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Annotations

Do we need an Apgar score?

In the 38 years that have elapsed since Virginia Apgar
described a scoring system for the assessment of the con-
dition of infants at birth, the Apgar score has achieved
legendary status as the 'gold standard' outcome measure
for countless studies. In light of modem perinatal prac-
tice, it is important to assess the value of the score - does
it still measure what it originally intended to? Is the score
being used appropriately? Can we improve on it?

Recording the Apgar score
The scoring system was designed to be made by an inde-
pendent observer at one minute after delivery as an
indicator of immediate newbom condition, in order to
guide appropriate delivery room management.' To this a
further score at five minutes is added, and it is common
practice to record the score every five minutes or so while
resuscitation continues. The Apgar score is therefore a
shorthand method of recording the clinical condition of a
newbom infant, relying on five signs - heart rate, respira-
tion, muscle tone, reflex irritability, and colour - that
should normally be assessed when deciding to proceed
with a resuscitation.

In most situations the scoring is incorrect because the
staff who have carried out the resuscitation generally
make the assessment. In practice the record is made ret-
rospectively and can only indicate what the attendants
recall. This may be some considerable time after delivery
should the child be intubated and ventilated to the inten-
sive care nursery, the attending doctor being asked to
complete the score some time later. One may speculate
that the allocation of very low scores (0-3) may be better
recollected than intermediate scores, though there is little
evidence for this.

It is rare for a resuscitator to consciously use the full
Apgar score to determine how resuscitation should pro-
ceed, as originally intended. The combination of respir-
atory effort, colour, and heart rate guides most people,
although colour may contribute little to the assessment.2
The final two items must then be estimated rather than
assessed at the correct time. Even simultaneously recorded
scores vary between observers: one case history based sur-
vey finding correct scoring in only 68% cases.3
The Apgar score makes no allowance for the present

day practice of intubation, not widely performed in the
early 1950s. How does one allocate a score for respiratory
effort in a child breathing spontaneously but also receiv-
ing intermittent positive pressure ventilation? Can such a

baby receive a score of 10? Our practice is to allow a max-
imum of 1 in this situation.
The application of the Apgar score to very preterm

infants has also been questioned. Such infants frequently
have low scores and may be assessed during active resus-
citation or elective intubation. Reflex irritability, muscle
tone, and respiratory effort may all be less pronounced in
immature compared with mature infants.4 Preterm infants
with low Apgar scores tend to have higher pH values than
similarly depressed term infants.5 The five minute Apgar
score is positively correlated with birth weight and is higher
in small for gestational age infants compared with their
appropriately grown counterparts.6
The problems associated with recording the Apgar score
are thus easy to identify. Some can be overcome by better
recording of data during resuscitation, perhaps using
audio recording during resuscitation - an old idea7 - and
accepting differing cut off points or standards for very
preterm children. Identification of the contribution of
component scores for preterm children is required. The
glaring defect in the practical measurement of the score
is, however, its inherent inaccuracy between observers,
something that may not be easily overcome.

Attempts to improve on Apgar's original score
There have been few studies which have evaluated the rel-
ative contribution of the constituent parts of the score.
There are complex relationships between the various
components of the score. Producing a weighted score
removes the simplicity of the original8 and there have
been no successful attempts to replace the score with a
viable alternative. In one elegant study the score allocated
for colour was found to contribute little to the prediction
of umbilical pH, arterial carbon dioxide tension, and base
excess, in contrast to the other items.2 The authors pro-
posed that the score be used without colour, giving a
maximum score of 8. Such a score would have the advan-
tage of reducing the error that may be introduced in the
assessment of dark skinned infants.9 Perhaps this sugges-
tion bears re-evaluation.

Relationship with other measures of fetal
compromise
Much of the criticism that is levelled against the Apgar
score is based upon the seemingly poor relationship that it
has with other measures of perinatal compromise (fetal
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heart rate abnormalities, meconium staining of amniotic
fluid, acidosis at birth) and the equally poor relationship
it appears to now have with survival, neonatal hypoxic-
ischaemic encephalopathy, or later neuromotor impair-
ment. This criticism would have more weight if other
measures of fetal compromise had any closer relationship
with outcome.

Umbilical arterial or venous pH have been proposed as
better markers than Apgar score, although there is little
evidence that pH is any better.'0 1' The relationship
between Apgar score and umbilical pH is not clear. Sykes
and colleagues demonstrated a poor correlation except at
the extremes of acidosis,'2 confirming an observation
made as long ago as 1958.13 None the less, studies have
continued to explore this relationship: in one recent study
61% of children with low one minute Apgar score (<7) had
a normal pH (>7.15); 74% of children with a low pH had
a normal Apgar score.'4 Umbilical pH may explain only as
little as 8% of the variance in one minute Apgar score.'5 In
a further study, by five minutes after birth only 1 % of
acidotic infants had low Apgar scores and only 41% of
those with low five minute Apgar scores were acidotic.'6
A closer relationship with pH has been proposed if

colour is excluded2 and the Apgar score is measured
immediately after birth,'7 but each remains a poorly sensi-
tive measure of the other. The correlation between Apgar
score and umbilical pH may become reliable only in those
severely depressed infants with very low pH values (<7.00)
and very low Apgar scores (<3).1 It has been proposed
that those chronically asphyxiated infants with a corrected
metabolic acidosis, who do not respond to further hypoxic
stress with increasing acidosis, may be at greatest risk and
that the ability to respond to hypoxia with acidosis is a
good prognostic sign."I It would appear therefore that aci-
dosis and Apgar score are measures of different processes
which at best appear to be only loosely related.

Abnormalities of the fetal heart rate pattern and the
presence of meconium in the amniotic fluid are used to
predict risk of asphyxia and to determine the manage-
ment of labour. However, monitoring the fetus during
labour may not improve the outcome.'9 Neither fetal
heart rate pattern nor the presence of meconium are good
indicators of umbilical pH or Apgar score. In one study,
although the besC correlate of pH was fetal heart rate pat-
tern, it only explained 12% of the variance in pH. Mode
of delivery and the presence of meconium were the best
correlates of Apgar score but even with the addition of
fetal heart rate pattern only 17% of the variance was
explained.'5 Most of the variance in Apgar score, or pH
for that matter, remains unexplained by abnormalities in
the progress of the perinatal period as currently assessed.
Other markers of immediate neonatal condition, such

as time to onset of spontaneous breathing/first breath or
need for intubation suffer from the same disadvantages as
the Apgar score and are likely to be less discriminatory,
being single item measures and dependent upon maternal
medication. They have not been systematically studied.

Relationship ofApgar score with neonatal and later
outcome
The best clinical indicator that an infant has suffered sig-
nificant asphyxial insult after birth is the neurological
course over the days immediately after birth. The grade of
postasphyxial encephalopathy (graded as mild, moderate,
or severe20) is closely associated with a range of impair-
ment ranging from early mortality, through severe impair-
ment, to learning disabilities at school age.2' 22 Few stud-
ies that attempt to study fetal condition or compromise
assess the neonatal or later progress of the infants.

In the absence of the provision of good neonatal resusci-
tation and follow on care directed at limiting damage from
asphyxia, the low Apgar -score may identify infants with a
high mortality and morbidity.22 In a recent study from
Zimbabwe this would appear to still be the case: among 84
term newborns with five minute Apgar scores of 5 or less,
17 failed to establish respiration, 44 had moderate or
severe hypoxic-ischaemic encephalopathy, and 42% died.23
Most studies of fetal condition and outcome, however,

come from centres with highly developed perinatal ser-
vices, where the predictive value of the Apgar score is less
clear. In one study Apgar score, cord pH, and lactate all
demonstrated poor sensitivity and positive predictive
value for 1 year neurological outcome.16 Other studies
have failed to document associations with Apgar score of
assessments made up to 17 years after birth.24 The analy-
sis of the antecedents of cerebral palsy from the National
Collaborative Perinatal Project observed that a low Apgar
score had to persist through to 20 minutes before an asso-
ciation could be found.25 In contrast, studies of neonatal
mortality, asphyxial encephalopathy, or neurological
impairment may identify a greater proportion of children
with low Apgar scores among index groups, compared
with controls. Since its first description the predictive
effect of the Apgar score has been considerably weakened
by the institution of prompt and effective neonatal care.

It is unlikely that the prediction of neonatal morbidity
after perinatal asphyxia will be made by any single mea-
surement. The use of blood lactate, creatine kinase, and
other metabolic markers has not been attended with
much success. One group has recently proposed a scoring
system for neonatal organ dysfunction after perinatal
asphyxia using a combination of the five minute Apgar
score, an arterial base deficit measurement in the first
posmatal hour, and the result of fetal monitoring.26 This
composite score achieved a sensitivity of 94% and a speci-
ficity of 81%, far better than any single measure. Further
prospective studies are needed to confirm this. It would
seem logical that a selection of markers combined will
prove more predictive than any one alone.

Should we still record the Apgar score?
In a leading article in 1989, the Lancet called for the
Apgar score to be 'pensioned off.27 There was no attempt
to suggest a replacement, nor how one should record the
state of the infant at birth. I suspect that much of the con-
cern about the Apgar score in the literature results from
incorrect interpretation of a low Apgar score as being syn-
onymous with asphyxia, which it is not, and the use of
this erroneous opinion in medicolegal work.
Although we should remain cautious in our interpreta-

tion of an individual Apgar score, it has value as a
descriptor of the condition of the infant at birth. It is not
by itself a useful outcome measure, nor does it predict the
further progress of the infants reliably. We should main-
tain vigilance that it is measured as accurately as possible
in each delivery suite and continue to search for other
measures that may better indicate neonatal condition
immediately after birth. Although imperfect, it would
seem a little premature to pension the Apgar score off yet.

NEIL MARLOW

Department of Child Health,
Bristol Maternity Hospital,
Southwell Street,
Bristol BS2 8EG

1 Apgar V. A proposal for a new method of evaluation of the newborn infant.
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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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