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ABSTRACT

Background: In this article, we present two cases of
patients with acute renal insufficiency with a history of
exocrine pancreatic insufficiency. In one case, this was
caused by pancreaticoduodenectomy; in the other, by
alcohol abuse. Neither patient had considerable proteinuria
or haematuria. Their renal biopsies showed tubulopathy
with widespread oxalate crystals, characterised by their
birefringence in light microscopy. Restricting oxalate
intake and prescribing oxalate binding agents reduced
serum oxalate levels. Renal function partially recovered in
both patients.

Oxalate nephropathy is associated with exocrine pancreatic
insufficiency, gastric and pancreatic surgery, and
inflammatory bowel disease. Normally, dietary calcium
binds oxalate to form calcium oxalate, which is excreted
in the stool. In patients with pancreatic insufficiency, fatty
acids bind calcium instead, allowing oxalate to be absorbed
in the colon. The resulting hyperoxaluria can cause oxalate
crystal formation, tubulopathy, and renal insufficiency.
Treatment relies on decreasing the amount of absorbable
oxalate in the intestinal lumen, as well as lowering urinary
oxalate concentrations.

Conclusion: Secondary hyperoxaluria is a common cause
of renal insufficiency and should be considered in patients
with a medical history of pancreatic insufficiency and
progressive kidney injury.
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What was known on this topic?

Oxalate nephropathy is a known cause of end stage
renal disease. It may be primary due to genetic
defects, causing deficiencies of liver enzymes.

It also has several secondary causes, which are
associated with an increased absorption of oxalate
in the gut, causing serum oxalate levels to rise.

What is new?

Recently, more attention has been given to oxalate
nephropathy following pancreatic insufficiency.
Maldigestion of free fatty acids increases the
amount of calcium-free oxalate in the intestinal
lumen, which facilitates its absorption. Physicians
should be aware of this cause of renal insufficiency,
which does not respond to corticosteroids or other
immunosuppressants. Early recognition enables
swift treatment, which can effectively decrease
intestinal oxalate absorption and may halt further
disease progression.

INTRODUCTION

Oxalate nephropathy is a rare cause of renal insufficiency.
It is characterised by damage to the interstitium and
tubuli of the kidneys, caused by deposition of oxalate
crystals. During the past decade, oxalate nephropathy
has been described several times as a complication of fat
malabsorption after bariatric surgery, and in patients with
short bowel syndrome, cystic fibrosis, celiac disease, and
exocrine pancreatic insufficiency. Today, the diagnosis
is not very rare; for example, one study identified that in
a series of 611 patients referred for pre-transplantation
consultation, 17 (3%) had oxalate nephropathy.”
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We describe two patients with exocrine pancreatic
insufficiency, who were evaluated in our hospital because
of acute renal insufficiency of unknown origin.

Patient A

A 77-year-old male was referred to our centre with
deterioration of renal function. He had a history of
hypertension, hypercholesterolaemia, and a pI3N1 pancreatic
head carcinoma, which had been treated by pancreaticoduo-
denectomy and adjuvant chemotherapy two years earlier.

There was no history of kidney stones and the family
history was negative for renal diseases. Six months after
the pancreaticoduodenectomy, the patient started taking
pancreatic enzyme supplements (pancreatin) because of
chronic diarrhoea. After surgery, his serum creatinine
level was 9o pmol/l, but increased to 180 pmol/l two
months later, after a brief period of heart failure due to
gemcitabine. His renal function remained stable for the
following five months; however, shortly before being
referred to our centre, his serum creatinine level suddenly
increased to over 300 pmol/l.

The patient’s history revealed no clues for a prerenal cause
of his renal insufficiency: the patient reported no vomiting,

used no new medications or supplements, and had not used
any non-steroidal anti-inflammatory drug. His diarrhoea
ceased when he started taking pancreatin. There were no
signs of a systemic disease and physical examination showed
no abnormalities: his blood pressure was 138/75 mmHg with
a heart rate of 6o beats per minute.

At the initial visit in our centre, his serum creatinine
level had increased to 326 pmol/l (table 1). Further
investigation showed normal anion gap metabolic acidosis
(pH 7.22), normocytic anaemia (Hb 6.3 mmol/l), and
hyperphosphataemia (serum phosphorus 176 mmol/l).
Urinary examination showed some leukocytes, without
erythrocytes. Twenty-four-hour urinalysis revealed a
proteinuria of o.25 grams/day. Abdominal ultrasound
showed normal kidneys, measuring 10.6 and 10.1 cm.
There were no signs of nephrocalcinosis. The differential
diagnosis was tubulointerstitial nephritis, cholesterol-
emboli, or acute tubular necrosis. A kidney biopsy was
performed.

The biopsy showed pronounced tubulopathy with
extensive deposits of birefringent oxalate crystals (figure 1).
The glomeruli were normal and immunofluorescence
revealed no immune depositions. Thus, the patient

Table 1. Blood and urine test values for patients A and B at the time of referral

Blood test at admission Patient A
Haemoglobin 6.3
Mean corpuscular volume 88
Thrombocytes 205
Leukocytes 5.9
Creatinine 317
Sodium 143
Potassium 3.9
Phosphate 1.76
CRP I

pH 7.32
Bicarbonate 18.8
pCO, 5.0
Anion gap, corrected 17.4
Serum oxalate 55.2
24-hr urinary protein 0.25
Spot urine erythrocytes 1.40
Spot urine leukocytes 8.25
24-hr urine oxalate 0.84

CRP = C-reactive protein; pCO, = partial pressue of carbon dioxide; hr = hour

Patient B Reference values

5.3 8.4-10.0 mmol/l

91 8o-100 fl

199 150-400 x 109/1

93 4.0-11.0 X 109/1

742 60-110 pmol/l

142 135-145 mmol/l

4.9 3.5-4.7 mmol/l

2.67 1.0-1.8 mmol/l
<10 mg/l

7.26 7.31-7.41

14.6 22-28 mmol/l

4.4 5.3-6.9 kPa

17.9 5-11 mmol/1

116.9 < 5 pmol/1

0.07 < 0.3 grams/24-hr

3.20 < 5 per field of view

23 5-10 per field of view

< 0.5 mmol/24-hr
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Figure 1. Light microscopy of the renal biopsy of
patient A, showing tubulopathy and extensive
grey-white crystal depositions: calcium oxalate
crystals (HE colouring, microscopic magnification)

HE = haemotoxylin and eosin

Figure 2. Serum creatinine and oxalate of patient B
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Serum creatinine and oxalate of patient B

PPI = proton pump inhibitor

was diagnosed with secondary hyperoxaluria due to
malabsorption following exocrine pancreatic insufficiency.
His serum oxalate level was 55.3 umol/l (reference value
< 5 umol/l). Considering his age and medical history of
pancreaticoduodenectomy, a primary hyperoxaluria was
deemed unlikely. No mutational analysis was performed.
The patient was advised to reduce dietary oxalate intake
and was started on calcium supplementation before meals,
together with cholestyramine. Six months later, serum
oxalate levels had decreased to 30 pmol/l. Kidney function
partially recovered with serum creatinine levels dropping
to 244 pmol/l (estimated glomerular filtration rate (eGFR)
of 21 ml/min/1.73 m?).

Patient B
A 64-year-old male with a history of diabetes mellitus type
2, depression, and an exocrine pancreatic insufficiency due

to chronic alcohol abuse, was referred to our hospital for
dialysis following acute on progressive renal insufficiency.
Due to complaints of chronic diarrhoea, he had been
prescribed pancreatin by the referring physician. No further
investigations into his pancreatic insufficiency had been
performed, but an earlier computed tomography scan of
abdomen showed extensive calcifications and atrophy of the
pancreas. The patient also used thiamine, ranitidine (H2
receptor antagonist), macrogol, furosemide (loop diuretic),
alfacalcidol (1-a-OH-vitamin D3), iron, and insulin.

A proton-pump-inhibitor (PPI) was prescribed for reflux
disease (figure 2). Upon his next visit, serum creatinine
level had increased from 50 pmol/l to 222 pmol/l. Due to
the suspicion of a medication-induced tubulointerstitial
nephritis, the PPI was promptly ceased, and the patient
was treated with oral prednisolone, 40 mg daily, without
improvement of renal function.

When the patient was referred to our hospital for biopsy
and dialysis, serum creatinine levels had increased to 742
pumol/l. His medical history and physical examination
provided no further clues, except for signs of malnutrition.
Family history was negative for kidney diseases and the
patient had never suffered from kidney stones; his blood
pressure was 130/84 mmHg.

The patient had normocytic anaemia (Hb 5.3 mmol/l),
hyperphosphataemia (2.67 mmol/l), and metabolic acidosis
(pH 7.26) (table 1). Serologic evaluation was negative,
urinalysis revealed leukocyturia (23 leukocytes per field of
view) with mild erythrocyturia. No crystals or casts were
seen. Renal ultrasound showed kidneys measuring 12.9
and 11.6 cm, without hydronephrosis or nephrocalcinosis.
The differential diagnosis consisted of IgG4 related
disease, tubulo-interstitial disease, or oxalate nephropathy.
IgG subclass quantification was normal.

A renal biopsy revealed tubulopathy and widespread oxalate
crystal depositions, confirming the diagnosis of oxalate
nephropathy. The serum oxalate was severely increased:
116.9 umol/l (reference value < 5 pumol/l). No mutational
analysis was performed.

The patient started haemodialysis and was advised to
adhere to an oxalate-restricted diet. In addition, the patient
took calcium supplementation and cholestyramine. After
10 months of therapy, his serum oxalate levels were
stable at 14 pmol/l and haemodialysis could be ceased.
Renal function eventually recovered to an eGFR 24 ml/
min/1.73 m?* (serum creatinine level 236 umol/l) one year
after ceasing haemodialysis (figure 2).

CLINICAL LESSON

Biochemistry
Oxalic acid (C,H,0,) is an acid with a molecular mass of
88 kDa.> Oxalate (C,0* ) is the ion. It is ingested through
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Figure 3. Pathophysiology of enteric oxalate nephropathy
Oxalate is absorbed from the diet and is produced by the liver from glyoxylate. Maldigestion increases the amount
of free fatty acids in the enteric lumen. These bind calcium, which leaves oxalate unbound. Free oxalate is easily
absorbed by enterocytes. Secondly, unbound bile acids increase enteric permeability, which further facilitates
oxalate absorption. Lastly, inflammation, such as in irritable bowel disease also increases permeability. These
mechanisms increase serum oxalate levels, which may cause oxalate depositions and oxalate nephropathy.®
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several sources of food, notably vegetables, fruits, nuts,
and grain and absorbed in the intestines, primarily in the
colon. Oxalate in humans is also produced endogenously
in the liver from its precursor, glyoxylate Oxalate has no
known biological functions.

Pathophysiology

Two forms of hyperoxaluria can be distinguished. Primary
hyperoxaluria is caused by genetic defects in the hepatic
degradation of glyoxalate,+ while secondary hyperoxaluria
is caused by an increased intake of oxalate precursors such
as ascorbic acid (vitamin C) or ethylene glycol (the main
constituent of de-icer spray), or by an increased absorption
of dietary oxalate.

In healthy individuals, calcium and oxalate form calcium
oxalate, which is unavailable for enteric absorption and
excreted in the stool. However, in case of malabsorption,
calcium will not precipitate with oxalate but bind instead
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with the increased levels of intraluminal free fatty acids.
The unbound oxalate is then freely absorbed into the blood,
mainly through passive paracellular colonic transport.®
Malabsorption of free fatty acids and the associated
steatorrhoea are seen after Roux-en-Y bypass surgery, after
pancreaticoduodenectomy, and in the setting of exocrine
pancreatic insufficiency. In a study with 48 patients with
chronic pancreatitis, 23% had hyperoxaluria’ Secondary
hyperoxaluria is not described in patients after gastric
sleeve surgery, since this does not cause steatorrhoea or
malabsorption.?

Furthermore, in inflammatory bowel diseases such as
morbus Crohn and celiac disease, oxalate absorption is
increased due to mucosal inflammation. Elevated levels
of bile acids in the intestine also seem to facilitate oxalate
absorption through increased permeability.

A final cause for increased oxalate absorption is a
disruption of the intestinal microbiome. Certain bacteria,
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such as the anaerobic Oxalobacter formigenes, degrade
oxalate. (Oral) treatment with antibiotics affects these
bacteria and changes the amounts of oxalate excreted in
the stool.9

Oxalate in the serum is mostly filtered by the glomerulus.
Research has shown that urinary oxalate excretion
increases when dietary oxalate intake increases.™
Oxalate transporters are present in the proximal tubules
of the kidney and in the gut. There is evidence for
a bidirectional transport, so oxalate may be actively
secreted and reabsorbed.” Hyperoxaluria and the
resulting calciumoxalate supersaturation in the kidney
can lead to formation of calcium oxalate kidney stones,
nephrocalcinosis and depositions of oxalate crystals in
the renal interstitium. This process is accelerated in an
acidic environment, for example, in conditions such
as metabolic acidosis. Dehydration promotes crystal
formation due to more concentrated urine. Secretion
of ADH (anti-diuretic hormone) and activation of the
renin-angiotensin-aldosterone system, initiate tubular
resorption of sodium and water, increasing the tubular
concentration of oxalate.> Tubular damage due to
oxalate crystals attracts lymphocytes, causing interstitial
nephritis, which ultimately leads to interstitial fibrosis and
permanent loss of renal function.

When renal function decreases, serum oxalate levels rise.”
Research suggests that renal oxalate clearance decreases
when GFR falls below 30-40 ml/min/1.73 m?, causing
elevated levels of oxalate and risk for further deterioration
of renal function.* Interestingly, a recent study showed an
association between urine oxalate excretion and chronic
kidney disease progression.™ Unfortunately, serum oxalate
levels were not analysed. Systemic oxalosis, characterised
by tissue damage in bones, skin, eyes, neurons, and heart
due to deposition of oxalate crystals, may occur in patients
with elevated levels of serum oxalate. Higher incidence
rates of vascular events are seen in patients with systemic
oxalosis, most likely explained by the toxicity of oxalate
to the vascular endothelium.™+ Oxalate nephropathy can
manifest as both acute and chronic renal insufficiency.
Though renal function may partially recover, more than
half of all patients remain dependent on dialysis.’

DIAGNOSTICS

In a systematic review of patients with secondary oxalate
nephropathy, a mean age of 56 years was identified, with
men and women being equally affected.’s

Urinalysis may reveal leukocyturia, haematuria, and mild
proteinuria. Microscopic examination of urine shows
birefringent calcium oxalate crystals in the urine in
roughly one in four patients.> Oxalate levels in both
serum and urine may be elevated. Renal ultrasound may

show nephrocalcinosis or nephrolithiasis, but as seen in
our patients, this is not always the case. In renal biopsy,
oxalate precipitations are seen in the tubular lumen, the
interstitium, and the peritubulary capillaries (figure 1).
Typically, the crystals are birefringent in polarized light.

TREATMENT

Treatment aims to reduce systemic oxalosis and to prevent
oxalate nephropathy from developing. It relies primarily
on decreasing enteric oxalate absorption by decreasing
the amount of unbound oxalate in the enteric lumen. This
can be achieved by reducing the amount of dietary oxalate
and taking calcium supplements with meals. Foods with
especially high oxalate content, such as rhubarb, spinach,
purslane, Swiss chard, sorrel, and beetroot, should be
avoided. Secondly, binding bile acids with cholestyramine
reduces colonic permeability for oxalate, decreasing net
absorption. Thirdly, supplementation of oxalate degrading
bacteria such as Oxalobacter species, lowers intestinal
oxalate levels and may decrease urinary oxalate excretion.
Lastly, an ongoing trial investigates the potential of oral
oxalate decarboxylase supplementation, which breaks down
intestinal oxalate into carbon dioxide and formate.’

Fluid intake must be sufficient and dehydration should
be avoided. High urine output lowers calcium oxalate
supersaturation in the tubuli, decreasing the likelihood
of renal crystal formation. Increasing pH of the urine by
taking citrate, by correcting a metabolic acidosis, and by
supplementing magnesium also reduces stone formation.
Citrate also reduces calcium oxalate supersaturation by
binding calcium, preventing oxalate crystal formation.
Haemodialysis decreases serum oxalate levels. Patients
who receive a renal transplant may also require
haemodialysis in the initial days after surgery to prevent
recurrence of oxalate nephropathy in the renal transplant.
A living donor is preferred to minimize the chance of
delayed graft function due to the injurious effects of the
high oxalate burden in the transplanted kidney.” Following
kidney transplantation, hyperoxaluria may continue for
years due to prolonged release of oxalate from the tissues.”
In this article, we explain that fat malabsorption due
to exocrine pancreatic insufficiency can cause oxalate
nephropathy. Since effective management is possible, early
recognition is important. In clinical practice, patients with
renal insufficiency who are at risk of developing pancreatic
insufficiency due to malignancy or chronic pancreatitis
(often secondary to alcohol abuse, smoking, or pancreatic
duct obstruction), as well as patients who have had bariatric
surgery, should be evaluated for oxalate nephropathy.
Presumably, this diagnosis is often missed. Considering
the increasing incidence of bariatric surgery, it is likely
to occur more frequently in the near future. We hope to
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raise awareness for oxalate nephropathy secondary to fat
malabsorption.

REFERENCES

1. Roodnat JI, de Mik-van Egmond AME, Visser W/, et al. A Successful
Approach to Kidney Transplantation in Patients With Enteric (Secondary)
Hyperoxaluria. Transplant Direct. 2017;3:€331.

2. National Center for Biotechnology Information. PubChem Compound
Database [Internet]. 2018 [cited March 1%, 2019]. Available from: https://
pubchem.ncbi.nlm.nih.gov/compound/Oxalate

3. Robijn S, Hoppe B, Vervaet BA, D'Haese PC, Verhulst A. Hyperoxaluria:
a gut-kidney axis? Kidney Int. 2011;80:1146-58.

4. Hoppe B, Beck BB, Milliner DS. The primary hyperoxalurias. Kidney Int.
2009;75:1264-71.

5. Glew RH, Sun Y, Horowitz BL, Konstantinov KN, et al. Nephropathy in
dietary hyperoxaluria: A potentially preventable acute or chronic kidney
disease. World | Nephrol. 2014;3:122-42.

6. Nazzal L, Puri S, Goldfarb DS. Enteric hyperoxaluria: an important cause
of end-stage kidney disease. Nephrology, dialysis, transplantation:
official publication of the European Dialysis and Transplant Association -
European Renal Association. 2016;31:375-82.

7. Demoulin N, Issa Z, Crott R, et al. Enteric hyperoxaluria in chronic
pancreatitis. Medicine (Baltimore). 2017;96:e6758.

Bhatti UH, Duffy A}, Roberts KE, Shariff AH. Nephrolithiasis after bariatric
surgery: A review of pathophysiologic mechanisms and procedural risk.
Int ) Surg. 2016;36(Pt D):618-23.

Sidhu H, Schmidt ME, Cornelius )G, et al. Direct correlation between
hyperoxaluria/oxalate stone disease and the absence of the gastroin-
testinal tract-dwelling bacterium Oxalobacter formigenes: possible
prevention by gut recolonization or enzyme replacement therapy. | Am
Soc Nephrol. 1999;10:5334-40.

. Holmes RP, Goodman HO, Assimos DG. Contribution of dietary oxalate

to urinary oxalate excretion. Kidney Int. 2001;59:270-6.

Whittamore JM, Hatch M. The role of intestinal oxalate transport in
hyperoxaluria and the formation of kidney stones in animals and man.
Urolithiasis. 2017;45:89-108.

Cartery C, Faguer S, Karras A, et al. Oxalate nephropathy associated with
chronic pancreatitis. Clin | Am Soc Nephrol. 2011;6:1895-902.

Perinpam M, Enders FT, Mara KC, et al. Plasma oxalate in relation to eGFR
in patients with primary hyperoxaluria, enteric hyperoxaluria and urinary
stone disease. Clin Biochem. 2017;50:1014-19.

. Waikar SS, Srivastava A, Palsson R, Shafi T, Hsu CY, Sharma K, et al.

Association of Urinary Oxalate Excretion With the Risk of Chronic Kidney
Disease Progression. JAMA Intern Med. 2019;179:542-51.

Lumlertgul N, Siribamrungwong M, Jaber BL, Susantitaphong P.
Secondary Oxalate Nephropathy: A Systematic Review. Kidney Int Rep.
2018;3:1363-72.

. Study of ALLN-177 in Patients Aged 12 Years or Older With Enteric or

Primary Hyperoxaluria and Hyperoxalemia. ClinicalTrialsgov Identifier:
NCT03391804. First posted: January 5, 2018.

Hoppe B, Kemper M), Békenkamp A, Portale AA, Cohn RA, Langman
CB. Plasma calcium oxalate supersaturation in children with primary
hyperoxaluria and end-stage renal failure. Kidney Int. 1999;56:268-74.

De Martines et al. Secondary hyperoxaluria due to pancreatic insufficiency.

OCTOBER 2019, VOL. 77, NO. 08

292



