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Abstract: Despite commonly used in postoperative analgesia, there are limited and inconclusive data for the com-
parison between morphine and hydromorphone in pediatric population. In this study, we evaluated the efficacy of
morphine and hydromorphone intravenously for postoperative analgesia in children. Sixty patients were enrolled
and randomly received bolus morphine (group M, 50 ug/kg), or hydromorphone (group H, 7 ug/kg) for postoperative
analgesia (30 cases per group). VAS at rest and with cough was assessed at the post-operative 1, 2, 3, 6 and 24 h.
The frequency use of morphine or hydromorphone and cumulative dose of other opioid, e.g. fentanyl use and their
related side effects were recorded for 48 h postoperatively. The satisfaction of analgesia given by young patients or
their parents was analyzed. Compared with the group M, the onset time of VAS < 4 cm was shorter (P < 0.05), and
the frequency of study drug use in PACU was less (P < 0.05) in the group H; the resting VAS scores at 1, 2, 3, 6, 24
h after bolus injection were no significant differences between two groups, while the coughing VAS scores at 2, 3, 6
h after bolus injection were lower in the group H. Eight patients in group M and two patients in group H need extra
fentanyl to relieve pain (P < 0.05) during PACU stay. There were no significant differences in adverse events and
satisfaction score of analgesia between two groups. Our results demonstrate that hydromorphone can be effectively

used for postoperative pain relief in young patients.
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Introduction

Hydromorphone is a semisynthetic derivative of
morphine. Both drugs exert their analgesic
effect at p-opioid receptors and have typical
opioid-associated side effects including respi-
ratory depression, nausea, vomiting and pruri-
tus [1-3]. Despite commonly used in postopera-
tive analgesia, there are limited and inconclu-
sive data for the comparison between mor-
phine and hydromorphone and, furthermore,
rare informative data are available in pediatric
population [2, 4]. It has been suggested switch-
ing morphine to hydromorphone for postopera-
tive analgesia in pediatrics for reasons of pruri-
tus and inadequate pain control [2]. However,
more prospective studies are needed to deter-
mine their comparative efficacy and safety pro-
file. In this prospective study, we aimed to com-
pare the postoperative pain relief efficacy and
systemic side effects between morphine and
hydromorphine in young patient population.

Materials and methods
Patients’ selection

This clinical trial was registered at http://www.
chictr.org.cn; the registration number is ChiCTR-
IPR-14005345. After obtained informed writ-
ten consent from all parents, sixty ASA | or Il
school-age children, aged 7-14 yr of normal
intelligence, scheduled for elective ENT, and
orthopedic surgery for lasting from 30 min to 2
hrs, who required intravenous administration of
opioid for postoperative analgesia, were ran-
domly enrolled into the morphine group (group
M) or hydromorphone group (group H).

The exclusion criteria included: body mass
index (BMI) < 13.5 kg/m? or > 31 kg/m?; severe
respiratory or cardiovascular system disease
and hepatic or renal insufficiency; a history of
neuromuscular disorder; airway abnormalities;
asthma; cachexia; received sedatives, anti-
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Table 1. Demographic and surgical characteristics of

patients
Variabe Vorphine. Hydromorpnone
Age (yrs) 8.7+04 8.1+0.3
Male/Female 13/9 17/11
Weight (kg) 29.6+ 1.7 28.7+1.3
Surgery types

ENT operation 14 (63.6%) 16 (57.1%)

Orthopedic surgery 8 (36.4%)
Duration of surgery (min) 52.6 +4.1
Fentanyl (ug) 88.8 +5.2
Remifentanil (ug)

12 (42.9%)
56.8 £ 3.7
86.0 £ 3.8
613.6 + 61.3 644.9 £48.9

Values are means + SEM. There were no statistically significant

differences (P > 0.05) between groups.

emetic or antipruritics 24 hrs before the opera-
tion; a history of an allergy to any opioids; dia-
betes; serious acid-base imbalance or electro-
lyte disorder; and have participated in any clini-
cal studies within 30 days before the study.

Medication

All patients were monitored with heart rate
(HR), electrocardiogram (ECG), pulse oximetry
(Sp0,), non-invasive blood pressure (BP), cap-
nometry and capnography (P.,CO,). A standard
total intravenous anesthesia was used for all
patients. Anesthesia was induced with midazol-
am 0.1-0.2 mg/kg, propofol 2-3 mg/kg, fen-
tanyl 3.0 pug/kg and cisatracurium 0.15-0.2
mg/kg, maintained with propofol (3-15 mgkg
min?) and remifentanil (0.1-0.5 pg-kgimin?)
continus infusion, any other drugs were exclud-
ed during the intraoperative period. After the
operation finished, all patients were transferred
to post anesthesia care unit (PACU). In the
PACU, the patients whose visual analogue scale
(VAS, 0-10 cm, O represents no pain and 10
represents the worst pain possible) > 7 cm,
were enrolled and assigned by computer-gener-
ated randomization to receive either morphine
or hydromorphone postoperative administra-
tion. Morphine (LOT: H20080520, lJiangsu
Nhwa Pharmaceutical Co., LTD) 50 pg/kg or
hydromorphone (LOT: H20080520, lJiangsu
Nhwa Pharmaceutical Co., LTD) 7 ug/kg was
administered intravenously. Medications were
prepared by an anesthesia nurse, all caregivers
and observers were blinded to the drug admin-
istered. Opioid administration could be repeat-
ed 10 min later if necessary until VAS was < 4

18580

cm. Patients who received three times of
study drug administration and the VAS was
still > 4 cm were terminated from the clini-
cal trial, and the analgesia was rescued
with fentanyl 1-3 ug/kg. Patients with the
Alderete score > 9 then were sent back to
ward.

Data collection

Patients, who received either intravenous
morphine or hydromorphone for postopera-
tive pain relief, were followed up for 48 hrs.
The pain assessment started in the PACU
using the VAS scale and was repeated
every 5 min within 30 min after the first
bolus injection of morphine or hydromor-
phone until the VAS < 4 cm. The onset time
of VAS < 4 cm (from the first bolus injection of
morphine or hydromorphone to VAS < 4 cm)
was recorded. The resting and coughing VAS
scores at 1, 2, 3, 6 and 24 h following the first
administration were recorded as well. The fre-
quency of opioid rotation and any side-effects
such as respiratory/cardiovascular depression
were recorded. Any supplementary pain relief
drugs were also recorded for 48 h postopera-
tively. Finally, the satisfaction scores of patients
or their parents for pain control were recorded
(0O = extremely dissatisfied, 50 = neutral, and
100 = most satisfied).

Statistical analysis

All data are presented as mean = SD, median
plus range or number (%), as appropriate. The
normal distribution of data was examined with
one-factor ANOVA and Fisher’s-LSD test. Fisher
exact Chi-square test was used to compare
gender, surgery types, and supplementary anal-
gesics in PACU. VAS and satisfaction scores
were examined with Mann-Whitney U test. Data
were analyzed using SPSS software (SPSS
16.0, SPSS, Inc., Chicago, IL, USA). A p value
less than 0.05 was considered as to be a sig-
nificant difference.

Results

There were ten cases terminated from the clini-
cal trial (8 cases were from group M, 2 cases
from group H, P < 0.05), due to the inadequate
analgesia in PACU. Finally, fifty patients were
enrolled and their data were collected for the
further analysis. There were no significant
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Table 2. Comparison of resting and coughing VAS scores

trol, with less frequency of bolus injec-

Resting VAS scores

Coughing VAS scores

tion. It has been reported that the time

to peak effect of a bolus of hydromor-
phone is shorter than morphine [2, 8].

;Ioni]:ts Morphine Hydromorphone Morphine Hydromorphone
(n=22) (n=28) (n=22) (n=28)

1h 2 (1-2) 1(1-2) 2(2-3) 2(2-3)

2h 2 (0-2) 1(0-2) 2 (2-3) 1(1-2)"

3h 1(0-2) 1(0-0) 1(1-2) 1(0-1)"

6h 0 (0-1) 0(0-1) 1(1-2) 0 (0-1)”

24 h 0 (0-0) 0 (0-0) 0 (0-2) 0 (0-0)

This delay in attaining maximum anal-
gesia for morphine is consistent with
the hypothesis that one of the metabo-
lites of morphine, morphine-6-glucuro-
nide (MBG), plays a role in analgesia [2,
7]. A more rapid onset of maximum

Values are [median (first quartile-third quartile)], *, P < 0.05 vs. M

group.

demographic and surgical characteristics dif-
ferences between the two groups (Table 1).

Compared with the group M, the onset time of
VAS < 4 cm was shorter (20.0 £ 6.9 vs. 9.6 +
4.5 min, P < 0.05), and the frequency of study
drug use in PACU was less (2.3 £ 0.7 vs. 1.3 £
0.4 times, P < 0.05) in the group H; the resting
VAS scores at 1, 2, 3, 6, 24 h after bolus injec-
tion were no significant differences between
two groups, while the coughing VAS scores
at 2, 3, 6 h after bolus injection were lower in
the group H (Table 2); the satisfaction score
of analgesia were no significant differences
between two groups [88 (75-100) vs. 93
(80-100)].

There was one patient had nausea and vomit-
ing respectively in each group. There was one
patient who needed aminopyrine phenacetin
(tablets 1#) 24 hrs postoperatively in the ward
in each group, and there was one patient had
postoperatively urinary retention in the group
M.

Discussion

Hydromorphone is a semisynthetic derivative of
morphine and was introduced as an analgesic
with less side-effect [3-7]. A potency ratio of
5-10:1 of hydromorphone relative to morphine
was indicated in a previous study [4, 8]. Most of
the previous reports were about hydromor-
phone compared with morphine for postopera-
tive analgesia in the literatures in adult, but
rare in children.

In our study, we assumed a potency ratio of 7:1
for hydromorphone to Morphine, derived from
adult studies, which is also applicable to chil-
dren [1]. We discovered that hydromorphone
achieved a better and more rapidly pain con-
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analgesia could give the patient better
pain control. Some researches had
reported that patients experienced
relief from inadequate analgesia when switched
from morphine to equivalent hydromorphone
[2, 9]. In addition, other studies indicated that
hydromorphone may be better suited than mor-
phine for titration of acute analgesia [4, 10-12].

Our study demonstrated no significant differ-
ence between two drugs in side effects.
Although, there is pharmacological evidence
that there may be a higher incidence of side
effects with morphine as compared to hydro-
morphone. Morphine has been shown to induce
histamine release while hydromorphone has
not [1, 2, 6, 13]. Histamine release may
increase the incidence of one of the undesir-
able effects of opioids: pruritus. Additionally,
Morphine has two major metabolites: mor-
phine-6-glucuronide (M6G) and morphine-
3-glucuronide (M3G). M6G can accumulate in
patients with renal dysfunction, leading to
respiratory depression and failure [14]. Hyd-
romorphone does not form an active 6-glucuro-
nide metabolite; however, it does have the
3-glucoronide metabolite (H3G). Both M3G and
H3G could be accumulated and potentially
cause opioid-induced neuroexcitation [3, 4, 8,
14-16]. One potential advantage of hydromor-
phone is H3G is not associated with respiratory
depression mediated by the mu-2 receptor,
whereas M6G is. A similar incidence of side
effects between the two medications was
found before [1, 4, 6-9]. A meta-analysis also
showed an advantage for hydromorphone for
analgesia but not for side effects [4] .

Although hydromorphone has a faster onset of
maximum analgesic effect (10-20 min) than
morphine [1, 10], and also it has been reported
that hydromorphone could improve mood which
might influence patient satisfaction [6, 8, 9],
there was no difference in satisfaction score
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between morphine and hydromorphone groups
in our study. The reasons could be that there
was no significant difference in the incidence or
severity of side effects and the resting VAS
scores between two groups. It might be possi-
ble that patients would have had higher satis-
faction scores in hydromorphone group if our
measurements occurred at the PACU owing
to better and more accurate pain control
assessment.

In conclusion, hydromorphone can be effective-
ly used for postoperative pain relief in children
but warrants a large sample study.
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