BOX 37.3

WATER INTOXICATION

Overhydration that leads to retention of excess water is commonly called water intoxication. This can be caused by two mechanisms: excessive ingestion of fluids in volumes greater than the ability of the kidneys to excrete water or impaired kidney water excretion. In many cases, both mechanisms contribute to the water retention. Ingestion of dilute fluids normally causes slight decreases in plasma osmolality, which are sufficient to reduce circulating AVP concentrations to levels that allow the kidneys to excrete the ingested water in dilute urine, thereby maintaining osmotic homeostasis. The capacity of mammalian kidneys to excrete excess fluid is very large, in humans ranging from 800 to 1,000 ml/h, or 19 to 24 L/d. Humans rarely ingest fluids at these large volumes; however, this does occur in patients with schizophrenia, who drink compulsively for reasons not related to thirst, or during periods of forced water consumption as has occurred during fraternity hazing or freshwater drowning. More commonly, water retention occurs when the water excreting capacity of the kidney is limited by increased plasma AVP levels. This can occur because of physiological nonosmotic stimuli that cause AVP secretion, such as hypovolemia, or because of pathological AVP secretion caused by a variety of disease processes, including tumors that synthesize and secrete AVP or central nervous system disorders that interfere with normal regulation of AVP secretion, which is called the syndrome of inappropriate antidiuretic hormone secretion (SIADH) (Verbalis, 2007).

The metabolic consequence of excess water retention is a dilution of the osmolality of body fluids, or hypoosmolality, and a commensurate dilution of the extracellular fluid (ECF) sodium concentration to low levels, or hyponatremia. The physiological consequence of lowered ECF osmolality is an imbalance of osmolality across the intracellular fluid (ICF) and ECF compartments. In response, water will move across cell membranes from the ECF to the ICF until osmotic equilibrium is again achieved. This water movement results in swelling of all cells throughout the body. In most organs this is well tolerated, but the brain is enclosed in a rigid bony skull that limits the degree of brain swelling, or cerebral edema, to approximately 8%, which is the space occupied by cerebrospinal fluid within the skull. Once this limit is reached, the brain herniates through the openings at the base of the brain, which compresses the brainstem respiratory regulatory center leading to cessation of breathing and death. This pathological process is the cause of death in cases of water intoxication that develops rapidly, as in individuals engaging in endurance exercise events such as marathon races, who ingest too much fluid relative to their reduced urine excretory capacity as a result of exercise-induced stimulation of AVP secretion (Noakes et al., 2005). Individuals with lesser degrees of cerebral edema nonetheless can develop neurological manifestations ranging from disorientation to seizures, obtundation, and coma, a syndrome called hyponatremic encephalopathy (Fraser & Arieff, 1997).

However, such dire consequences do not develop in most patients with hypoosmolality and hyponatremia because the brain is able to adapt to hypoosmolality via a process called brain volume regulation (Verbalis, 2010). In response to hypoosmolality-induced cell swelling, the brain loses electrolytes and small molecules culled from the ICF and ECF spaces, thereby decreasing brain water content back toward normal levels. This process generally requires 24–48 hours in both experimental animals and humans. The marked variability in the presenting neurological symptoms of hyponatremic patients can be understood in the context provided by this process of brain volume regulation. Most of the severe neurological symptoms associated with hyponatremia are thought to reflect the cerebral edema that occurs as a consequence of osmotic water movement into the brain. However, once the brain has volume adapted through solute losses, thereby reducing the cerebral edema, neurological symptoms are not as prominent and in some cases may even be totally absent. On the other hand, even patients with chronic hyponatremia appear to be at risk from deleterious complications as a result of the cellular solute losses that allow survival during hypoosmolar conditions. These include altered neurocognition, gait instability, increased falls and bone loss leading to bone fractures, and a debilitating demyelinating disorder called central pontine myelinolysis if the hyponatremia is corrected too rapidly.
