Renal Pathophysiology
Glomerular Function:

Normal GFR ~100ml/min.           

 CrCl = UV/P   since volume is measured/24 hrs, multiply X 1440 since one day= 1440min.

Graph Serum Creatinine Vs. GFR
For every doubling of serum creatinine from a normal value of ~1, GFR is decreases by half, thus Scr1 corresponds to 100%GFR, 2-50%GFR, 4-25%GFR, 8-12.5%GFR.

Autoregulation: GFR=Kf(PGC-PBS-ΠGC)

Graph GFR vs. Mean arterial BP. Draw a generic glomerulus with aff and eff.
↓GFR responses :

-PG dilates aff. Arteriole.

-SNS constricts both aff. And eff. Arterioles.

-R-A-A system causes constriction of eff. more than aff. (effect of AngII)
↑GFR responses:
-Myogenic response: stretching of the aff. arteriole leads to a reflex constriction

-Tubulo-glomerular feedback: Macula densa senses increased NaCl delivery, secretes adenosine which causes vasoconstriction of aff. arteriole.

Rationale: if GFR increases so much, tubules cannot reabsorb what’s brought to them(short term). Long term increase in GFR causes damage to glomeruli.

Three barriers to proteinuria: Endothelial fenestrations, Glomerular BM and podocytes with their filtration slits and negative charge. 

Glomerular defect: can lead to selective(albumin) proteinuria or non selective proteinuria (seen in most nephritic syndromes)

Tubular defect: increase in urinary small proteins (alpha, beta and gamma) but no albumin.

Overproduction proteinuria: like multiple myeloma with the Bence Jones proteinuria. Spike in one of the small proteins.
Diagram with urinary protein electrophoresis profiles from the above 3.
Sodium Lecture:

Response to decreased ECF:
1)-Volume depletion(Carotid bodies sense ↓in stretch( increased firing( ↑HR and contractility+ Vasoconstriction + R-A-A with Na retention.

+AngII: increases Na reabsorption by increasing the activity of proximal tubular Na+/H+ exchanger.

+Aldosterone: increases Na reabsorption in distal tubules.

2) Volume depletion( decreased stretch in great vessels( similarly activate SNS.

3) Volume depletion( decreased stretch of aff. arteriole( R-A-A

Heart Failure: due to ineffective pumping, carotid bodies and great vessels react similarly, same with aff arteriole. Atria will be stretched so a little bit of Na might be wasted. Overall effect: despite total volume overload, sensors detect low pressure and result in sodium retention and edema.

Cirrhosis: Fluid lost in edema and ascites, similar reaction as above worsening the condition.

Nephrotic Syndrome: Proteinuria( low serum albumin( low plasma oncotic pressure( loss of fluid to extravascular tissue( decreased intravascular pressure leading to similar effects.

Serum Osmolality = 2Na+BUN/2.5+Glucose/18 =~290mOsm/Kg .

Hyponatremia

is a disorder of osmolality. Call it hyperwateremia. Concerned with the water:Na ratio. 

-If theres too much water, normally ADH suppression causes urine osmolality to be less than 100.

1)Hyperosmolar hyponatremia: DM( lots of glucose( water shift to intravascular compartment( decreased Na concentration despite normal Na content

2)Hypoosmolar hyponatremia: To determine the cause, first determine the Px volume status:

-↓: Orthostatic hypotension, flat neck veins, poor skin turgor, mucosal dryness etc.

-↑: Crackles, edema, ascites, elevated jugular distension.

-“Normal”: none of the above.

Hypovolemic hyponatremia: ↓in total body fluid , ↓in total body Na( ↑ Na reabsorption due to R-A-A. But due to severe volume loss ↑ADH( increases reabsorption of water (not sodium) so you get more water in the body than Na( hyponatremia.
Hypervolemic hyponatremia: (CHF, cirrhosis, nephrotic syndrome) Same process as in edema formation: ↑R-A-A together with increase in ADH secretion leads to ↑↑in total body water wit↑ in Na( hyponatremia

“Normovolemic” hyponatremia: SIADH can be caused by brain problems, lung problems  neoplasms, Hyperthyroidism and ↓ cortisol . Here the total body Na will be normal but due to ↑ADH total body water will increase leading hyponatremia.

Correction of Hyponatremia:

Hyponatremia reduces the osmolality of fluid around the brain. Water goes into the neurons and pisses them off. Short term adaptation is accomplished by the brain cells kicking Na and K out to normalize osmolality of fluid. Long term adaptation is accomplished by brain cells kicking out other osmoles (glycine?). If the hyponatremia is corrected too quickly, the intracellular osmolality of brain cells will be low compared to that of CSF and water will flow out of the brain cells leading brain damage. Correction of long standing hyponatremia should be done gradually.

Hypernatremia:

Call it hypowateremia.

Normal hyperosmolar response due to ADH secretion causes urine osmolality to be >700 or so.

To determine cause, first evaluate Px volume status as above.

Hypovolemic: eg. Diarrhea, where you lose loss of water more than sodium TBwater↓↓ total body sodium ↓.

Hypervolemic: caused by administering hypertonic NaCl infusion, and in hyperaldosteronism. TBNa↑↑ TBwater↑.

Normovolemic: diabetes insipidus. Can be central or nephrogenic. Here total body Na is OK, total body water ↓↓. Nephrogenic type can be caused by Lithium, AQP and V2 receptor inherited problems.

Diarrhea:

Cholera: loss of water + sodium at the same level( ADH( hyponatremia.

Other bacterial and viral diarrhea: loss of water more than Na( hypernatremia.

Potassium Lecture:

ECF potassium is regulated by shifting and leaking. Shifting is a function of NaK ATPase and leaking is by K channels.

-Shifting: increased by Insulin and β2 receptor activity, causes K to be sequestered intracellularly ( hypokalemia.

-Crush injury: K splatters out of crushed cells.

Acidosis: H+ buffered intracellularly ( K leaks out to preserve electric neutrality.

Renal excretion: K is secreted with Na reabsorption in the collecting tubules. Therfore affected by Na delivery . Aldosterone stimulates this process thus leading to K wasting. This is also affected by distal urine flow rate. 

5 causes of hyperkalemia:

1)shift to ECF: -Insulin or β2 blockade.                   4)Decreased Na delivery

2)crush injury                                                           5)Decreased flow rate

3)acidosis

VOMITING AND DIARRHEA CAUSE HYPOKALEMIA BY DIFFERENT MECHANISMS:

Diarrhea: GI loss of K+
Vomiting: very little GI loss, high HCl loss. Decrease in acidity of food reaching the duodenum causes decreased NaHCO3 secretion by the pancreas. This reaches the collecting tubules where the excess HCO3 is excreted and Na reabsorbed with loss of K. Vomiting thus causes a renal loss of K.

Acute Renal Failure Lecture:

Defined as the loss of GFR within hours-days. Causes can be pre-renal, post-renal or intrinsic.

GFR= Kf(PGC-PBS-ΠGC)

Postrenal: obstructive, eg. Enlarged prostate( urine back up( increase in PBS( decreased GFR. Diagnosed with ultrasound showing dilated renal pelvis.

Prerenal: Low PGC due to volume loss.

Intrinsic: 
-Acute tubular Necrosis: caused by tubular ischemia or aminoglycosides. Muddy casts made of tubular cells that obstruct tubular flow and diffusion of filtrate across damaged/non-existent tubules.

-Acute Interstitial nephritis: eg. Penicillin causing an allergic reaction. Tubules or glomeruli can be compressed by inflammation and swelling causing obstruction. WBC infiltrate can get into tubules and give you white cell casts.

-Acute glomerular nephritis: proliferation of glomerular endothelium( capillary loops full of cells( loss of surface area. Crescents may also be found. This condition leads to protein, blood and maybe RBC casts in urine.

	
	Pre-renal
	ATN

	UNa
	Less than 20
	~40

	Uosm
	>700
	~300

	BUN/Cr*
	>20:1
	10:1


*in prerenal, the tubules work and will therefore absorb back some urea.

Acidosis:

Normal response to acidosis:

Proximal tubule: activity of Na/H exchanger, CA is utilized to make sure HCO3 is not peed out.

Intercalated Cells: H+ATPase and H+/K+ATPase. Cl/HCO3 exchanged on blood side.

In an acidotic state, urine contains HCl (~70mEq), titratable acids such as H2PO4, (~35mEq) and ammonia is used to secrete acid by formation of ammonium leading to secretion of NH4CL. The latter increases in acidotic states from ~35mEq up to 300mEq.

Approach to acid-base problem:

Look at pH determine acidosis, next look at HCO3, if less than 24- metabolic acidosis, then look for PCO2 (normally 40), should be decreased due respiratory compensation. If PCO2 is NORMAL or low = combined metabolic/respiratory defect. 

Next, look at the serum anion gap: Na-(Cl+HCO3). Normally it should be less than 11.

Elevated (>11): There is another anion that is unaccounted for. Differential diagnosis : SLUMPED rhabdomyolisis. 

Salicylic acid overdose

Lactic Acidosis

Uremia (renal failure)

Methanol Poisoning

Paraldehyde poisoning

Ethylene glycol poisoning

Diabetic ketoacidosis.

Normal (<11): If serum anion gap is normal, then we measure the urine anion gap. Urine anion gap = UNa+UK-UCl. Here we assume that the Cl comes from NaCl, KCl and NH4Cl. In diarrhea, the kidney tries to reabsorb HCO3 and secrete NH4Cl. If there is a lot of NH4Cl in the urine then the anion gap will be negative. Therefore diarrhea= normal serum anion gap and negative urine anion gap. A distal tubular process or type IV RTA produces a zero or positive urine anion gap. Proximal RTA can be negative, zero or positive??
1)- Diarrhea :HCO3 loss

-Renal:

2)Distal RTA (renal tubular acidosis): H+ ATPase not working.

3) type IV hypoaldosterone RTA: Aldosterone stimulates H+ATPase. No aldosterone( decreased K+ and H+ secretion( hyperkalemia and acidosis. Hyperkalemia decreases ammonium production.

4)proximal: in hyperkalemic states( shift effect causes proximal tubular cells to sequester K in exhange for protons( intracellular alkalosis. Glutamine is normally broken down to produce NH4 and HCO3. This would help as ammonium will be excreted and HCO3 made and transferred to blood. However, this reaction does not take place due to the inhibitory effect of the intracellular alkalosis on production of HCO3. Just remember proximal renal tubular acidosis causes decreased ammonium secretion.
Alkalosis

Again look at pH then HCO3 and PCO2. For every 1mEq rise in HCO3 PCO2 should rise by 0.7mmHg (resp. compensation). Alkalosis is produced by two processes : Generation, which starts the alkalemia, eg. Vomiting or increased HCO3 load. Maintenance is a defective renal response that maintains the alkalemia. 4 Causes of Maintenance:

1)Decrease in ECF: leads to  R-A-A activation, AII causes increased activity of the Na/H exchanger, leading to H loss and HCO3 reclamation. pH is sacrificed for volume.

2)Hyperaldosteronism: aldosterone stimulates collecting tubules Na reabsorption with K and H secretion. It also stimulates the H Atpase, in this way, for every H pumped into the urine, a HCO3 is sent back to the blood.

3)Decreased Cl-:  Cl is normally absorbed in proximal tubule, TAL (NaK2Cl), distal convoluted tubule (Na-Cl cotranspor) and paracellularly in the collecting tubule. Cl concentration is ~20 in urine and ~100 in blood. There is therefore a 5:1 gradient opposing reabsorption. In chloride loss, eg. Vomiting, Cl in lumen ~10, blood ~90. Here the gradient will be 9:1 and less chloride will be reabsorbed, more secreted. Cl goes to the lumen and H follows to maintain electroneutrality. More importantly, type B intercalated cells have a Cl/HCO3 exchanger at the luminal surface. Decreased chloride delivery to the collecting tubule ( less activity of the exchanger and increased HCO3 urinary loss.

4)Hypokalemia: remember the H/K ATPase. It sits on the luminal face exchanging a H for a K. This is activated in hypokalemic states to try to conserve K level at the expense of pH. K in , H out.

Alklalosis is classified as NaCl responsive and non responsive:

Responsive: eg. Vimiting, loss of volume and Cl (see above). NaCl restored volume, replaces Cl and decreases Aldosterone secretion, all maintenance factors.

Non-responsive: mineralo corticoid excess, primary hyperaldosteronism, Px will have a lot of volume due to aldosterone, is hypokalemic, but is not deficient in Cl. Cl will not fix the problem. Treatment: spironolactone and removal of the tumor in pheochromacytoma.

Genetic disease

Tubular disorders:

1)Barter’s: NaK2Cl cotransporter is defective. Like a constant loop diuretic causing hypokalemia, metabolic alkalosis. Because thisexchange somehow facilitates Ca++ absorption, these patient will develop hypercalciuria.
2)Gitelman’s: is like a thiazide overdose. Causes hypokalemia, metabolic alkalosis, increase in aldosterone but no hypercalciuria.

3)Liddle: The Na channels on the luminal surface of the collecting duct is overactive. This leads to increased Na reabsorption with resultant water retention and hypertension, since more K and H are excreted in the lumen in exchange for the Na reabsorbed, Patient will develop Hypokalemic metabolic alkalosis.
-Alports : mostly an X-linked disease, the defect is in type IV collagen. Can also result in deafness and eye problems. If you see a family with deaf men on dialysis( ALPROT’S.

Hypertension

BP= CO X SVR

Primary hypertension is a result of increase in one of the two:

CO: 

-increased preload: eg, too much Na due to ↑R-A-A activity. Liddle’s-like.

-increased SNS activity: increases HR and contractility.

SVR: most primary HTN is due to increased SVR.

-↑R-A-A activity

-↑SNS activity

-↑endothelin activity.

Secondary Hypertension:
-Renal artery stenosis

-Pheochromacytoma

-Primary hyperaldosteronism
Long standing HTN causes vascular remodeling resulting in a permanently vasoconstricted state. Primary hypertension is multi-factorial.

Chronic Renal Failure

With loss of nephrons due to kidney damage, renal function is initially close to normal due to increased activity in  the living nephrons. With loss of more nephrons, renal function decreases but the living nephrons will still be operating at max speed.This causes abnormalities in :
1)Na secretion: impaired due to decreased GFR and leads to Na retention and edema and hypertension due to water retention.

2)K : similarly results in hyperkalemia.

3)H : similar mechanism (decreased urine acidification)( acidosis.

4)Wastes: accumulation of urotoxins:

I-urotoxemia: nausea/vomiting(stupor(coma(death

II-pericarditis

III-Bone abnormalities due to :

a)decreased GFR( increase in blood phosphorous( phosphorous complexes with Ca in blood leading to hypo calcemia

b)normal response in hypocalcemia requires 1,25,OH vit D. Since kidneys are not working( no/decreased hydroxylation of Vit D( osteomalacia.

c)the second component of the response is PTH, which causis bone resorption leading to osteotitis fibrosis.

d) in acidosis H are buffered by bone leading to chewing up of bone by H. 

IV- Anemia caused by:

a)decreased EPO production by the kidneys.

b)urotoxemia causing decreased RBC survival

c)GI irritation by urotoxins causing GI bleeds.

d)improper platelet function due to urotoxins enhances the GI blood and other bleeds.
Clinical Tips:

-Renal transplant is much better than terminal dialysis-dependency. Push for renal transplants!
-elements of nephrotic syndrome: proteinuria>3.5, edema, decreased albumin level and hypercholesterolemia.

-Lupus and cancer(solid colon or lung tumors) can cause secondary membraneous nephropathy.
