Case Reports

Familial hypomagnesemia with hypercalciuria and

nephrocalcinosis in 2 sisters
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Familial hypomagnesemia with hypercalciuria and
nephrocalcinosis (FHHNC) is a rare autosomal recessive
tubular disorder characterized by excessive renal magnesium
and calcium wasting, eventually, progressing to renal failure.
It has been recently attributed to a mutation in the Claudin
16 (CLDN 16) gene of the Paracellin-1 (PCLN-1) tight
junction protein. Herein, we report 2 sisters with FHHNC.
Both sisters presented at an early stage with hypomagnesemia
and hypocalcemia. The first patient was initially mislabeled
and treated as a case of hypoparathyroidism, while the second

patient was diagnosed retrospectively after the diagnosis of

her sister. The 2 patients developed end stage renal disease.
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Primary magnesium  wasting  disorders are
relatively rare conditions. In the last 4 decades,
many reports on inherited magnesium disorders
have been published, mainly because of a better
understanding of the underlying genetic defect.
Familial hypomagnesemia with hypercalciuria
and nephrocalcinosis (FHHNC) is an autosomal
recessive inherited disease characterized by excessive
renal magnesium and calcium wasting, frequently
associated with bilateral nephrocalcinosis and
progressive renal impairment.' The primary defect
is related to impaired magnesium and calcium
reabsorption in the thick ascending limb (TAL)
of the loop of Henle. The FHHNC is caused by a
mutation in the Claudin 16 (CLDN 16) gene of the
Paracellin-1 (PCLN-1) protein, recently identified as
a tight junction protein predominantly expressed in
the TAL.>? Affected patients usually present during
childhood with recurrent urinary tract infection,
polyuria/polydipsia, hematuria, or nephrolithiasis.
The course of FHHNC is highly variable, symptoms
may be mild at the beginning of the disease.* In this
report, we present 2 sisters with FHHNC who have
been mislabeled for many years. The objective of this
report is to increase the awareness of the medical
community of such a rare genetic disorder aiming
for an early diagnosis and management.

Case Report. Patient One. A 19-year-old Saudi
female who had normal milestone development. She
presented to the medical care for the first time at the
ageof Gyearsafter shewas noticed by the family to have
attacks of abnormal hand movements. Documented
physical examination was unremarkable apart
from horizontal nystagmus. Serum biochemistry
revealed: blood urea nitrogen (BUN) 23 mg/dL
(normal range [NR] 7-22), creatinine (Creat) 0.8
mg/dL (NR 0.5-1.0), calcium (Ca) 10.1 mg/dL
(NR 8.5-10.2), magnesium (Mg) 1.1 mg/dL (NR
1.8-2.4), phosphorus (PO,) 4.4 mg/dL (NR 2.5-
4.9). Brain CT scan was normal and EEG revealed
the presence of generalized epileptic discharges with
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focal accentuation in the centro parietal region. She was
labeled to have tics and planned for observation only.
She remained asymptomatic until the age of 11 when she
presented again with one attack of carpopedal spasms.
Physical examination was unremarkable, and laboratory
investigations revealed: BUN 18 mg/dL, Creat 1.4
mg/dL, sodium (Na) 137 mEq/L (NR 135-148),
potassium (K) 4.4 mEq/L (NR 3.8-5), chloride (Cl) 100
mEq/L (NR 95-109), carbon dioxide (CO,) 22 mEq/L
(NR 24-32), Ca 6.4 mg/dL, Mg 0.6 mg/dL, PO, 5 mg/
dL, pH 7.32, alkaline phosphatase (Alk Phos) 538 U/L
(NR 43-277), and albumin 3.6 g/dL (NR 3.5-4.8). At
this time she was diagnosed to have hypoparathyroidism
and was treated by calcium carbonate and activated
vitamin D. During follow-up, she was labeled to
have hypocalcemia with mild renal impairment but
no specific diagnosis was given. The doses of Ca and
vitamin D were adjusted, and later on Thiazide diuretic
was added. She was not regular on follow-up and was
non-compliant to medication. At the age of 12 years,

Table 1 - Laboratory and radiology findings.

she was seen at the adult endocrinology clinic. Further
history was taken and revealed that she had no history of
urinary tract infection, polyuria, polydipsia, hematuria,
abdominal pain, or renal stones. Family history was
positive for chronic renal failure (CRF) in one of her
sisters. Her father died suddenly at the age of 40 years
of unrecognized cause. Her mother, one sister, and 2
brothers were healthy. The parents were first-degree
cousins. Physical examination was unremarkable
apart from nystagmus and myopia. Pertinent results
of tests requested or taken from the patient’s records
revealed: BUN 28 mg/dL, Creat 1.8 mg/dL, Ca 7.5
mg/dL, PO, 6.0 mg/dL, Mg 0.6 mg/dl, albumin 2.9
g/dL, Alk Phos 243 U/L, uric acid 7.1 mg/dL (NR
3-6), parathyroid hormone (PTH) 77.0 pmol/L (NR
1.3-7.6). Twenty-four hour urine, protein 1065 mg/24°
(NR 0-165) creatinine clearance 64.19 ml/min/1.73 m?
(NR 75-115), urine Ca 214 mg/24° (NR 40-350) or
4.39 mg/kg/day, urine PO*519.8 mg/24° (NR 400-
1300), urine Mg 119 mg/24° (NR 12-192) (Table 1).

Test Patient-1 Patient-2 Normal value

Serum level
Calcium mg/dL 6.4 6.1 8.5-10.5
Phosphorus mg/dL 5.0 5.9 2.5-4.9
Magnesium mg/dL 0.6 1.0 1.8-2.4
Albumin mg/dL 3.6 3.4 3.5-4.8
Blood urea nitrogen mg/dL 18 34 7-22
Creatinine mg/dL 1.4 2.0 0.5-1.0
Sodium mg/dL 137 141 135-148
Potassium mg/dL 4.4 4.8 3.8-5.0
Chloride mg/dL 100 108 95-109
Bicarbonate mg/dL 22 22 24-32
pH 7.32 NA 7.35-7.45
Uric acid mg/DI 7.1 4.6 3.0-6.0
Parathyroid hormone pmol/L 77 41.7 1.3-7.6
Alkaline phosphatase U/L 538 168 43-277
25-OH-vitamin D NA NA

Urine
pH 6.0 5.5 5.0-8.0
Glycose uria Negative Negative
Protein mg/dl 30 100
Citrate NA NA

24-urine
Magnesium mg/24° 119 NA 12-192
Calcium mg/24° (mg/kg) 214 (4.39) NA 40-350 (<4.0)
Phosphorus mg/24° 519.8 NA 400-1300
Protein mg/24° 1050.6 1089 0-165
Creatinine clearance ml/min/1.73
m? 64.19 26.0 75-115

Radiology

Abdominal ultrasound Nephrocalcinosis

Nephrocalcinosis
Nephrolithiasis

NA - not available, 24° - 24 hours
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nephrocalcinosis as indicated by the arrows.
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Figure 1 - Ultrasound for patient - 1, showing, a) both kidneys, b) right kidney, c) left kidney. All showing strong shadowing consistent with
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Figure 2 - Change in serum magnesium, calcium and creatinine over
time for patient - 1.
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Figure 3 - Change in serum magnesium, calcium and creatinine over

time for patient - 2.
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Abdominal ultrasound was consistent with bilateral
nephrocalcinosis (Figure 1). Audiogram revealed mild
to high frequency sensory neuronal deafness of the left
ear and ophthalmological evaluation documented the
presenceofbilateralhorizontal nystagmus, myopia, ocular
peripapillary depigmentation, and questionable corneal
calcification. Based on the above, she was diagnosed to
have FHHNC. Magnesium salt and Allopurinol were
added to the medications. She continued to be non-
compliant and although she remained asymptomatic in
spite of persistent hypomagnesemia with hypocalcemia,
her kidney function worsened over the following
years (Figure 2). By the age of 17, she presented with
symptoms of uremia. Her BUN was 252 mg/dL and
Creat was 11.0 mg/dL. The serum Mg level normalized
to 2.4 mg/dL. She was started on regular hemodialysis
and planned for renal transplant.

Patient 2. The affected sister is currently 24 years
old. Her first presentation was at the age of 6 years
when she was evaluated by the ophthalmology team
for decreased vision. She was documented to have
bilateral horizontal nystagmus and myopia. At the
age of 13, she presented with abdominal pain with
no other significant symptoms. Physical examination
was unremarkable apart from the ophthalmological
findings. The biochemical profile revealed: BUN
34 mg/dL, Creat 2 mg/dL, Na 141 mEq/L, K 4.8
mEq/L, Cl1 108 mEq/L, CO, 22 mEq/L, Ca 6.1 mg/dL,
PO, 5.9 mg/dL, Mg 1.0 mg/dL, albumin 3.4 g/L, PTH
41.7 pmol/L, uric acid 4.6 mg/dL, Alk Phos 168 U/L,
24° urine protein 1089 mg/24° and creatinine clearance
26 ml/min/1.73 m? (Table 1). Abdominal ultrasound
was consistent with bilateral nephrocalcinosis and
nephrolithiasis. She was labeled to have renal tubular
acidosis with chronic interstitial nephritis versus
medullary sponge kidney and was treated with calcium
carbonate in addition to activated vitamin D. She was
not regular on follow-up. She remained asymptomatic,
however, her kidney function deteriorated over time
(Figure 3). By the age of 17 years, she was diagnosed to
have end stage renal disease and started on hemodialysis.
She developed one attack of seizure during dialysis
and was treated with anticonvulsant therapy. She had
successful live-unrelated kidney transplant one and half
years later.

Discussion. Magnesium homeostasis is dependent
on the balance between intestinal absorption and renal
excretion. Hypomagnesemia can result from decreased
dietaryintake, malabsorption, orrenalloss.’ In thenormal
adult kidney, approximately 80% of the total serum
magnesium is filtered at the glomeruli and more than
95% of the filtered magnesium is reabsorbed (50-60%
in the cortical TAL, 20-25% in the proximal tubule, and
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5-10% in the distal convoluted tubules). Thus, only 5%
of the filtered magnesium is excreted in the urine.® Loss
of function mutation in the PCLN-1/CLDN 16 gene
results in a selective defect in paracellular magnesium
reabsorption in the human TAL and leads to profound
hypermagnesuria and hypomagnesemia. Since calcium
and magnesium transport systems are frequently
linked, the defect in renal magnesium handling is
associated with a high rate of Ca excretion resulting
in nephrocalcinosis and renal failure.> The FHHNC,
which is linked to a mutation of the PCLN-1/CLDN
16 gene was first described by Michelis et al in 1972
(Michelis-Costrillo syndrome).” The cardinal features are
hypomagnesemia, hypercalciuria, and nephrocalcinosis.
It usually progress to end stage renal disease and may
have extrarenal manifestations, mainly ophthalmic
and auditory abnormalities. Our index patient
(Patient 1) was documented to have hypomagnesemia
with lowest magnesium level of 0.6 mg/dL (Figure 2),
hypermagnesuria defined as daily excretion of more
than 10-30 mg in the presence of hypomagnesemia,®
hypercalciuria defined as urine Ca excretion of more
than 4.0 mg/kg/day’ and nephrocalcinosis identified
by ultrasound (Figure 1). The second patient was also
found to have hypomagnesemia with lowest Mg level
of 1.0 mg/dL and nephrocalcinosis documented by
ultrasound. Urine electrolytes study was not carried out
(Table 1). The Mg level normalized in both patients after
the development of end stage renal disease (Figures 2 & 3).
The first patient presented with muscular tetany while
the second patient was discovered during evaluation for
abdominal pain. In a study of 25 families with FHHNC
by Weber et al,* muscular tetany and abdominal pain
were the initial presentation in 7% and 10%. In spite of
the hypercalciuria, the serum Ca level in patients with
FHHNC usually remains within the normal range.?
An important observation was the fact that both of
our patients had severe biochemical hypocalcemia with
lowest corrected Ca level of 5.4 mg/dL for the first
patient, and 6.0 mg/dL for the second patient. The
presence of hypocalcemia may be related to vitamin D
deficiency, which is common in this part of the world,"
or related to the renal impairment. Unfortunately,
vitamin D assay was not available at our institute and
was not carried out. Both patients had a high parathyroid
hormone level in spite of severe hypomagnesemia,
which may reflect a chronic Ca depletion.? Both sisters
had nephrocalcinosis while nephrolithiasis was found
only in patient 2. Nephrolithiasis was the fifth common
presenting complaints in the study of Weber et al.*
Differential diagnoses that should be considered include
isolated dominanthypomagnesemia with hypercalciuria,
isolated recessive hypomagnesemia with normocalciuria,
hypomagnesemia with secondary hypocalcemia, and
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autosomaldominanthyperparathyroidism.' The 2 sisters
have ophthalmic manifestations in the form of myopia
and bilateral horizontal nystagmus. Patient 1 was also
found to have ocular peripapillary depigmentation and
questionable corneal calcification. Ocular involvement
was reported in 30.3-40.5%.%'* Patient 1 has unilateral
mild to high frequency sensory neuronal deafness;
unfortunately, patient 2 had no audiogram evaluation.
Hearing abnormalities were found in 3/42 patients
reported by Benigno et al.'* Interestingly, both patient’s
first evaluation was at the age of 6 years and both
needed hemodialysis by the age of 17. Most patients
with FHHNC progress to renal failure, which usually
occurs in the second or third decade. The reported renal
function deterioration rate is variable. Some suggested
that the rate of disease progression is genetically
determined. Kari et al” reported 7 Arab patients
(of Saudi national-personal communication), with slow
progression to end stage renal diseased contributed
to ethnic background. The rate of progression in our
2 patients is similar to that reported in the literature.
Patient 2 had successful renal transplant, and patient
1 is planned for kidney transplant. In general, renal
transplant corrects the tubular disorder.

The diagnosis of patient 1 was delayed for at least
6 years and the initial finding of low Mg level was
ignored, while patient 2 was diagnosed retrospectively
after the presentation of her sister. The reported delay of
the diagnosis of such patients is up to 10 years.'>'* Early
diagnosis and start of medical therapy may not influence
the natural history of the disease; however, it may improve
the growth and final height of the patients.”” Another
important benefit of early diagnosis is family planning
since parental consanguinity was found in the families
studied.* The parents of our patients are first-degree
cousins. Family members of our patients were invited
for evaluation, however, they were reluctant to come.
Although, genetic testing would be helpful, particularly
in the presence of ophthalmic manifestations, it was not
performed due to lack of resources.

In conclusion, the diagnosis of FHHNC should
be considered in all patients presenting with
hypomagnesemia especially in the presence of positive
family history or renal impairment. Putting disease
components together will help in the early diagnosis
and management.
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