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Abstract Primary hyperoxaluria type 1 (PH1) is a rare
inborn error of glyoxylate metabolism of autosomal reces-
sive inheritance, leading to progressive systemic oxalate
storage (named ‘oxalosis’) with a high rate of morbidity
and mortality, as well as an unacceptable quality of life for
most patients. The adverse outcome, however, is partly due
to issues that can be overcome. First, the diagnosis of PH is
often delayed due to a general lack of knowledge of the
disease among physicians. This accounts specifically for
patients with pyridoxine sensitive PH, a group that is para-
doxically most easy to treat. Second, lack of adherence to
a strict conduction of conservative treatment and optimal
urological management may enhance an adverse outcome of
the disease. Third, specific techniques to establish PH1 and
specific therapies are currently often not available in several
low-resources countries with a high prevalence of PH. The
management of patients with advanced disease is extremely
difficult and warrants a tailor-made approach in most cases.
Comprehensive programs for education of local physicians,
installation of national centers of expertise, European sup-
port of low-resources countries for the management of PH
patients and intensified international collaboration on the
management of current patients, as well as on conduction
of clinical studies, may further improve outcome of PH.
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Introduction

Primary hyperoxaluria type 1 (PHI) is a rare autosomal
recessive disease of glyoxylate metabolism due to a defect
of the specific liver peroxisomal enzyme alanine glyoxylate
aminotransferase (AGT), leading to hyperoxaluria, progres-
sive renal involvement, and subsequent systemic deposition
of calcium oxalate [1].

At this stage, called oxalosis, organ involvement affects
bone, joints, retina, skin, soft tissues, heart, vessels, and
peripheral and central nervous system. This is associated
with high morbidity, pain, disability, unacceptable quality of
life, and if treated late or untreated, early death. In addition,
physicians often delay the diagnosis (based on clinical and
sonographic findings, urine oxalate assessment, and DNA
analysis) due to insufficient knowledge of the disease. Early
initiation of an aggressive conservative treatment (including
high fluid intake, inhibitor of calcium oxalate crystalliza-
tion, and pyridoxine in responsive cases) can help to main-
tain renal function in adherent subjects. In stage 4 and 5
chronic kidney disease (CKD) patients, the best outcomes
have been achieved with combined liver-kidney transplan-
tation (Tx) that corrects the enzyme defect and replaces
damaged kidneys. This renal/metabolic disease is one of
the most challenging for both patients and caregivers since
hospital dependence, permanent discomfort, and life-
threatening events may occur at any stage. Its management
therefore requires specific facilities and financial resources,
such that it cannot be universally offered.

PH1 may present at all ages and has an extensively
heterogeneous clinical phenotype in terms of severity of
disease, even within the same family. Its presentation may
vary from infantile nephrocalcinosis and signs of renal
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failure to recurrent or occasional stone formation. Yet, even
patients with late presentations with occasional stones may
develop end-stage renal disease (ESRD). Therefore, all chil-
dren with a first kidney stone and all adults with recurrent or
familial stone disease or nephrocalcinosis should undergo
metabolic screening for PH1 [2]. The pathophysiology of
PHI is unique in humans and it is one of the most severe
inherited inborn errors of metabolism that can be managed
by nephrologists. Early initiation of an aggressive conserva-
tive treatment can significantly improve outcome and delay
the need for combined liver and kidney Tx. In this paper, we
will discuss some of the practical barriers and ethical di-
lemmas that directly affect the outcome of PH patients.

Delay in diagnosis

Diagnostic delay is one of the major problems in PH.
According to several cohort studies, the median time inter-
val between initial symptoms and diagnosis is more than
5 years.

Unfamiliarity with the disease among physicians and
diagnostic pitfalls are the most important reasons for miss-
ing the diagnosis. Due to its rarity, PH is unknown to most
medical students and young practitioners. As a result, spe-
cific investigation that is required in any patient with un-
usual presentation of nephrolithiasis is often not carried out
on time. Secondly, establishing PH can be troublesome.
Improperly conducted 24-h oxalate assessment can easily
lead to undetected hyperoxaluria due to precipitation of
oxalate in the urine bowl, and plasma oxalate assessment
may be normal or subnormal in patients with preserved
glomerular filtration rate (GFR). Ultrasound assessment of
diffuse cortical nephrocalcinosis can be mistaken for other
parenchymal renal impairment. Patients with a GFR below
60 ml/min per 1.73 m? are at risk for systemic oxalosis and
should undergo fundoscopy and screening for bone abnor-
malities by X-ray. The retinal abnormalities are typical, yet
unfortunately often not recognized. This is also true for bone
abnormalities, which may mimic renal osteodystrophy.
Since there is no reliable noninvasive marker of system-
ic oxalate burden to date, research should be encour-
aged in this field in order to use systemic storage
assessment as a major criteria facing optimal timing
for organ transplantation.

The direct consequence of the therapeutic delay is that
many patients have unnecessarily developed CKD at the
time of diagnosis. In patients who are diagnosed at adult
age, over 50 % have developed ESRD and systemic oxalosis
at the time of diagnosis [3, 4]. Typically, these patients have
a history of recurrent stone disease and are mostly sensitive
to B6 therapy and therefore relatively easy to treat. Yet,
despite their ‘mild’ biochemical phenotype, they are often
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only diagnosed at the time of development of ESRD. In
around 10 % of patients, the diagnosis is only established
after recurrence of the disease in a renal graft (Cases 1 and 2)
[5-7].

How should we deal with this problem? It is certainly not
realistic to implement an extensive course on such a rare
disease as PH in the basic medical training. What should be
taught to all medical students is that stone disease in chil-
dren and recurrent stone disease or nephrocalcinosis in
adults always warrants further metabolic screening.

Secondly, more effort should be put into stimulation of
clinical studies in PH, in order to provide more evidence for
management guidelines and to optimize treatment. Like
other very rare diseases, this can only be achieved by a
collaborative effort to create an international, comprehen-
sive database that gives more insight in the clinical pheno-
type and can serve as a basis for interventional studies. To
date, due to its rarity, there is little interest for PH among
drug fabricants as well as most national health institutes. Yet
timely adequate management may prevent the development
of a relatively mild disease into a devastating, but also very
costly systemic oxalosis.

Dilemma: Suboptimal care and consequently adverse
outcome of patients with PH due a general lack of
knowledge about PH among physicians (internists, gen-
eral practitioners, pediatricians).

Solution: National programs for easy accessible infor-
mation on orphan disease and training programs.
Stakeholders (depending on the local situation): Local
government, societies for pediatrics, pediatric nephrol-
ogy, nephrology, urology.

Inadequate conductance of conservative therapy

Conservative therapy may be very effective as long as it is
strictly carried out, even in PH patients with a potentially
detrimental mutation. Patients should take in at least
three liters of water per 24 h. This hyperhydration should
be vigorously assessed, especially in B6 unresponsive
patients, which means that abundant fluid intake should
become a way of life, including overnight intake [2]. Small
infants may need fluid substitution by nasogastric tube or by
gastrostomy. In case of diarrhea or vomiting, patients should
be easily admitted to the local hospital in order to ensure
fluid intake. Gastro-enteritis is a well-recognized moment of
risk for exacerbation of the disecase towards systemic
oxalosis. Citrate has been shown to be effective in keeping
calcium oxalate soluble and should be taken at a frequency
of at least two times per day.

Unfortunately, these measures are often not correctly
carried out (case 3). Hyperhydration is a burden for many
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patients, especially small children. Citrate prescription can
be troublesome. Blunt potassium citrate is very distasteful
and many pharmacists are reluctant to prepare an adjusted,
tastier solution for children that may overcome their reluc-
tance to take it. In addition, these drugs may be lacking in
many developing countries as health resources are limited.

Detailed and repeated information to patients, parents,
family, local physicians, and local pharmacists by the
use of repeated interviews, drawings, leaflets, and on-
line explanations is therefore the cornerstone of the
management of PH. The knowledge of overall prognosis
may help in discussing prenatal diagnosis, which is not
universally accepted for personal, cultural, or religious
reasons. Indeed, some parents may be reluctant to un-
dergo chorionic villi sampling procedures and pregnancy
termination. In addition, prenatal diagnosis and pregnan-
cy termination are often unavailable/illegal in those de-
veloping countries where there is a relatively high
incidence of PHI1. Screening relatives of index cases is
better accepted, and must be performed as soon as any
case of PH1 has been confirmed.

Local physicians are not always fully aware of the im-
mediate threat for PH patients that a mild dehydration may
cause. Therefore, all patients should carry a protocol for
measures that have to be taken in case of immediate
dehydration.

Dilemma: Unnecessary development of adverse out-
come by non-adherence to conservative measures as a
result of inadequate information and education of pa-
tients, parents, and local care givers.

Solution: Comprehensive information programs for pa-
tients as well as for local care givers.

Stakeholders (depending on the local situation): Local
government, societies for pediatrics, pediatric nephrol-
ogy, nephrology, urology.

Sub-optimal urological care

The primary mechanism for CKD from kidney stones is
usually attributed to repeated infection/obstruction episodes
and to progressive nephrocalcinosis [8]. PHI1 patients usu-
ally present with a combination of all risk factors, and any
kind of parenchymal aggression may lead unabated towards
ESRD. Non-endoscopic treatment (i.e., lithotripsy) holds
the risk of misinterpretation, which means that shock waves
are applied on nephrocalcinosis spots instead of stones,
which may alter the renal tissue [9]. There is, however,
another reason why lithotripsy should never be applied in
PH: like cystine stones in cystinuria, calcium oxalate stones
in PH are too abrasive to be approached successfully, so that
it is sometimes better to leave in place non-infected, non-

obstructed urolithiasis. In case of obstructive stones, differ-
ent minimally invasive methods like semi-rigid or flexible
ureterorenoscopy, percutaneous nephrolithotomy, and lapa-
roscopic approaches are recommended for interventional
stone treatment and should be the first option in PHI pa-
tients [2]. However, these procedures require specific re-
sources and training that are not available worldwide.
Unfortunately, the diagnosis of PH1 still comes following
immediate irreversible ESRD in undiagnosed PH1 patients
who have been referred to urologists.

Dilemma: Inadequate urological conductance in PHI
patients.

Solution: Training programs. Collaboration with spe-
cialized urological teams. Stone analysis.
Stakeholders: Local societies of urology, pediatric urol-
ogy, nephrology, and pediatric nephrology.

Management of advanced disease

Following stage 3 CKD, kilograms of oxalate will accumu-
late throughout the body and mainly in the skeleton. Yet,
diagnosis of systemic oxalosis is extremely difficult and
oxalate-induced abnormalities can easily be mistaken for
CKD-related diseases, such as renal osteodystrophy. Retinal
oxalate depositions show a very typical brownish pattern,
yet fundoscopy is often not performed. Myocardial and
vascular disease are usually only recognized in a very ad-
vanced stage of the disease, including sudden death. Bone
disease often causes major problems, especially in patients
on dialysis, who may develop bone pain, deformities and
fractures [10]. The management of these fractures is rather
challenging and requires experienced orthopedic surgeons,
since bone structure is highly abnormal and remodeling is
always impaired. In addition to optimal control of hyper-
parathyroidism, oxalate bone disecase may be prevented by
aggressive dialysis strategy, often combining daily hemodi-
alysis and nocturnal automated peritoneal dialysis, aiming at
keeping plasma oxalate below 40 umol/l. However, such
dialysis ‘over adequacy’ leads to iatrogenic phosphate de-
pletion that contributes to abnormal bone metabolism and
further fractures. Ongoing bone disease in PH may lead to a
state of continuous pain, disability, unacceptable quality of
life, growing dependence, unemployment, depression, and
sometimes suicide (case 4).

Is there a place for dialysis?
Oxalate is a small molecule and easy to clear, but its esti-

mated generation by the liver is 4 to 8 mmol/1.73 m* per day
and the clearance by conventional hemodialysis
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approximates 1 to 2 mmol/1.73 m? per day. This means that
sufficient oxalate removal can only be obtained by very in-
tensive dialysis strategies consisting of high flux
hemodialfiltration of more than 6 h per day or combined
regimes of daily hemodialysis and nocturnal peritoneal dialy-
sis. Even the most intensive dialysis regimes will not be able
to remove already stored systemic oxalate from the body (case
5). For all these reasons, there are limited indications for
dialysis: (1) if the diagnosis of PH1 has not been established,
(2) in children with neonatal/infantile onset waiting for organ
transplantation, (3) in preparation for kidney transplant,
whether before or after liver transplantation, in order to de-
plete oxalate from the body, (4) following isolated kidney or
combined liver-kidney transplantation with any delay in
achieving optimal renal function, as a temporary adjunct in
the case of high oxalate burden, or with transient loss of
transplant function, (5) very exceptionally in older patients if
the only alternative is no dialysis, (6) in developing countries,
optimal dialysis may be indicated as only a preference to
absolute withdrawal of all therapy [11]. In order to avoid
any form of dialysis, organ Tx should be considered when
CKD stage 3b has been reached.

Which strategy for organ transplantation?
Combined liver-kidney transplantation

In PHI1 patients with CKD4 and CKDS5, combined liver-
kidney Tx seems to be the best option at this moment.
Ideally, organ Tx should be planned prior to the onset of
ESRD and systemic oxalosis, i.e., at CKD stage 3, in order
to guarantee organ replacement therapy at stage 4 [1, 2].
Since the liver is the only organ responsible for glyoxylate
detoxification by AGT, the excessive production of oxalate
will continue as long as the native liver is left in place.
Therefore, PHI can be cured only when the deficient host
liver has been removed, so that partial liver Tx cannot be
applied.

In Europe, combined liver-kidney Tx has been the pre-
ferred approach over the past 25 years, and kidney graft
survival in these patients has reached 82 and 79 % at 1 and
3 years, respectively [12], contrary to the situation in North
America [13]. Registry data indicate that if low periopera-
tive mortality can be provided, a combined liver-kidney Tx
by far offers the best outcome in PH1 (cases 6 and 7) [2, 14].
Simultaneous liver and kidney Tx seems the most logical
strategy for patients with CKD stage 4 and those patients
with CKD stage 5 who have only been on dialysis for a very
short time, i.e., with a limited systemic oxalate storage. A
sequential procedure (first liver Tx, then dialysis until suf-
ficient oxalate has been cleared from the body, followed by
kidney Tx) could be an alternative for CKD stage 5 patients,
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mainly infants, with a long waiting time and subsequent
major systemic oxalate storage. To date, due to limited
experience, there is no evidence that supports this approach,
but there is a strong biochemical rationale [11]. Therefore,
even in developed countries, it is recommended to discuss
Tx strategy with experts and to collect information in large
databases.

Isolated kidney transplantation

We believe that isolated kidney Tx should generally be
avoided in PHI patients. Kidney Tx allows significant
removal of soluble plasma oxalate but the biochemical
defect is in the liver, so that overproduction of oxalate
and subsequent deposition in tissues continues unabat-
ed. Isolated kidney Tx has lead to a poor graft survival
and patient morbidity as a result of oxalate deposition
in the graft: in Europe, the S-year graft survival is
14 % compared to 85 % in non-PHI1 recipients, and
to 76 % in PH1 children who received a combined
liver-kidney Tx [12]. Proven pyridoxine-responsive pa-
tients (usually associated with Glyl70Arg and
Phel52Ile genotypes) may theoretically benefit from
isolated kidney Tx but the clinical evidence for this is
still sparse (cases 6, 8, 9, and 10) [15]. Isolated kidney
Tx is sometimes provided as a temporary solution in
some developing countries before managing the patient
in a specialized center for further combined liver-
kidney procedure. However, since the chances for suc-
cess are so extremely low, especially under sub-optimal
conditions, we believe that this approach should be
discouraged. An exception in this respect could possi-
bly be made for selected adult patients with a
pyridoxine-sensitive mutation.

Isolated orthotopic liver transplantation

If only CKD stage 3, but not yet CKD stage 4, is
apparent at time of preparation for Tx, isolated
orthotopic liver Tx could be considered [13, 16]. Indeed
in the Hamburg experience, four pediatric recipients
with a GFR between 27 and 98 ml/min per 1.73 m?
received a preemptive liver transplant, and three of them
still have significant residual renal function after a me-
dian follow-up of ~12 years [17]. Another group
reported good results at 5 years in four PHI children
who received a preemptive liver Tx with a mean
pretransplant GFR of 81 ml/min per 1.73 m?” [18].
However, this strategy raises ethical controversies, espe-
cially when the GFR is superior to 40-60 ml/min per
1.73 m?, since the progression of CKD cannot be an-
ticipated (cases 11, 12, and 13). In addition, PHI is the
only peroxisomal disease without psychomotor delay
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due to cerebral involvement, and the conservative man-
agement of such patients has significantly improved
during the last 10 years [19]; this may influence the
indication of preemptive liver Tx in such patients (case
12). Even with good results from case series [17, 20,
21], the risk of death associated with the liver Tx
procedure shows that it cannot be regarded as a first-
line option, so that the procedure should be postponed
in those patients with well-preserved GFR until CKD
stage 4 has been reached, leading to preemptive com-
bined liver-kidney Tx.

Dilemma: PH management in patients with advanced
CKD warrants a tailor-made approach in specialized
centers. Especially patients with an estimated GFR
between 30 and 60 ml/min need a personalized strategy.
More data are needed to define an evidence-based strat-
egy for all CKD stages.

Solution: Early referral to specialized centers for PH.
International collaboration in patient care and interna-
tional cohort studies in order to improve clinical knowl-
edge of PH.

Stakeholders: National centers of expertise in PH. In-
ternational societies for pediatric and adult transplanta-
tion, databases and registries.

Donor source

The choice of the donor source may rely either on
immunological bases (i.e., using the same donor for
both organs) or on biochemical rationale (i.e., using a
two-step procedure according to oxalate body store)
[14]. Indeed, most publications report on the use of
one deceased donor, but PHI patients should benefit
from specific priority since patients who have reached
ESRD suffer from progressive systemic involvement and
subsequent cumulative problems (fractures, pain, disabil-
ity) along with time duration on dialysis. Due to the
small number of patients, priority should be given to
PHI recipients by national and international organ allo-
cation networks. A living-related donor may be consid-
ered under certain conditions, such as young patients
with aggressive forms of PHI1 or patients coming from a
developing country with their own donor. An option
would be a first-step deceased donor for the liver and
a second-step living donor for the kidney (case 14).
However, in case of living-related donor, the use of
heterozygous subjects may raise questions, as they
may have subtle hyperoxaluria that may contraindicate
such Tx. On the other hand, in some countries this may
raise the possibility of using living-unrelated (sometimes
paid) donors who may be exposed to an unacceptable
risk in terms of both morbidity and mortality.

Dilemma: Need for deceased donors at short notice
Solution: Adjusted allocation rules with special priority
of post-mortem donation for PH1 patients
Stake-holders: National transplantation societies

Inaccessibility to proper diagnostic tools and essential
treatment in low-resource countries with high prevalence
of PH

PHI1 represents around 1 % of children with ESRD in Western
Europe and North America, but this may reach more than 10 %
in countries where there is a high rate of consanguinity, such as
in North Africa and the Middle East. However, many of these
countries currently have limited medical resources and patients
have no access to adequate conservative measures (including
water!) or to adequate organ replacement, so that many patients
die [22]. In addition, the establishment of PH requires sophis-
ticated diagnostic tools and, for example in France, the cost of
urine oxalate measurement is ~140€ and DNA sequencing
~630€. Therefore, most patients coming from low-resource
countries cannot be treated according to current recommenda-
tions [2]: diagnostic tends to be late, prenatal diagnosis is not
available/accepted, conservative measures (high water intake,
pyridoxine, citrate) are not available, so inadequate dialysis is
often the only option, and organ Tx is either unavailable or
limited to isolated renal Tx with a 100 % risk of recurrence (the
cost of combined liver-kidney Tx in France is ~138,000€).
Timely diagnosis in patients from those countries must be kept
in mind, since conservative treatment is cheap, can be very
effective and has no important side effects (case 15) [2, 19].

Infantile PH1 in a low-resource country is the worst imag-
inable situation. The only option for survival for these patients
is combined liver-kidney Tx at the shortest possible notice,
something that is most often not accessible. For these patients,
treatment withdrawal/withholding seems to be an acceptable
option from an ethical point of view (case 5) [23].

Dilemma: Access to the necessary specialized diagnosis
and care is limited in low-resource countries that also
have the highest prevalence of PH.

Solution: Aid programs from Western countries, devel-
opment of local diagnostic tools, and access to conser-
vative measures

Stakeholders: International societies for pediatric ne-
phrology and nephrology, European Community, US
governmental institutions.

Prospects and next steps
In order to provide an early diagnosis, neonatal screening

may be considered but (i) urine oxalate can be excreted in
highly variable amounts in neonates, and (ii) national
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screening programs are currently limited to blood sample
assessment (case 16).

There are exciting basic research projects, including de-
velopment of chemical chaperones that can stabilize mutant
AGT, hepatocyte transplantation using cells either from a
normal liver or the patient’s own liver cells virally trans-
duced ex vivo to express AGT.

These therapeutic approaches are currently being devel-
oped in humanized transgenic KO mice or in transformed
mammalian cell lines, but not yet accessible to humans [24,
25].

In the absence of new developments, all patients
cannot be managed in reference centers, but any physi-
cian is asked to adapt available guidelines to each
individual, and to optimize patient care quality by par-
ticipating with international databases and contacting
expert centers.

Independent of improving knowledge on PHI1, current
research focuses on alternative organ-orientated approaches,
a challenge that mainly depends on the remaining popula-
tion of liver cells still producing oxalate.

Conclusions

Although it has improved over time, the outcomes of
PH remain poorer than of other diseases leading to
ESRD. Yet, part of the deleterious issues of PHI is
caused by underdetection and sub-optimal management
as a result of a general lack of knowledge among
physicians.

Programs to improve knowledge of PH1 among pe-
diatricians, nephrologists, and urologists should there-
fore be top priority, especially in those countries
where the incidence of PHI is high. Such an education
of physicians may help shorten the delay between initial
symptoms, diagnostic confirmation and starting adequate
therapy by specialists. In addition, information to pa-
tients will help them understand the pathophysiology of
their disease that is the main tool for complete adher-
ence to the treatment.

Resources is the second priority, since the management
of PH1 requires specific biological investigations, access to
combined organ transplantation, access to combined dialysis
procedures and access to research and international
collaborations.

Ethical issues are present at all stages of the disease, from
preimplantation genetic diagnosis to final treatment with-
drawal, but some practical solutions arise from basic and
clinical research, experience from databases and cohort
studies, medical and patient education, guidelines and rec-
ommendations, and media and governments when PHI
stands as a “public health” issue.
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Learning points

* Education of physicians for early recognition of
nephrolithiasis is mandatory, mainly when it is sugges-
tive of a metabolic cause, i.e., young age at onset,
associated nephrocalcinosis, bilateral presentation, stone
recurrence, etc.

* Early adequate management of primary hyperoxaluria
type 1 is based on aggressive conservative measures in
the absence of advance chronic kidney disease that may
bring major benefits to prognosis.

* The best treatment options for patients who require
organ transplantation should be adapted to local re-
sources, current knowledge of the most recent treatment
options, and individual characteristics, including both
phenotype and genotype.

Research points

* In order to improve knowledge on the disease and re-
sults of treatments, the use of large international data-
bases is required.

* Future developments are aimed at correcting the under-
lying metabolic defect without exposure to life-long
risks associated with organ transplantation, i.e., the use
of chaperone molecules, and prospects for cell or gene
therapy.

* The management of primary hyperoxaluria type 1 raises
a lot of critical issues and is therefore a major example
for developing more evidence to be used for solving
ethical problems.

Case 1

Diagnosis of CKD of unknown origin in a 17-year-old
French female student in 2002. Preemptive kidney Tx at
20 years of age from her 23-year-old brother. Early graft
dysfunction and graft loss after 6 months leading to a
diagnosis of PH1. Combined liver-kidney transplantation
at 22 years of age. Good outcome.

Case 2

Twenty-five-year-old Indian male with ESRD associated
with nephrolithiasis. Bilateral nephrectomy, followed by
living-related kidney Tx. Progressive worsening of kidney
function 2 weeks post Tx. Pathological review of nephrec-
tomy and Tx kidney biopsy: abundant calcium oxalate crys-
tals. Further workup revealed PH1. Later he developed
fever, breathlessness, and hemiparesis, and died 10 weeks
post Tx. Autopsy revealed multiorgan deposits of oxalate
crystals as well as widespread zygomycosis [6].
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Case 3

Female newborn infant with consanguineous parents of
Tunisian origin. Index brother case with complete en-
zyme deficiency (AGT activity measurement from a
liver biopsy) and 1244T homozygous mutation. Aggres-
sive conservative measures from birth. GFR=122 ml/min
per 1.73 m? at 21 years of age, stone free. Treatment
discontinuation due to nonadherence lead to renal colics
and progressive CKD with a GFR of 70 ml/min per
1.73 m? at 23 years of age.

Case 4

Male Slovak patient with ESRD of unknown origin at
5 years of age. Treatment with peritoneal dialysis
followed by early failure of a first kidney Tx from a
deceased donor. Four-year period on conventional he-
modialysis before isolated kidney re-Tx from the moth-
er. Graft loss 6 months later, leading to a diagnosis of
PH1 at 10 years of age. Treatment by conventional
hemodialysis for 7 years until severe disability requiring
wheelchair assistance. Organization of a charity funding
process by the family in order to plan a combined liver-
kidney Tx in another country. Combined liver-kidney
Tx at 17 years of age: dramatic skeletal and systemic
improvement despite early recurrence of oxalate deposits
in the renal graft and initial GFR of 60 ml/min per
1.73 m?. Progressive deterioration of GFR; return to
dialysis at 21 years of age. Still on daily hemodialysis
with poor general condition, unacceptable quality of life
and complete disability.

Case 5

Male Egyptian twins with a diagnosis of PHI at
6 months of age in the presence of ESRD. Treatment
with intensive peritoneal dialysis strategy. Very low
family and medical resources. Prompt progression of
oxalosis together with malnutrition. Death at 11 and
13 months of age, respectively.

Case 6

French male patient with no medical history until 55 years
of age. Late occurrence of stones leading to a diagnosis of
PHI, as GFR was 50 ml/min per 1.73 m”. Progression to
ESRD over one year. Isolated kidney Tx from a deceased
donor on the basis of a very late onset of the disease and the
presence of heterozygous Gly170Arg mutation [15]. Imme-
diate recurrence post-Tx leading to graft loss. Return to
short-daily hemodialysis.

Case 7

Thirty-eight-year-old Dutch female (A) with recurrent stone
disease. Diagnosis of pyridoxine-responsive PH1 in 1991.
Treatment with pyridoxine and hydration: favorable long-
term outcome. No contact with other family members,
screening refused.

Fifty-year-old sister (B) with nephrocalcinosis and ad-
vanced CKD (serum creatinine of 200 pmol/l) in 1998; no
work up, no diagnosis; ESRD after 6 months.

A and B had the same homozygous Gly170Arg mutation.

Case 8

Young Pakistani female with a history of multiple stone
passages and nephrocalcinosis, on regular hemodialysis
from age 10, with further progressive systemic involvement
and disabling bone disease. Investigations funded by family
at large in another country for diagnosis and treatment.
Diagnosis of PHI1 at age 13, but no access to combined
liver-kidney Tx for financial reasons. Isolated kidney Tx at
14 years of age from a living-unrelated (paid) donor in
India. Graft loss to recurrence 6 months later. Return to
conventional hemodialysis. Lost to follow-up.

Case 9

Thirty-year-old French male with a late diagnosis of PHI1 in
1991. After 4 years on conventional hemodialysis, the pa-
tient accepted a combined liver-kidney Tx strategy but re-
fused native liver hepatectomy. A partial heterotopic
auxiliary liver Tx combined with a kidney Tx from the same
deceased donor was performed. He presented with early
recurrence of nephrocalcinosis and lost his renal graft
3 weeks post-Tx. In addition, the liver graft had to be
removed due to repeated local bleeding and failure of the
Tx procedure. He returned to dialysis and died 3 months
later.

Case 10

Forty-year-old Dutch female with a late diagnosis of PH1 in
2007. Combined liver-kidney Tx after 3 years on regular
three times per week hemodialysis scheme. Immediate kid-
ney failure due to oxalosis. Successful isolated kidney re-Tx
after 2 years on short daily hemodialysis strategy.

Case 11
Four-year-old Rom female with an early diagnosis of PH1
because of a cousin index case. Pre-emptive combined liver-

kidney Tx as GFR was 20 ml/min per 1.73 m?®. Immediate
kidney graft failure due to arterial graft thrombosis. Normal
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liver tests. Ongoing improvement of GFR: 40 ml/min per
1.73 m? after 2 years despite nephrocalcinosis.

Case 12 [4]

Four-year-old Tunisian boy with fortuitous diagnosis of
PHI. Pre-emptive isolated liver Tx at 5 years of age (GFR
60 ml/min per 1.73 m?). Transient improvement of both
nephrocalcinosis and GFR of the native kidneys. Further
progressive decrease of GFR due to pre-existing
tubulointerstitial lesions and anti-calcineurin nephrotoxicity.
Deceased donor kidney Tx at 20 years of age. Ongoing
chronic kidney allograft nephropathy.

Case 13

Canadian girl, 2 years of age at the time of diagnosis of
PHI. Perfect education and adherence to conservative mea-
sures. GFR of 30 ml/min per 1.73 m? at 10 years of age:
discussion of pre-emptive combined liver-kidney Tx. Unex-
pected stable GFR at 17 years of age despite repeated stone
passages. Waiting for further significant GFR deterioration.

Case 14 [21]

Diagnosis of PH1 as causing ESRD in a 3-year-old Belgian
female. First step liver Tx from a deceased donor followed
4 months later by a kidney Tx from a living-related donor,
after normalization of plasma oxalate concentration and
improvement of urine oxalate excretion. Excellent short-
term result with normal GFR and maintained plasma and
urine oxalate concentrations.

Case 15

A 3-month-old Dutch boy died of infantile oxalosis. Two
younger sisters screened at birth: both have the same muta-
tion and B6-responsive hyperoxaluria of whom one still has
an optimal renal function after 32 years and another an
eGFR of 50 ml/min per 1.73 m® after 26 years due to
vigorous overnight hydration and citrate from birth.

Case 16

Four-month-old Dutch child (C), presenting with ESRD due
to PH1. Severe course, nearly blind, 25 fractures. One liver
Tx and two kidney Tx.

Four-year-old brother (D) with hematuria and
nephrocalcinosis at 6 months of age, diagnosis missed.
Severe nephrocalcinosis at 4 years of age, both children
same mutation. Excellent result of conservative measures
in D: disappearance of nephrocalcinosis at 18 years of age,
normal renal function.
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Would renal function have been preserved in patient C if
a diagnosis had been established earlier in D or if diagnosis
in both was established by perinatal screening?

Multiple-choice questions (answers are provided
following the reference list)

1. Primary hyperoxaluria may lead to severe systemic in-
volvement but it is the only peroxisomal disease without:

Neurodevelopmental delay
Bone disease

Ocular involvement
Cardiovascular involvement
Dermatological involvement

o a0 o

2. Treatment withdrawal can be acceptable

a. In a 30-year-old European female who experienced
kidney graft failure to recurrence prior to diagnosing
PH1, with 100 % anti-HLA sensitization and a long
history on dialysis complicated by fractures

b. In a 3-month-old male infant with severe infantile
PH1 requiring immediate dialysis and living in sub-
Saharan Africa

c. Ina European male neonate with an older sister who
died from complications of proven PH1 at 8 years of
age, presenting at 2 weeks of age with significant
hyperoxaluria and normal serum creatinine

d. In a 50-year-old male with proven PHI and first
symptoms at 20 years of age, having experienced
two failing isolated kidney transplantations, refus-
ing liver transplantation

e. In a 4-year-old girl living in Central America with
proven PHI1, starting PD at 2 years of age and
suffering from multiple bone fractures, with a pos-
sibility of combined transplantation abroad from a
living-related donor

3. A diagnosis of PH1 must be investigated in the presence
of:

Repeated spontaneous abortion in the mother
Low-citrate urolithiasis in adults

History of nephrolithiasis and impaired GFR
Dihydrated calcium oxalate crystals in the urine
Corneal crystal deposits at slit-lamp examination

o a0 o

4. Conventional hemodialysis (i.e., 3 x4 to 5 h per week) is
indicated

a. In PHI children waiting for a combined liver-kidney
transplantation

b. During the first weeks following any transplantation
procedure in PH1 patients
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5.

c. In order to clear oxalate in selected PH1 patients
with a normal GFR

. In PH1 patients when peritoneal dialysis is not available

e. Ifthe diagnosis of PH1 has not yet been established

The first option for organ transplantation in adult pyri-
doxine nonresponsive PH1 patients with CKD stage 5 in
Europe usually relies on

a. Combined liver-kidney transplantation

b. Isolated kidney transplantation with intensive pyri-
doxine treatment post-transplantation

c. Partial auxiliary liver transplantation combined with
kidney transplantation
Isolated liver transplantation

e. Combined hemodialysis and peritoneal dialysis for
1-2 years prior to transplantation
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