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ABSTRACT

Monogenic causes of paediatric nephrocalcinosis are associated with extensive phenotypic variability. We report a
14-year-old male who presented at 8 years of age with incidentally identified nephrocalcinosis alongside growth
impairment and dental anomalies. Extensive genetic investigation confirmed a molecular diagnosis of Bartter syndrome
type II. This is exceptional in both late presentation and the presence of amelogenesis imperfecta, a very rare association
of inherited tubulopathies. Details of the nephrocalcinosis gene panel analysed and associated phenotypes are
presented to highlight the utility of a phenotype-driven genetic panel in resolving an atypical presentation of
nephrocalcinosis, allowing precise diagnosis, tailored therapy and prognostication.
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BACKGROUND

The overall incidence of paediatric nephrocalcinosis/
nephrolithiasis is uncertain, and likely underestimated in
reports due to asymptomatic cases [1]. Preterm infants are
at greater risk due to renal tubular immaturity, and use of
medications and nutritional supplements that promote calcium
salt deposition.

Monogenic causes, including tubulopathies, must be con-
sidered in the investigation of nephrocalcinosis. Correct and
prompt diagnosis gives the opportunity for earlier intervention
to delay progression of renal dysfunction or development of
nephrolithiasis [2].

CASE REPORT

An 8-year-old male was referred to the nephrology clinic with
bilateral nephrocalcinosis, identified during investigation of re-
current urinary tract infections. He had significant thirst and
marked nocturnal enuresis despite previously achieving day-
time continence. Height and weight were <0.4th centile. He had
carious, irregular, hypomineralized dentition; all other ectoder-
mal structures were normal with no family history of renal,
skeletal or dental conditions.

Investigations revealed mild hypokalaemia (3.4 mmol/L) but
normal serum bicarbonate (25mmol/L), creatinine, calcium,
phosphate, magnesium, alkaline phosphatase and parathyroid
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hormone (PTH). Serum 1,25-dihydroxycholecalciferol was ele-
vated (229 pmol/L, normal 20-120 pmol/L). Urinary biochem-
istry revealed hypercalciuria (urinary calcium creatinine ra-
tio 1.64 mmol/mmol, normal 0.04-0.08 mmol/mmol) and mild
proteinuria (urine protein creatinine ratio 86 mg/mmol creati-
nine, normal <20). Radiological bone age was 4.85 years at a
chronological age of 8.37 years. Hormonal axes, including growth
hormone, and array CGH were normal [arr (1-22)x2, (XY)x1].

Dental examination was consistent with amelogenesis im-
perfecta (Al). The patient subsequently had several dental ex-
tractions. Al gene panel testing of 22 genes (Supplementary
Table S1) did not reveal any pathogenic variants.

A low-salt diet was recommended to reduce urinary cal-
cium excretion. Unfortunately, he developed worsening enure-
sis, including new daytime wetting. This prompted uroflow as-
sessment, which suggested poor bladder emptying. Cystoscopy
demonstrated a lobulated, irregular bladder and urethral mini-
valves (not felt to be contributing to his symptoms). Spinal imag-
ing was normal. Management included optimization of stooling,
double voiding and excision of the mini-valves.

Persistent hypercalciuria (urinary calcium creatinine ra-
tio varied between 1.5 and 2.3mmol/mmol) prompted use
of chlorothiazide, which was poorly tolerated and quickly
discontinued.

Renal function declined, with persistent hypokalaemia,
alongside the development of hypochloraemia and alkalosis. He
was normotensive with static proteinuria.

Development of a locally available ‘nephrocalcinosis’ genetic
panel (Table 1) prompted additional genetic analyses. This con-
firmed heterozygous variants in KCNJ1, a previously reported
frameshift variant c.965del p.(Gly322Alafs*7), and a novel mis-
sense variant c.233G>C p.(Arg78Thr). Detection of KCNJ1 vari-
ants prompted phenotypic review, and a diagnosis of Bart-
ter syndrome type II (BSII) was made. This led to initiation
of ibuprofen (in preference to indomethacin given his exist-
ing bladder issues). His estimated glomerular filtration rate
(eGFR) was unaffected (59 ml/min/1.73 m? before starting,
60 mL/min/1.73 m? 2 months later) with an associated symp-
tomatic improvement in polyuria and nocturia. Updated imag-
ing identified a poorly functioning left kidney (~10% overall
function). He remains under renal, urological and endocrinology
surveillance aged 14 years, with consideration of testosterone
therapy due to pubertal delay, and chronic kidney disease stage
3A (eGFR of 54 mL/min/1.73 m?).

DISCUSSION

Bartter syndrome is characterized by hypokalaemic, hypochlo-
raemic metabolic alkalosis and secondary hyperaldosteronism.
Five main subtypes are recognized according to clinical mani-
festations, age of onset and genotype. Biallelic loss-of-function
variants lead to impaired functioning of transporters necessary
for sodium chloride reabsorption in the thick ascending limb of
the loop of Henle [3].

BSII due to KCNJ1 variants classically presents with ante-
natal polyhydramnios, preterm delivery and severe neonatal
salt wasting. Although frequently diagnosed in infancy due to
polyuria, dehydration and faltering growth, a late-onset adult
phenotype presenting with incidental nephrocalcinosis and
mild renal impairment is reported in two patients [4]. Phenotypic
variability is recognized in all subtypes of Bartter syndrome;

Genetic evaluation of paediatric nephrocalcinosis | 815

mild/late presentations of BSII may be due to differential effects
of specific pathogenic variants on KCNJ1 function.

This case is notable due to the absence of severe salt wast-
ing in infancy, isolated mild hypokalaemia at initial review aged
8 years and the clinical finding of Al Al is an inherited condition
characterized by abnormal enamel development; dental enamel
is the most mineralized tissue within the body. The association
of Al with nephrocalcinosis is well described in enamel renal
syndrome [2], for which mutational analysis was negative for
our patient, but is rarely seen in association with BSII [5]. Other
groups have hypothesized that biomineralization abnormalities
in patients with tubulopathies may affect calcium deposition in
enamel.

Our case of late-presenting BSII in association with Al high-
lights the phenotypic variability of the condition and the need
to consider tubular aetiologies in patient with Al, and demon-
strates the utility of a nephrocalcinosis phenotype-targeted
genetic panel.
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