Glomerular Pathophysiology
The glomerular filtration barrier is made up of:


1.  Endothelial cells of the glomerular capillaries, which prevent passage of cells but not 


macromolecules.


2.  BM (made of collagen) prevents passage of large proteins.  It is negatively charged!

3.  Epithelial podocytes form filtration slits that are the finest barrier and prevent even 


small proteins.


(Raymond removed image showing cross section of glomerulus.)

GFR
The rate of GFR is determined by Starling forces.
GFR = LpS(Pgc – Pbs – πgc) = Kf(Pgc – Pbs – πgc) = Kf(Puf)
where Lp is capillary wall permeability, S is surface area, and Kf is the filtration coefficient.
(Pgc – Pbs – πgc) is the net filtration pressure and is simplified to Puf.
The largest drop in renal circulation pressure occurs across the afferent/efferent arterioles.
The Kf of the glomerulus is 100x that of normal capillaries, to allow high filtration.

The Kf is dramatically decreased with inflammation of the glomerulus.

GFR is controlled most by altering the glomerular capillary pressure and thus Puf.
Constriction of afferent arterioles or dilation of efferent arterioles reduces Pgc.
Dilation of afferent arterioles or constriction of efferent arterioles increases Pgc.
The renal plasma flow (RPF) will be reduced with any increase in vascular tone, whether it be 

afferent or efferent.  Constriction of afferents reduces both RPF and GFR, whereas 
constriction of efferents reduces RPF but increases GFR.
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Factors that affect arteriolar tone:


--Angiotensin II


--Intrinsic myogenic control


--tubuloglomerular feedback (TGF)


--NE, which constricts both afferents and efferents, thus decreasing GFR.


--prostaglandins, which dilate afferents and efferents, and which are inhibited by NSAIDS.

Autoregulation
1.  Renin-AGT-Aldosterone system activates when blood pressure or volume drops.  JGA in the 
macula densa release renin in response to low volume.  Renin cleaves angiotensinogen to 
AGT-1, which is converted by ACE to AGT-II.  AGT-II and aldosterone both increase 
tubular sodium reabsorption to boost volume.  AGT-II is a systemic vascoconstrictor, but it 
constricts efferents more than afferents.  This is to maintain normal GFR at a lower volume.

ACE inhibitors decreases AGT-II, thus decreasing BP and Pgc.

ADH is not a first-line effector for correcting blood volume.  With small fluctuations in 
pressure it doesn’t change much.  With a 10-15% BP drop, ADH suddenly shoots up 
exponentially.  This will help maintain volume but sacrifices normal osmolality because 
it reabsorbs water without sodium.
2.  Intrinsic myogenic control.  Normal vascular smooth muscle contracts when it is stretched, so 
increased BP should increase both RBF and GFR.  But myogenic control causes afferent 
arteriole to respond more strongly to stretch, which normalizes RBF and GFR.
3.  Tubuloglomerular feedback.  The JGA is part of the TAL of the nephron and is in contact 
with efferents/afferents.  The macula densa is a patch of the TAL that causes granular 
cells of these arterioles to secrete renin.  Tubuloglomerular feedback is the JGA control 
over GFR and RBF.  Increased GFR causes increased Na+ at the macula densa.  Macula 
densa releases adenosine, causing constriction of the afferent arteriole and decreasing GFR.

If GFR always increased proportionally with BP, too much sodium would enter kidney, 
and sodium and water would be wasted.  So tubuloglomerular feedback helps conserve 
sodium and keep GFR and Pgc at reasonable levels despite BP.
Estimating GFR
Inulin is freely filtered, and is never reabsorbed, secreted, or metabolized in the tubules.
So filtered inulin equals excreted inulin.

Creatinine is often used instead of inulin to estimate GFR.  Creatine is a normal product of 
skeletal muscle breakdown.  It is secreted into tubules, so rate of creatinine excretion is 
about 10% higher than actual filtration rate.  
*Clearance rate = 
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*The plasma creatinine concentration varies non-linearly with GFR, so at normal blood levels 
large changes in GFR create little change in the plasma creatinine concentration.
Glomerular Permselectivity
1.  Architecture.
2.  Negative charge.  Sialic acid moieties give the barrier a negative charge which repels proteins 
such as albumin.  Reduction of this charge results in proteinuria.

Proteinuria
Usually suggests glomerular disease, but may be due to tubular damage or protein overproduction.
Glomerular proteinuria
1.  Selective proteinuria means that albumin is selectively increased, usually due to loss of 
negative charge.  Often happens in Minimal Change Disease.  Albuminuria is a sign of 
glomerular disease.
2.  Nonselective proteinuria means that all plasma proteins increase in their normal proportion.
Tubular proteinuria
Small MW proteins such as β2, but not albumin or Ig’s, are increased.  Small MW proteinuria is 
a sign of proximal tubule disease.
Overproduction proteinuria
Multiple myeloma produces excess Ig light chains.  This is not detected by normal dipsticks 
which only detect albumin.  An SSA test is needed to detect these Ig chains.
(Raymond removed image of Ig electrophoresis results in various kidney disease.)
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