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Abstract Plasma oxalate (POx) concentration is signifi-
cantly elevated in primary hyperoxaluria, severe renal fail-
ure or ethylene glycol poisoning. In these conditions, the
degree of hyperoxalemia correlates with the severity of sys-
temic calcium oxalate (CaOx) deposition and should be
therefore carefully monitored. Although secondary hyper-
oxaluria (secHyOx) is a common finding in pediatric
patients with kidney stone disease, very little is known
about POx in this condition. We therefore evaluated POx
level in 59 children and adolescence with calcium urolithia-
sis (34 confirmed by CaOx stone analysis and 25 children
with a strong clinical suspicion of this type of urolithiasis),
with or without “mild” secHyOx. A control group consisted
of 41 healthy sex- and age-matched children. We found that
POx was significantly increased in children with calcium
urolithiasis and secHyOx compared to healthy children
(9.16 £ 3.60 vs. 6.42 £ 2.53 umol/l), but that was not the
case in children with calcium urolithiasis but with normal
urinary oxalate excretion (7.12 &+ 3.33 pumol/l). We con-
clude that POx may be slightly increased in some pediatric
calcium stone formers with secHyOx, probably related to
intestinal oxalate hyperabsorption.
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Introduction

Oxalic acid is a simple dicarboxylic acid which is widely
found in plants and in a lesser degree in animal tissues. In
humans, however, it is an end product of glycine and gly-
oxylate metabolism and appears to have only minor physio-
logical importance.

The clinical significance of oxalic acid results from the
property of its anion (oxalate) to form insoluble salts with
calcium cations at physiological pH levels of biological
fluids [1]. This is particularly visible in conditions of an
elevated urinary oxalate excretion, i.e. in the primary (types
1 and 2) and the secondary hyperoxalurias (secHyOx). The
former are very rare, inherited systemic metabolic disorders
characterized by enormous endogenous oxalate overpro-
duction and thus huge hyperoxaluria (usually >1.0 mmol/
24 h per 1.73 mz), whereas in the latter condition, the uri-
nary oxalate excretion is only slightly elevated (0.5—
1.0 mmol/24 h per 1.73 m?) as a result of its increased
intestinal absorption or excessive dietary intake. Both
forms of hyperoxaluria lead to calcium oxalate (CaOx) uro-
lithiasis or nephrocalcinosis but the consequences of the
primary hyperoxalurias are more dramatic, including multi-
organ injury and renal failure [2]. Therefore, an assessment
of urinary oxalate excretion is strongly recommended as
part of the metabolic evaluation of patients with urolithiasis
and/or nephrocalcinosis [2, 3].

Although the determination of urinary oxalate concen-
tration is relatively simple and widely used, a measurement
of plasma oxalate (POx) level is less available [1]. Hence, it
is mostly determined as part of studies on oxalate homeo-
stasis in the primary hyperoxalurias or chronic renal failure
[4-7]. On the contrary, the determination of POx concen-
tration in patients with urolithiasis was made only excep-
tionally, and the results were conflicting [8—12].
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Therefore, we evaluated POx levels in a large group of
children with this urolithiasis with or without secHyOx.

Materials and methods

The study comprised 59 children and adolescence (33 boys
and 26 girls) aged 4.3—-18 years, mean: 13.7 £ 3.6 years,
with calcium urolithiasis. In 34 (57.6%) of them, infrared
spectroscopy revealed CaOx stones (Whewellite, Weddel-
lite, pure or mixed). In the remaining children, an assess-
ment of stone composition was unfortunately impossible,
e.g. due to stone loss after lithotripsy or sudden stone pas-
sage at home. However, in those children, CaOx urolithia-
sis was still suspected because all calculi were radiopaque
and other possible types of stones (infection-related or cys-
tine stones) were clinically and metabolically excluded.
This was also observed in our series of 60 radioopaque
stones obtained from our patients in the last 3 years, which
had revealed CaOx in 89% and apatite in only 5.1% of
stones (unpublished data). Recently, such as a small pro-
portion of calcium phosphate stones in children with kidney
stone disease was also reported by other authors [13]. How-
ever, due to remaining uncertainty as to chemical contents
of stones in a part of our patients, we decided to classify all
patients from the study group as calcium stone formers.

In the study group, 18 patients (15 boys and 3 girls) aged
7.7-18 years, mean: 13.7 £+ 2.9 years were diagnosed to
have “mild” secHyOx (urinary oxalate excretion
>0.5 mmol/24 h per 1.73 m?, range 0.509—0.975 mmol/24 h
per 1.73 m?), whereas the remaining 41 children (18 boys
and 23 girls) aged 4.3-18 years, mean: 13.7 &£ 3.9 years
showed normal urinary oxalate excretion (range 0.100—
0.494 mmol/24 h per 1.73 m?). Urinary oxalate excretion in
one patient was considerably high (0.975 mmol/24 h per
1.73 m?), hence, in the range of patients with primary
hyperoxaluria. However, as the clinical course was mild,
the further measurements of urinary oxalate excretion in
this patient were lower (0.600-0.750 mmol/24h per
1.73 m?) and the intestinal [13C2]0xalate absorption was
high with 32.6%, we diagnosed secHyOx of unknown ori-
gin because no history or present symptoms of a gastroin-
testinal disorder associated with enteric hyperoxaluria
(inflammatory bowel disease, short bowel syndrome) was
found.

All patients had normal renal function expressed as cre-
atinine clearance, calculated according to the Schwartz for-
mula [14]. They were also not treated with antibiotics in the
previous 3 months. During the study, their diet was unre-
stricted but like all our patients with urolithiasis, they asked
to avoid foodstuffs rich in oxalate (e.g. spinach, rhubarb,
beet root or ice tea). Medication influencing the oxalate
homeostasis (e.g. Vitamin B6) was not administered.
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A group of 41 healthy children and adolescence (22 boys
and 19 girls) aged 4.2-18 years, mean 13.8 £ 3.4 years,
served as a control group for the evaluation of POx concen-
tration. They were selected from patients who were admit-
ted to our hospital for scheduled minor surgery. All of them
had no a history of urolithiasis. They had normal kidney
function, did not receive any medication during the study
and were not treated with antibiotics in the previous
3 months.

In the study group as well as in controls, blood samples
for oxalate measurement were obtained in the morning
under fasting conditions. The blood samples in the control
group were obtained simultaneously with other routine lab-
oratory tests prior to surgery.

To avoid in vitro neogenesis of oxalate, lithium-hepa-
rinized blood (3 ml) was placed directly on ice and was
immediately centrifuged at 1,000xg for 5 min at 4°C.
Obtained plasma was placed in the outer chamber of a
Centrisart 1 ultrafiltration vial (Sartorius AG, Germany)
and 40 pl of 1 M HCI per ml plasma was added in the
inner chamber to ensure simultaneous acidification of
ultrafiltrate during centrifugation (pH < 1.8). Plasma was
then ultrafiltered at 1,500x g for 20 min at 4°C. Subse-
quently, all plasma samples were frozen and stored at
—20°C until analysis but no longer than 1 month. POx
concentration was measured with an ion chromatography
system (DX-500; Dionex Corp., Sunnyvale, CA, USA)
equipped with an analytical column (AS11, 2 mm) and a
guard-column (AG11, 2 mm) as the stationary phase. The
mobile phase was a KOH solution produced by an eluent
generator (EG40, Dionex, USA). For that purpose, H,O
was continuously degassed with helium and KOH was run
as an increasing gradient through the analysis. The eluent
background conductivity was suppressed with an anion
self-regenerating suppressor (ASRS-300, Dionex Corp.,
USA) to a level below 3 uS at the highest KOH concen-
tration. Prior to analysis, plasma samples were diluted
with 0.3 mM boric acid (1:5 or 1:10). To calculate POx
concentration, a computer-based software (Chromeleon
6.3, Dionex Corp.) was used.

Urinary oxalate was measured enzymatically using oxa-
late oxidase (Oxalate KIT, Trinity Biotech, Ireland).

The statistical analysis was performed by the software
STATISTICA (StatSoft Inc., Tulusa OK, USA) for Win-
dows, version 7.1. Because values of POx levels were nor-
mally distributed according to the Shapiro—Wilk W test,
they were expressed as means + SD and group comparison
was carried out with the Student’s ¢ test. Correlations were
tested with the Spearman test. P values <0.05 were consid-
ered statistically significant.

The study protocol was approved by the ethics commit-
tee of the Medical University of Lublin and written consent
was obtained from parents and patients.
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Table 1 Mean (£SD) plasma oxalate concentration (umol/l) in children with calcium urolithiasis and in healthy controls

Patients with calcium urolithiasis Controls
Boys (n = 33) Girls (n = 26) Total (n =59) Boys (n =19) Girls (n =22) Total (n=41)
7.82 +3.10 7.64 + 4.04 7.74 £ 3.52% 6.57 £2.73 6.27 +2.40 6.42 £2.53

% P <0.05 patients with calcium urolithiasis (total) vs. controls (total)

14

B Mean

Mean + SD
12 I

10

Plasma oxalate level [umol/I]

NOX secHyOX CONTROLS

Fig. 1 Plasma oxalate concentration in children with calcium urolith-
iasis and normooxaluria (NOX) or secondary hyperoxaluria (sec-
HyOx) and in healthy controls (*secHyOx vs. controls, P <0.01;
secHyOx vs. NOX, P < 0.05)

Results

The mean POx concentration was significantly higher in
patients with urolithiasis than in healthy children
(7.74 £ 3.52 vs. 6.42 + 2.53 pmol/l, P < 0.05, Table 1). In
healthy children as well as in patients, the POx concentra-
tions did not show a sex-dependent difference. However, in
both groups, the mean POx level was slightly higher in
boys. The highest POx levels were detected in the patients
with urolithiasis and secHyOx. They were significantly
higher as compared to both healthy children and children
with urolithiasis but normooxaluria (NOX): 9.16 + 3.60
versus 6.42 £ 2.53 pmol/l, P <0.01 and 9.16 &+ 3.60 ver-
sus 7.12 + 3.33 pmol/l, P < 0.05, respectively (Fig. 1). The
mean POx concentration in children with urolithiasis but
NOX did not differ significantly from that in healthy con-
trols. The correlation between POx concentration and uri-
nary oxalate excretion was not statistically significant but
both parameters tended to be positively related—correla-
tion coefficient, r = 0.238; P = 0.07 (Fig. 2). There was no
statistically significant correlation between the creatinine
clearance and POx concentration in patients with urolithia-
sis (r=0.238; P =0.07).

r= ,238; p=0.07

Plasma oxalate concentration [umol/l]

0
o0 o1 02 03 04 05 06 O7 08 09 10 11

Urinary oxalate excretion [mmol/1.73m?/24h]

Fig. 2 Correlation between plasma oxalate concentration and urinary
oxalate excretion in pediatric patients with calcium urolithiasis

Discussion

Calcium-containing calculi constitutes the absolute major-
ity of urinary stones in adults and children in the western
hemisphere. Up to 80% of them are composed of CaOx
mono- or dihydrate or are found to be mixed forms [15, 16].

The pathogenesis of CaOx urolithiasis is complex and
still a matter of investigation. Although hyperoxaluria is
said to be less common than hypercalciuria as a single risk
factor, urinary oxalate is obviously the more potent litho-
genic factor [17, 18].

Different aspects of the oxalate metabolism in CaOx
stone formers provoke a lot of interest. Although our
knowledge of urinary oxalate excretion and particularly on
intestinal oxalate absorption has recently increased, very
little data on POx concentrations neither in the different
forms of hyperoxaluria nor in CaOx urolithiasis per se are
available.

The reason for this could be the methodological prob-
lems with POx measurement, particularly due to its very
low concentrations (in the micromolar range) and its bio-
chemical sensitivity. Therefore, the determination of POx
concentration was carried out almost exclusively in patients
with primary hyperoxaluria and renal insufficiency, regard-
less of its etiology [1, 4-7]. In both conditions, POx
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concentration is considerably elevated and associated with
clinical consequences (systemic oxalate deposition) that
makes its monitoring very useful.

Reports on POx concentration in patients with idiopathic
CaOx urolithiasis are sparse and the results are incongruent
[8-12]. Some authors observed higher POx levels in stone
formers in comparison to healthy controls [8, 12] while oth-
ers did not [9-11]. In our study, we found a significantly
increased POx concentration in children with CaOx urolith-
iasis and secHyOx in comparison to healthy children, as
well as to children with CaOx urolithiasis but normal uri-
nary oxalate excretion. Although the POx levels in the
former group are lower as compared to those in patients
with primary hyperoxaluria [6, 7], the significant differ-
ences may nevertheless provide specific new evidence for
the pathophysiological basis of stone disease in this group
of patients.

Before comparing our data concretely with previous
findings, we recorded various methodological differences.
First, numerous methods for POx determinations including
gas chromatography [9], enzymatic assays [8, 12, 19], cap-
illary electrophoresis [11] and ion chromatography were
used [10], leading to numerous “normal” values. All above-
mentioned methods may theoretically give different and not
entirely comparable results. Even ion chromatography,
which seems to be one of the most reliable techniques for
POx determination, is strongly influenced by sample han-
dling and plasma preparation before analysis [20]. There-
fore, the physiological range in adults is wide and was
reported from as low as 0.7 to 2.9 umol/l [10], and as high
as 6.75 + 2.62 umol/l [4]. The values obtained in our con-
trol group are located near the upper limit of this wide
range of supposedly normal values and they are comparable
with previously published POx concentrations determined
by the same method in healthy children (6.3 £ 1.09 umol/l)
[21].

Secondly and in contrast to our study, none of the previ-
ous investigations searched for differences in POx levels
according to urinary oxalate excretion values. We can only
speculate on possible mechanisms of an increased POx
concentration in our patients with urolithiasis and sec-
HyOx. Theoretically, the POx level is influenced by a vari-
ety of factors including endogenous production, intestinal
absorption and renal oxalate clearance. Since in stone
patients the latter resembles that in healthy subjects [9-11]
and patients without primary hyperoxaluria supposedly
have a normal endogenous oxalate production, the intesti-
nal oxalate absorption could be a significant variable.
Recently, we found using [13C2]0xalate absorption test that
38.3% of pediatric CaOx stone formers showed an intesti-
nal oxalate hyperabsorption. Furthermore, in this group of
patients, we confirmed a positive correlation between intes-
tinal oxalate absorption and urinary oxalate excretion [22].
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Unfortunately, for organizational reasons, we could not
measure POx concentration at the time of [13C2]0xa1ate
absorption test to assess a relation between both these
parameters. Although in the current study, the relation
between POx concentration and urinary oxalate excretion
was not statistically significant, both parameters tended to
be positively correlated (correlation coefficient 0.238;
P =0.07). Therefore, we suppose that a larger number of
samples could confirm this relationship.

However, there were other observations already reported,
which might support our hypothesis. For example, an influ-
ence of dietary oxalate ingestion on POx levels was
reported. A significant increase in POx levels was found in
CaOx stone formers as compared to healthy controls after a
spinach meal [9]. An elevated POx level was also found in
patients with cystic fibrosis who developed absorptive
hyperoxaluria due to fat malabsorption and the absence of
intestinal oxalate-degrading bacteria such as Oxalobacter
formigenes [23]. Unfortunately, POx levels in other enteric
conditions leading to hyperoxaluria, e.g. jejunoileal bypass,
small bowel resection and chronic inflammatory bowel dis-
eases are not available as yet. It would be particularly inter-
esting and potentially clinically useful to obtain such data,
because these diseases may lead to oxalate nephropathy,
renal failure and even to severe systemic oxalosis [24-26].

Conclusions

Plasma oxalate concentration may be slightly increased in
some pediatric calcium stone formers with secHyOx, prob-
ably resulting from intestinal oxalate hyperabsorption.
However, this finding seems to be of limited clinical value
in individual patients, due to modest differences in POx
level and considerable laboratory requirements for POx
measurement. Thus, the determination of POx concentra-
tion in this population may have more theoretical values,
providing insights into the underlying mechanisms of
hyperoxaluria.
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