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Primary hyperoxaluria (PH) is a rare autosomal recessive condition 
characterised by defects in the metabolism of glyoxylate which 
leads to an increased oxalate production and deposition.[1] The 
most common and severe form is type 1 PH (PH1), due to a genetic 
mutation in the enzyme, alanine-glyoxylate aminotransferase 
(AGT) found in the liver peroxisomes.[1] PH1 rapidly progresses to 
kidney failure (KF), which includes the more severe presentation of 
infantile PH subtype.[2] The exact prevalence and incidence of PH is 
unknown.[1] 

The age of presentation can range from birth to the sixth 
decade of life.[1] The most common presentations are urolithiasis, 
with or without nephrocalcinosis, urinary tract infections (UTIs), 
haematuria and KF.[3-6] Systemic oxalosis is a result of the deposition 
of insoluble calcium oxalate crystals in any organ, which usually 
develops once the glomerular filtration rate (GFR) falls below 40 mL/
min/1.73 m2.[7] The diagnostic work-up includes a 24-hour urine or 
spot urine analysis for oxalate crystals, genetic mutation analysis, 
imaging and histology.[1,7] Management of PH includes high fluid 
intake of 2 - 3 L/m2 of body surface area per day, alkalinisation of 
the urine and pyridoxine supplementation.[1,7] Combined peritoneal 
(PD) and haemodialysis (HD) is also required for the management 
of PH, but the definitive treatment for PH1 is a combined liver and 
kidney transplant.[1] 

Although primary hyperoxaluria is a rare genetic disorder, the 
clinical data on PH has been well documented in developed 

countries.[3,8,9] There are data emerging from developing countries 
with cohorts of 18 patients from Oman, [10] 26 from Egypt,[6] 44 from 
Tunisia,[5] and 70 from Jordan.[4] However, no studies have yet been 
published in sub-Saharan Africa, including South Africa (SA). This 
study aimed to describe the presentation, diagnosis and treatment of 
PH at Chris Hani Baragwanath Academic Hospital (CHBAH) in SA, 
and to identify any determinants of KF and death.

Method
The study population was selected from the Paediatric Renal Unit 
at Chris Hani Baragwanath Academic Hospital (CHBAH), which is 
a tertiary academic hospital in Gauteng affiliated to the University 
of the Witwatersrand. This unit serves the population of Soweto 
but also receives patients referred from other provinces, as well as, 
neighbouring countries of SA. 

This was a retrospective descriptive study spanning 33 years, 
1  January 1984 - 31 December 2017, of all patients younger than 
16 years of age and diagnosed with PH. The diagnosis of PH was 
made if any one of the following was fulfilled: high urine oxalate 
levels in 24-hour urine collection (>0.7 mmol/1.73 m2)[1] or spot 
urine analysis in keeping with hyperoxaluria[1] or birefringent oxalate 
crystals on histology or genetic confirmation. 

Demographics, diagnostic tests, management and outcome data 
were obtained from the records and further analysed for any 
association with KF and death. For the definition of the different 
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variables, please refer to the supplementary 
file (url:XX). 

The categorical data were presented as 
frequencies and percentages and continuous 
data as medians with inter-quartile ranges 
(IQRs). A  Pearson’s chi-squared test or 
Fisher’s exact test was used to analyse 
categorical variables for association with KF 
and death. For continuous variables that was 
not normally distributed, a Mann-Whitney 
U test was used. The data were analysed 
at the 95% confidence interval (CI) and 
p-value <0.05 was considered significant. 
The software used was STATISTICA version 
13.3 (TIBCO Software Inc., USA). Ethics 
approval was obtained from the Human 
Research Ethics Committee of the University 
of the Witwatersrand (ref. no. M170423) as 
well as the medical advisory committee at 
CHBAH. Approval was also granted by the 
head of the renal unit to utilise the records. 

Results
A total of 24 patients were identified with 
PH, of which 20 records were available for 
complete analysis. The data available for the 
four incomplete records were included in 
the analysis. 

Demographics
The median (IQR) age of presentation 
was 72.0 (44.0 - 108.0) months (Table  1). 
Nineteen patients (95.0%) were South 
African, and of African descent, while 
one was from Swaziland, of British and 
caucasian descent. Of the 11 patients from 
Gauteng, 81.8% were from outside Soweto. 
There was no history of consanguinity or 
previous family history of kidney disease. 

As seen in Table  2, the most common 
clinical presentation was urolithiasis (90.0%) 
and KF (85.0%). The median (IQR) estimated 
GFR (eGFRcr) was 6.1 (4.2 - 9.0) ml/min/ 
1.73 m2. One patient had stage four (CKD) 
and two patients had normal kidney 
functions. Figure 1 depicts nephrocalcinosis 
and urolithiasis detected by plain abdominal 
radiograph. Most of the patients had more 
than one test performed for the diagnosis of 
PH. The median (IQR) 24-hour urine oxalate 
excretion was 1.4 (0.8 - 2.0 mmol/1.7 m2/day 
and 323.6 (232.5 - 594.1) μmol/mmol for spot 
urine oxalate to creatinine ratio. More spot 
urine samples were collected compared with 
24-hour urine oxalate samples. However, the 
positivity rate was higher with 24-hour urine 
collections (87.5%) compared with the spot 
urine samples (76.9%). Bone marrow aspirate 
and trephine (BMAT) was performed on 
16  patients, of which five (31.3%) had 
confirmed oxalate crystals under polarised 
light. Kidney biopsy was done on 11 of the 

patients, including one postmortem biopsy, 
and all confirmed oxalate crystals under 
polarised light.

Echocardiography was done on 15 patients, 
eight (53.3%) of which had normal findings 
and seven (46.7%) had abnormal findings: 
two patients (13.3%) had left ventricular 
hypertrophy, two patients (13.3%) had small 
pericardial effusions (range 4 – 8 mm), one 
patient (6.7%) had diastolic dysfunction, 
and one patient (6.7%) had a patent ductus 
arteriosus (PDA). Lastly, echo-bright 
myocardium was observed in one patient 
(6.7%), but no speckling was observed. 
There were seven electrocardiograms (ECG) 
available for analysis, four were normal but 
three patients had prolonged, corrected QT 
intervals. Of the three patients, two had 
documented hypocalcaemia. 

Genetic studies were done on six patients, 
and all had confirmed type 1 PH. Five of 
the patients were homozygous for A112D 
mutation and the other had a heterozygous 
mutation for two different alleles, c335C>A 
(p.A112D) and c.473C>T (p.S158L). 

On initial presentation, 15 (75.0%) 
patients had nephrocalcinosis on abdominal 
radiograph. Of the remaining five, one had 

urolithiasis without nephrocalcinosis; two 
were not available and two of the patients, 
who had normal kidney function, showed 
normal plain abdominal radiographs. This 
contrasts with the 17 ultrasounds that 
were performed, where only five (29.4%) 
ultrasounds confirmed the presence of 
medullary or cortical nephrocalcinosis. Of 
the remaining 12 ultrasounds, five reported 
hyperechoic kidneys and the remaining seven 
sonars did not identify nephrocalcinosis. 
Nephrocalcinosis was significantly associated 
with KF (p=0.009).

Management
Routine management included alkalinisation 
of urine, high fluid intake and pyridoxine. 
The median (IQR) dose of pyridoxine 
was 6 (5 – 10) mg/kg/dose. Response to 
pyridoxine treatment was not assessed in 
this study. A gastrostomy tube was inserted 
for a 7-month-old infant to ensure adequate 
fluid and protein intake. Three patients had 
endoscopic lithotripsy by the urologist prior 
to referral to the renal unit. 

A total of 14 patients received dialysis and 
four patients died prior to the initiation of 
dialysis. Of the 11 patients that were referred 

Table 2. Clinical presentation of the patients with primary hyperoxaluria, N=20
n (%)

Urolithiasis 18 (90.0)
KF 17 (85.0)
Nephrocalcinosis (by radiographs) 15 (75.0)
UTI 11 (55.0)
Haematuria 6 (30.0)

KF = Kidney failure; UTI = Urinary Tract Infection.

Table 1. Demographics of the patients with primary hyperoxaluria
n (%)* Range

Age
At first symptom (months), (N=20), median (IQR)   67.5 (38.8 - 93.6) 6.0 - 156.0
At hospital presentation (months), (N=23), median (IQR) 72.0 (44.0 - 108.0) 7.0 - 156.0

Sex (N=24)  
Male 14 (58.3)  
Female 10 (41.7)  

South African (N=19)   
Gauteng 11 (57.9)  
Northwest 7 (36.8)  
Free State 1 (5.3)  

Outside of South Africa (N=1)
Swaziland 1 (100)

Gauteng (N=11)
Soweto 2 (18.2)  
Outside of Soweto 9 (81.8)  

*Unless otherwise specified.
IQR = interquartile range.
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for transplantation, four had been transplanted, of which two received 
combined liver-kidney transplantation and the other two had kidney 
transplantation. Of the remaining seven patients, two were waiting to be 
listed, four patients demised prior to transplantation, and one was lost 
to follow-up. In this study, 14 of the 24 patients demised resulting in a 
mortality rate of 58.3%. 
There were significant associations between the following factors 
with KF: nephrocalcinosis (p=0.009), and haematuria (p=0.018). 
However, no significant determinants of death were identified. 

Discussion
This is one of the first studies reporting on PH in SA. It highlighted 
the important differences in the presentation of patients in this 
cohort compared with other countries, such as North Africa 
and the Middle East. The most notable difference was the age 
of presentation. There was no history of consanguinity in this 
study, compared with the North African[5] and Middle Eastern 
cohorts.[4,6,10] The high prevalence of PH seen in the North African 
and Middle Eastern countries may be due to the high rates of 
consanguinity.[1] 

In this study, the median age of onset of first symptoms was 
67.5 months (5.6 years), which is comparable with the Dutch cohort 
(median age of 6.0 years).[9] The median age of presentation was 
72 months (6 years) which is much older compared to the Egyptian 
cohort of 3 years of age.[6] The difference in age of presentation was 
a result of the higher proportion of infantile PH (35.3%) in the 
Egyptian cohort[6] compared with this study cohort of 4.2%. 

The most common clinical presentation in this study was 
urolithiasis, KF and nephrocalcinosis, which was similar to the other 
international cohorts.[3,6,9,10] In this cohort, nephrocalcinosis was 

identified more often on plain abdominal radiographs compared 
with ultrasound, and as reported in other studies.[11,12] 

It has been shown in a few studies that cortical nephrocalcinosis 
is associated with rapid progression to KF.[5,6,8,9,13] In this cohort, the 
presence of nephrocalcinosis was associated with KF (p=0.009). The 
poor recognition of nephrocalcinosis on sonography may be due to 
the low diagnostic yield and the high inter-observer variability in this 
imaging modality.[14] In addition, the hyperechoic renal parenchyma 
on ultrasound could represent nephrocalcinosis, but not interpreted as 
such. This highlights the importance of plain abdominal radiographs, 
as well as the utilisation of more than one imaging modalities to 
improve nephrocalcinosis-diagnosis in PH. 

The percentage of positive results were higher in the 24-hour urine 
collections (87.5%) compared with the spot urine samples (76.9%). 
A 24-hour urine collection is the gold standard diagnostic test and 
is preferred over a spot urine sample, as it is more sensitive and 
specific.[15] However, a 24-hour urine collection is technically more 
challenging, and requires accurate timing and collection of all urine 
passed during that time period.[16] A spot urine oxalate creatinine is 
also more practical in younger children.[15] 

The decline in GFR typically results in reduction in urine oxalate 
excretion.[16] However, this was not evident in this study. Urinary 
oxalate levels were diagnostic in 11 patients with eGFRcr < 30 mL/
min/1.73 m2, and remains an important diagnostic tool for PH 
even in advanced stages of CKD. Haematuria was shown to be 
significantly associated with KF (p=0.018), showing the importance 
of routine urine dipsticks. 

Genetic testing was performed on six of the patients, of which five 
had homozygous A112D mutation (type 1 PH). This mutation was 
previously identified in two unrelated patients, one from Botswana 
and one South African.[17] A112D is most likely a common mutation 
in the Southern African population as previously suggested.[17] 

One patient was heterozygous for two different alleles, c335C>A 
(p.A112D) and c.473C>T (p.S158L). 

Given the small sample size there was no significant association 
noted between the genetic mutations with KF (p=1.0). Interestingly, 
of all the genetically-confirmed PH1 patients, four had KF while 
one had normal kidney function. The patient with the normal 
kidney function and type 1 PH likely had a slow progression of the 
disease, supporting the notion that simply having the genotype does 
not necessarily translate into full phenotypic expression. Further 
studies would need to be done to identify phenotypic correlation to 
homozygous A112D mutation. It was not possible to determine the 
PH subtypes of the remaining 11 patients, who had presented with 
KF, without genetic analysis.

Histology remains an important tool in the diagnosis of PH, 
particularly in anuric patients where measuring urine oxalate levels 
is not possible. Kidney biopsy appeared to be more relaible than 
BMAT in this cohort. There was no significant association between 
systemic oxalosis and KF, or death. 

The cardiac abnormalities noted in the study population, including 
left ventricular hypertrophy and diastolic dysfunction, could be 
related to the hypertension seen in chronic kidney disease, but it 
could also be attributed to oxalate deposition as observed in another 
study.[18] Increased cardiac echogenicity has also been described in 
patients with PH as a result of deposition of oxalate crystals,[19] which 
was observed in one study patient. 

There was one study patient that had a prolonged QT interval 
with normal calcium levels. This could be a result of oxalate 
deposition as arrhythmias have been described in PH patients.[18] There 
was no significant association between the cardiac manifestations 
and KF, or death. Non-invasive screening for cardiac involvement 

Fig. 1. Abdominal x-ray with primary hyperoxaluria showing nephrocalcinosis, 
as delineated by the radio-opacities outlining both kidneys, and urolithiasis as 
indicated by the arrows
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in all patients with PH is recommended. Larger studies would be 
valuable in characterizing the cardiac manifestations of PH. 

A large proportion of the study population were referred from 
the North West (36.8%) and of those that were from Gauteng, 
81.8% were from outside of Soweto, the drainage area for CHBAH. 
Transportation costs incurred by patients may account for as 
much as 27.1% of the average family income.[20] In addition to the 
transportation costs, the need for families to relocate to access 
dialysis and further treatment also results in high social strain and 
disruption to the family unit, as well as, daily life. 

It is possible that the mortality rate in this study was higher than 
58.3%, as three of the four patients that defaulted follow-up had eGFRcr 
<15 mL/min/1.73 m2. This mortality was higher compared to the 
Egyptian cohort of 42.3%, of which 65.4% of the patients had KF.[6] The 
higher mortality rate in this study was likely due to late presentation, as 
well as, the higher portion of KF (85.0%) in this cohort. 

This retrospective study was limited by the small sample size, the lack 
of availability and incompleteness of the records in four children. In this 
cohort, the lack of significance between systemic oxalosis with KF or 
death and the determinants of death, was likely due to the small sample 
size. Logistic models for analysis of the determinants of KF and death 
could not be done due to the small sample size. There is a referral bias 
given that only patients that were referred to the renal unit were included. 
The milder and more severe types of PH may be missed, as the former 
may be asymptomatic, and the latter die before referral or presentation. 
Despite these limitations, this study is the first in SA to document PH in 
children, and future studies may add to the genetic data. 

Conclusion
Clinicians should have a high index of suspicion for PH in patients 
presenting with haematuria, urolithiasis and KF. This study supports 
the measurement of urine oxalate levels and abdominal radiographs 
in screening for PH in children presenting in KF. 
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