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Abstract

Background. The cardinal characteristics of primary
hypomagnesaemia—hypercalciuria—nephrocalcinosis
include renal magnesium wasting, marked hypercalciu-
ria, renal stones, nephrocalcinosis, a tendency towards
chronic renal insufficiency and sometimes even ocular
abnormalities or hearing impairment.

Methods. As very few patients with this syndrome
have been described, we provide information on nine
patients on follow-up at our institutions and review
the 42 cases reported in the literature (33 females and
18 males).

Results. Urinary tract infections, polyuria—polydipsia,
renal stones and tetanic convulsions were the main
clinical findings at diagnosis. The clinical course was
highly variable; renal failure was often reported. The
concomitant occurrence of ocular involvement or hear-
ing impairment was reported in a large subset of
patients. Parental consanguinity was noted in some
families.

Conclusions. The results indicate an autosomal recess-
ive inheritance. The diagnosis of primary hypo-
magnesaemia—hypercalciuria—nephrocalcinosis deserves
consideration in any patient with nephrocalcinosis and
hypercalciuria.

Keywords: hereditary diseases; hypercalciuria; kidney
diseases; magnesium deficiency; nephrocalcinosis

Introduction

Intestinal malabsorption (including low dietary mag-
nesium) or renal losses cause hypomagnesaemia [1].
Diuretics, cisplatin, aminoglycosides, cyclosporin or
amphotericin B mostly account for renal magnesium
wasting [1]. Primary renal magnesium wasting is rather
unusual [2-4]. Four basic types have been recognized,
as given in Table 1. The first basic type, referred to as
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isolated renal magnesium wasting, is very rare. The
nosological classification of isolated renal magnesium
wasting currently is controversial [2]. Furthermore, a
recent review fails to separate isolated primary renal
magnesium wasting from primary intestinal hypomag-
nesaemia [5], an inborn error caused by a selective
defect in intestinal magnesium absorption [6,7].
However, the absence of hypokalaemic alkalosis and
nephrocalcinosis distinguishes this basic type of prim-
ary renal magnesium wasting from the remaining types,
and recent data suggest that in some cases hereditary
isolated renal magnesium wasting maps to chromo-
some 11g23 [8]. The second basic type includes cases
of renal magnesium wasting in the context of mitochon-
drial cytopathies [9]. The third basic type accounts for
most cases of renal magnesium wasting. In these
patients, renal magnesium wasting is associated with
hypokalaemia and alkalosis. Primary renal hypokala-
emic alkalosis represents a heterogeneous entity with
at least three subsets: Gitelman disease, ‘classic’ Bartter
syndrome and ‘neonatal’ Bartter syndrome. A unique
gene is responsible for Gitelman disease. Conversely,
at least three different genotypes have been identified
in ‘classic’ or ‘neonatal’ Bartter syndrome. Hypo-
magnesaemia is almost always present in Gitelman
disease, occasionally present in ‘classic’ Bartter
syndrome but absent or exceptional in ‘neonatal’
Bartter syndrome [3,4]. The fourth basic type is
the syndrome of primary hypomagnesaemia—hypercal-
ciuria—nephrocalcinosis (PHHN). The cardinal charac-
teristics of PHHN, for which the eponym Michelis—
Castrillo has been suggested, include renal magnesium
wasting, marked hypercalciuria, renal stones, nephro-
calcinosis and sometimes even ocular abnormalities
[2]. Very few patients with PHHN syndrome have
been described [10-26]. In PHHN, information on
renal tubular function and long-term outcome is rather
poor. In this report, we provide information on nine
patients. We also review the patients with PHHN
reported to date in the literature [10-26].

Patients and methods

Nine patients with PHHN syndrome were identified at the
Departments of Pediatrics, University of Bern (Switzerland ),

© 2000 European Renal Association—European Dialysis and Transplant Association



606

Milan (Italy) and Palermo (Italy) between 1970 and 1997.
The cases of patients 1 and 2 have already been published
in part elsewhere [26]. The diagnosis of PHHN was based
on the repeated demonstration of normal blood pressure,
plasma magnesium <0.75 mmol/1 (by xylidil blue colorimet-
ric assay [27]), molar ratio of urinary magnesium to creatin-
ine markedly higher than age-dependent lower reference
values (children aged 6—24 months: 0.40; children aged 2—10
years: 0.30; children aged 11 years or more: 0.20) [28], molar
ratio of urinary calcium to creatinine [28] markedly higher
than age-dependent upper reference values (children aged
6—12 months: 2.20; children aged 13-24 months: 1.50; chil-
dren aged 2-3 years: 1.40; children aged 4-5 years: 1.10;
children 67 years: 0.80; children aged 8 years or more: 0.70)
and extensive medullary nephrocalcinosis (clearly visible on
plain X-ray films and confirmed on renal ultrasound). The
initial evaluation also included the determination of plasma
creatinine, sodium, potassium, chloride, uric acid and cal-
cium, plasma and urinary inorganic phosphate, the blood
acid—base balance, proteinuria, glucosuria and aminoacidu-
ria, and the glomerular filtration rate (GFR; by inulin (n=
5) or creatinine clearance (n=4)).

The molar urinary oxalate over creatinine excretion was
normal in the patients [29], as compared with age-dependent
upper reference values (children aged <6 months: 0.360;
children aged 7-24 months: 0.174; children aged 2-5 years:
0.101; children aged >5 years: 0.080).

In four patients (1, 2, 3 and 5), the renal contribution to
acid—base balance was assessed after peroral administration
of ammonium chloride at a dosage of 3.0 mmol/kg body
weight followed by parenteral administration of sodium
bicarbonate at a dosage of 1.0 mmol/kg body weight [30]. The
urinary excretion rates of bicarbonate and ammonium were
plotted against the corresponding concentrations of bicar-
bonate in plasma. At the crossing point of the two curves, a
‘bicarbonate equivalent point’ is present, which represents
the acid-base equilibrium that the kidney is able to maintain
[30]. In six patients (1, 2, 3, 4, 5 and 9), the renal ability to
dilute urine following oral water administration and to
concentrate following water deprivation for 9-12h was
also assessed.

V. Benigno et al.

Results

The history and the initial clinical and biochemical
findings of the nine patients (six girls and three boys,
age at diagnosis from 0.5 to 12 years), who belonged
to five different families, appear in Table 2. The parents
of patients 1 and 2 were second degree relatives, those
of patients 6, 7 and 8 first degree relatives (patients 6
and 7 were monozygotic twins). The current age of
the patients ranges from 10 to 36 years. The patients
had been referred for evaluation because of urinary
tract infections (n=7), renal stones (n=3), polyuria
(n=4), failure to thrive (n=1), vomiting (n=1) and
gross haematuria (n=1). Surgical stone management
was required repeatedly in patients 1 and 3. One
subject (patient 8) was referred because she was the
sibling of two recognized patients (twins 6 and 7).
Patients 4 and 5 developed nephrolithiasis 7 and 10
years after diagnosis. Pregnancy, delivery and neonatal
body weight were normal in the nine patients. In
patients 6 and 7 (twins), neonatal body weight was
<2.50kg. Ocular involvement, including myopia,
macular colobomata and tapetoretinal degeneration,
was present in siblings 1 and 2 (toxoplasmosis initially
had been suspected in these patients). Mild bilateral
neurosensorial hearing impairment was detected at the
age of 17 years in patient 5. Hearing had been found
to be normal in this patient 9 years earlier. GFR was
moderately decreased in patient 3 and slightly
decreased in patient 6. The initial GFR of 75 and
51 ml/(min 1.73 m?) noted in patients 4 and 5 might
well be normal, considering their age of 6 months.
Uric acid was slightly increased and GFR consistently
decreased at diagnosis in patient 3. Metabolic acidosis
was noted in patient 5. Hypomagnesaemia and
‘normal’ or high urinary magnesium excretion were
found in all patients. In patient 9, a normal plasma

Table 1. Biochemical findings in patients with primary hypomagnesaemia, either intestinal or renal

Urinary Urinary Circulating Circulating  Acid-base
magnesium calcium calcium potassium  balance
Defective intestinal magnesium absorption Low Rather low Low Normal Normal
(Paunier disease)
Renal magnesium wasting
Isolated renal magnesium wasting ‘Normal’ to high*  Rather low Normal (low) Normal Normal
Mitochondrial cytopathies associated with ‘Normal’ to high*  Variable Variable Variable Variable
renal magnesium wasting®
Hypokalaemic alkalosis with ‘Normal’ to high* Low Normal (low) Low Alkalosis
hypomagnesaemia and hypocalciuria
(Gitelman disease)®
Hypomagnesaemia—hypercalciuria
-nephrocalcinosis (PHHN) ‘Normal’ to high*  High Normal (low) Normal Normal (acidosis)

*Inappropriately increased with respect to the concurrent hypomagnesaemia (with negative magnesium balance, the urinary magnesium
excretion rapidly falls to very low values unless urinary magnesium wasting is present).

®Mostly associated with a generalized dysfunction of the proximal tubule including excessive urinary amino acids, glucose, inorganic
phosphate and bicarbonate (so-called de Toni-Debré-Fanconi syndrome).

°‘Hypomagnesaemia is sometimes present in ‘classic’ Bartter syndrome (renal hypokalaemic alkalosis with normal or slightly increased

urinary calcium excretion).



Table 2. History and clinical and biochemical findings at diagnosis in nine patients with primary hypomagnesaemia-hypercalciuria-nephrocalcinosis (PHHN) with or without ocular involvement

Family 1 11 111 v A%
Patient 1 2 3 4 5 6 7 8 9
Parental consanguinity Present Unknown Unknown Present Unknown
Sex M F F M F F F F M
Age at diagnosis (years) 8 6 2 0.5 0.5 11 11 4 12
Present age (years) 36 31 30 16 21 19 19 10 13
Major initial complaints Urinary infections Urinary infections Urinary infections Urinary infections Urinary infections None Polyuria
Renal stones Renal stones vomiting, polyuria gross haematuria
Polyuria failure to thrive
Neonatal body weight (kg) 2.55 2.81 3.52 2.95 4.10 2.15 1.80 3.60 3.21
Ocular involvement Severe myopia, nystagmus
macular colobomata Absent Absent Absent Absent Absent Absent Absent
tapetoretinal degeneration
Hearing impairment Absent Absent Absent Absent Absent® Absent Absent Absent Absent
Plasma creatinine® (pmol/1) 61 80 160 63 65 92 58 55 71
Glomerular filtration [ml/(min 1.73 m?)] 81° 82¢ 40° 75¢ 51¢ 704 129¢ 834 1164
Plasma sodium® (mmol/l) 136 139 141 140 134 138 142 140 141
Plasma potassium® (mmol/1) 4.29 4.44 3.71 4.57 3.49 4.51 4.74 4.96 3.98
Plasma chloride* (mmol/1) 104 99 106 107 97 103 102 105 105
Plasma uric acid* (umol/1) 317 389 496 305 250 302 405 273 332
Plasma inorganic phosphate* (mmol/l) 1.29 1.22 1.30 1.70 1.85 1.47 1.70 1.60 1.30
Fractional phosphate excretion® (10~2) 10.2 12.3 24.6 258 10.2 14.8 11.9 16.0 9.48
Total plasma magnesium® (mmol/1) 0.61 0.63 0.62 0.62 0.65 0.53 0.48 0.52 0.63
Urinary magnesium/creatinine* (mol/mol) 0.96 1.05 0.77 1.03 0.83 0.92 1.33 1.38 0.41
Total plasma calcium® (mmol/l) 2.52 243 2.39 2.40 2.50 2.33 2.34 233 2.51
Urinary calcium/creatinine* (mol/mol) 1.35 1.71 2.29 2.72 3.01 1.40 1.53 1.88 1.00
Blood pH* 7.37 7.36 7.42 743 7.24 7.37 7.36 7.37 7.40
Carbon dioxide pressure® (mmHg) 44.8 38.2 253 21.2 358 39.1 40.3 40.9 40.0
Plasma bicarbonate* (mmol/l) 25.1 209 159 13.6 14.9 219 22.1 229 238
Aminoaciduria Normal Mild generalized Normal Normal Normal Normal Normal Normal Normal
hyperaminoaciduria
Urinary oxalate/creatinine (mol/mol) 0.019 0.022 0.049 0.078 0.056 0.020 0.026 0.030 0.037
Maximal urinary osmolality (mmol/kg 330 283 286 338 305 Not assessed Not assessed Not assessed 470
water)
Minimal urinary osmolality (mmol/kg 120 82 162 94 78 Not assessed Not assessed Not assessed 110
water)
Medical treatment Thiazides Thiazides Thiazides Thiazides (for a short time) Potassium citrate Thiazides Thiazides Thiazides Potassium citrate

Potassium citrate

Potassium citrate
Magnesium salts

Magnesium salts

Potassium citrate
Magnesium salts

Potassium citrate
Magnesium salts

Potassium citrate
Magnesium salts

Magnesium salts

Mental retardation, arterial hypertension, pathological proteinuria and glucosuria were not demonstrated in the nine patients.

*Median of three determinations; °detected at the age of 17 years; “inulin clearance; creatinine clearance.
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Fig. 1. Long-term course of plasma creatinine in eight patients with
primary hypomagnesaemia-hypercalciuria-nephrocalcinosis and a
follow-up of at least 5 years.

magnesium level of 0.78 mmol/l had been found at
another institution 3 years before diagnosis. All
patients presented with normocalcaemic hypercalciu-
ria. Both plain X-ray films and renal ultrasound
revealed signs consistent with medullary nephrocal-
cinosis in the nine patients.

During the neonatal period, patient 7 presented
hypocalcaemic seizures, but circulating calcium levels
subsequently returned to normal. A mild generalized
hyperaminoaciduria was noted in patient 2. The ability
to concentrate urine was markedly impaired in the six
patients who underwent this examination.

After diagnosis, seven patients (1, 2, 3, 4, 6, 7 and
8) were treated with thiazides, seven (3, 4, 5, 6, 7, 8
and 9) with potassium citrate and five (5, 6, 7, 8 and
9) with magnesium salts.

At follow-up, hypomagnesaemia tended to persist
and even to be exacerbated. However, normal plasma
magnesium values were sometimes noted in patients
when plasma creatinine values were found to be
>250 pmol/l.

The long-term course of plasma creatinine in the
eight patients with a follow-up of 5 years or more is
given in Figure 1. Chronic renal failure followed by
terminal failure requiring dialysis was noted in patients
1 (dialysis at the age of 27 years), 2 (20 years), 3 (14
years) and 6 (16 years). Plasma creatinine currently is
normal in patients 5 and 9 and slightly increased in
patients 4, 7 and 8. Patients 1, 2, 3 and 6 received a
cadaveric kidney graft 10-24 months after starting
chronic dialysis. Graft failure secondary to chronic
rejection occurred in patients 2 and 3. Growth at
diagnosis was normal in the nine patients, as indicated
by the Z-score for height (from + 1.8 to —1.3). Later
on, growth retardation was observed in patient 3, who
developed severe renal failure before reaching adult
height.

The study of the renal contribution to acid—base
balance (Figure2) demonstrated a reduced urinary
ammonium excretion in patient 5. The ‘bicarbonate
equivalent point’ was 21.9, 20.3 and 19.6 mmol/1 in
patients 1, 2 and 3.

Review of the literature

Apart from the present report, at least 35 families and
42 patients (27 females and 15 males) with PHHN

V. Benigno et al.
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Fig. 2. Renal contribution to acid—base balance in four patients with
primary hypomagnesaemia—hypercalciuria—nephrocalcinosis. The
urinary excretion rates of bicarbonate and ammonium were plotted
against the corresponding concentrations of bicarbonate in plasma.
At the crossing point of the two curves, an ‘equivalent point’ is
present, which represents the metabolic acid-base equilibrium that
the kidney is able to maintain.

have been described in 16 reports (each containing 1-8
cases) following the first report by Michelis [10-25].
The corresponding clinical data are summarized in
Table 3. Urinary tract infections, polyuria—polydipsia,
renal stones and tetanic convulsions were the main
clinical findings at diagnosis in the patients. Renal
failure was often reported.

Renal transplant was not followed by recurrent
hypomagnesaemia, hypercalciuria and nephrocal-
cinosis in 10 patients [13,20,22]. However, a possible
post-transplant recurrence was reported in a rather
poorly characterized patient [21].

The concomitant occurrence of ocular involvement,
first emphasized by Castrillo [14], was reported in 17
of the 42 patients [13-16,20,23,24]. Myopia and macu-
lar colobomata were the most common ocular dis-
orders. Hearing impairment was reported in two
families with two and one affected members, respect-
ively [13,21]. Parental consanguinity was noted in at
least six of the 35 families with PHHN [15,19,22].
None of the parents presented the full blown clinical
spectrum of the diseases including renal hypomagnesa-
emia, hypercalciuria and nephrocalcinosis. However,
abnormal renal findings such as isolated hypercalciuria
or renal stones were discovered in 16 out of 23 families.

Discussion

Nephrocalcinosis refers to the diffuse deposition of
calcium in the kidney and urolithiasis to stones in the
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urinary tract, though the two conditions often co-exist
[31,32]. Increased urinary calcium, oxalate or urate,
low amounts of crystal formation inhibitors (such as
citrate and magnesium or some recently described
macromolecules) can result in nephrourolithiasis. Also,
urine volume and the acid—base status influence the
interactions of the aforementioned ions to promote or
abrogate crystal formation [31,32]. Increased urinary
calcium excretion, magnesium deficiency and urinary
acidification disturbances might well account for the
tendency towards nephrocalcinosis and urolithiasis in
PHHN [10-26].

The biochemical criteria used for the diagnosis of
renal magnesium wasting and hypercalciuria in PHHN
deserve discussion. The kidney plays a pivotal role in
magnesium homeostasis [1]. When magnesium intake
is curtailed or when there is intestinal magnesium
malabsorption, the normal kidney reduces magnesium
excretion to very low values (hypomagnesiuria).
Consequently, the concurrent demonstration of hypo-
magnesemia and urinary magnesium markedly higher
than the lower reference value demonstrates renal
magnesium wasting [1]. The definition of hypomagne-

Table 3. Clinical and biochemical data in 42 patients (from
35 families) with primary hypomagnesemia-hypercalciuria-
nephrocalcinosis reported in the literature; the nine cases included
in the present report are not considered

Consanguineous parents 6 families
Relatives with abnormal renal findings® 16/24 families
Hypercalciuria 13 families
Renal stones 7 families
Affected parents 0
Families with more than one affected child 8/35
Female:male ratio 27:15
Age at diagnosis (years) 10 (0.8-40)°
Initial clinical presentation
Urinary tract infections 22/42
Polyuria—polydipsia 31/42
Renal stones 10/42
Tetanic convulsions 8/42
Arterial hypertension 6/42
Rickets 6/42
Muscle weakness 4/42
Muscle cramps 3/42
Arthritic pain 3/42
Lethargy 3/42
Vomiting 3/42
Chondrocalcinosis 2/42
Failure to thrive 3/42
Abdominal pain 2/42
Renal failure 15/42¢
Renal transplant 11/42¢
Ocular involvement 17/42
Myopia 17/42
Macular colobomata 4/42
Strabismus 1/42
Chorioretinitis 1/42
Ocular peripapillar depigmentation 1/42
Bilateral keratoconus 1/42
Corneal calcification 1/42
Papillar hypoplasia 1/42
Hearing impairment 3¢

2Information not available in some families; median and ranges;
cage 19 (14-35) years; %age 23 (15-37) years; *from two families.
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saemia, as assessed by the xylidil blue colorimetric
assay applied in the present study [27], is widely used
in the literature [1]. However, other colorimetric assays
or flame atomic absorption spectrophotometry some-
times provide different values [2,20]. The definitions
of hypercalciuria and hypomagnesiuria used in the
present study take into account the fact that in healthy
humans the urinary calcium:creatinine and the urinary
magnesium : creatinine ratios are elevated in infancy
and decline progressively with age [28].

A group of patients concurrently affected by hypom-
agnesaemia and nephrourolithiasis or nephrocalcinosis
reported by a Czechoslovakian group [33] and a girl
with renal failure and hypomagnesaemia reported by
Chesney and Haughton [34] were not included in our
survey, since available information is too scanty.

In PHHN, the cardinal features are rather heterogen-
ous and the renal prognosis rather poor. In addition,
extrarenal disturbances not explained by altered salt
homeostasis frequently occur. The history of one of
our patients is consistent with the assumption that
hypomagnesaemia sometimes is not present early in
life. The complaints and the findings at diagnosis are
variable, including urinary tract infections (probably
related to nephrocalcinosis and renal stones), polyuria-
—polydipsia (related to impaired urinary concentrating
ability), tetanic convulsions (related to magnesium
deficiency) and muscle weakness or muscle cramps
(probably related to magnesium deficiency). The study
of the renal contribution to acid—base balance per-
formed in some of our patients with PHHN indicates
a disturbed urinary ammonium excretion in some but
not all patients. Thiazides, which reduce urinary cal-
cium excretion [38], and potassium citrate or magnes-
ium salts, which inhibit crystal formation [31,32], have
been used in patients with PHHN. It is not clear if
these pharmacological tools delay the tendency
towards renal failure. In our family II, the progression
towards renal failure appears delayed in patient 4 as
compared with his older sister (patient 3); this might
well be related to the fact that treatment with potassium
citrate and magnesium salts was started early in life in
patient 4. Renal graft is carried out without evidence
of recurrence [14,22,23]. This observation argues
against a hormonal imbalance of the magnesium and
calcium homeostasis and suggests an intrinsic defect
in the native kidney tissue. The parents of patients
with PHHN are apparently normal but often consan-
guineous. This fact, taken together with the almost
equal incidence in both sexes, strongly indicates an
autosomal recessive inheritance. The spectrum of
extrarenal disturbances includes ocular disorders such
as myopia or macular colobomata in almost half
[13-16,20,23,24] and hearing impairment in one-tenth
of the patients [13,21]. This report is the first to focus
on the occurrence of sensorineural hearing impairment
in PHHN. Hearing impairment has already been docu-
mented in at least two tubulopathies including classic
distal tubular acidosis Albright [35,36] and some cases
of neonatal Bartter syndrome [37]. Extrarenal disturb-
ances have probably been underreported in PHHN. In
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addition, in PHHN extrarenal signs sometimes present
late in life. It would be helpful if the extrarenal signs
in PHHN were anticipated.

The renal tubular resorption of magnesium occurs

predominantly by paracellular flux in the thick

ascending limb of Henle [1,5].

A gene encoding a

protein that mediates the paracellular resorption of
magnesium and calcium in the tight junction of the
thick ascending limb of Henle recently has been identi-
fied. Mutations in this gene might cause PHHN [39].
The diagnosis of this rare but intriguing disease
deserves consideration in any patient with nephrocal-
cinosis and hypercalciuria.

References

10.

11.

12.

13.

14.

15.

. Rodriguez-Soriano  J,

. Dirks JH. The kidney and magnesium regulation. Kidney Int

1983; 23: 771-777
Vallo A, Garcia-Fuentes M.
Hypomagnesaemia of hereditary renal origin. Pediatr Nephrol
1987; 1: 465-472

. Bettinelli A, Vezzoli G, Colussi G, Bianchetti MG, Sereni F,

Casari G. Genotype—phenotype correlations in normotensive
patients with primary renal tubular hypokalemic alkalosis.
J Nephrol 1998; 11: 61-70

. Rodriguez-Soriano J. Bartter and related syndromes: the puzzle

is almost solved. Pediatr Nephrol 1998; 12: 315-327

. Quamme GA. Renal magnesium handling: new insights in

understanding old problems. Kidney Int 1997; 52: 1180-1195

. Paunier L, Radde IC, Kooh SW, Conen PE, Fraser D. Primary

hypomagnesemia with secondary hypocalcemia in an infant.
Pediatrics 1968; 41: 385-402

. Walder RY, Shalev H, Brennan TM et a/. Familial hypomagnese-

mia maps to chromosome 9q, not to X chomosome: genetic
linkage mapping and analysis of a balanced translocation
breakpoint. Hum Mol Genet 1997; 6: 1491-1497

. Meij IC, Saar K, van den Heuvel LP er al. Hereditary isolated

renal magnesium loss maps to chromosome 11q23. Am J Hum
Genet 1999; 64: 180188

. Gilbert RB, Emms M. Pearson’s syndrome presenting with

Fanconi syndrome. Ultrastruct Pathol 1996; 20: 473-475
Michelis MF, Drash AL, Linarelli LG, De Rubertis FR, Davis
BB. Decreased bicarbonate threshold and renal magnesium
wasting in a sibship with distal renal tubular acidosis. Metabolism
1972; 21: 905-920

Runeberg L, Collan Y, Jokinen EJ, Lihdevirta J, Aro A.
Hypomagnesemia due to renal disease of unknown etiology. Am
J Med 1975; 59: 873-881

Manz F, Schirer K, Janka P, Lombeck J. Renal magnesium
wasting, incomplete tubular acidosis, hypercalciuria and nephro-
calcinosis in siblings. Eur J Pediatr 1978; 128: 67-79

Evans RA, Carter JN, George CRP er al The congenital
‘magnesium-losing kidney’. Report of two patients. Q J Med
1981; 197: 39-52

Castrillo JM, Rapado A, Traba ML, Esbrit P, Hernando L.
Nefrocalcinosis con hipomagnesemia. Nefrologia 1983; 3:
159-165

Ulmann A, Hadj S, Lacour B, Bourdeau A, Bader C. Renal
magnesium and phosphate wastage in a patient with hypercalciu-
ria and nephrocalcinosis: effect of oral phosphorus and magnes-
ium supplements. Nephron 1985; 40: 83-87

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.
32.
. Revusova V, Zvara V, Karlikova L, Suchanek B. Prognosis of
34.

35.

36.

37.

38.
39.

V. Benigno et al.

Heras M, Izaguirre C, Garin A, Loris C. Hipomagne-
semia—hipercalciuria con nefrocalcinosis y alteraciones oculares
(abstract). Nefrologia 1987; 7 [Suppl 4]: 26

Zelikovic I, Dabbagh S, Friedman AL, Goelzer ML, Chesney
RW. Severe renal osteodystrophy without elevated serum immu-
noreactive parathyroid hormone concentrations in hypomagne-
semia due to renal magnesium wasting. Pediatrics 1987; 79:
403-409

. Ortiz A, Méndez A, Parra EG, Rodeles M, Ortiz-Arduan A.

Hipomagnesemia familiar con hipercalciuria. Nefrologia 1992;
12:50-55

Richard O, Freycon MT. Tubulopathie congénitale avec fuite
de magnésium. Pédiatrie 1992; 47: 557-563

Rodriguez-Soriano J, Vallo A. Pathophysiology of the renal
acidification defect present in the syndrome of familial hypomag-
nesaemia—hypercalciuria. Pediatr Nephrol 1994; 8: 431-435
Chesney RW, Friedman AL, Zelikovic I, Dabbagh S. Renal
failure in renal magnesium wasting: recurrence of disease in a
renal transplant. Pediatr Nephrol 1995; 9: 77

Nicholson JC, Jones CL, Powell HR, Walker RG, McCredie
DA. Familial hypomagnesaemia—hypercalciuria leading to end-
stage renal failure. Pediatr Nephrol 1995; 9: 74-76

Praga M, Vara J, Gonzalez-Parra E et al. Familial hypomagnese-
mia with hypercalciuria and nephrocalcinosis. Kidney Int 1995;
47:1419-1425

Torralbo A, Pina E, Portolés J, Sanchez-Fructuoso A, Barrientos
A. Renal magnesium wasting with hypercalciuria, nephrocal-
cinosis and ocular disorders. Nephron 1995; 69: 472-475
Mourani C, Khallouf E, Akkari V, Akatcherian C, Cochat P.
Hypomagnésémie familiale—hypercalciurie et néphrocalcinose.
A propos de deux observations familiales. Arch Pédiatr 1999;
6: 748-751

Meier W, Blumberg A, Imahorn W, De Luca F, Wildberger H,
Oetliker OH. Idiopathic hypercalciuria with bilateral macular
colobomata: a new variant of oculo-renal syndrome. Helv
Paediatr Acta 1979; 34: 257-269

Bianchetti MG, Kanaka C, Ridolfi-Liithy A, Wagner HP, Hirt
A, Oetliker OH. Persisting renotubular sequelae after cisplatin
in children and adolescents. Am J Nephrol 1991; 11: 127-130
Matos V, van Melle G, Boulat O, Markert M, Bachmann C,
Guignard JP. Urinary phosphate/creatinine, calcium/creatinine
and magnesium/creatinine in a healthy pediatric population.
J Pediatr 1997; 131: 252-257

Leumann EP, Dietl A, Matasovic A. Urinary oxalate and
glycolate excretion in healthy infants and children. Pediatr
Nephrol 1990; 4: 493-497

Edelman CM, Rodriguez-Soriano J, Boichis H, Gruskin A,
Acosta MI. Renal bicarbonate reabsorption and hydrogen ion
excretion in normal infants. J Clin Invest 1967; 46: 1309-1317
Mandel N. Mechanisms of stone formation. Semin Nephrol
1996; 16: 364-374

Alon US. Nephrocalcinosis. Curr Opin Pediatr 1997; 9: 160—166

urolithiasis and nephrocalcinosis in hypomagnesemia Czech Med
1985; 8: 207-213

Chesney RW, Haughton PB. Tetany following phosphate enemas
in chronic renal disease. Am J Dis Child 1974: 127: 584-58634
Donckerwolcke RA, Van Biervliet JP, Koorevaar G, Kuijten
RH, Van Stekelenburg GJ. The syndrome of renal tubular
acidosis with nerve deafness. Acta Paediatr Scand 1976; 65:
100-104

Bajaj G, Quan A. Renal tubular acidosis and deafness: report
of a large family. Am J Kidney Dis 1996; 27: 880-882

Kurtz CL, Karolyi L, Seyberth HW et al. A common NKCC2
mutation in Costa Rican Bartter’s syndrome patients: evidence
for a founder effect. J Am Soc Nephrol 1997; 8: 17061711
Velazquez H. Thiazide diuretics. Renal Physiol 1987;10: 184-197
Wong V, Goodenough DA. Paracellular channels! Nature 1999;
285: 62

Received for publication: 31.12.98
Accepted in revised form: 16.11.99

Editor’s note
See also Editorial Comment by Monnens et al.,
pp. 568-570.



