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Abstract

Renal tubular acidosis (RTA) type 3 is a rare genetic disorder characterized by impaired bicarbonate reabsorption in the
proximal renal tubules, leading to metabolic acidosis. Here, we present a case of a 6-year-old male Saudi child who was
diagnosed with RTA type 3 associated with carbonic anhydrase deficiency. The patient presented with symptoms of
metabolic acidosis, electrolyte abnormalities, and a family history of renal tubular acidosis. Laboratory investigations
revealed metabolic acidosis, hypokalemia, and hypophosphatemia, consistent with the diagnosis of RTA type 3. Genetic
testing confirmed the presence of mutations in the CA2 gene encoding carbonic anhydrase Il, corroborating the diagnosis
of carbonic anhydrase deficiency. The patient was managed with oral alkali supplementation and electrolyte replacement
therapy to correct acidosis and restore electrolyte balance. This case underscores the importance of recognizing the rare
association between RTA type 3 and carbonic anhydrase deficiency, highlighting the role of genetic testing in diagnosis
and personalized management strategies for affected individuals. Further research is warranted to elucidate the underlying
molecular mechanisms and optimize therapeutic interventions for this rare disorder.
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the conversion of filtered carbon dioxide into
bicarbonate ions, carbonic anhydrase contributes to the

Renal t_ubular acidosis (.RTA) Is a group of reabsorption of bicarbonate and the secretion of protons,
heterogeneous disorders characterized by the impaired thereby regulating urinary pH and acid-base balance
acid-base regulation of the kidneys, leading to metabolic [4.,6].

acidosis [1,2]. Among the various types of RTA, type 3
(RTA type 3) is associated with carbonic anhydrase

BACKGROUND

RTA type 3 is a subtype of RTA characterized

deficiency, a rare genetic condition that affects the
proximal renal tubules [3]. Understanding the
pathophysiology of RTA type 3 requires insight into the
role of carbonic anhydrase and the mechanisms
underlying renal acid-base regulation.

Carbonic anhydrase is an enzyme that catalyzes
the reversible hydration of carbon dioxide to bicarbonate
and protons [4]. This reaction occurs in various tissues,
including the kidneys, lungs, and red blood cells, and is
essential for maintaining acid-base homeostasis. In the
kidneys, carbonic anhydrase plays a crucial role in
bicarbonate reabsorption along the renal tubules,
particularly in the proximal tubules [5]. By facilitating

by impaired bicarbonate reabsorption in the proximal
renal tubules, resulting in urinary wasting of bicarbonate
and metabolic acidosis [1]. This defect is primarily
attributed to mutations in the gene encoding carbonic
anhydrase Il (CAII), located on chromosome 8qg21. CAll
deficiency leads to reduced enzyme activity and
impaired bicarbonate reabsorption, contributing to the
pathogenesis of RTA type 3 [7,8].

In individuals with RTA type 3, defective
bicarbonate reabsorption in the proximal tubules impairs
the kidneys' ability to excrete acid and maintain systemic
pH within normal limits [1,9]. Consequently, there is an
accumulation of acid in the body, leading to metabolic
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acidosis. The urinary wasting of bicarbonate further
exacerbates acidosis and disrupts electrolyte balance,
resulting in secondary effects such as hypokalemia,
hypophosphatemia, and hypercalciuria [10,11].

The clinical presentation of RTA type 3 can
vary widely and may include nonspecific symptoms such
as fatigue, weakness, and failure to thrive, particularly in
pediatric patients [2]. Metabolic acidosis may manifest
with symptoms such as anorexia, vomiting, growth
failure, and developmental delay. Electrolyte
disturbances, including hypokalemia and
hypophosphatemia, can lead to muscle weakness, bone
demineralization, and renal calcifications. Long-term
complications of untreated RTA type 3 may include
nephrocalcinosis, renal stones, and bone deformities
[2,3].

Diagnosis of RTA type 3 involves a
comprehensive evaluation of acid-base status, urinary
electrolytes, and renal function tests. Laboratory findings
typically reveal metabolic acidosis with normal anion
gap, hyperchloremia, urinary bicarbonate wasting, and
electrolyte abnormalities such as hypokalemia and
hypophosphatemia [1,2]. Genetic testing for mutations in
the CA2 gene can confirm the diagnosis of carbonic
anhydrase deficiency [12].

Management of RTA type 3 aims to correct
metabolic acidosis, restore electrolyte balance, and
prevent long-term complications. Treatment strategies
may include oral alkali supplementation with
bicarbonate or citrate salts to correct acidosis, potassium
and phosphate replacement for electrolyte imbalances,
and monitoring of renal function and bone health. In
severe cases, patients may require renal transplantation
to restore normal renal function and acid-base regulation
[12-14].

CASE PRESENTATION
Patient History and Initial Presentation

A 6-year-old Saudi male, previously healthy,
presented to the Pediatric Consultant Clinic with a chief
complaint of bleeding following a recent tooth
extraction. Notably, the patient's medical history
included a familial occurrence of renal tubular acidosis
(RTA) in his brother. Laboratory investigations on 15-
01-2023 revealed significant electrolyte abnormalities,
including hypokalemia (K: 0.88 mmol/L), hyponatremia
(Na: 3.7 mmol/L), and metabolic acidosis (pH 7.21,
HCO3 14 mmol/L).

Clinical Examination and Diagnostic Workup

Upon examination, the patient appeared well
and conscious, with stable vital signs. However,
laboratory findings raised concerns about a potential
metabolic disorder. Further investigations on 15-02-
2023, including blood gas analysis and electrolyte
assays, confirmed persistent acidosis (pH 7.25, HCO3
15.2 mmol/L) despite conservative measures. Notably,

the patient's brother had been diagnosed with
osteoporosis renal tubular acidosis at a young age.

Genetic and Imaging Studies

Given the familial history of RTA and
metabolic abnormalities, genetic testing was pursued to
explore potential genetic mutations associated with renal
tubular dysfunction. Imaging studies, including skeletal
surveys and CT brain, were performed, revealing
skeletal anomalies consistent with osteopetrosis and
cerebral calcifications, suggestive of a broader metabolic
disorder.

Diagnosis and Management

The culmination of clinical, laboratory, genetic,
and imaging data led to the diagnosis of carbonic
anhydrase deficiency (CAD), a rare metabolic disorder
characterized by impaired bicarbonate reabsorption in
the renal tubules. The patient was commenced on a
multidisciplinary ~ management  plan, including
electrolyte supplementation, alkalinizing agents, and
close monitoring of metabolic parameters. Regular
follow-up appointments were scheduled to track disease
progression and treatment response.

Clinical Course and Follow-up

Despite initial stabilization, the patient
experienced intermittent episodes of metabolic
decompensation, necessitating ongoing adjustments to
his treatment regimen. Serial laboratory evaluations,
including blood gas analysis and electrolyte monitoring,
were conducted to guide therapeutic interventions and
assess treatment efficacy. Long-term management
involved close collaboration between various healthcare
providers, including pediatricians, nephrologists, and
genetic counselors, to optimize patient outcomes and
quality of life.

In conclusion, the case exemplifies the intricate
interplay between clinical presentation, diagnostic
evaluation, and therapeutic management in unraveling
the complexities of rare metabolic disorders such as
carbonic anhydrase deficiency. Through meticulous
assessment and  multidisciplinary  collaboration,
clinicians can navigate the diagnostic odyssey and
formulate tailored treatment strategies to mitigate long-
term complications and improve patient prognosis.
Continued research and advancements in the field are
imperative to enhance our understanding and
management of these intriguing disorders.

DISCUSSION

Carbonic anhydrase deficiency is a rare
autosomal recessive disorder caused by mutations in the
carbonic anhydrase 1l (CAIl) gene (CA2) [15]. This
enzyme plays a crucial role in catalyzing the reversible
hydration of carbon dioxide to bicarbonate and protons
in various tissues, including the kidneys, lungs, and red
blood cells [2,16]. Deficient activity of carbonic
anhydrase Il leads to impaired bicarbonate reabsorption
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in the proximal renal tubules, resulting in renal tubular
acidosis (RTA), a condition characterized by metabolic
acidosis due to impaired urinary acid excretion despite
normal glomerular filtration rate (GFR) [17].

RTA type 3, also known as proximal RTA or
carbonic anhydrase deficiency syndrome, represents a
subtype of RTA characterized by defective bicarbonate
reabsorption in the proximal tubules of the kidney [3].
This defect results in urinary wasting of bicarbonate,
leading to metabolic acidosis with normal anion gap. In
addition to acidosis, patients with RTA type 3 may
exhibit electrolyte abnormalities, including
hypokalemia, hypophosphatemia, and hypercalciuria
[1,3]. The clinical presentation of RTA type 3 is variable
and may include failure to thrive, polyuria,
nephrocalcinosis, rickets, and developmental delay.

The case presented herein describes a 6-year-
old male patient with a known diagnosis of RTA type 3
secondary to carbonic anhydrase deficiency. The patient
presented with a history of tooth extraction and
subsequent bleeding, prompting medical evaluation.
Laboratory investigations revealed metabolic acidosis,
electrolyte imbalances, and urinary abnormalities
consistent with RTA type 3. Notably, the patient's
brother had been previously diagnosed with the same
condition at an early age, suggesting a familial
predisposition to CA deficiency and RTA type 3.

Comparison of the presented case with existing
literature highlights several key aspects of RTA type 3
and carbonic anhydrase deficiency syndrome. Firstly, the
clinical presentation of metabolic acidosis, electrolyte
disturbances, and urinary abnormalities aligns with the
classical features of RTA type 3 reported in previous
studies [17,18]. Additionally, the familial occurrence of
CA deficiency underscores the genetic basis of the
disorder, emphasizing the importance of genetic
counseling and screening in affected families [18].

The patient's clinical presentation, laboratory
findings, genetic testing, and imaging studies were
pivotal in establishing the diagnosis and guiding
management. Notably, the patient's medical history,
familial occurrence of RTA, and clinical manifestations
provided valuable insights into the underlying
pathophysiology of the disease [19,20].

The presented case underscores the importance
of early recognition and diagnosis of rare metabolic
disorders such as carbonic anhydrase deficiency [2].
Despite its rarity, prompt identification and appropriate
management are essential to prevent long-term
complications and optimize patient outcomes. The
utilization of a multidisciplinary approach involving
pediatricians, nephrologists, geneticists, and other
specialists is crucial for comprehensive evaluation and
tailored management strategies [21,22].

Comparing our case with existing literature,
several similarities and differences emerge. Consistent
with previous reports, our patient exhibited typical
features of carbonic anhydrase deficiency, including
metabolic acidosis, electrolyte abnormalities, and a
family history of renal tubular acidosis. Laboratory
investigations revealed hypokalemia, hyponatremia, and
metabolic acidosis, corroborating previous studies
highlighting the characteristic biochemical profile of the
condition [17,19]. Additionally, genetic testing
confirmed mutations in the CA2 gene, consistent with
the underlying pathophysiology of carbonic anhydrase
deficiency [18].

However, certain aspects of our case deviate
from the classical presentation described in literature.
For instance, the patient's age at diagnosis and the
severity of symptoms may vary, reflecting the
heterogeneous nature of the disease. Moreover, the
presence of associated complications, such as
osteopetrosis and cerebral calcifications, further
complicates the clinical picture, necessitating a
comprehensive evaluation and tailored management
approach [21-23].

The management of RTA type 3 in the
presented case involved a multidisciplinary approach,
including fluid rehydration, alkali supplementation, and
monitoring of electrolyte balance [19]. These
interventions aim to correct metabolic acidosis, prevent
electrolyte imbalances, and optimize growth and
development. Importantly, long-term management may
require ongoing monitoring of renal function, electrolyte
status, and bone health to mitigate complications such as
nephrocalcinosis and rickets [17,20].

The presentation and reporting of this case
contribute to the growing body of literature on RTA type
3 and carbonic anhydrase deficiency syndrome. Case
reports play a crucial role in elucidating rare or atypical
manifestations of diseases, providing insights into
pathophysiology, diagnosis, and management [3,20]. By
sharing clinical experiences and observations, case
reports facilitate knowledge dissemination, promote
early recognition of rare conditions, and inform clinical
practice.

Moreover, the documentation of familial cases,
such as the one presented here, underscores the genetic
basis of RTA type 3 and highlights the importance of
genetic counseling and testing in affected families.
Recognizing familial predisposition allows for early
identification of at-risk individuals and implementation
of preventive measures to mitigate disease burden and
improve outcomes [17,20,22].

CONCLUSION

In conclusion, the presented case underscores
the clinical manifestations, diagnostic challenges, and
management strategies associated with RTA type 3
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secondary to carbonic anhydrase deficiency. By
elucidating the clinical course and outcomes of this rare
disorder, the case contributes to the existing literature
and enhances our understanding of RTA type 3
pathophysiology. Furthermore, the familial occurrence
of CA deficiency emphasizes the genetic basis of the
disorder and underscores the importance of genetic
counseling and screening in affected families. Moving
forward, continued documentation and dissemination of
clinical experiences through case reports are essential for
advancing knowledge, improving diagnostic accuracy,
and optimizing management strategies for rare genetic
disorders such as RTA type 3.
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