig. 63-4) is required for the bedside
interpretation of potassium disorders. For example, decreased distal
delivery of Na+, as occurs in hypovolemic, prerenal states, tends to
blunt the ability to excrete K+, leading to hyperkalemia; on the other
hand, an increase in distal delivery of Na+ and distal flow rate, as
occurs after treatment with thiazide and loop diuretics, can enhance
K+ secretion and lead to hypokalemia. Hyperkalemia is also a predictable consequence of drugs that directly inhibit ENaC, due to the
role of this Na+ channel in generating a lumen-negative potential
difference. Aldosterone in turn has a major influence on potassium
excretion, increasing the activity of ENaC channels and thus amplifying the driving force for K+ secretion across the luminal membrane
of principal cells. Abnormalities in the renin-angiotensin-aldosterone
system can thus cause both hypokalemia and hyperkalemia. Notably,
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