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Renal Tubular Acidosis (RTA)




TYPES OF RTA




Physiology of Renal Acidification




Renal Acid-Base Homeostasis




Acid excretion mechanisms in renal tubule

Type 2 Distal
tubule Type 1

Proximal
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Proximal Tubule Physiology







DISTAL ACIDIFICATION







Non Secretory Defects Causing Distal RTA




DISTAL RTA




Clinical Features Protein

Genel(s)

OMIM

Type of RTA Subtype and Inheritance Age at Presentation

Distal Douminant
(type 1)

Recessive

Recessive with early
onset hearing loss

Recessive with later
onset hearing loss

Recessive with
ocular abnormalities

Proximal

(type 2)

Combined
proximal
and distal

(type 3)

Recessive with
osteopetrosis

Older/adult

Childhood

Infancy/childhood

Infancy/childhood

Infancy

Infancy/childhood

Mild/compensated metabolic AE1
acidosis

Hypokalemia (variable)

Hypercalciuria

Hypocitraturia

Nephrolithiasis

Nephrocalcinosis

Sometimes rickets/

osteomalacia

Secondary erythrocytosis

Metabolic acidosis with hemolytic AE1
anemia

Only reported in Southeast Asian
populations

Metabolic acidosis

Early nephrocalcinosis
Vomiting/dehydration

Growth retardation

Rickets

Bilateral sensorineural hearing loss,
from childhood

As above, but later onset hearing
loss in some
(a few with normal hearing)

Metabolic acidosis NBC1
Hypokalemia

Ocular abnormalities (band keratopa-

thy, cataracts, glaucoma)

Growth retardation

Defective dental enamel

Intellectual impairment

Basal ganglia calcification

Metabolic acidosis CAll
Hypokalemia

Osteopetrosis

Blindness

Deafness

Early nephrocalcinosis

B1 subunit of
H*-ATPase

a4 subunit of
H*-ATPase

SCL4A1

SCL4A1

ATP6V1B1

ATP6VOA4

SLC4A4

179800

602722

267300

602722

604278

259730




Diagnosis of RTA
Determination of the urine anion gap

Urine anion gap = [Na*] + [K*] - [CI]

Normal < 0O




Urine anion gap

= Measured cations - Measured anions
= (Na* + K*) - (CI- + HCOgy)

= Unmeasured anions - unmeasured cations

Sulfate Calcium
Phosphate Magnesium
Bicarbonate NH,*

Organic anions




Aldosterone and Renal acidification
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Clinical features of RTA

Proximail

Diarrhea RIA

Serum K* s T

Urine AG | Negative Variable Positive

Urine pH Variable >5.5 <55
Other syndrome | caleinosis




Proximal RTA (type Il)




Distal RTA




A S4-year-old male with a 12 year history of Type 2 diabetes
mellitus maintained on insulin, and proliferative diabetic retinopathy,
Is referred because of proteinuria.

Laboratory studies:

Serum sodium 140 mEqg/L
Serum potassium 6.0 mEqg/L
Serum chloride 112 mEqg/L
Serum bicarbonate 19 mEg/L
Blood urea nitrogen 27 mg/dL
Serum creatinine 1.6 mg/dL
Serum glucose 206 mg/dL

Urinalysis shows 3+ proteinuria.

Case A8




The most likely cause of this patient’s metabolic
acidosis Is:

Diarrhea due to diabetic autonomic
" neuropathy
. Diabetic ketoacidosis

. Chronic renal failure

. Type | renal tubular acidosis

. Type IV renal tubular acidosis

Case A8




Serum K*

Clinical features of RTA

\s

Urine AG

Negative

Variable

Positive

Urine pH

Variable

>9.5

<355

Other

Fanconi
syndrome

Nephro-
calcinosis




Type IV RTA (hyporeninemic
hypoaldosteronism)

Hyperkalemia (disproportionate to level of GFR)
Non-gap metabolic acidosis with normal urine acidifying ability
Mild CRF
Often underlying tubulointerstitial disease:
- Diabetes mellitus

- SLE, obstruction, myeloma/amyloid, HIV etc.
- NSAIDs




A 22-year-old male with HIV infection was started on HAART three
months ago. His medications are didanosine, tenofovir and lopinavir.

Serum sodium 141 mEq/L
Serum potassium 3.4 mEg/L
Serum chloride 115 mEqg/L
Serum bicarbonate 18 mEqg/L
Serum glucose 76 mg/dL
Blood urea nitrogen 7/ mg/dL
Serum creatinine 0.4 mg/dL
Serum calcium 8.6 mg/dL
Serum phosphorus 0.9mg/dL
Serum uric acid 1.7 mg/dL

Urinalysis: pH 6.0, specific gravity 1.015, 3+ glucose, trace protein
Urine phosphorus 25 mg/dL
Urine creatinine 38 mg/dL

Case A9




The most likely cause of this patient
acid-base disturbance is:

A. HlIV-related diarrhea
B. D-lactic acidosis

C. Didanosine-induced lactic acidosis

Hepatic failure-associated renal tubular
" acidosis

. Tenofovir toxicity
Case A9




Serum bicarbonate is 18 mEqg/L
Aniongap =141-115-18=8
Probably non-gap metabolic acidosis

Urine pH 6, serum K 3.4

Inappropriately alkaline urine and hypokalemia suggests Type | or |l
renal tubular acidosis

Case A9




Serum K*

Clinical features of RTA

\

Urine AG

N EGYE

Variable

Positive

Urine pH

Variable

>9.5

<9.5

Other

Fanconi
syndrome

Nephro-
calcinosis




FePO, = (25 x 0.4)/(0.9 x 38) = 29% (normal 5-15%)

Renal phosphate wasting

Glycosuria despite nhormoglycemia, hypouricemia

Fanconi syndrome

Cause:

Tenofovir

Case A9




Fanconi syndrome & ARF 2° to nucleotide-analog
reverse transcriptase inhibitors

Acyclic nucleoside phosphonates: adefovir (22-50%), cidofovir
(12% ARF, 1% Fanconi), tenofovir (2-4%)

Transported into prox. tubule by organic anion transporter (OAT1),
causing mitochondrial toxicity

Both Fanconi syndrome and ARF (due to ATN)

Can be induced by drug interaction (most pts with tenofovir toxicity
were on ritonavir)

Can be induced by renal insufficiency (all renally excreted)

Can occur 3 wk to 18 mth after start of Rx




38-year-old woman with dry eyes and polyarthritis. The
serum potassium is 3.4 mEqg/L, the urine pH is 6.5 and the
urine sodium is 28 mEqg/L, potassium 50 mEq/L and
chloride 57 mEq/L.

A. Proximal (Type ll) renal tubular acidosis

B. Classicdistal (Type |I) renal tubular acidosis

Hyporeninemic hypoaldosteronism
" (Type IV renal tubular acidosis)

. Gastrointestinal bicarbonate loss

. Toluene intoxication







56-year-old Hispanic male with Type |l diabetes mellitus, diabetic
nephropathy, and chronic renal insufficency with a serum Cr of 2.3
mg/dL. He is unable to tolerate angiotensin-converting enzyme
inhibitors due to hyperkalemia. The urine pH is 5.0 and the urine sodium
Is 43 mEq/L, potassium 13 mEg/L and chloride 41 mEq/L.

A. Proximal (Type IlI) renal tubular acidosis

B. Classicdistal (Type |) renal tubular acidosis

Hyporeninemic hypoaldosteronism
- (Type IV renal tubular acidosis)

. Gastrointesiinal bicarbonate loss

. Toluene intoxication
Case A11







26-year-old woman with osteosarcoma of the humerus, undergoing
chemotherapy with ifosfamide. The serum potassium is 2.3 mEqg/L,
glucose 97 mg/dL, phosphate 1.5 mg/dL. The urinalysis shows pH
7.0, 1+ protein, 2+ glucose. The urine sodium is 27 mEg/L, potassium
48 mEq/L and chloride 56 mEq/L.

A. Proximal (Type Il) renal tubular acidosis

B. Classicdistal (Type I) renal tubular acidosis

Hyporeninemic hypoaldosteronism
" (Type IV renal tubular acidosis)

. Gastrointestinal bicarbonate loss

. Toluene intoxication
Case A13







24-year-old man with Type | diabetes mellitus complicated by
diabetic nephropathy, chronic renal failure with a serum Cr of 1.8
mg/dL, potassium 3.0 mg/dL, autonomic neuropathy and chronic
diarrhea. The urine sodium is 10 mEg/L, potassium 14 mEqg/L and
chloride 36 mEqg/L.

A. Proximal (Type ll) renal tubular acidosis
B. Classicdistal (Type |) renal tubular acidosis

Hyporeninemic hypoaldosteronism
- (Type IV renal tubular acidosis)

. Gastrointestinal bicarbonate loss

. Toluene intoxication
Case A14







