Rose and Post Chapter 24 part 1 – Hypernatremia


Hypernatremia represents hyperosmolality since Na is  n effective osmole. Can be responsible for neuro symptoms as it causes a water shift. 

Effective osmolality = 2(Na) + glucose/18

Generation of hypernatremia
Water loss or salt gain

Normal defense against the development of hypernatremia
Stimulation of both ADH and thirst.
ADH release stimulated at osmolality of 275-285, thirst stimulated 2-5 mOsm/kg higher.
Thirst provides ultimate protection against hypernatremia.
Hypernatremia due to water loss occurs only when patients suffer from hypodipsia (rare), when mental status altered.

Etiology
Insensible and gastrointestinal water
Insensible losses from the skin or respiratory tract are hypoosmotic to the plasma, leading to hypernatremia. – Fever, respiratory infections, burns, exposure to high ambient temperatures
GI losses due to osmotic diarrhea (lactulose)
Diabetes insipidius
Complete or partial failure of ADH secretion (CDI) or renal response to ADH (NDI)
Renal water reabsorption falls, diuresis of urine ensues
Patients maintain normal or near normal plasma Na+ due to intact thirst mechanism – PU/PD.
Without intact thirst mechanism, hypernatremia ensues
Central DI
ADH synthesized in the supraoptic and paraventricular nuclei in the hypothalamus, moved down the axons of the supraopticohypophyseal tract and is stored in the posterior lobe of the pituitary (neurohypophysis).
Causes: idiopathic, trauma (usu transient), hypoxic or ischemic encelopathy, neoplasias. Possibly immune-mediated. 
Triphasic period following damage to the hypothalamus:
1. Initial polyuric phase, starting abt 24 hours after injury and lasting 4-5 days. Due to inhibition of ADH release
2. Antidiuretic phase (d 6-11), slow release of stored hormone form the degenerating post pituitary. Excessive water intake can cause hyponatremia similar to SIADH.
3. Permanent CDI may occur once stores are depleted. Some are transient. Adrenal insufficiency may occur due to ACTH deficiency. 
Nephrogenic diabetes insipidius
Congenital or acquired disorder  due to diminished or absent renal responsiveness to ADH. ADH synthesis and release are normal.
Abnormality in either countercurrent function or ability to respond to ADH.
Urine concentration is two to two basic steps
1. Creation of hyperosmotic medullary interstitium primarily by NaCl reabsorption without water in the ascending limb of the loop of Henle.
2. Osmotic equilibrium of the urine in the collecting tubules within the medullary interstitium. ADH required.
Hereditary NDI – rare
Aquired NDI – Hypercalcemia, osmotic diuresis (mannitol, DM), drugs
Hypercalcemia and hypokalemia – generally reversible. Mechanisms proposed: impaired regulation of aquaporin-2, activation of normal calcium-sensing receptor by the elevation in the plasma calcium concentration. Hypokalemia usu <3 – collecting tubule responsiveness to ADH is diminished by hypokalemia (reduction in cAMP generation, may also impair countercurrent function by interfering with NaCl transport in the thick ascending limb
Osmotic and nonosmotic diuretics – loss of water in excess of Na and K will directly raise plasma Na concentration unless there is increase in fluid intake.
Uncontrolled DM
Mannitol infusions
Loop diuretics
Renal disease - Inability to concentrate urine maximally is early finding in most forms of renal failure. Due to increased solute excretion in the remaining functioning nephrons, decreased tubular responsiveness to ADH, interference in the countercurrent mechanism in disorders affecting the renal medulla (chronic pyelo). Post obstructive diuresis can occur.
Essential hypernatremia – osmoreceptors in the hypothalamus are reset to recognize the elevated plasma Na as normal.
Primary hyperaldosteronism – can cause hypernatremia due to resetting of the osmostat
Water loss into cells – seizures, extreme exertion – increase in intracellular osmolality, promoting water movement into the cells.

Sodium overload – high urine sodium concentration.

Symptoms 
Lethargy, weakness, irritability, twitching, coma, seizures, death
Related to the movement of water out of the brain cells down osmotic gradient than by the increased Na itself.
Ruptures of the cerebral veins, resulting in focal intracranial hemorrhages
Cerebral dehydration induced by hypernatremia is transient – within hours the brain begins to adapt
1. Cerebral contraction induced by hypernatremia lowers hydraulic pressure in the cerebral interstitial fluid, creating a gradient that favors the bulk movement of fluid from the CSF into the dehydrated brain, thereby increasing the interstitial volume
2. Cells take up Na K and Cl, organic solutes and this leads to elevation in cell osmolality that pulls water into the cells returning cell volume towards normal
Osmolytes  - organic solutes accumulate help protect. Inositol, glutamine, glutamate. Protect the brain from the hyperosmolality. Allows patients with chronic hypernatremia to be relatively asymptomatic. With too rapid overcorrection: cerebral edema can occur.

Water restriction test
Deprive patient of water and measure urine osmolality, serum sodium until urine osmolality plateaus or plasma osmolality reaches 295 mOsm/kg. (ADH should be maximally effective in these patients). Administer exogenous ADH and continue measurements. 
Normal subjects – urine becomes max concentrated, UOP falls to < 0.5ml/min, and there is no effect to desmopressin administration.
Complete or partial CDI or NDI – urinary concentration is impaired, urine osm does not rise to the level seen in normal patients. CDI respond best. NDI patients are partially resistant to ADH – desmopressin may result in a modest elevation in urine osm.
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Primary polydipsia vs partial CDI – desmopressin can produce potentially life threatening hyponatremia in primary polydipsia even as clinical signs are improved. With desmopressin trial – thirst stimulation will persist in primary polydipsia.

Answers – Rose and Post Ch4 part one – Hypernatremia

1. Define osmolytes and give examples.



2. Label the following in a water deprivation test and vasopressin trial
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Posm (mOsm/kg)



		


3. Stimulation of _______________ and _________________ are the normal defenses against hypernatremia. 
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Answers – Rose and Post Ch4 part one – Hypernatremia

4. Define osmolytes and give examples.
Osmolytes accumulate in the cells of the brain in response to hypernatremia, to offset the loss of water cause by osmotic diuresis of extracellular hypernatremia. 
Inositol, glutamine, glutamate
5. Label the following in a water deprivation test and vasopressin trial
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Normal



A

B

C

D
















Posm (mOsm/kg)



		A – Partial CDI
		B – Partial NDI or primary polydipsia
		C – Complete CDI
		D – Complete NDI


6. Stimulation of _______________ and _________________ are the normal defenses against hypernatremia. 
ADH and thirst
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