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Hypouricemia-associated Xanthine Stones:
A Case Report and Diagnostic Approach to
Pediatric Genetic Stone Disease
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Abstract

Xanthinuria is a rare cause of recurrent nephrolithiasis in childhood,
resulting from inherited defects in purine metabolism and typically
associated with hypouricemia. Early recognition of xanthine stones
is critical, as conventional imaging modalities may fail to detect
radiolucent calculi, and delayed diagnosis can lead to recurrent
urinary obstruction and chronic kidney injury. Here, we report a
pediatric patient with recurrent urinary tract stones and pronounced
hypouricemia, in whom a genetic diagnosis of xanthinuria was
confirmed. Differential diagnosis was established through evaluation
of various biochemical phenotypes, including hyperuricemia,
hypouricemia, and hyperuricosuria. In addition to the clinical
presentation, this report reviews the genetic and metabolic etiologies
of pediatric nephrolithiasis and emphasizes the importance of a
structured diagnostic approach. This case underscores the critical
role of stone analysis, targeted metabolic assessment, and genetic
testing in the management of recurrent pediatric urolithiasis.
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Ksantiniiri, ¢ocukluk ¢aginda tekrarlayan tas hastaliginin nadir bir
nedenidir. Plirin metabolizmasindaki genetik bozukluklara bagh
olarak gelisir ve hipotirisemi ile iliskilidir. Ksantin tasinda erken
tan1 olduk¢a dnemlidir; ¢ilinkii konvansiyonel radyolojik yontemler
radyolusent taglar1 gozden kacirabilir ve ge¢ tam tekrarlayan
obstriiksiyonlara ve kronik bobrek hasarina yol acabilir. Bu yazida,
tekrarlayan tiriner sistem taslari olan ve belirgin hipotirisemiye sahip
bir ¢ocuk hasta, genetik olarak kanitlanmis ksantin dehidrogenaz
gen hastaligl tanisi ile sunulmaktadir. Hiperiirisemi, hipotirisemi
ve hipertirikoziiri gibi cesitli klinik tablolar iizerinden ayirici tani
yapimustir. Klinik tabloya ek olarak, cocukluk caginda tas hastaliginin
genetik ve metabolik etiyolojileri gozden gecirilerek tanisal yaklasim
vurgulanmaktadir. Bu olgu, tekrarlayan pediyatrik {irolitiazisde tas
analizinin, hedefe yonelik metabolik degerlendirmenin ve genetik
testlerin dnemini ortaya koymaktadur.
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Introduction

Urolithiasis represents a significant health burden, affecting
approximately 1-5% of the pediatric population. When
urinary stones are identified in childhood, a systematic
diagnostic approach is essential to uncover the underlying
etiology, typically involving a thorough clinical history,
a physical examination, and specialized laboratory and
imaging evaluations. Genetic investigations are strongly
considered in cases characterized by recurrent stone
formation, a positive family history, bilateral involvement,
or an onset before the age of 5. Moreover, specific laboratory
abnormalities, such as hypercalciuria, cystinuria, or
hypouricemia, alongside clinical manifestations including
nephrocalcinosis, growth failure, and rickets, frequently
suggest a genetic basis for the disease. In addition to these
systemic assessments, stone composition analysis remains
a cornerstone for identifying the precise metabolic etiology
of the disease (1-3). The most common causes of pediatric
urolithiasis are summarized in Table 1 (adapted from
reference 1).

While calcium oxalate remains the most common stone
composition in the pediatric population, rare stones
resulting from purine and pyrimidine metabolic disorders—
including uric acid, 2-8 dihydroxyadenin, xanthine, and
orotic acid stones—should not be overlooked (3-9). This case
highlights a rare, recurrent stone entity and underscores the
importance of a targeted diagnostic approach to underlying
disorders of purine and uric acid metabolism.

Case Report

An 11-year-old boy was referred to our pediatric nephrology
clinic due to persistent abdominal pain. His medical history
was notable for a five-year history of recurrent urolithiasis,
requiring two sessions of extracorporeal shock wave
lithotripsy and one endoscopic ureterorenoscopy. Despite
continuous urinary alkalinization therapy with potassium
citrate for five years, the stone disease remained refractory.
The patient was born to a consanguineous (first-degree
relatives) marriage, and the family history was positive for
recurrent nephrolithiasis.

Physical examination revealed a well-appearing child with
growth parameters within age-appropriate percentiles.
Renal ultrasonography identified a 4 mm stone in the right
mid-pole and a 6 mm stone in the left lower pole. Extensive
laboratory investigations—including renal function
studies, blood gas analysis, electrolytes, 25-OH vitamin D,
parathyroid hormone, and alkaline phosphatase—yielded

results within reference ranges. However, serum uric acid
was markedly low at 0.5 mg/dL. Routine urinalysis showed
a pH of 6.0 with no other pathological findings. Further
metabolic evaluation through 24-hour urine collection
confirmed that the excretion of calcium, oxalate, cystine,
citrate, and uric acid was within physiological limits for his
age.

Prompted by the combination of profound hypouricemia
and recurrent urolithiasis, genetic testing was performed.
Molecular analysis identified a homozygous c.140dup
p-(Cys48Leufs*12) variant in exon 3 of the xanthine
dehydrogenase (XDH) gene, confirming the diagnosis of
hereditary xanthinuria.

Therapeutic management was adjusted to include a strict
purine-restricted diet and aggressive oral hydration, while
urinary alkalinization was titrated to maintain a target pH
of 7.0. At the one-year follow-up, the patient’s condition
remained stable, with no increase in stone burden or
evidence of new stone formation.

Discussion

In the diagnostic landscape of pediatric urolithiasis,
rare etiologies such as uric acid and xanthine stones
warrant careful consideration when specific clinical
and biochemical markers are present. The metabolic
equilibrium between uric acid production and excretion is a
delicate balance, and disruptions in this pathway frequently
manifest as either hyperuricosuria or hypouricemia, both
of which are strong drivers of stone formation. In children,
hyperuricosuria is relatively common due to physiologically
higher age-dependent excretion rates; however, it can also
be a harbinger of pathological states such as tumor lysis
syndrome, myeloproliferative disorders, or excessive intake
of purine-rich foods and fructose-containing beverages.
While chronic hyperuricemia in adults is primarily
associated with gout resulting from decreased renal urate
excretion (8), pediatric cases more often reflect underlying
genetic etiologies, including SLC2A9 polymorphisms and
rare enzymatic disorders such as PRPS1 superactivity
and hypoxanthine-guanine phosphoribosyltransferase
deficiency (Lesch-Nyhan syndrome) (9).

A critical turning point in the evaluation of our patient
was the detection of profound hypouricemia, defined as
a serum uric acid level below 2.0 mg/dL. In the context of
recurrent stone disease, hypouricemia serves as a hallmark
for two distinct pathophysiological categories: Decreased
production or increased renal wasting. The primary causes
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Table 1. Genetic causes of urinary stone disease [adapted from Edvardsson et al. (1)]

Type of stone Disease/metabolic disorder Gen(s) Mode'of Pathogenesis mechanism
inheritance
Calcium oxalate Primary hyperoxaluria Types 1-3 g%jg’uGRHPR’ AR Increased oxalate production
Calcium phosphat Distal renal tubular acidosis (dRTA) | 12 0V1BI, AD/AR Alkaline urine, hypocitraturi
cium phosphate stal re ular acidosis ATP6V0A4, SLCAAL aline urine, hypocitraturia
Calcium oxalate/ Dent disease Types 1-2 CLCN5, OCRL X Proximal tubule dysfunction
phosphate
Calcium phosphate Familial hyp(?magnesemla Wltl"l ) CLDN16, CLDN19 AR Claudine defect — Ca/Mg
hypercalciuria and nephrocalcinosis loss
Calcium phosphate/ CASR, CLDN14,
oxalate phosp Familial idiopathic hypercalciuria SLC34A1, SLC34A3 Polygenic Increased calcium excretion
SLC8AI, SLC12A1
Cystine Cystinuria SLC3A1, SLC7A9 AR Reabsorption defect
Xanthine Hereditary xanthinuria XDH, MOCOS AR Xanthine oxidase deficiency
Uric acid Lesch-Nyhan syndrome HPRTI X Uric acid elevation (7)
Uric acid PRPP synthetase superactivity PRPS1 X g)e vation of purine synthesis
Orotic acid Orotic acidiiria UMPS AR Pyrimidine synthesis defect
2,8-dihydroxyadenine Adenine phosphoribosyltransferase
(DHA) (APRT) deficiency APRT AR 2,8 DHA crystal nephropathy
Calcium phosphate Carbonic anhydrase II deficiency (CA CA2 AR Combined BTA +
11 def.) osteopetrosis
Calcium oxalate Glyoxylate redu.ctase/hydroxypyruvate GRHPR AR Glycolate — oxalate stone
reductase deficiency (PH2)

. Hypophosphatemia,
Calcium oxalate/ NaPi-IIa/Ilc transport defect SLC34A1, SLC34A3 AR/AD phosphate wasting
phosphate o

hypercalciuria
Calcium phosphate WDR72 mut. WDR72 AR dRTA phenotype
E:laiz‘::‘ phosphate/ KCNJ16 mut (dRTA variant) KCNJ16 AR New diagnosis of dRTA form
E::;‘t‘:‘ phosphate/ TRPV5/TRPV6 mut. TRPV5, TRPVG AD Calcium reabsorption defect
Calcium oxalate/ Williams syndrome ELN AD Nephroca.lc1r.10s1s,
phosphate hypercalciuria

of impaired uric acid production, which include various
metabolic blockages, are summarized in Table 2. Within this
spectrum, hereditary xanthinuria (Types I and II) results
from mutations in the XDH or MOCOS genes, leading to
a failure in the conversion of hypoxanthine and xanthine
to uric acid. This metabolic arrest leads to markedly
reduced serum uric acid levels accompanied by systemic
accumulation of xanthine. Given its poor solubility in the
renal environment, xanthine readily precipitates, resulting
in stone formation, hematuria, or obstructive nephropathy;,
often manifesting before the age of ten (2,4). Notably, these
stones are radiolucent, which complicates their detection
on conventional radiography and necessitates a high index
of suspicion.

The differential diagnosis of hypouricemia must also
account for molybdenum cofactor deficiency and renal
urate wasting syndromes. While molybdenum cofactor
deficiency affects multiple enzymes and typically presents
with devastating neurological sequelae in infancy, renal
urate wasting is characterized by normal production but
impaired tubular reabsorption. As detailed in Table 3,
mutations in URAT1 (SLC22A12) and GLUT9 (SLC2A9) can
lead to extremely low serum uric acid levels and remarkably
high fractional excretion of urate, occasionally predisposing
patients to exercise-induced acute kidney injury (10,11).
Furthermore, adenine phosphoribosyltransferase
deficiency represents another recessive purine disorder
that mimics this clinical picture through the accumulation
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of 2,8-dihydroxyadenine crystals (6). Distinguishing
between these entities is vital; for instance, the allopurinol
loading test remains a classical tool to differentiate Type
I xanthinuria (isolated xanthine oxidase deficiency) from
Type II (combined deficiency with aldehyde oxidase), a
distinction that carries significant implications for the
metabolism of drugs such as azathioprine or methotrexate.

Persistent hypouricemia in recurrent pediatric urolithiasis
should prompt evaluation for hereditary xanthinuria
even in the absence of abnormal urinary urate excretion.
Although xanthine-related urolithiasis
only 0.1% of pediatric stone cases, its management
requires a multifaceted approach (12). The cornerstone
of therapy is aggressive oral hydration and urinary

accounts for

alkalinization to maintain a target pH of 7.0, combined
with strict dietary purine restriction. While the evidence
for dietary intervention largely stems from case reports
and observational data, reducing purine intake is essential
to mitigate the overall stone-forming risk by lowering the
daily excretion of xanthine and hypoxanthine (13). In our
case, identifying the XDH mutation clarified the etiology
and enabled a targeted therapeutic approach, resulting in
stabilization of the patient’s stone burden over one year.
This highlights the indispensable role of genetic profiling
and comprehensive metabolic workups in transforming
the management of rare pediatric stone diseases from
empirical treatments to precision medicine.

Table 2. Etiologies of hypouricemia resulting from impaired uric acid production

Disease Mechanism :g;'&lm uric g:cl;lxz;lnc acid
Xanthinuria Types I-II (XDH and Deficierp:y of xanthine ox.idase leadinglto irnpai.red . m |

MOCOS) conversion of hypoxanthine and xanthine to uric acid

g:;‘iic?:;l;cleoside phosphorylase Impaired purine degradation l 1

Severe liver failure Decreased hepatic uric acid synthesis l 1
Malnutrition/low purine intake Substrate deficiency for purine metabolism l 1

Table 3. Differential diagnosis of hypouricemia associated with renal urate wasting

Condition Mechanism Se-rum uric Ur-lnary uric Gene(s) Notes
acid acid excretion
Renal urate transporter Impaired proximal SLC22A12 .ngh risk of exereises
. Decreased Increased induced acute kidney
defect tubular urate reabsorption (URATI) ..
injury (EIAKI)
Idlopaqnc r?nal Defect in ¥enal urate Decreased Increased SLC2A9 (GLUT9) Associated with EIAKI
hypouricemia reabsorption
Fanconi syndrome Sﬁ)rlllelzl:izes(ifrfzglomniith Decreased Increased CLCN3, OCRL, Aminoaciduria,
yn ardy SLC34A1, SLC34A3 | phosphaturia, glycosuria
multisubstrate loss
Dent disease Proxlmal. tubular Decreased Increased CLCN5, OCRL X-linked disorder
dysfunction

Wilson disease iCIJl(;Efyer-mduced tubular Decreased Increased ATP7B Fanconi-like syndrome
Drug-lqduct?d Increz{sed renal urate Decreased Increased Not applicable L0§artan, probenejmd,
hypouricemia excretion salicylates, rasburicase

icanh I i 1 . . .
.Car.b orican ydrase mpaired .tubu ar Decreased Increased Not applicable Acetazolamide (reversible)
inhibitors reabsorption
Systemic conditions .
(thyrotoxicosis, SIADH, Increased GFR with Decreased Increased Not applicable Transient hypouricemia

. enhanced urate clearance

sepsis)
SIADH: Syndrome of inappropriate antidiuretic hormone, GFR: Glomerular filtration rate
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Conclusion

The contemporary diagnostic paradigm for pediatric
urolithiasis prioritizes targeted metabolic investigations
and focused genetic panels, followed by expanded
sequencing when initial findings remain inconclusive.
Elucidating the precise underlying etiology is paramount,
as it directly informs therapeutic interventions, family
counseling, and long-term renal preservation strategies.
In the presence of unexplained hypouricemia, clinicians
must maintain a high index of suspicion for rare metabolic
disorders. Because xanthine stones are radiolucent and
often remain undetected on standard radiography, stone
analysis and molecular testing are essential for establishing
a definitive diagnosis. This case underscores the critical
importance of a comprehensive metabolic and genetic
evaluation in children with recurrent stone disease to
ensure early intervention and protect renal function.
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