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A B S T R A C T   

Enteric hyperoxaluria is a metabolic disorder resulting from conditions associated with fatty acid malabsorption 
and characterized by an increased urinary output of oxalate. Oxalate is excessively absorbed in the gut and then 
excreted in urine where it forms calcium oxalate crystals, inducing kidney stones formation and crystalline 
nephropathies. Enteric hyperoxaluria is probably underdiagnosed and may silently damage kidney function of 
patients affected by bowel diseases. Moreover, the prevalence of enteric hyperoxaluria has increased because of 
the development of bariatric surgical procedures. Therapeutic options are based on the treatment of the un-
derlying disease, limitation of oxalate intakes, increase in calcium salts intakes but also increase in urine volume 
and correction of hypocitraturia. There are few data regarding the natural evolution of kidney stone events and 
chronic kidney disease in these patients, and there is a need for new treatments limiting kidney injury by calcium 
oxalate crystallization.   

Introduction 

Oxalate is a small dicarboxylic acid dianion found in large quantities 
in various plants, fruits and seeds and is considered as a metabolic end- 
product in the human body [1–4]. Dietary oxalate is partly absorbed in 
the intestinal tract but oxalate may also result from liver metabolism. 
Eventually, oxalate absorbed by intestine and produced by liver is 
excreted in urine by kidney filtration and secretion. 

Oxalate has a high affinity for calcium ions. In the intestinal tract, 
dietary calcium binds oxalate, limiting its absorption by the intestinal 
mucosa. In the urine, a mild increase in oxalate concentration may result 
in the formation of calcium oxalate crystals. 

Enteric hyperoxaluria (EH) is a metabolic disorder characterized by 
an increased output of oxalate in urine, primarily due to an increased 
absorption of dietary oxalate in the colon. This increased absorption is 
the consequence of a malabsorption syndrome, that may result from 
bowel diseases, typically Crohn’s disease complicated by ileal resection 
or short bowel syndrome, but also from pancreatic exocrine insuffi-
ciency or bariatric surgery. In these conditions, fatty acid are not reab-
sorbed by small intestine and bind to massive amounts of dietary 
calcium in colon. A large part of dietary oxalate is no longer bound to 
calcium, leading to an increased absorption of oxalate available in the 

colon (Fig. 1). 
This oxalate excessive load in the systemic circulation is then filtered 

and secreted by kidneys, resulting in hyperoxaluria. Hyperoxaluria may 
lead to recurrent kidney stone formation but also acute and chronic 
kidney injury due to calcium oxalate crystalline nephropathy. 

The diagnosis of EH is frequently delayed in the absence of specific 
symptoms preceding complications, e.g. kidney stones and kidney fail-
ure. Laboratory tests including oxalate assays, crystalluria, stone anal-
ysis and in some cases kidney biopsies are essential for diagnosis. 

The treatment of EH aims to reduce dietary oxalate absorption, in 
order to prevent kidney stone formation and kidney injury. This strategy 
includes dietary modifications, such as limiting the intake of oxalate- 
rich foods and taking oxalate-binders. In addition, increasing urine 
volume and calcification inhibitors concentration in urine, especially 
citrate, may decrease calcium oxalate supersaturation and prevent kid-
ney lesions. However, these therapeutic approaches are frequently 
insufficient to prevent kidney complications. 

The purpose of this review is to provide an overview of the patho-
physiology and management of EH and to discuss current research in 
this field. 
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Pathophysiology 

Oxalate absorption, synthesis and excretion 

Oxalate plays a vital role in the metabolism of many plants, fungi, 
and bacteria[1]. In humans, oxalate has no identified function and is 
considered as an end-product. 

Oxalate in the human body comes from two main sources: food and 
endogenous production by liver[2]. 

Dietary sources rich in oxalate include various vegetables (e.g. 
spinach, sorrel, chards, beets, rhubarb, star fruit), nuts (almonds, pea-
nuts, sesame seeds), chocolate (cocoa), spices (turmeric).. [3].. Only a 
part of the dietary oxalate is directly absorbed by the small intestine[4]. 
A significant amount of oxalate is absorbed in the colon. Actually, in 
malabsorption conditions, only patients with intact colon have a sig-
nificant increase in urine oxalate excretion[5]. Experimental murine 
models evidenced that net intestinal absorption of dietary oxalate results 
from passive paracellular oxalate absorption, but also from oxalate back 
secretion mediated by oxalate transporters. Some transporters may also 
participate in active intestinal absorption of oxalate[6,7]. 

The liver can produce oxalate from precursors such as, glycolate and 
glyoxylate in the peroxisomes but also from other precursors, especially 
hydroxyproline which derives from the breakdown of proteins, 
including collagen fibers[8,9]. Unlike many other metabolites, oxalate is 
not eliminated by the liver but exported to the systemic circulation and 
excreted in urine by the kidney. Primary hyperoxaluria includes a group 
of rare and severe hereditary metabolic diseases characterized by 
excessive oxalate production by the liver. These diseases are related to 
specific genetic mutations altering hepatic glyoxylate metabolism, 

increasing oxalate production and threatening renal function but stand 
beyond the scope of this review[10]. 

In addition, the breakdown of ascorbic acid results in oxalate for-
mation through non-enzymatic reactions, but its contribution to global 
oxalate synthesis in the absence of massive vitamin C intakes is probably 
moderate[11]. 

Both oxalate absorbed in gut and produced by metabolism are 
eliminated by kidney filtration but also by tubular secretion, involving 
anion transporters[12]. 

Determinants of intestinal oxalate absorption 

Role of divalent cations in oxalate absorption 
Calcium and magnesium may bind oxalate, limiting its absorption by 

the gut. Actually, the amount of calcium in food intakes has a dramatic 
impact on oxalate intestinal absorption[13]. Epidemiological studies 
have shown a “counterintuitive” negative correlation between calcium 
dietary intakes and the risk to develop kidney stones[14]. The most 
likely hypothesis is that dietary calcium chelates oxalate, limiting its 
absorption, and therefore its excretion in urine, resulting in a decreased 
risk to form calcium oxalate crystals and stone formation (Fig. 1). 

Role of bile acids and fatty acids in oxalate absorption 
Bile acids play a crucial role in the emulsification and absorption of 

dietary cholesterol, triglycerides and fatty acids. Under normal condi-
tions, most of fatty acids and bile salt are absorbed in small intestine, 
especially ileon. There is therefore a limited amount of fatty acids pre-
sent in the large intestine while an important proportion of dietary ox-
alate is present as calcium-oxalate complexes. 

Fig. 1. Main mechanism of EH 
Under physiological conditions (left panel), oxalate absorption is limited as calcium oxalate complexes are not absorbed in colon. Under malabsorption states, for 
instance short bowel syndrome or other diseases inducing malabsorption (right panel), the presence of fatty acids in the colon leads to calcium chelation (sapon-
ification). Oxalate is no longer bound to calcium and may be absorbed by the colon, resulting in hyperoxaluria. 
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In malabsorption conditions, this balance is disrupted. The presence 
of large amounts of fatty acids in the intestinal lumen promotes the 
formation of calcium salts in colon (saponification). Oxalate is therefore 
“free” and absorbed through mucosa. Additionally, bile salts and fatty 
acids can damage the colonic epithelium, promoting inflammation and 
increasing permeability to oxalate[15]. 

Role of the gut microbiota 
Some commensal bacteria, like Oxalobacter formigenes, use oxalate as 

a carbon source[16]. Many studies focused on the potential of 
O. formigenes to degrade dietary oxalate. Actually, it was shown that 
intestinal colonization with O. formigenes was associated with a reduc-
tion in the risk for being a recurrent calcium oxalate stone former[17]. 
Nowadays, other bacteria including Lactobacillus spp. have been shown 
to degrade oxalate and it seems that multi-species bacterial network 
ensures healthy oxalate homeostasis[18]. 

In addition, O. formigenes and potentially other bacteria may not only 
degrade oxalate but also promote its intestinal secretion through 
transporters, potentially influencing the net amount of oxalate absorbed 
in the intestine and excreted in the urine[19–21]. 

It has been suggested that alteration of microbiota by antibiotics 
would result in a lower intestinal degradation of oxalate by 
O. formigenes, Lactobacillus spp or Bifidobacterium spp, increasing the risk 
of kidney stones[22]. However, a recent study suggests that the appar-
ently increased risk of kidney stones after antibiotic therapy may be due 
to a methodological bias[23]. 

Role of intestinal oxalate transporters 
Several oxalate transporters have been identified in the human in-

testine, including colon where most of oxalate is absorbed in malab-
sorption conditions. Most of studies were performed in murine models 
and their clinical relevance needs to be confirmed in human pathology. 

The SLC26A6 gene encodes a chloride-oxalate exchanger involved in 
the secretion of dietary oxalate toward the gut lumen[24]. Jiang et al. 
demonstrated that mice knockout for the SLC26A6 gene exhibit a defect 
in intestinal oxalate secretion, resulting in a significant increase in urine 
oxalate excretion and the development of calcium oxalate neph-
rolithiasis[25]. Cornière et al. reported recently a family in which a rare 
heterozygous missense mutation in the SLC26A6 gene was associated 
with hyperoxaluria and calcium oxalate urolithiasis[26]. This observa-
tion may be the first description of a “genetic” EH in humans and needs 
to be confirmed by further cases. 

Similarly, some mice knockout for the SLC26A1 gene develop 
hyperoxalemia and hyperoxaluria, but the role of SLC26A1 in oxalate 
homeostasis is very controversial[27–31]. 

SLC26A3 gene encodes for an anion exchanger of chloride, bicar-
bonate and oxalate (DRA), implicated in the transcellular absorption of 
intestinal oxalate. Mice lacking SLC26A3 show a decrease in oxaluria 
[32]. Cil et al. discovered that selective inhibitors of DRA were effective 
in reducing intestinal oxalate absorption, preventing calcium oxalate 
deposition and renal lesions in animal models of hyperoxaluria[33]. 
However, a significant role of DRA in intestinal absorption of oxalate in 
humans has not been shown. 

The potential impact of microbiota, bile salts, or fatty acids on these 
intestinal oxalate transporters is still misunderstood. 

Other risk factors for calcium oxalate supersaturation in EH 

Low diuresis due to diarrhea 
In addition to increased oxalate output, diseases inducing EH are 

frequently associated with diarrhea and massive water losses limiting 
diuresis, as typically observed in short bowel syndrome (SBS). This low 
urine volume increases oxalate and calcium concentration, and there-
fore calcium oxalate supersaturation[34]. The gastrectomy performed 
during bariatric surgeries is also a factor limiting water intake and 
thereby diuresis. 

Hypocitraturia and calcification inhibitors deficiency 
Citrate is an important inhibitor of calcium oxalate crystallization in 

urine. Loss of bicarbonate in intestinal diseases may result in metabolic 
acidosis, limiting citrate excretion in urine and increasing calcium ox-
alate supersaturation[35]. To a lesser extent, intestinal magnesium loss 
results in hypomagnesuria, promoting calcium oxalate crystallization. 

Diseases causative for EH 

EH may result from intestinal or pancreatic diseases causative for 
fatty acid malabsorption, including Crohn’s disease affecting ileon or 
complicated by ileal resection, or celiac disease. SBS, especially type II 
(jejunocolic anastomosis with ileal resection and at least partly pre-
served colon) is associated with severe malabsorption and EH[36]. Pa-
tients with SBS type III (jejunoileotransversostomy with jejunal 
resection and at least 10 cm of terminal ileum and colon retained) have 
less severe symptoms but are also at risk to form stones. 

Chronic pancreatitis and chronic biliary diseases are also classic 
causes of malabsorption resulting in EH[37]. The diagnosis of EH may be 
delayed in these conditions if pancreatic exocrine insufficiency has not 
been identified previously. Of note, the increasing use of GLP1 agonists 
is associated with an increased risk of pancreatitis and potential exocrine 
pancreatic deficiency in individuals. Special attention should be paid to 
diabetic patients who are more at risk to develop chronic kidney disease 
(CKD)[38]. In the same vein, the use of orlistat has been associated with 
cases of acute kidney injury possibly due to an increased malabsorption 
resulting from the inhibition of pancreatic and intestinal lipase by orli-
stat[39]. 

Alongside these diseases, a growing cause of EH is the development 
of surgical procedures for weight loss. The Roux-en-Y gastric bypass 
(RYGB) and biliopancreatic diversion surgery are associated with 
hyperoxaluria, increased risk to form kidney stones and calcium oxalate 
nephropathy, especially after biliopancreatic diversion surgery. By 
contrast, restrictive surgery (sleeve gastrectomy) does not increase urine 
oxalate excretion and kidney stones risk or progression of CKD[40]. 

The massive development of these procedures during the past de-
cades, even if restrictive surgery is more frequently used, exposes a large 
population to the risk of nephrolithiasis and CKD. 

Clinical consequences of EH 

Under standard conditions, the amount of oxalate absorbed by in-
testine is usually moderate and its production by the liver remains 
limited, resulting in a normal urine oxalate excretion, e.g. <0.45 mmol/ 
day. In patients affected by EH, the massive oxalate load entering the 
systemic circulation is filtered and secreted by kidneys, increasing urine 
oxalate excretion, e.g. 0.5–0.8 mmol/day or more[41]. Even a mild in-
crease in urine oxalate output is sufficient to induce calcium oxalate 
supersaturation and crystals formation in urine. Moreover, the decrease 
in urine volume due to diarrhea and hypocitraturia also increase calcium 
oxalate supersaturation. The high oxalate/calcium ratio resulting from 
EH drives the formation of calcium oxalate monohydrate (COM or 
whewellite) crystals rather than calcium oxalate dihydrate (COD or 
weddellite) crystals[42–46]. 

The repeated crystallization and aggregation of COM in urine may 
lead to the recurrent formation of calcium oxalate stones, frequently 
made exclusively of COM and presenting with specific features (see next 
chapter). In patients undergoing Roux-en-Y bypass or “malabsorptive” 
surgeries, both surgical procedures were associated with increased risk 
of stones[40]. Kidney stones may induce a renal colic if they pass in the 
urinary tract, potentially aggravated by complications: ureteral hydro-
nephrosis, rupture of the fornix, hematuria, impairment of renal func-
tion, infection.. [47].. 

Unlike “idiopathic” calcium oxalate stones which generally pose no 
threat to kidney function, EH is a condition characterized by a frequent 
onset and progression of CKD. Of note, the most common causes of 
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oxalate nephropathy are chronic pancreatitis and gastric bypass (48 %) 
[48]. Few series evaluated renal function in these patients, probably a 
consequence of the heterogeneous conditions associated with EH. The 
most complete data come from observations performed after bypass 
surgical procedures[40]. The risk of CKD increases significantly after 
malabsorptive procedures. 

The precipitation of calcium oxalate crystals in tubules causes acute 
kidney injury, probably due to intratubular obstruction and tubular cell 
lesions but also to an afflux of pro-inflammatory cells and the develop-
ment of granuloma. Actually, crystalline plugs in the distal tubules or 
collecting ducts induce the activation of inflammasomes, especially 
NLRP3-related innate immunity pathways and eventually promote 
interstitial fibrosis and progression of CKD[49–53]. 

It may be hypothesized that acute episodes of diarrhea and decreased 
diuresis may lead to repeated acute kidney injury (AKI) and ultimately 
promote the progression of CKD. Actually, diagnosis of EH in some in-
dividuals is performed after the onset of an AKI due to calcium oxalate 
crystals precipitation. 

At last, as recently evidenced, patients affected by EH and advanced 
CKD may have increased circulating oxalate levels[54]. Further studies 
are required to assess whether accumulation of oxalate in these patients 
may have an impact on cardiovascular outcomes or increase the risk of 
bone fracture. 

Diagnosis of EH 

The clinical context is often highly suggestive when a patient with 
kidney stones also presents with a condition affecting intestinal func-
tion. The diagnosis may be less evident if undiagnosed malabsorption 
state exists, for instance exocrine pancreatic insufficiency, or in the 
absence of renal colic. 

Four biological tests are particularly helpful to diagnose EH:  

1. Increased urine oxalate excretion  
2. The presence of COM crystals in urine, a specific feature of 

hyperoxaluria  
3. Kidney stones made exclusively of COM with a specific morphology 

(type Ie)  
4. The presence of COM crystals in renal tubules if a biopsy is 

performed 

CT-scan may be of help to discriminate uric acid stones (density 
400–800 Hounsfield units) from COM stones (density 1200–1700 
Hounsfield units)[40]. However, CT-scan will not address the original 
mechanism of COM stones formation. Moreover, small stones (≤6–8 
mm) density may be dramatically underestimated by CT-scans. 

Increased urine oxalate output 

Consensus Groups recommend to perform oxalate dosage in routine 
screenings[55]. In patients potentially affected by EH, this test is critical. 
Actually, patient affected by EH have frequently a high urine oxalate 
output (frequently ≥0.8 mmol/24 h), much higher than urine oxalate 
excretion observed in idiopathic calcium oxalate stone formers. Urine 
oxalate excretion >0.3 mmol/L or >0.45 mmol/day is associated with 
an increased lithogenic risk. 

A comprehensive blood and urine analysis should be conducted as a 
first-line investigation for every patient with kidney stones, starting 
from the first episode[55]. The objective is to identify lithogenic risk 
factors and customize management to prevent recurrence. Considering 
the high risk of CKD and stone formation, an option is to propose the 
same tests to patients potentially affected by EH, even in the absence of 
past medical history of kidney stones. These tests include a 24-hr urine 
collection to assess diuresis, and creatinine excretion is quantified to 
validate urine collection. A complete collection is indicated by creati-
nine excretion within the range of 193 +/- 41 µmol/kg/day for men and 

151 +/- 38 µmol/kg/day for women[56,57]. In addition, urine calcium 
excretion is quantified as well as urine citrate output. 

The oxalate assay on a 24-hour urinary collection is pivotal for 
diagnosis and demands careful attention to pre-analytical conditions. 
Urine should be stored in a cool place and the use of a preservative is 
mandatory to assess urine citrate, as bacterial proliferation may 
decrease citrate in containers. Before analysis, the urine should be ho-
mogenized for solution uniformity and acidified with concentrated hy-
drochloric acid (about 1 % of the total volume to achieve a pH around 2) 
to dissolve calcium oxalate crystals[58]. The absence of appropriate 
preanalytical procedure may misdiagnose hyperoxaluria. Oxalate assay 
should be repeated in optimal conditions if urine oxalate excretion is 
lower as expected, especially in stone formers or if crystalluria evidences 
COM crystals. 

Ion chromatography is a reference method frequently used for uri-
nary oxalate measurement[59]. Enzyme-based methods employing ox-
alate oxidase are also used since decades and liquid chromatography 
coupled with mass spectrometry (LC-MS or LC-MS/MS) is a promising 
method[60,61]. 

Crystalluria positive for COM crystals 

Crystalluria serves as an early indicator of urine supersaturation, 
manifesting prior to stone formation. Consequently, it holds significant 
diagnostic value, particularly when stone analysis is inaccessible[62, 
63]. 

Investigating crystalluria is warranted when EH is under suspicion. 
The mere presence of COM crystals is pathognomonic for hyperoxaluria 
[43]. 

Crucial attention must be given to pre-analytical conditions when 
examining crystalluria. Ideally, this investigation should be conducted 
using the first morning urine. Moreover, the specimen should be 
promptly delivered to the laboratory within 2 to 3 h and maintained at 
room temperature[64]. 

The most typical form of COM presents as an oval structure 
measuring 8 to 12 µm, characterized by a central depression and bulges 
on the sides, leading to polarization inhomogeneity (Fig. 2A-C). In some 
cases, COM can also take on an hourglass appearance (Fig. 2D) 

When present in a very significant quantity (> 200/mm3), the 
presence of COM crystals indicates major hyperoxaluria, suggesting an 
enteric or genetic origin (Fig. 2E). Conversely, smaller amounts are more 
suggestive of a dietary origin[65]. 

In exceptional cases, caoxite crystalluria may be observed, corre-
sponding to calcium oxalate trihydrate (COT). These hexagonal crystals 
exhibit thick, regular edges, signaling major hyperoxaluria coupled with 
a macromolecular inhibition issue (Fig. 2F). 

Crystalluria is not only valuable for diagnosis but also proves highly 
effective for patient monitoring. Daudon’s research demonstrated that 
when over 50 % of urine samples exhibit crystal positivity, the risk of 
recurrent stone formation surpasses 90 %[66]. 

Morphoconstitutional stone analysis 

Many calcium oxalate stones are a mix of COM and COD, and also 
frequently contain small amounts of calcium phosphates. The exclusive 
presence of COM in a stone according to physical analyzes (most 
frequently Fourier Transform Infrared Spectroscopy) suggests that 
hyperoxaluria is the predominant risk factor of stone formation. 

In addition to stone composition, stone morphology provides critical 
informations. EH is classically characterized by a specific appearance of 
stones, identified as type Ie according to Daudon’s classification 
(Fig. 3B). This subtype is an intermediate between type Ia (common 
stones) and type Ic (genetic hyperoxaluria) (Fig. 3A,C)[64]. 
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Calcium oxalate crystalline nephropathy 

The onset of AKI or CKD from unknown origin may lead to a kidney 
biopsy showing calcium oxalate nephropathy (Fig. 4A-C). This crystal-
line nephropathy is characterized by the presence of strongly birefrin-
gent calcium oxalate crystal deposits under polarized light within 
tubular lumens. This is often accompanied by lesions of tubulointer-
stitial nephritis[67]. FTIR imaging analysis can confirm that these 

crystals are actually made of COM (Fig. 4D)[68]. 
COM crystalline nephropathy may also be observed after in-

toxications (e.g. ethylene glycol[69], hair-straightening procedures with 
products containing glyoxylic acid[70]) or in primary hyperoxaluria. 

Fig. 2. Various types of calcium oxalate monohydrate (COM) crystals 
A. Typical COM crystals with a characteristic oval center, depressed edge (black arrows), not to be confused with calcium oxalate dihydrate (COD) crystals which are 
formed by two flattened pyramids joined together at their bases (black star) 
B. Typical COM crystals with a peanut-like profile view 
C. COM crystals under polarized light, showing polarization inhomogeneity with a darker central zone. 
D. COM crystal with a “hourglass” shape 
E. High number of COM crystals forming aggregates, suggestive for massive hyperoxaluria resulting from enteric or genetic conditions. 
F. Calcium oxalate trihydrate (caoxite) crystal. 

Fig. 3. Calcium oxalate monohydrate (COM) stones related with EH 
A. Type Ia stone. This is the most common COM stone type, with a mammillary surface and a section made of concentric and compact layers with a radiating 
organization. Urine oxalate excretion is usually normal or mildly increased. 
B. Type Ie stones according to Michel Daudon’s classification are exclusively made of COM. These stones are typically observed in EH patients and result from 
massive hyperoxaluria. They have a granular and budding surface with confluent grains giving it a compact appearance. The color is usually light brown-yellow. The 
section is disorganized and loose and locally more compact with a radiating section. The aspect is an intermediate between “Ia” common COM stones and “Ic” COM 
stones due to primary hyperoxaluria. 
C. Type Ic stone. This type of stone is rare and pathognomonic for primary hyperoxaluria. These stones have a budding surface and a light color, cream to pale and 
sometimes whitish, and a poorly organized and pale section due to a rapid growth in a highly supersaturated milieu. 
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Management 

Control of the underlying disease 

In individuals with calcium oxalate nephropathy following-Roux-en- 
Y gastric bypass, Agrawal et al. demonstrated that reversing the bypass 
significantly reduced oxaluria, accompanied by improved renal function 
[71] However, this is an extreme measure that cannot be proposed to 
patients in routine practice. A better risk assessment should be carried 
out in candidates for a gastric bypass at risk to develop calcium oxalate 
nephropathy, especially kidney stone formers, and restrictive proced-
ures are probably more appropriate in many cases. 

In patients affected by pancreatic exocrine insufficiency, the 
administration of pancreatic enzyme may decrease malabsorption and 
should in theory reduce the risk to develop hyperoxaluria but there is 
few evidence demonstrating this effect[72]. 

In patients affected by celiac disease, a gluten free diet improves 
urine oxalate excretion significantly[73]. 

Dietary measures 

Dietary measures are essential for EH management[74]. Initial rec-
ommendations include hyperhydration to sustain optimal diuresis 
(target ≥2 liters/day), acknowledging potential limitations imposed by 
patients’ digestive tolerance and the risk of exacerbating diarrhea. 
Twenty-four urine collections are helpful to assess whether hydration is 
sufficient. The objective is to reduce oxaluria below 0.3 mmol/L, 

representing the crystalline risk threshold. Additionally, a reduction in 
oxalate intake coupled with increased calcium consumption is advised. 

Studies indicate that diminishing dietary oxalate intake correlates 
with a reduction in urinary oxalate excretion. However, in severe 
hyperoxaluria cases, the impact on oxaluria may be modest, prompting 
individuals to restrict intake of otherwise healthy foods[75–78]. Thor-
ough dietary assessment is crucial to identify classic sources of oxalate: 
nuts, vegetables… In addition, indirect sources are not widely recog-
nized e.g. hydroxyproline-rich gelatinous candies or vitamin C supple-
ments[9,79,80]. 

Urinary oxalate excretion in EH also correlates directly with the fat 
content of stool, and limiting fat intake has been shown to reduce uri-
nary oxalate but may lead to malnutrition[59,60]. A low-fat diet also 
improves steatorrhea, leading to less fecal fluid loss, which further di-
minishes the risk of stone formation. 

Chelating dietary oxalate by incorporating dairy products during 
meals (or mineralized water) is proposed as a strategy to lower oxaluria 
[81–83]. 

Oxalate chelators 

In addition to dairy products, calcium medications should be pro-
vided during each meal, usually calcium carbonate providing 500 mg- 
1000 mg of elemental calcium. Monitoring urinary calcium is neces-
sary, though the risk of hypercalciuria in patients with intestinal 
malabsorption is minimal. Calcium citrate, exhibiting pharmacody-
namic superiority over calcium carbonate, would be an alternative, 

Fig. 4. Calcium oxalate crystalline nephropathy 
A. Typical aspect of calcium oxalate monohydrate (COM) crystallites (white arrows) observed in a kidney biopsy, conventional light microscpy 
B,C: Typical aspect of COM crystallites (white arrows) observed in a kidney biopsy, polarized light microscopy 
D. Typical spectrum showing the presence of COM crystals evidenced by FTIR imaging in a kidney biopsy. 
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especially in cases of secondary hyperparathyroidism due to intestinal 
calcium malabsorption[84]. Calcium citrate may also correct hypoci-
traturia secondary to acidosis induced by bicarbonate intestinal loss. 

Non-calcic chelators have been proposed, such as sevelamer and 
fosrenol, which are classically used as phosphate binders[85,86]. Their 
efficiency is controversial and these drugs may induce hypo-
phosphatemia, limiting their use in clinical practice in patients affected 
by malabsorption. 

Citrate and alkaline therapies 

Considering the low urine citrate excretion observed in patients 
affected by EH, the administration of oral citrate or bicarbonate seems a 
reasonable option to reduce urine calcium oxalate supersaturation but 
the effect of alkali on calcium oxalate supersaturation seems limited[84, 
87]. 

Bile acid sequestrants 

Cholestyramine, a bile acid sequestrant, has no significant impact on 
oxalate intestinal absorption in patients affected by EH[88,89]. 

Oxalate decarboxylase 

Oxalate decarboxylase, catalyzing the conversion of oxalate into 
carbon dioxide and formate in gut, emerges as a potential intervention 
for hyperoxaluria. The treatment reloxaliase (recombinant oxalate 
decarboxylase from Bacillus subtilis) significantly reduced oxaluria 
compared to placebo early studies[90]. Quintero et al. observed a 23.87 
% reduction in 24-hour oxalate excretion with oxalate decarboxylase 
(Recombinant oxalate decarboxylase from Synechoccus elongates) 
compared to placebo[91]. A pilot study by Pfau et al. demonstrated that 
reloxaliase administration led to a significant reduction in oxalemia and 
oxaluria[92]. 

URIROX-1, a double-blind, placebo-controlled randomized trial, 
showed a reduction in oxalate excretion after 4 weeks of reloxaliase 
treatment in EH patients[93]. The long-term phase 3 randomized trial 
URIROX-2 terminated earlier than expected and intermediate results 
have not been published yet (NCT03847090). 

Modification of intestinal microbiota 

The intestinal microbiota plays an important role in oxalate meta-
bolism. O. formigenes, by degrading dietary oxalate and stimulating in-
testinal oxalate secretion, leads to a decrease in urinary oxalate output 
[20,94]. Verhulst et al. showed that administration of O. formigenes to 
ethylene glycol-intoxicated rats reduced oxalemia and the risk of 
nephrocalcinosis, but had no effect on oxaluria[95]. A phase I/II clinical 
trial did not evidence an effect of O. formigenes administration in pri-
mary hyperoxaluria[96]. There is no evidence to date that administra-
tion of O. formigenes in EH would reduce urine oxalate excretion in 
humans. 

SYNB8802, a modified probiotic derived from Escherichia coli Nissle, 
effectively reduced urinary oxalate excretion in murine and primate 
models of hyperoxaluria by metabolizing oxalate into formate in the 
gastrointestinal tract[97]. 

Conclusion 

The pathophysiology of EH encompasses multiple factors, including 
dietary oxalate intake, hepatic and intestinal metabolism, bile acid in-
teractions, gut microbiota, calcium intakes and the role of specific 
transporters in the intestine. The natural history of EH is still poorly 
understood, and requires patient registries and long-term follow-up 
studies. 

The assessment of 24-hr urine oxalate excretion, crystalluria, stone 

analysis and in some cases kidney biopsy are essential and cost-effective 
tools providing a nuanced understanding of the patient’s lithogenic risk 
and aid in tailoring a precise management strategy. The collaboration 
between experts, especially gastroenterologists, dietitians, nephrolo-
gists, and urologists is essential to provide adapted care to EH patients. 

Management of EH remains multifaceted, focusing on dietary mea-
sures, controlling the underlying disease, and potential interventions 
targeting oxalate metabolism. The emerging treatments, such as oxalate 
decarboxylase and modulation of the intestinal microbiota, hold prom-
ise for refining therapeutic approaches in the future. 
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[42] Daudon M, Réveillaud RJ. [Whewellite and weddellite: toward a different 
etiopathogenesis. The significance of morphological typing of calculi]. Nephrologie 
1984;5(5):195–201. 

[43] Daudon M, Letavernier E, Frochot V, Haymann JP, Bazin D, Jungers P. Respective 
influence of calcium and oxalate urine concentration on the formation of calcium 
oxalate monohydrate or dihydrate crystals. Comptes Rendus Chim 2016;19(11): 
1504–13. 

[44] Daudon M. [Crystalluria]. Nephrol Ther 2015;11(3):174–90. 
[45] Bazin D, Letavernier E, Haymann JP, Frochot V, Daudon M. [Crystalline 

pathologies in the human body: first steps of pathogenesis]. Ann Biol Clin (Paris) 
2020;78(4):349–62. 

[46] De Yoreo JJ, Qiu SR, Hoyer JR. Molecular modulation of calcium oxalate 
crystallization. Am J Physiol Renal Physiol 2006;291(6):F1123–31. 

[47] Patti L, Leslie SW. Acute renal colic. StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2023 [cited 2023 Nov 27]. Available from, http://www.ncbi 
.nlm.nih.gov/books/NBK431091/. 

[48] Buysschaert B, Aydin S, Morelle J, Gillion V, Jadoul M, Etiologies Demoulin N. 
Clinical features, and outcome of oxalate nephropathy. Kidney Int Rep 2020;5(9): 
1503–9. 

[49] Knauf F, Asplin JR, Granja I, Schmidt IM, Moeckel GW, David RJ, et al. NALP3- 
mediated inflammation is a principal cause of progressive renal failure in oxalate 
nephropathy. Kidney Int 2013;84(5):895–901. 

[50] Ermer T, Eckardt KU, Aronson PS, Knauf F. Oxalate, inflammasome, and 
progression of kidney disease. Curr Opin Nephrol Hypertens 2016;25(4):363–71. 

[51] Mulay SR, Kulkarni OP, Rupanagudi KV, Migliorini A, Darisipudi MN, Vilaysane A, 
et al. Calcium oxalate crystals induce renal inflammation by NLRP3-mediated IL-1β 
secretion. J Clin Invest 2013;123(1):236–46. 

[52] Mulay SR, Evan A, Anders HJ. Molecular mechanisms of crystal-related kidney 
inflammation and injury. Implications for cholesterol embolism, crystalline 
nephropathies and kidney stone disease. Nephrol Dial Transplant Off Publ Eur Dial 
Transpl Assoc - Eur Ren Assoc 2014;29(3):507–14. 

[53] Mulay SR, Anders HJ. Crystal nephropathies: mechanisms of crystal-induced 
kidney injury. Nat Rev Nephrol 2017;13(4):226–40. 

[54] Grocholski C, Chambrier C, Lauverjat M, Acquaviva C, Abid N, Bergoin C, et al. 
Circulating oxalate levels in short bowel syndrome as a severity marker of chronic 
kidney disease. Kidney Int Rep [Internet]. 2023 Dec 28 [cited 2024 Jan 15]; 
Available from, https://www.sciencedirect.com/science/article/pii/S2468024 
923016467. 

[55] Williams JC, Gambaro G, Rodgers A, Asplin J, Bonny O, Costa-Bauzá A, et al. Urine 
and stone analysis for the investigation of the renal stone former: a consensus 
conference. Urolithiasis 2021;49(1):1–16. 

[56] Edwards OM, Bayliss RI, Millen S. Urinary creatinine excretion as an index of the 
copleteness of 24-hour urine collections. Lancet Lond Engl 1969;2(7631):1165–6. 

[57] Forni Ogna V, Ogna A, Vuistiner P, Pruijm M, Ponte B, Ackermann D, et al. New 
anthropometry-based age- and sex-specific reference values for urinary 24-hour 
creatinine excretion based on the adult Swiss population. BMC Med 2015;13(1):40. 

[58] Karamad D, Khosravi-Darani K, Hosseini H, Tavasoli S. Analytical procedures and 
methods validation for oxalate content estimation. Biointerface Res Appl Chem 
2019;9(5):4305–10. 

[59] Robertson WG, Scurr DS, Smith A, Orwell RL. The determination of oxalate in urine 
and urinary calculi by a new ion-chromatographic technique. Clin Chim Acta Int J 
Clin Chem 1982;126(1):91–9. 

[60] Farrington CJ, Chalmers AH. Gas-chromatographic estimation of urinary oxalate 
and its comparison with a colorimetric method. Clin Chem 1979;25(12):1993–6. 

[61] Marshall DJ, Adaway JE, Keevil BG. A combined liquid chromatography tandem 
mass spectrometry assay for the quantification of urinary oxalate and citrate in 
patients with nephrolithiasis. Ann Clin Biochem 2018;55(4):461–8. 

[62] Daudon M, Jungers P, Lacour B. [Clinical value of crystalluria study]. Ann Biol Clin 
(Paris) 2004;62(4):379–93. 

[63] Daudon M, Frochot V. Crystalluria. Clin Chem Lab Med 2015;53(Suppl 2): 
s1479–87. 

[64] Letavernier E, Bazin D, Daudon M. Description of stone morphology and 
crystalluria improve diagnosis and care of kidney stone formers. Healthcare 2022; 
11(1):2. 

[65] Daudon M, Frochot V, Bazin D, Jungers P. Crystalluria analysis improves 
significantly etiologic diagnosis and therapeutic monitoring of nephrolithiasis. 
Comptes Rendus Chim 2016;19(11):1514–26. 

[66] Daudon M, Hennequin C, Boujelben G, Lacour B, Jungers P. Serial crystalluria 
determination and the risk of recurrence in calcium stone formers. Kidney Int 
2005;67(5):1934–43. 

[67] Demoulin N, Aydin S, Gillion V, Morelle J, Jadoul M. Pathophysiology and 
management of hyperoxaluria and oxalate nephropathy: a review. Am J Kidney Dis 
Off J Natl Kidney Found 2022;79(5):717–27. 

[68] Bazin D, Letavernier E, Haymann JP, Tielens F, Kellum A, Daudon M. Shedding 
light on the morphology of calcium oxalate monohydrate crystallites present in 
kidney biopsies in the case of hyperoxaluria. Comptes Rendus Chim 2016;19(11): 
1548–57. 

[69] Geraghty R, Wood K, Sayer JA. Calcium oxalate crystal deposition in the kidney: 
identification, causes and consequences. Urolithiasis 2020;48(5):377–84. 

[70] Bnaya A, Abu-Amer N, Beckerman P, Volkov A, Cohen-Hagai K, Greenberg M, et al. 
Acute kidney injury and hair-straightening products: a case series. Am J Kidney Dis 
Off J Natl Kidney Found 2023;82(1):43–52. e1. 

[71] Agrawal V, Wilfong JB, Rich CE, Gibson PC. Reversal of gastric bypass resolves 
hyperoxaluria and improves oxalate nephropathy secondary to roux-en-Y gastric 
bypass. Case Rep Nephrol Dial 2016;6(3):114–9. 

[72] Domínguez-Muñoz JE. Pancreatic enzyme therapy for pancreatic exocrine 
insufficiency. Curr Gastroenterol Rep 2007;9(2):116–22. 

[73] Ciacci C, Spagnuolo G, Tortora R, Bucci C, Franzese D, Zingone F, et al. Urinary 
stone disease in adults with celiac disease: prevalence, incidence and urinary 
determinants. J Urol 2008;180(3):974–9. 

[74] Pearle MS, Goldfarb DS, Assimos DG, Curhan G, Denu-Ciocca CJ, Matlaga BR, et al. 
Medical management of kidney stones: AUA guideline. J Urol 2014;192(2):316–24. 

[75] Chadwick VS, Modha K, Dowling RH. Mechanism for hyperoxaluria in patients 
with ileal dysfunction. N Engl J Med 1973;289(4):172–6. 

[76] Schwen ZR, Riley JM, Shilo Y, Averch TD. Dietary management of idiopathic 
hyperoxaluria and the influence of patient characteristics and compliance. Urology 
2013;82(6):1220–5. 

[77] Asplin JR. The management of patients with enteric hyperoxaluria. Urolithiasis 
2016;44(1):33–43. 

[78] Witting C, Langman CB, Assimos D, Baum MA, Kausz A, Milliner D, et al. 
Pathophysiology and treatment of enteric hyperoxaluria. Clin J Am Soc Nephrol 
CJASN 2021;16(3):487–95. 

[79] Knight J, Jiang J, Assimos DG, Holmes RP. Hydroxyproline ingestion and urinary 
oxalate and glycolate excretion. Kidney Int 2006;70(11):1929–34. 

J. Desenclos et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0019
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0019
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0020
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0020
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0020
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0021
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0021
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0021
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0022
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0022
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0023
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0023
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0023
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0024
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0024
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0024
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0025
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0025
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0025
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0026
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0026
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0026
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0027
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0027
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0028
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0028
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0028
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0029
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0029
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0029
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0030
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0030
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0030
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0031
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0031
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0031
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0031
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0032
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0032
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0032
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0032
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0033
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0033
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0033
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0034
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0034
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0034
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0035
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0035
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0035
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0036
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0036
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0036
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0037
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0037
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0037
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0038
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0038
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0038
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0039
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0039
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0039
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0040
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0040
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0041
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0041
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0042
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0042
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0042
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0043
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0043
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0043
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0043
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0044
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0045
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0045
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0045
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0046
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0046
http://www.ncbi.nlm.nih.gov/books/NBK431091/
http://www.ncbi.nlm.nih.gov/books/NBK431091/
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0048
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0048
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0048
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0049
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0049
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0049
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0050
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0050
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0051
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0051
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0051
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0052
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0052
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0052
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0052
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0053
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0053
https://www.sciencedirect.com/science/article/pii/S2468024923016467
https://www.sciencedirect.com/science/article/pii/S2468024923016467
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0055
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0055
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0055
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0056
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0056
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0057
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0057
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0057
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0058
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0058
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0058
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0059
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0059
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0059
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0060
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0060
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0061
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0061
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0061
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0062
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0062
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0063
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0063
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0064
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0064
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0064
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0065
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0065
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0065
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0066
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0066
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0066
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0067
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0067
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0067
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0068
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0068
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0068
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0068
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0069
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0069
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0070
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0070
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0070
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0071
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0071
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0071
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0072
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0072
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0073
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0073
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0073
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0074
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0074
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0075
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0075
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0076
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0076
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0076
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0077
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0077
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0078
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0078
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0078
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0079
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0079


Clinics and Research in Hepatology and Gastroenterology 48 (2024) 102322

9

[80] Fontana F, Cazzato S, Giovanella S, Ballestri M, Leonelli M, Mori G, et al. Oxalate 
nephropathy caused by excessive vitamin c administration in 2 patients with 
COVID-19. Kidney Int Rep 2020;5(10):1815–22. 

[81] Hylander E, Jarnum S, Nielsen K. Calcium treatment of enteric hyperoxaluria after 
jejunoileal bypass for morbid obesity. Scand J Gastroenterol 1980;15(3):349–52. 

[82] Penniston KL, Nakada SY. Effect of dietary changes on urinary oxalate excretion 
and calcium oxalate supersaturation in patients with hyperoxaluric stone 
formation. Urology 2009;73(3):484–9. 

[83] Pang R, Linnes MP, O’Connor HM, Li X, Bergstralh E, Lieske JC. Controlled 
metabolic diet reduces calcium oxalate supersaturation but not oxalate excretion 
after bariatric surgery. Urology 2012;80(2):250–4. 

[84] Tondapu P, Provost D, Adams-Huet B, Sims T, Chang C, Sakhaee K. Comparison of 
the absorption of calcium carbonate and calcium citrate after Roux-en-Y gastric 
bypass. Obes Surg 2009;19(9):1256–61. 

[85] Lieske JC, Regnier C, Dillon JJ. Use of sevelamer hydrochloride as an oxalate 
binder. J Urol 2008;179(4):1407–10. 

[86] Pozdzik A, David C, Vekeman J, Tielens F, Daudon M. Lanthanum carbonate to 
control plasma and urinary oxalate level in type 1 primary hyperoxaluria? IJU Case 
Rep 2021;4(4):235–8. 

[87] Bianco J, Chu F, Bergsland K, Coe F, Worcester E, Prochaska M. What treatments 
reduce kidney stone risk in patients with bowel disease? Urolithiasis 2022;50(5): 
557–65. 

[88] Caspary WF, Tönissen J, Lankisch PG. Enteral” hyperoxaluria. Effect of 
cholestyramine, calcium, neomycin, and bile acids on intestinal oxalate absorption 
in man. Acta Hepatogastroenterol (Stuttg) 1977;24(3):193–200. 

[89] Nordenvall B, Backman L, Larsson L, Tiselius HG. Effects of calcium, aluminium, 
magnesium and cholestyramine on hyperoxaluria in patients with jejunoileal 
bypass. Acta Chir Scand 1983;149(1):93–8. 

[90] Langman CB, Grujic D, Pease RM, Easter L, Nezzer J, Margolin A, et al. A double- 
blind, placebo controlled, randomized phase 1 cross-over study with ALLN-177, an 
orally administered oxalate degrading enzyme. Am J Nephrol 2016;44(2):150–8. 

[91] Quintero E, Bird VY, Liu H, Stevens G, Ryan AS, Buzzerd S, et al. A prospective, 
double-blind, randomized, placebo-controlled, crossover study using an orally 
administered oxalate decarboxylase (OxDC). Kidney360 2020;1(11):1284–90. 

[92] Pfau A, Grujic D, Keddis MT, Kausz AT, Lieske JC, Knauf F. Pilot study of 
reloxaliase in patients with severe enteric hyperoxaluria and hyperoxalemia. 
Nephrol Dial Transplant 2021;36(5):945–8. 

[93] Lieske JC, Lingeman JE, Ferraro PM, Wyatt CM, Tosone C, Kausz AT, et al. 
Randomized placebo-controlled trial of reloxaliase in enteric hyperoxaluria. NEJM 
Evid 2022;1(7):EVIDoa2100053. 

[94] Arvans D, Jung YC, Antonopoulos D, Koval J, Granja I, Bashir M, et al. Oxalobacter 
formigenes–derived bioactive factors stimulate oxalate transport by intestinal 
epithelial cells. J Am Soc Nephrol JASN 2017;28(3):876–87. 

[95] Verhulst A, Dehmel B, Lindner E, Akerman ME, D’Haese PC. Oxalobacter 
formigenes treatment confers protective effects in a rat model of primary 
hyperoxaluria by preventing renal calcium oxalate deposition. Urolithiasis 2022;50 
(2):119–30. 

[96] Hoppe B, Niaudet P, Salomon R, Harambat J, Hulton SA, Van’t Hoff W, et al. 
A randomised phase I/II trial to evaluate the efficacy and safety of orally 
administered oxalobacter formigenes to treat primary hyperoxaluria. Pediatr 
Nephrol Berl Ger 2017;32(5):781–90. 

[97] Lubkowicz D, Horvath NG, James MJ, Cantarella P, Renaud L, Bergeron CG, et al. 
An engineered bacterial therapeutic lowers urinary oxalate in preclinical models 
and in silico simulations of enteric hyperoxaluria. Mol Syst Biol 2022;18(3): 
e10539. 

J. Desenclos et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0080
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0080
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0080
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0081
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0081
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0082
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0082
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0082
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0083
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0083
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0083
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0084
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0084
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0084
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0085
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0085
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0086
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0086
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0086
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0087
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0087
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0087
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0088
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0088
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0088
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0089
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0089
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0089
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0090
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0090
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0090
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0091
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0091
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0091
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0092
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0092
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0092
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0093
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0093
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0093
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0094
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0094
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0094
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0095
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0095
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0095
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0095
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0096
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0096
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0096
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0096
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0097
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0097
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0097
http://refhub.elsevier.com/S2210-7401(24)00043-3/sbref0097

	Pathophysiology and management of enteric hyperoxaluria
	Introduction
	Pathophysiology
	Oxalate absorption, synthesis and excretion
	Determinants of intestinal oxalate absorption
	Role of divalent cations in oxalate absorption
	Role of bile acids and fatty acids in oxalate absorption
	Role of the gut microbiota
	Role of intestinal oxalate transporters

	Other risk factors for calcium oxalate supersaturation in EH
	Low diuresis due to diarrhea
	Hypocitraturia and calcification inhibitors deficiency


	Diseases causative for EH
	Clinical consequences of EH
	Diagnosis of EH
	Increased urine oxalate output
	Crystalluria positive for COM crystals
	Morphoconstitutional stone analysis
	Calcium oxalate crystalline nephropathy

	Management
	Control of the underlying disease
	Dietary measures
	Oxalate chelators
	Citrate and alkaline therapies
	Bile acid sequestrants
	Oxalate decarboxylase
	Modification of intestinal microbiota

	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	References


