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Unique features
1. It is a metabolic defect
2. Due to an inborn error of metabolism
3. Due to recessive autosomal inheritance

Unique features
Glyoxylate detoxification is an important function of human
peroxisomes
Glyoxylate is a highly reactive molecule generated in the
intermediary metabolism of glycine, hydroxyproline and
glycolate mainly
Glyoxylate accumulation in the cytosol is readily transformed
by LACTIC DEHYDROGENASE into Oxalate, a dicarboxylic acid
that cannot be metabolised by mammals and forms CALCIUM
OXALATE Crystals which damage tissues

Unique features
ALANINE-GLYOXALATE AMINOTRANSFERASE(AGT), a
peroxisomal enzyme in humans converts glyoxylate
into glycine , playing a central role in glyoxylate
detoxification
Mitochondrial Hydroxy oxoglutarate aldolase is an
important enzyme of Hydroxyproline metabolism
Genetic defect of any of these enzymes results in
Primary Hyperoxaluria, severe human diseases in
which toxic levels of oxalate are produced by the
LIVER, resulting in progressive renal damage

Unique features
Deficiency of AGT is related to AGXT gene which leads to
mutations of AGT in the amino acid sequence, which leads to
different phenotypic expressions due to 4 basic mechanisms :Mitochondrial mistargeting: ‘incorrect intracellular protein
trafficking’- no precedent in any other human genetic disease
Protein aggregation- as a result of missense mutations- G41R
and Ile244Thr
Abolition of catalytic activity
Synthesis defect

PH-2
Primary Hyperoxaluria Type 2 (PH-2): Is also known as L-glyceric aciduria
 Occurs in 10% of all PH cases
 It is due to the deficiency of the enzyme Glyoxylate
reductase/Hydroxypyruvate reductase(GR HPR)
 This induces increased urinary secretion of oxalate and Lglycerate
 They have a less severe urinary oxalate increase than in
PH-1
 And few develop ESRD ie End Stage Renal Disease

PH-3
Primary Hyperoxaluria Type 3 (PH-3): Occurs in 10% of all PH cases
 It is due to the mutation of HOGA 1 gene
 Which causes the deficiency of the mitochondrial enzyme 4OH- 2-oxoglutarate aldolase
 Which cuts or cleaves 4-OH-2- oxoglutarate into Pyruvate and
Glyoxalate
 Which (in turn) is transformed into oxalate by LDH
 Occurs in a wide range of urinary oxalate elimination values,
but
 Progression to ESRD is not yet reported

Secondary Hyperoxaluria
1. Enteric Hyperoxaluria ( oxalate is absorbed from the GI tract by
passive diffusion as well as active transport)-seen in
 Malabsorption of bile salts and fatty acids in ileum
Inflammatory bowel disease with Steatorrhoea
Extensive ileal resection
Bariatric surgery for treating morbid obesity
Decolonisation of oxalate metabolising bacteria ( Oxalobacter
formigenes) in the colon
2. Abusive intake of precursors: a) Ethylene glycol, b) Ascorbic acid

Epidemiology
Prevalence of PH-1 ranges from 1-3/million in Europe
Population of India 1350 million, so 1350-4050 cases prevalent
in India
Incidence I in 1 lakh livebirths, CBR in India 20/1000=27 million
livebirths. 27,000,000/1,00,000=270.
So estimated Indian incidence=270 new cases every year
More prevalent in countries where consanguineous marriages
are common. So 10% livebirths in Kuwait and 13% in Tunisia
have PH-1

Epidemiology
PH accounts for 1% of paediatric ESRD in Europe, USA and
Japan.
Median age of onset=5.5 yrs or 4-7 yrs in Europe, 13 yrs in
Japan
Each sibling with a proband PH-1 has 25% risk of being
affected, 50% of being an asymptomatic carrier, and 25% of
being unaffected and not a carrier.

Clinical manifestations in PH
1. Recurrent Nephrolithiasis
2. Nephrocalcinosis
3. Haematuria
4. Urinary infection
5. Rapid development of renal failure

Oxalosis

Kidney- first organ to be affected: a) Urolithiasis
b) Nephrocalcinosis
c) Interstitial fibrosis
d) Renal failure
When GFR <30-40 ml/min/1.73m², urinary elimination cannot
maintain oxalaemia within normal levels (<6µmol/L) and calcium
oxalate saturation threshold may exceed 30 µmol/L, causing
tissue deposits as monohydrates and dihydrates.
e)Significant inflammatory response in the form of granulomas
around the crystals

Role of kidney in Hyperoxaluria
Kidney is the first organ affected and calcium oxalate aggregates
in the urinary space(Urolithiasis) and in the renal tissue(
Nephrocalcinosis) where there is significant development of
interstitial fibrosis and renal failure. Once GFR falls below 3040ml/min/1.73m², urinary elimination is not capable of
maintaining oxalaemia within normal level(<6 µmol/L) and the
calcium oxalate saturation threshold may be exceeded,
whenever levels are greater than 30 µmol/L, causing tissue
deposits in the form of monohydrates(95%) and dihydrates. This
phenomenon is called Oxalosis which produces a significant
inflammatory response in the form of granulomas around the
crystals.

Extra renal Ca oxalate deposits
In retina, cardiac muscle, blood vessels, skin, bone and
nervous system
Results in late complications like –
cardiomyopathy and conduction disorders,
vascular disease with frequent distal necrosis,
retinopathy,
synovitis, or
high remodelling bone disease

Late complications contd.
Patient on haemodialysis Oxalate deposition in bone, leading
to
a)Progressive bone pain
b)Skeletal deformities
c)Disabilities
X-Rays show a) marked increase in bone density
b) loss of normal structure
c) osteitis fibrosa cystica type of high remodelling
lesions of unusual severity

Levels of Prevention &Probable time of diagnosis
1. Primary Prevention- Health Promotion & Specific Protection.
2. Secondary Prevention-Early diagnosis & Prompt specific
treatment
3. Tertiary Prevention –Disability limitation &Rehabilitation
Probable time of diagnosis is deep into the Tertiary Prevention
level=
In 30-60% of cases, PH-1 is diagnosed after the recurrence of
oxalate deposits in kidney transplant.
Less aggressive variants are diagnosed in adulthood due to the
presence of lithiasis and nephrocalcinosis, which have long-term
survival even when patient is on dialysis

PH-1: Time of diagnosis contd.
 Most severe forms – in the first few months of life with a
very high mortality rate
 Most common forms occur in the second decade of life,
with many patients being treated for recurrent lithiasis,
with the condition going undiagnosed for years.
 There are even elderly patients who do not develop
ESRD.
 In PH-2 the disease is less aggressive and only 20%
develop ESRD
 PH-3 is even less common and more benign

Differential Diagnosis
1. Secondary Hyperoxaluria and other causes of nephrolithiasisintake of glyoxalate precursors, inflammatory bowel disease,
extensive intestinal resection
2. Metabolic lithiasis- a) hypercalciuria>4 mg/Kg/day without
hypercalcaemia or a GFR >0.15 mg/dl,
b) Hypercitraturia, <300mg/24 hrs, or a GFR <0.17 mg/dl
c) Hyperuricosuria- >750-800 mg/24 hrs, or a GFR > 0.45
mg/dl
They do not occur with nephrocalcinosis nor develop early renal
failure

Differential Diagnosis contd.
3. Hypercalcaemic states- Sarcoidosis,
Primary Hyperparathyroidism
Hypervitaminosis D
Milk alkali syndrome
They may occur with lithiasis and nephrocalcinosis,
but their differentiating feature is hypercalcaemia which
does not occur in PH

Differential Diagnosis contd.
4. Type 1 renal tubular necrosis- may develop lithiasis
and nephrocalcinosis, if it occurs with hypercalciuria.
However its hallmark is hyperchloraemic metabolic
acidosis and hyperkalaemia, and dev of renal failure is
uncommon
5. Cystinuria- less radio opaque characteristic
hexagonal crystals in the sediment, do not dev
nephrocalcinosis. Progression to ESRD is uncommon

Diagnostic methods
1. Calcium oxalate monohydrate crystals (Whewellite,
CaCO₄.H₂0) in the shape of ‘dumb bells’ in urinary
sediment on ultracentrifugation. It must be
distinguished from the diamond shaped crystals of
dihydrate.
OXALURIA higher than 45mg/day (>0.5 m mol /1.73
m²/day) in at least two 24 urine samples is typical of PH
Samples greater than 80-90 mg/day are very suggestive
of PH-1

Diagnostic methods contd.

2. Glyoxalate in 24 hr urine sample-increased levels of glycolate
is typical of PH-1. Though it has low diagnostic specificity and
sensitivity, urinary glycolate values greater than 45 mg/day are
suggestive of PH-1
3. Oxalaemia- Serum oxalate values remain normal until renal
filtration falls below 45ml/min. No real threshold for serum
oxalate, but values above 50 µmol/L should arouse suspicion
while values >100 µ mol/L are highly suggestive
4. ECG and Echocardiogram show effects of oxalate deposition
in the heart
5. Ultrasonography

Diagnostic methods contd.
6. Computerised Tomography to assess extent of calcification and
tissue oxalate deposits.
7. Renal biopsy- to show the presence of oxalate crystals, especially if
they are in the interstitium surrounded by a strong inflammatory
reaction in the form of foreign body granulomas. These can appear in
a transplanted kidney also.
8. Bone biopsy- in advanced cases of dialysis patients with high
remodelling bone disease images on X Ray, bone biopsy gives a
definitive diagnosis.
9. Genetic analysis- to confirm diagnosis and categorise the
mutational variant, from DNA of peripheral blood (non-invasive)

Diagnostic methods contd.
DNA analysis of AGXT gene gives information about the type
of mutation and polymorphisms affecting patients.
In case of uncommon mutations, genetic analysis of
immediate family members is needed.
Since it is a non invasive technique, it is a preferred
diagnostic test if there is a clinical & biochemical suspicion.
It is also used for prenatal test- chance of genetic counselling
and true primary prevention. Since AGT is only expressed in
the liver, enzyme tests on the amniotic fluid are not useful.

Diagnostic methods contd.
DNA analysis of pregnant woman and relatives can reveal the
most common mutations.
This is the most useful diagnostic procedure.
It makes analysis of AGXT gene possible from amniotic fluid
cells or by biopsy of chorionic villi.
Possibly these molecular techniques will become the main
diagnostic method for PH in the future.

Liver biopsy
Enzyme diagnosis- When no mutation is found in AGXT or GR
HPR or HOGA 1 genes, liver biopsy can be done.
AGT enzyme activity in PH 1 patients is quite variable,
especially if there is mistargeting mutation, where AGT is
present in the mitochondria.
In this case Immunohistochemical analysis may provide the
subcellular location of the enzyme.

Treatment
1. General measuresObjective: To decrease urinary saturation of oxalate
Means: a) Increased fluid intake- to more than 3 litres/m²
/day. Urinary pH maintained between 6.2 & 6.8.
b) Urinary crystallisation inhibitorsi) Potassium citrate- 0.1-0.15g/kg
ii)Orthophosphate- 30-40 mg/kg/day
iii) Magnesium-500mg/m²/day
Use of vitamin D analogues may have adverse effect due to
increased calcium absorption

Treatment
2. Diet:
Reduction of oxalate in diet is not very useful as the
endogenous source remains.
Foods rich in oxalate are nuts, plums, chocolates, tea,
Cocacola, beetroot, strawberries etc
Calcium intake must not be restricted as it increases
intestinal oxalate absorption.
Excessive intake of vitamin C should be avoided
especially in dialysis patients as it is metabolised
directly into calcium oxalate

Treatment
3. Oxalate degrading enzymes
Intestinal colonisation with Oxalobacter formigenes, which
metabolises oxalates.
Probiotics in patients with disorders in intestinal flora.
Lactobacilli in patients with Enteric Hyperoxaluria.
4. Pyridoxine-5 mg/kg/day, raised to 20 mg/kg/day
Should not exceed 1 g/day in adults, else sensory neuropathy
Pyridoxine is the only effective way of reducing oxalate
production, applicable only in PH-1

Treatment
5. Surgical management of urolithiasis: Endoluminal endoscopic management is treatment of
choice, while open surgery is exceptional.
6. Dialysis: HD & PD are ineffective in clearing the oxalate
generated in PH.
Oxalate produced by liver is 350-600 mg/dl/day
Clearance capacity of conventional dialysis=80-180mg/dl
So there is 180-360 mg/day deposit despite dialysis
Ideally serum level should be maintained below 30 µ mol/L
HD/PD for 13-15 hrs can achieve balance but it is impractical.
Dialysis is used for patient waiting for a transplant.

Treatment
7. Renal Transplantation (Tx)
Isolated Renal Tx yields unfortunate results, due to recurrence
of nephrocalcinosis. It may be considered as a temporary
measure while Liver Tx is being planned. Also for less severe
forms like PH-2 or PH-3.
Antilithogenic measures (Pyridoxine, Crystallisation inhibitors
& thiazide diuretics) along with early intensive (daily) dialysis.
An aggressive protocol demands maximisation of immunosuppressant, minimising cold ischaemia time, and maintaining
fluid diuresis. Follow up includes monitoring of oxaluria and
tissue oxalate overload.

Treatment
8. Dual Liver and Renal Tx is the treatment of choice in case of
irreversible renal deterioration, even in infants. Good patient
survival is 80% after 5 yrs and 68% after 10 yrs. GFR should be
between 15 and 30 ml /min/1.73 m².
In exceptional circumstances split living donor liver donation
can be done but besides risk to donor, amount of liver
transplanted may be insufficient for preventing renal oxalate
overload.
Sequential Tx requires 2 donors, but less aggressive surgically.
If GFR is >15-20 ml/min, then Renal Tx first.

Treatment
9. Early liver transplant before there is irreversible kidney
damage should be the option of choice, in accurate and early
diagnosis.
Renal function should be between 20-50 ml/min.
Serum oxalate > 50 µmol/L if GFR is <20 ml/min
or >20 µmol/L if GFR is < 30 ml/min
These are considered as potential candidates for Liver Tx
10. Other newer forms of therapy:
i) Molecular therapy

Treatment
ii) Genetic therapy- development of viral vectors with high
hepatic tropism and low immune response may be a realistic
option for the future.
iii) Chemical ‘chaperones’ and therapy for regulating
proteostasis ( homoeostasis of intracellular proteins). It
combines concepts of folding and protein stability, degradation
and intracellular traffic & expression of protein regulatory
systems.
iv) Liver cell transplantation is a promising alternative to partial
liver transplantation.
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