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Metabolic acidosis in newborn infants

The maintenance of a proton (hydrogen ion) con-
centration within a relatively narrow range is essential for
normal cellular function. This is as true for newborn
infants as it is for older children and adults. Although very
large quantities of protons are produced during normal
metabolism by the oxidation of substrates to carbon
dioxide, hydrolysis of adenosine triphosphate and
reduction of adenosine dinucleotides, these are effectively
removed by associated reactions. In health net production
of protons results primarily from the catabolism of
sulphur-containing amino acids and hydrolysis of nucleic
acids in the diet. In order to maintain a normal pH,
hydrogen ions are buffered by extracellular and
intracellular proteins, inorganic phosphate, and bi-
carbonate. Net loss of protons from the body results from
loss of carbon dioxide in expired gas (with hydrogen ions
being effectively lost to water) and from the excretion of
dihydrogenphosphate and ammonium ions by the kidney.
Reabsorption of sodium bicarbonate by renal tubules,
although not resulting in any net loss of protons, is also
important in maintaining normal acid-base balance.

Respiratory acidosis in the newborn period may be due
to disorders such as respiratory distress syndrome,
transient tachypnoea of the newborn, and meconium
aspiration, and results from the reduction in carbon
dioxide excretion by the lungs with a subsequent increase
of carbonic acid. Metabolic acidosis, defined as the
accumulation of non-carbonic acid equivalents, arises
from excessive production or inadequate excretion of
hydrogen ions or from an increased loss of bicarbonate. In
practice metabolic acidosis may result from birth asphyxia,
cold stress, hypovolaemia, sepsis, congenital heart disease
(particularly hypoplastic left heart syndrome, coarctation
and interruption of the aortic arch), renal disease (for
example polycystic kidneys, obstructive nephropathies,
renal tubular acidosis), maternal acidosis, and inborn
errors of metabolism.' Acidosis has also been reported in
newborn infants with imperforate anus and rectovaginal
fistula,2 3 neonatal diabetes,4 benzyl alcohol poisoning,5
saline flushes,6 parenteral nutrition,7 and in those fed with
casein formulas8 or with goats' milk.9
Although the mechanisms by which acidosis causes

harm are not fully understood, severe acidosis is associated

with disturbances in cerebral blood flow, periventricular
haemorrhage, leucomalacia, increased peripheral vascular
resistance, and decreased myocardial function.'I 11 A fall in
cardiac output and poor tissue perfusion may increase
tissue hypoxia and lead to worsening acidosis.
Preterm infants are more susceptible to many disorders

that cause metabolic acidosis such as cold stress, infection,
and respiratory distress syndrome and have a reduced
capacity to prevent and correct acidosis. Although the
kidneys will respond to an acid load in a qualitatively
similar manner to term infants, immaturity of renal
function results in a reduced glomerular filtration rate,
lower tubular bicarbonate threshold, and increased urinary
sodium loss.12 Additionally any concomitant respiratory
disease may restrict the ability of the preterm infant to
compensate for a metabolic acidosis by increasing the
excretion of carbon dioxide.

Inborn errors ofmetabolism
Although individually uncommon, inborn errors of
metabolism are not a rare cause of metabolic acidosis in
the newborn and are more likely where there is
consanguinity or a family history of unexplained neonatal
deaths or illness. Their presentation is, however, usually
non-specific, and unless appropriate investigations are
undertaken the correct diagnosis may be missed.
Characteristically, but not exclusively, infants with an
inborn error of metabolism are born at term and are
initially well. In preterm infants acidosis is much more
likely to be secondary to other causes such as septicaemia
but the possibility of an inherited metabolic disorder
should still be borne in mind. The main groups of inborn
errors that may present with a severe metabolic acidosis
are (i) defects of pyruvate metabolism and the
mitchondrial electron transport chain, (ii) the organic
acidaemias, and (iii) defects of gluconeogenesis.

Investigations
In the majority of sick infants a full infection screen and
liver function tests will usually be undertaken and
concentrations of arterial blood gases, blood glucose, and
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plasma electrolytes are measured. A metabolic acidosis is
evident from a low plasma bicarbonate, a low arterial
carbon dioxide tension, and a low arterial pH. The
history, clinical examination, and the results of these
initial investigations will normally be sufficient to
determine the cause or to indicate which additional
investigations are necessary. In infants where the acidosis
is unexplained, particularly severe, or persistent, or where
there is a large anion gap, the possibility of an inborn
error of metabolism should always be considered and
further investigations should then include measurement
of concentrations of blood lactate and ammonia, plasma
amino acids and urine amino acids, organic acids,
ketones, and reducing substances. Assays on specific
tissues samples will be dependent on the results of these.
A directory of laboratories in the UK and Northern
Ireland undertaking specialised metabolic investigations is
available. 13

Lactic acidosis
Although a raised blood lactate concentration is most
often secondary to tissue hypoxia it is also found in
inherited disorders of hepatic gluconeogenesis (glucose-6-
phosphatase deficiency, glucose-6-phosphate translocase
deficiency, and fructose-1,6-bisphosphatase deficiency),
discorders of pyruvate metabolism (defects in the
pyruvate dehydrogenase complex and pyruvate
carboxylase deficiency), and functional defects in the
mitochondrial electron transport chain. It may also be
associated with organic acidaemias. Gluconeogenic dis-
orders are associated with hypoglycaemia. In congenital
lactic acidaemias symptoms may be apparent from birth,
the blood lactate concentration is usually above 5 mmol/l,
and an anion gap is present that may be accounted for by
the hyperlacticacidaemia. In contrast to lactic acidosis
secondary to tissue hypoxia, ketosis is present and the
acidosis persists even when there is adequate cardiac
output and tissue perfusion. 14 Infants with pyruvate
dehydrogenase deficiency may be dysmorphic.'5 The
biochemical diagnosis of these disorders, and
interpretation of results, is particularly complex and
undertaken by only a few specialised laboratories. Despite
significant advances in the investigation of infants with
congenital lactic acidosis in many the underlying
metabolic abnormality remains unknown.

Organic acidaemias
Most children with an organic acidaemia are born at term
and are well for the first one to four days of life. The
onset of illness is not necessarily related to the start of
feeding but may be triggered by endogenous protein
catabolism. There is then a rapid deterioration beginning
with poor feeding, irritability, and lethargy proceeding to
apnoea and coma. On examination there may be
dehydration, respiratory distress, central hypotonia, and
limb hypertonia. Initial investigations will show a severe
metabolic acidosis, ketosis, and usually hyperam-
monaemia and hypocalcaemia. Neutropenia, thrombo-
cytopenia, and hypoglycaemia or hyperglycaemia are
often found. The most common of the organic
acidaemias, propionic, methylmalonic, and isovaleric
acidaemia all present in this way, although variants with
residual enzyme activity may not become unwell until
later. Other rarer organic acidaemia in which metabolic
acidosis may occur in the newborn period include 3-
methylcrotonyl CoA carboxylase, 3-hydroxy-3methyl-
glutaryl -CoA lyase, holocarboxylase synthase, electron
transfer protein (ETF) or ETF:ubiquinone oxoreductase,

succinyl CoA:3-ketoacid CoA transferase, and gluta-
thione synthetase deficiency. Maple syrup urine disease
(keto acid branched chain decarboxylase deficiency) is
often through to present with metabolic acidosis but this
is rarely significant, although ketosis is generally found.16
The diagnosis of an organic acidaemia is made by finding
characteristic organic acids in the urine on analysis by gas
chromatography linked to mass spectrometry (GCMS).
This investigation is now available in most regional
centres and a collection of urine for GCMS should be
routine for all infants with an unexplained metabolic
acidosis.

Other inherited metabolic disorders may also be
associated with acidosis - for example salt losing forms
of congenital adrenal hyperplasia (21-hydroxylase, 3,-
hydroxysteroid dehydrogenase, and 20,22 desmolase
deficiency). Metabolic acidosis may be found in
galactosaemia (as a consequence of renal tubular acidosis)
but liver failure is likely to be predominant. Urea cycle
disorders are often initially associated with a respiratory
alkalosis, however, as infants deteriorate acidosis may
develop. 17

Treatment
The treatment of neonatal metabolic acidosis consists of
general supportive care and specific measures dependent
upon the cause. Treatment of hypothermia, hypo-
volaemia, hypoxia, and electrolyte disturbances will
usually correct metabolic acidosis secondary to asphyxia
or poor tissue perfusion. Intravenous antibiotics should
be given until sepsis has been excluded. Many infants will
require ventilatory support. The morbidity and mortality
for those infants with potentially treatable disease is likely
to be significantly improved by skilled neonatal intensive
care. The use of intravenous sodium bicarbonate to
correct metabolic acidosis is controversial. There have,
however, been no prospective trials of its use in newborn
infants. It is considered by some to be unnecessary and
even harmful, leading to changes in cerebral blood flow
and paradoxically to increased cerebrospinal fluid or
intracellular acidosis,'8 although provided that carbon
dioxide can be effectively removed in expired air (by
assisted ventilation if necessary) it will lead to a net loss of
protons to water. If bicarbonate is used then it is
important that the infant's ventilation is adequate, and
hyperosmolar solutions should be diluted 1:2 to 1:4 with
water and infused slowly over several minutes. In inborn
errors of metabolism acidosis may lead to continued
protein breakdown with further accumulation of toxic
acidotic metabolites and sodium bicarbonate should be
given. Glucose infused at a rate of up to 10 mg/kg/minute
may inhibit protein catabolism in babies with inborn
errors of metabolism and this effect will be further
augmented by the addition of a continuous infusion of
insulin, starting at 0-01 U/kg/hour, provided that the
blood glucose concentration is satisfactory. In order to
give sufficient glucose, but to prevent overhydration,
particularly where there is renal impairment, concen-
trations in excess of 10% may be necessary. These are
irritant to peripheral veins and should, if possible, be
given via a central venous catheter. There are, however,
limitations on the quantity of fluid that can be safely
given and hypernatraemia may result from large
quantities of sodium bicarbonate infused. In such cases
it may be necessary to use peritoneal dialysis,
haemodialysis, or haemofiltration to remove toxic
metabolites and fully correct the acidosis.19-21
A number of inborn errors of metabolism are partially

or wholly corrected by treatment with pharmacological
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amounts of the specific cofactors, but with the exception
of holocarboxylase synthase deficiency where biotin
should be given, those presenting acutely in the newborn
period are unlikely to be responsive.The infusion of L-
carnitine (up to 50 mg/kglhour during acute illness) has
been shown to increase the removal of toxic acyl CoA
metabolites in patients with organic acidaemias,22 but the
high production rate of these metabolites may be far in
excess of the infused carnitine,23 and the efficacy of carni-
tine treatment in acute metabolic decompensation
remains unproved. In isovaleric acidaemia, glycine
(250-500 mg/kg/day) significantly increases the excretion
of isovalerate as isovalerylglycine.24

Conclusion
Metabolic acidosis is common in the newborn infant. It is
most often secondary to disorders resulting in hypoxia or
poor tissue perfusion and will be corrected by the
appropriate treatment for these conditions. It is, however,
important for those caring for newborn infants to be
aware that metabolic acidosis may be a result of an inborn
error of metabolism and for specific investigations to be
undertaken earlier rather than later. A correct diagnosis is
important not only for appropriate treatment to be given
but also to allow genetic advice to be offered to families
including prenatal diagnosis for future pregnancies.

J H WALTER
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Royal Manchester Children's Hospital,
Pendlebury, Manchester M27 IHA

1 Barela TD, Johnson JD, Hayek A. Metabolic acidosis in the newborn
period. Clinics in Endocrinology and Metabolism 1983;12:429-46.

2 Kiesewetter WB, Tumer CR, Siber WK. Imperforate anus. Review of a
sixteen year experience with 146 patients. AmJ Surg 1964;107:412-2 1.

3 Alon U, Berant M, Bar-Maor JA. Hyperchloremic metabolic acidosis as a
clue to recto-urethral fistula in an infant with anal atresia. International
J7ournal ofPediatric Nephrology 1986;7:121-4.

4 Greenwood RD, Traisman HS. Permanent diabetes mellitus in a neonate.
J Pediatr 197 1;79:296-8.

5 Menon PA, Thach BT, Smith CH, et al. Benzyl alcohol toxicity in a
neonatal intensive care unit. Incidence, symptomatology, and mortality.
Am J Perinatol 1984;1:288-92.

6 Groh-Wargo S, Ciaccia A, Moore J. Neonatal metabolic acidosis: effect of
chloride from normal saline flushes. Journal of Parenteral and Enteral
Nutrition 1988;12:159-61.

7 MacMahon P, Mayne PD, Blair M, Pope C, Kovar IZ. Acid-base state of
the preterm infant and the formulation of intravenous feeding solutions.
Arch Dis Child 1990;65:345-6.

8 Fok TF, So LY, Lee NN, et al. Late metabolic acidosis and poor weight
gain in moderately pre-term babies fed with a casein-predominant
formula: a continuing need for caution. Ann Trop Pediatr 1989;9:243-7.

9 Harrison HL, Lindshaw MA, Bergen JS, McGeeney T. Goat milk acidosis.
I Pediair 1979;94:927-9.

10 Cooke RW. Factors associated with periventricular haemorrhage in very
low birth weight infants. Arch Dis Child 1981;56:425-31.

11 Low JA. Froese AF, Galbraith RS, Sauerbrei EE, McKinven JP, Karchmar
EJ. The association of fetal and newborn metabolic acidosis with severe
periventricular leukomalacia in the preterm newborn. Am J Obstet Gynecol
1990:162:977-81.

12 Lindquist B, Svenningsen NW. Acid-base homeostasis of low-birth-weight
and full term infants in early life. J Pediatr Gastrenterol Nutr 1983;2:
S99-107.

13 Holton JB, ed. UK directory of laboratories diagnosing inborn errors of
metabolism. 4th Ed. Research Trust for Metabolic Diseases in Childhood
and the British Inherited Metabolic Disease Group, 1992.

14 Saudubray JM, Ogier H. Clinical approach to inherited metabolic disease.
In: Fernandes J, Saudubray J-M, Tada K, eds. Inborn metabolic diseases.
Berlin: Springer-Verlag, 1990:3-25.

15 Robinson BH, MacMillan H, Petrova-Benedict R. Variable clinical
presentation in patients with defective El component of pyruvate
dehydrogenase deficiency. J Pediatr 1987;111:525-33.

16 Saudubray JM, Ogier H, Bonnefont JP, et al. Clinical approach to inherited
metabolic diseases in the neonatal period: a 20-year survey. J Inherited
Metab Dis 1989;12 suppl 1:25-41.

17 Walter JH, Leonard JV. Inborn errors of the urea cycle. Br I Hosp Med
1987;38: 176-83.

18 Howell JH. Sodium bicarbonate in the perinatal setting-revisited. Clinical
Perinatal 1987;14:807-16.

19 Sperl W, Lehnert W. Metabolic disorders of branched-chain amino acids:
most common forms of organic aciduria in the neonatal period. Kin
Padiatr 1990;202:334-9.

20 Rutledge S, Havens PL, Haymond MW, McLean RH, Kan JS, Brusilow
SW. Neonatal hemodialysis: effective therapy for the encephalopathy of
inborn errors of metabolism. jPediatr 1990;116:125-8.

21 Thompson GN, Butt WW, Shann FA, et al. Continuous venovenous
hemofiltration in the management of acute decompensation in inborn
errors of metabolism. J Pediatr 199 1;1 18:879-84.

22 Chalmers RA, Roe CR, Stacey TE, Hoppel CL. Urinary excretion of L-
carnitine and acylcamitines by patients with disorders or organic acid
metabolism: evidence for secondary insufficiency of L-carnitine. Pediatr
Res 1984;18:1325-8.

23 Walter JH. In vivo propionate metabolism in propionic and methylmalonic
acidaemia. London: University of London, 1990. (MD thesis.)

24 Berry GT, Yudkoff M, Segal S. Isovaleric acidaemia: medical and neuro-
developmental effects of long term therapy. _Pediatr 1988;113:58-64.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.67.7_S

pec_N
o.767 on 1 July 1992. D

ow
nloaded from

 

http://adc.bmj.com/

