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Abstract
Renal tubular acidosis (RTA) classically is defined as a normal anion gap hyperchlor-
emic acidosis without impaired glomerular filtration. The three types of RTA are
distal, proximal, and hyperkalemic and can be identified by laboratory and clinical
findings. Treatment differs, based on the type of RTA. A case presentation illustrates
the logical steps for diagnosis and treatment.

Objectives After completing this article, readers should be able to:

1. Define the three types of RTA.
2. Explain differences in laboratory and clinical findings for the three types of RTA.

Introduction
Metabolic acidosis caused by abnormalities in renal acid-base balance is known as renal
tubular acidosis (RTA). Each of the several types of RTA, distinguished from each other by
the site of the renal abnormality, may result from several different underlying causes. One
type is illustrated by the following case.

Case Study
A 1,250-g male infant is born at 31 weeks’ gestation to a 26-year-old G2P1 (now 2) woman.
The maternal blood type is O�, and the remainder of the prenatal screening results were
negative, except the group B Streptococcus culture results, which were unknown at the time of
birth. The mother presented 36 hours before delivery with ruptured membranes but no evidence
of preterm labor. She was treated with betamethasone and prophylactic antibiotics. On the day
of delivery, she developed a temperature to 38.3°C and uterine contractions. Intermittent
periods of fetal tachycardia and nonreassuring fetal heart rate tracings were noted. Cervical
dilation progressed to a spontaneous vaginal delivery. The baby cries initially, then develops
apnea that requires intubation and positive-pressure ventilation. The Apgar scores are 6 and
8 at 1 and 5 minutes, respectively.

The infant’s initial course is complicated by respiratory distress syndrome requiring
surfactant therapy and mechanical ventilation for 2 days, prophylactic treatment with
broad-spectrum antibiotics (stopped when blood cultures remain negative after 2 days), and
hyperbilirubinemia responsive to phototherapy. Feedings are started on postnatal day 3, with a
plan to advance them slowly. On day 4, the nurse raises concern about some abdominal
distension and decreased activity, noting that the few episodes of apnea and bradycardia seem
to be more severe. Serum electrolyte values are: sodium of 136 mEq/L (136 mmol/L),
potassium of 4.0 mEq/L (4.0 mmol/L), chloride of 109 mEq/L (109 mmol/L), and bicar-
bonate of 15 mEq/L (15 mmol/L). Because of the low bicarbonate value, blood gases are
obtained. The pH is 7.2, PCO2 is 40 mm Hg, and bicarbonate is 15 mEq/L (15 mmol/L), and
urinalysis reveals a pH of 7.6, with no glucose or protein. The baby is placed NPO, and
antibiotic therapy is resumed, although the white blood cell count, differential count, and
hematocrit all are within normal parameters. Serial abdominal radiographs appear normal.
A repeat set of blood gases shows a pH of 7.27, PCO2 of 43 mm Hg, and bicarbonate of
17 mEq/L (17 mmol/L). Repeat electrolyte measurements show sodium of 139 mEq/L
(139 mmol/L), potassium of 4.1 mEq/L (4.1 mmol/L), chloride of 108 mEq/L (108 mmol/
L), and bicarbonate of 17 mEq/L (17 mmol/L). Because of the evidence of continuing
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metabolic acidosis, the antibiotic therapy is continued, but
no cultures ever show positive results, and the baby’s clinical
status normalizes. Feedings are restarted and tolerated
well. Determinations of electrolyte concentrations continue
to include bicarbonate values between 16 and 18 mEq/L
(16 and 18 mmol/L), which normalize with the addition of
progressively larger doses of oral alkali therapy. A state
metabolic screen and screening cranial ultrasonography
both yield normal results. The baby tolerates advancing
feedings with good growth, and the remainder of the hospi-
talization is unremarkable.

Discussion
Metabolic acidosis is a concern in preterm infants, both
because of its effect on tissue metabolism and as a marker
for underlying pathology. It may reflect diminished tis-
sue perfusion or necrosis due to infection, poor cardiac
output, or ischemia and often can be the first sign of a
developing problem. In this case, metabolic acidosis was
discovered in an infant who had an apparent increase in
apnea/bradycardia episodes and possible abdominal dis-
tension while just beginning to advance on feedings.
These findings increased the level of vigilance and raised
concern that an infection or necrotizing enterocolitis
might be developing, and appropriate steps were taken to
evaluate for these disorders and treat prophylactically
until they were ruled out. The baby did well, and the
metabolic acidosis was determined to be due to increased
renal losses of bicarbonate that were corrected by adding
adequate alkali therapy (4.5 mEq/kg per day of bicar-
bonate) to the treatment regimen.

This presentation is consistent with RTA, classically
defined as a normal anion gap hyperchloremic acidosis
without impaired glomerular filtration. RTA is caused by
either impaired renal reabsorption of bicarbonate ion
(HCO3

�), or impaired urinary acidification/impaired
acid hydrogen (H�) excretion. Three types of RTA
occur, named for the site of the abnormality within the
renal tubule or the most noteworthy feature: type I
(distal), type II (proximal), and type IV (hyperkalemic).
An older taxonomy included a type III, which now is
considered to be a combination of types I and II. There-
fore, this designation no longer is used. Understanding
these types and differentiating between them requires a
brief review of normal acid-base handling in the kidney.

Renal Acid-Base Balance
Renal acid secretion and maintenance of a normal pH
depend on reclamation of filtered HCO3

� by the kidney
in the proximal tubule and net acid secretion in the

collecting duct. In the normal kidney, HCO3
� is filtered

in the glomerulus, and the proximal tubule is the site of
almost complete (80% to 90%) HCO3

� resorption. Such
resorption occurs indirectly, beginning with the combi-
nation of HCO3

� with H� in the tubular lumen (cata-
lyzed by carbonic anhydrase IV [CA IV], which is bound
to the luminal membrane), producing carbon dioxide
(CO2) and water (H2O). The CO2 rapidly diffuses into
the tubular cells, where CA II within these cells catalyzes
the combination of CO2 and H2O, producing H� and
HCO3

�. The bicarbonate is transported into the blood
along with sodium, via the Na�/HCO3

� cotransporter
NBC1.

The H� produced in the reaction is secreted into
the tubular lumen via the Na�/H� exchanger in the
luminal membrane. Na�-K�-ATPase in the basolateral
membrane creates the necessary sodium gradient for ex-
change. The entire proximal process results in net HCO3

�

resorption but minimal, if any, net H� secretion.
The distal tubule, specifically the alpha-intercalated

cell, is the site of almost all net acid excretion. CA II in
these cells catalyzes the formation of H� and HCO3

�

from CO2 and H2O. The hydrogen ions are pumped into
the distal tubular lumen by H�-ATPase, where they are
buffered by combination with phosphate and, with this
reaction, form ammonium (NH4

�). The NH4
� enters

the tubular lumen, in part by the active movement of
intracellular NH4

� by the Na�/K�/CL� cotransporter
NKCC1. Most of the ammonia (NH3) enters the lumen
by diffusion from cells of the medullary interstitium. This
diffusion follows the dissociation of intracellular NH4

�

into H� and NH3 and the active movement of the H�.
Once in the tubular lumen, the NH3 again combines
with the acid and forms NH4

�. This process creates a
concentration gradient of NH3 into the tubular lumen,
which depends on acid secretion. If an abnormality de-
creases distal acid secretion, a concomitant reduction in
ammonia excretion also may occur.

Other transporters and mechanisms have been shown
to have a role in acid secretion in animals, but their
importance in humans is unclear. For example, muta-
tions in the chloride transporter CLCNKB result in a
disruption in chloride-bicarbonate exchange in type III
Bartter syndrome, which produces metabolic alkalosis.

Renal Tubular Acidoses
Each of the three types of RTA can be caused by primary
genetic lesions or in association with other genetic or
acquired diseases.
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Type I (Distal)
Type I (distal) RTA is caused by diminished acid secre-
tion in the distal tubule. Characteristically, this type of
RTA presents with hypokalemia as potassium is lost in
the urine as a cation replacement for hydrogen. Hypo-
citraturia develops as citrate reabsorption is upregulated
to create new bicarbonate, and the concentration of
calcium in the urine also increases. The cause of hyper-
calcuria is not completely clear, but most likely results
from increased calcium release from bone as a buffer,
downregulation of calcium transport proteins in the kid-
ney, and high distal sodium delivery contributing to
more calcium excretion. As a result of the increased urine
pH and the elevated calcium concentrations, nephro-
calcinosis and nephrolithiasis are seen commonly.

The diagnosis of type I RTA is confirmed by a high
urine pH (�6.5) in the setting of a normal anion gap
hyperchloremic metabolic acidosis associated with leth-
argy, vomiting, and dehydration. In some cases, the
systemic pH is normal or nearly normal, making diagno-
sis unclear. In this instance, an oral acid challenge (with
either ammonium or furosemide/fludrocortisone) should
be administered, and if the urine pH remains above 5.5,
the diagnosis can be made.

Of the cases that have primary genetic causes, two
autosomal recessive forms are associated with hearing
loss, one of which presents early in infancy and the other
of which occurs later. These inherited RTAs present
during infancy and are caused by a mutation in the genes
for either of the subunits of H�-ATPase found in the
cells of the distal tubule. The autosomal dominant form
of type I RTA and a recessive form not associated with
hearing loss all present later in childhood or during adult
life. The identified genetic abnormalities in these disor-
ders include different mutations in the genes coding for
the chloride-bicarbonate exchangers of the alpha-
intercalated cells.

Type I RTA usually is treated successfully with added
alkali (bicarbonate) in low doses, ranging from 1 to
3 mEq/kg per day. Such therapy usually corrects the
metabolic acidosis and halts the progression of calcium
depletion from bone, but it has no effect on hearing loss.
In the acquired types, correction of the underlying cause
or stopping the associated drug therapy results in im-
provement.

Type II (Proximal)
Type II (proximal) RTA is caused by a reduction in the
threshold for bicarbonate resorption in the proximal
tubule to 15 mEq/L (15 mmol/L). In this group of
disorders, there is no resorption above that threshold,

and because bicarbonate normally is almost all filtered
and subsequently recovered, the defect results in pro-
nounced urinary losses. The diagnosis can be made by
measuring urine pH, which in type II RTA is inappropri-
ately high (often 7.6 or greater, and rarely below 7.0) in
the face of a metabolic acidosis. If the serum bicarbonate
value drops below 14 to 15 mEq/L (14 to 15 mmol/L),
the resorption threshold is met and the kidney can pro-
duce acid urine. As a result, proximal RTA usually is
milder than the distal (type I) form.

Primary RTA is a rare disorder that may occur as either
an autosomal dominant or autosomal recessive trait. The
autosomal recessive form usually is associated with ocular
abnormalities, short stature, defects of dental enamel,
and intellectual deficits. It is caused by one of several
mutations in the sodium-bicarbonate transporter. The
autosomal dominant form was reported in a single kin-
dred, but the genetic basis has not yet been identified.

More often, proximal RTA occurs as a part of Fanconi
syndrome, characterized by renal wasting of sodium,
potassium, glucose, phosphorous, and amino acids. This
presentation is part of several inborn errors of metabo-
lism, including cystinosis, tyrosinemia, galactosemia,
Wilson disease, and hereditary fructose intolerance.

Type II RTA can occur as a transient developmental
problem in the neonate and young infant. Commonly,
term infants have a normal mild RTA, with serum bicar-
bonate concentrations of 20 to 24 mEq/L (20 to
24 mmol/L), and preterm infants may have values as low
as 15 mEq/L (15 mmol/L). Such transient failure of
bicarbonate resorption usually improves progressively
during infancy, although in some reported cases, matu-
ration was delayed as long as 6 years.

Therapy for type II RTA includes alkali, but unlike for
type I, the needs frequently are much greater, as high as
10 mEq/kg per day or more, titrated as needed to
correct the acidosis. Additional therapy or dietary manip-
ulation is determined by the presence of any associated
metabolic disease.

Type IV (Hyperkalemic)
Type IV (hyperkalemic) RTA results from impaired gen-
eration of ammonia as a result of hyperkalemia-induced
intracellular acidosis. The most common genetic causes
are pseudohypoaldosteronism (PHA) types I and II.
Type I PHA occurs in autosomal dominant, autosomal
recessive, and sporadic forms, all of which are caused by
mutations in the mineralocorticoid receptor or the epi-
thelial sodium channel. These defects result in a marked
natriuresis and concomitant retention of potassium and
hydrogen, which directly results in hyperkalemic meta-
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bolic acidosis. Type II PHA is an autosomal dominant
disorder due to aldosterone resistance, which manifests
as hypertension and hyperkalemic RTA. Inherited type
IV RTA also can result from other abnormalities in
mineralocorticoid production or a number of diseases
that interfere with aldosterone production, although
most of these occur in adults. In the neonate, disorders
such as congenital hyperplasia or any cause of adrenal
injury or destruction can result in hyperkalemic RTA.

The clinical presentation of this type of RTA almost
always involves symptoms caused by hyperkalemia and
dehydration. Therapy initially focuses on the acute man-
agement of the hyperkalemia, with calcium, insulin/
glucose, diuretic, and possibly the use of potassium-
binding resins. Additional components include replace-
ment of mineralocorticoids, if indicated, and alkali sup-
plementation as required to treat the metabolic acidosis.
Such approaches usually correct the secondary defect in
ammoniagenesis when the normal metabolic pathways
return once the pH is normalized.

Conclusion
The case study illustrates the commonly seen benign
form of type II or proximal RTA due to a transient
maturational deficiency in bicarbonate resorption. When
a metabolic acidosis is identified, it is necessary to evalu-
ate for other pathologic causes of the acidosis. For a
preterm newborn, prophylactic antibiotic administration
during an evaluation for infection or necrotizing entero-
colitis is appropriate, as is ruling out anemia or intracra-
nial hemorrhage as a cause of acidosis. In this case, the
initial evaluation identified the problem as a normal
anion gap hyperchloremic acidosis, which is an RTA by
definition. This information, along with the rapid stabi-
lization in clinical status, should have reassured the care-
givers because it effectively ruled out the likelihood of
underlying infection, tissue ischemia, or a disorder caus-
ing decreased cardiac output. The next step must include
a more complete evaluation of the RTA, which begins

with identifying the type. Types I and IV RTA were ruled
out by the laboratory findings, key among which was the
presence of alkaline urine (pH 7.6) despite metabolic
acidosis and a normal or low-normal potassium value.
More serious forms of type II RTA and possible associ-
ated diseases or inborn errors of metabolism were un-
likely in light of the normal newborn screen results, the
absence of evidence of Fanconi syndrome, and ultimately
the mild clinical course. The clinical course, ease of
correcting the acidosis with moderate amounts of alkali
therapy, and the known occurrence of this maturational
problem among preterm infants all contributed to deter-
mining the diagnosis.
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American Board of Pediatrics Neonatal-Perinatal
Medicine Content Specifications
• Recognize the causes, diagnosis, and

treatment of renal tubular acidosis in the
neonate.

• Be able to differentiate between proximal,
distal, and transient renal tubular acidosis.
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NeoReviews Quiz

11. Renal tubular acidosis (RTA) is categorized into three types (I, II, and IV) based on the site of the
abnormality within the renal tubule or the most noteworthy feature. Of the following, the most
noteworthy feature of type IV RTA is:

A. Hypercalciuria.
B. Hyperchloremia.
C. Hypercitraturia.
D. Hyperkalemia.
E. Hypernatremia.

12. Type I RTA is caused by diminished acid secretion in the distal tubule. Of the following, the most likely
feature of type I RTA is:

A. Hypercalciuria.
B. Hypercitraturia.
C. Hyperkalemia.
D. Hypochloremia.
E. Hyponatremia.

13. Type II RTA can occur as a transient developmental disorder in the newborn. Of the following, the most
likely feature of transient type II RTA is:

A. Decreased blood glucose.
B. Decreased serum bicarbonate.
C. Increased serum sodium.
D. Increased serum potassium.
E. Increased serum phosphate.
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