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Abstract: Pseudohypoparathyroidism is a rare disorder of calcium metabolism that involves
target organ resistance to the action of the parathyroid hormone. As a result, calcium levels may
become dangerously low, sometimes leading to seizures and other symptoms. We present a case
of'a 23-year-old Somalian female on antiepileptic therapy presenting with intractable epilepsy.
She was subsequently found to have pseudohypoparathyroidism type la. She had multiple reasons
accounting for loss of seizure control, including worsening hypocalcemia from resistance to the
parathyroid hormone; vitamin D deficiency, which could have resulted from lack of exposure to
direct sunlight and her antiepileptic medication; and extensive calcium deposition in the brain
due to pseudohypoparathyroidism. The patient was stabilized with intravenous therapy and oral
calcium, vitamin D, and calcitriol. Her antiepileptic therapy was changed to a medication that
did not interfere with vitamin D metabolism or contribute to worsening hypocalcemia.
Keywords: calcium, pseudohypoparathyroidism, epilepsy

Introduction

Calcium homeostasis, a very tightly regulated system in humans, includes the release
of parathyroid hormone (PTH) in response to hypocalcemia. One of the life threaten-
ing symptoms of hypocalcemia is seizures. Pseudohypoparathyroidism (PHP), a rare
genetic disorder of calcium metabolism, involves target organ resistance to the action
of PTH. Thus, despite high serum levels of PTH, hypocalcemia occurs and can lead to
seizures, which can be the presenting symptom in patients with PHP. These patients
can also develop tetany, convulsions, basal ganglia calcifications, and cataracts.

PHP exists in several forms, with type la being the most common. This form
involves target organ resistance to other hormones in addition to PTH, including
the thyroid stimulating hormone (TSH), growth hormone releasing hormone, and
the gonadotropins (LH, FSH). Calcium deposition can occur in the brain, most often
in the basal ganglia. PHP type la is also associated with a constellation of unusual
physical features, known as Albright’s hereditary osteodystrophy (AHO), and includes
short metacarpals and metatarsals, short stature, and obesity.

We present a case of a 23-year-old Somalian female with intractable epilepsy
who was subsequently diagnosed with PHP. The patient had initially maintained
seizure control on two antiepileptic medications. However, in the months preceding
her admission and diagnosis of PHP, she had loss of seizure control while remaining
in the therapeutic range on phenytoin and phenobarbital. The etiology of her recur-
rent seizures was multifactorial and included hypocalcemia from resistance to PTH,
extensive calcium deposition in the basal ganglia and cortex, and exacerbation of
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hypocalcemia due to vitamin D deficiency. The latter was
likely due to restricted exposure to direct sunlight and inhi-
bition of hepatic 25-hydroxylation of vitamin D by certain
antiepileptic agents.

Case presentation

A 23-year-old Somalian female presented to the medical
emergency room after her parents noted her to have a tonic—
clonic seizure at home. Her medical history was significant
for mild mental retardation and a seizure disorder, which
was diagnosed in Somalia at the age of 18 years. According
to the patient’s family, the etiology of the seizures was never
described, and the patient was started on phenytoin and
phenobarbital. She had remained seizure free for the first
four years on these medications. Despite therapeutic phe-
nytoin levels, the patient began to have recurring seizures
occurring twice monthly for 6 months before admission. The
patient had not sought medical attention in the United States
prior to this episode due to financial instability.

History was difficult to obtain directly from the patient
due to her mental retardation. However, the patient’s family
was able to provide further details. According to them, the
patient had been in relatively good health prior to coming to
the emergency room, and had not been hospitalized previously.
Over the past 2 years, the patient had complained of intermit-
tent paresthesias in her fingers and toes, along with perioral
numbness. She had immigrated to the United States 3 years
earlier and lived in Central Ohio, a region with limited sunny
days during the winter months. Because of her poor functional
status, the patient spent most of her days indoors under the
supervision of her parents. Her only home medications were
phenytoin and phenobarbital, and she did not use alcohol,
tobacco, or illicit drugs. Family history was significant for short
stature, short metacarpals, and mild developmental delay in the
patient’s older brother and mother. The patient also had two
other siblings and a father who were of normal stature, had no
brachydactyly, and had all completed school in Somalia.

On examination, the patient was alert, but had difficulty
answering questions appropriately. She had short stature,
arounded face, and central adiposity, with height and weight
measuring 139.7 cm and 64 kg, respectively. Markedly posi-
tive Chvostek and Trousseau signs were elicited. Examination
of the extremities revealed brachydactyly of the fingers
(Figures 1 and1A) and second, third, fourth, and fifth toes
(Figures 2 and 2A). Admission laboratory results are presented
inTable 1. An electrocardiogram performed in the emergency
room was remarkable for a prolonged QT interval. The patient
had no known personal or family history of congenital or

Figure | Note the brachymetacarpals bilaterally along with widened fingernails,
suggestive of Albright’s hereditary osteodystrophy.

acquired long QT syndrome. Computed tomography of the
head revealed diffuse bilateral calcifications throughout the
basal ganglia and cerebral cortex (Figures 3 and 3A).

Given the clinical, radiographic, and laboratory findings,
presumptive diagnoses of PHP type Ia and mild primary
hypothyroidism were made. An Ellsworth—-Howard test was
performed, which established the presence of resistance to
PTH. The patient was admitted to the medical wards, where
her hypocalcemia was corrected using both intravenous
and oral calcium, vitamin D, and calcitriol. With correction
of the hypocalcemia, there was complete resolution of the
prolonged QT interval initially seen on electrocardiogram
in the emergency room.

Figure |A Radiograph of the right hand. Note the shortening of each of the
metacarpals, including coarsening of the trabeculae in all of the digits.

50 submit your manuscript

Dove

International Medical Case Reports Journal 2012:5


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Pseudohypoparathyroidism type la manifesting as intractable epilepsy

Figure 2 Note the brachymetatarsia of the patient’s right foot, characteristically
seen in Albright’s hereditary osteodystrophy.

The patient was discharged on 112 mcg of levothyroxine
daily, 1 g of calcium carbonate twice daily, 50,000 IU of
ergocalciferol weekly, and 0.5 mcg of calcitriol twice daily.
Phenytoin was discontinued and the patient was placed on
levetiracetam for seizure prophylaxis as it does not interfere
with hepatic conversion of vitamin D to 25-hydroxyvitamin D.
Phenobarbital was gradually tapered down to a lower dosage
and eventually discontinued. The patient was followed up
at monthly intervals for a duration of 3 months and has
remained seizure free since discharge.

Table | Initial laboratory studies ordered upon admission

Laboratory test Patient’s Normal
(units of measurement) values reference range
Serum calcium (mg/dL) 5.8 8.9-10.3
Serum ionized calcium (mmol/L) 0.8 1.12-1.32
Serum albumin (mg/dL) 3.6 3.5-48
Serum phosphorus (mg/dL) 6.6 2447
Serum intact parathyroid 536 12-88
hormone (pg/dL)

Serum magnesium (mg/dL) 2.1 1.8-2.5
Serum 25-hydroxyvitamin D 15 30-100
(ng/mL)

Serum 1,25-dihydroxyvitamin D 20 25-66
(pg/mL)

Serum alkaline phosphatase (U/L) 128 33-115
Serum thyroid stimulating 12.93 0.34-5.60
hormone (mlIU/L)

Serum free thyroxine index 3.78 5.93-13.13
(nmol/L)

Serum IGF-1 at 7 am (ng/mL) 68 116-358
Serum LH (miu/mL) 16.7 1.2-12.9
Serum FSH (miu/mL) 12.5 1.8-5.1
Serum estradiol (pg/mL) 24 95-433
BUN (mg/dL) 8.0 8.0-20
Serum creatinine (mg/dL) 0.77 0.60-1.30
24 hour urine calcium 34 42-353

(mg Ca/24 hrs)

Abbreviations: BUN, blood urea nitrogen; FSH, follicle-stimulating hormone; IGF,
insulin-like growth factor; LH, luteinizing hormone; U/L, units/liter.

Given the patient’s diagnosis of PHP type Ia, the
patient’s brother and mother, who exhibited the phenotypic
appearance of AHO, underwent laboratory evaluation for
PHP type Ia and pseudo-PHP. Laboratory results for the
patient’s brother revealed serum concentrations of calcium,

Figure 2A Radiograph of the left foot. The foot appears small with congenitally
short metatarsals, especially metatarsals 2, 3, 4, and 5. The proximal phalanges also
appear shortened.

Figure 3 Non-contrast computed tomography of the brain. Intracranially, there
are extensive calcifications within the cerebellar hemispheres bilaterally in the basal
ganglia and in the parenchyma of the brain.
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Figure 3A Non-contrast computed tomography of the brain. Note the extensive
cortical calcifications within both hemispheres.

phosphorus, and intact PTH to be 7.2 mg/dL (reference range:
8.9-10.3 mg/dL), 5.6 mg/dL (2.4—4.7 mg/dL), and 206 pg/dL
(1288 pg/dL), respectively, suggesting the diagnosis of PHP
type la. The patient’s mother had laboratory testing done,
which revealed serum concentrations of calcium, phosphorus,
and intact PTH to be 9.0 mg/dL, 2.8 mg/dL, and 14 pg/dL,
respectively. Due to normal laboratory results in the pres-
ence of features consistent with AHO, a tentative diagnosis
of pseudo-PHP was made in the patient’s mother.

Discussion
Calcium homeostasis is a tightly regulated system in humans.
When the serum calcium falls below normal levels, PTH is
released from the parathyroid glands. PTH regulates serum
calcium through its effects on bone via bone resorption, the
kidneys by promoting the reabsorption of calcium from the
distal tubules, and by intestinal calcium absorption, follow-
ing production of 1,25-dihydroxyvitamin D through PTH-
induced activation of the 1-alpha hydroxylase enzyme.'

PHP is a rare disease characterized by target organ
resistance to the action of PTH, resulting in hypocalcemia
and hyperphosphatemia, despite high serum levels of PTH.
Few epidemiologic studies of PHP have been conducted
due to the rarity of the disease. One recent Japanese study
reported an estimated prevalence of 3.4 cases of PHP per
million population.?

PHP exists as several distinct entities in the form of
PHP type 1, type II, and pseudo-PHP (Table 2). Type I is
differentiated from type II and pseudo-PHP based on the

response to administration of synthetic PTH, known as the
Ellsworth—Howard test® There are three subtypes of PHP
type I. PHP Ia, the most common type, is inherited in an
autosomal dominant pattern and is caused by an inactivat-
ing mutation in the GNAS gene that encodes the alpha
subunit of the stimulatory G-protein (Gso).* This signaling
protein is involved in the actions of PTH and several other
hormones. When PTH binds to its receptor, Gso. activates
adenyl cyclase, which is responsible for signal transduction,
which produces the response to PTH in target tissues. The
inactivating mutation in the GNAS gene ultimately leads to
failure of signal transduction, resulting in the inability of the
target tissues to respond to PTH.5 PHP Ia not only involves
end organ resistance to PTH, but can also involve tissue
resistance to other hormones that share the similar signaling
pathway through Gs-coupled receptors, including TSH, LH,
FSH, and growth hormone releasing hormone.®’

The occurrence of PHP involves a heterozygous loss of
function mutation in the GNAS gene and a phenomenon
termed genomic imprinting, in which the GNAS gene is
expressed in tissues in a parent-specific manner.® When an
allele associated with the GNAS gene is imprinted from one
parent, this allele is inactivated or poorly expressed. Thus,
the gene is expressed from the non-imprinted allele inherited
from the other parent. Patients with PHP Ia and pseudo-PHP
exhibit about 50% activity of Gso in unimprinted tissues.
However, in certain tissues, such as the renal proximal tubules,
the thyroid, and the gonads, the paternal allele of the GNAS
gene is imprinted.” Thus, the gene is expressed from the
maternal allele in these tissues.®'° This explains why maternal
inheritance of a heterozygous loss of function mutation in the
GNAS gene with the paternal allele being imprinted results in
PHP Ia, which involves end organ resistance to PTH, TSH,
LH, and FSH, while paternal inheritance of a heterozygous
loss of function mutation in the GNAS gene results in pseudo-
PHP, which involves no associated hormonal resistance.®!!
Thus, the patient and her brother inherited the gene from their
mother and had PHP Ia. Their mother probably inherited it
from her father and had pseudo-PHP.

PHP Ia and pseudo-PHP are both associated with AHO,
which is characterized by a constellation of unusual physi-
cal features, including short stature, obesity, round face,
brachymetacarpals, brachymetatarsia, dental hypoplasia, and
ectopic ossifications. The AHO phenotype in conjunction
with end organ resistance to several hormones, including
PTH, constitutes the syndrome of PHP Ia.':'> The AHO
phenotype with no associated hormonal resistance constitutes
the syndrome of pseudo-PHP.
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Table 2 Differentiating the multiple subtypes of PHP

PHP Serum Serum Serum Urine cAMP after AHO Multi-hormone Activity
subtype calcium P PTH synthetic PTH features resistance of Gsou
administered

PHP la Low High High Low Yes Yes Low
PHP Ib Low High High Low No Yes/no Normal
PHP Ic Low High High Low Yes Yes Normal
PHP 2 Low High High Normal No No Normal
Pseudo PHP Normal Normal Normal Normal Yes/no No Low

Abbreviations: PHP, pseudohypoparathyroidism; P, phosphorous; PTH, parathyroid hormone; cAMP, cyclic adenosine monophosphate; AHO, Albright’s hereditary

osteodystrophy; Gsa, alpha subunit of the stimulatory G-protein.

Characteristic laboratory and imaging findings are also
associated with PHP Ia. Resistance to PTH in target tissue
will cause hypocalcemia and hyperphosphatemia despite high
serum levels of PTH. Mild resistance to other hormones may
be seen, including resistance to TSH, growth hormone releasing
hormone, LH, and FSH. A characteristic finding on computed
tomography of the brain is calcification of the basal ganglia, but
extensive intracranial calcifications may rarely be seen.'>!

Our patient presented with intractable epilepsy, and during
the work up to elucidate the etiology of her recurrent seizures,
she was found to have PHP Ia. The cause of the patient’s sei-
zure activity was multifactorial. The causes included direct and
indirect effects of PHP, as well as vitamin D deficiency. The
PHP caused extensive calcifications of the basal ganglia and
cerebral cortex. It also contributed to the severe hypocalcemia,
which was exacerbated by the vitamin D deficiency. The latter
was probably due to a combination of restricted exposure to
direct sunlight and inhibition of hepatic 25-hydroxylation of
vitamin D by the patient’s antiepileptic medication.

Calcification of the basal ganglia is a rare phenomenon,
and approximately 70% to 80% of cases are caused by a
disorder of calcium metabolism, such as hypoparathyroidism
and PHP." Other pathologic causes of symmetric bilateral
basal ganglion calcification include Fahr’s syndrome, Down
syndrome, Cockayne syndrome, and tuberous sclerosis, but
none of these syndromes present with the laboratory findings
or physical features of AHO that are characteristic of PHP Ia.!®
The presence of a metabolic cause for bilateral basal ganglion
calcifications, such as hypocalcemia due to PHP Ia, effectively
rules out the other aforementioned syndromes. It has been
suggested that vascular insufficiency in the extrapyramidal
system causes this characteristic deposition of calcium in the
basal ganglia, but there have been no data to definitely sup-
port this claim.!>'® Approximately 50% of patients with PHP
exhibit localized calcification of the basal ganglia.'” Extensive
calcification of the cerebral cortex extending beyond the basal
ganglia, however, is a rare finding.!” When detected on imaging

studies, these findings result in a diverse clinical presentation,
including seizures, mental deterioration, and Parkinsonism,
although some patients may remain asymptomatic.'* Our
patient presented with extensive bilateral intracranial calcifica-
tions involving the basal ganglia and cerebral cortex, which
may have contributed to intractable epilepsy.

Paradoxically, another factor shown to contribute to loss of
seizure control is long-term antiepileptic therapy, particularly
phenytoin, phenobarbital, and carbamazepine. These antiepi-
leptic medications induce hepatic microsomal enzymes that
convert 25-hydroxyvitamin D to inactive metabolites, resulting
in low levels of vitamin D.'® This leads to low levels of 1,25-
dihydroxyvitamin D, impaired absorption of calcium from the
intestine, and reduced mobilization of calcium from bone, fur-
ther exacerbating hypocalcemia.!® Laboratory results in these
patients will show low serum levels of 25-hydroxyvitamin D,
1,25-dihydroxyvitamin D, and calcium. If a compliant patient
on antiepileptic therapy presents with loss of seizure control,
clinicians must consider the possibility of antiepileptic induced
hypocalcemic seizures. In a patient with PHP Ia who presents
with loss of seizure control after previously being stable on
antiepileptic therapy, an even further exacerbation of hypocal-
cemia may occur, resulting in intractable epilepsy. In these
patients, hypocalcemia should be treated with supplementa-
tion of vitamin D and calcium, and efforts should be made
to convert the patient to antiepileptic medications that do not
interfere with vitamin D metabolism.

Finally, in patients with dark skin who have minimal expo-
sure to sunlight, vitamin D deficiency may occur. Vitamin D
is acquired mainly through direct exposure to sunlight, though
diet may also influence levels to some degree.?® In order to
optimize calcium absorption in the intestine, adequate levels
of vitamin D are required.?! Our patient from Somalia with
dark skin who had little exposure to direct sunlight during the
winter months in the Midwest region of the United States was
deficient in vitamin D. This further exacerbated hypocalcemia,
resulting in intractable epilepsy.
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Though the etiology of intractable epilepsy in the setting of
PHP Ia is multifactorial, certain factors can be controlled and
lead to improvement in seizure control. Calcium and vitamin D
should be adequately replaced, and antiepileptic medications
that interfere with vitamin D metabolism should be avoided.

Conclusion

Calcium homeostasis is a tightly regulated system in humans.
In patients with disorders of calcium metabolism, severe
hypocalcemia may occur, resulting in seizures. Multiple fac-
tors may cause ineffective seizure control in these patients.
Thus, physicians should be cognizant of disorders of calcium
metabolism and medications that can exacerbate hypocalce-
mia, resulting in loss of seizure control. PHP Ia, a rare genetic
disorder of calcium metabolism, may initially present as
hypocalcemic seizures. In patients with disorders of calcium
metabolism, such as PHP Ia, who have a concomitant seizure
disorder, caution should be placed on choice of antiepileptic
therapy as certain medications may paradoxically exacerbate
seizures by further lowering serum calcium levels. Emphasis
should be placed on correcting hypocalcemia with vitamin D
and calcium supplementation. Life-long supplementation
with calcium and vitamin D will be required in these patients
to maintain sufficient calcium levels and prevent progression
of the disease.?**
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