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Background: The benefit of continuous morphine infusions for posto-
perative analgesia in children may be limited by the development of
side effects. We performed a quality assurance study, analyzing the
efficacy, side effects and dose requirements of postoperative morphine
infusion in children.

Methods: Children between 4 months and 16 years of age following
major thoracic, abdominal or orthopedic surgery were managed with
continuous morphine infusion supplemented by nurse-administered bo-
luses for postoperative analgesia. Pain intensity, morphine doses, and
side effects were recorded every 3 hours. The Children’s Hospital of
Eastern Ontario Pain Scale (CHEOPS) was used for pain assessment
in children up to 5 years of age, visual analog scale (VAS) was used
in older patients. Side effects of interest were emetic episodes, hypo-
xemia (supplemental oxygen administration) and urinary retention (re-
quiring catheterization of the bladder). Non-opioid analgesics were not
used routinely during the study period.

Results: Sixty seven children were followed for a median time of
18 hours. Mean (SD) pain scores were 6.6 (0.7) for CHEOPS and 2.9
(1.4) for VAS. Emetic episodes occurred in 36.7%, hypoxemia in 26.8%
and urinary retention in 5.1% of cases. The mean (SEM) morphine
dose in children that experienced side effects was 41.1 (4.1) vs. 29.7
(2.0) pg - kg’ - h! in children without side effects (p < 0.05).

Conclusions: Continuous i.v. morphine infusions effectively reduce
postoperative pain to mild and moderate levels. However, opioid-rela-
ted side effects are common, especially in patients given high (close
and above 40 pg - kg'h™) doses of morphine. The use of additional
non-opioid analgesic techniques should be encouraged in order to im-
prove analgesia and reduce morphine requirement.
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Continuous morphine infusions are commonly used
for postoperative pain management after major sur-
gery in children of different ages. For several years,
intravenous (i.v.) morphine has been the predomi-
nant mode of postoperative pain treatment at Kau-
nas Medical University Clinic. Current recommen-
dations suggest the routine use of non-opioid tech-
niques along with opioid analgesics (1). In order to
improve our present practice, we undertook a qua-
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lity assurance study to analyze the efficacy and side
effects of continuous i.v. morphine infusions.

METHODS

The study was approved by the Independent Ethi-
cal Committee of Kaunas University of Medicine.
Written informed consent from the parents of the
patients was waived since the management was
within the standard practice in the hospital. Seventy
two patients, American Society of Anesthesiologists
(ASA) physical status I or II, aged 4 months to 16
years, who were scheduled for major thoracic, ab-
dominal or orthopedic surgery, were enrolled.
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All children were premedicated with oral or in-
travenous midazolam. An anesthetic procedure with
an inhalational agent, fentanyl, and a muscle rela-
xant was used. No regional block was used in any
patient. During surgery all children were hydrated
with lactated Ringer’s solution according to calcu-
lated individual needs. At the end of surgery, the
majority of patients were extubated and transferred
to the intensive care or postoperative care unit, whe-
re pain treatment with morphine infusion was ini-
tiated.

Standard morphine dilutions were used and calcu-
lated as follows: 0.5 x patient’s weight in kg as mg
of morphine were diluted in 50 ml of 0.9% saline.
One ml of this solution contains 10 pg - kg of
morphine. No standard loading dose was used. Ins-
tead, repeated bolus doses of 20 pg - kg of mor-
phine were given to ensure the analgesic effect at
the start of treatment. Based on our previous expe-
rience, initial morphine infusion rates were set bet-
ween 20 and 30 pg - kg - h™'. During the course
of treatment, nurses were allowed to change the
infusion rate in steps of 10 pg - kg! - h”, in the
dose range of 10-40 pg - kg!' - hl, as well as to
administer additional boluses of 20 pg - kg on de-
mand.

Routine non-opioid supplementation was not
used.

Oxygen saturation by pulse oximetry (SpO,), the
amount of morphine used, supplemental oxygen ad-
ministration, sedation scores, side effects, and pain
scores were recorded by the nurses every 3 h until
the end of morphine infusion. Childrens’ hospital
of Eastern Ontario pain scale (CHEOPS), where a
score of 4 indicates no pain and a score of 13 in-
dicates the worst pain, was used for pain assessment
in children up to 5 years of age (2). Six to 16 year
old children were asked, if awake, to assess their
pain by visual analog scale (VAS), where 0 repre-
sents no pain and 10 represents the worst pain.

Sedation was scored as follows: 0 — alert, 1 —
drowsy, 2 — asleep, easy to arouse, 3 — asleep, dif-
ficult to arouse.

The side effects assessed were: emetic episodes
(retching or vomiting), urinary retention (requiring
insertion of catheter) and hypoxemia (supplemental
oxygen at SpO, < 92%). Hypoxemia for the first 3
postoperative hours was not considered.

Morphine infusion was discontinued after trans-
ferring the patient to the surgical ward and switch-
ing to oral, rectal or parenteral non-steroidal anti-
inflammatory drugs (NSAID) or paracetamol.

Statistics

Simple means of all observations were used for se-
dation and pain scores for each patient. The mean

used morphine dose in pg - kg - h™'was calculated
for the study period. Analysis of variance with re-
peated measures was used for the comparison of
morphine doses within the 18 hours (median dura-
tion of morphine treatment) of the study. The tu-
key honest significance test was used for post-hoc
comparisons. 7T test for independent samples, x> and
one-way ANOVA were used where appropriate. A
p value of 0.05 was considered statistically signifi-
cant. The results are presented as means with stan-
dard error (SEM) or standard deviation (SD) or as
medians with ranges.

RESULTS

Sixty-seven patients (22 patients aged 4 months to
5 years and 45 patients aged 6 to 16 years) com-
pleted the study. Five patients were excluded be-
cause of incomplete protocols.

Demographic data are shown in Table 1

The median (range) duration of morphine infu-
sion was 18 (6-93) hours. On the first postoperati-
ve day, the mean (SEM) morphine dose was 39
(3.6) pg - kg!' - h''. Twenty patients continued treat-
ment on the second postoperative day, and the mean
(SEM) morphine dose used during this period was
242 (0.7) pg - kg!' - h'l

The mean (SD) sedation score was 1.1 (0.5).

The mean (SD) pain scores were 2.9 (1.4) for
VAS and 6.6 (0.7) for CHEOPS. The mean (SD)
VAS scores were significantly higher in girls than in
boys 9 hours after starting morphine infusion (4.4
(1.6) vs. 3.0 (1.6) with p < 0.05), and 3.3 (1.5) vs.
2.6 (1.2) with p > 0.05 at 18 h).

Side effects occurred in 56.4% of patients. The
incidence of hypoxemia was 26.8% and predomi-
nated in patients after thoracic surgery. The inci-

Table 1. Demographic data on patients treated with
morphine infusion

1. Age, median (range) 9 (0.4-16) yr

2. Weight, mean (SD) 31.0 (17.2) kg

3. Gender: female 23 (34.3%)
male 44 (65.7%)

4. Type of surgery: thoracic 33 (49.3%)
abdominal 22 (32.8%)
orthopedic 12 (17.9%)

5. Length of surgery,
mean (SD)

6. Intraoperative fentanyl
dose, mean (SD)

149.3 (50.8) min *

6.4 (2.0) pg/kg *

*Length of surgery and intraoperative fentanyl dose did not
differ between surgical procedures.
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dence of emetic episodes was 36.7%. A significantly
higher incidence of emetic episodes was found in
girls compared to boys. Morphine was stopped in 2
patients because of persistent retching and vomiting.
The incidence of urinary retention was 5.1% of 59
patients without urinary catheters postoperatively.

The doses of morphine and the incidence of si-
de effects according to patients’ age, gender and
surgical procedure are shown in Table 2. There were
significant differences in mean morphine doses bet-
ween the different surgical procedures. Patients af-
ter thoracic procedures required significantly more
morphine compared to the patients after abdominal
or orthopedic surgery.

Patients who experienced side effects had a sig-
nificantly higher morphine consumption compared
to those without, 41.1 (4.1) and 29.7 (2.0) pg - kg~
'+ h! respectively, (p < 0.05). There were no dif-
ferences in length of surgery, intraoperative fenta-
nyl dose or pain scores between these two groups.

DISCUSSION

This study describes morphine requirement and the
incidence of side effects using morphine infusion
supplemented by nurse-administered boluses for po-
stoperative analgesia. The mean morphine dose at
18 h after surgery was almost 40 pg - kg' - h™.
According to the pain scores, this dose appeared to
reduce pain to mild or moderate levels and is simi-
lar to the dose reported earlier by Bray et al. (3).
However, this dose is at the upper limit of what is
currently recommended for postoperative pain ma-
nagement by continuous infusion in children (4).
Additional non-opioid analgesics may significantly re-
duce morphine requirements postoperatively (5-7).
Our patients were not given regular non-opioid sup-
plementation, as this was not routine practice at
the time the study was conducted.

Hypoxemia was defined as SpO, less than 92%
in room air. Then, supplemental oxygen was routi-
nely administered to the patients to maintain ade-

quate oxygenation. The incidence of hypoxemia in
our study was higher than that reported by other
investigators. Z. Esmail et al. reported only 4.5%
incidence when oxygen was administered to main-
tain SpO, above 94% (8). A direct comparison with
the latter study, however, cannot be made due to
methodological differences. Predominance of thora-
cic surgery might have contributed to the high inci-
dence of hypoxemia in our patients by several me-
chanisms. The majority (87% (29/33)) of performed
thoracic procedures were corrections of thoracic de-
formities (pectus excavatus or pectus carinatus). Pre-
operative respiratory function in these patients is
usually not affected (9). Surgical trauma, however,
involves tissues participating in respiratory mecha-
nics and may cause a restrictive decrease in lung
function postoperatively, if pain is not adequately
treated. In accordance to previous findings (10), our
thoracic patients required higher doses of morphine
compared with other types of surgery (Table 2).
Morphine, like other opioids, changes the pattern
of breathing and may lead to arterial desaturation
in postoperative patients (11). Thus, high morphine
doses might have additionally contributed to the de-
velopment of hypoxemia in our patients after thora-
cic procedures.

The overall incidence of emetic episodes and
urinary retention in our population was similar to
previously reported findings (8, 12). However, we
observed striking gender differences in the inciden-
ce of emesis: in spite of similar mean morphine
doses, girls were affected more than twice as often
as the boys. In earlier studies, only morphine, but
not gender was related to nausea/ vomiting (13-15).
Since girls and boys in our study also differed in
VAS scores, the higher incidence of emesis might
have been related to the experience of more pain
(16, 17).

When all side effects were considered, we ob-
served that the children who experienced at least
one of them had received significantly higher doses
of morphine compared with those who did not. In

Table 2. Morphine doses (HUg kg™ h™') and incidence of side effects according to age, gender and surgical procedure.
Results are presented as means (SEM) and proportions in %

Age, years Gender Type of surgery
Variable
0.4-5 6-16 Male Female Thoracic | Abdominal | Orthopedic
Morphine dose 37.6 (3.5) 39.8 (3.7) 39.7 (3.5) 37.6 (3.8) 469 (4.7 34.6 (3.0) 27.1 (2.0)
Incidence of hypoxemia 29.4 25.6 29.7 21.1 429+ 11.8 9.1
Incidence of emetic episodes 23.8 43.6 28.6 63.6 ° 46.2 31.8 25.0
Incidence of urinary retention 59 4.8 2.4 11.8 6.3 - 8.3

ap < 0.05, compared to abdominal and orthopedic surgery. ®p < 0.05, compared to male gender.
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earlier studies an increased incidence of hypoxemia
and emesis was associated with a higher morphine
dose in children treated by patient-controlled mor-
phine analgesia (18, 19). Although lower morphine
consumption with the addition of non-opioids can
be achieved, studies remain inconclusive concerning
side effects. The addition of a NSAID resulted in a
lower incidence of hypoxemia in adult patients after
thoracotomies as well as a lower incidence of urina-
ry retention in children after orthopedic surgery (20,
21). However, other studies indicate that despite
lower morphine doses with the addition of non-
opioid analgesics, there are no differences in the
incidence of side effects (6, 22).

In conclusion, we observed that continuous i.v.
morphine infusions effectively reduced the postope-
rative pain to mild and moderate levels as assessed
by validated pain measurement tools in children.
However, opioid-related side effects are common,
especially in patients given high (close and above
40 yg - kg' - h') doses of morphine. The use of
additional non-opioid analgesic techniques should be
encouraged in order to improve analgesia and re-
duce morphine requirement.
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VAIKU POOPERACINIO SKAUSMO GYDYMAS
MORFINO INFUZIJOMIS

Santrauka

Gydant pooperacinj skausma morfino infuzijomis, atsira-
des Salutinis poveikis gali sumazinti Sio analgezijos buido
efektyvuma. Mes atlikome prospektyvinj tyrima, norédami
iSsiaiskinti analgezijos kokybe, pasalinio poveikio daznj ir
morfino poreiki gydant vaiky pooperacinj skausma.
Metodika. Tyréme vaikus, operuotus del kritinés las-
tos, pilvo organy ar ortopediniy ligy, nuo skaumo po ope-
racijy gydytus morfino infuzijomis. Vaiky amzius svyravo
tarp 4 meén. ir 16 mety. Kas tris valandas gydymo metu
stebéta analgezija, sunaudotas morfino kiekis ir Salutinis
poveikis. Vaiky iki 5 mety amziaus analgezijai jvertinti
naudota CHEOPS (Children’s Hospital of Eastern Onta-
rio Pain Scale), o 6-16 mety amziaus — vizualiné analo-

giné skalé (VAS). Mus dominantis Salutinis poveikis buvo
vémimas, hipoksemija (papildoma deguonies terapija), Sla-
pimo susilaikymas (bitina Slapimo puslés kateterizacija).
Papildomos analgezijos priemonés vaikams netaikytos.

Rezultatai. IStirti 67 ligoniai. Gydymo trukmé morfinu
sieké 18 (6-93) val. (mediana ribos). Vidutiné (SD) anal-
gezija vertinant CHEOPS buvo 6,6 (0,7) balo bei 2,9 (1,4)
balo vertinant VAS. Vémeé 36,7%, hipoksemija buvo
26,8%, o Slapimas susilaiké 5,1% ligoniy. Vaikams, ku-
riems i$sivysté Salutinis poveikis, vidutiné (SEM) morfino
doze sudaré 41,1 (4,1) pg - kg - h'l; tuo tarpu be Salu-
tinio poveikio — 29,7 (2,0) pg - kg - h! (p < 0.05).

Isvada. Morfino infuzijos yra efektyvi priemoné gy-
dant vaiky pooperacinj skausma, tafiau esant didelems
dozeémis Salutinis poveikis gana daznas. Tai turéty paska-
tinti gydytojus naudoti papildomus analgezijos bidus ir
sumazinti morfino poreikj po operacijy.

Raktazodziai: skausmo gydymas, pooperacinis, morfi-
nas, vaikas



