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Fetal anaemia and its relation with increased
concentrations of adenosine

R I Ross Russell, A Greenough, H Lagercrantz, I Dahlin, K Nicolaides

Abstract
Adenosine concentrations were measured
in umbilical venous blood obtained by
cordocentesis from 14 fetuses of 19-34
weeks' gestation. The concentration did
not change significantly with gestational
age, but anaemic fetuses showed signifi-
cantly increased concentrations of adeno-
sine and there was a positive association
with blood oxygen tension. These findings
suggest that the fetus responds to tissue
hypoxia by increasing blood adenosine
concentrations from at least 19 weeks'
gestation.

(Arch Dis Child 1993;68:35-6)

Postnatal studies of infants who had been sub-
jected to perinatal asphyxia have reported
increased concentrations of catecholamines,'
adenosine, and hypoxanthine in blood sam-
ples.2 5 Cordocentesis, ultrasound guided
umbilical venous blood sampling, has now
made it possible to investigate the metabolic
consequences of intrauterine hypoxia. Previous
work, using cordocentesis samples from rhe-
sus isoimmunised fetuses, showed the pres-
ence of hypoxaemia and anaemia, and showed
that these abnormalities were associated with
increased concentrations of catecholamines.6
The aim of this study was to measure

adenosine concentrations in fetuses and deter-
mine their relation with prenatal hypoxia.
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Patients and methods
In a cross sectional study of 14 pregnant
women, with fetuses between 19 and 36
weeks' gestation, umbilical venous blood was

obtained by cordocentesis. The indications for
cordocentesis were fetal karyotyping because
of advanced maternal age, ultrasonographically
detectable fetal defects, investigation of mater-
nal toxoplasmosis infection, or measurement
of fetal haemoglobin to assess the severity of
rhesus isoimmunisation. Only one fetus was

shown to have a chromosomal abnormality.
(Turner's syndrome) (table).

Fetal blood (1 ml) was used to determine
the haemoglobin concentration (Coulter S
Plus counter, Porter Electronics), umbilical
venous oxygen tension (PUVO2) (ABL 330,
Radiometer) and adenosine concentration.
For the latter, blood was collected in pre-
cooled syringes containing a stop solution to
prevent degradation and formation of adeno-
sine (20 jM dipyridamole, 10 jiM erythro-9-
(2-hydroxy-3-nonyl) adenine hydrochloride,

Clinical details of study group

Gestation Reason for cordocentesis
(weeks)

25 Karyotyping (fetal hydronephrosis)
23+4 Rhesus disease
23+3 Rhesus disease
22+2 Karyotyping (advanced maternal age)
34 Karyotyping (polyhydramnios)
36 Rhesus disease
21+3 Rhesus disease
21+5 Maternal toxoplasmosis infection
21+5 Karyotyping (fetal hydrops*)
21+2 Karyotyping (fetal hydronephrosis)
20 Karyotyping (advanced maternal age)
23 Rhesus disease
19 Rhesus disease
23 Karyotyping (fetal growth retardation)

*Turner's syndrome.

4 ,ug indomethacin in 2 ml 099% saline).
Samples were then further cooled and cen-
trifuged in a microfuge (10 000 g for 1
minute). The supernatant was transferred to a
tube with 500 pmol N2-N2-dimethylguano-
sine which was used as an internal standard.
The supernatant was titrated with ammonium
acetate to a pH of 8-8 and then stored at
-20'C until analysis.7 The coefficient of varia-
tion of this assay is less than ±10%, and the
lower limit of detection of adenosine is in the
range 2-8-13-3 ,umol/l.

STATISTICAL ANALYSIS
In normal pregnancy, blood decreases PuvO2
and the haemoglobin concentration increases
with gestational age.8 9 To allow for this gesta-
tional effect, the individual values of PUvO2 and
haemoglobin in this study were expressed as
SD scores (z scores) using the appropriate nor-
mal mean (SD) value for that gestational age.8 9
Subsequent regression analysis, fitting an

exponential model, and using a computerised
statistical package (Statview) has been used to
determine the significance of any associations
between adenosine concentrations plotted on
a logarithmic scale, and the z score for PUVO2
or haemoglobin concentrations. Adenosine
concentrations in fetuses with haemoglobin z
scores greater and less than -2 were further
compared using non-parametric statistics.

Results
Adenosine concentrations ranged from 10-3
to 167-2 nmol/l. There were significant nega-
tive correlations between adenosine concen-
tration and haemoglobin z scores (p=00004,
r2=0-67), and between adenosine and P o
z scores (fig 1; p=0-0061, r20 49), but not
between the adenosine concentration and ges-
tational age.
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liminary results suggest, however, that, in this
study group, adenosine concentrations are

O Anaemic more closely related to haemoglobin concen-
* Non-anaemic tration than PUV02 Although regression analy-

sis of our data implies a direct relation
between anaemia and adenosine concentra-
tion, the number of patients is small and the
possibility remains that the increase in adeno-

o * sine concentration may only occur in pro-
found anaemia (fig 2).

l * The findings in this study of an association
-1 0 1 2 between fetal blood adenosine concentrations
v02Z score and the degree of fetal anaemia or hypox-
cmbilical vein oxygen tension aemia, or both, indicate that the fetus is capa-
adenosine concentrations. ble of responding to tissue hypoxia from at

least 19 weeks' gestation. However, the con-
centrations of adenosine found in all 14
patients in our study group were markedly
lower than in term infants,' despite using an
identical measurement technique. We found
no significant association between adenosine
concentration and gestational age, so the most
likely explanation for this apparent discrepancy
is that the concentration increases during or
immediately after delivery.

In fetuses with rhesus isoimmunisation, the
reduction in haemoglobin concentration might
be proportionately greater than any reduction
in blood oxygen tension. Oxygen delivery to
the tissues is dependent on these two factors,
and so anaemic fetuses may have had reduced
tissue oxygenation, despite normal or near

normal PUV02 levels.
These data therefore suggest that tissue

hypoxia, as well as blood oxygen concentra-
tion, can determine the release of adenosine.

> -2

Haemoglobin Z score

Figure 2 Distribution of adenosine concentrations in
patients with haemoglobin z scores greater and less than
-2 min. The box and horizontal line mark the median,
25th, and 75th centiles of the data. The error bars mark the
10th and 90th centiles and data outside these limits are

plotted individually.

Fetuses with haemoglobin z scores below
and above -2 had median (range) adenosine
concentrations of 67 (25.5-167 2) and 22-05
(10.3-26) nmol/l respectively (fig 2).

Discussion
These data suggest that in the fetus
haemoglobin and PuvO2 are related to adeno-
sine concentrations. The relation between
PUV2 and adenosine is expected, as adenosine
is a recognised marker of hypoxia. These pre-
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