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Abstract
Aims—To determine whether neonatal
plasma catecholamine concentrations can
be used to predict (a) death plus disability
and (b) motor and cognitive impairment
at 5 years of age.
Methods—A cohort comprised 136 pre-
term infants from two randomised con-
trolled trials of neonatal sedation (1989–
1992). Adrenaline (epinephrine) and
noradrenaline (norepinephrine) were
measured at baseline (first day) and 24
hours later. Intelligence and motor ability
were assessed at 5–6 years.
Results—Infants who died or sustained
disability had significantly higher plasma
noradrenaline levels on the second day of
life. Noradrenaline levels above 9.0 nmol/l
were most predictive of death (likelihood
ratio 3.27; 95% confidence interval 1.48 to
7.23) and death plus disability (likelihood
ratio 3.55; 95% confidence interval 1.77 to
7.10). There was no correlation between
neonatal catecholamine levels and cogni-
tive or motor impairment at 5–6 years.
Conclusions—Elevated noradrenaline lev-
els are associated with adverse outcome in
preterm infants; however, the power to
predict death or disability is limited and
they are not predictive of later motor or
cognitive impairment.
(Arch Dis Child Fetal Neonatal Ed 2001;84:F49–F52)
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Preterm infants undergoing intensive care are
capable of mounting a hormonal response to
the stress of their illness and treatment,
manifested by high catecholamine
concentrations.1–4 In infants suVering from res-
piratory distress syndrome, adrenaline (epine-
phrine) and noradrenaline (norepinephrine)
concentrations have been found to correlate
with measures of illness severity.5 Extreme
baseline catecholamine concentrations and a
reduced noradrenaline response to opiate
sedation are associated with subsequent mor-
tality.5 There are no data on the usefulness of
catecholamine levels for predicting disability in
addition to mortality. It is also not known
whether there is a correlation between neonatal
catecholamine concentrations and cognitive or
motor development in childhood.

Survivors of preterm birth are at risk of
developing neurodevelopmental and, in par-
ticular, motor impairment. If catecholamines
correlate with disease severity, they may be
expected to correlate with scores of motor, and

possibly cognitive, impairment. A study was
therefore undertaken to examine the following
questions. Are elevated neonatal catecholamine
levels associated with death and disability, and,
if so, what is their predictive ability? Do neona-
tal catecholamine levels correlate with meas-
ures of motor and cognitive impairment in
childhood?

Methods
A cohort study was constructed from two ran-
domised controlled trials of morphine sedation
in ventilated preterm infants. The two trials
were undertaken to determine the eVects of
opiate analgesia on the neonatal stress response
in preterm infants requiring mechanical venti-
lation. The first trial in 1989–19906 ran-
domised 95 ventilated infants of < 34 weeks
gestation to receive morphine (50–100 µg/kg/h)
alone (n = 29), pancuronium alone (n = 28),
or both morphine and pancuronium (n = 38).
The second trial in 1991–19927 randomised 41
ventilated infants of < 34 weeks gestation and
was a double blind controlled trial of morphine
(loading dose 200 µg/kg/over two hours fol-
lowed by 25 µg/kg/h; n = 21) or 5% dextrose
placebo solution (n = 20), infused at the same
rate.

Blood samples (1 ml whole blood) were
taken on entry (baseline) into both trials—that
is, before any sedation and within 24 hours of
age—and 24 hours later (baseline + 24 hours).
From these samples, the separated plasma was
stored at −70°C until a radioenzymic assay for
adrenaline and noradrenaline8 9 could be per-
formed. The coeYcients of variation between
and within assays were 12% and 7% respec-
tively. Samples from the same infant were ana-
lysed within the same assay.

The United Leeds Teaching Hospitals Trust
ethics committee had approved both trials
before they began, and informed parental con-
sent was obtained for each infant enrolled.

The survivors of the two trials were traced
and the children assessed at 5–6 years of age.
Consent to assess the children was initially
obtained from both the general practitioner
and hospital consultant and then from the par-
ents. Cognitive assessment was performed
using the full scale Wechsler preschool and pri-
mary scale of intelligence (WPPSI-R)10, and
motor development was assessed using the
Movement assessment battery for children
(Movement ABC).11 In children with major
disability, tests were undertaken to the level of
the child’s ability. All the children were seen at
their homes except for five who were seen at
school, and all were assessed by one experi-
enced paediatrician (RJM) who was blinded to
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the allocated treatment and neonatal catecho-
lamine concentrations. Disability was defined
as cerebral palsy, intelligence quotient (IQ)
< 70, blindness, or severe sensorineural hear-
ing loss requiring hearing aids.

Analyses were undertaken to determine
whether elevated neonatal plasma adrenaline
and noradrenaline concentrations were associ-
ated with death, and also death plus disability
combined. Where a statistically significant
association existed, the concentrations of
adrenaline and noradrenaline with the greatest
predictive ability were determined by plotting
relative (receiver) operating characteristic
curves. Predictive ability was expressed as a
likelihood ratio and 95% confidence intervals.

An analysis was also performed to determine
whether neonatal plasma catecholamine levels
were correlated with cognitive or motor
impairment in surviving children. Non-
parametric statistical methods (Mann-Whitney

U test, Wilcoxon signed rank sum, and Spear-
man’s rank correlation) were used because the
catecholamine concentrations, IQ, and Move-
ment ABC scores were found to be not
normally distributed.

The number of infants required to be
enrolled and studied was determined by the
respective power calculations of the previous
studies.6 7 12

Results
A total of 136 infants were recruited into the
two randomised controlled trials, 95 of whom
survived to 5–6 years of age. The characteris-
tics of these infants has been previously
described.6 7 12 Of the 95 surviving children, 87
(92%) had WPPSI-R and Movement ABC
assessments. Of the eight children who were
not seen, three could not be traced, for two of
them permission to be assessed was refused, for
two no reply was received to three letters, they
lived outside Leeds, and they were not on the
phone, and one child came from a travelling
family. Fifteen of the children assessed were
disabled. Four of these were unable to undergo
the WPPSI-R or Movement ABC assessments
because of severe disability. One child with
quadriplegic cerebral palsy was only able to
perform the verbal component of the
WPPSI-R. Of the 11 disabled children able to
complete fully the assessments, eight had
cerebral palsy (two quadriplegia, four diplegia,
two hemiplegia), one had severe learning diY-
culties, one had septo-optic dysplasia with
learning diYculties, and one had Dubowitz
syndrome and learning diYculties. All the chil-
dren seen were included in the analyses. The
children who could not be scored on IQ and
motor assessments were given a nominal score
of 30 for the WPPSI-R and the maximum score
of 40 for the Movement ABC.

Complete neonatal catecholamine data were
available for 68 (78%) of the surviving assessed
children and 23 (56%) of the infants who died.
Table 1 gives the gestational age and birth
weights of the 128 infants with outcome data
(41 deaths and 87 follow up) and the 91 infants
with outcome data plus complete catecho-
lamine data.

Table 2 gives the median plasma adrenaline
and noradrenaline concentrations at baseline
and baseline + 24 hours and the change in
concentration over 24 hours. Generally, cat-
echolamine concentrations were higher in
infants who subsequently died or were found to
have disability. The greatest statistical diVer-
ences in concentrations were seen with nor-
adrenaline at baseline + 24 hours. Noradren-
aline levels were highest in infants who died
(p = 0.0002) and remained high in the death
plus disability group (p = 0.003; table 2). Cat-
echolamine concentrations decreased over the
24 hour neonatal study period except nor-
adrenaline levels in those infants who died. In
these infants, the noradrenaline levels actually
rose, presumably reflecting a greater severity of
disease. In the subgroup analysis of neonates
receiving morphine, there was evidence that a
reduced noradrenaline response to opiate

Table 1 Characteristics of infants studied with complete neonatal catecholamine and
follow up data

Intact survival Death Disablity

Median IQR Median IQR Median IQR

Infants with outcome data
Number 72 41 15
Gestation (weeks) 29 27–31 27 25–28 28 27–30
Birth weight (g) 1320 960–1740 890 745–1070 1260 930–1380

Infants with outcome data plus catecholamine data
Number 55 23 13
Gestation (weeks) 30 27–31.75 27 26–28.5 29 27–30
Birth weight (g) 1340 1025–1700 900 800–1040 1260 940–1420

IQR, Interquartile range.

Table 2 Neonatal catecholamine responses

Median catecholamine concentration (nmol/l)

All survivors
(n=68)

Death
(n=23) p Value

Intact
survivors
(n=55)

Death &
disability
(n=36) p Value

Adrenaline
Baseline 1.59 1.65 0.22 1.29 2.14 0.02
Baseline + 24 h 0.99 1.34 0.08 0.96 1.30 0.06
Change over 24 h −0.44 −0.38 0.90 −0.32 −0.68 0.08

Noradrenaline
Baseline 4.03 5.80 0.02 3.71 5.95 0.02
Baseline + 24 h 3.12 9.27 0.0002 3.09 5.15 0.003
Change over 24 h −0.67 +1.06 0.01 −0.49 −0.14 0.21

Comparisons are between those who died and the survivors, and between infants who survived
without disability (intact) and those who died or were disabled. p Values were obtained with the
Mann-Whitney U test.

Figure 1 Noradrenaline response to morphine in the subgroup of 58 infants who received
morphine sedation. (A) intact survivors; (B) infants who died; (C) infants who died plus those
who were disabled. Morphine treatment was begun after the baseline sample and was continuing
during the baseline + 24 hour sample. Median values are plotted with the interquartile ranges
indicated. p values refer to the Wilcoxon matched pairs signed rank sum test.

12
A

6

8

10

4

2

0

N
o

ra
d

re
n

al
in

e 
co

n
ce

n
tr

at
io

n
 (

n
m

o
l/l

)

Baseline Baseline
+ 24 h

p = 0.01
n = 33

12
B

6

8

10

4

2

0
Baseline Baseline

+ 24 h

p = 0.95
n = 15

12
C

6

8

10

4

2

0
Baseline Baseline

+ 24 h

p = 0.07
n = 10

F50 Evans, MacGregor, Dean, Levene

www.archdischild.com

 group.bmj.com on February 10, 2012 - Published by fn.bmj.comDownloaded from 

http://fn.bmj.com/
http://group.bmj.com/


sedation existed in the infants who subse-
quently died (fig 1).

From the relative operating characteristic
curves, the greatest predictive ability is associ-
ated with a noradrenaline at baseline + 24
hours above 9.0 nmol/l (fig 2). The likelihood
ratio for the prediction of death is 3.27 (95%
confidence interval (CI) 1.48 to 7.23), and for
death plus disability it is 3.55 (95% CI 1.77 to
7.10).

In the 68 surviving children, there was no
evidence of an association between baseline
catecholamines and scores of intelligence
(WPPSI-R) or motor impairment (Movement
ABC), as measured by Spearman’s rank corre-
lation (fig 3). Neither was there any association
between the WPPSI-R or Movement ABC and
catecholamine concentrations at baseline + 24
hours or the change in catecholamine concen-
trations over the 24 hours.

Discussion
This study confirms previously published data
suggesting an association between elevated
neonatal catecholamine levels and mortality. It
also suggests that both infants who die and

those who develop disability have elevated
neonatal catecholamine levels. This study goes
further in critically examining the relation
between high catecholamines and both death
and disability from a viewpoint of clinical util-
ity. A noradrenaline concentration above 9.0
nmol/l is predictive of both death and death
plus disability (fig 2). Despite the statistically
significant likelihood ratios, however, the mag-
nitudes of the ratios are low—that is, the odds
after the test are only three times those before
the test—and the lower limits of the 95% CI
are close to unity. In comparison, the likelihood
ratio of a major ultrasound abnormality in the
prediction of death or disability in a similar
preterm population is 3.9 (95% CI 2.5 to
6.1).13 A larger study would allow more
precision surrounding the estimate of the like-
lihood ratio. If neonatal catecholamines were to
perform at least as well as ultrasound—that is,
taking a ratio of 2.5 as the lowest acceptable
likelihood ratio—a sample size of 770 infants
would be required. Thus it is unlikely that cat-
echolamine concentrations will ever be shown
to be clinically useful in the prediction of death
or disability.

Barker and Rutter5 suggest that a reduced
noradrenaline response to opiate sedation—
that is, a persistently high noradrenaline level
despite six hours of sedation—was associated
with increased mortality. This was confirmed
in this study, although there was no evidence
that a reduced noradrenaline response to seda-
tion over 24 hours was associated with disabil-
ity (fig 1).

The most severely ill infants are more likely
to receive inotropes, the metabolites of which
may raise blood noradrenaline concentra-
tions.14 It is therefore possible that changes in
adrenaline and noradrenaline are masked or
altered by inotropic support, such as dopamine
treatment. This appears not to be the case,
however, because a review of the treatment
charts shows that only two infants in the death
and disability group and four in the intact sur-
vival group received dopamine treatment or
adrenaline for resuscitation.

Survivors of preterm birth are at risk of
developing neurodevelopmental and, in par-
ticular, motor impairment. If catecholamines
correlate with disease severity, they may be
expected to correlate with scores of motor, and
possibly cognitive, impairment. Neither
adrenaline nor noradrenaline concentrations
were correlated with either Movement ABC
scores or IQ. It is unlikely that either attrition
or the assessments having poor discriminatory
power are reasons for a potential correlation
being missed by this study. Over 90% of the
surviving children have been traced and
assessed as part of this study, and one
experienced neurodevelopmental paediatrician
assessed all the children. Both assessments
produced a wide range of scores. Some 20% of
the surviving cohort assessed had significant
disability, as previously defined. Although this
is somewhat higher than many reports, this
reflects the cohort’s high risk nature because of
the prerequisite for mechanical ventilation.

Figure 2 Relative (receiver) operating characteristic curves for diVerent concentrations of
noradrenaline at baseline + 24 hours, in the prediction of (A) death and (B) death plus
disability. Concentrations indicated next to data points are in units of nmol/l.
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Although there is some evidence that high
catecholamine levels in the neonatal period are
associated with death and disability, there is no
evidence to suggest that they have any
prognostic significance in terms of motor
impairment or cognitive ability. It is still
unclear whether high catecholamine concen-
trations are, in themselves, detrimental or
whether they represent an adaptive response.
There is a theoretical concern that measures to
reduce catecholamines, such as opiate seda-
tion, may blunt this adaptive response and lead
to higher mortality and morbidity in surviving
infants. From clinical studies, however, the
reductions in catecholamine levels associated
with morphine treatment12 15 and antenatal
corticosteroids16 do not appear to be associated
with a detrimental eVect.

In summary, this study describes an associ-
ation between elevated catecholamine levels
and adverse outcome in preterm infants; how-
ever, the power to predict death or disability is
limited. Neonatal catecholamine concentra-
tions do not correlate with measures of motor
or cognitive impairment in surviving children.
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children.
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