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ABSTRACT

Background: Epilepsy is a chronic neurological illness characterized by two unprovoked seizures occurring
more than 24 hours apart or a single seizure with a significant chance of recurrence. Carbonic anhydrase is a
crucial enzyme in physiological functions. Carbonic anhydrase Il (CA Il) deficiency is a rare autosomal reces-
sive disorder caused by mutations in the CA Il gene and is mainly characterized by osteopetrosis. Recent
research highlights the complex relationship between CA Il and epilepsy, where it is hypothesized that CA Il
deficiency disrupts pH regulation in the brain, causing changes in neuroendocrine function that could influ-
ence seizure threshold. This dual effect indicates CA II's critical role in maintaining normal brain function and
its potential implications for seizure development in related genetic disorders.

Case Presentation: A 22-year-old female with a history of absent seizures presented to the Emergency
Department after a fall resulting in bruises post-convulsion. Diagnosed with epilepsy at age 12, her seizures,
lasting 2-3 minutes, involve staring without tonic-clonic activity. She experienced intellectual disability and
chronic bone pain. During examination, she demonstrated confusion and had two absent seizures. Vital signs
were stable, with some laboratory findings indicating hyponatremia and hypokalemia. Despite treatment
with Trileptal and Keppra, seizures remained uncontrolled, leading to a diagnosis of CA Il deficiency, causing
osteopetrosis and basal ganglia calcification. The treatment plan included stopping Keppra and initiating
Depakine while maintaining the Trileptal dosage. Gene testing confirmed CA Il deficiency.

Conclusion: This case is a rare case of epilepsy associated with CA Il deficiency, a rare genetic disorder,
with novel co occurrence of osteopetrosis. It emphasizes the importance of considering CA Il deficiency in
patients with unexplained bone and brain abnormalities and recommends genetic testing to confirm the
diagnosis. Clinicians should be cautious in directly linking epilepsy to CA II deficiency. Bone marrow trans-
plantation may be an effective treatment option for osteopetrosis in such cases. More research is recom-
mended since the literature on this point is very scarce.
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Introduction

The International League Against Epilepsy describes
epilepsy as a chronic neurological disorder marked by
the occurrence of two unprovoked seizures occurring
more than 24 hours apart, or a single unprovoked
seizure when the probability of a future seizure exceeds
60% [1]. Carbonic anhydrase (CA) is a crucial enzyme for
the physiology of the brain, kidneys, and bones. This
enzyme facilitates the synthesis of carbon dioxide and
carbonic acid from water. Carbonic acid spontaneously
dissociates to liberate protons, which are crucial for
establishing the acidic environment necessary for the
breakdown of bone minerals in the resorption lacunae

[2].
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Carbonicanhydrase Il (CAll) deficiency isan uncommon
condition resulting from a harmful mutation in the
CA 1l gene, transmitted in an autosomal recessive
pattern, and is characterized by a typical trio of renal
tubular acidosis (RTA), osteopetrosis, and intracerebral
calcifications [3]. Additional clinical manifestations,
including developmental delay, cognitive impairments,
cranial nerve compression, varied degrees of
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intellectual incapacity, and dental anomalies,
commonly related. Numerous mutations documented
in the literature include the Arabic mutation (CA Il c. 232
+1G >T) and the Egyptian mutation (CA Il c. 191 del A),
among others [4].

are

Recent research has recognized the importance of
CA in epilepsy, establishing it as a promising target for
the development of novel anticonvulsant medications
[5]. CA Il deficiency has a complex relationship with
epilepsy; while it is hypothesized that CA Il deficiency
may increase resistance to seizures in animal models,
it may also lead to a proconvulsant state in vitro by
disrupting brain pH regulation, particularly in CA IlI-
deficient brain slices. This dual effect highlights CA
I's role in maintaining normal brain function and
suggests that conditions leading to CA Il deficiency,
such as certain genetic disorders, may interact with
the development of seizures [6]. Herein, we presented
a known case of epilepsy who was diagnosed with it
at the age of 12 years old, suffered osteopetrosis and
basal ganglia, and we diagnosed her as a case of CA Il
deficiency at the age of 22 years old.

Case Report

The patient is a 22-year-old female with a history of
intellectual disability and developmental delay. She
experiences chronic bone pain and has frequent
orthopedic visits due to recurrent fractures. She has a
positive family history of seizure disorders, although no
other known genetic diseases or parathyroid disorders
were reported. She has no history of recent travel or
previous surgeries.

She was diagnosed with epilepsy at the age of 12,
presenting with absent-type seizures characterized by
staring episodes lasting 2-3 minutes. These seizures
occur without tonic-clonic movements, tongue biting,
urinary incontinence, complete loss of consciousness,
or identifiable auras. Despite treatment with Trileptal
900 mg and Keppra 1,500 mg, her seizures remained
uncontrolled. During admission, she experienced
two absent seizures lasting about 1 minute each, with
altered consciousness and postictal confusion, but
without tonic-clonic activity, urinary incontinence, or
tongue biting.

The patient has a history of recurrent fractures at
multiple sites, confirmed by X-ray examinations. She
suffers from chronic bone pain and has been admitted

Figure 1. Multiple X-ray examinations showed multiple fractures in different sites.
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Figure 2. CT scans showed calcification in the basal ganglia.

multiple times for orthopedic evaluation and treatment.
Imaging studies indicate osteopetrosis, consistent with
her clinical presentation.

Laboratory investigations revealed hyponatremia (Na:
134 mEQ/I; Normal range: 135-140 mEg/I) K: 3.4 mEq/|;
Normal range: 3.5-5.2 mEq/l), and hypokalemia (She
has a history consistent with mixed RTA due to CA I
deficiency. Further metabolic evaluations, including
bicarbonate levels and arterial blood gases, indicated
her impaired acid-base balance.

Radiological assessments included multiple X-rays
demonstrating fractures at different skeletal sites,
confirming the presence of osteopetrosis (Figure 1).
computed tomography (CT) scans of the brain revealed
basal ganglia calcifications (Figure 2). Radiographic
review indicates that the intracranial calcifications are
consistent with the progression of CA Il deficiency and
are absent at birth, developing during childhood.

Genetic testing performed in Jordan confirmed CAll
deficiency by identifying a mutation in the CA Il gene.
The specific variant, zygosity, and mutation class were
consistent with the autosomal recessive inheritance
pattern of the disorder, confirming the diagnosis.

Given the persistent uncontrolled seizures despite
previous therapy, Keppra was discontinued, and
Depakine 250 mg BID was initiated while maintaining
Trileptal 900 mg BID. This adjustment was made
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to optimize seizure control, considering that CAII
deficiency affects intracellular pH and may alter the
efficacy of conventional antiepileptic drugs. The
therapeutic approach aimed to enhance seizure
responsiveness while managing the metabolic and
skeletal complications associated with CAIl deficiency.

Discussion

A. Clinical spectrum

Epilepsy is recognized as being linked to some inborn
errors of metabolism (IEMs). IEMs should be considered,
particularly in the presence of a positive family history,
parental consanguinity, severe metabolic acidosis,
developmental regression, developmental delay,
dysmorphic features, failure to thrive, neurological
abnormalities, and abnormal urine odor [7]. IEM
abnormalitiesare linked to several seizure types.Seizures
may manifest as the initial symptom or be provoked by
concurrentillnesses and metabolic problems, including
hypoglycemia. Nonetheless, spontaneous seizures or
epilepsy have not been documented in CA Il deficiency
[8].

B. Osteopetrosis and the CA Il pathway

CA Il creates an acidic environment in the bone matrix
by generating H+ ions through osteoclasts; hence, it
facilitates bone resorption. A deficiency of CAllimpedes
bone resorption, disrupting the equilibrium between
osteoblast and osteoclast activity, hence leading to
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osteopetrosis [9]. CA Il significantly contributes to
the urine acidification in the distal collecting duct; its
deficiency leads to distal RTA, although both proximal
and distal forms may occur [10]. Herein, we presented
a known case of epilepsy in a patient who was
diagnosed with it at the age of 12 years old, and despite
treatment with Trileptal and Keppra, seizures remained
uncontrolled, leading to a diagnosis of CAIl deficiency
causing osteopetrosis and basal ganglia calcification.

CAll deficiency was first reported in 1972, and later
characterized in Saudi families during the 1980s, where
affected individuals showed mentalimpairment, growth
retardation, dental anomalies, distinctive facial features,
distal RTA, brain calcifications, and osteopetrosis. In
1983, CAll deficiency was identified as the underlying
cause, explaining the presence of mixed RTA due to
CAll expression in both osteoclasts and renal tubules
[2]. The most common mutation is the so-called Arabic
mutation, which involves the deletion of the splice
donor site in intron 2 of the CAll gene [4]. Subsequent
reports expanded the clinical spectrum to include
hearing impairment, recurrent paralysis responsive to
bicarbonate and potassium therapy, fractures, renal
stones, and novel genetic mutations, with longterm
follow-up studies documenting the biochemical,
clinical, and radiological features in affected Saudi
infants [2]. Hematological problems such as anemia,
thrombocytopenia, and leukopenia are commonly
observed in the recessive, fatal variant of osteopetrosis,
although they are generally absent in osteopetrotic
individuals with CAIl deficiency [9]. Our case was an
epileptic case with CAIl deficiency complicated with
osteopetrosis, where she was admitted to our hospital
frequently with bone fractures at different sites.

C. Radiological features

Intracranial calcification, including the basal ganglia
and the periventricularand subcortical white matter, isa
constant manifestation of this disease. The mechanism
of cerebral calcification is unclear, and the function of
the CAIll enzyme in the brain is unknown [10]. Ohlsson
et al. [11] reviewed the radiographs of 16 Saudi children
with this syndrome and showed that calcification is
not present at birth but usually appears after the 2nd
year of life and increases in density and extent through
childhood. Cranial nerve encroachment on neuronal
foramina was reported in 6 of 21 patients by Sly and
Hu [9]. Optic nerve atrophy has also been described
in patients with normal-sized optic foramina, with an
unclear underlying mechanism [12]. Regarding our case,
the CT scans reported basal ganglia calcification.

D. Genetic variants

CA Il is an enzyme encoded by the CA Il gene on
chromosome 8g22, and its lack results in an autosomal
recessive disease. It is characterized by a single a-CA
domain and is extensively distributed in red blood cells,
the kidney, bone, and brain [13].

248

CA 1l deficiency is diagnosed clinically by symptoms
like bone fractures, growth failure, and mental disability,
supported by radiological findings of osteopetrosis
and cerebral calcification, and definitively confirmed
by molecular testing to identify mutations in the CA
Il gene. Biochemical testing can show reduced CA
Il in blood cells, which, combined with the clinical
picture and genetic analysis, leads to a diagnosis of
this rare autosomal recessive disorder [13]. Regarding
our case, she suffered bone fractures, developmental
delay, delayed progress in school, osteopetrosis, and
calcification in the basal ganglia. The genetic analysis
confirmed CA Il deficiency.

E. Epilepsy and the CA Il pathway

Regarding the association between epilepsy and CA,
previous studies assumed a potential role for CA in
the pathogenesis and treatment of epilepsy. They
proposed that antiepileptic drugs may function through
a dual mechanism: first, by affecting Na+ channels,
Ca2+ currents, or the GABA system; and second, by
inhibiting CA, thereby increasing pH levels [14]. These
pH increases could be significant in the intracellular
mechanisms of antiepileptic drugs. Conditions like
cerebral edema and hypoxia enhance neuronal
excitability, causing alterations in pH and CO, levels
that may contribute to epilepsy [14]. Regarding our
case, by chance, she suffered inherited CA Il deficiency,
which caused increasing pH levels, which is significant
in the intracellular mechanisms of antiepileptic drugs,
and can cause an increase in the response to the anti-
seizure drugs.

F. Treatment options

Recent reports indicate that bone marrow (BM)
transplantation contributes to the histological and
radiological resolution of osteopetrosis in these cases.
Allogenic BM stem cell transplantation was successfully
conducted in two Irish infants with this disease, which
impeded the progression of cerebral calcification;
nevertheless, it had no impact on RTA and cognitive
impairment [15].

Conclusion

This case is a rare case of epilepsy associated with
CA 1l deficiency, a rare genetic disorder, with novel
co-occurrence of osteopetrosis. It emphasizes the
importance of considering CA Il deficiency in patients
with unexplained bone and brain abnormalities and
recommends genetic testing to confirm the diagnosis.
Clinicians should be cautious in directly linking epilepsy
to CA Il deficiency. Bone marrow transplantation may
be an effective treatment option for osteopetrosis in
such cases. More research is recommended since the
literature on this point is very scarce.
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