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Summary: Inflammatory bowel diseases are typically accompanied by diarrhoea and malabsorption, both of which are predispos­
ing factors for the formation of renal calculi. In patients who have not undergone bowel surgery the prevalence of urolithiasis has 
ranged from 1.5% to 5%, but after surgery stone prevalence can increase to up to 16%. Enteric hyperoxaluria is a frequent com­
plication of inflammatory bowel diseases, ileal resection and Roux-En-Y gastric bypass and is a recognised cause of nephrolithiasis 
and nephrocalcinosis. The excess of oxalate is primarily excreted by the kidneys. Increased urinary excretion of oxalate results 
in urinary calcium oxalate supersaturation, leading to crystal aggregation, urolithiasis, and/  or nephrocalcinosis. Prevention of 
oxalate lithiasis includes high fluid intake, prescription of oral citrate and magnesium, calcium supplement, nutritionally balanced 
low-oxalate low-fat diet and also biological manipulation of intestinal flora (Oxalobacter formigenes, Bifidobacterium lactis, etc.). 
New therapeutic approaches to patients with inflammatory bowel diseases have completely changed the natural history of these 
diseases. Whether this has changed the prevalence and risk factors for urinary calculi in patients with inflammatory bowel diseases 
is still unknown.
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Souhrn: Zánětlivá onemocnění střeva jsou typicky doprovázena průjmy a malabsorpcí, což představuje predisponující faktory 
pro tvorbu ledvinných kamenů. Prevalence urolitiázy činí kolem 1,5– 5 %, ale u nemocných po resekci střeva 3,7– 16 %. Enterická 
hyperoxalurie je častou komplikací zánětlivých onemocnění střeva, ileální resekce a Roux-En-Y –   gastického bypassu a je známou 
příčinou nefrolitiázy a nefrokalcinózy. Nadbytek oxalátů je primárně vylučován ledvinami. Zvýšené močové vylučování oxalátů 
vede k zvýšené saturaci moči Ca oxaláty, agregaci krystalů a vzniku urolitiázy či nefrokalcinózy. Prevence oxalátové litiázy zahrnuje 
vedle zvýšeného příjmu tekutin perorální podávání citrátu, magnézia, suplementu Ca, nutričně bilanční nízkooxalátové nízkotučné 
diety a též biologické ovlivnění střevní flóry (Oxalobacter formigenes, Bifidobacterium lactis apod.). Nové léčebné postupy u nemoc­
ných se zánětlivými onemocněními střeva zásadním způsobem změnily průběh onemocnění. Zda však tato příznivá změna ovlivní 
prevalenci a rizikové faktory pro tvorbu močových kamenů, není dosud známo.

Klíčová slova: zánětlivá onemocnění střeva –   urolitiáza –  hyperoxalurie –  střevní flora –   prevence

gery, rates are approximately two- to 
three-fold higher giving a  stone pre­
valence of 3.7% to 16% for surgeries 
combined [4,7].

To date, few data are available about 
urolithiasis in IBD and previous studies 
have reported a wide variation in the 
incidence of urolithiasis. New thera­
peutic approaches to patients with 
IBD have emerged recently and these 
have completely changed the natu­
ral history of these diseases. These ap- 

with asymptomatic and symptomatic 
urolithiasis were noticed in IBD cli­
nical practice. Patients with IBD are 
thought to develop nephrolithiasis 
more often than the general popula­
tion [2,3]. Among those patients who 
have not had bowel surgery the preva­
lence of urolithiasis has ranged from 
1.5% to 5% [4– 10], which is very simi­
lar to the usual values for stone preva­
lence rates in the United States (3% to 
5%)  [11]. However, given bowel sur­

Introduction
Inflammatory bowel diseases (IBD) are 
chronic diseases comprising Crohn’s 
disease (CD) and ulcerative colitis (UC) 
resulting from a disregulated immune 
response in genetically susceptible 
individuals [1].

IBD are typically accompanied by 
diarrhoea and malabsorption, both of 
which are predisposing factors for the 
formation of renal calculi, e. g. a great- 
er than expected number of patients 
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ticipated that pouch patients (with 
a prior history of IBD) after undergo­
ing bowel-anatomy-altering surgery 
may have a further increase in risk of 
nephrolithiasis.

Enteric hyperoxaluria in IBD
Hyperoxaluria is generally a  rare me­
tabolic disorder characterised by cal­
cium oxalate deposition in different 
tissues. It is caused either by an in­
herited disease of oxalate metabo­
lism (PH – primary hyperoxaluria) [24] 
or by an acquired disturbance (SH –
secondary hyperoxaluria)  [25]. Oxa­
late can bind with various cations, 
such as sodium, potassium, magne­
sium, and calcium. Even though so­
dium oxalate, potassium oxalate, and 
magnesium oxalate are water soluble, 
calcium oxalate (CaOx) is almost inso­
luble [26]. The excess oxalate is prima­
rily excreted by the kidneys. Increased 
urinary excretion of oxalate results in 
urinary CaOx supersaturation, lead­
ing to crystal aggregation, urolithiasis, 
and/ or nephrocalcinosis. CaOx crystals 

While restorative proctocolectomy 
with ileal pouch-anal anastomosis 
improves a  patient’s health-related 
quality of life, a  number of metabo­
lic complications can occur, including 
bone loss anaemia and vitamin D de­
ficiency [17–  19]. Patients with IBD are 
known to have a high frequency of ne­
phrolithiasis. The reported frequency 
of nephrolithiasis ranges from 0.2% 
to 11.0% in non-colectomy UC pa­
tients and from 8.4% to 40.0% in UC 
patients with total colectomy and ileo­
stomy  [20–  23]. Similarly, the report- 
ed frequency of nephrolithiasis ranges 
from 4.0% to 5.5% in patients with CD 
without bowel resection surgery and 
from 15.0% to 30.5% in CD patients 
after small bowel surgery [22,23].

Various fluid and electrolyte chan­
ges in these patients increase the risk 
of nephrolithiasis. Low urine volume, 
pH, and urine citrate and magnesium 
levels along with high urine oxalate 
are speculated to be the main mecha­
nisms for urinary supersaturation and 
nephrolithiasis in IBD patients. It is an­

proaches are aimed not only at lower­
ing the rates of surgery but also at bet­
ter prognoses, fewer hospitalisations, 
and improved quality of life  [5–  8]. 
Whether this has changed the preva­
lence and risk factors for urinary calculi 
in patients with CD is still unknown. 
Determining clinical risk factors for the 
development of urinary stones in pa­
tients with CD might uncover new stra­
tegies for treatment and prevention.

Malabsorption, and malabsorption 
secondary to bowel resection are fac­
tors associated with IBD that predis­
pose these patients to urinary calculi for­
mation [12– 14]. As a result, they often 
present with multiple stones and are at 
risk of stone recurrence if the underlying 
causes are not adequately addressed.

UC is the most common form of IBD 
worldwide. Despite advances in me­
dical therapy, approximately 30% of 
patients with UC eventually require 
colectomy  [15,16]. Restorative proc­
tocolectomy with ileal pouch-anal ana­
stomosis has become a standard of care 
in UC patients following colectomy. 

Fig. 1. Pathophysiology of enteric hyperoxaluria. Fat malabsorption increases A. oxalate solubility in the intestinal lu-
men and B. Bowel permeability to oxalate. Malabsorption also causes deficiency of pyridoxine or vitamin B6 leading to 
the accumulation of peroxisomal glyoxylate which is eventually oxidized to oxalate in the liver. High levels of oxalate 
excreted in the urine can lead to nephrocalcinosis and CaOx kidney stones.
Obr. 1. Patofyziologie enterického hyperoxaluria. Malabsorpce tuku zvyšuje A. oxalátovou rozpustnost ve střevním lumen  
a B. střevní propustnost na oxalátovou. Malabsorpce také způsobuje nedostatek pyridoxinu nebo vitaminu B6, vedoucí k hro­
madění peroxizomálního glyoxylátu, který je nakonec oxidován na oxalát v játrech. Vysoké hladiny oxalátu vylučovaného močí 
může vést k nefrokalcinóze a Ca oxalátů ledvinových kamenů.

FFA – free fatty acids, ESRD – end-stage renal disease
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to nephrotoxic therapies. Potential 
nephrologic and urologic complica­
tions of IBD outside of stone disease 
include noncalculus obstruction secon­
dary to retroperitoneal fibrosis or ure­
teral stricture, parenchymal disease 
from nephrocalcinosis, distal renal tu­
bular acidosis, and interstitial nephri­
tis, as well as nephrotoxicity from 
certain medical treatments  [37]. In 
a matched cohort study by Primas et 
al. [38], recurrent urolithiasis and the 
number of interventions due to kidney 
stones were significant risk factors for 
renal insuffi ciency in IBD patients. The 
previously mentioned genito-urinary 
and renal complications of IBD along 
with chronic dehydration likely render 
these patients less able to physiologi­
cally mitigate an acute kidney injury 
associated with obstruction and/  or in­
fection from urinary calculi. Unfor­
tunately, urolithiasis is often asymp­
tomatic and may go undetected until 
passage or obstruction occurs [39]. In 
the case of IBD patients, even when 
stone symptoms are present, they may 
be overshadowed by concurrent bowel 
symptoms, increasing the chance of 
missed detection. These patients may 
also be unaware that their IBD puts 
them at risk of nephrolithiasis [40]. In 
a prospective study of newly diagnosed 
IBD patients, Cury et al. [39] found 38% 
had asymptomatic stone formation and 
10% had hydronephrosis on screening 
ultrasound. Given this high rate of neph­
rolithiasis in the general IBD population 
and the findings that there is significant 
morbidity associated with infected uro­
lithiasis in this group, efforts at early 
identification are merited. These pa­
tients may form a  select group who 
urologists should consider for elective 
stone treatment, even if asymptomatic. 
IBD had concomitant hydronephrosis 
and multiple urinary calculi population.

Gastroenterologists should consider 
urine microscopy or ultrasound to iden­
tify urolithiasis in their IBD patients. Si­
milar screening guidelines for osteo­
porosis in IBD patients were published 

less clear but may be more consequen­
tial than recognised.

IBD and urinary tract infection
Infection is also a  common compli­
cation of IBD, and compounding fac­
tors such as immunosuppression [31] 
and malnutrition [32,33] put these pa­
tients at risk for severe clinical seque­
lae. Not surprisingly, a  recent popu­
lation-based study found a  four-fold 
increase in mortality among IBD pa­
tients requiring hospitalisation for in­
fection  [34]. Interestingly, urinary 
tract infections (UTIs) were the most 
frequently reported infection among 
these patients. IBD is also associated 
with unusual genito-urinary complica­
tions, such that both infection and uro­
lithiasis are commonly seen in patients 
with IBD. Furthermore, IBD patients 
with infected calculi have much higher 
odds of developing significant clini­
cal sequelae, including higher rates of 
end-organ failure, sepsis, and hospital 
admission. It was also found that IBD 
patients with upper tract urinary calculi 
had significantly higher odds of either 
acute cystitis or pyelonephritis than 
the general stone population.

Furthermore, an IBD diagnosis was an 
independent predictor for sepsis with 
almost two-fold higher odds of urosep­
sis than those of the non-IBD stone po­
pulation. Given that previous literature 
reviewing infections in IBD patients has 
demonstrated that patients treated 
with infliximab, prednisone, and im­
munomodulators such as azathioprine 
and 6-mercaptopurine are at increased 
risk of opportunistic and serious infec­
tions  [31,32,35], as well as evidence 
that bacterial translocation as well as 
structural abnormalities, such as ente­
rovesical fistulas, may cause UTIs more 
frequently in IBD patients [36].

Another important finding is the 
high rate of renal failure among IBD 
patients. This finding is likely multifac­
torial in nature, including underlying 
intrinsic renal disease, acute obstruc­
tion, prerenal azotemia, and exposure 

are typically deposited within the renal 
interstitium and renal tubule cells. 
When the glomerular filtration rate fal­
ls below 30–  40 mL/  min per 1.73 sqm, 
plasma oxalate levels increase due to 
reduced urinary oxalate excretion. 
Oxalate nephropathy should be con­
sidered in the differential diagnosis 
of acute renal failure, especially when 
previous renal impairment and fat mal­
absorption are present. Oxalosis repre­
sents the histological manifestation of 
crystalline deposits of CaOx in various 
tissues and organs. This phenomenon 
typically occurs when plasma oxalate 
exceeds 30 μmol/  L, which represents 
its plasma supersaturation threshold, 
resulting in deposition into several tis­
sues, including the retina, myocardium, 
vessel walls, skin, bone, and the cent­
ral nervous system. Deposition of these 
crystals in the kidneys may cause ei­
ther acute kidney injury, or may lead 
to the formation of diffuse renal calci­
fications (nephrocalcinosis) and stones 
(nephrolithiasis) in the long term. Pa­
tients presenting with renal calculi re­
quire screening for hyperoxaluria. In 
order to minimise renal damage, pa­
tients suffering from SH should be  
promptly identified and appropriately 
treated. Enteric hyperoxaluria is a fre­
quent complication of IBD, ileal resec­
tion and RYGB and is a recognised cause 
of nephrolithiasis and nephrocalcinosis. 
Less well-known is that it also contribu­
tes to chronic kidney disease and end­
-stage kidney disease. The urinary solu­
bility product of CaOx, a determinant of 
the tendency of urine to yield crystals, 
is 10× more affected by a rise of urinary 
oxalate concentration than an equimo­
lar rise in urinary calcium concentra­
tion [27]. The prevalence of hyperoxa­
luria has been estimated at 5– 24% of all 
patients with gastrointestinal diseases 
associated with malabsorption [28,29]. 
Hyperoxaluria is becoming more com­
mon, secondary to an increase in 
IBD [30] and bariatric surgery. The as­
sociated prevalence of chronic kidney 
disease and end-stage kidney disease is 
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with a higher frequency of RI in our pa­
tients. A  longer duration of CD may 
lead to accumulative damage of the 
bowel, thus more complications result­
ing in a greater need for surgeries.

The risk of developing urolithiasis in 
IBD is 10–  100× greater than the risk 
for general hospital patients [53]. The 
reasons for that may be volume deple­
tion (leading primarily to uric acid  
stones) and hyperoxaluria in CD. Small 
bowel resection leads to both  –   vo­
lume depletion and hyperoxaluria  –  
therefore promoting stone formation 
and the development of RI. Support­
ing that, there was a  correlation be­
tween the length of resected small 
bowel and the number of interventions 
due to urolithiasis. Although it would 
have been interesting, there is supris­
ingly only limited data on the nature of 
the stones found in the patients, as the 
stones are not routinely analysed.

Other causes of renal impairment 
included amyloidosis, glomerulone­
phritis, tubulointerstitial nephritis, 
and nephrolithiasis [54–  58]. There are 
many case reports on amyloidosis, but 
a  review of the literature shows the 
overall prevalence in IBD to be below 
1% [54,55]. Glomerulonephritis has re­
cently emerged as an extraintestinal 
manifestation and seems to be very 
rare with about 40 reports in the litera­
ture; it appears to be linked to disease 
activity as renal function improves 
after remission of IBD [53,56,57]. Tu­
bulointerstitial nephritis seems to be 
a common clinical feature among IBD 
patients, manifesting with protein­
uria. Lukas et al. [59] in IBD patients on  
long-term therapy of mesalazin (si­
milar to acetylosalicylic acid) confir­
med potential nephrotoxic eff ect (pre­
valence 1  : 500  treated patients) and 
recommended routinly performed 
control of blood urea, creatinine and 
urine every six months. As with glome­
rulonephritis there seems to be a cor­
relation with disease activity  [53,58]. 
The emergence of new drugs and the 
use of more potent drugs earlier in 

extraintestinal manifestations, includ­
ing renal insuffi ciency (RI) which may 
sometimes gain greater importance 
than the underlying disease due to their 
severity and possible life-threaten­
ing consequences  [47–  49]. They can 
be divided into reactive manifesta­
tions (often associated with inflam­
matory disease activity) and genuine 
extraintestinal complications (due to 
metabolic or anatomical abnormalities 
caused directly by IBD) [48]. Although 
some extraintestinal manifestations 
are more common in CD, they can be 
found in both entities and add signifi­
cantly to the burden of the disease [49]. 
The prevalence of extraintestinal ma­
nifestations in IBD varies from 6% 
to  46%  [50–  52]. Often joints (ar­
thropathies), skin (erythema nodo­
sum and pyoderma gangrenosum) 
or eyes are involved, however paren­
chymatous organs may be aff ected as 
well. These manifestations are not fre­
quently encountered and therefore ra­
rely reported; the best known is pri­
mary sclerosing cholangitis (mostly 
linked to UC), a chronic inflammatory 
condition of the intra- and extrahepa­
tic bile ducts leading to fibrosis and 
death  [50–  52]. Other involvement of 
parenchymatous organs such as kid­
ney or lung receives little mention in 
the literature. The literature provides 
little data on renal involvement; so far 
there are no data available focusing 
solely on the prevalence of renal insuf­
ficiency in IBD.

The first task is to determine the 
prevalence of RI in IBD and to look for 
a possible diff erence between CD and 
UC. The second one is to investigate if 
renal impairment might be a complica­
tion of the underlying disease or just 
a side-eff ect of drugs –  at least some of 
them, mainly cyclosporine, are known 
to have a nephrotoxic potential –  used 
to treat the disease.

In the study of Primas et al. [38] 2% 
of the patients with CD developed 
RI, but none of the patients with UC. 
A longer duration of CD was associated 

in 2003 and resulted in significant im- 
provements in the detection of osteo­
penia and osteoporosis in these pa­
tients, whereas the level of care given 
by gastroenterologists in treating 
these conditions has improved  [41]. 
Screening for urolithiasis in IBD pa­
tients may lead to early surgical inter­
vention for asymptomatic stone pa­
tients as well as pre-emptive dietary and 
medical management of stone disease, 
where possible. Stone prevention proto­
cols tailored to IBD patients, incorporat­
ing periodic 24-hour urine metabolic 
studies, could also reduce the frequency 
of serious infections, renal damage, 
and hospitalisation. Future research in 
this area, such as noninvasive low-cost 
screening, could result in significant qua­
lity improvement and cost savings.

Despite higher rates of UTI, sepsis, 
and end-organ failure among IBD pa­
tients, there was no recorded diff erence 
for in-hospital mortality between the 
two groups of stone-formers. This 
finding suggests that although pa­
tients with IBD are likely to progress 
to systemic and serious infection more 
frequently and rapidly than a  typical 
stone patient, the management of this 
condition, namely decompression of 
the obstructed urinary tract, is extre­
mely eff ective [42– 45].

Interestingly, a previous population­
-based study investigating infection­
-related hospitalisations among IBD 
patients showed that infection itself 
was associated with significant mor­
tality (OR, 4.4 fold) but that infections 
such as pneumonia and Clostridium dif­
ficile colitis were much stronger predic­
tors of mortality than UTI among IBD 
patients [34]. Another study looking at 
all infected urolithiasis demonstrated 
that mortality rates have remained 
stable over time [46].

IBD, extraintestinal 
manifestation and renal  
insuffi ciency
Apart from the intestinal manife­
station, there is also a  wide range of 
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formate, the latter being absorbed or 
further metabolized. O. formigenes, an 
obligate anaerobic microbe normally 
found in the intestinal tract, contains 
two enzymes  –   formyl CoA transfe­
rase and oxalyl-coenzyme A decarbo­
xylase –   that allow it to utilise oxalate 
as an energy source, in the process 
converting oxalate to formate and 
CO2, as well as a  specific oxalate/  for­
mate antiporter (Ox1T). The oxalate-  
-degrading enzyme oxalyl-coenzyme A 
decarboxylase is also found in Bifido­
bacterium lactis. Lack of O. formige­
nes can result in higher absorption of 
oxalate, leading to an increased risk of 
CaOx kidney stone formation [65].

Duncan et al.  [66] administered 
O. formigenes by mouth to human vo­
lunteers and found a  reduction in the 
amount of oxalate excreted during the 
six hours immediately following inges­
tion of an oxalate load (from 3.0 ± 0.6 to 
1.9 ± 0.1 mg/  h). In the same tests, the 
ingestion of O. formigenes also dec­
reased the urinary oxalate/  creatinine 
ratio from 45.2 ± 9.9 to 27.0 ± 4. 2 mg/ g. 
Hoppe et al. [67] found the oral appli­
cation of O. formigenes successful in 
patients with PH. In one patient with 
constant intestinal colonization with 
O. formigenes, urinary oxalate excretion 
returned to a  normal level over time. 
Other bacteria with possible oxalate-
degrading potency are lactic acid bac­
teria, as well as Enterococcus faeca­
lis and Eubacterium lentum. Although 
no strain of Lactobacillus acidophilus, 
L. plantarum, L. brevis, S.  thermophi­
lus, or B. infantis expressed the Ox1T 
gene, the urinary excretion of oxalate, 
which is a  major risk factor for renal 
stone formation and growth in patients 
with CaOx urolithiasis, can be reduced 
with treatment using a  high concent­
ration of freeze-dried lactic acid bac­
teria [68]. Administration of lactic acid 
bacteria mixture to patients with chro­
nic fat malabsorption, CaOx stones, 
and hyperoxaluria, resulted in a  de- 
crease in mean urinary oxalate excretion 
by 19% after one month [69]. Such bio­

nary parameters of patients with hy­
pocitraturia and/  or hypomagnesiuria. 
However, in a double-blind, randomi­
zed, placebo-controlled trial, there 
was no significant diff erence between 
recurrence rates with 650 or 1,300 mg 
magnesium oxide daily and the pla­
cebo. Another trial reported 391 mg 
(21 mEq) magnesium daily as a mixed 
salt, magnesium potassium citrate, 
reduced calcium stone recurrence 
by 90%, similar to potassium citrate, 
but with better gastrointestinal tole­
rance [62]. Neither magnesium potas­
sium citrate nor potassium-sodium 
citrate was available in the British Na­
tional Formulary, therefore potassium 
citrate mixture was prescribed to this  
patient.

Importance of nutritionally 
balanced diet in prevention 
of urolithiasis
Siener et al.  [63] demonstrated that 
a  nutritionally balanced diet signi­
ficantly reduced stone-forming po­
tential in men and women with CaOx 
stone disease, although no change 
occurred in urinary oxalate and mag­
nesium excretion. This patient was 
prescribed potassium citrate and 
was advised to adhere to a  nutritio­
nally balanced diet avoiding: 1. oxa­
late-rich food, 2. low fluid intake, and 
3.  increased intake of protein and al­
cohol. Following the nutritional inter­
vention with the patient, 24-hour urine 
oxalate excretion decreased from 
0.618  to 0.385  mmol/  day; 24-hour 
urine citrate increased from 0.58  to  
1.0 mmol/ day.

Biological manipulation of 
intestinal flora in treatment 
of hyperoxaluria and oxalate 
nephrolithiasis
Oxalate is present in many foods and 
beverages. Bacterial enzymes are re­
quired for the intestinal degradation 
of oxalate in humans  [64]. Intestinal 
oxalate-degrading bacteria are cap­
able of degrading oxalate to CO2 and 

the course of IBD might prevent ir­
reversible damage to the small bowel, 
therefore reducing the need for sur­
gery. Thus, long-term the prevalence 
of RI in IBD will hopefully be reduced. 
In the meantime, it is important to pay 
attention to older patients with resec­
tions in the small bowel and/  or uroli­
thiasis and to closely monitor them for 
signs of RI.

Treatment of urolithiasis in 
patients with IBD
Patients with a  short bowel who de­
velop hyperoxaluria are typically ma­
naged by restricting dietary fat and 
oxalate and by providing an oral cal­
cium supplement, but one must be 
careful with calcium therapy and mo­
nitor it. Excessive calcium can actually 
increase the CaOx supersaturation in 
the urine and thus increase the risk of 
stone formation. Patients with refrac­
tory hyperoxaluria may benefit from 
cholestyramine, which limits bile salt 
injury to the colon. Bile salts can make 
the colon more permeable to oxalate 
and thus facilitate oxalate absorption 
from the colon.

Rationale for prescribing oral citrate 
and magnesium to patients with 
hyperoxaluria, hypocitraturia, and 
hypomagnesiuria for the prevention 
of oxalate nephrolithiasis
Hypocitraturia is an important risk fac­
tor for CaOx nephrolithiasis [60]. Kato 
et al.  [61] administered potassium-
sodium citrate and magnesium oxide 
to 14 patients with recurrent CaOx sto­
nes. After administration of both sup­
plements to the patients with stones, 
the citrate, magnesium, and potas­
sium levels in 24-hour urine samples in­
creased by 62.1%, 63.3%, and 25.3%, 
respectively, and oxalate decreased 
by 66.5%. These authors concluded 
that the combination of potassium-
sodium citrate and magnesium oxide is 
more eff ective than either supplement 
alone in inhibiting the crystallization 
of CaOx stones by improving the uri­
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Dietary calcium and magnesium
• �Epidemiological studies have shown 

that the excretion of oxalate is in­
versely related to a dietary intake of 
magnesium.

• �The rate of intestinal absorption of 
oxalate, evaluated with  [13C2]oxa­
late in healthy volunteers on a  diet 
containing 800 mg of calcium, ran­
ges from between 2.2% and 18.5%. 
The intraindividual variation is wide 
(3.4 ± 1.7%).

• �The intestinal absorption of radioac­
tive [13C2]oxalate in a diet containing 
1,200 mg of calcium (diet  +  supple­
ments of calcium citrate and calcium 
carbonate) is 2%, but it increases to 
17% at 200 mg of dietary calcium. 
The increase is linear with a decrease 
of dietary calcium, but there is no fur­
ther reduction of intestinal absorp­
tion of oxalate when dietary calcium 
increases > 1,200 mg.

• �In healthy subjects and calcium 
renal stone-formers, a  low-calcium 
diet causes a significant decrease in 
the levels of urinary calcium but in­
creases urinary excretion of oxalate 
and the risk of renal stone formation.

• �In idiopathic renal calcium stone-for­
mers with hypercalciuria, a  low-cal­
cium diet increases urinary oxalate 
excretion more than in normocal­
ciuric. On low-calcium diet urinary 
oxalate excretion is related to the 
degree of intestinal absorption of  
calcium.

• �In renal stone-formers with idiopathic 
hypercalciuria, a  high-calcium diet 
(900– 1,070 mg/ day) decreases the 
excretion of oxalate, the oxalate/ crea­
tinine ratio and the lithogenic risk in 
comparison with a  normal-calcium 
diet (700 mg/ day).

• �In CaOx renal stone patients with 
hyperoxaluria, the addition of sup­
plements of calcium citrate to the low- 
oxalate diet did not result in a greater 
decrease of urinary excretion of oxa­
late than diet alone, although the su­
persaturation for CaOx decreases 
more.

prim-sulfamethoxazole did not have 
any eff ect on the O. formigenes level  
in the gut.

In future, oral administration of O. for- 
migenes or lactic acid bacteria may 
prove to be a  promising new thera­
peutic tool in patients with PH and 
SH. Lactic acid bacteria are currently 
classified as nonpathogenic bacteria, 
which are permitted in food by the U.S. 
Food and Drug Administration. How­
ever, caution may be required when 
probiotic preparations are used in im­
munocompromised patients [74,75].

Dietary treatment of 
hyperoxaluria
Dietary oxalate, its precursors and 
management [76]
• �In human experiments, the intes­

tinal absorption of oxalate is grea­
ter on a diet high in oxalate (600 mg) 
compared to that on a  diet poor in 
oxalate (63 mg), although there is 
an adaptation with lower rate of ab­
sorption if the diet with a high con­
tent of oxalate continues for over  
six weeks.

• �A diet rich in oxalate causes a signifi­
cant increase in urinary oxalate levels.

• �A  diet low in oxalate is eff ective in 
reducing urinary excretion of oxalate 
and urinary saturation for CaOx with 
respect to a basal free choice diet.

• �In patients with idiopathic calculi an 
intake of ascorbic acid  >  1 g/ day is 
more frequent than in controls. An 
intake of ascorbic acid may lead to an 
increase in serum and urinary levels 
of oxalate by increasing the intestinal 
absorption and endogenous synthe­
sis. In total parenteral nutrition, an in­
crease of ascorbic acid infusion from 
100 to 200 mg induces an increase of 
oxaluria of about 0.10 mmol/ day.

• �The increase of oxaluria after oral in­
gestion of large amounts of ascorbic 
acid is not easily predictable and has 
not been confirmed unanimously but 
it was suggested that patients at risk 
of kidney stones should not exceed 
an intake of 500 mg/ day.

logical manipulation of the endoge­
nous digestive microflora can be a novel 
approach for the prevention of urinary 
stone formation. Therapeutic adminis­
tration of O. formigenes may ultimately 
provide the best practical approach for 
the prevention or alleviation of hype­
roxaluria together with potassium cit­
rate supplementation.

Eff ect of antibiotic therapy  
on intestinal colonization  
with O. formigenes
O. formigenes is assumed to be antibio­
tic-sensitive and repeated antibiotic 
therapies could eradicate it.

Mittal et al.  [70] observed a  direct 
association between antibiotic con­
sumption and absence of O. formigenes 
in stool samples. However, frequent 
use of antibiotics may adversely aff ect 
intestinal colonization of O. formigenes. 
In children with cystic fibrosis, prolong- 
ed and widespread use of antibiotics 
induced a  permanent decolonization 
of the intestine by O. formigenes. Only 
1  of the 43  children with cystic fibro­
sis who were tested for O. formigenes 
had normal numbers of O. formigenes 
in stool samples; this patient with nor­
mal colonization by O. formigenes had 
not been treated with antibiotics [71]. 
Seven patients who were colonized 
with O. formigenes had normal urinary 
oxalate levels, but 19 (53%) of 36 pa­
tients who were not colonized with  
O. formigenes were hyperoxaluric. Ab­
sence of O. formigenes from the intesti­
nal tract of children with cystic fibrosis 
appeared to lead to increased absorp­
tion of oxalate, thereby increasing the 
risk of hyperoxaluria. Such antibio­
tic induced decolonization of the gut 
may occur in spinal cord injury patients 
as well. Troxel et al.  [72,73] recom­
mended the use of antibiotics such as 
penicillin or trimethoprim-sulfametho­
xazole instead of quinolones (e. g., ci­
profloxacin for urine infection) in CaOx 
stone-formers, since quinolones redu­
ced the level of O. formigenes in the 
gut, whereas penicillin or trimetho­
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decrease in urinary oxalate compared 
to the 21.4% on diet alone.

Pyridoxine
• �The administration of pyridoxine in 

oral doses of 250– 500 mg daily to 
both normo- or hyperoxaluric cal­
cium renal stone-formers decreases 
urinary oxalate excretion.

Probiotics (lactobacilli)
• �The administration of lactobacilli has 

proved to be eff ective in reducing the 
levels of urinary excretion of oxalate 
in renal calcium stone patients with 
idiopathic hyperoxaluria and calcium 
(> 40 mg/  day), in healthy subjects 
consuming a high oxalate diet and in 
renal stone formers without hyper­
oxaluria on a diet rich in oxalate.

General measures
• �Hyperoxaluric patients show higher 

lipid intake and lower glucidic and 
calcium intake.

Dietary counselling according to the 
Recommended Dietary Allowance re­
sults in a  reduction of intake of total 
protein, animal protein, fat, and car­
bohydrates, and it is associated with 
a reduction in the excretion of oxalate. 
The eff ect of general dietary measures 
(balanced diet, specific diet) on uri­
nary oxalate has not always proven ef­
fective in reducing urinary oxalate. The 
dietary approach is particularly recom­
mended after extracorporeal shock 
wave lithotripsy.

Example of medical treatment 
towards prevention of recurrent 
kidney stone
This patient had a  short bowel and 
hyperoxaluria; a sample of stool tested 
negative for O. formigenes.

He was therefore advised to avoid 
oxalate-rich food as well as fatty food, 
and adhere to a nutritionally balanced 
diet, which included recommended le­
vels of calcium and bio yogurt contain­
ing Lactobacillus acidophilus, Streptococ- 

mal protein) has no eff ect on serum 
or urinary oxalate.

• �A diet very rich in meat (700 g of meat 
or fish daily, 2.26 g of protein/  kg daily) 
increases urinary oxalate in approxi­
mately one third of patients with cal­
cium nephrolithiasis, with an average 
increase of 73  μmol/  24  hours whe­
reas no change is observed in nor­
mal subjects. Patients with mild 
hyperoxaluria have a  more sub­
stantial increase of urinary oxalate  
(+ 100 μmol). The mechanism of sen­
sitivity is not clear, but does not in­
volve a deficit in vitamin B6.

• �The eff ect of a  reduction in dietary 
protein on urinary excretion of oxa­
late is controversial. Changing cal­
cium stone-formers from a  high to 
a  low animal protein intake causes 
no variation in urolithiasis. In renal 
stone-formers with idiopathic hy­
percalciuria, a  moderate restriction 
of protein intake causes a reduction 
of urinary calcium, urate and oxalate 
and improves the profile of lithogenic 
patients. A diet with a reduced intake 
of protein (< 93 g) and salt (50 mmol) 
results in a  significant reduction of 
urinary oxalate excretion and CaOx 
product.

In patients with idiopathic CaOx  
nephrolithiasis and mild hyperoxa­
luria (> 40 mg/  day), a diet low in pro­
tein and salt with normalised calcium 
intake for the duration of three months 
proved to be more eff ective in reduc­
ing oxaluria in comparison with a diet 
low in oxalate administered to a  his­
torical control group of hyperoxaluric  
patients.

Wheat bran
• �In hypercalciuric renal stone-formers, 

the addition of 30 g of dietary fibre as 
unprocessed wheat bran to a low-cal­
cium and low-oxalate diet results in 
a 23.5% decrease of urinary calcium 
with respect to the 5.6% decrease 
obtained with the diet alone whereas 
the addition of fibre results in a 3.9% 

Vegetarian
• �Vegetarians have higher urinary oxa­

late levels than controls on a  free­
-choice mixed mediterranean diet 
with significantly higher calcium/ oxa­
late ratio resulting from a  higher 
intake of oxalate and increased frac­
tional intestinal absorption of oxalate.

• �In vegetarians the risk of CaOx 
crystallization is not decreased (in­
crease in urinary pH, citrate and 
magnesium excretion and decline in 
calcium excretion, but increase in uri­
nary oxalate by 30%).

Fruit and vegetables
• �In patients with hyperoxaluria (> 40 mg), 

a diet rich in fruits, vegetables, whole 
grains and low-fat dairy products and 
low in total fat and saturated fat, cho­
lesterol, refined carbohydrates and 
sweets and meat, which is recom­
mended for patients with hypertension 
(DASH  –  dietary approaches to stop  
hypertension) results in a slight increase 
in urinary excretion of oxalate com­
pared with a  diet low in oxalates, but 
decreases the supersaturation with re­
spect to CaOx due to the concomitant 
increase in the excretion of magnesium 
and citrate and increase of urinary pH.

• �In normal healthy subjects the abo­
lition of fruits and vegetables indu­
ces a  slight increase of CaOx and 
calcium phosphate saturation as it 
reduces excretion of citrate, mag­
nesium, potassium and also oxalate, 
while increasing urinary excretion of 
calcium and ammonium.

In hypocitraturic calcium renal stone­
-formers, adding fruits and vegetables 
increases excretion of magnesium and 
citrate, urinary pH and urinary volume, 
without changing the excretion of oxa­
late and calcium. The result is a signifi­
cant reduction of lithogenic risk for cal­
cium salts and for uric acid.

Protein
• �A  moderate intake of glycine (4.5 g 

daily) or protein (50 g daily, 50% ani­
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cus thermophilus, and bifidobacterium. 
He was also prescribed potassium cit­
rate mixture 10 mL, 3× daily, well dilu­
ted with water, by mouth. The compos­
ition of this oral solution was potassium 
citrate, 3 g; citric acid monohydrate, 
500 mg; syrup, 2.5 mL; quillaia tincture, 
0.1 mL; lemon spirit, 0.05 mL; dou­
ble-strength chloroform water, 3 mL; 
water to 10 mL. This mixture contained 
about 28 mmol K+/ 10 mL. Two months 
later, 24-hour urinary oxalate decreased 
from 0.618 to 0.411 mmol/ day; 24-hour 
urine citrate increased from 0.58  to 
1.10  mmol/  day. Six months later, an 
oxalate absorption test was performed.
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