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Abstract

Morphine pharmacokinetics were studied
in 17 premature neonates (26-34 weeks’
gestation) after intravenous infusion
during the first 24 hours of life. Infants
received either standard dose morphine
that comprised of a 100 pg/kg/hour loading
infusion for 2 hours followed by a main-
tenance infusion of 12-5 pg/kg/hour, or a
high dose of 200 pg/kg/hour for 2 hours
followed by 50 pg/kg/hour. Mean plasma
concentrations of morphine (SD) after
2 and 24 hours were 99 (12-9) and 964
(3°2) ng/ml, and 184-2 (37-7) and 319
(71:2) ng/ml for the standard and high
dose regimens, respectively. Morphine-
3-glucuronide plasma concentrations
achieved about 20% and 80% of morphine
values at 2 and 24 hours respectively.
Morphine-6-glucuronide could not be
detected at 2 hours, but attained 20-25% of
morphine plasma concentrations by 24
hours. The population mean morphine
clearance was 2-4 ml/min/kg, the elimina-
tion half life was 8:75 hours and the
volume of distribution was 1-82 I/kg. High
plasma concentrations of morphine
appeared to be well tolerated. Although
mean arterial blood pressure decreased
during the first six hours of treatment,
this was not statistically significant; two
infants experienced transient muscle
rigidity, but no evidence of seizures was
noted. There appears to be no clinical
advantage in using the high dose regimen.
(Arch Dis Child 1993; 69: 55-58)

Morphine is increasingly used as a sedative and
analgesic in neonatal intensive care, particu-
larly for the management of infants requiring
mechanical ventilation during treatment of res-
piratory distress syndrome.! Unfortunately,
25% of premature neonates continue to ‘fight’
the ventilator, despite relatively high doses of
morphine? and may require pancuronium to
inhibit these spontaneous respirations.>
However, treatment with morphine may be
preferential to pancuronium in reducing the
stress of intensive care in preterm infants.2
The safe and effective use of morphine in
premature neonates is complicated by the
presence of active metabolites. Morphine-6-
glucuronide (M6G) is a potent analgesic* and
respiratory depressant,’ while morphine-3-
glucuronide (M3G) antagonises the analgesic
effects of both morphine and M6G,®7 and
stimulates respiratory activity.® Preterm infants
can metabolise morphine by glucuronidation,
but M3G:morphine plasma concentration
ratios suggest that their metabolic capacity is

reduced in comparison with children aged
1-16 years.” Recent studies in premature
neonates have also indicated developmental
changes in the half life (t\1)!%!2 and plasma
clearance of morphine.!! 2 The reduced
capacity for conversion of morphine to M6G in
premature neonates may compromise the effi-
cacy of the drug within this patient group.
Alternatively, the delay in clinical response
may be due to inadequate plasma concentra-
tions of morphine during the first 2—4 hours of
treatment. The increased risk of serious lung
and brain complications in premature infants
who actively expire against positive pressure
inflation3 13 prompted us to administer a load-
ing dose of morphine as an intravenous
infusion, followed by a constant rate infusion
to provide effective plasma concentrations
more rapidly, and to evaluate increases in dose
rate. This study investigates the pharmaco-
kinetics of the drug and disposition of its
glucuronide metabolites in premature neonates
(gestational age 26-34 weeks), who had
received the standard or high dose regimen
during the first 24 hours of life (postnatal age
<24 hours at initiation of treatment).

Patients and methods

PATIENTS

Plasma concentrations of morphine were
investigated in 17 premature neonates (nine
boys) during the first 24 hours of treatment in
order to provide population estimates of
plasma clearance, t'/,, and volume of distribu-
tion. Infants’ gestational age ranged from
26-34 weeks (mean (SD) 29-6 (2:03) weeks)
postnatal age (on entry into the study) was <1
day in all cases, and birth weight ranged from
900 to 2260 g (mean (SD) 1330 (380) g).
Details of individual patients are shown in
table 1. All infants had respiratory distress
syndrome and were receiving morphine intra-
venously to encourage synchronisation of their
respiratory effort with the ventilator, as well as
for analgesia.

DOSAGE REGIMENS

Two dosage regimens were used: standard
dose morphine that comprised a 100 pg/kg/
hour loading infusion for 2 hours, followed by
a maintenance infusion of 12-5 pg/kg/hour and
high dose that consisted of a 200 pg/kg/hour
loading infusion for 2 hours, followed by a con-
stant rate infusion of 50 pwg/kg/hour. The study
was approved by the Leeds West Hospital
ethics committee and informed parental con-
sent was obtained before starting the infusion.
Blood was obtained via an umbilical arterial
catheter after 0, 2, 4, 6, 12, and 24 hours
of morphine treatment; however, only four
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Table 1  Clinical details, plasma concentrations of morphine and plasma clearance

Birth Dose Plasma concentration (ng/mi)
Patient weight Gestation regimen Cl
No Sex () (weeks) (ug/kg/hour) 2 hours 24 hours (ml/min/kg)
Standard dose

1 F 1000 28 100*/12-5¢% 106 - -

2 F 1010 29 100/12-5 103 96 2:17

3 F 2260 34 100/12-5 99 - -

4 M 1320 29 100/12-5 110 - -

5 M 1080 26 100/12-5 77 - -

6 M 910 31 100/12-5 - 93 2:24

7 F 1260 28 100/12-5 - 94 222

8 F 1340 31 100/12-5 - 98 213

M 1240 28 100/12-5 - 101 2:06
Mean (SD) 1270 (400) 293 (2-3) 99-0 (12-9) 96-4 (3-2) 2:16 (0-1)
High dose

10 F 960 27 200/50 128 - -
11 F 900 27 200/50 194 - -
12 M 1700 31 200/50 161 298 2-80
13 M 1720 31 200/50 200 298 2-80
14 F 1350 31 200/50 141 258 323
15 M 1680 31 200/50 203 - -
16 M 1800 31 200/50 206 - -
17 M 1460 29 200/50 241 422 1-97
Mean (SD) 1450 (400) 29-8 (1-8) 184-2 (37-7) 319 (71-2) 2-70 (0-5)

*2 hour loading infusion; tconstant rate infusion.

samples were taken from any one baby
(approximately 0-6 ml per sample) to minimise
the blood volume requirement per patient.
Plasma was separated and stored at —70°C
before analysis.

CLINICAL OBSERVATIONS

All infants received regular monitoring of
blood pressure, heart rate, respiratory rate,
blood gases, ventilator rate, and blood glucose.
Infants receiving the high dose regimen, how-
ever, had their blood pressure continuously
monitored via an umbilical arterial catheter,
for at least six hours after commencement of
morphine infusion, and these babies were
closely observed for evidence of seizures during
the first 24 hours.

ANALYTICAL METHODS

Morphine, M3G, and M6G were measured in
plasma using a reversed phase ion pair high
performance liquid chromatographic method
specifically developed for this study.!4

PHARMACOKINETIC CALCULATIONS

An estimate of the population mean plasma
clearance was obtained by dividing the
morphine infusion rate by the apparent steady
state plasma concentration of morphine after
24 hours of treatment. This population mean
plasma clearance (Clp) value was used to
simulate plasma concentration-time profiles
for a range of t!, values (8-9 hours), using
standard  pharmacokinetic  calculations,!?
equations (1) and (2), for determining the
plasma concentration at steady state (Css) and
the plasma concentration at time t (C), after a
constant rate infusion

Css=infusion rate/Clp ¢))
C=Css [1—(2)7] 2)

where n is expressed in multiples of the tY, of
the drug (that is n is the time t divided by t,).
An estimate of the population mean t', was
subsequently obtained by superimposing mean
(SE) measured plasma concentrations of

morphine in samples from premature neonates
(at 2, 4, 6, 12, and 24 hours for the standard
dose, and 2 and 24 hours for the high dose
regimens, respectively) onto these simulated
plasma concentration-time curves, and exam-
ining for ‘best fit'. The population mean
volume of distribution (Vd) was calculated
from estimates of plasma clearance and ti,
thus obtained, using equation (3)

Vd=ClpXt',/0-693 (3)

STATISTICAL ANALYSIS

Results are given as mean (SD). The difference
between mean plasma clearance values for the
standard and high dose regimens, and changes
in mean arterial blood pressure, were assessed
by the Mann-Whitney U test. Relationships
between birth weight or gestational age and
plasma clearance were investigated using
Spearman’s rank correlation analysis. A
p value of <0-05 was considered to be
statistically significant.

Results

PLASMA CONCENTRATIONS

Morphine was detected in all plasma samples
obtained from 2 hours through to 24 hours,
irrespective of dosage regimen (figure). Mean
(SD) plasma concentrations were 99 (12-9),
110 (39-6), 104 (32:6), 108 (35-4), and 96-4
(3-2) ng/ml for the standard dose regimen at 2,
4, 6, 12, and 24 hours, respectively; mean
(S8D) values for the high dose regimen were
184-2 (37-7) and 319 (71-2) ng/ml at 2 and 24
hours, respectively. M3G could be measured
in all samples obtained at 2 hours and 24
hours, mean (SD) plasma concentrations were
207 (7:6) and 33-3 (14-3) ng/ml at 2 hours,
and 61-8 (33-7) and 273-5 (71‘4) ng/ml at
24 hours, for the standard and high dose
regimens, respectively. In contrast, plasma
concentrations of M6G could not be detected
in samples obtained at 2 hours, irrespective of
dose, but were measured in 24 hour samples
(mean (SD) 19-2 (6-7) and 78 (23-8) ng/ml for
the standard and high dose regimens, respec-
tively).
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(1',) values of 8, 8-5, 8:75, and 9 hours for the two dose regimens. Visual examination for
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PHARMACOKINETICS
Plasma clearance

values

for individual

patients, derived from 24 hour morphine
plasma concentrations, are shown in table 1.
The difference between mean plasma clear-
ance values for the standard and high dose
regimens was not statistically significant.
Trends suggesting an increase in the clearance
of morphine with increasing birth weight and
gestational age were observed, but these did
not achieve significance (r=0-310 and 0-630,
respectively; nine data pairs, p>0-05). The
population mean clearance of morphine was
24 ml/min/kg (n=9). The population mean

Table 2 Mean arterial blood pressure (mm Hg) in infants receiving the high dose regimen

Duration of morphine infusion (hours)

Patient No 0 1 2 3 4 5 6

1 32 28 30 36 33 35 35

2 52 50 47 47 47 43 45

3 51 40 38 40 41 36 39

4 39 35 30 30 30 30 31

5 36 32 34 38 38 39 39

6 43 45 42 43 43 42 39

7 42 43 42 42 41 40 40

Mean (SD) 42-1(7-4) 39-0(7-8) 37-6(6-5) 39-4(5-5) 39-:0(59) 37-9(4'5) 38-:3(4-4)
% Decrease - 7-4 10-7 6-4 7-4 10-0 9-0
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t'/, for morphine was found to be 8:75 hours.
This value provided the ‘best fit’ when mean
(SE) measured plasma concentrations of mor-
phine were superimposed on simulated plasma
concentration-time profiles (using t!, values
from 8-9 hours) for the standard and high dose
regimens (figure). The pcpulation mean
volume of distribution derived from these two
pharmacokinetic parameters was 1-82 I/kg.

CLINICAL OBSERVATIONS

Mean arterial blood pressure data from seven
infants receiving the high dose regimen are
presented in table 2. Although mean blood
pressure decreased between 6-4-10-7% during
the first 6 hours of morphine infusion, these
changes were not statistically significant
(p>0-05); the largest decrease noted after 2
hours coincided with the completion of the
loading infusion. Despite careful observation,
there was no indication of seizures during the
first 24 hours, but we did note transient
hypertonia in two infants.

Discussion

The need for multiple samples in pharmaco-
kinetic studies involving premature neonates
can present a problem. Clearly, the volume of
blood that can justifiably be obtained from
acutely ill preterm infants is limited, par-
ticularly in the first 24 hours of treatment. The
approach outlined in this study, using simula-
tion techniques, provides a way of obtaining
population estimates of pharmacokinetic para-
meters and minimises the sample requirement
to only four samples per infant. The popula-
tion mean morphine plasma clearance of 2-4
ml/min/kg is slightly lower than previously
published values of 4-7, 3-39, and 3-6
ml/min/kg in preterm infants,®!! 12 but this
may be due to differences in postnatal age
between the present (<1 day) and earlier study
populations (>2 days). Morphine plasma
clearance showed a tendency to increase with
birth weight and gestational age; though not
statistically significant, these trends reflect the
developmental changes in morphine clearance
reported by Bhat ez al!! and Barrett et al.12
Mean plasma clearance values for the standard
and high dose regimens were not significantly
different, supporting the view that the metab-
olism of morphine is not dose dependent.!®
The population mean t!/, for morphine of 8-75
hours is in good agreement with values of 10-3,
10, and 8:9 hours reported for premature
neonates.!0-12 All of these earlier studies noted
a decrease in morphine half life with increasing
postconceptional or gestational age. The popu-
lation mean volume of distribution of 1-82 V/kg
concurs with published values of 1:84 and 2-7
I/kg!! 12; this range of values may also reflect
differences in postnatal age between study
populations.

Mean morphine plasma concentrations
measured in samples obtained at 2 and 24
hours (99-:0 and 96-4 ng/ml, respectively),
from infants receiving the standard dose regi-
men, are in good agreement with the predicted
steady state concentration (86-8 ng/ml)
derived from the population mean plasma
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clearance (2:4 ml/min/kg); this suggests that
steady state plasma concentrations are
achieved rapidly and within 2 hours. For the
high dose regimen, the mean measured
morphine plasma concentration at 24 hours
(319 ng/ml) indicates that this regimen
achieves about 92% of the predicted steady
state plasma concentration (347-2 ng/ml) by
this time.

The mean plasma morphine concentrations
obtained after a 2 hour loading infusion (99-0
and 184-2 ng/ml for the standard and high
dose regimens, respectively), exceed the
reported minimum concentrations required for
analgesia in children.!” On this basis, both
dosage regimens appear to produce effective
plasma concentrations of morphine within 2
hours. The plasma concentrations of morphine
necessary to ensure adequate analgesia, and/or
to suppress spontaneous respirations, in pre-
mature neonates remain unclear.
Developmental changes in the pharmaco-
kinetics of morphinel®-12 imply that for a given
dose, preterm infants will achieve a higher
plasma concentration of morphine for a longer
duration than full term neonates or older
babies. It has been suggested that young
infants are particularly sensitive to respiratory
depression.!® Though an undesirable side
effect in unventilated infants, respiratory
depression is potentially beneficial in prevent-
ing the baby breathing out of synchrony with
the ventilator in infants with respiratory dis-
tress syndrome. Despite efforts to optimise
morphine dosage regimens by ensuring ade-
quate plasma concentrations of morphine
within 2 hours, 25% of premature neonates
continue to fight the ventilator. As the
glucuronides have been shown to have oppos-
ing effects on respiratory effort (M6G is a
respiratory depressant® while M3G has been
shown to be a respiratory stimulant®), the rela-
tive plasma concentrations of M3G and M6G
may be important. It is of interest that at the
time pancuronium is added to inhibit spon-
taneous respirations (usually within 24
hours), plasma concentrations of M6G after
morphine infusion are virtually undetectable in
premature neonates, irrespective of dose,
whereas M3G plasma concentrations achieve
about 20-30% of morphine plasma concentra-
tions. This imbalance in plasma concentra-
tions of the active metabolites may be the
reason that some preterm infants continue to
struggle against the ventilator. Alternatively,
the variability in clinical response could be due
to differences in the development of opiate
receptors or the permeability of the blood-
brain barrier.

The relatively high morphine plasma con-
centrations resulting from the high dose
regimen (182-4 and 319 ng/ml at 2 and 24
hours, respectively) were well tolerated. Mean
blood pressure decreased during the first six
hours, the maximum change (10-7%) was
noted at 2 hours corresponding with comple-
tion of the loading infusion. However, the
changes in mean blood pressure were not
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statistically significant and were not associated
with clinical deterioration. Indeed, although
we have data from only seven infants, these
changes may reflect a transition from higher
blood pressure values in stressed babies to
more normal values as the sedative and anal-
gesic effects of morphine settle the infants.
Giving the loading dose over 2 hours appears
to alleviate concern regarding reductions in
blood pressure when opioid drugs are given as
an intravenous bolus.!® Despite careful clinical
observation, we found no evidence to support
the view that high plasma morphine concentra-
tions are associated with seizures.?’ We did
note transient hypertonia in two infants but
this did not necessitate termination of the
morphine infusion. As clinical effect seems to
be unaffected by dosage increment, there
appears to be no advantage in using the high
dose regimen.
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