Disorders of Potassium Balance
K+ is the major intracellular cation.  It is important for cell metabolism, protein synthesis, and 
creating the resting membrane potential.
In hyperkalemia, extracellular K+ is increased.  The resting potential is less negative and action 
potentials occur easily.  The opposite is true for hypokalemia.
So altered plasma K+ can create muscle paralysis and cardiac arrythmia.
Normal Potassium Homeostasis
95% renal excretion, 5% stool excretion.  Excess K+ can also sequester in RBC, muscle, and liver.
The main factors that influence K+ distribution include:
--Na/K ATPase, which is affected by catecholamines, insulin, thyroid hormone, and solute conc.
--Catecholamines.  α2-receptors inhibit K+ entry into cells.  β2-receptors promote K+ entry into 
cells.  However, a K+ load doesn’t cause release of epi or NE.  But during stress, epi will 
acutely lower K+ plasma concentration.
--Insulin, which promotes K+ entry into skeletal muscle and liver cells.
--Cell breakdown, especially after crush injuries, releases K+ into plasma.

--Extracellular pH.  Metabolic acidosis has a big effect, but respiratory acidosis has a small effect.

Since Cl- doesn’t enter cells well, and H+ enter cells as acidosis increases, K+ must flow 
out to maintain electroneutrality.  K+ increases 1 meq/l for every .1 pH drop.
--Hyperosmolarity draws water out of cells, and K+ flows out due to “solvent drag”
Renal potassium excretion
70% of potassium is reabsorbed in the proximal tubule.

20% of potassium is reabsorbed in the thick ascending limb (Na/K/Cl cotransporter)

10% is controlled and fine-tuned by principal cells in the cortical collecting duct.  K+ flows 
passively out of channels, following its electrochemical gradient.  The lumen is negative 
because Na+ is reabsorbed, leaving HCO3- in the lumen.  Factors affecting K+ excretion:
--Aldosterone, which increases sodium reabsorption (so the lumen is more negative), increases 
K+ channels to the lumen, and upregulates the Na/K ATPase at the basolateral surface.  
So aldosterone strongly excretes K+ into the urine.
--Distal Flow Rate, which washes away lumenal K+ and causes more potassium excretion.
--Transepithelial potential difference, which draws more K+ if there’s more HCO3.

--Plasma pH.  Potassium will be excreted during acidemia because it is high in the blood.
(Raymond removed image of principal cell ion exchange.) 
On the flip side, if there’s low blood potassium, the intercalated cell can reabsorb K+ by 
excreting H+ ions.  It does this using an active K+/H+ antiporter.
Hyperkalemia (>5.5)
1.  Pseudohyperkalemia is when K+ is increased only as an artifact of the blood sample.  Often 
due to mechanical trauma to RBC which release potassium into plasma.
2.  Shift out of cells.  Remember that catecholamines and insulin push K+ into cells.  If they are 
deficient (for example, diabetes), K+ will remain extracellular.  Diabetic ketoacidosis and 
hyperglycemia draw water and K+ out of cells.  Insulin treatment corrects this hyperkalemia.

β-blockers and digoxin will also prevent K+ entry into cells.  
3.  Decreased renal excretion will occur for four reasons:

--renal failure and loss of urine output (although aldosterone can help push out more K+)


--low ECV, as in cirrhosis or CHF, increases proximal tubule reabsorption of Na+ so at 


the CCD there is less sodium and K+ is not secreted.

--hypoaldosteronism, which will waste Na+ and retain K+.  Hyporeninemic 



hypoaldosteronism is the most common cause of adult hyperkalemia.

--potassium-sparing diuretics (spironolactone, amiloride) will decrease renal K+ excretion.
Symptoms of hyperkalemia include weakness and cardiac arrythmia.  

*EKG will show peaked T waves, widened QRS complex, and eventually loss of the T wave.

Therapy is to give calcium (which acts at the cardiac membrane), and insulin+glucose.
(Raymond removed images of effect of hyperkalemia on ECG traces.)
Hypokalemia (<3.0)
1.  Increased entry into cells, such as with stress (catecholamine release) or an insulin surge.
2.  Bartter’s or Gitelman’s syndromes, which are congenital hypokalemic conditions.

3.  Non-reabsorbable ion such as HCO3- at the CCD will draw out more K+ for excretion.

4.  Treatment with Amphotericin B, an antifungal agent.
5.  Potassium loss, either through the GI system or the kidneys.

--GI loss.  In this case, K+ can be lost directly in diarrhea.  With vomiting, K+ loss is 


actually renal because vomiting wastes H+ and thus elevates HCO3.  This HCO3 


(non-reabsorbable ion) will draw out more K+ into the urine at the CCD.  Also, 



fluid loss from vomiting will boost aldosterone, which wastes even more K+.

--Urinary loss will occur with primary aldosterone excess, which occurs with adrenal 


adenoma, Cushing’s Disease, or Congenital Adrenal Hyperplasia.


Hyperreninism, caused by renal artery stenosis, can also cause hyperaldosteronism.
Symptoms of hypokalemia include weakness/paralysis, cardiac arrythmias, and polyuria.

*EKG will have flattened T waves, a narrow QRS complex, and prominent U waves.
Therapy includes giving KCl slowly, to avoid rapid hyperkalemia.




















































































