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Renal tubular acidosis and nerve deafness
D B DUNGER, D P BRENTON, AND A R CAIN

Royal United Hospital, Bath, and University College Hospital, London

SUMMARY Two brothers are described with renal tubular acidosis and nerve deafness: the elder
also had rickets and hypokalaemia. The parents were unaffected. Studies of urinary acidification
and bicarbonate excretion were consistent with a distal tubular abnormality. This report strengthens
the view previously proposed in similar cases that nerve deafness and renal tubular acidosis con-
stitute a genetic entity. Examination for nerve deafness is indicated in any child with renal tubular
acidosis.

Renal tubular acidosis (RTA) is a syndrome of dis-
ordered tubular function, characterised by a sustained
metabolic acidosis with hyperchloraemia, and an
inappropriately high urinary pH. Classical RTA
(type 1) is a distal tubular defect with impaired
hydrogen ion secretion. Bicarbonate excretion is
generally only a small fraction of filtered bicarbonate
(<5 %), but rather greater amounts of bicarbonate
(6-9% of filtered bicarbonate) are excreted by some
children and this may be a distinct subgroup.' Type 2
renal tubular acidosis is characterised by defective
bicarbonate reabsorption in the proximal tubule.
The renal tubular abnormality may be an isolated
defect of bicarbonate reabsorption2 or there may be
other abnormalities of tubular function, as in
Fanconi's tubular disorders.

Classical (type 1) RTA is most commonly a
sporadic condition and it is known to occur in
association with a variety of disorders including
hyperglobulinaemic states and some other inherited
conditions-for example, Ehlers-Danlos syndrome,3
hereditary elliptocytosis,4 and osteopetrosis.5 Some
of these other genetic associations may be fortuitous
as classical (type 1) RTA may itself be a familial
condition with a dominant inheritance. A syndrome
of distal renal tubular acidosis with nerve deafness
was first described by Royer and Broyer6 10 years ago
in 3 unrelated patients. Other sporadic patients have
been described7 but there is evidence that the
condition is inherited as an autosomal recessive
condition. Cohen et al.8 described two sibships
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each with parental consanguinity, both sibships
coming from a single large kinship. Konigsmark9 also
found the condition in siblings and altogether there
have been descriptions of 14 cases.

This paper describes two brothers with the
syndrome of RTA and nerve deafness and the data
obtained from them support the findings ofDoncker-
wolcke et al.10 that the renal abnormality is confined
to the distal tubule.

Case reports

The family pedigree is shown in Fig. 1. Plasma
bicarbonate levels of the parents and siblings
were normal. Early morning urine specimens showed
normal acidification. Their hearing tests were also
normal and nephrocalcinosis was not found on plain
x-rays. The pedigree could not be investigated
further as the grandparents still live in Jamaica.

Case 1 (born October 1969). The second child of West
Indian parents with a normal birth history and a
birthweight of 3 2 kg. He first presented at age 20
months with a history of anorexia, constipation, and
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Renal tubular acidosis
with nerve deafness

Fig. 1 Pedigree of affected siblings (Cases I and 2).
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delayed motor development. He was unable to walk
because of severe rickets. Polydipsia was also noted
at the time, but his blood chemistry was unremark-
able, except that the plasma Cl was 113 mmol/l and
HCO3 16 mmol/l. The rickets proved resistant to
treatment with vitamin D but there was some doubt
about how much treatment he received at home.
He was readmitted at age 3 years weighing 9 1 kg

with a height of 81 5 cm. His condition had been
deteriorating with respect to energy and appetite.
The rickets was still active (Fig. 2a) and there was
x-ray evidence of nephrocalcinosis. Biochemical
results were as follows: plasma Ca 2-15 mmol/l

(8-6 mg/100 ml), P 09 mmol/l (2X8 mg/100 ml),
alkaline phosphatase 44 KA units/100 ml, Na 138
mmol/l, K 2X2 mmol/l, Cl 114 mmol/l, HCO. 14
mmol/l, and urea 5 3 mmol/l (31 9 mg/100 ml),
arterial pH 7134, base excess -135S mmol/l. Plasma
creatinine normal. Urinary amino-acids normal. No
glycosuria. A diagnosis of RTA was made and
treatment started with sodium bicarbonate orally, 1 g
three times a day being the initial maintenance dose.
On this treatment alone he improved clinically and
x-rays showed his rickets to be healed in May 1974
(Fig. 2b), his alkaline phosphatase having fallen to
23 KA units/100 ml.

Fig. 2 Case 1. (a) Active
rickets in October 1972.

(b) Healed rickets in May 1974.
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At a further admission for investigation ofthe renal
pathophysiology at age 7 years his height was 1 * 13 m
(3rd to 10th centile) and weight 22 * 5 kg (on the 50th
centile). The acidosis was controlled with NaHCO3,
1 g each day (2 13 mmol/kg). Nephrocalcinosis was

still present, but not increased. His growth curve
showing catch-up growth is illustrated in Fig. 3. His
rickets had remained healed.

Speech development was retarded at the first
admission. Nerve deafness was demonstrated at age
4 years and hearing aids prescribed (Fig. 4).

Case 2 (born January 1974). The third child in the
sibship and the brother of Case 1. He was born after
a normal pregnancy and delivery with a birthweight
of 2 92 kg. At aoe 3 months he presented with
vomiting, weight loss, constipation, and polyuria.
There was no x-ray evidence of rickets or nephro-
calcinosis. Plasma urea 10 mmol/l (60.2 mg/100 ml),
Na 143 mmol/l, K 3*7 mmol/l, Cl 113 mmol/l,
HCO8 13 mmol/l, Ca 2 54 mmol/l (10 mg/100 ml),
P 2-0 mmol/l (6 19 mg/100 ml), alkaline phos-
phatase 21 KA units/100 ml. Urinary amino-acids
normal. No glycosuria. A diagnosis of RTA was
made and treatment started with sodium bicarbonate,
the eventual maintenance dose being 1 g three times
a day.
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Fig. 3 Case 1. Catch ulp growth after the control of
acidosis with sodium bicarbonate.
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Fig. 4 Audiometr.y, (a) Case 1 at age 7-3 years,
(b) Case 2 at age 3.7 years. Open circles, right ear; closed
circles, left ear.

He was admitted again at age 2 9 years when
his height was 88 cm and weight 12-150 kg. The
acidosis was well controlled with 1 g NaHCO3
three times a day. Nerve deafness had been suspected
from an early age, and was confirmed by audiometry
(Fig. 4). Hearing aids were prescribed.

Results

Renal investigations. The brothers were admitted to
hospital for 7 days and oral bicarbonate was omitted
for that period.

Glomerular filtration rate (GFR). This was estimated
by creatinine clearance in both patients. Case 1:
creatinine clearance, 99 ml/min per 1 * 73 M2. Case 2:
creatinine clearance, 64 ml/min per 1 73 M2.
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Maximum concentrating ability. This was assessed
after a period of water deprivation and was found to
be reduced in both patients. Maximum urinary
osmolality in Case 1 was 560 mmol/kg water, and in
Case 2 it was 580 mmol/kg water.

Urinary excretion of calcium and tubular reabsorption
of phosphate. Urinary excretion of calcium was 0 *07
mmol/kg (2 8 mg/kg) per 24 hours in Case 1, and
0 05 mmol/kg (2 0 mg/kg) per 24 hours in Case 2.
Renal tubular phosphate reabsorption was 91 %
normal in Case 1 and 95% normal in Case 2.
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Urinary acidification. During spontaneous acidosis,
urinary pH was matched against capillary Astrup
estimations. High urinary pH values were observed
right down to plasma HCO3 values of 10 mmol/l
(Fig. 5).
Ammonium chloride loads (100 mmol/m2) were

given as described by Edelmann et al.11 Comparison
with normal data (Table) shows a high urine pH and
an impaired excretion ofNH4+ and titratable acidity
in both cases.

Bicarbonate reabsorption and excretion. Sodium
bicarbonate 8 4% was given by continuous infusion

Fig. 6 Urinary bicarbonate excretion in Cases I and 2
in relationi to plasma bicarbonate.

calculated to give a rise of 2 mmol/l per hour until
normal plasma bicarbonate levels were reached.'
Bicarbonate was present in the urine of Case I at
plasma bicarbonate concentrations between 13 and
26 mmol/l, and in the urine of Case 2 at plasma
bicarbonate concentrations between 10 and 24
mmol/l.

Bicarbonate excretion was always 3%. or less
of the filtered bicarbonate (Fig. 6).
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Fig. 5 Urinary pH values and plasma bicarbonate
concentrations in Cases 1 and 2 after stopping treatment
with sodium bicarbonate.

Table Data on plasmna and urine 3 to 5 hours after
oral ammoniun chloride (100 mmol/m2)

Plasma Urine

pH Base pH TA NH4+ NH4+
excess (imol/ (jmol/ (ismol/
(mmol/1) min per min per 100 ml

1- 73 m2) 1- 73 m2) glomerular
filtrate)

Case 1 7-27 -11-1 6.81 10-1 27-96 24-95
Case 2 7.15 -16-6 7.11 7.5 37.6 23.1
*Controls 7.29 - 9.1 4-87 50 80 65

(SE= (SE= (SE=
3-1) 3.7) 5.7)

*Data on normal subjects from Edelmann et al.11

Most cases of renal tubular acidosis to have been
reported (type 1) were detected in adult life and were
sporadic. Familial occurrences have been found and
several pedigrees clearly show an autosomal
dominant mode of transmission.'2
The association of deafness with RTA (type 1) in

children was first noted by Royer and Broyer.6 The
family described here is the fourth recorded example
of affected siblings and the first in the UK. The
pedigrees of other reported families strongly suggest
that the syndrome is inherited as an autosomal
recessive trait. The pedigree shown in Fig. 1 is con-
sistent with a recessive mode of inheritance, either
sex-linked or autosomal. A dominant form of inheri-
tance in which an abnormal gene is present in one
parent without producing any clinical effect seems
unlikely in view of the presentation of the disease
and the consistent clinical findings in both brothers
early in life. Nevertheless it is possible that one
parent has an incomplete RTA'3 which may be
revealed only after ammonium chloride loading.
The cause of the syndrome of nerve deafness with

distal tubular acidosis is not known. Kaplan et al.'4
were unable to relate it to quantitative changes in red
cell carbonic anhydrase or to changes in the electro-
phoretic mobility of this enzyme in affected patients.
An association with nerve deafness would seem to
imply an abnormality in a metabolic step or event,
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common to both the renal tubular cells and the cells
in the cochlea.
The data obtained from the two brothers suggest

that the renal abnormality is confined to the distal
tubule. Despite severe degrees of systemic acidosis,
the pH of the urine remained inappropriately high
and bicarbonaturia persisted (Figs 5 and 6). The
excretion of bicarbonate was <3% of the filtered
bicarbonate at normal and subnormal plasma
bicarbonate concentrations (Fig. 6). A combination
of distal tubular acidosis and bicarbonate loss as
described by Morris et aL.' can be excluded. The low
amounts of alkali (2 * 13 mmol/kg in Case 1 and 2 * 9
mmol/kg in Case 2) required to achieve sustained
correction of the acidosis is consistent with a
diagnosis of RTA type 1.
With regard to the other features, failure to

concentrate the urine maximally and the hypo-
kalaemia (Case 1), the patients reported here do not
differ from others with distal RTA not associated
with nerve deafness. Rickets is also a well recognised
complication of distal RTA although the cause of the
rickets is not clear. Osteomalacia is a well recognised
complication of distal RTA presenting in adult life
and also of ureterosigmoidostomy'5 which too
results in hyperchloraemic acidosis. In both the
osteomalacia may be treatable with sodium bicar-
bonate alone'6'7 as was the rickets in Case 1
reported here. Perry et al.L18 have recently described
a case of severe osteomalacia in a patient after
ureterosigmoidostomy in whom sodium bicarbonate
alone did not heal the bone disease and inwhom there
was relative resistance to vitamin D2. The patient's
bone disease responded well to 1 ox-hydroxychole-
calciferol in doses of 1-2 ,ug/24 h, suggesting a defect
in renal hydroxylation of 25-hydroxycholecalciferol
contributing to the bone disease. It is possible
therefore that type 1 RTA with hyperchloraemic
acidosis is associated with impaired renal hydroxyla-
tion of vitamin D which at least in some cases can be
improved by correction of the acidosis with sodium
bicarbonate. This speculation awaits confirmation by
the appropriate plasma assays of 1,25 dihydrox-
cholecalciferol in affected patients.

We thank D CW Godwin, chief technician, Depart-
ment of Clinical Biochemistry, Royal United
Hospital, Bath, and the sister and staff of the
children's ward of the Royal United Hospital, Bath.
The late Professor C E Dent took much interest in
these patients.
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