Pathophysiology of Sodium Balance
The Na/K ATPase is in every cell.  Extracellular [Na+] equals intracellular [K+], and these will 
rapidly equilibrate.  Serum sodium concentration reflects osmolarity of intracellular and 
extracellular spaces.  

Sodium determines ECV and thus the vascular volume.  

--High sodium intake increases ECF volume.


--High ECF volume increases sodium excretion.


--Excess of sodium is all extracellular and manifests as edema.


--Deficity of sodium is all extracellular and manifests as low vascular volume.
(Raymond removed image showing TBW = 0.6 x body weight = 36L, ICF = 2/3 TBW = 24L, ECF = 1/3 TBW = 12 L, interstitial fluid = ¾ ECF = 9L, and plasma = ¼ ECF = 3 L.)

Effective Circulating Volume (ECV)
ECV is the extracellular volume in the arterial system that is actively perfusing tissues.
ECV is directly related to sodium concentration via osmolarity and pressure sensors.

These regulatory systems are redundant.  Most importantly it is osmotic pressure, and not 
volume, that primarily regulates salt and vascular volume.
1.  Cardiopulmonary circulation stretch receptors.  

--Chest arteries will sense stretch and downregulate sympathetics.

--Atria will sense stretch and secrete ANP to offload volume.

2.  Carotid sinus baroreceptors.


--Sense pressure and downregulate sympathetics.

--Sense low pressure and secrete vasopressin (ADH).
3.  Renal afferent arterioles.

--Sense decreased pressure and secrete renin, which raises AGT-II and then aldosterone.  


This causes vasoconstriction and sodium reabsorption.
Effector pathways
1.  Sympathetic nervous system will increase vascular tone in response to volume depletion.  Cardiac, arterial, and carotid sinus baroreceptors sense decreased pressure and increase their afferent discharge to the hypothalamus.  This induces an increase in peripheral sympathetic tone, which causes venoconstriction, arterial constriction, increased CO, renin secretion, generation of AGT-II, secretion of aldosterone, and more renal sodium reabsorption.
2.  Renin-Angiotensin-Aldosterone system starts with renin secreted by the macula densa.   Renin secretion is stimulated by low afferent pressure and low NaCl in the macula densa.

Angiotensin II increases peripheral resistance, efferents>afferents, proximal tubule sodium 
reabsorption, and aldosterone secretion.  This maintains GFR when there’s low volume.
(Raymond removed image of the renin-angiotensin system.)
Aldosterone is the major tonic regulator of sodium excretion.  It acts by upregulating Na/Cl 
cotransporters in the distal convoluted tubule and Na channels in the collecting duct.  Since 
it acts by upregulating channel synthesis, aldosterone’s effects take at least a few hours.
ANP is secreted by distended atria and inhibits sodium reabsorption in the collecting ducts.  


ANP also causes smooth muscle relaxation of afferents>efferents, which increases GFR 
and offloads volume.
GFR and sodium balance
Tubuloglomerular feedback is the process where NaCl flow is sensed in the macula densa at the 
beginning of the distal tubule.  The macula densa feeds back on the afferent arteriole to 
adjust the GFR.  This is mediated by adenosine.  High NaCl flow at the macula densa 
will cause adenosine secretion, afferent constriction, and reduced GFR.
Common edematous states
Edema is excessive interstitial volume.  Heart failure, cirrhosis, and nephrotic syndrome all have 
this increased extracellular volume but behave as if ECV is low.  They will have high 
aldosterone, AGT-II, and sympathetic tone.
1.  Congestive Heart Failure (CHF) is characterized by low cardiac output.  Decreased perfusion 
of sensors causes activation of salt-retention systems.  More fluid accumulates, 
congesting the heart more, and eventually there is pulmonary and peripheral edema.
2.  Cirrhosis causes trapping of blood and fluid in the portal circulation, as well as arterial/venous 
shunting.  ECV is very low.  Salt retention occurs, and patients develop ascites and edema.
3.  Nephrotic Syndrome is characterized by low serum albumin, so oncotic pressure is low and 
fluid leaks into interstitial spaces.
