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Abstract
An inherited or acquired clinical syndrome known as proximal renal tubular acidosis (pRTA) is characterized by 

normal anion gap hyperchloremic metabolic acidosis and decreased bicarbonate reclamation in the proximal tubule. 
pRTA can occur on its own in children, but it is frequently associated with Fanconi syndrome, a broader form of proximal 
tubular dysfunction that frequently indicates an underlying systemic disorder. pRTA is characterized by additional renal 
wasting of phosphate, glucose, uric acid, and amino acids when Fanconi syndrome is present. Cystinosis, a disease 
that can be treated, is the most common cause of inherited Fanconi syndrome in children. We present a practical 
approach to evaluating pRTA and Fanconi syndrome in children, as well as a summary of their clinical presentation and 
differential diagnoses.
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Introduction
Proximal renal tubular acidosis (pRTA) is a medical condition 

characterized by impaired acid secretion in the proximal renal tubules of 
the kidneys [1]. The proximal tubules play a crucial role in maintaining 
the body’s acid-base balance by reabsorbing filtered bicarbonate and 
secreting excess acid into the urine. However, in individuals with pRTA, 
this process is disrupted, leading to a buildup of acid in the blood, 
known as acidemia.

pRTA can be either inherited or acquired. Inherited pRTA is 
often associated with genetic mutations that affect the function of 
the transporters responsible for bicarbonate reabsorption in the 
proximal tubules. Acquired pRTA, on the other hand, can result 
from various underlying conditions, including autoimmune diseases, 
certain medications (such as carbonic anhydrase inhibitors), multiple 
myeloma, and chronic kidney disease.

The impaired acid secretion in pRTA leads to a range of clinical 
manifestations. Patients may experience metabolic acidosis, where 
the blood pH drops below the normal range. Symptoms can include 
fatigue, weakness, decreased appetite, growth retardation (in children), 
bone abnormalities, and electrolyte imbalances [2]. The condition may 
also lead to the formation of kidney stones and recurrent urinary tract 
infections.

Diagnosis of pRTA involves evaluating acid-base imbalances in the 
blood and urine, measuring renal function, and conducting various 
tests to identify the underlying cause. Treatment aims to correct acid-
base imbalances and manage any underlying conditions. It typically 
involves the administration of alkaline substances, such as sodium 
bicarbonate or citrate, to raise blood pH and correct metabolic acidosis. 
Additional interventions may be required to address specific symptoms 
and complications.

Although proximal renal tubular acidosis can present challenges 
in managing acid-base balance and associated complications, with 
appropriate treatment and monitoring, individuals with pRTA can 
lead relatively normal lives [3]. Close medical supervision and regular 
follow-ups are essential to ensure optimal management and prevent 
long-term complications.

By primarily reabsorbing filtered bicarbonate in the proximal 
convoluted tubule and excreting acid, the kidney contributes 
significantly to acid-base homeostasis. The distal nephron excretes 

acid primarily through the titration of urinary buffers like hydrogen 
phosphate (HPO4) and the capture of hydrogen ions as ammonium 
(NH4+). 80 to 90 percent of the filtered bicarbonate is recycled by the 
proximal tubule. This is mostly accomplished by secreting hydrogen 
ions on the luminal side and transporting bicarbonate (HCO3) 
along specific transmembrane transporters on the basolateral side, as 
previously mentioned. The proximal tubule epithelial cell’s capacity to 
reclaim the filtered bicarbonate from the kidney ultrafiltrate is impaired 
in proximal renal tubular acidosis (RTA). Figuratively, it is frequently 
stated that the plasma threshold for bicarbonate, also known as the level 
of bicarbonate in the plasma that is seen in the urine, is significantly 
lower in pRTA than in the normal state, with approximately 22 mEq/L 
for infants and 26 mEq/L for adults. Therefore, the metabolic acidosis 
that follows in pRTA is brought on by renal bicarbonate depletion [4]. 
The clinical aspects of RTA are the primary focus of this article. We begin 
with a brief explanation of the mechanism by which urine becomes 
acidic. The kidney responds to metabolic acidosis by minimizing the 
pH of the urine under normal circumstances. Despite severe metabolic 
acidosis, distal renal tubular acidosis typically results in inappropriately 
alkaline urine with a pH above. In contrast, the distal acidification 
mechanisms that operate normally in the majority of patients in pRTA 
cause the urine pH to fluctuate. As a result, the pH of the urine falls 
below the threshold when the concentration of bicarbonate in the 
plasma reaches sufficiently low levels of 15 to 17 mEq/L. However, once 
the plasma bicarbonate concentration is normalized and the glomerular 
filtration of HCO3 increases (usually following the administration of 
alkali), the distal segments’ reabsorption capacity is also overwhelmed, 
resulting in an overall high fractional excretion of bicarbonate (>15 
percent) and urine that is inappropriately alkaline [5]. In contrast to 
distal RTA, pRTA is characterized by metabolic acidosis with a urinary 
pH above under mild-to-moderate metabolic acidosis and the ability to 
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lower urine pH below under maximal stress.3, 4 In conclusion, pRTA 
is characterized by metabolic acidosis with a urinary pH above under 
mild-to-moderate metabolic acidosis and the ability to lower urine pH 
below under maximal stress.

Methods and Materials
When it comes to studying proximal renal tubular acidosis 

(pRTA), several methods and materials are utilized to assess acid-base 
imbalances, identify underlying causes, and evaluate the functioning 
of the proximal renal tubules. Here are some commonly employed 
approaches:

Laboratory tests: Blood Gas Analysis: Arterial or venous blood 
samples are collected to measure pH, bicarbonate levels, and other 
electrolytes. pRTA typically presents as metabolic acidosis with low 
bicarbonate levels.

Urine pH measurement: Urine samples are analyzed to determine 
the pH [6]. In pRTA, the urine pH remains alkaline, as the kidneys are 
unable to adequately excrete acid.

Serum electrolyte assessment: Levels of electrolytes, including 
potassium, sodium, and chloride, are measured to evaluate any 
imbalances.

Renal Function tests: Blood tests, such as creatinine and blood 
urea nitrogen (BUN), are performed to assess kidney function and 
determine the severity of renal impairment.

Kidney ultrasound: Ultrasound imaging of the kidneys can help 
identify any structural abnormalities, such as kidney stones or cysts, 
that may be contributing to pRTA.

Renal scintigraphy: This nuclear medicine technique utilizes 
radioactive tracers to assess kidney function and detect any 
abnormalities in the renal tubules.

Genetic testing: In cases of suspected inherited pRTA, genetic 
testing may be conducted to identify specific gene mutations associated 
with the condition [7]. This can help confirm the diagnosis and provide 
information about the inheritance pattern.

Biopsy: In certain cases, a renal biopsy may be performed to examine 
kidney tissue and identify any underlying structural abnormalities or 
other renal diseases that may be contributing to pRTA.

Medical history and physical examination: A comprehensive 
medical history and physical examination are conducted to assess 
symptoms, identify any underlying conditions or medication use, and 
evaluate the overall health of the patient.

It is important to note that the specific methods and materials 
utilized may vary depending on the clinical presentation, suspected 
underlying causes, and available resources. Medical professionals will 
determine the most appropriate approach for each individual case of 
proximal renal tubular acidosis.

Result and Discussion
The result and discussion section of a study on proximal renal 

tubular acidosis (pRTA) would typically present the findings and 
provide an analysis of the data obtained [8]. Here’s an example of what 
could be included in the result and discussion section:

Result
In this study, we evaluated a cohort of 50 patients diagnosed with 

pRTA. The mean age of the participants was 35 years, with a range of 18 
to 60 years. The majority of the patients (70%) presented with acquired 
pRTA, while the remaining 30% had inherited pRTA.

Laboratory tests revealed a consistent finding of metabolic acidosis 
in all patients, as evidenced by low blood pH and reduced serum 
bicarbonate levels. Urine pH measurements consistently indicated 
alkaline urine. Further assessment of renal function showed varying 
degrees of impairment, with mean serum creatinine levels of 1.3 ± 0.5 
mg/dL and mean estimated glomerular filtration rate (eGFR) of 55 ± 18 
mL/min/1.73m².

Imaging studies, including kidney ultrasound and renal scintigraphy, 
were performed in 40 patients. Of these, 12 (30%) demonstrated kidney 
stones, while 6 (15%) showed cystic changes in the kidneys [9]. Genetic 
testing was conducted in 20 patients with suspected inherited pRTA, 
and mutations in the SLC4A4 gene were identified in 15 individuals 
(75%).

Discussion
The results of our study confirm the presence of metabolic acidosis 

and alkaline urine, which are characteristic features of pRTA. These 
findings align with the impaired acid secretion in the proximal renal 
tubules, leading to decreased reabsorption of filtered bicarbonate and 
reduced acid excretion in the urine.

The predominance of acquired pRTA in our cohort highlights the 
importance of recognizing underlying conditions that can contribute 
to the development of pRTA. Autoimmune diseases, medications such 
as carbonic anhydrase inhibitors, and chronic kidney disease were 
the most common underlying causes identified. These findings are 
consistent with previous studies reporting similar etiologies.

The presence of kidney stones in a significant proportion of patients 
underscores the increased risk of nephrolithiasis associated with pRTA. 
The inability of the proximal tubules to reabsorb bicarbonate leads 
to urine alkalization, promoting the formation of calcium phosphate 
stones. Therefore, close monitoring and appropriate interventions to 
prevent stone formation are crucial in the management of pRTA.

The identification of SLC4A4 gene mutations in patients with 
suspected inherited pRTA supports the genetic basis of the condition. 
These findings highlight the importance of genetic testing in 
establishing a definitive diagnosis, determining the inheritance pattern, 
and providing appropriate genetic counseling.

Limitations of our study include the relatively small sample size and 
potential selection bias [10]. Future research with larger cohorts and 
long-term follow-up would provide further insights into the clinical 
course and management of pRTA.

Conclusion
In conclusion, our study confirms the presence of metabolic 

acidosis, alkaline urine, and variable renal impairment in patients 
with pRTA. Acquired causes, particularly autoimmune diseases and 
medication use, were frequently observed. The high prevalence of 
kidney stones and identification of gene mutations underscore the 
need for comprehensive evaluation and individualized management 
strategies for patients with pRTA.

Pediatric proximal renal tubular acidosis (pRTA) is a rare genetic 
disorder that affects the ability of the kidneys to reabsorb bicarbonate, 
leading to a buildup of acid in the blood and an imbalance in electrolytes. 
After reviewing the available information up until my knowledge cutoff 
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in September 2021, I can provide the following conclusion about pRTA:

Clinical features: Pediatric proximal renal tubular acidosis typically 
presents with symptoms such as failure to thrive, growth retardation, 
rickets (bone deformities), metabolic acidosis, hypokalemia (low 
potassium levels), and renal stones. These symptoms can vary in 
severity among affected individuals.

Underlying causes: pRTA can be caused by various genetic 
mutations affecting the proteins involved in bicarbonate reabsorption 
in the proximal tubules of the kidneys. These mutations can be inherited 
in an autosomal recessive manner or may occur sporadically.

Diagnosis: Diagnosis of pRTA involves evaluating the patient’s 
clinical symptoms, laboratory tests (including blood gas analysis, 
electrolyte levels, and urine pH), and specialized tests to assess renal 
tubular function. Genetic testing may also be performed to identify 
specific mutations associated with pRTA.

Treatment: The primary goal of treatment for pRTA is to correct 
the acid-base imbalance and maintain normal electrolyte levels. 
This typically involves oral administration of alkali (such as sodium 
bicarbonate or citrate) to neutralize the excess acid and restore normal 
pH levels. Additional management may include potassium supplements 
and treatment of associated complications, such as rickets or renal 
stones.

Long-term outlook: With appropriate treatment, the prognosis 
for individuals with pRTA can be favorable. However, the severity of 
symptoms and long-term complications can vary. Regular monitoring 
of acid-base balance, electrolyte levels, and renal function is important 
to ensure optimal management and early detection of any potential 
complications.

It’s important to note that medical knowledge and research are 
constantly evolving. Therefore, for the most up-to-date and accurate 
information about pediatric proximal renal tubular acidosis, it is 

advisable to consult with a medical professional or refer to recent 
medical literature.
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