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Abstract
The case is reported of an infant with
hyperammonaemia secondary to severe
distal renal tubular acidosis. A clinical
association between increased concentra-
tions of ammonia in serum and renal
tubular acidosis has not previously been
described. In response to acidosis the
infant’s kidneys presumably increased
ammonia synthesis but did not excrete
ammonia, resulting in hyperammonae-
mia. The patient showed poor feeding,
frequent vomiting, and failure to thrive,
but did not have an inborn error of
metabolism. This case report should alert
doctors to consider renal tubular acidosis
in the diVerential diagnosis of severely ill
infants withmetabolic acidosis and hyper-
ammonaemia.
(Arch Dis Child 1997;77:441–444)

Keywords: renal tubular acidosis; hyperammonaemia;
urinary ammonia; failure to thrive

Hyperammonaemia with metabolic acidosis is
often observed in patients with inborn errors of
metabolism, such as abnormalities of the urea
cycle or organic acidurias.1 The latter are often
associated with an increased anion gap. Non-
genetic causes of hyperammonaemia include
perinatal asphyxia, total parenteral nutrition,
liver disease, methaemoglobinaemia, and uri-
nary tract infections.2 Hyperammonaemia has
not been reported in renal tubular acidosis. We
report the case of a patient with hyperammo-
naemia and metabolic acidosis who was found
to have distal renal tubular acidosis; correction
of the acidosis led to a decrease in blood
ammonia to normal concentrations.

Case report
A white girl, aged 47 days, presented with a
history of poor feeding and vomiting since
shortly after birth. She was born at full term to
a 25 year old gravida 2, para 1 woman who had
no pregnancy, delivery, or perinatal complica-
tions. The infant’s birth weight was 3680 g and
she was discharged home at 2 days of age. She
never breast fed well, had frequent regurgita-
tion, and did not regain her birth weight.
Numerous changes in formula milk were
initiated without success and an upper gas-
trointestinal tract series at 3 weeks of age
showed profuse gastro-oesophageal reflux. The
infant was treated with cisapride without much
improvement. The vomiting persisted and
she subsequently developed diYculty in
breathing. She presented to the emergency

department with gasping respiration and was
admitted to the Children’s Hospital at Strong
for failure to thrive and a possible metabolic
disorder.
On physical examination her temperature

was 37.2°C rectally with a heart rate of 174
beats/minute, blood pressure of 92/60 mm Hg,
and a respiratory rate of 42–48/minute. Her
weight was 2.92 kg. She appeared mottled and
cachectic, but not cyanotic, with Kussmaul
respirations. Her anterior fontanelle was soft
and sunken; the mucous membranes were dry.
Her skin showed tenting without subcutaneous
fat, and capillary refill was prolonged to
approximately three seconds. The rest of the
physical examination was normal.
A venous blood pH measurement in room

air was 6.99 with a partial pressure of carbon
dioxide (pCO2) of 1.87 kPa and a calculated
total carbon dioxide (tCO2) of 3 mmol/l. Her
blood chemistry showed sodium 141 mmol/l,
potassium 6.0 mmol/l, chloride 118 mmol/l,
bicarbonate 6 mmol/l, glucose 5.1 mmol/l,
blood urea nitrogen 24.3 mmol/l, creatinine 80
µmol/l, calcium 3.30 mmol/l, phosphorus 3.00
µmol/l, and magnesium 1.20 mmol/l; the anion
gap was 17 mmol/l. Liver enzymes and serum
albumin were normal. There was no brown
discoloration of the blood samples. Metabolic
studies showed that lactate was 1.3 mmol/l
(normal 0.7–2.1 mmol/l) and pyruvate was 100
µmol/l (normal 30–80 µmol/l); however, there
was an increased serum ammonia concentra-
tion of 144 µmol/l (normal 9–33 µmol/l; Vitros
AMON slides, Johnson & Johnson, Rochester,
NY). The white cell count was 46.5 × 109/l with
38% neutrophils, 6% band forms, 45% lym-
phocytes, 10% monocytes, and 1% metamy-
elocytes; the packed cell volume was 0.37 and
platelet count 890 × 109/l.
Her cerebrospinal fluid was normal. Urine

analysis gave a pH of 7.0, with negative
glucose, protein, and ketones, moderate blood
and 2+ leucocyte esterase; the microscopic
examination showed 10–50 red blood cells/
high power field and 10–50 white blood
cells/high power field. The urine anion gap was
+20 mmol/l, indicating the lack of urinary
ammonium excretion.3 Blood, urine, and
cerebrospinal fluid cultures were obtained and
subsequently found to be sterile.
The infant was resuscitated with fluid with

two 20 ml/kg boluses of normal saline followed
by sodium bicarbonate, and she was treated
with cefotaxime and gentamicin. The acidosis
was initially poorly responsive to intravenous
normal saline and sodium bicarbonate; indeed,
with sodium bicarbonate and fluids she became
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hypokalaemic. The acidosis began to improve
after the addition of intravenous potassium
acetate (total daily bicarbonate equivalents
were about 9 mmol/kg; see table 1). Potassium
citrate (Polycitra-K, Baker Norton Pharma-
ceuticals) by mouth was added the next day
and the serum bicarbonates normalised over
the next few days (table 1). The increased
serum anion gaps decreased to the normal
range as renal function improved. Concomi-
tant with the correction of the acidosis, the
hyperammonaemia resolved (table 1).
Urinary flow rates, initially high at 4.4

ml/kg/hour, increased to 8.9 ml/kg/hour on the
second hospital day before gradually decreas-
ing. Her urinary pH remained greater than 7.0
throughout her stay in hospital (table 1). An
ultrasound examination showed bilaterally
enlarged kidneys with severe hyperechoic med-
ullary pyramids and shadowing compatible
with medullary nephrocalcinosis (fig 1). Spot
urine calcium to creatinine ratios after stabili-
sation were consistently less than 0.45 mol/mol
(0.16 mg/mg) (normal <0.56 mol/mol (<0.2
mg/mg)). Additional metabolic evaluation
showed no significant abnormalities of plasma
amino acids, urine amino acids, or urine
organic acids, with the exceptions of a slight
increase in urinary lactate concentration and

low plasma alanine (97 fluid µmol/l; normal
205–532 µmol/l).
After resolution of the acidosis, the hospital

course was complicated by a generalised tonic-
clonic seizure that occurred in the presence of
a serum magnesium level of 0.4 mmol/l, which
was felt to be due to poor feeding plus massive
urinary electrolyte losses. Electroencephalog-
raphy and a head computed tomography were
normal. The hypomagnesaemia corrected after
magnesium sulphate supplements were added.
The patient was discharged home on day 7

(54 days of age) while receiving Polycitra-K (18
mmol/day or 5.3 mmol/kg/day). Because her
serum bicarbonate concentrations had de-
creased to 18 mmol/l on day 10, Polycitra-K
was increased to 24 mmol/day (7 mmol/kg/
day). She was seen in our clinic 19 days after
admission to the hospital (66 days of age); she
was feeding well, having gained 1.24 kg since
admission. Her gastro-oesophageal reflux re-
solved without cisapride and no seizure oc-
curred while magnesium sulphate treatment
was tapered. Her serum bicarbonate concen-
tration was 22 mmol/l, with sodium 136
mmol/l, potassium 4.8 mmol/l, chloride 103
mmol/l, blood urea nitrogen 3.0 mmol/l,
creatinine 35 µmol/l, calcium 2.64 mmol/l,
phosphorus 2.25 mmol/l, and magnesium 0.70
mmol/l (all normal for age).
Follow up at 7 months of age showed an

apparently healthy infant in the 50th centile for
height and weight. Her serum bicarbonate
concentration was 24 mmol/l while receiving
30 mmol/day Polycitra-K (3.7 mmol/kg/day).
An hour after the alkali was given her urine
pCO2 was 4.67 kPa compared with a venous
pCO2 of 5.20 kPa, indicating a proton secretory
defect of classic distal renal tubular acidosis.4–6

Discussion
Infants with a serious illness may have
non-specific clinical symptoms and physical
findings limited to failure to thrive, dehydra-
tion, vomiting, and lethargy. Infants with severe
renal tubular acidosis can present with signs
and symptoms that may mimic those observed
with infection, cardiac disease, gastrointestinal
problems, central nervous system defects, and
inborn errors of metabolism. An appropriate
approach to screening for the possibility of an
inborn error of metabolism is to measure
serum ammonia, lactate, and pyruvate, and
to determine urinary amino and organic
acid excretion.1 Our patient had moderate

Table 1 Serial measurements during treatment

Day Ammonia tCO2

pH of
urine

HCO3/
day

Arterial
pH/pCO2/pO2/BE

Serum anion
gap (mmol/l)

Serum
creatinine
(µmol/l) Weight (kg)

1 144 6 7.0 28 7.29/1.6/19.6/−18 17 70.7 2.92
2 86 9 8.0 29 7.31/2.5/15.7/−15 14 53.0 3.15
3 52 19 35 7.51/3.7/14.5/0 16 44.2 3.40
4 25 23 27 10 44.2 3.40
5 24 8.0 18 11 44.2 3.50
10 18 18 13 35.4
19 22 8.0 24 11 35.4 4.16

Day 1 is the first day of admission to hospital (47 days of age); ammonia in µmol/l in serum (normal 9–33); tCO2 in mmol/l in serum;
HCO3/day is daily supplement of bicarbonate plus acetate plus citrate in mmol; arterial pH/pCO2 (kPa)/pO2 (kPa)/BE, arterial
values obtained from a radial artery catheter; and BE, base excess.

Figure 1 Renal ultrasounograph of the infant’s right kidney showing markedly increased
echogenicity of the medullary pyramids with shadowing, ccompatible with medullary
nephrocalcinosis. The kidney was also mildly and diVusely enlarged, measuring 5.8 cm in
length.
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hyperammonaemia and was first evaluated for
an inborn error of metabolism. Hyperammo-
naemia can be seen with urea cycle defects,
fatty acid oxidation defects, and some organic
acidurias, and may be seen transiently in new-
born infants.1 7 Our patient had normal blood
concentrations of glucose, lactate, pyruvate,
and amino acids, and excreted in her urine no
unusual amounts of ketones, amino acids, or
organic acids, making a metabolic disorder
highly unlikely.
Liver disease was ruled out by the normal

serum albumin, bilirubin, and liver enzymes,
plus the finding of a high blood urea nitrogen in
the face of hyperammonaemia; the latter impli-
cates, if anything, an active urea cycle.Methae-
moglobinaemia, which has been associated
with probable renal tubular acidosis,8 was con-
sidered unlikely in view of the absence of cya-
nosis or brown discoloration of the blood.
The low rate of urinary excretion of ammo-

nia that occurs with distal renal tubular acido-
sis has been well documented,4 but hyperam-
monaemia has not previously been reported. It
is well known that ammonia excretion by the
kidneys increases markedly in response to
metabolic acidosis.9–11 Increased ammoniagen-
esis results from the induction of phosphate
dependent glutaminase and glutamate dehy-
drogenase in the kidney.11–13 Glutaminase
catalyses glutamine to glutamate plus ammo-
nia, whereas glutamate dehydrogenase con-
verts glutamate to á-ketoglutarate plus ammo-
nia. The increase in renal ammonia production
occurs primarily at the level of the S1 and S2
segments of the proximal tubules.10 14 Some
studies indicate that there are at least two
phases to the renal ammoniagenic response to
acidosis. There is an initial increase in ammo-
nium excretion that precedes changes in enzy-
matic activity, which is followed by a sustained
multifold increase in renal ammoniagenic
enzyme activities.13 15 16 Acidosis does not
appear to aVect the liver’s production of
ammonia.17

Our patient most probably had distal renal
tubular acidosis because she did not acidify her
urine to less than pH 7.0 or excrete urinary
ammonium despite severe metabolic acidosis.
Under conditions of alkali loading she did not
generate a urine to blood pCO2 gradient, indi-
cating that she probably had a secretory defect
due to a deficiency in the number or function
of proton pumps on the luminal membranes of
medullary collecting duct cells.4 9 Decreased
distal sodium delivery4 18 as a cause of distal
renal tubular acidosis was ruled out by the high
urinary flows and high urinary sodium concen-
tration on the first day (86 mmol/l). She was
also a poor feeder, with frequent vomiting,
dehydration, failure to thrive, polyuria, and
severe medullary nephrocalcinosis (fig 1), all
characteristics of primary or classic distal
tubular acidosis.4 6 19 20

The nephrocalcinosis probably resulted
from chronic acidosis with bone buVering
leading to increased calcium release from bone
with hypercalcaemia and hypercalciuria,21 de-
creased calcium solubility in her alkaline
urine,4 9 and a decreased excretion of urinary

citrate, an important factor in solubilising
urinary calcium.4 12 Correction of the acidosis
by day 5 was associated with normocalciuria
(urine calcium to creatinine ratio of 0.31 mol/
mol (0.11 mg/mg)). The polyuria resulted from
the medullary nephrocalcinosis, potassium
depletion, salt loading, and transient renal
insuYciency. The hypokalaemia probably re-
sulted from chronic poor feeding, vomiting,
and sodium loading during the fluid resuscita-
tion. The hyperphosphataemia might have
been due to acidosis leading to bone resorption
combined with renal insuYciency. The initially
increased anion gap was probably due to this
renal insuYciency. The vomiting, poor feeding,
and failure to thrive, though non-specific, may
have resulted from the severe acidosis and
probably contributed to the low plasma alanine
and hypomagnesaemia.
We believe that increased renal ammonia

synthesis in the presence of distal renal tubular
acidosis led to a lack of ammonia diVusion
trapping as NH4

+ in the urine,11 impaired
ammonia excretion,4 12 back diVusion of am-
monia into the renal medullary interstitium, a
failure to reverse the acidosis, and accumula-
tion of ammonia in the blood. Indeed, the
hyperammonaemia observed in this patient led
the doctors to initially investigate an inborn
error of metabolism. The fact that our patient
consistently showed urine pH values greater
than 7.0 indicates that much less of the amm-
monia newly synthesised in the proximal
tubule would be excreted in the urine. With
correction of the acidosis by exogenous alkali,
the stimulus for ammonia synthesis was
decreased10 and its blood concentrations fell. In
other infants with less severe distal renal tubu-
lar acidosis, in whom the minimum urinary pH
is lower than that of our patient, substantially
more synthesised ammonia would be trapped
in the urine and excreted; hyperammonaemia
might then be a less obvious finding.

Support for GJS was given in part by NIH grant DK50603.

1 Sauderbray JM, Charpentier C. Clinical phenotypes:
diagnosis/algorithms. In: Scriver CR, Beaudet AL, Sly WS,
Valle D, eds. The metabolic and molecular basis of inherited
disease. 7th Ed. New York: McGraw-Hill, 1995:1187-232.

2 Ward JC. Inborn errors of metabolism of acute onset in
infancy. Pediatrics in Review 1990;11:205-16.

3 Sulyok E, Guignard J-P. Relationship of urinary anion gap
to urinary ammonium excretion in the neonate. Biol
Neonate 1990;57:98-106.

4 Rodriguez-Soriano J. Renal tubular acidosis. In: Edelmann
CM Jr, ed. Pediatric kidney disease. 2nd Ed. Boston: Little,
Brown, 1992:1737-75.

5 Rodriguez-Soriano J, Vallo A. Practical pediatric
nephrology: renal tubular acidosis. Pediatr Nephrol 1990;4:
268-75.

6 Batlle D. Renal tubular acidosis. Med Clin North Am
1983;67:859-78.

7 Hudak ML, Jones MD Jr, Brusilow SW. DiVerentiation of
transient hyperammonaemia of the newborn and urea cycle
enzyme defects by clinical presentation. J Pediatr 1985;107:
712-9.

8 Sager S, Grayson GH, Feig SA. Methemoglobinemia
associated with acidosis of probable renal origin. J Pediatr
1995;126:59-61.

9 Schwartz GJ. Acid-base homeostasis. In: Edelmann CM Jr,
ed. Pediatric kidney disease. 2nd Ed. Boston: Little, Brown,
1992: 201-30.

10 DiGiovanni SR, Madsen KM, Luther AD, Knepper MA.
Dissociation of ammoniagenic enzyme adaptation in rat S1
proximal tubules and ammonium excretion response.Am J
Physiol 1994;267:F407-14.

11 Tannen RL. Ammonia metabolism. Am J Physiol 1978;235:
F265-77.

12 Alpern RJ. Trade-oVs in the adaptation to acidosis. Kidney
Int 1995;47:1205-15.

Hyperammonaemia with distal renal tubular acidosis 443

http://adc.bmj.com


13 Wright PA, Packer RK,Garcia-Perez A, Knepper MA.Time
course of renal glutamate dehydrogenase induction during
NH4Cl loading in rats. Am J Physiol 1992;262:F999-1006.

14 Good DW, Burg MB. Ammonia production by individual
segments of the rat nephron. J Clin Invest 1984;73:602-10.

15 Wright PA, Knepper MA. Phosphate-dependent glutami-
nase activity in rat renal cortical and medullary tubule seg-
ments. Am J Physiol 1990;259:F961-70.

16 Wright PA, Knepper MA. Glutamate dehydrogenase activi-
ties in microdissected rat nephron segments: eVects of
acid-base loading. Am J Physiol 1990;259:F53-9.

17 Welbourne TC. Interorgan glutamine flow in metabolic aci-
dosis. Am J Physiol 1987;253:F1069-76.

18 Izraeli S, Rachmel A, Frishberg Y, et al. Transient renal
acidification defect during acute infantile diarrhea: the role
of urinary sodium. J Pediatr 1990;117:711-6.

19 Jequier S, Kaplan BS. Echogenic renal pyramids in children.
J Clin Ultrasound 1991;19:85-92.

20 Brenner RJ, Spring DB, Sebastian A, et al. Incidence of
radiographically evident bone disease, nephrocalcinosis,
and nephrolithiasis in various types of renal tubular acido-
sis.N Engl J Med 1982;307:217-21.

21 Bushinsky DA. Net proton influx into bone during
metabolic, but not respiratory, acidosis. Am J Physiol 1988;
254:F306-10.

444 Miller, Schwartz

http://adc.bmj.com

