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Abstract Objectives. To deternrine the relationship between
UITlbilical arterial catecholaIIline levels and fetal
heart rate variability and meconiUITl passage.
Study design. A prospective descriptive study
was perfonned. Umbilical artery catecholamine
levels were measured in 55 newborns and correlated with fetal heart rate before delivery, UITlbilical arterial pH, base excess and the presence of
meconiUITl-stained liquor.
Results and conclusion. The range of catecholanrine levels was enonnous, with very high
epinephrine or norepinephrine levels in several
fetuses. We were unable to demonstrate an association between high catecholaIIline levels and the
presence of nonnal fetal heart rate variability
despite acidaemia. We postulate that high catecholaIIline levels may inhibit fetal meconiUITl passage.
S Air Med J 1993; 83: 739·742.

e use of fetal hean rate (FHR) patterns during
labour to evaluate fetal well-being is imprecise. I,'
Baseline variability is considered to be one of the
most important indicators of fetal well-being,' yet falsepositive results are common. False-negative results
(good va..ri.ability despite fetal compromise) are less common but potentially more serious. A possible explanation 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 secretion."" Catecholamine infusion to simulate' the levels
occurring during hypoxaemia also causes an increase in
variability." The increased FHR variability that occurs
during hypoxaemia in fetal lambs may therefore be a
catecholamine effect. 9 The possibility that this mechanism may operate in human fetuses is supported by the
finding of raised levels of fetal scalp plasma norepinephrine in association with increased FHR variability during labour. lo
We undertook a prospective study to assess the
relationship berween FHR variability, meconium excretion, 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 ell.'temal
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 tetraacetic 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. I I Dopamine levels were measured in only 30 of the 55 samples because of inadequate volumes of plasma.
Clinical data 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 cycliciry of 3 - 6 per minute/' excluding episodes
of acceleration or deceleration. Long-term variability
was evaluated over the last ID minutes of good-quality
recording before delivery. Variability below 10 beats per
minute was taken as reduced.
Statistical comparisons were done using the Mann\Xlhimey V-test for continuous variables and Fisher's
exact probabiliry 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 spontaneous.
There was no correlation berween the presence of
reduced FHR variability or meconium staining of the
amniotic fluid, and fetal acidaemia, defined as cord arterial base excess (BE) less than -10 mmol/l (Table I).
TABLE I.

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

=

Umbilical arterial BE
< -10

No.
FHR variability < 10/min
Meconium present

13
5 (38%)
2 (15%)

~

-10

41

12 (29%)
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 I 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 differences 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 13

may be associated with meconium passage in utero. The
presence of meconium calls for careful evaluation of
fetal well-being" and vigilance at the time of delivery
to avoid meconium aspiration, bur 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
\vith 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 uncomplicated labours that are neither prolonged nor augmented with oxytocin. I'
Fetal norepinephrine and epinephrine levels increase
considerably during labour, and exceed maternal levels
at delivery."·I. High catecholamine levels are thought to
be of importance for various adaptations to extra-uterine
life,17 including non-shivering thermogenesis,18 lung

TABLE 1/.

Comparisons of cord catecholamine levels (pg/ml) according to FHR and neonatal variables
Epinephrine

Liquor
Clear
Meconium
Cord arterial BE
;;,. -10
<-10
FHR variability
;;,. 10/min
< 10/min
Subgroup BE
< -10 FHR variability
;;,. 10/min
< 10/min

Norepinephrine

N

Median

Range

N

45
9

193
92

U - 3 000
U-l048

46
9

41
12

132
203

U - 1406
U - 3 000

37
17

178
119

8
4

203
595

Dopamine

Range

N

1432
970

188 - 26108
98 - 13952

25
5

59
55

28 - 281
49 - 376

41
13

1333
1507

98 - 26108
515 - 23 727

20
18

57
55

28 - 376
28 - 376

U - 1624
U - 3 000

37
18

1 401
1583

188 - 23 727
98 - 26108

18
12

55
64

28 - 376
36 - 281

U - 1 624
U - 2 985

8
5

1226
6532

515 - 3839
620 - 21 855

6
5

57
108

35 - 122
36 -119

Median

Median

Range

u = unrecordable; lower limIT of assay 15 pg/m!.
There were no statistically significant differences.

X UII.,
3

(X

~-,-_._--~------

_._-

-

.-----..:..-_.-----'---~

188')

- - - - - :--'---1...0-

-~

i

I
2. ~

2. ~

-~-----.

-----------...;-..-----j

I.~

..

~

0,
f--+----+--_.
-21

-17

o

~---+---"--""-=--""-

-13

-,

-~

-.1

FIG. 1.

-21

-17

-13

un

UI£ UCElS

=

-,

-S

-1

flCEI.

Correlation of norepinephrine (above; , = 0,12, P 0,38) and epinephrine (below; , = -0,09, P = 0,48) levels with base
excess (_ = meconium-stained amniotic fluid; 0 = clear amniotic fluid). -

-----------------Ut 1. . . . )

(~

1-----------'--------------

~

lilt)

--

2. ~ 1--

2.

~

l.~

11--

--

1 .~

8.

1

~~c
!

---1

0

.

8

c
C

•

~ __ ~~-_._ _
. __
c

. '

11

~

~
i
1,

14

21

11

LOMI TUM VUIUILlTY

FIG. 2.

14

1,

21

Lowe TEIM VAIIAJIllH

=

=

Correlation of norepinephrine (above; r -0,04, P 0,72) and epinephrine (below; r
term variability (_ = base excess < -10; 0 = base excess ~ -10).

liquid absorption '9 and surfactant glycerophospholipid
synthesis. '0 In 1990 Anand et al. 21 found the honnonal
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, norepinephrine has been found to be inversely related to
pH and oxygen tension (Po,), 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 higher norepinephrine but not epinephrine values."
We confirmed the overall high catecholamine levels
in cord arterial blood and enonnously high values in
several of the fetuses studied, but were unable to substantiate the hypothesis that nonnal FHR variability
despite fetal acidaemia may be a function of raised catecholamine 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, catecholamines are known to inhibit bowel emptying. 23 We
put forward the hypothesis, which will need to be confirmed 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

=0,03, P =0,81) levels with long-

fetal epinephrine levels during labour might be protective against the premature passage of meconium.
We acknowledge the clinical assistance of the nursing
and medical staff of Coronation Hospital; statistical calculations by Dr G. Reinach and April Anderson, Institute for
Biostatistics, South African Medical Research Council; and
financial suppon from the South African Medical Research
Council and the Iris Ellen Hodges Fund of the University
of the Wirwatersrand.
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Persistent puhnonary hypertension of the neonate in a
developing country - does extracorporeal metnbrane
oxygenation have a role to play?
J.

SMITH,

G. F. KIRSTEN

Abstract A retrospective study was undertaken of survival
after conventional Inanagement of 35 infants suffering from persistent pubnonary hypertension of
the neonate (PPHN). The outcOIne of infants
weighing Inore than 2 000 g and who also qualified
for extracorporeal membrane oxygenation
(ECMO) therapy on the grounds of published criteria was assessed.
The admission incidence of patients with PPHN
was 1,10/0. Secondary PPHN was Inore COInInon
than primary. The overall survival rate of 69% in
this study reflects the trend in recently reported
iInproved survival rates of infants with PPHN,
treated with conventional techniques. Sixteen of 28
infants weighing Inore than 2 000 g qualified for
ECMO therapy; 4 of them died. Had ECMO been
available as an alternative Inode of therapy, only 2
of the 4 Inight have been saved. The other 2 were
considered to have conditions incoInpatible with a
nOrInal quality of life. We therefore assessed the
requireInent for ECMO in our population to be
approxiInately 0,6/1 000 live births. Although
ECMO Inay be proInising, the introduction of this
technique in developing countries should rather be
delayed until Inore substantial data refute this.
Because PPHN could be related to a potential preventable cause in almost 800/0 of cases, we propose
the support of more cost-effective strategies such
as continuing obstetric and perinatal education
prograInInes.

the foramen ovale and/or ductus arteriosus occur in
neonates without recognisable cardiac abnormalities_ It
is often a complication of acute or chronic perinatal
asphyxia, meconium aspiration syndrome, severe hyaline membrane disease, hyperviscosity, lung hypoplasia
syndromes, and f3-haemolytic streptococcal and other
pneumonias. I·' It is primarily a disease of full-term and
post-term infants and is associated with high morbidity
and mortality rates. Despite aggressive management
with mechanical hyperventilation, plasma volume
expanders and vasopressor drugs, the mortality rate of
PPHN reportedly varies between 34% and 60% (average 40%)y-6 Alternative modes of therapy, such as
high-frequency oscillatory ventilation and extracorporeal
membrane oxygenation (ECMO), have been suggested
to improve the outcome of neonates whose respiratory
failure is refractory to conventional mechanical ventilation management.'-· ECMO entails the use of a modified cardiopulmonary bypass circuit to supply temporary
support and lung rest for near-term infants with respiratoty failure.
ECMO, however, is costly and labour-intensive, the
benefits are controversial, and it has as yet not been
used in developing countries. It is also clear from the
reported experience of some centres that the survival
rate without ECMO is equally good.''''2
In this report we describe the incidence, management and short-te·rm outcome of infants with PPHN
who were mechanically ventilated, and discuss the possible role ofECMO in a developing country.
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Patients and methods

P

ersistent pulmonary hypertension of the neonate
(PPHN) is a syndrome in which severe hypoxaemia and right-to-left shunting of blood through
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The records of all neonates with PPHN who were
admined to the neonatal intensive care unit (1'.lJCU) of
Tygerberg Hospital between June 1986 and October
1990 (53 months) were analysed retrospectively.
PPHN was diagnosed if a clinical suspicion of the
condition existed based on the presence of severe, labile
hypoxaemia disproportionate to the severity of pulmonary disease (confirmed by a positive response to
hyperoxia-hyperventilation) and/or echocardiography.3
Babies with a congenital diaphragmatic hernia or congenital heart lesions were excluded.

