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INTRODUCTION
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Oxalate nephropathy (ON) is a potentially underestimated cause of 
kidney failure characterized by an acute and/or chronic decrease in 
kidney function associated with the massive deposition of calcium 
oxalate crystals, in kidney tubules and renal parenchyma.

Term ON implies a pathological diagnosis that include typically acute 
tubular injury and an associated acute/chronic interstitial nephritis or 
fibrosis.

Nephrocalcinosis is also often used as a term to describe calcification of 
the renal parenchyma as seen on radiological imaging.
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Renal oxalosis

Massive deposition of oxalate 
crystals is noted in tubules with 
associated advanced chronic 
tubulointerstitial disease with 
atrophy and dropout of tubules 
and prominent interstitial fibrosis 
and nonspecific inflammation 
(H&E, bright field, 40X).
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Renal oxalosis

Same area visualized under 
polarized light reveals 
numerous intratubular
crystals (H&E, polarized light, 
40X).
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Renal oxalosis

Intratubular oxalate crystals are 
often transparent or reveal yellow 
or gray color, with needle or other 
shapes of crystals (H&E, bright field, 
600X).
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Same area visualized under 
polarized light reveals 
colorful crystals (H&E, 
polarized light, 600X)
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Oxalate nephropathy may occasionally result in adults from 
primary oxalosis, an inborn error of glyoxylate metabolism 
leading to overproduction of oxalate. 

However, it results more frequently from secondary, enteric 
hyperoxaluria.
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PREVALENCE
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The overall prevalence of ON has not been clear as a 
significant amount of the literature has been based on case 
reports.

Two recent reviews have addressed found that ON made up 
1% of native kidney biopsies.
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CAUSES OF ON
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1. Primary hyperoxaluria

2. Enteric hyperoxaluria

3. Ingestions
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CAUSES OF ON

Primary hyperoxaluria
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Primary hyperoxaluria

Primary hyperoxaluria (PH) is a group of autosomal recessive disorders 
causing primarily hepatic overproduction of oxalate, due to accumulation 
of the oxalate precursor glyoxylate. 

This leads to calcium oxalate nephrolithiasis and multisystem deposits of 
calcium oxalate, including in the kidneys, and accounts for 1–2% of 
pediatric ESKD.

While the median age of onset is 5.5years, it can sometimes present in 
adulthood with kidney stones or kidney failure, and should be considered 
in cases of hyperoxaluria and ON without another obvious cause.
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PH Type 1 (PH1)

• PH Type 1 (PH1), which accounts 
for 80% of PH cases, is also the 
most severe subtype.

• It is due to a deficiency of 
hepatic alanine glyoxylate
aminotransferase (AGT),which 
normally catalyzes the 
metabolism of glyoxylate to 
glycine.
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FIGURE 2: Simplified hepatic pathways of glyoxylate metabolism
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A definitive diagnosis of PH requires genetic testing, such as 
for a mutation in AGXT, which encodes AGT, in PH1.

It is notable that the urinary oxalate excretion tends to be 
higher in PH (>88mg/day) as opposed to 44–70mg/day in 
enteric hyperoxaluria(EH).

However, there is enough overlap that a definitive distinction 
between PH and enteric hyperoxaluria cannot generally be 
made based on urinary oxalate excretion alone.

Primary hyperoxaluria
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Primary hyperoxaluria

Systemic oxalosis, due to very high plasma oxalate levels, is 
common in PH as renal failure progresses, but this is seen only 
very rarely in other forms of hyperoxaluria.

In patients with renal insufficiency, very high plasma oxalate 
levels might be useful in distinguishing PH from other forms of 
kidney disease, including secondary hyperoxaluria
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CAUSES OF ON

Enteric hyperoxaluria
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Enteric hyperoxaluria (EH)

Enteric hyperoxaluria (EH) is defined by hyperoxaluria
occurring in the setting of fat malabsorption or steatorrhea.

Normally, calcium binds oxalate in the bowel to form 
insoluble calcium oxalate that is excreted in the feces.

In a state of fat malabsorption, calcium is bound by free fatty 
acids and becomes unavailable for oxalate binding.

There is then increased soluble oxalate available to be 
absorbed by the bowel.
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Free fatty acids and bile salts may also directly increase 
colonic permeability to oxalate.

An intact colon appears likely to be important for oxalate 
absorption. and hyperoxaluria in EH has generally not been 
observed in patients with ileostomies after colectomy

Oxalate absorption also occurs in the proximal gut as 
evidenced by an increase in urinary oxalate in response to an 
oral oxalate load in patients with ileostomies in one study
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Solute-linked carrier 26 (SCL26) anion exchangers, which are a 
family of transporters that mediate transcellular oxalate 
transport, are differentially expressed along the gut.

Although it is felt that most oxalate absorption likely occurs 
paracellularly.

The risk of calcium oxalate precipitation is likely worsened by 
volume depletion from diarrhea as well as bicarbonate loss, 
which can lead to metabolic acidosis and hypocitraturia.
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Causes of enteric hyperoxaluria:

 Fat malabsorption from various causes:

Chronic pancreatitis

Pancreatectomy

Roux-en-Y gastric bypass surgery (recent procedure of choice for 
malabsorptive bariatric surgery)

Short bowel syndrome(jejunoileal bypass, the first surgical 
treatments for obesity; bowel resections for inflammatory bowel 
disease (IBD))

Crohn’s disease

Use of Orlistat
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Roux-en-Y Gastric Bypass Surgery

The surgical technique 
involved creation of a 15-ml 
proximal gastric pouch and 
creation of a 150-cm Roux-
limb.
The pancreatobiliary limb was 

approximately 50 cm.
 Surgery was performed using 

both the open (midline 
incision) and laparoscopic 
approaches.
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Decreased intestinal oxalate degradation secondary to 
reduced intestinal colonization with Oxalobacter formigenes.
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Fat malabsorption
enteric hyperoxaluria
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jejunoileal bypass

One of the first surgical treatments for obesity.

This procedure involved bypassing much of the small bowel,
causing significant malabsorption.

This procedure was largely abandoned by 1979 due to high 
morbidity, including the development of renal failure in as 
many as 35% of patients.

Both nephrolithiasis and ON were frequent complications.
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Malabsorptive bariatric surgery, such as jejunoileal bypass 
and Roux-en-Y surgery, is strongly associated with ON, this 
has not been seen with restrictive weight loss surgeries such 
as sleeve gastrectomy, where the small bowel is not bypassed.
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Orlistat

Orlistat, a weight loss agent that also causes fat 
malabsorption, has similarly been recognized to cause 
hyperoxaluria and ON.

Brand and Other Names:Alli, Xenical

Mechanism of Action: Inhibits gastric and pancreatic lipases, 
prevents triglyceride hydrolysis resulting in decreased 
absorption of dietary fats.
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CAUSES OF ON

Ingestions
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Ingestions include the direct consumption of oxalate in foods 
with high oxalate content, and also the ingestion of oxalate 
precursors.
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ethylene glycol (EG)

A classic and dramatic cause of ingestion-related ON is 
ethylene glycol (EG).

EG is the active ingredient in antifreeze, but is also present in a
number of solvents, paints and other industrial and 
commercial products.
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Metabolism of ethylene glycol to oxalate

Ingested EG is metabolized in 
the liver to oxalic acid and 
causes acute ON with acute 
tubular injury and oxalate 
crystal deposition in tubules.
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ethylene glycol (EG)

There are frequently 
numerous urine calcium 
oxalate crystals present 
in the urine that can be a 
sign of the diagnosis.



تهران-١٤٠١مهر ١٥-١٣

Multiple case reports of ON associated high dietary oxalate 
intake from a number of sources:

Due to ingestions of the oxalate precursor vitamin C (ascorbic 
acid).

These reports have generally involved excessive intake of high
oxalate foods or megadoses of vitamin C, though some cases 
have been reported involving more moderate amounts, 
especially with chronic intake.
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There have been reports of ON from juicing of vegetables,
such as spinach smoothies in one report and an assortment of 
high oxalate vegetables (together with vitamin C) in another.

It has been speculated that juiced oxalate foods may be more 
effectively absorbed in the intestine via the paracellular
pathway via solvent drag and because of dilution of calcium 
by water.
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Recently, the most frequent case reports have seemed to 
involve star fruit (carambola) and vitamin C supplements.
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Vitamin C

Vitamin C is likely a more bioavailable source of oxalate than food.

This is because oxalate in food is complexed with calcium(and to a lesser 
degree magnesium), limiting absorption.

vitamin C is taken by a large segment of the population, sometimes at 
very high doses.

 It has recently also used at high intravenous doses as a treatment for 
sepsis, including in patients with COVID-19 infection.

It should also be noted that there is a significant amount of vitamin C 
in common beverages such as apple juice or orange juice (800 mg/L).
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Star fruit

Carambola, also known as star fruit, is the fruit of Averrhoa
carambola, a species of tree native to tropical Southeast Asia/

It is a fruit-bearing tree of the genus Averrhoa, family Oxalidaceae.

https://en.wikipedia.org/wiki/Averrhoa_carambola
https://en.wikipedia.org/wiki/Southeast_Asia
https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Averrhoa
https://en.wikipedia.org/wiki/Family_(biology)
https://en.wikipedia.org/wiki/Oxalidaceae
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Star fruit may be a frequent culprit, even though it is estimated 
to contain less oxalate than spinach or rhubarb by weight, 
possibly because it can be consumed as a concentrated juice or 
can be eaten easily in large quantities.

Star fruit may contain a neurotoxin( caramboxin) as well, and 
there have been reports of acute neurological symptoms from 
star fruit.

https://en.wikipedia.org/wiki/Caramboxin
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Clinical Presentation and 
Features
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There have been four published series of patients with biopsy-
proven ON, comprising more than a few cases, published 
relatively recently.

The key clinical data are  for these series.
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Patients who had Roux-en-Y gastric bypass

Most of the patients had underlying diabetes and all had 
hypertension.

All patients presented with acute renal failure (ARF), often 
superimposed on chronic kidney disease (CKD), with a mean 
serum creatinine at presentation of 5.0 mg/dL.

Mean and median times from surgery to ARF were 33 and

12 months, respectively.

urine or serum oxalate levels done and they were reported as 
‘elevated’.
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Biopsies were notable for abundant tubular calcium oxalate 
deposits in intraluminal and intracellular areas, and also 
focally in the interstitium and accompanied by diffuse tubular 
injury, tubular atrophy and interstitial fibrosis (IF).
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Series of 12 patients with chronic pancreatitis

Hypertension was present in 67%, diabetes in 75%.

Many of the patients had a recent history of diarrhea, diuretic 
use and/or use of angiotensin-converting enzyme inhibitors or 
angiotensin receptor blockers.

One-third of patients had been given antibiotics shortly 
before presentation.

On presentation with ON, mean serum creatinine was 587 
mmol/L or 6.6 mg/dL. 
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On biopsy,there were:

• Oxalate deposition

• Acute tubular injury in 64%

• Chronic interstitial nephritis in 32%

• Acute interstitial nephritis in 12%
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In summary

ON is likely not rare, especially among those with risk factors 
such as bowel disease.

Most cases have other underlying risk factors for worsening 
kidney disease such as older age, diabetes and/or 
hypertension, and underlying CKD.

Aside from oxalate deposits, tubular injury is the most 
common pathologic finding.

Renal imaging was generally unremarkable when done, 
without evidence of nephrocalcinosis, though some cases had 
renal stones present.
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Low estimated glomerular filtration rate (eGFR), 
hypovolemia, use of renin-angiotensin system inhibitors and 
diuretics, and older age all have been anecdotally associated 
with the development of oxalate nephropathy in patients with 
hyperoxaluria.
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In the Rare Kidney Stone Consortium registry, kidney stones 
were found in 61% and nephrocalcinosis in 37% on imaging
(primarily ultrasound) of PH patients.

The prognosis of ON was poor in these series, with a high 
percentage of progression to ESKD or persistent advanced 
CKD.
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ANTIBIOTIC USE
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A significant percentage of cases in the previous two series did 
not have a clear cause of ON.

It has been suggested that antibiotic use, especially antibiotics 
that deplete intestinal Oxalobacter formigenes, which 
metabolizes oxalate, could lead to hyperoxaluria.

Studies have shown that depletion of gut Oxalobacter was 
associated with increased urinary oxalate, especially in kidney 
stone-forming patients with a risk of kidney stones > 3months 
after exposure.
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DIABETES
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Diabetes has also been associated with increased oxalate 
excretion, perhaps via an increase in oxalate precursors such 
as glyoxylate and glyoxal that has been observed in diabetes

Diabetes is associated gastroparesis and diabetes-related 
enteropathy, which would make these patients prone to 
volume depletion and an increase in urine supersaturation of 
calcium oxalate.
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Not all patients with hyperoxaluria develop ON and a 
concomitant insult such as volume depletion is likely one key 
factor in precipitating it.
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TREATMENT
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The main intervention used in most patients in case series and 
case reports is, as expected, intravenous or oral hydration,
which would serve to lower the concentration of urinary 
oxalate.

Oral citrate has been used to inhibit crystallization in both 
primary and secondary hyperoxaluria.
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Treatment of PH

The treatment of PH depends on the mutation.

Pyridoxine may be useful for some with Type 1 mutation as 
well as liver transplantation.

In November 2020, the US Food and Drug Administration 
approved lumasiran as the first drug treatment for PH1.
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Lumasiran is an RNA interference (RNAi) agent that degrades the 
messenger RNA for the hepatic enzyme glycolate oxidase.

Lumasiran, a HAO1-directed double-stranded small interfering 
ribonucleic acid, reduces levels of glycolate oxidase (GO) enzyme 
by targeting the hydroxyacid oxidase 1 mRNA in hepatocytes 
through RNA interference

By preventing the conversion of glycolate to glyoxylate this agent 
decreases the amount of glyoxylate available to be converted to 
oxalate.
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The anti-epileptic agent stiripentol has been found to inhibit 
the lactate dehydrogenase (LDH) isoenzyme 5 that converts 
glyoxylate to oxalate. 

An RNAi of LDH was developed (Nedosiran) and was used in a 
single patient with ESKD with significant decrease in blood 
oxalate levels
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Treatment of ingestions

For acute ingestions, it is crucial to identify the source of 
oxalate or precursor and remove it from the patient’s diet.

EG ingestion is treated with ethanol or fomepizole to 
competitively inhibit the metabolism of EG by alcohol 
dehydrogenase. 
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Treatment of EH, or if the cause of the ON is 
not clear
Non-specific treatments:
• lowering oxalate intake

• increasing oral calcium intake via diet or calcium supplements as a 
means of binding oxalate in the bowel.

• Lowering fat intake

• Sevelamer hydrochloride, a phosphate binder that also binds fatty 
acids.

• Cholestyramine, a bile acid binder, has been studied with the 
understanding that it may decrease bile acid effect on colon 
permeabilityand also may directly bind oxalate.
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Manipulating the microbiome with probiotics or specifically 
with oral O. formigenes has been studied.

Reloxaliase (formerly known as ALLN-177) is a recombinant 
oxalate decarboxylase. It lowered urine oxalate.

Chronic pancreatitis is treated with pancreatic enzymes.

Reversal of Jejunoileal bypass & Roux-en-Y have been 
successfully in number of cases of hyperoxaluria
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There is downstream inflammation(Pro-inflammatory 
molecules are released from tubular cells damaged by 
crystals) in hyperoxaluric patients that perpetuates chronic 
interstitial damage and progressive kidney disease.

Suppressing mediators of inflammation including cytokines
like tumor necrosis factor, as well as components of cytokine 
activators in macrophages and dendritic cells called 
inflammasomes, can be beneficial in limiting progressive 
damage.
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