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ABSTRACT 
 

 

Background 

Renal tubular acidosis was first defined by the incapacity to 

lower urinary pH below 5.5, normal GFR associated with 

hyperchloremia and a normal plasma anion gap, and later the 

definition added tubular impairment in the bicarbonate 

reabsorption. 

 

Aims 

To provide an overview of types, diagnosis and management 

of renal tubular acidosis. The study focuses on syndromes 

found in Saudi Arabia.  

 

Methods 

This study is a review article about renal tubular acidosis. It is 

composed of an extensive research in PubMed, uptodate, 

BMJ, Cochrane. 

 

Results 

There are different hypothesis and genetic play a role in renal 

tubular acidosis. Treatment varies from each type, but with 

proper treatment promotes normal growth development. 

 

Conclusion 

This study is an overview of renal tubular acidosis. It provides 

a comprehensive summary to interns, residents and 

consultants in the medical field. 
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Renal tubular acidosis, constipation, hypokalaemia 

 

What this review adds: 

1. What is known about this subject? 

Renal tubular acidosis is usually found in paediatrics and 

has various types. Treatment and early recognition is 

important to prevent growth stunting. 

 

2. What new information is offered in this review? 

This review links many syndromes associated with renal 

tubular acidosis. It explores different aspects in 

management of different subtypes. 

 

3. What are the implications for research, policy, or 

practice?  

Improvement in the management of renal tubular 

acidosis lies in early recognition and treatment, possibly 

gene therapy in the future.  

 

Introduction 

Renal tubular acidosis was first defined by the incapacity 

to lower urinary pH below 5.5, normal GFR associated 

with hyperchloremia and a normal plasma anion gap, and 

later the definition added tubular impairment in the 

bicarbonate reabsorption.
1,2

 Renal tubular acidosis (RTA) 

is related to a bunch of transport defects in bicarbonate 

reabsorption (HCO3
−
), hydrogen ion secretion (H

+
), or 

both.
1
 RTA can be divided to three types: distal RTA (type 

1), proximal RTA (type 2), mixed (type 3), and 

hyperkalaemia RTA (type 4).
3,4

 RTA presents clinically with 

polyuria, constipation, growth failure, and muscular 

weakness, hypokalemic and hyperchloremic metabolic 

acidosis.
2
  

 

Acid- base balance 

Extracellular fluid has free hydrogen ion concentration 

with concentration of 35 to 45nm/L, corresponding to pH 

of 7.35 to 7.45. In normal conditions, 0.8 to 1mmol/kg of 

non-volatile acids is generated daily mostly due to 
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breakdown of dietary protein for energy. This is attenuated by 

the recycling of filtered bicarbonate and the excretion of 

protons with phosphate buffers (titratable acid) and 

ammonium. The filtered bicarbonate is reabsorbed by 70–80 

per cent in the proximal tubule. The secretion of hydrogen ion 

in the proximal tubule is dependent on a Na-K exchanger, and 

is derived from basolateral sodium-potassium ATPase pumps, 

which preserves a low concentration of intracellular sodium 

and creates a chemical gradient for passive sodium entry from 

the tubular lumen. For 1 sodium absorbed, 1 hydrogen ion is 

secreted to the tubule, maintaining electro-neutrality. The 

bicarbonate combines with the hydrogen ion in the lumen to 

form carbonic acid, which later dissociates to CO2 and water. 

The carbon dioxide diffuses across the membrane and 

hydrates in the presence of carbonic anhydrase to form 

carbonic acid. This acid dissociates in the cell into hydrogen 

ion which diffuses to the basolateral membrane and 

bicarbonate which is exchanged with sodium across the brush 

border membrane. Ammonium ions generated by degradation 

of glutamite are transported from the proximal cell into the 

lumen in exchange with sodium ions. The kidney preserves the 

acid-base homeostasis by reabsorption of bicarbonate and 

excretion of acid. The acid excretion consists of ammonium 

and titratable acid ([TA+NH4
+
] - HCO3). In renal tubular 

acidosis, the impairments involved are in acid excretion, 

bicarbonate reabsorption, generation of NH4+or buffer 

deficiency.
2
 

 

The renal acid-base homeostasis depends on two 

mechanisms: (1) reabsorption of filtered HCO
3−

, which occurs 

mostly in the proximal convoluted tubule; and (2) excretion of 

fixed acids through the titration of buffers and excretion of 

ammonium, which occurs predominately in distal nephron.
1
  

 

Classification of RTA 

Distal (Type 1): It is defined by impaired ability to acidify urine 

associated with hypokalaemia, low urinary NH4
+ 

and 

hypocitraturia. Secondary to this defect, NH4
+ 

secretion is 

impaired.  

 

Hypothesis:  

a) Hydrogen ion secretory defect in collecting tubule. 

b) Gradient defect has increased back diffusion of H
+ 

or 

H2CO3. 

c) Voltage dependent RTA which is inability to generate 

sufficient negative transepithelial difference in the distal 

nephron. 

d) Deficiency of carbonic anhydrase which is inability to 

produce intracellular bicarbonate results in failure to 

secrete hydrogen ion. 

e) Rate dependent RTA (2) which is divided to three types. 

1- Idiopathic is associated with nephrolithiasis and/or 

nephrocalcinosis. Failure to thrive was the common 

presentation in infants, and later progresses to 

hypokalaemia further in adulthood. It is associated 

with gene mutations in kidney anion exchanger 1 

(kAE1)
5,6

 caused by decrease in anion exchange thus 

hinder trafficking and regulation of V-type ATPase, 

venturing acidification of lysosomes.
7
 

 

In a case report, down syndrome was associated 

hypothyroidism and renal acidosis, with antithyroid 

peroxidase antibodies positive and with treatment of 

hypothyroidism, symptoms of acidosis resolved.
8
 

A case series of periodic paralysis, otosclerosis and 

fluorosis, result from a mutation in anion exchanger 1 

gene (AE1) codes band 3.
9
 A novel gene is discovered 

which is Atp6ap2 subunit of vH+ATPase known as 

prorenin receptor. Its suppression results in dilution 

of urine which is caused by lysosomal defect in 

vH+ATPase channel.
10,11

 

 

2- Acquired cases as they are secondary to immune-

mediated diseases. Most common association is with 

Sjogren’s syndrome and with kidney stones.
12

 

 

3- Hereditary played a role in most RTA as they arose 

from hereditary hypercalciuria complication. 

Hypocitraturia in most cases was due to potassium 

depletion and renal failure, but few were reported to 

occur as a primary defect in hereditary RTA. In a case 

series of Faqeih the renal tubular acidosis was 

associated with neurobehavioral impairment, 

nephrocalcinosis, facial features, small kidneys and 

short stature, but no genes are detected.
12

 

 

Nephrocalcinosis is calcium deposition in renal medulla. 

Types include organic, iatrogenic and hereditary, and 

usually asymptomatic, if symptomatic, patients will 

present with inability to gain weight, blood in the urine 

and abdominal pain. It is associated with tubular acidosis, 

bratter and lowe syndromes, medullary sponge kidney, 

policalicosis, hypervitaminosis D, hyperoxaluria, 

hypercalcuria, hypercalcemia and 

hypoparathyroidism.
12,13

  

 

Hemoglobinopathies due to mutations in gene 

SLC4A1 encoding AE1, band 3, are causes of hereditary 

RTA. Patients with homozygous G701D/G701D or 

heterozygous SAO/G701D had reticulocytosis, which 

means compensated haemolysis. Both homozygous and 

heterozygous SLC4A1 mutations and hemoglobinopathy 
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affects the morphology of red cells and the degree of 

haemolytic anaemia, which is worsen by acidosis.
14

 Cases of 

transfusion-dependent severe haemolytic anaemia and 

complete distal renal tubular acidosis, dyserythropoiesis is 

caused by novel nonsense mutation c.1430C>A (p.Ser477X) in 

exon 12.
15

 

 

Severe forms of inherited distal RTA present with vomiting 

and abstruse dehydration, growth restriction and vitamin D 

deficiency.
13,16

  

 

Proximal (Type 2) 

It is caused by a defect of HCO3
−
 reabsorption and is 

associated with lower renal HCO3
−
 threshold, which is 

normally (22–26mmol/L) in infants and adults.
1
 Because of the 

distal tubules ability to acidify is intact, the urinary pH can be 

less than 5.5.
2
 It characterized by bicarbonate leaving kidney 

tubule lumen as CO2 following sodium dependent H
+ 

secretion 

via Na
+
/H

+ 
exchanger isoforms or minimally vacuolar H

+
-

ATPase. The transport requires both membrane bound 

carbonic anhydrase (CA) type 4 and intracellular CA-2.
4
  

 

Hypothesis:  

a) Deficiency in pump secretion or function.  

b) Carbonic anhydrase deficiency. 

c) Structural damage to the luminal membrane
2
  

 

Types:  

1- Hereditary types include the ones mentioned below: 

A- Fanconi’s syndrome is defined as impaired 

reabsorption in the proximal renal tubule affiliated 

with renal tubular acidosis and low phosphate in 

serum
17

 in SLC34A1 gene, presents with short stature, 

cataracts, central nervous system calcification, renal 

stones and hypercalcemia.
18

 

Fanconi-Bickel syndrome missense mutation in SLC2A2,
19

 is a 

rare autosomal recessive disease caused by a deficiency of 

glucose transporter 2 (GLUT2), a member of the facilitative 

glucose transporter family.
20

 The most common type is 

cystinosis caused by CTNS mutation and is a lysosomal storage 

disorder.
21

 It usually responds to cysteamine.
22

 

 

In 2 Palestinian patients from 2 families, homozygosity of 

genes were noted in p.R301X (C>T) in exon 7 of GLUT2 gene.
20

 

It presents with fasting hypoglycaemia, post-prandial 

hyperglycaemia, delay in motor function, distended abdomen, 

unable to gain weight and renal tubular acidosis.
23

  

 

B- Inborn error of metabolism including glucose-galactose 

malabsorption and congenital NBCe1A deficiency, 

cystinosis and tyrosinemia as example. 

Glucose-galactose malabsorption is caused by mutations 

in the gene that resides on the distal q arm of 

chromosome 22 coding for the intestinal brush border 

sodium-glucose co-transporter (SGLT1). It is manifested 

by early onset of profuse osmotic watery diuresis and can 

lead to hypernatremia, metabolic acidosis and mortality if 

left untreated.
24

 

 

Congenital NBCe1A deficiency with SLC4A4 mutation 

manifests with severe proximal renal tubular acidosis and 

extrarenal symptoms, such as developmental delay, 

glaucoma, cataract, intellectual disability and band 

keratopathy.
25

 It usually has no treatment.
26

 

 

Tyrosinemia type I results from deficiency of 

fumarylacetoacetase (FAH), presents with liver 

dysfunction and renal tubular dysfunction associated with 

growth failure and rickets. Screening is done by urine and 

blood succinylacetone.
27

 

 

2- Acquired isolated proximal tubule is caused by a 

defect of bicarbonate reabsorption, in which 

mutations are found in sodium bicarbonate co-

transporter (NBCe1/SLC4A4).
28

 

A- Carbonic anhydrase deficiency secondary to drugs, 

Diamox, Sulfanilamide, genetically transmitted 

(Russell), Idiopathic (Donkerwolke), caused by 

homozygous mutations in CA2 located on 

chromosome 8q22. The commonest gene mutation 

is loss of splice donor site in intron 2 of CA2 in 

Saudi Arabia. It presents as paralysis associated 

with fractures, renal stones, growth retardation, 

osteopetrosis and mental retardation.
29

 

 

B- Idiopathic cases, such as, York-Yendt, transient in 

infants usually present with short stature, 

vomiting, diarrhoea and feeding difficulties in 

severe cases.
30

 Case report of distal renal tubular 

acidosis with hearing loss confirmed by audiometry 

at 2 years. ATP6V0A4 was excluded from genetic 

causation by intragenic SNP linkage analysis, but 

ATP6V1B1 completely failed to PCR-amplify in the 

patient, suggesting a genomic deletion.
31

 

 

Combined (Type 3) 

It is caused by recessive mutation in the CA-2 gene on 

8q22, which encodes carbonic anhydrase type 2. It 

exhibits both impaired proximal HCO3
- 
reabsorption and 

impaired distal acidification.
4
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Bicarbonate wasting goes away after adolescence or after 

rapid growth spurts. It is considered a paediatric variant of 

type 1 since it is in infants and children.
30

 

 

Hyperkalaemia (Type 4) 

The commonest type of RTA is type 4. It results from impaired 

ammoniagenesis and is characterized by the ability to 

normally acidify the urine after an acid load results in low 

urine NH4
+
, which is probably caused by the hyperkalaemia, or 

by aldosterone deficiency or defective signalling; like, adrenal 

failure or pseudohypoaldosteronism (PHA) due to defects in 

the mineralocorticoid receptor or the epithelial Na
+ 

channel, 

drugs (e.g., potassium sparing diuretics, trimethoprim, cyclo-

oxygenase inhibitors, angiotensin converting enzyme 

inhibitors).
1,4

 

 

Hypothesis:  

a) Selective destruction of the juxtaglomerular cells of 

kidney. 

b) Decreased sympathetic innervation of the juxtaglomerular 

apparatus. 

c) Decreased production of prostacyclin proceeds from 

decrease in the renin-angiotensin production. 

d) Hypoaldosteronism. 

 

Five types:  

Type 1 & 2 is a consequence of primary hormonal deficiency 

of renin/ aldosterone thus affecting distal convoluted tubule. 

Type 1 is defined as decreased urinary aldosterone, increased 

plasma renin and salt wasting, resulting in acidosis, 

hyperkalaemia, and is usually linked to Addison disease, 

isolated primary hyperaldosteronism, or congenital adrenal 

hyperplasia. 

 

Type 2 is known as hyporeninemic hypoaldosteronism, and is 

described as renal renin impairment resulting from chronic 

interstitial damage. To note, clinical salt wasting doesn’t 

prevail, probably due to constant azotaemia. 

 

Type 3, 4 & 5 are disorders of renal tubules. Type 3 

(adolescent hyperkalemic syndrome) or (renal chloride shunt) 

is defined by hypervolemia, hypoaldosteronism and 

hypertension. Surprisingly, hypervolemia and secondary 

suppression of aldosterone result from excessive chloride 

reabsorption in distal convoluted tubule (Table 1). 

 

Type 4 (pseudohypoaldosteronism) in infants is defined by 

acidosis, hyperkalaemia, sodium chloride wasting and 

elevated 24- urinary aldosterone excretion. It is caused by 

unresponsive distal tubules to aldosterone; such as, organ 

failure. However, type 4 rarely occurs due to adequate 

treatment with sodium bicarbonate and sodium chloride.  

  

Type 5 (early childhood type 4 RTA) is the commonest 

type of type 4 RTA, and is defined by hyperchloremic 

acidosis, aciduria and hyperkalaemia, with no clinical salt 

wasting. It is proposed that type 5 is a cause of end organ 

resistance to 2 out of 3 aldosterone dependent functions 

(potassium and hydrogen reduced, sodium is normal). 

Children with type 5 usually end up short, stunted and fail 

to thrive. 

 

There are two factors that predispose to renal stone 

formation in subtype 5 of type 4 RTA, which are urinary 

calcium and citrate excretion. During chronic acidosis, the 

mobilization of bone buffers is increased, and in children 

with type 1 and type 2 RTA, urinary calcium excretion 

rises. However, in children with subtype 5 of type 4 RTA 

have no rise in urinary calcium excretion during chronic 

acidosis. Consequently, untreated, chronically acidotic 

patients with subtype 5 of type 4 RTA, nephrocalcinosis 

does not occur because of calcium hyperabsorption and 

citrate excretion in urine.
30

 Hyperkalemic renal tubular 

acidosis caused by calcineurin inhibitors (Figures 1 and 

2).
32

 

 

Diagnosis 

Figure 1: RTA differentiated by hyperchloremic acidosis
33
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Figure 2: RTA differentiated by hypokalemic acidosis
16

 

 

 
 

Confirmatory tests 

Table 1: Confirmatory Tests
16

 

 

  Distal RTA 
Proximal 
RTA 

Hyperkalemic RTA 

Urinary 
measurement 
of acid and 
bicarbonate 

Inability to 
excrete H 

Decline of 
serum HCO3

-
 

and pH 
- 

Serrum 
aldosterone 

- - 

High or low, 
depends on reason 
for 
hypoaldosteronism 

Loading test 
(Side bar) 

NH4
+
 loading 

test: urinary 
pH will not 
decrease as 
expected. 
Urine anion 
gap is used 
as a 
replacement 
marker of 
NH4

+
 

secretion. 

HCO3
-
 

loading test: 
urinary HCO3

-
 

will rise 
following 
HCO3

-
 

infusion 
because of 
impaired 
reabsorption. 

- 

 

Management 

Type 1 RTA (Distal): Alkali has to be compensated by the 

amount of retained hydrogen and loss urinary bicarbonate 

calculated by Henderson-Hasselbalch equation, which will 

result in achieving normal serum bicarbonate concentration 

(22–24meq/L). Children may require 4-8meq/kg per day in 

divided doses because they often have a higher fixed urine 

pH.
34

 

 

Mineralocorticoid therapy is beneficial in patients with 

aldosterone deficiency. Giving steroid without increasing 

distal sodium delivery can cause heart failure. Heart failure 

can be avoided by giving diuretics and diet high in salt. 

Other modalities of treatment include potassium 

exchange resin and alkali, may also be necessary.
35

 

Metabolic acidosis if corrected, will lead to normal growth 

rates in children, decreasing the rates of nephrocalcinosis 

and osteopenia.
34

 

 

If hypokalaemia is present, potassium citrate (60–80mEq. 

daily) for three months can help to reduce 

nephrolithiasis.
34

 

 

A case of Sjogren’s syndrome refractory type 1 renal 

tubular acidosis was treated by sodium bicarbonate 

15.5mEq four times a day, potassium chloride and 

amiloride 10mg/day.
11

 With treatment of 

nephrocalcinosis underlying causes, symptoms will 

resolve.
12

 

 

Latest research precludes that disruption of the COPI-

kAE1 G701D interaction could be a therapeutic strategy to 

treat dRTA caused by this mutant.
6
 

 

Type 2 RTA (Proximal) 

Proximal RTA has a difficult approach in comparison to 

distal RTA, for serum bicarbonate increases the filtered 

bicarbonate causing diuresis; therefore, an increase 

bicarbonate is needed in 10–15meq of alkali/kg/day with 

the addition of potassium salt (usually potassium 

citrate)
34

 in cases of rickets.
30

 

 

Proximal RTA with Fanconi syndrome usually responds to 

Vitamin D replacement.
36

 Dietary salt restriction and 

chlorothiazide therapy can be useful if alkali is ineffective 

or not well tolerated in massive amounts.
1,30

 

 

Congenital NBCe1A deficiency has no treatments available 

at the moment, but in-vitro studies showed that 

aminoglycoside antibiotic is associated with suppression 

of the genes.
26

 

 

Cystinosis mainstay treatment is oral cysteamine 

(Cystagon). Aminothiol can lower intracellular cystine 

content by 95 per cent, and has proven efficacy in 

delaying renal glomerular deterioration, enhancing 

growth and preventing hypothyroidism.
22

 Supplementary 

treatment involves supplementations of citrate, 

phosphate replacement and vitamin D supplements.
37

  

 

Tyrosinemia responds to nitisinone and a low-tyrosine 

diet as it prolongs survival, enhance normal growth, 
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improve liver function, correct acidosis, and improve 

secondary rickets.
37

 

 

Liver transplant used in refractory cases of proximal RTA 

including Fanconi and tyrosenemia.
23,27

 Kidney transplant as a 

definitive treatment for cystenosis.
37

  

 

Type 3 RTA 

Alkali therapy can treat osteopenia and induce normal 

somatic growth, even after severe stunting, but surprisingly 

only when given in amounts that sustain full correction of 

acidosis.
38

 

 

Type 4 RTA 

Treatment depends on the underlying cause. Potassium-

retaining drugs should always be withdrawn. 

Hypoaldosteronism caused by adrenal failure may respond to 

fludrocortisone doses. As for hyporeninemic 

hypoaldosteronism, fludrocortisone with the addition of loop 

diuretic help to minimize the risk of extracellular fluid volume 

expansion. Alkali supplements (1.5–2mmol/kg per 24 h) are 

required.
39,40

 

 

Conclusion 

This study is an overview of renal tubular acidosis. It provides 

a comprehensive summary to interns, residents and 

consultants in the medical field. This review links many 

syndromes associated with renal tubular acidosis. It explores 

different aspects in management of different subtypes. 

Improvement in the management of renal tubular acidosis lies 

in early recognition and treatment, possibly gene therapy in 

the future.  
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