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Do high fetal catecholamine levels affect heart rate
variability and meconium passage during labour?

G. J. HOFMEYR, ]J.ESSER, V.CHERYL NIKODEM, MARIE LAWSON,

T. KRAMER, A. M. GULMEZOGLU

Abstract Objectives. To determine the relationship between
umbilical arterial catecholamine levels and fetal
heart rate variability and meconium passage.

Study design. A prospective descriptive study
was performed. Umbilical artery catecholamine
levels were measured in 55 newborns and corre-
lated with fetal heart rate before delivery, umbili-
cal arterial pH, base excess and the presence of
meconium-stained liquor.

Results and conclusion. The range of cate-
cholamine levels was enormous, with very high
epinephrine or norepinephrine levels in several
fetuses. We were unable to demonstrate an associ-
ation between high catecholamine levels and the
presence of normal fetal heart rate variability
despite acidaemia. We postulate that high cate-
cholamine levels may inhibit fetal meconium pas-
sage.

S Afr Med J 1993; 83: 739-742.

e use of fetal heart rate (FHR) patterns during

I labour to evaluate fetal well-being is imprecise.'?

Baseline variability is considered to be one of the
most important indicators of fetal well-being,’ yet false-
positive results are common. False-negative results
(good variability despite fetal compromise) are less com-
mon but potentially more serious. A possible explana-
tion for the presence of normal variability despite fetal
compromise is the effect of high catecholamine levels in
the asphyxiated fetus.

Induced hypoxaemia in healthy fetal lambs produces
increased FHR variability*® and catecholamine secre-
tion.”® Catecholamine infusion to simulate the levels
occurring during hypoxaemia also causes an increase in
variability.® The increased FHR varnability that occurs
during hypoxaemia in fetal lambs may therefore be a
catecholamine effect.” The possibility that this mecha-
nism may operate in human fetuses is supported by the
finding of raised levels of fetal scalp plasma nor-
epinephrine in association with increased FHR variabi-
lity during labour."

We undertook a prospective study to assess the
relationship between FHR variability, meconium excre-
ton, acidaemia and catecholamine secretion in human
fetuses.
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Subjects and methods

Fifty-five women in established labour were asked to
participate in this study. In all cases continuous external
cardiotocography (CTG) was in progress. After delivery
the umbilical cord was clamped at two points about 20
cm apart, and cord arterial blood collected. One sample
was collected into a heparinised syringe and blood gases
were measured immediately by means of an automated
analyser (Protea Instrumentation 1312 Blood Gas
Manager). The other sample was collected into a cooled
syringe, transferred to a cooled ethylenediamine tetra-
acetic acid (EDTA) tube, and immediately centrifuged
at 5 000 revolutions per minute; the plasma was frozen
in liquid nitrogen within 4 minutes of collection for
catecholamine assays. Norepinephrine, epinephrine and
dopamine levels were measured by high-performance
liquid chromatography.'' Dopamine levels were mea-
sured in only 30 of the 55 samples because of inade-
quate volumes of plasma.

Clinical dara were obtained from the hospital notes.
The abdominal cardiotocographic tracings were saved
and later evaluated blind to the clinical and other details
of each case. Long-term FHR variability was defined as
the range of spontaneous baseline heart rate fluctuations
with a cyclicity of 3 - 6 per minute,” excluding episodes
of acceleration or deceleration. Long-term variability
was evaluated over the last 10 minutes of good-quality
recording before delivery. Variability below 10 beats per
minute was taken as reduced.

Statistical comparisons were done using the Mann-
Whitney U-test for continuous variables and Fisher’s
exact probability test for proportions.

Results

The mean age of the 55 subjects was 23 years (range
16 - 38 years) and the mean gestational age 39 weeks
(range 34 - 42 weeks);- 3 deliveries were preterm (< 37
weeks). One delivery was by caesarean section during
labour, 3 were assisted, and the remainder were sponta-
neous.

There was no correlation between the presence of
reduced FHR variability or meconium staining of the
amniotic fluid, and fetal acidaemia, defined as cord arte-
rial base excess (BE) less than —10 mmol/l (Table I).

TABLE I

Relationship of neonatal acidaemia to long-term varia-
bility and the presence of meconium staining of the
amniotic fluid (N = 55)

Umbilical arterial BE

<-10 =-10
No. 13 41
FHR variability < 10/min 5 (38%) 12 (29%)
Meconium present 2 (15% 6 (15%)

There were no statistically significant differences. One sample had no BE result.

The ranges of catecholamine levels measured were
enormous (Table II and Figs 1 and 2). The number of
dopamine measurements is too small for meaningful
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comment and will not be referred to further, but the
results are included for completeness. None of the dif-
ferences between the groups compared was statistically
significant. Among the acidaemic fetuses, those with
normal FHR variability tended to have lower rather
than higher norepinephrine and epinephrine levels

(Table II).

Discussion

The accurate evaluation of fetal well-being during
labour remains an unsolved problem. As confirmed in
this study, meconium staining of the amniotic fluid is a
very unreliable indicator of fetal acidaemia. This is not
surprising, since many other factors such as fetal age
and maternal ingestion of herbal remedies or aperients”

may be associated with meconium passage  uzero. The
presence of meconium calls for careful evaluation of
fetal well-being'* and vigilance at the time of delivery
to avoid meconium aspiration, but not in itself for
expedited delivery. Similarly, reduced FHR variability
alone was not predictive of fetal acidaemia. The failure
of electronic FHR monitoring to identify fetal distress
with accuracy is reflected in the failure of several large
randomised trials to demonstrate any clear benefit from
the routine use of electronic FHR monitoring in uncom-
plicated labours that are neither prolonged nor aug-
mented with oxytocin."

Fetal norepinephrine and epinephrine levels increase
considerably during labour, and exceed maternal levels
at delivery.”>'® High catecholamine levels are thought to
be of importance for various adaptations to extra-uterine
life,'” including non-shivering thermogenesis,'® lung

TABLE IL.
Comparisons of cord catecholamine levels (pg/ml) according to FHR and neonatal variables
Epinephrine Norepinephrine Dopamine
N Median Range N Median Range N Median Range
Liquor
Clear 45 193 U -3000 46 1432 188 - 26 108 25 59 28 - 281
Meconium 9 92 U-1048 9 970 98 - 13952 5 55 49 - 376
Cord arterial BE
=-10 41 132 U-1406 41 1333 98 - 26 108 20 57 28 - 376
<-10 12 203 U -3000 13 1507 515-23727 18 55 28 - 376
FHR variability
= 10/min 37 178 U-1624 37 1401 188 - 23 727 18 55 28 - 376
< 10/min 17 119 U -3000 18 1583 98 - 26 108 12 64 36 - 281
Subgroup BE
< —10 FHR variability
= 10/min 8 203 U-1624 8 1226 515- 3839 6 57 35-122
< 10/min 4 595 U-2985 5 6 532 620 - 21 855 5 108 36-119
U = unrecordable; lower limit of assay 15 pg/mi.
There were no statistically significant differences.
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FIG. 1.

BASE EXCESS

Correlation of norepinephrine (above; r= 0,12, P = 0,38) and epinephrine (beiow; r=-0,09, P = 0,48) levels with base
excess (Hll = meconium-stained amniotic fluid; (] = clear amniotic fluid).
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Correlation of norepinephrine (above; r=-0,04, P = 0,72) and epinephrine (below; r= 0,03, P = 0,81) levels with long-
term variability (ll = base excess <—10; [] = base excess = —10).

liquid absorption'® and surfactant glycerophospholipid
synthesis.® In 1990 Anand er al* found the hormonal
stress response (including catecholamines) in neonates
undergoing cardiac surgery to be more extreme than in
adults, and the larger responses tended to be associated
with poor survival. In cord arterial blood, nor-
epinephrine has been found to be inversely related to
pH and oxygen tension (P0,), and epinephrine to pH.*
Both were elevated in 3 infants showing late or severe
variable FHR decelerations, and meconium staining of
the amniotic fluid was associated with significantly high-
er norepinephrine but not epinephrine values.”

We confirmed the overall high catecholamine levels
in cord arterial blood and enormously high values in
several of the fetuses studied, but were unable to sub-
stantiate the hypothesis that normal FHR variability
despite fetal acidaemia may be a function of raised cate-
cholamine levels. In the whole group as well as in the
acidaemia group, catecholamine levels tended to be
lower rather than higher when FHR variability was not
reduced.

An unexpected observation was that the presence of
meconium tended to be associated with lower rather
than higher epinephrine levels. In adults, cate-
cholamines are known to inhibit bowel emptying.” We
put forward the hypothesis, which will need to be con-
firmed in a prospective study, that high fetal epinephrine
levels during labour may be of importance in inhibiting
the passage of meconium.

Conclusions

We conclude that normal FHR variability, despite
moderate fetal acidaemia, is not usually associated with
higher catecholamine levels. Whether inappropriately
normal variability, induced by high catecholamine
levels, is a feature of more severe fetal asphyxia could
not be addressed in this study. We postulate that high

fetal epinephrine levels during labour might be protec-
tive against the premature passage of meconium.
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