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Prediction of impaired metabolic adaptation by
antenatal Doppler studies in small for gestational
age fetuses

J M Hawdon, M P Ward Platt, S McPhail, H Cameron, S A Walkinshaw

Abstract
The increased risk of hypoglycaemia for
infants who are small for gestational age
(SGA) is well known, and further infor-
mation regarding metabolic adaptation
can be gained by examining the profiles
of glucose and other metabolic fuels in
such infants. Not all SGA infants experi-
ence hypoglycaemia, however, and the
ability to identify, antenatally, those at
most risk would be helpful for obstetric
and neonatal management. This study
investigated metabolic differences be-
tween two groups of SGA infants who
had antenatal umbilical artery Doppler
studies. Fourteen had end diastolic
velocities (EDV) present and 11 had
absent EDV.
The absent EDV group had signifi-

cantly lower non-esterifled fatty acid
(NEFA) concentrations at birth, and
lower blood glucose and NEFA concen-
trations in the first six hours after birth.
After the first day, few metabolic differ-
ences were found between the two
groups.
Antenatal Doppler studies may identify

those SGA infants who fail to achieve
neonatal metabolic adaptation and are
most at risk of early neonatal hypogly-
caemia.
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The healthy fetus receives a constant supply
of nutrients from its mother via the placental
circulation. Even at times of maternal fasting,
fetal blood glucose concentrations are usually
maintained as a result of metabolic changes
in the fetus itself. After birth, the healthy
neonate responds to the cessation of intra-
uterine nutrition by mobilising glycogen stores
to produce glucose, and by initiating gluco-
neogenesis from amino acids and other sub-
strates. Lipolysis and 5-oxidation of fatty
acids provide alternative fuels to glucose and
the energy necessary for gluconeogenesis.

It is well known that infants who are small
for gestational age (SGA) are less able to
achieve the metabolic adaptation required of
them at birth and are at risk of hypo-
glycaemial 2 and, in some cases, hyper-
glycaemia.3 We also have found differences
between SGA and normal infants in terms of
ketone body production and the ability to
utilise gluconeogenic precursors in the early
neonatal period.4 The clinical implications of
such reduced availability of metabolic fuels
are not yet clear, but recent studies have sug-
gested that neonatal blood glucose concentra-

tions below 2-6 mmol/l are associated with
adverse neurological effects, especially for
preterm infants.5 6
Some metabolic effects of being SGA may

be evident antenatally, such as hypoxia,
acidosis, hyperlactataemia, and hypogly-
caemia.78
However, not all SGA infants experience

failure of metabolic adaptation and it would
be of obstetric, paediatric, and maternal bene-
fit to identify those fetuses most at risk. Male
SGA infants in particular are thought to be
most at risk of neonatal hypoglycaemia,9 and
it appears that the size and relative body pro-
portions of the infant affect vulnerability.9 10
Doppler ultrasound studies of the umbilical
vessels have suggested that this antenatal test
can identify SGA fetuses at risk of significant
morbidity and mortality.' 1
The purpose of the present study was to

compare the metabolic changes seen after
birth in a group of SGA infants for whom end
diastolic velocities were present on antenatal
Doppler study, and a group of equally SGA
infants for whom end diastolic velocities
(EDV) were absent, to investigate whether
abnormal Doppler studies predicted failure of
metabolic adaptation. If this hypothesis were
true, Doppler studies would then add infor-
mation to that available from fetal measure-
ments, and might influence clinical manage-
ment of such small fetuses.

Subjects and methods
Twenty five normally formed singleton infants
of mixed gestational age, identified by antena-
tal ultrasound assessment of fetal weight as
being SGA, and who subsequently had birth
weights that were more than two standard
deviations below the mean for gestational age,
were studied. Fetal umbilical Doppler ultra-
sound studies were carried out using con-
tinuous wave Doppler ultrasound (Doptek)
with a 100 Hz filter. Waveforms typical of the
fetal umbilical artery were identified and
included continuous flow consistent with
umbilical venous flow in the opposing
channel. The umbilical artery was examined
at three different anatomical areas. In all
cases, the pulsatility index (A-B/mean) was
calculated for at least five cycles and the
results from the three areas averaged. The last
examination carried out within five days of
delivery was used to classify the fetus. The
result was considered abnormal when EDV
were absent (1] fetuses), and normal when
EDV were present (14 fetuses).

789



Hawdon, Ward Plan, McPhail, Cameron, Walkinshaw

Umbilical venous blood was taken at deliv-
ery and infants were sampled before their first
feed or institution of intravenous glucose infu-
sion. Intravenous and enteral fluids were
given according to nursery protocols; in order
to standardise conditions during sampling,
each infant received no enteral feed and no
more than 5 mg/kg/minute glucose intra-
venously for at least one hour before sam-
pling. Samples were taken, once a day for the
first postnatal week, by heelprick, the foot
being sufficiently warm to allow free blood
flow: 40 gl blood were added to 3% perchloric
acid to denature enzyme activity; 50 gl plasma
were also collected. Samples were analysed,
using a Cobas fast centrifugal autoanalyser for
glucose, gluconeoganic precursors (pyruvate,
alanine, lactate, glycerol), ketone bodies (P-
hydroxybutyrate and acetoacetate) and non-
esterified fatty acids (NEFA).
Each infant's birth weight, head circumfer-

ence (HC) and mid-arm circumference
(MAC) was recorded. A birthweight SD score
was calculated, which represented the number
of SDs by which the infant's birth weight dif-
fered from the mean for gestational age.
Birthweight centile charts used were those
previously derived from Newcastle births. 12
Data were analysed using the statistical pack-

age for the social sciences (SPSS X). x2 Tests
were used to compare background data for
groups of infants. As the blood metabolite con-
centrations did not have a normal distribution,
Mann-Whimey U tests were used to compare
metabolite concentrations between groups.

Ethical approval for the study was granted
by the ethics committee of Newcastle Health
Authority. Informed consent was obtained
from parents for the inclusion of each baby in
the study, and, as far as possible, sampling
was coordinated with clinically necessary tests.

Results
Details of the groups of infants are given in
table 1. There were no significant differences

Table 1 Details of infants studied

Absent EDV Present EDV p Value
(n=11) (n=14)

Median gestation (weeks) 35 37 0-076
Range 32-40 32-40

Male:female ratio 8:3 5:9 0-151
Median birth weight (g) 1525 1903 0-065
Range 668-2020 859-2296

Mean birth weight SD score (SD) -3-22 (0 90) -2-95 (0 54) 0-389
Mean MAC:HC (SD) 0-24 (0 02) 0-26 (0 03) 0-551

Table 2 Results of metabolic investigations (mmol/l)
Absent EDV Present EDV
(n=l1) (n=14)

Cord blood at delivery:
Mean pH (SD) 7-31 (0 07) 7-31 (0-10)
Median NEFA (range) 0-08 (0-02-0-15) 0-31 (0 04-065)*
Median ketone bodies (range) 0 05 (0-03-0-16) 0-17 (0-06-036)
Median TGS (range) 3-34 (1-33-5-57) 4-06 (1-50-6-70)
Median lactate (range) 2-70 (0 98-4 89) 3-58 (1-13-5-85)
Median glucose (range) 3 0 (2-5-4-2) 3-9 (2-5-5-8)

Heelprick blood at <6 hours:
Median NEFA (range) 0-18 (0-01-0 32) 0-85 (0-02-1-20)
Median ketone bodies (range) 0-04 (0 01-0-08) 0-05 (0 01-0 11)
Median TGS (range) 3-57 (1-33-9-91) 3-95 (1-508-55)
Median lactate (range) 2-89 (0-98-840) 3-28 (1-13-7-40)
Median glucose (range) 2-0 (1-5-2-3) 3-0 (2 0-5 2)**

Mann-Whitney *p<0.05, **p<0.01, ***p<0.001.
TGS=total gluconeogenic substrate.
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Figure 1 Blood glucose concentrations in infants with
present or absent EDV.

between the groups in terms of birth weight,
gestation, or incidence of obstetric or perina-
tal problems (such as maternal smoking,
instrumental delivery, cardiotocographic evi-
dence of fetal distress, or infant's requirement
for active resuscitation after birth). In particu-
lar, the severity of growth retardation, as mea-
sured by mean birthweight SD score and
mean MAC:HC ratio, was similar for both
groups. Once enteral or intravenous feeding
was established, both groups received intra-
venous glucose and enteral feeds at similar
rates on each postnatal day.

Results of metabolic investigations are shown
in table 2. Infants of the absent EDV group
had lower blood glucose concentrations at birth
and in the first six hours after birth than those
of the present EDV group (fig 1, some points
are superimposed). Although this difference
did not reach statistical significance for cord
blood (p=0 08), the difference was highly
significant subsequently (p<0.01). Concentra-
tions of ketone bodies and non-esterified fatty
acid were significantly lower for the absent
EDV group at birth compared with the present
EDV group, and NEFA concentrations were
lower in the first six hours after birth (fig 2,
some points are superimposed). For all infants,
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Figure 2 NEFA concentrations in infants with present or
absent EDV.
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concentrations of lactate and gluconeogenic
substrates were high, but there were no differ-
ences between the present and absent EDV
groups. After the first day there were no meta-
bolic differences between the groups nor in the
relationships between metabolic concentrations
(ketone bodies/glucose; ketone bodies/NEFA).
Blood glucose concentration at birth and in

the first hours of life was not related to gesta-
tional age in this study of 25 infants, consid-
ered as a whole, or when the groups were con-
sidered separately.
None of the infants, in either group, had

symptoms of hypoglycaemia, namely convul-
sions or coma, and the two groups were indis-
tinguishable in terms of clinical characteristics
and postnatal complications.

Discussion
SGA infants with abnormal antenatal Doppler
studies may be expected to be those at highest
risk of metabolic derangement. Studies corre-
lating antenatal fetal umbilical blood sampling
and Doppler indices have suggested that the
fetus with abnormal indices is more likely to
be hypoglycaemic, hypoinsulinaemic, hypox-
aemic, hyperlacticaemic and acidotic.13 14 The
degree of in utero asphyxia correlates with
other metabolic derangements such as hyper-
triglyceridaemiaI5 and alteration in amino acid
metabolism.'6 17 The asphyxiated SGA fetus
in utero does not mount a NEFA/ketone body
response in the face of hypoglycaemia'5; this
abnormality thus predates the failure of such
responses postnatally. However in these stud-
ies, the fetuses with abnormal Doppler were
significantly smaller than those with normal
Doppler, which casts doubt over the added
predictive value of Doppler ultrasound over
conventional assessment of fetal measure-
ment.
The present study demonstrates that even

in babies with similar degrees of moderate/
severe growth retardation, umbilical arterial
Doppler can distinguish a group of babies
with metabolic maladaptation, and this is con-
sistent with recent data on lactate concentra-
tions in utero.13 Such babies had significantly
lower blood glucose concentrations in the first
few hours after birth. However, as fetuses and
neonates, these subjects failed to demonstrate
a lipolytic response to low blood glucose con-
centrations. This correlates well with data
obtained from antenatal fetal blood
sampling,15 and demonstrates that maladapta-
tion extends into postnatal life. The data sug-
gest that SGA infants with absent EDV were
subject to reduced availability of the meta-
bolic fuels which are important in the neo-
natal period. This may have had adverse
neurological sequelae, even in the absence of
major symptoms, but this study did not aim to
investigate the clinical associations of such
metabolic abnormalities.
On the other hand, it appears from the pre-

sent study that SGA babies with EDV pre-
sent on umbilical Doppler studies are likely to
have normal metabolic profiles in the early
neonatal period.

This study demonstrates the difficulties in
identifying a well matched control group with
normal Doppler studies, in that SGA fetuses
with abnormal umbilical Doppler are likely to
undergo elective early delivery. However, in
the present study, the differences in gesta-
tional age between the groups were small and
statistically insignificant. Moreover, the pre-
sent study and a recent study4 failed to find
any influence of gestational age on metabolic
adaptation in SGA babies. Therefore we feel
that the small differences in gestational age
were clinically insignificant.
There is evidence, in a recent study of a sim-

ilar group of SGA infants, that the feeding reg-
imens used were effective in maintaining ade-
quate glucose concentrations.4 In the present
study, enteral and intravenous intakes were
similar between the groups, and, once feeding
was started, there were no differences between
the groups in blood glucose concentrations or
the number of occasions on which low blood
glucose concentrations (<2-6 mmol/l) were
found.
A larger study is recommended to determine

the sensitivity and specificity of abnormal
Doppler studies for evidence of intrauterine
hypoglycaemia and postnatal metabolic
derangement. For example, study groups of at
least 26 each would be required to show a sig-
nificant difference (with 95%/O confidence, SD
for blood glucose concentration 09 mmol/l) of
05 mmol/l in umbilical venous blood glucose
concentration between groups of infants with
absent and present EDV. In addition, a follow
up study of these babies may demonstrate
whether long term neurological damage has
been sustained.
We conclude that abnormal antenatal

Doppler studies (namely absent end diastolic
flow) predicted those SGA fetuses who were at
increased risk of early postnatal hypoglycaemia,
and it is possible that these fetuses had lower
glucose concentrations antenatally, with failure
to mount an appropriate lipolytic and ketogenic
response. Equally important is the observation
that the very small fetus (birth weight >2 SD
below the mean) with normal Doppler studies
was more likely to mount the appropriate
metabolic adaptive responses. The damaging
effects of neuroglycopenia in the absence of
alternative fuels (because of poor counter-regu-
latory ability in these fetuses and neonates)
need to be mininiised in cases of severe growth
impairment, as in this study. Delivery may be
appropriate when antenatal Doppler studies are
abnormal, provided the risks of preterm de-
livery do not outweigh the risks of intrauterine
metabolic maladaptation. The monitoring of
fetal glucose concentrations during delivery
may help determine management.

In the first few hours after birth there was
continued risk of severe hypoglycaemia and
early adequate energy intake had to be
ensured. However, after this age, infants with
abnormal Doppler studies were at no greater
risk of metabolic problems. It may be that
provision of adequate parenteral and enteral
energy outweighed the adverse effects of such
antenatal risk factors.
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Doppler studies predict metabolic maladap-
tation, and add to the information already
available antenatally regarding fetal size.
Therefore abnormal antenatal Doppler studies
should alert the obstetrician to the fetus who
is at risk in utero, and the paediatrician to the
infant who will require close monitoring and
the prevention of further metabolic stress.
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