NEPHROLITHIASIS
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Mechanism stone formation
Why do stones form? If you get an understanding of this, you probably have everything you need to know about kidney stone disease. There are two physical processes that go on. One is thermodynamic and the other is kinetic. The thermodynamic process engenders the beginning of stones. 

What you need is you need a solution that is supersaturated to the substance of the stone. Now each ionic component has its own supersaturation relative to itself, and urine or fluid could be supersaturated to multiple species. So it doesn't matter. It is the supersaturation of the individual species that is important. We walk around with supersaturated urine in terms of calcium oxalate, phosphate, urate, and hydrogen ion. So we are walking around ready to form stones at all times. 

What the key phase is, whether or not we get nucleation. Nucleation could be either homogenous, which is very rare, where you get pure nucleation of the species you're looking at, such as you have pure calcium oxalate crystal formation; or it could be heterogeneous, where you get mixtures of substances, such as uric acid could forming a nidus for nucleation for calcium acetate. Epitaxy is the term we use to describe this phenomenon where a substance nucleates on another substance. So you have a uric acid crystal, which forms as a nucleus for the calcium oxalate.
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Supersaturation
What we're just going through here again is a little diagram about supersaturation. Anything with a supersaturation of 1.0 means that it could crystallize. You remember that from chemistry. So we walk around with everything above 1. In terms of calcium oxalate, our normal supersaturation is about 2 to 4 to 2 to 6. And people start forming stones... females with supersaturations around 6 to 8; males with saturations around 8 to 10. Anyway, when the supersaturation product is low, you have no spontaneous nucleation. 

As you get above 1, the solution is called metastable. If something is dropped in there, you could get nucleation and form crystals. As the supersaturation gets up above 4 to 6, that is called the formation product in terms of calcium oxalate, and that is where you will get nucleation. You get heterogeneous secondary nucleation in terms of calcium oxalate. 

Now the things that protect us while we walk around with supersaturations greater than 1 is that the transit time through the tubule is relatively quick, so nothing is sitting there that long that is allowing us to form crystals. The other aspect is that the kidney does have protective mechanisms that make inhibitors. I will get back to that in a few minutes. 
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Factors in the formation of stones
Again, there are other factors that are associated with formation. There are now genetic factors. Schleimann has recently found mutations in the chloride gene CKN5, which is associated with dents disease. Dents disease is a condition which is characterized by hypercalciuria, hypophosphatemia, rickets, and severe nephrolithiasis. There have also been identifications in gene AGXT, which has been associated with nephrolithiasis. 

Dietary factors are very important with nephrolithiasis. Again, the key of being a good stone doctor is understanding the dietary influences and the environmental influences associated with it, such as the fluid, the sodium, the protein, and the calcium in the diet. 

Other things that have been associated with stone formation is the medullary sponge kidney seems to have a higher incidence in individuals who have hypercalciuria. 
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Enteric hyperoxaluria
What about enteric hyperoxaluria? In these two models here, the upper one shows you normal; the lower one, when you have enteric hyperoxaluria. Obviously we have some oxalate that is taken in. Basic mechanism of the nonabsorption of the oxalate is that it binds with calcium and forms calcium oxalate. Therefore, the oxalic acid that is absorbed is about 10 percent of what we take in the diet. Calcium also binds with fatty acids, as we know, to form calcium salts. Therefore, if you either greatly increase the amount of oxalate in the diet, you will end up absorbing more; or if you have a disorder where you are overproducing fatty acids, whether it is a short loop, pancreatitis, whatever may cause it, what happens is the calcium is then used to form the calcium salts with the fatty acids. Therefore, you end up not binding as much calcium with oxalates and absorbing more oxalate. 
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Hyperuricuria and uric acid
What about hyperuricuria causing calcium-uric acid stones? Again we are talking about a calcium nephrolithiasis. Again, when you have increased purine intake or increased synthesis, that increases the urinary uric acid. That causes an increase of sodium urate saturation. This has two effects. 

You bind your urinary inhibitors to the sodium urate, which leaves less inhibitors to bind with the calcium and calcium oxalate. So that is one mechanism by which uric acid in the urine could cause calcium stones. The other is that the uric crystals form the nidus for the epitaxy of calcium oxalate crystallization. So uric acid is very important to evaluate in patients with calcium oxalate nephrolithiasis. 
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Uric acid nephrolithiasis
For uric acid nephrolithiasis, the risk factors are shown here. Most of these patients do have hyperuricuria, but not all of them. They may or may not have hyperuricemia. They may be a little dehydrated. About 75 percent of them are what we call idiopathic. The key factor here in all of them is that they have a low urine pH; they have an acid urine. The reason being, if we look at the solubility of uric acid in urine, there is a PK of 5.75. So when the urine pH gets down below 6.0 or 5.8 your crystallization of uric acid increases exponentially. 
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Inhibitors inhibitors of urinary crystallization
I want to get back to inhibitors which may play a role. For years we have been trying to figure out what defects in inhibitor production may cause stones. Although a lot of studies have been done, no one has been really able to identify the key inhibitors of the defects other than what I talked about with citrate. Magnesium citrate and pyrophosphate tend to help prevent calcium phosphate stones. For calcium oxalate stones, it appears that citrate, pyrophosphate, Tamm-Horsfall mucoprotein, chondroitin sulphate, various RNA fragments that haven't been totally identified, and acetic glycoproteins seem to have anti-stone formation. Now you have to realize that this is all from in vitro work. It is very hard to look at this in vivo. So most of this is taking these proteins that have been identified in urine and putting them into a test tube or a beaker with the substances that you want to make crystals and to see how they work. 

From the various groups who do this work, this is a summary of what is seen. Some of them have an effect on preventing nucleation, some seem to prevent growth, and some seem to prevent aggregation. <UL

  Again, probably the most important one that we know physiologically is citrate. There has been no one who has been able to demonstrate that citrate directly prevents nucleation other than its role to bind with calcium and make calcium citrate soluble. There doesn't seem to be any other role. It does, however, tend to coat on crystals and prevent both the growth of crystals and aggregation of crystals. 

  Glycosaminoglycans, of which there are several, tend to have some evidence that they will prevent nucleation. In other words, you could take the solution and keep increasing the supersaturation for calcium oxalate in the presence of these various glycosaminoglycans and you won't get spontaneous nucleation. That's how these studies are done. 

  Tamm-Horsfall protein seems to prevent aggregation. There have been studies, and Fred Coe has done several of them that have shown if you have an abnormal Tamm-Horsfall protein with various deletions of amino acids, these patients who excrete these abnormal Tamm-Horsfall proteins tend to have an increased incidence and a higher recurrence rate of stones. Again, in vitro the major effect seems to be preventing aggregation. 

  Uropontin, which is also related to osteopontin, which is made by bone, tends to have an effect in all three--nucleation, growth, and aggregation. 

  Nephrocalcin, which is another protein that has been worked on for many years, though not totally cloned, seems to be abnormal in people or deficient in people who form stones. In vitro, it also prevents nucleation, growth, and aggregation. 

  Calgranulin has recently been reported, and so has uronic-rich protein, to have some effect.
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