Dibartola Chapter 3 Sodium

Volume ECF determined by [Na]; osmolality and [Na] det by water balance
Osmolality=conc osmotically active particles in solution/kg (osmolarity=osm/L)
Normal osmolality in dogs=290-310osm/kg; cats=290-330osm/kg
Calculated osmolality= 2Na + BUN/2.8 + gluc/18; Osm gap normally within 10mosm/kg
Osmo reg
	Sensed- plasma osmolality
	Sensors- Hypothalamic osm
	Effectors- Vasopressin, thirst
	What is affected- water exc/intake
Volume reg
	Sensed- ECV
	Sensors- Carotid sinus, aortic arch, glomerular afferent aa, cardiac atria
	Effectors- RAAS, SNS, ANP, large pulmonary vessels, pressure natriuresis, ADH
	What is affected- Urine [Na]
Tonicity=Ability of a solution to initiate water movement and is dependent on the presence of impermeant solutes= effective osmolality
	Estimate- Osmolality – BUN/2.8; clinical assessment- total osmolality
Diuresis
	Osmotic diuresis- osmolality of urine approaches the osmolality of plasma
	Water diuresis- osmolality of urine < plasma
Dehydration- fluid loss > intake
	Hypertonic, isotonic, hypotonic
Serum [Na]- provides an indication of the amount of water in the ECF; no indication of total body [Na]
	Increased [Na]- hyperosmolality
	Decreased [Na]- usually but not always hypoosmolality
Hyponatremia develops when a patient is unable to excrete ingested water or when urinary and insensible fluid losses have a combined osmolality > ingested/parenterally administered fluids
Hypernatremia develops when water intake is inadequate, lost fluid is hypotonic or an excessive amount of sodium is ingested
Renal handling of sodium
Metabolic energy comes from Na/K-ATPase in the basolateral membrane of tubular cells--- maintains low intracellular sodium concentrations and promotes sodium entry luminally
	Approximately 67% reabsorbed in the proximal tubules
Early- cotransport with glucose, AA, phosphate, and in exchange for H via Na/H antiporter
Increased chloride concentration in tubular fluid and facilitates chloride reabsorption later in proximal tubule
Late proximal tubule- sodium reabsorbed primarily with chloride-luminal Na/H antiporter works in parallel with luminal chloride anion antiporter- net effect=NaCl reabsorption
	Approximately 25% sodium load is reabsorbed in LOH through thick ascending limb
		Thin descending/ascending limbs- Na and Cl passively absorbed
		Thick ascending- Na/H antiporter and Na/K/2Cl cotransporter
	5%- distal convoluted tubule and connecting segment through Na/Cl cotransporter
	3%- collecting ducts- resp for alterations in sodium reabsorption in response to dietary changes
		Luminal sodium channels--- potential difference--- Cl passively reabsorbed
		Aldosterone increases the number of open luminal sodium channels
ECF volume directly dep on Na
Low pressure mechanoreceptors (volume receptors) in cardiac atria and pulmonary vessels and high pressure baroreceptors (pressure receptors) in aortic arch and carotid sinus- play primary role in body’s ability to sense adequacy
	Within the kidneys- JG apparatus--- changes in renin production and release
	2 points of control sodium balance- glomerular filtration and tubular reabsorption
		Autoregulation maintains RBF and GFR despite flux  BP
	Glomerulotubular balance
Even slight changes in GFR have the potential to have dramatic effects on sodium balance if the absolute amount of sodium reabsorbed remains constant
If spontaneous (primary) change in GFR occurs, absolute tubular reabsorption of filtered solutes changes in a similar direction
Mechanisms- sodium reabsorbed with other solutes; increased GFR increases filtered load of all solutes--- increased concentration enhances sodium reabsorption
Change in peritubular capillary hydrostatic/oncotic pressures probably play a role (blood leaving efferent arterioles with increased GFR and no change in RPF)- lower hydrostatic pressure and higher oncotic pressure-leads to water and solute reabsorption
Autoregulation also contributes- RPP increases- afferent arteriolar constriction to prevent transmission to glomerulus and minimizes increase in GFR
Ing sodium load--- ECF volume expansion--- compensatory secondary increase in GFR by increased hydrostatic pressure and decreased oncotic pressure in the glomerular capillaries
	Aldosterone- IRT dietary flux sodium
		Stimulates angiotensin II, hyperkalemia, ACTH
		Inhibited by dopamine and ANP
		Increased sodium reabsorption--- increased open sodium channels
		Increased sodium intake--- expansion ECF volume and compensatory increase GFR and 
RPF--- increased hydrostatic pressure and decreased oncotic pressure--- decreases sodium and water reabsorption in the proximal tubules
Decreased sodium intake--- decreased RPF more than GFR--- decreased hydrostatic and increased oncotic pressure in peritubular capillaries--- increased proximal tubular reabsorption sodium and water
	Catecholamines usually affects efferent > afferent- increases filtered fraction
Also directly stimulates alpha 1- adrenergic effect and stimulates renin release from granular cells of JG apparatus through B1 effect
Angiotensin II--- efferent > afferent vasoconstriction--- increased filtration fraction (decreased hydrostatic pressure and increased oncotic pressure)--- facilitates reabsorption sodium and water
Directly stimulates Na/H antiporter in proximal tubules- facilitates sodium reabsorption and stimulates secretion of aldosterone
	ANP- facilitates renal excretion sodium
Causes dilation afferent arterioles and constriction of efferent--- causing a primary increase in GFR
		Relaxes mesangial cells--- increases glomerular surface for filtration
		Inhibits sodium reabsorption in cortical and inner medullary collecting ducts and inhibits 
renin secretion--- deceasing production angiotensin II on proximal tubular sodium reabsorption
		Inhibits aldosterone
Pressure natriuresis- increased excretion sodium and water excretion with increased renal arterial pressure +/- GFR
Regulation water balance
	Osmoreceptors in hypothalamus= afferent 
		Vasopressin release stimulated when osmoreceptors shrink irt plasma hyperosmolality
		Vasopressin= effector
		Increased reabsorption water in collecting duct and increased permeability of medullary 
collecting ducts to urea
			Attaches to V2 receptors on basolateral membranes of principal cells
			Results in insertion AQP2 water channels into luminal membranes of principal 
Cells
When vasopressin absent channels removed
AQP3 and 4- basolateral membranes of principal cells and rep exit pathway
Most important stimulus for vasopressin release= hypertonicity of plasma reaching osmoreceptors of hypothalamus
	Further defense against hypertonicity= normal thirst mechanism and access to water
		Next most important stimulus for vasopressin release is volume depletion sensed by 
Baroreceptors in left atrium, aortic sinus, carotic sinus
3 conditions must be met for the kidneys to excrete a volume load
Adequate delivery to distal diluting sites where NaCl removed without water, ascending limb LOH must function normally- NaCl must be removed without water, collecting ducts must remain impermeable to water
Defense against hypotonicity
During acute- water moves into brain- increases hydrostatic pressure in interstitial compartment immediately forces sodium ECF--- CSF
Movement potassium out of cells also contributes substantially to protection of brain during acute decreased plasma osmolality
		Organic osmolytes- AA, polyols, methylamines
Clinical approach to hypernatremia
	Deficit pure water, loss hypotonic fluid, gain sodium
	Pure water loss- volume loss shared between ECF and ICF
		Volume depletion generally not a feature of
		Causes- hypodypsia, neuro disease, DI, resp losses, increased temp, inad access to 
water, hypothalamic lesion
Hypotonic fluid loss- generally decreased ECF volume (less stim for water movement ICF--- ECF)--- animal more likely to be clinical
		Most common cause
		Extrarenal- GI, third spacing, cutaneous loss; Renal
	Gain impermeant solute
		Unlikely to develop if intact thirst mechanism and water access 
		Can lead to volume overload--- draws fluid ICF---ECF
		Primary hyperaldosteronism, hyperadrenocorticism
CS- neurologic and related to movement water out of brain- severity more related to rapidity of onset than magnitude
	Osmolytes/idiogenic osmoles formed
	Tx- main goals- replace water and electrolytes lost and if necessary facilitate excretion of sodium
		Priority- replace volume
		Water deficit= weight x P ([Na present]/P [Na previous] -1)
		D5W- increase by less than 0.5meq/L/hr; isotonic volume resuscitation
		Gain impermeant solute- D5W, diuretic
Hyponatremia
	Normal plasma osmolality- large lipid/protein--- pseudohyponatremai
		Plasma osmolality normal
1mg/dL lipid decreases Na 0.002meq/L, TP>8g/dL- each 1g/dL protein above decreases sodium 0.25meq/L
		Increased plasma osmolality
If impermeant solute added to ECF--- water moves ICF to ECF and osmolality of both increases
Hyperglycemia- 1.6mEq/L decrease for every 100mg/dL increase glucose
				Initially total body water content not altered; osmotic diuresis
		Decreased plasma osmolality
			Hypovolemic hyponatremia
				Total body deficit sodium > water
				Losses via renal/nonrenal (GI, 3rd spacing)								Volume depletion decreases GFR, enhances isosmotic reabsorption 
sodium and water in proximal tubules and decreases delivery tubular fluid to distal diluting sites--- impairs excretion water
	Strong nonosmotic stim for vasopressin release
			Hypervolemic hyponatremia
Hyponatremia may occur despie the presence of increased total body sodium and expansion of the ECF compartment in patients with ascites/edema
				CHF, severe liver disease, nephrotic syndrome
				Perceived volume deficit- decreased effective circulating 
volume/effective arterial blood volume
Intravascular volume may be further reduced in some of these conditions as a result of decreased oncotic pressure caused by hypoalbuminemia
Causes nonosmotic stimulation of vasopressin release and impaired water excretion
					Increased SNS act, RAAS activation
			Normovolemic hyponatremia
D/t psychogenic polydipsia, clinical conditions characterized by inappropriate secretion of vasopressin, administration of hypotonic fluids, drugs with ADH effects, myxedema coma
Majority of retained fluid distributed to IC compartment
SIAD-
	Hyponatremia with plasma hyposmolality
					Inappropriately high urine osmolality in the presence of plasma 
hypoosmolality
	Normal renal, adrenal, thyroid function
					Presence natriuresis despite hyponatremia and plasma 
hypoosmolality as a result of mild volume expansion
No evidence of hypovolemia, which could result in nonosmotic stim vasopressin release
No evidence ascites/edema which could result in hypervolemic hyponatremia
	Correction of hyponatremia by fluid restriction
Cerebral salt wasting- critically ill humans with intracranial injury
Patients with cerebral salt wasting are volume depleted and require NaCl and water replacement; those with SIAD require water restriction
Drugs that stim release vasopressin/potentiate renal effects may lead to normovolemic hyponatremia- NO, barbiturates, isoproterenol, narcotics- drugs used during anesthesia/surgery- stim vasopressin elease
Clinical signs of hyponatremia- related to rapidity of onset than to severity- rate greater than 0.5mEq/L/hr
			Pulmonary/cerebral edema
Tx- correction rates less than 0.5me/L/hr (humans with hyponatremia > 72 hours duration more susceptible to osmotic demyelination than those with hyponatremia < 24 hours duration)
			Lesions- pontine, thalamic
			Water intake- restricted to volume less than urine output in normovolemic 
patients
			Edematous patients- dietary sodium restriction and diuretic therapy should be 
considered
			AVP receptor antagonists (vaptans) block either V2 receptors or both V2 and 
V1A receptors (conivaptan)
				Increase free water excretion by kidneys and effectively normalize 
serum sodium concentration in patients with non-osmotic release of AVP causing euvolemic or hypervolemic hyponatremia
			Patients with hypovolemic hyponatremia should be treated with an infusion of 
0.9% NaCl to replace volume deficits

Chapter 4: Disorders of Chloride
	Chloride constitutes approximately 2/3 anions in plasma and remainder of ECF
	Major anion filtered by glomerulus and reabsorbed in renal tubules
	Higher chloride concentration in erythrocytes
	Chloride approximately 3-4mEq/L lower in venous blood than arterial blood
	Chloride metabolism
		GIT:
			Stomach secretes HCl
			Jejunum- sodium actively absorbed against small electrochemical gradients and 
also through relatively large mucosal pores in proximal bowel; chloride follows 
to maintain electroneutrality (via paracellular route)
Ileum- less permeable- active transport
Colon- 90% Na and Cl reabsorbed- no direct/indirect coupling between
	Active chloride reabsorption and bicarb sec in distal colon
Chloride can also be sec in jej, ileum, colon
Pancreatic juice usually not rich in chloride ions
		Kidneys:
			Chloride is the most prevalent ion in glomerular ultrafiltrate after sodium
			Most of chloride filtered is reabsorbed in renal tubules
			Chloride transport intimately related to sodium and fluid transport
			Chloride reabsorption in proximal tubule is actively and passively linked to 
active sodium reabsorption
				Formate/chloride exchange mechanism- porixmal tubular cells
				Reasorbed returned to systemic circulation via K/Cl cotransporter on 
basolateral membrane
				Of filtered chloride, approximately 50-60% reabsorbed by proximal 
convoluted and straight tubules
	Chloride reabsorption occurs transcellularly in the thick 
ascending limb of LOH- generates lumen positive transeptihelial voltage- sodium reabsorbed transcellularly/paracellularly
	Chloride ion delivery rate limiting step in this process 
Chloride ion transport in collecting tubule closely related to bicarbonate transport
					Transeptihealil potential difference important for chloride 
reabsorption
	Chloride and acid base balance
		Metabolic acidosis- hyperchloremic vs. normochloremic
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