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   Introduction 

 Calcium is the most common component of human kidney 
stones. Approximately 85 % of calcium stones are predomi-
nantly calcium oxalate, either the monohydrate or dihydrate 
salt. Saturation is the physical chemical driving force for 
crystallization and can be expressed as the ratio of the ion 
activity products of the components of the salt of interest to 
its solubility  [  1  ] . A supersaturated solution is a requirement 

for crystals to form and grow. Urine concentrations of cal-
cium and oxalate are the key determinants of saturation of 
calcium oxalate in the urine. Other urine components such 
as citrate, phosphate, and magnesium will affect saturation, 
but not to the level of either calcium or oxalate  [  2  ] . Prevailing 
urine saturation has been shown to correlate with the types 
of stones patients actually form  [  3  ] . Thus, our treatments to 
prevent stone formation are mainly focused on lowering 
saturation. Certainly, the standard recommendation to 
increase  fl uid intake to dilute urine will lower the concentra-
tion of all lithogenic components of the urine, lowering sat-
uration and reducing stone risk. Reducing renal excretion of 
calcium and oxalate are the other primary goals in the treat-
ment of calcium oxalate stones, both of which will reduce 
saturation. This chapter will address medical therapy to treat 
hypercalciuria and hyperoxaluria. Dietary therapy, which is 
of great importance in stone disease, has been covered in 
Chap.   86    .  
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   De fi nition of Hypercalciuria and Hyperoxaluria 

 Most commonly, hypercalciuria is de fi ned as an excretion of 
300 mg/day in men or 250 mg/day in women, or as a ratio of 
the daily excretion to the patient’s weight using 4 mg/kg as 
the upper limit. Other researchers use a de fi nition of 200 mg/
day when the patient is studied while consuming a low cal-
cium, low sodium diet  [  4  ] . However, strict control of diet is 
required for this de fi nition and is hard to achieve in routine 
clinical practice. For oxalate, a common de fi nition of hyper-
oxaluria is greater than 45 mg/day (0.5 mmol/day), though 
some authors use a slightly lower value of 40 mg/day  [  5  ] . 
Overall, these de fi nitions are useful in research in de fi ning 
populations to be studied to understand pathophysiology and 
therapeutic interventions. In clinical practice, we need to rec-
ognize that reference ranges likely differ from one culture/
country to another. Laboratory methods vary, particularly for 
oxalate, such that each lab should have ranges speci fi c for 
the population and analytic method employed  [  6  ] . 

 An important factor to recognize in the treatment of patients 
is that urine calcium and oxalate are not dichotomous vari-
ables and there is not a distinct level beyond which stone risk 
rises dramatically. Though hypercalciuria is the most com-
mon metabolic abnormality found in calcium stone formers, 
there is considerable overlap in urine calcium excretion in 
normal and stone-forming populations. For urine oxalate, 
there is only a mild difference between stone formers and nor-
mal subjects. As can be seen in Fig.  88.1 , using data obtained 
from a commercial laboratory, the distribution of urine cal-
cium is clearly shifted higher than non-stone-forming  controls, 

though overlap is considerable. For oxalate, the shift is much 
less dramatic and overlap of the distributions is almost com-
plete. Such data can lead to the conclusion that oxalate is not 
an important component of stone risk, but it needs to be rec-
ognized that stone risk is a continuous variable and increases 
as urine calcium and urine oxalate increase. Curhan et al. have 
reported that stone risk starts to increase well within the clas-
sically de fi ned normal ranges for both oxalate and calcium 
 [  7  ] . It may be necessary to treat urine chemistries that are 
within the normal range, as lowering excretion to below the 
population mean may be required to lower saturation 
suf fi ciently to prevent stone formation. Historically, there has 
been more focus in treating urine calcium as both diet and 
medications were shown to lower urine calcium consistently. 
For hyperoxaluria, treatment effects have not been so clear but 
that does not mean lowering urine oxalate excretion would not 
be effective therapy for stone disease.  

 Throughout this chapter, the terms hypercalciuria and 
hyperoxaluria will be used but with recognition that stone 
risk increases as excretion of calcium and oxalate increases. 
Physicians may treat to lower urine calcium and/or oxalate 
even when they are within the “normal range.”  

   Management of Hypercalciuria 

 Once hypercalciuria has been identi fi ed, the physician must 
determine the etiology. Idiopathic hypercalciuria is the most 
common cause of hypercalciuria in kidney stone patients. It 
is de fi ned as excess urine calcium with normal serum 
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  Fig. 88.1    Quantile plots of urine oxalate and urine calcium in men. 
Stone-forming patients ( circles ) have excretion rates shifted to the right 
of normal subjects ( triangles ). The right shift of patients is much greater 

for calcium excretion than that of oxalate excretion, where the distribu-
tions greatly overlap. The  vertical dashed line  identi fi es 45 mg/day for 
oxalate and 300 mg/day for calcium       
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 calcium, in the absence of systemic disorders known to affect 
calcium metabolism. If systemic disorders that lead to excess 
urine calcium excretion are present, such as primary hyper-
parathyroidism or sarcoid, then the treatment should be 
directed at the primary disorder, if possible. 

 The standard pharmaceutical treatment of hypercalciuria 
is the use of thiazide diuretics. Thiazide diuretics lower urine 
calcium excretion, mainly by inducing a state of volume 
depletion, which results in increased proximal tubule reab-
sorption of calcium  [  8  ] . There may also be a direct effect on 
tubule reabsorption in the distal convoluted tubule. Based on 
the hypocalciuric effect of thiazides, a number of prospective 
randomized trials of thiazide with reduction of stone forma-
tion as the primary endpoint have been performed. It has 
been said that the results of the thiazide trials are con fl icting 
and that it is not clear if thiazides reduce stone recurrence. 
However, as can be seen in Table  88.1 , though there are mul-
tiple studies of thiazide, there are only three trials that have 
lasted 3 years. This is a critical point, as studies with a stone 
formation outcome require suf fi cient time from entry to 
accumulate adequate stone events to detect a treatment effect. 
The two trials that were less than 2 years were negative 
 [  9,   10  ] ; the trials of 2 years duration had a borderline statisti-
cal signi fi cance for the positive effect found for thiazides 
 [  11,   12  ] . The three 3-year prospective randomized trials all 
showed a signi fi cant reduction in stone events in the thiazide 
group  [  13–  15  ] . Of note, the trials by Ettinger et al. and 
Laerum and Larsen used calcium stone formation, not hyper-
calciuria, as entry criteria. That they were able to show a 
reduction in stone events suggests that patients do not have to 
meet the standard criteria of hypercalciuria to receive bene fi ts 
of treatment that lower urine calcium.  

 In the thiazide trials, note that two of the thiazides used 
were chlorthalidone and indapamide, both of which have 
very long half-lives, providing continuous action throughout 
the day. The positive study, which used a short-acting thiaz-
ide, was that of Laerum, who used hydrochlorothiazide but 
dosed the drug twice a day. In general, a long-acting drug 
like chlorthalidone or indapamide should be preferred, but if 

a short-acting thiazide is to be used, it should be used on a 
twice-a-day schedule. When using a thiazide, patients should 
be instructed to limit their sodium intake to 2,300–3,000 mg/
day. Not only will salt restriction itself lower urine calcium 
excretion but it will enhance the action of the diuretic. If 
patients eat large amounts of salt while taking thiazide, they 
will prevent the volume depletion the drug needs to induce in 
order to work. Plus, the large salt load in combination with 
the diuretic will greatly enhance renal potassium wasting. 
Patients on thiazide should have blood potassium levels mea-
sured to monitor for hypokalemia. Hypokalemia can reduce 
urine citrate levels, blunting any bene fi t obtained from low-
ering urine calcium  [  16  ] . Not all the thiazide trials made an 
attempt to maintain serum potassium in the normal range. 
Attention to such detail in clinical practice may allow the 
physician to obtain even better results than the randomized 
trials. Repletion of potassium losses can be accomplished 
with oral potassium salts, with a goal of keeping serum 
potassium above 4.0 mmol/l. An alternative is to use a potas-
sium sparing diuretic. Amiloride is the preferred potassium 
sparing diuretic since triamterene has been shown to crystal-
lize in the urinary tract and can be a component of stones 
itself  [  17  ] . 

 In addition to reducing stone formation, thiazides provide 
the added bene fi t of improving bone mineral density. 
Thiazides not only reduce urine calcium but also increase net 
calcium balance  [  18  ] . Patients with low bone mineral density 
from hypercalciuria have been shown to increase bone min-
eral density during treatment with thiazides  [  19  ] . Though 
there are no direct fracture outcomes for hypercalciuric 
patients treated with thiazide, large cohort studies of patients 
with hypertension who were treated with thiazide diuretics 
have been shown to have lower fracture rates than matched 
controls who did not receive thiazide  [  20,   21  ] . The well-doc-
umented reduction in stones and the overall bene fi t to bone 
health make thiazide diuretics the primary treatment for 
hypercalciuric patients with nephrolithiasis. 

 Though low sodium, low-protein diets, and thiazide 
diuretics are clearly the primary therapies for hypercalciuria, 

 Study  Drug a    N  
 Duration 
(years)  Control (%)  Drug (%)   P  value 

 Scholz et al.  [  10  ]   HCTZ 25 mg bid  51  1  23  24  NS 
 Brocks et al.  [  9  ]   BFMT 2.5 mg tid  62  1.5  17  15  NS 
 Ohkawa et al.  [  12  ]   TCM 4 mg qd  175  2  14  8  0.05 <  p  < 0.1 
 Mortensen et al.  [  11  ]   BFMT 2.5 mg tid  22  2  40  0  0.05 <  p  < 0.1 
 Ettinger et al.  [  13  ]   CTD 25 or 50 mg qd  73  3  50  20   p  < 0.05 
 Laerum and Larsen 
 [  14  ]  

 HCTZ 25 mg bid  50  3  55  25   p  < 0.05 

 Borghi et al.  [  15  ]   IND 2.5 mg qd  50  3  43  16   p  < 0.02 

  Results of each study are expressed as the percent of subjects who had at least one stone during follow-up for the 
nonthiazide group (control) compared to the active treatment group (drug) 
  a  HCTZ  hydrochlorothiazide,  BFMT  bendro fl umethiazide,  TCM  trichlormethiazide,  CTD  chlorthalidone,  IND  
indapamide.  

 Table 88.1    Randomized 
prospective trials of thiazide 
and thiazide-like diuretics in 
calcium urolithiasis  
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there are other drugs that may have bene fi cial effects in 
hypercalciuria. Alkali, usually provided in the form of potas-
sium citrate salts, has a modest effect on urine calcium 
excretion. Since diets rich in animal protein result in a 
dietary acid load that increases renal calcium excretion, pro-
viding alkali to neutralize metabolic acid production can 
lower urine calcium excretion. In well-controlled studies 
where diet was  fi xed, potassium citrate in doses of 
60–80 meq/day reduced calcium excretion by 20–25 %  [  22, 
  23  ] . In the prospective trials of citrate therapy, no signi fi cant 
fall in urine calcium was noted during the 3 years of follow-
up, suggesting the magnitude of the alkali effect is modest 
and dif fi cult to detect when diet is not  fi xed  [  24,   25  ] . 
Potassium citrate is not indicated as the primary treatment 
for hypercalciuria but may provide additional bene fi t in low-
ering urine calcium when used to maintain potassium stores 
in patients treated with thiazide  [  26  ] . The one caveat con-
cerning use of alkali in hypercalciuric patients is that increas-
ing urine pH above 6.3 can promote calcium phosphate 
stone formation. If alkali is used, the clinician needs to 
ensure that urine calcium excretion is being lowered 
suf fi ciently by therapy in order to offset the negative effects 
of a high urine pH. 

 Bisphosphonates reduce bone resorption and are the most 
common drugs used to treat osteoporosis. Since reduced 
bone mineral density and increased lability of bone mineral 
are frequent  fi ndings in hypercalciuric stone formers, it is 
reasonable to consider therapy directed at the bone compo-
nent to hypercalciuria  [  27,   28  ] . There are a small number of 
papers that have reported the effects of bisphosphonates in 
hypercalciuric stone patients. The papers summarized in 
Table  88.2  do not include studies done with earlier forms of 
bisphosphonates such as etidronate, which is seldom used 
today. The studies have shown a modest improvement in 
urine calcium on bisphosphonates, and two of them have 
shown an improvement in bone mineral density after a year 
of treatment  [  28–  30  ] . There are no studies where a reduction 
in kidney stone formation was used as an end point, and none 
of these studies included a control group. More research is 
necessary before the role of bisphosphonates in hypercalciu-
ric stone disease is clearly established. At the present time, 
the use of these drugs should be restricted to hypercalciuric 

stone patients who have low bone mineral density that has 
not responded adequately to normal calcium diet and a thiaz-
ide diuretic.   

   Management of Hyperoxaluria 

 In most patients, urine oxalate is only modestly elevated and 
is likely dietary in origin. However, more severe forms of 
hyperoxaluria do exist and need to be identi fi ed as they can 
cause kidney damage and require more aggressive manage-
ment. Enteric hyperoxaluria is seen with intestinal disease in 
which fat malabsorption leads to increased oxalate absorption 
in the colon. Enteric hyperoxaluria may be seen in Crohn’s 
disease or with extensive small bowel resection. In recent 
years, it has been recognized that a signi fi cant number of 
patients who have had bariatric surgery, either Roux-en-y gas-
tric bypass or biliopancreatic diversion, will develop enteric 
hyperoxaluria  [  31,   32  ] . Primary hyperoxaluria is an autosomal 
recessive disorder characterized by severe hyperoxaluria, kid-
ney stones, and potentially loss of kidney function. To date, 
three types of primary hyperoxaluria have been identi fi ed 
 [  33  ] . When urine oxalate is greater than 80 mg/day in an adult 
without bowel disease, primary hyperoxaluria needs to be 
considered in the differential diagnosis. In children, signi fi cant 
hyperoxaluria (adjusted for body size or creatinine excretion) 
demands evaluation for primary hyperoxaluria. In reviewing 
treatment options for hyperoxaluria, idiopathic hyperoxaluria 
will be considered  fi rst, and then speci fi c comments will be 
made concerning enteric and primary hyperoxaluria. 

 Pyridoxine has been recommended as a treatment of 
hyperoxaluria, because pyridoxine is a cofactor for the 
enzyme alanine-glyoxylate aminotransferase (AGT), which 
converts glyoxylate to glycine, reducing formation of 
oxalate. There are a number of trials of pyridoxine in stone 
disease, but none have prospectively shown a reduction in 
stone formation using an adequate control group. A few 
studies showed reduction in urine oxalate with pyridoxine, 
but this was not a universal  fi nding  [  34–  37  ] . In some studies 
pyridoxine therapy was combined with magnesium supple-
ments, making it impossible to isolate the pyridoxine effect. 
Two large prospective studies found a relationship of low 

   Table 88.2    Effect of alendronate on urine calcium and bone mineral density in patients with hypercalciuria   

 Study  Subjects a   Duration  UCa baseline b   UCa on therapy 
 Spine BMD baseline 
(g/cm 2 )  Spine BMD on therapy (g/cm 2 ) 

 Weisinger et al.  [  29  ]   18 HCSF  1 year  277 ± 28 mg/g  202 ± 26 mg/g*  1.16 ± 0.23  1.20 ± 0.25* 
 Heller et al.  [  28  ]   9 HCSF  17 days  140 ± 70 mg/g  60 ± 40 mg/g*  NA  NA 
 Giusti et al.  [  30  ]   25 HCPM  1 year  379 ± 79 mg/day  279 ± 68 mg/day*  0.76 ± 0.09  0.80 ± 0.08* 

  Urine calcium fell signi fi cantly with alendronate treatment in all studies. The bone mineral density increased signi fi cantly in both 1 year studies 
  a  HCSF  hypercalciuric stone formers,  HCPM  hypercalciuric postmenopausal women 
  b mg/g, mg of urine calcium per gram of creatinine 
 * p  < 0.05  
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 pyridoxine intake with incident stone formation in women, 
but not in men  [  38,   39  ] . More de fi nitive studies are needed to 
de fi ne the role of pyridoxine in routine calcium oxalate stone 
disease. At modest doses of 5–25 mg/day, pyridoxine is well 
tolerated and can be used in patients who have hyperoxaluria 
unresponsive to dietary therapy, with recognition that there 
is not clear evidence favoring bene fi t. 

 Magnesium has been used as a treatment for urolithiasis 
because it may lower urine oxalate by complexing oxalate in 
the intestine  [  40  ] , as well as acting as a calcium crystal inhib-
itor in the urine  [  41  ] . There are uncontrolled trials that report 
a bene fi t of magnesium therapy in reducing stone rates  [  42, 
  43  ] , but there has been only one controlled trial of magne-
sium supplements in calcium stone disease, and it did not 
show a reduction in stone formation  [  13  ] . Unanswered is 
whether patients with    hypomagnesuria  [  44  ]  represent a sub-
set of patients who may respond to magnesium supplements, 
since no trials have considered magnesium excretion as an 
entry criteria. Use of magnesium supplements is limited by 
diarrhea when magnesium dose exceeds 350–400 mg/day. 

  Oxalobacter formigenes  is an anaerobic bacteria that is 
part of the normal intestinal  fl ora and uses oxalate as its sole 
carbon source  [  45  ] . The potential of oxalate-degrading bac-
teria as a therapy for hyperoxaluria and calcium oxalate 
stones has been an area of active investigation. In a rat model 
of hyperoxaluria, Sidhu et al. showed  O. formigenes  deliv-
ered by gavage lowered urine oxalate excretion  [  46  ] . In a 
study using a rat model, Hatch et al. showed that the bacteria 
not only increase intestinal oxalate secretion by lowering 
luminal oxalate concentration but that bacterial homogenates 
can stimulate intestinal secretion of oxalate by upregulating 
transporters  [  47  ] . The secretory action of  O. formigenes  was 
con fi rmed in a mouse model of primary hyperoxaluria. No 
studies have been performed in humans to show if  O. formi-
genes  can stimulate intestinal oxalate secretion. 

 Lactic acid bacteria also have the capacity to degrade 
oxalate, though not as ef fi ciently as  O. formigenes . An 
uncontrolled trial of a probiotic preparation of lactic acid 
bacteria in six patients showed a signi fi cant reduction of 
urine oxalate  [  48  ] . In addition, a trial of escalating dose of 
the lactic acid preparation showed a modest reduction in 
urine oxalate excretion in patients with enteric hyperoxaluria 
 [  49  ] . However, a randomized control trial of the same probi-
otic did not show a lowering of urine oxalate in patients with 
hyperoxaluria and calcium oxalate stones  [  50  ] . Whether  O. 
formigenes  or lactic acid bacteria are truly effective therapies 
in hyperoxaluric stone, patients remain to be seen. 

 In patients with enteric hyperoxaluria, the control of 
oxalate is of utmost importance as loss of renal function 
is a risk. The pathophysiology of enteric hyperoxaluria 
depends on two alterations of intestinal function: (1) fat 
malabsorption leading to excess free fatty acids in the intes-
tinal lumen which bind diet calcium, leading to more free 

oxalate  available to be absorbed and (2) increased delivery 
of bile acids to the colon, leading to increased oxalate per-
meability of the colonic mucosa. Since excess urine oxalate 
is derived from the diet, intestinal oxalate absorption needs 
to be minimized. A low-oxalate diet limits oxalate avail-
able for absorption and low dietary fat will reduce free fatty 
acids to bind calcium. Increasing calcium intake increases 
intestinal calcium concentration, reducing oxalate bioavail-
ability. Calcium supplements are usually required and need 
to be taken with meals to maximize binding to diet oxalate. 
Calcium citrate is preferred over calcium carbonate because 
patients who have altered stomach anatomy from bariatric 
surgery may not acidify stomach contents adequately to dis-
solve calcium carbonate pills. Though there is the concern 
that calcium excretion will increase, calcium absorption is 
often compromised in patients with small bowel disease, and 
the extra calcium provided will be essential to maintain skel-
etal integrity. Cholestyramine, which binds fatty acids and 
oxalate, has been shown to be useful in patients with hyper-
oxaluria from Crohn’s disease but has not been studied in 
those with enteric hyperoxaluria from bariatric surgery. 

 Primary hyperoxaluria requires aggressive lifelong treat-
ment in order to control recurrent stone formation and pre-
vent progressive loss of kidney function. At one time, primary 
hyperoxaluria was felt to universally end in kidney failure, 
but data collected over the last two decades show that a large 
number of patients maintain adequate kidney function when 
treated early. Approximately, 25–30 % of patients with type 
1 primary hyperoxaluria will respond to pyridoxine therapy 
with a signi fi cant reduction in urine oxalate excretion. In 
most patients with primary hyperoxaluria, we do not have a 
therapy to lower urine oxalate, so all effort is directed at min-
imizing the risk of calcium oxalate crystallization. Fluid 
intake is maximized and potassium citrate and neutral phos-
phate salts are prescribed  [  51,   52  ] . If kidney damage does 
develop, the patient should be considered for a liver trans-
plant to correct the underlying metabolic defect. If kidney 
damage is severe, a kidney transplant may be done 
simultaneously.  

   Conclusion 

 Treatment of calcium oxalate stones is focused on lower-
ing urine concentrations of calcium and oxalate, which 
can be accomplished by increasing  fl uid intake to create 
diluted urine or by lowering excretion rates of calcium 
and oxalate. Clinicians need to recognize that urine cal-
cium and oxalate are continuous variables in regards to 
stone risk and patients often require treatment to lower 
excretion rates even though they do not meet a research 
de fi nition of hypercalciuria or hyperoxaluria. 
Pharmacologic treatment is often needed in addition to 
diet to prevent stone recurrence. Thiazide diuretics lower 
urine calcium excretion and improve calcium balance. 
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There are three 3-year prospective randomized trials 
showing thiazide diuretics reduce calcium stone forma-
tion. Patients with urolithiasis and hypercalciuria are at 
increased risk of fracture; thiazides can improve bone 
mineral density in these patients. Citrate can lower urine 
calcium excretion by buffering metabolic acid produc-
tion. The effect is modest so citrate is usually used as an 
adjunct to thiazide in the setting of hypercalciuria. 
Bisphosphonates reduce bone resorption and can lower 
urine calcium modestly. They have not been extensively 
studied in patients with urolithiasis so the role of bispho-
sphonates in treatment of urolithiasis is not well estab-
lished. Medical therapy to lower urine oxalate is not well 
de fi ned. Idiopathic hyperoxaluria has been treated with 
magnesium and/or pyridoxine supplementation. However, 
there are no prospective randomized trials to show that 
these therapies lower stone recurrence. Oxalate-degrading 
bacteria, used as probiotics, are an area of great interest. 
Though shown to be effective in animal models of hyper-
oxaluria, human trials are inconclusive at this time.      
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