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who were mechanically ventilated
longer than 24 h had significantly
higher morphine plasma concentra-
tions than the spontaneously breath-
ing neonates 12 and 24 h after sur-
gery (29.1 vs. 13.1 ng/ml and 26.9
vs. 12.0 ng/ml, respectively). Mor-
phine plasma concentrations were
not correlated with analgesia or res-
piratory depression. Five neonates
(intermittent morphine) showed res-
piratory insufficiency; however, the
difference between the groups was
not significant. Conclusions: Neo-
nates aged 7 days or younger require
significantly less morphine postoper-
atively than older neonates. The two
morphine regimens (continuous, in-
termittent) were equally effective
and safe. Mechanical ventilation de-
creases morphine metabolism and
clearance.
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Abstract Objective: To investigate
age-related differences in morphine
requirements and metabolism in full-
term neonates. Design and setting:
Randomized double-blind study in
the pediatric surgical intensive care
unit. Patients: Sixty-eight neonates
(52 aged under 7 days, 16 aged 7 day
or older) following major surgery.
Interventions: After surgery patients
were randomly assigned to continu-
ous morphine (10 µg/kg per hour) or
intermittent morphine (30 µg/kg per
3 hours). Additional morphine was
administered on guidance of pain
scores. Measurements and results:
Pain was measured by the Comfort
behavioral scale and visual analogue
scale. Morphine and morphine-6-
glucuronide (M6G) plasma concen-
trations were determined before and
0, 6, 12, and 24 h after surgery. The
younger neonates differed signifi-
cantly from the older neonates in
morphine requirement (median 10
vs. 10.8 µg/kg per hour), morphine
plasma concentration [23.0 vs.
15.3 ng/ml), and M6G/morphine ra-
tio (0.6 vs. 1.5). Pain scores did not
differ between age groups or mor-
phine treatment groups. Neonates



Introduction

Although health care professionals are becoming in-
creasingly alert to pain management in neonates and in-
fants [1, 2, 3, 4, 5, 6], adequate treatment of continuing
pain is not guaranteed. We still do not know the mor-
phine doses that provide sufficient analgesia after major
surgery in newborn infants. Physiological alterations
starting from birth, with improving hepatic and renal
clearing capacity and changing volume of distribution,
are likely to influence the efficacy and safety of mor-
phine in the vulnerable neonate [7, 8, 9, 10, 11].

Previously we investigated in infants of different ages
(0–3 years) the effects of two morphine administration
regimens (continuous versus intermittent intravenously)
on hormonal and metabolic stress responses and mor-
phine requirement after major noncardiac surgery [12,
13]. We concluded that age was the most important vari-
able because significant differences were found between
neonates and older infants. Within the age groups differ-
ences between the two methods of morphine administra-
tion were found only in the older age groups.

In the present study we investigated the effect of de-
velopmental maturation on morphine metabolism in full-
term neonates after thoracic or abdominal surgery. We
distinguished between neonates aged 7 days or younger
and those aged over 7 days, because hepatic and renal
physiology change markedly during the first week after

birth. The analysis included (a) age-related aspects, i.e.,
analgesia, morphine requirement, morphine and mor-
phine-6-glucuronide (M6G) concentrations; and (b) ef-
fects of other clinical factors, i.e., apnea, mechanical
ventilation, intermittent vs. continuous morphine.

Materials and methods

This study enrolled 68 neonates aged 0–4 weeks (gestational age
35–42 weeks; body weight 1500 g or more) admitted to the surgi-
cal intensive care unit following thoracic or abdominal surgery.
Neonates with neurological, renal, or hepatic dysfunction, or with
opioid therapy less than 6 h prior to surgery were excluded. The
study protocol was approved by the Medical Ethics Committee of
the Erasmus Medical Center, Rotterdam. Patients were enrolled
only after informed consent had been obtained from the parents.

To analyze the effects of age we distinguished between neo-
nates aged 7 days or younger (n=52) and those aged over 7 days
(n=16). Table 1 gives their clinical and surgical characteristics.
The two age groups showed no significant differences apart from
age-related differences in weight, heart rate (HR), mean arterial
blood pressure (MAP), and plasma concentrations of creatinine
and bilirubin (Table 1).

Anesthetic management was completely standardized. Anesthe-
sia was induced intravenously with 3–5 mg/kg thiopentone or by
inhalation with halothane in oxygen. Fentanyl at 5 µg/kg was given
before orotracheal intubation, which was facilitated with
0.5–1 mg/kg atracurium or 2 mg/kg suxamethonium. Ventilation
was controlled and anesthesia was maintained with isoflurane 0.5
minimum alveolar concentration in 60% nitrous oxide in oxygen or
air in oxygen. Perioperative fluids were standardized to maintain a
glucose infusion rate between 4 and 6 mg/kg per minute; body tem-
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Table 1 Patient characteristics and details of surgery; values are median (parentheses interquartile range) unless stated otherwise (CM
continuous morphine,IM intermittent morphine)

Age ≤7 days (n=52) Age >7 days (n=16)

Postnatal age (days; range) 2 (0–7) 14 (8–28)
Gestational age (weeks) 38.2 (36.1–42.1) 39.2 (37.3–40.1)
Study weight (kg) 2.8 (2.4–3.3) 3.4 (3.1–3.9)
Birth weight (kg) 2.9 (2.4–3.4) 3.2 (3.0–3.5)
Sex: boys/girls 31/21 9/7
Regimen: CM/IM 24/28 11/5
Mean arterial blood pressure, baseline (mmHg) 50 (44–56) 58 (52–66)
Heart rate, baseline (b/min) 136 (125–144) 147 (133–158)
Plasma total bilirubin (µmol/l) 110 (57–142) 38 (15–78)
Plasma bilirubin glucuronide (µmol/l) 6.0 (5.0–7.0) 6.0 (4.0–13.0)
Plasma creatinine (µmol/l) 46 (34-66) 24 (16–39)
No. requiring preoperative mechanical ventilation 14 (26%) 5 (31%)
No. requiring postoperative mechanical ventilation longer than 24 h 30 (57%) 7 (43%)
Surgical Stress Score 9.0 (8.0–11.8) 11.0 (8.0–13)

Surgical procedures (n)
Congenital diaphragmatic hernia 10 4
Tracheoesophageal atresia 13 1
Bronchopulmonary (lobectomy) 1
Gastroschisis 2
Intestinal atresia/malrotation/colonic “pull through” 17 5
Septic gastrointestinala 7 4
Extrophy of the bladder 1
Miscellaneousb 2 1

a Intussusception, necrotizing enterocolitis, meconium peritonitis, perforation, ileus
b Pancreatectomy, Hirschsprung’s disease, closured omphalo-mesentericus



perature was kept within normal ranges. A peripheral artery was
cannulated, and the measured MAP and HR data served as preoper-
ative baseline values. Patients received a second dose of 5 µg/kg
fentanyl before surgical incision. Additional doses of fentanyl
2 µg/kg were administered when HR and/or MAP was 15% above
baseline value. At the end of surgery the neuromuscular block was
antagonized, and the tracheal tube was removed. Mechanical venti-
lation was continued in patients who required ventilatory support.

The anesthetist then computed the Surgical Stress Score (SSS)
to classify the degree of surgical stress [14]. This measure takes into
account seven items: amount of blood loss, site of surgery, amount
of superficial trauma, extent of visceral trauma, duration of surgery,
associated stress factors (hypothermia, localized or generalized in-
fection and prematurity), and cardiac surgery. The total scores in
this study (excluding cardiac surgery and prematurity <35 weeks)
ranged from 3 to 24. All neonates received a dose of morphine hy-
drochloride 100 µg/kg at the end of surgery and were randomly allo-
cated to equivalent intravenous doses of continuous morphine infu-
sions (CM, 10 µg/kg per hour) or intermittent morphine boluses
(IM, 30 µg/kg per 3 hours). Pain was assessed by trained nurses be-
fore surgery and every 3 h for 24 h after surgery using the validated
behavioral Comfort scale (CS; total scores range from 6 to 30) and
visual analogue scale (VAS; ranging from 0 to10). Recently the be-
havioral part of the CS (referred to below as behavioral CS) has
been confirmed as a reliable and valid instrument to assess postop-
erative pain in neonates and infants aged 0–3 years [15, 16]. The be-
havioral CS includes six behavioral items: alertness, calmness, res-
piratory response for ventilated or crying for nonventilated children,
physical movement, muscle tone, and facial tension. VAS scores
were assigned after every 2-min observation period in which the be-
havioral CS was scored. VAS scores of 4 or higher are taken to re-
flect moderate to severe pain. Every time the nurse scored a VAS of
4 or higher, the child was given an additional 5 µg/kg dose of mor-
phine, repeated every 10 min when required.

Respiratory insufficiency was defined by the presence of apnea
or arterial PaCO2 values of 7.3 kPa or higher in spontaneously
breathing neonates [17]. Arterial blood samples were taken after
induction of anesthesia (baseline), directly after surgery, and 6, 12,
and 24 h postoperatively to determine blood gas values and plasma
concentrations of morphine and M6G. Blood was sampled before
an intermittent bolus was given; thus plasma concentrations in the
IM group were measured at time points corresponding with trough
plasma morphine concentrations. Standardized automated laborato-
ry analyzers measured plasma total bilirubin and creatinine concen-
trations. Plasma levels of morphine and M6G were measured by
high-performance liquid chromatography [18]. In serum all calibra-
tion graphs were linear: for morphine the concentrations ranged
from 5 to 90 ng/ml and for M6G from 5 to 100 ng/ml. On average
the quantitation limit was 5 ng/ml for morphine and M6G. Howev-
er, in individual samples, the chromatogram allowed for a lower
threshold. In this concentration range the intra- and interday coeffi-
cients of variation were less than 10% for all compounds and the
accuracy was about 5%, indicating a high degree of precision.

Differences between younger (≤7 days) and older (>7 days)
neonates in the need for additional morphine (yes/no) and various
factors in the univariate analysis were analyzed by Fisher’s exact
test. Multivariate analysis was performed using logistic regression.
Correlation coefficients are Spearman’s ρ. Other tests used are
given in the text. The level of p=0.05 (two-tailed) was considered
the limit of significance. There were 37 mechanically ventilated
and 15 nonventilated neonates during the first 24 h after surgery.
The other neonates were ventilated for longer than 24 h. A post
hoc power calculation shows that with these numbers differences
in mean concentrations as small as approx. 0.8 SD can be detected
(α=0.05, β=0.20), which difference generally is considered to be
relatively small.

Results

Morphine

Six patients were excluded from morphine analysis, five
because of detectable plasma morphine levels at baseline
and one because of loss of the arterial line at the end of
surgery. The five patients with detectable morphine con-
centrations at time 0 had received morphine more than
6 h before surgery. All these patients were on mechanical
ventilation (congenital diaphragmatic hernia, n=4; meco-
nium peritonitis, n=1); four of them were 7 days of age
or younger (three CM, one IM), and one was 28 days of
age (CM). The factors postnatal age, gestational age,
sex, body weight, plasma concentration of creatinine and
total bilirubin, preoperative and postoperative mechani-
cal ventilation, SSS, and morphine treatment (CM or
IM), were investigated for their relationship with the
need for additional morphine (yes or no) during the first
24 h after surgery. Multivariate logistic analysis showed
the only significant predictors of the need for additional
morphine to be age (13/47 younger, 27%, vs. 10/15 old-
er, 66%; p=0.006)] and preoperative mechanical ventila-
tion (1/13 ventilated, 7%, vs. 22/48 nonventilated, 46%;
p=0.014). Postoperative mechanical ventilation did not
significantly influence the need for additional morphine.
Table 2 presents the morphine requirement for each age
group. Morphine requirement (related to body weight),
was significantly lower in the younger neonates on CM
(p<0.001, Mann-Whitney U test).
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Table 2 Morphine requirements up to 24 h after surgery

Continuous morphine (n=30) Intermittent morphinea (n=32)

Age ≤7 days (n=20) Age >7 day (n=10) Age ≤7 days (n=27) Age >7 days (n=5)

Additional morphine (n)
Yes 5 8 8 2
No 15 2 19 3
Morphine requirement (µg kg−1 h−1) 10.0 (10.0–10.2)* 10.8 (10.2–11.9) 10.0 (10.0–10.4) 10.0 (10.0–11.2)

a Trough values in the IM group
*p<0.001 ≤7 days vs. >7 days (Mann-Whitney test)



Morphine plasma concentrations

Table 3 presents the plasma concentrations of morphine
and M6G and the M6G/morphine ratio in the both age
and both treatment groups at the different time points.
Median plasma concentrations of morphine 24 h after
surgery were significantly higher in younger than older
neonates in the CM group (p=0.027). Morphine plasma
concentrations varied widely and were not indicative for
additional morphine need in the postoperative period fol-

lowing these measured values. Figure 1 shows the plas-
ma concentrations according to age (≤ 7 days and
>7 days) and treatment (CM and IM) 6 and 12 h after
surgery. Neonates who were mechanically ventilated lon-
ger than 24 h postoperatively (n=37) had significantly
higher morphine plasma concentrations than nonventilat-
ed patients (n=15) 12 and 24 h after surgery (29.1 vs.
13.1 ng/ml and 26.9 vs. 12.0 ng/ml, respectively; both
p<0.001). This difference in morphine plasma levels was
not related to age or treatment regimen. Morphine re-
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Fig. 1 Morphine plasma con-
centrations 6 h (left) and 12 h
(right) after surgery, according
to age (≤ 7 days or >7 days of
age) and treatment group 
(continuous morphine, CM, 
or intermittent morphine, IM).
Circles Plasma levels of pa-
tients who did not need addi-
tional morphine during next pe-
riod (left 6–12 h, right
12–24 h); triangles plasma lev-
els of patients who did need ad-
ditional morphine during next
period

Table 3 Plasma concentrations of morphine and morphine-6-glucuronide (M6G), and the ratio of morphine-6-glucuronide to morphine
(M6G/M) 0, 6, 12, and 24 h after surgery, by age and treatment group

Time after Continuous CM (n=30) Intermittent morphine (n=32)
surgery

Age ≤7 days Age >7 days Age ≤7 days Age >7 days

Median IQR n Median IQR n Median IQR n Median IQR n

Morphine
6 h 26.0 20.0–33.0 19 18.1 11.7–28.5 10 18.1 13.1–23.8 24 6.8 4.3–25.5 4

12 h 25.0 19.3–33.0 19 13.1 8.6–26.2 10 15.9 11.3–26.8 24 6.4 6.2–18.1 4
24 h 23.0* 17.1–32.0* 19 15.3 7.7–22.6 10 15.4 11.4–19.7 23 2.7 1.0–16.4 2

M6G
6 h 15.7 12.3–21.0 19 23.0 16.7–32.0 10 12.2 8.9–16.0 25 12.8 8.3–18.2 4

12 h 18.2 14.0–22.0 19 19.2 17.5–25.6 10 15.3 11.1–20.5 25 10.4 8.9–16.1 4
24 h 16.4 12.1–20.0 19 15.8 13.3–28.2 10 13.5 10.6–19.3 24 7.6 7.2–8.1 2

M6G/M
6 h 0.6 0.4–1.0 18 1.3 0.9–1.8 10 0.6 0.4–1.0 23 2.0 0.7–2.8 4

12 h 0.7 0.5–1.4 18 1.9 1.1–2.1 10 0.8 0.6–1.6 23 1.5 0.7–2.6 4
24 h 0.6** 0.5–1.3 18 1.5 1.0 –2.6 10 1.1 0.7–1.5 22 4.3 0.4–8.1 2

*p=0.027 ≤7 days vs. >7 days, **p=0.018 ≤7 days vs. >7 days (Mann-Whitney test)



quirements did not significantly differ between ventilat-
ed and nonventilated neonates.

Morphine-6-glucuronide plasma concentrations

M6G was detectable in the plasma of all neonates from
6 h after surgery. M6G plasma concentrations did not dif-
fer significantly between younger and older neonates. The
median M6G/morphine ratio was significantly lower in
younger neonates 6, 12, and 24 h after surgery (all p<0.04;
Table 3). Although the plasma concentrations of M6G did
not differ significantly between ventilated and nonventi-
lated neonates, the M6G/morphine ratio was significantly
lower in postoperatively mechanically ventilated neonates
12 and 24 h postoperatively (0.7 vs. 1.6 and 0.7 vs. 1.4,
respectively; both p<0.02). The M6G/morphine ratios in
neonates ventilated less than 24 h (n=10) lay between
those of the ventilated and nonventilated neonates.

Physiological and behavioral responses

Table 4 presents the mean values of HR, MAP, and pain
scores for the first 24 h postoperatively. Hemodynamic
data could not be analyzed in 3 of the 68 neonates due to
loss of the arterial line during the study. In multiple re-
gression analysis mean HR varied positively with age
and body weight (both p<0.05). MAP was related only to
age and was significantly lower in younger neonates,
even after adjusting for baseline values (p<0.001). Mean
Comfort and VAS scores were correlated significantly
with each other (r=0.7, p<0.001). Pain scores did not sig-
nificantly differ between the two age cohorts or between
the two treatment groups. Frequencies of VAS scores of
4 or higher (indicating pain) ranged from 0 to 3 and were
not related to age, plasma concentrations of morphine or
M6G, specific diagnosis, or type of surgery performed.

Respiratory depression

The number of spontaneously breathing neonates in-
creased from 15 at 6 h (9 aged ≤ 7 days, 6 aged >7 days)

to 22 at 24 h postoperatively (14 aged ≤ 7 days, 8 aged
>7 days). Only one of them (duodenal atresia) showed in-
creased PaCO2 levels of 8.9, associated with high mor-
phine (trough) concentrations of 55 ng/ml 6 h after sur-
gery. Four others (morphine trough plasma levels varying
from 8 to 23.9 ng/ml) required intubation and mechanical
ventilation: failed extubation after repair of esophageal
atresia (n=2), apnea after repair of extrophy of the blad-
der (n=1) and jejunal atresia (n=1). All of these five neo-
nates were on IM and in the younger group; none of them
had received additional morphine in the postoperative pe-
riod. Remarkably, two other of younger neonates on IM
with morphine trough plasma levels of 29 and 59 ng/ml,
respectively, at 6 h postoperatively did not manifest either
hypercarbia or hypoventilation.

Other adverse effects

Hypotension related to the administration of morphine
was not observed. Urinary retention could not be moni-
tored because most of the neonates had a urinary cathe-
ter. As all had undergone major abdominal or thoracic
surgery, it could not be established whether either sur-
gery or morphine therapy had altered gut motility.

Discussion

This randomized, controlled trial evaluated the effects of
age on morphine metabolism in full-term newborns. After
surgery neonates aged 7 days or younger required fewer
additional morphine doses, maintained higher plasma
morphine levels, and converted less morphine to M6G
(lower M6G/morphine ratios) than older neonates. The
higher morphine plasma concentrations may in part result
from a smaller volume of distribution at this age. While a
meta-analysis showed that the morphine volume of distri-
bution is not dependent on age [19], other studies have
found the volume of distribution tended to be somewhat
smaller in neonates aged 7 days or younger than in older
infants, but this difference was not statistically significant
[7, 10]. A morphine loading dose of 50 µg/kg probably
suffices for neonates aged 7 days or younger, whereas
100 µg/kg is generally necessary in older infants.

A meta-analysis has calculated an initial morphine in-
fusion of 7 µg/kg/h to be sufficient for postoperative pain
treatment in full-term neonates [19]. An adjustment was
suggested with regard to cardiac and noncardiac surgery
(5 and 10–15 µg/kg per hour, respectively) [20]. In our
study only 27% of the younger neonates required addi-
tional morphine compared with 66% of the older ones,
suggesting that postoperative pain in some of the young-
er neonates could have been adequately treated with less
morphine than the minimal dose used. Because all nurses
were trained and qualified in using the Comfort Scale
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Table 4 Physiological responses and pain scores during the first
24 h after surgery; values are mean ±SD

≤7 days >7 days
(n=49) (n=16)

Heart rate (bpm) 137±13* 151±12
Mean arterial blood pressure (mmHg) 49±7* 58±9
Comfort behavioral score 12.6±2.6 13.3±2.1
Visual analogue score 1.3±0.7 1.7±0.7
Visual analogue score ≥4 (% of cases) 5.1 7.8

*p<0.001 ≤7 vs. >7 days (Mann-Whitney test).



and were unaware of the later subanalysis between the
young and older neonates, biased in their decisions for
additional morphine can be excluded.

Findings from our study suggest that concentrations
between 15 and 20 ng/ml are effective in postoperative
neonates up to 4 weeks of age [21]. However, as docu-
mented earlier, morphine plasma concentrations ranged
widely, and no significant correlation was found between
plasma levels and the need for additional morphine dur-
ing the following hours.

In a study comparing the effects of IM vs. CM in non-
ventilated infants (including 14 neonates under 1 month
of age) 7% of the infusion group had respiratory prob-
lems even when adjusted to a target morphine plasma
concentration of 20 ng/ml [21]. Although in the present
study median morphine plasma concentrations were
higher in neonates aged 7 days or less, none of the spon-
taneously breathing neonates in the CM group had respi-
ratory problems. Five neonates, all on IM, showed respi-
ratory depression. In only one of them this could be at-
tributed to the morphine therapy because periods of ap-
nea started 30 min after a morphine bolus dose. In the
others the respiratory problems largely resulted from sur-
gical complications. This suggests that morphine plasma
concentrations alone are not necessarily indicative of
ventilatory depression.

In the present study, mechanical ventilation was as-
sociated with higher plasma morphine levels, similar
plasma M6G levels, and lower M6G/morphine ratios.
In five neonates, who were on ventilation preoperative-
ly and had been without morphine therapy longer than
6 h, morphine was still detectable at the time of sur-
gery. Data on the clinical consequences of mechanical
ventilation on portal hemodynamics and renal function
are conflicting [22, 23]. However, although morphine
metabolism is more dependent on the glucuronidation
capability, a slower morphine metabolism and a longer
elimination time may be the result of a decreased he-
patic and renal perfusion due to positive end-expiratory
pressure. Decreased M6G production combined with
reduced renal clearance can explain the similar M6G
plasma concentrations and higher morphine in mechan-
ically ventilated neonates. Bearing in mind the individ-
ual variability in morphine clearance, at this young age
a 6-h period is apparently too short to effectively clear
plasma of morphine [10], especially under conditions
of mechanical ventilation. This phenomenon can also
explain why neonates who had been mechanically ven-
tilated before surgery needed less morphine after sur-
gery.

Postoperative ventilation did not influence the need
for additional morphine. However, in spite of the nonsig-
nificant differences in morphine requirements between
postoperatively ventilated and nonventilated neonates
the mechanically ventilated neonates proved to have
higher plasma concentrations of morphine.

Although we realize that the included patients were
heterogeneous in their kind of surgery and complica-
tions, this is the normal population in our pediatric surgi-
cal intensive care unit. All patients were scheduled for
major surgery, and no significant differences were found
in their SSS. Actually, we think that the inclusion of this
heterogeneous population contributes to the power of
this study. Excluding the patients who were on mechani-
cal ventilation would have resulted in loss of important
information.

The clinical effect of morphine also relies on the for-
mation of its active metabolite M6G. Morphine is largely
metabolized by the age-dependent isoform uridine 5′-di-
phosphate glucuronosyl transferase (UGT)-2B7 to M6G
and M3G [24]. In this study the M6G/morphine ratio
was significantly lower in the younger neonates, proba-
bly as a result of the low UGT activity at this age.

Remarkably, the hemodynamic variables (HR and
MAP) showed no significant correlation with pain
scores. This questions the reliability of HR and MAP as
parameters for pain measurement in this age group [25].

Conclusions

The findings from the present study suggest that in neo-
nates aged over 7 days a morphine dose of 10 µg/kg per
hour is sufficient for postoperative analgesia after non-
cardiac major surgery. Hepatic and renal disturbances,
however, may require dose adjustment. For neonates
aged 7 days or younger an initial morphine infusion of
5–10 µg/kg per hour is recommended, after a loading
dose of 50 µg/kg. Further research into morphine re-
quirements in this age group is needed. Morphine plasma
concentrations varied widely. We found no consistency
between morphine plasma levels and analgesia or be-
tween plasma levels and respiratory depression. Al-
though in the present study the CM and IM groups
showed no significant differences in safety, the IM regi-
men did not provide any advantage. Morphine given as a
continuous infusion is more feasible and might be re-
garded as safer in neonates. Further findings from this
study suggest that neonates on mechanical ventilation
have a slower morphine metabolism than spontaneously
breathing neonates. Behavioral observation can be used
as indication for tapering off the morphine infusion, thus
preventing overdosing with its associated risks.
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