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PART 2
Cardinal Manifestations and Presentation of Diseases

concentration), whereas biliary, pancreatic, and intestinal secretions
are alkaline (high HCO3– concentration), vomiting and diarrhea are
often accompanied by metabolic alkalosis and acidosis, respectively.
Evaporation of water from the skin and respiratory tract (so-called
“insensible losses”) constitutes the major route for loss of solute-free
water, which is typically 500–650 mL/d in healthy adults. This evaporative loss can increase during febrile illness or prolonged heat exposure.
Hyperventilation can also increase insensible losses via the respiratory
tract, particularly in ventilated patients; the humidity of inspired air
is another determining factor. In addition, increased exertion and/or
ambient temperature will increase insensible losses via sweat, which is
hypotonic to plasma. Profuse sweating without adequate repletion of
water and Na+-Cl– can thus lead to both hypovolemia and hypertonicity. Alternatively, replacement of these insensible losses with a surfeit
of free water, without adequate replacement of electrolytes, may lead
to hypovolemic hyponatremia.
Excessive fluid accumulation in interstitial and/or peritoneal spaces
can also cause intravascular hypovolemia. Increases in vascular permeability and/or a reduction in oncotic pressure (hypoalbuminemia)
alter Starling forces, resulting in excessive “third spacing” of the ECFV.
This occurs in sepsis syndrome, burns, pancreatitis, nutritional hypoalbuminemia, and peritonitis. Alternatively, distributive hypovolemia
can occur due to accumulation of fluid within specific compartments,
for example within the bowel lumen in gastrointestinal obstruction or
ileus. Hypovolemia can also occur after extracorporeal hemorrhage or
after significant hemorrhage into an expandable space, for example,
the retroperitoneum.
Diagnostic Evaluation A careful history will usually determine the
etiologic cause of hypovolemia. Symptoms of hypovolemia are nonspecific and include fatigue, weakness, thirst, and postural dizziness;
more severe symptoms and signs include oliguria, cyanosis, abdominal
and chest pain, and confusion or obtundation. Associated electrolyte
disorders may cause additional symptoms, for example, muscle weakness in patients with hypokalemia. On examination, diminished skin
turgor and dry oral mucous membranes are less than ideal markers
of a decreased ECFV in adult patients; more reliable signs of hypovolemia include a decreased jugular venous pressure (JVP), orthostatic
tachycardia (an increase of >15–20 beats/min upon standing), and
orthostatic hypotension (a >10–20 mmHg drop in blood pressure on
standing). More severe fluid loss leads to hypovolemic shock, with
hypotension, tachycardia, peripheral vasoconstriction, and peripheral
hypoperfusion; these patients may exhibit peripheral cyanosis, cold
extremities, oliguria, and altered mental status.
Routine chemistries may reveal an increase in blood urea nitrogen
(BUN) and creatinine, reflective of a decrease in GFR. Creatinine is the
more dependable measure of GFR, because BUN levels may be influenced by an increase in tubular reabsorption (“prerenal azotemia”),
an increase in urea generation in catabolic states, hyperalimentation,
or gastrointestinal bleeding, and/or a decreased urea generation in
decreased protein intake. In hypovolemic shock, liver function tests
and cardiac biomarkers may show evidence of hepatic and cardiac
ischemia, respectively. Routine chemistries and/or blood gases may
reveal evidence of acid-base disorders. For example, bicarbonate loss
due to diarrheal illness is a very common cause of metabolic acidosis;
alternatively, patients with severe hypovolemic shock may develop
lactic acidosis with an elevated anion gap.
The neurohumoral response to hypovolemia stimulates an increase
in renal tubular Na+ and water reabsorption. Therefore, the urine Na+
concentration is typically <20 mM in nonrenal causes of hypovolemia,
with a urine osmolality of >450 mOsm/kg. The reduction in both
GFR and distal tubular Na+ delivery may cause a defect in renal potassium excretion, with an increase in plasma K+ concentration. Of note,
patients with hypovolemia and a hypochloremic alkalosis due to vomiting, diarrhea, or diuretics will typically have a urine Na+ concentration
>20 mM and urine pH of >7.0, due to the increase in filtered HCO3–;
the urine Cl– concentration in this setting is a more accurate indicator
of volume status, with a level <25 mM suggestive of hypovolemia. The
urine Na+ concentration is often >20 mM in patients with renal causes
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The therapeutic goals in hypovolemia are to restore normovolemia
and replace ongoing fluid losses. Mild hypovolemia can usually be
treated with oral hydration and resumption of a normal maintenance
diet. More severe hypovolemia requires intravenous hydration,
tailoring the choice of solution to the underlying pathophysiology. Isotonic, “normal” saline (0.9% NaCl, 154 mM Na+) is the most
appropriate resuscitation fluid for normonatremic or hyponatremic
patients with severe hypovolemia; colloid solutions such as intravenous albumin are not demonstrably superior for this purpose.
Hypernatremic patients should receive a hypotonic solution, 5%
dextrose if there has only been water loss (as in diabetes insipidus),
or hypotonic saline (1/2 or 1/4 normal saline) if there has been water
and Na+-Cl– loss. Patients with bicarbonate loss and metabolic acidosis,
as occur frequently in diarrhea, should receive intravenous bicarbonate, either an isotonic solution (150 meq of Na+-HCO3– in 5% dextrose) or a more hypotonic bicarbonate solution in dextrose or dilute
saline. Patients with severe hemorrhage or anemia should receive
red cell transfusions, without increasing the hematocrit beyond 35%.

SODIuM DISORDERS
Disorders of serum Na+ concentration are caused by abnormalities in
water homeostasis, leading to changes in the relative ratio of Na+ to
body water. Water intake and circulating AVP constitute the two key
effectors in the defense of serum osmolality; defects in one or both of
these two defense mechanisms cause most cases of hyponatremia and
hypernatremia. In contrast, abnormalities in sodium homeostasis per
se lead to a deficit or surplus of whole-body Na+-Cl– content, a key
determinant of the ECFV and circulatory integrity. Notably, volume
status also modulates the release of AVP by the posterior pituitary,
such that hypovolemia is associated with higher circulating levels of
the hormone at each level of serum osmolality. Similarly, in “hypervolemic” causes of arterial underfilling, e.g., heart failure and cirrhosis,
the associated neurohumoral activation is associated with an increase
in circulating AVP, leading to water retention and hyponatremia.
Therefore, a key concept in sodium disorders is that the absolute
plasma Na+ concentration tells one nothing about the volume status of
a given patient, which furthermore must be taken into account in the
diagnostic and therapeutic approach.
HYPONATREMIA
Hyponatremia, which is defined as a plasma Na+ concentration <135
mM, is a very common disorder, occurring in up to 22% of hospitalized patients. This disorder is almost always the result of an increase in
circulating AVP and/or increased renal sensitivity to AVP, combined
with an intake of free water; a notable exception is hyponatremia due
to low solute intake (see below). The underlying pathophysiology for
the exaggerated or “inappropriate” AVP response differs in patients
with hyponatremia as a function of their ECFV. Hyponatremia is
thus subdivided diagnostically into three groups, depending on clinical history and volume status, i.e., “hypovolemic,” “euvolemic,” and
“hypervolemic” (Fig. 63-5).
Hypovolemic Hyponatremia Hypovolemia causes a marked neurohumoral activation, increasing circulating levels of AVP. The increase
in circulating AVP helps preserve blood pressure via vascular and
baroreceptor V1A receptors and increases water reabsorption via renal
V2 receptors; activation of V2 receptors can lead to hyponatremia in
the setting of increased free water intake. Nonrenal causes of hypovolemic hyponatremia include GI loss (e.g., vomiting, diarrhea, tube
drainage) and insensible loss (sweating, burns) of Na+-Cl– and water,
in the absence of adequate oral replacement; urine Na+ concentration
is typically <20 mM. Notably, these patients may be clinically classified as euvolemic, with only the reduced urinary Na+ concentration to
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